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1. This military standard is approved for use by all Departments and Agencies of the Department of Defense.
.

2. Beneficial camments (recommendations, additions, deletions) and any pertinent data which may be of use in improving
this document should be addressed to Oefense Supply Center Columbus, P.O. Box 3990, Columbus, OH 4321 S-5000, by
using the self-addressed Standardization Document Improvement Proposal (DO Form 1426) appearing at the end of this
document or by letter.
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TEST METHODS

METHOD NO.
1001
1002
1003
1004.7
1005.8
1006
1007
1006.2
1009.8
1010.7
1011.9
1012.1
1013
1014,10
1015,9
1016
1017.2
1018.2
1019.4
1020.1
1021.2
1022
1023.2
1030.1
1031
1032.1
i 033
1034

ENVIRONMENTAL TESTS
Bammetdc pressure, reduced (altitude operation)
Immersion
Insulation resistance
Moisture resistance
Steady state hfe
Intermittent hfe
Agree tife
Stabilization bake
Salt atmosphere (corrosion)
Temperature cycling
Thermal shock
Thermal characteristics
Dew point
Seal
Bum-in test
Life/reliability characterization tests
Neutron irradiation
Internal water-vapor content
Ionizing radiation (total dose) test procedure
Oose rate induced Iatchup test procedure
Dose rate upset testing of digital microcircuits
Mosfet threshold voltage
Dose rate response of linear microcircuits
Presea! bum-in
Thin film cmrrosiontest
Package induced soft error test procedure (due to alpha particles)
Endurance life test
Oie penetrant test (for plastic devices)

MECHANICAL TESTS

.

2001.2
2002.3
2003.7
2004.5
2005.2
2006.1
2007,2
2006.1
2009.9
2010.10
2011.7
2012.7
2013.1
2014
2015.11
2016
2017.7
2018,3
2019.5
2020.7

Constant acceleration
Mechanical shock
Solderability
Lead integrity
Wbration fatigue
vibration noise
Vibration, variable frequency
Visual and mechanical
External visual
Internal visual (monolithic)
Bond strength (destructive bond pull test)
Radiography
Internal visual inspection for DPA
Internal visual and mechanical
Resistance to solvents
Physical dimensions
Internal visual (hybrid)
Scanning electron microscope (SEM) inspection of metaltization
Die shear strength
Particle impact noise detection test
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TEST M!3HOOS
METHOO NO.
2021.3
2022.2
2023.5
2024.2
2025.4
2026
2027.2
2026.4
2029
2030
2031.1
2032.1
2035

MECHANICAL TESTS
Glassivation layer integrity
Wetting balance so!der’ability
Nondestmctive bond Pull
Lid torque for glass-frit-sealed packages
Adhesion of lead finish
Random vibration
Substrate attach strength
Pin grid package destructive lead pull test
Ceramic chip carrier bond strength
Ultrasonic inspection of die attach
Flip chip pull-off test
Vtsual inspection of passive elements
Ultrasonic inspection of TAB bonds
ELECTRICAL TESTS (OIGITAL)

3001.1
3002.1
3003.1
3004.1
3005.1
3006.1
3007.1
3006.1
3009.1
3010.1
3011.1
3012.1
3013.1
3014
3015.7
3016
3017
3016
3019.1
3020
3021
3022
3023
3024

Drive source, dynamic
Load conditions
Delay measurements
Transition time measurements
Power supply current
High level output voltage
Low level output voltage
Breakdown voltage, input or output
Input current, low level
Input current, high level
Output short circuit current
Terminal capacitance
Noise margin measurements for digital microelectronic devices
Functional testing
Electrostatic discharge sensitivity dassirication
Activation time verification
Micoaelectr0nic5 package digital signal transmission
Crosstalk measurements for digital microelectronic device packages
Ground and power supply impedancesmeasurements for digital microelectronics device packages
High impedance (off-state) low-level output leakage current
tUgh impedance (off-state) high-level output kakage current
Input clamp voltage
Static latch-up measurements for digital CMOS microelectronic devices
Simultaneous switching noise measurements for digital microelectronic devices

ELECTRICAL TESTS (LINEAR)
4001.1
4002.1
4003.1

4004.1
4005.1
4006.1
4007

Input offset voltage and current and bias current
Phase margin and slew rate measurements
Common mode input voltage range
Common mode rejection ratio
Supply voltage rejection ratio
Open loop performance
Output performance
Power gain and noise figure
Automatic gain control range
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TEST METHOOS
METHOD NO.
5001
5002.1
5003
5004.10
5005.13
5006
5007.6
5008.8
5009.1
5010.3
5011.4
5012.1
5013

TEST PROCEDURES
Parameter mean value control
Parameter distributioncontrol
Failure analysis pmcedunss for microcircuits
Screening procedures
Qualification and quality conformance procedures
Limit testing
Wafer lot acceptanm
Test procedures for hybrid and multichip microcircuits
Destructive physical analysis
Test procedu=s for custom monolithic microcircuits
Evaktation and acceptance procedures for polymeric adhesives.
Fault coverage measurement for digital miwacircuits.
Wafer fabrication control and wafer acceptance procedures for processed GaAS wafers.
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1, SCOPE

.

1,1 m.
This standa~ establishes uniform methods, controls, and procedures for testing microelectronic devices
suitable for use within Military and Aemspa= electronic systems includingbasic environmental tests to determine
resistant=?todeleterious effects of natural elements and conditions surroundingmilitary and space operation% mechanical
and electrical tests workmanship and training procedures; and such other controls and mnsbaints as have been deemed
necessary to ensure a uniform level of quality and reliability suitable to the intended applications of those devices. For the
purpose of this standard, the term “devices”includes such items as monolithic, multichip, film and hybrid microcircuits,
microcircuit arrays, and the elements from which the circuits and arrays are formed. This standard is intended to apply only
to microelectronic devices. The lest methcds, controls, and procedures described herein have been prepared to serve
several purposes
a. To specify suitable conditions obtainable in the Iaboratow and at the device level which give test results equivalent
to the actual service conditions existing in the field, and to obtain reproducibilityof the results of tests. The tests
described herein are not to be interpreted as an exact and conclusive representation of actual service operation in
any one geographic or outer space location, since it is known that the only true test for operation in a specific
aPPliC3ti0fland 10CdOn iS an actual service test under the same conditions.
b. To describe in one standard all of the test methods of a similar character which now appear in the various
joint-sewi-s and NASA microelectronic device specifications, so that these methods maybe kept uniform and thus
result in conservation of equipment, manhoum, and testing facilities. In achieving this objective, it is necessary to
make each of the general tesLsadaptable to a bread range of devices.
c. To provide for a level of uniformityof physical, eletical and environmental testing manufacturing cantmls and
workmanship and materials to ensure consistent quatity and reliability among all devices screened in accordance
with this standard.
1.2 Intended use of or reference to MI L-STO-S83. Men this document is referenced or used in injunction with the
processing and testing of JAN devices in conformance with the requirements of appendix A of
MIL-PRF-38535, C!ML devices in conformance with MI L-PRF.38535 or non-JAN devices in accnrdancs with 1.2.1 or 1.2.2
herein, such processing and testing shall be in full conformance with all the applicable general requirements and Ihose of
the specKmally referenced test methods and procedures.
For contracts negotiated prior to 31 December 1984, device types that have been classified as manufacturers 883 (B or S)
product prior to 31 Oecember 19B4 shall not have to meet 1.2.1 or 1.2.2.
ExF.ting contracts as of the 31 December 1984, previously negotiated add-ens to these cxmtracts, and future spares for
these contracts may rnntinue to use device types which were classified as manufacturers 883
(B or S) prior to 31 December 19B4.
New mntracts, and any device types classified as cnmpliant to MIL-STD-&93 after 31 Oecember 19B4 sha[l comply with
1.2.1. Any devices meeting only the provisions of 1.2.2 are nonmmpfiant to MI L-STD-883.
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1.2.1 Provisions for the use of MI L.STD583 in cnniunctionwith compliant non-JAN devices, When any manufacturer,
contractor. subcontractor. or orioinal eouioment manufacturer reauires or claims a non-JAN part mmdiant with
MIL-STD-883, all provisions of ~ppend;x A of MIL-PRF-38535 shall be met. In addition, manufacture”mthat have produced
or are producing products in accordance with 1.2. la art?subject to a Government compliance validation audit on a drop-in
basis with a minimum of notice. Such processing and testing shall be in compliance with all of the applicable general
controls and requirements defined herein and those of the specifically referenced test methods and procedures with no
reinterpretations, deviations or omissions except as specifically allowed in the device specification or standard microcircuit
drawing coveting the same generic device. Deviations specifically granted in the device specification or standard
microcircuit draw”ngmay also be applied to devices manufactured in the same process, to the same design criteria, and
using elements of the same microcirait group as those used for devices cavered by the device specification or standati
microcircuit drawing. Such reference include the following
Manufacturers who use MIL-STD-S83 in device marldng, or make statements in applicable c3tifideS of
conformance that parts are compliant with MIL-STD-883, or make statements in advertisements or in published
brochures or other marketing documents that park provided are compliant with MI L-STD-S83.
.

“

Contracbm, sub-cnntractoffi, or original equipment manufacture vdw Prepacsvendor item dravings,
(previously called Specification Control drawings), or Selected Item drawings whicA require compliance with
MIL-sTD-B83, or invoke it in iksentirety as the applicable standati (see 1.2.2 for nonmmpliant devices).
a.

Custom monolithic, non-JAN multichip and all other non-JAN mic$ocimuitsexcept non.JAN hybrids described or
implied to be compliant with methods 5004 and 5005 or 5010 of MI L-STD-S83 shall meet all of the non-JAN
requirements of Appendix A of MI L-PRF.38535.

b.

Hybrid microcircuits descxibed as mmpliant or multichip miwocircuits destibed as compliant to MIL-PRF-38534
shall meet all the requirements of MIL-PRF-38534 (or equivalent pmceduresl requirements of reciprocal listing
provisions for product of other nations based on existing international agref!17V3mS)

1.2.2 Provisions for the use of MI L-STD-883 in rnniunction with non-wmdiant non -JAN devices. Any device that is
processed with deviations and which is not processed in compliance with the previsions of 1.2.1 defined herein shall not be
claimed to be compliant and shall not be marked “/883”, “/883S”, “1883S”,or any variant thereof. All applicable
documentation (including device specifications or manufactwets data sheets and responses to RFCJ’Sinvoking
MI L-STD-S83) shall clearly and speufically define any and all areas of nonconformance and identify them as deviations in
language that is not subject to misinterpretation by the acquiring authority.
If the cantract or order speurically requires cnmpliancs with, equivalency to, or a product that is equal to or better than
MIL-STD483 class B or class S, any exceptions taken to the requirements of the referenced quality level (i.e., 1.2.1 above)
shall prohibit the manufacturer from cfaiming or implying equivalence to that level.
Spetific reference to one or more MIL-STD-883 method(s) on a stand-alone basis requires complian= to only the
specifically referenced method(s). Such devices are not mnsidered compliant in accordance with 1.2.1 above. However,
complian- with only the test procedures contained in test methcds 5004, 5005, and 5010 on a stand-alone basis (without
specifying compliance or noncompliant to 1.2.1) does not satisfy the form, fit, and function requicsments of MI L-STD-973
for configuration items, and any reference to these methods on a stand alone basis requires compliance to all the provisions
of 1.2.1.

I
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2. APPLICABLE DOCUMENTS
2.1 w.
The documents listed in tfds Seti!on are specified in seti!ons 3,4, and 5 of this standard. TMs Setilon does
not include documents cited in other sections of this standard or rawmmended for additional information or as examples.
While every effort has been made to ensure the completeness of this list, document users are cautioned that they must
meet all specified requirements documents cited in sections 3, 4, and 5 of this standard, whether or not they are fisted.

2.2.1 Specifications, standatis, and handbooks. The follow’ng specifications, standards, and handbooks form a pad of
this document to the extent specified herein. Unless otherwise speciffed, the issues of these documents are those listed in
the issue of the Department of Oefense Index of Specifications and Standards (DODISS) and supplement thereto, cited in
the solicitation.
SPECIFICATIONS

.

DEPARTMENT OF DEFENSE
MI L-PRF-1 9500
MIL-PRF-38534
MIL-PRF-38535

- Semiconductor Oevices, General Specification For.
- Hybrid Microcircuits, General Specification For.
- Integrated Circuits (Microcircuits) Manufacturing, General Specification For

STANDARDS
FEDERAL
FEO-STD-209

- Clean Room and Woti Station Requirement.%Controlled Environment.

DEPARTMENT OF DEFENSE
MI L-STD-280 MIL-STD-973 MlL-STO-l 835 -

Definitions of Item Levels, Item Exchangeability, Models, and Related Terms
Configuration Management.
Microcircuit Case Outlines.

HANOBOOKS

I

I

OEPARTMENT OF DEFENSE
MI L-HDBK-217

- Reliability Prediction of Electronic Equipment.

(Unless otherwise indicated, copies of the above specifications, standards, and handbooks are available fmm the
Standardization Documents Order Oesk, 700 Robbins Avenue, Building4D, Philadelphia, PA 19111 -5094.)
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2.3 Non-Government DUbfiC3ti0nS.The followingdocuments forma part of this document to the extent specified herein.
Unless otherwise specified, the issues of the documents which are DOD adopted are those hsted in the issue of the
DODISS cited in the solidtation, Unless otherwise specified, the issues of documents not listed in the DODISS are the
issues of the documents cited in the solicitation.
INSTITUTE FOR INTERCONNECTING ANO PACKAGING ELECTRONIC CIRCUITS
ANSIIIUPC-T-50

- Terms and Definitions.

(ApPlidiOn for copies should be addressed to the Institute for Intercannetitng and Packaging Electronic Ckcuits, 7360 N.
Linm!n Avenue, Lincolnwocd, IL 60616.)
AMERICAN NATIONAL STANOAROS INSTITUTE (ANSI)
ANS1/NCSL Z540-1 ANS1/J-STD-!)04
ANS1/J-STO-006

-

Calibration Laboratories and Measuring and Test Equipment,
General Requirements
Requirements for Soldering Fluxes
Requirements for Electronic Grade Solder Alloys and Fluxed and
Non-fluxed Solid Solders for Electronic Soldering Applications

(ApPIiCdiOnfOrcopies should be addressed to the American National Standads Institute, Inmrporated, 1430 Broadway,
New York, NY 10016)

/
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AMERICAN SOCIEIY
C177
C518
D150
D257
01002
0338s
D3850
E263
E264
E265
E666
E666

E720
E721

FOR TESTING AND MATERIALS (ASTM)
Standad Test Method for Steady-State Heat Flux Measurements and Thermal
Transmission Properties by Means of the Guarded Hot-Plate Apparatus.
Standani Test Method for Steady-State Heat Flux Measurements and Thermal
Transmission Pmperlies by Means of the Heat Flow Meter Apparatus.
Standard Test Methmdsfor A-C Loss Characteristics and Permittivity (Oie!ectric
Constant) of Sotid Electrical Insulating Materials.
Standati Test Methods for D-C Resistance or Conductance of Insulating Materials.
Standati Test Method for Strmwth Pmuerties of Adhesives in Shear by Tension
Loading (Metal-t@Metal).
Coefficient of Linear Thermal Extransion of Electrical Insulating Materials, Test Method
for.
Rapid Thermal Degradation of Solid Electrical Insulating Materials by
Thermogravimettic Method, Test Method for.
Standati Test Method for Measuring Fast-Neutron Reaction Rates by Radioativation
of Iron,
Standati Test Method for Measuring Fast-Neutron Reaction Rates by Radioactivation
of Nickel.
SIandati Test Method for Measuring Fast-Neutron Fluences by Radioactivation of
Sulfur.
Standati Practice for Calculating Absorbed Dose from Gamma or X Radiation.
Standard Practice for the Application of Thermoluminesc.ence-Dosimetry (TLD)
Systems for Determining Absorbed Dose in Radiation-Hardness Testing of Electronic
Devices.
Standati Guide for Selection of a Set of Neutron- Activation Foils for Determining
Neutron Spectra used in Radiation-Hardness Testing of Electronics.
Standard Methcd for Determining Neutron Enemy Svectra with Neutron-Activation Foils
for Radiation-Hardness Testing if Electronics. ‘“

(Application for copies should be addressed to the American National Standatis Institute, Incorporated, 1430 Broadway,
New York, NY 10016.)
(Non-Government standards and other publications are normally available fmm the organizations that prepare or
distribute the documents. These documents also may be available in or through libraries or other informational services.)
2.4 Order of precedence. In the event of a conflict between the teki of this document and the references cited herein, the
text of this document takes precedence. Nothing in this document, however, supersedes applicable laws and regulations
unless a specific exemption has been obtained.
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3. ABBREVIATIONS, SYMBOLS, AND DEFINITIONS
3.1 Abbreviations. svmbols, and definitions. For the purpose of this standard, the abbreviations, symbols, and definitions
specified in ,MIL-P RF-I 9500, MI L-PRF-38535, or MI L-STD-280 shall apply. The followingdefinitions shall also apply
3.1.1 Microelectronic device. A microcircuit, microcircuit module, or an element of a miwocircult as defined in appendix A
of MI L-PRF-38535. For the purposes of this document, each type of microelectronic device shall be identified by a unique
type, or drawing number.
3.1.2 Mode of failure. The cause for rejection of any failed device or microcircuitas defined in terms of the specific
electrical or physical requirement which it failed to meet (i.e., no failure analysis is required to identify the mmfe of failure,
which should be obvious from the rejetilon c$iteriaof the test method).
3.1.3 Mechanism of failure. The original defect which initiated the microcircuitor device failure or the physical process by
which the degradation proceeded to the point of failure, identifyingquality defects, internal, structural, or electrical weakness
and, where applicable, the nature of externally applied stresses which led to failure.
3.1.4 Absolute maximum ratinqs. The values specified for ratings, maximum ratings, or absolute maximum ratings are
based on the ‘“absolutesystem” and are not to be exceeded under any measurable or known service or conditions. In
testing miwoelectmnic devices, Kmitsmay be exceeded in determining device performan- or lot quality, provided the test
has been determined to be nondestructive and precautions are taken to timitdevics breakdown and avoid conditions that
could cause permanent degradation. These ratings are fimitingvalues beyond which the serviceability of any individual
microelectronic integrated circuit may b? impaired. It follows that a combination of all the absolute maximum ratings cannot
normally be attained simultaneously. Combinations of certain ratings am permissible Onlyif no single maximum rating i9
exceeded under any service condition. Unless otherwise spetified, the voltage, current, and power ratings are based on
continuous dc power conditions at free air ambient temperature of 25°C *3”C. For pulsed or other conditions of operation of
a similar nature, the current, voltage, and power dissipation ratings are a function of time and duty cycle. In order not to
exceed absolute ratings, the equipment designer has the responsibilityof determining an average design value, for each
rating, below the absolute value of that rating by a safety factor, so that the absolute values will never be exceeded under
any usual conditions of supply-voltage variations, load variations, or manufacturing variations in the equipment itself.
The values spedried for ‘Testing Ratings” (methods 1005, 1008, 1015,5004, and 5005) are intended to apply only to
short-tenm, stress-accelerated storage, bum-in, and life tests and shall not be used as basis for equipment design.
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3.1.5 Worst case condition. Worst case condition(s) consists of the simultaneous application of the most adverse (in
terms of required function of the device) values (tithin the stated operating ranges) of bias(es), signal input(s), loading and
environment to the device under test. Worst roses for different parametem may be different. If all the applied test
conditions are not established at the most adverse values, the term “partial worst case condition”shall be used to
differentiate and shall be accompanied by identification of the departure from worst case. For example, the lowest values of
supply voltages, signal input levels, and ambient temperature and the highest value of loading may constitute ‘Worst case
conditions”for measurement of the output voltage of a gate. Use of the most adverse values of applied electrical conditions,
at room temperature, would then constitute “partialworst case conditions”and shall be so identified using a postscript “at
room temperature.”
3.1.5.1 Accelerated test condition. Accelerated test conditions are defined as test conditions using one or more applied
stress levels whfch exceed the maximum rated operating or storage stress levels but are less than or equal to the ‘Testing
Rating” values.
3.1.6 Static Lwwametem. Static parameters are defined as dc voltages, dc currents, or ratios of dc voltages or dc
currents, or both.
3.1.7 Dvnamic parametem. Dynamic parameters are defined as those which are mm or time-va!ying values of voltages
or currents, or ratios of rms or time-varying values of voltages or currents, or both.
3.1.8 %itchinq oarametets. Switching parameters are defined as those which are associated with the transition of the
output from one level to another or the response to a step input.
3.1.9 Functional tests. Functional tests are defined as those go, m-go tests which sequentially exertise a function (truth)
table or in which the device is operated as part of an external circuit and total circuit operation is tested.
3.1.10 Acxwitina activity. The acquiring activity is the organizational element of the Government which mntracts for
arlicles, supplies, or services; or it may be a contractor or subcontractortien the organizational element of the Government
has given specific titten authorization to such contractor or subcontractorto sewe as agent of the acquiring activity. A
contractor or subcontractor serving as agent of the acquiring activity shall not have the authority to grant waivers, deviations,
or exceptions unless specific w“tten authorization to do so has also been given by the Government organization.
3.1.11 ~.
calibrated items.

The quality of freedom from error. Accuracy is determined or assured by calibration, or reliance upon

3.1.12 Calibration. Comparison of measurement standard or instrument of known accuracy with another standard,
instrument or device to detect, correlate, reporf or eliminate by adjustment, any variation in the accuracy of the item being
compared. Use of calibrated items provide the basis for value traceability of product technical specifications to national
standati values. Calibration is an activity related to measurement and test equipment performed in accordance with
ANEWNCSL Z540-1 or equivalent.
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3.1.13 ~.
The degree to which an instrument, device, assemblage, test, measurement or process exhibits
repeatability. Expressed statistically or through various techniques of Statistical Process Control (SPC). Term is used
interchangeably with “repeatability”.
3.1.14 Resolution. The smallest unit of readability or indication of known value in an instrument, device or assemblage
thereof,
3.1.15 Standard reference material (SRM\. A device or artifact rec.cgnizedand tisted by the National Institute of
Standads and Technology (NIST) as having known stability and characterization. SRfJk used in product testing provide
traceability for technical specifications. SRMS do not require calibration when used and stored in acwrdance with NIST
accompanying instructbans. They are used as “certifiedmaterials”.
3.1.16 Tolerance. A documented range over vhich a specified value may vary
3.1,17 Test accuracy ratio (TAR), A ratio of the tolerance of the device under test to the accuracy of the related
measuring or test instrument or to the accuracy of the correlation devicelSRM.
3.1.16 Uncertainty. An expression of the combined errors in a test measurement process. Stated as a range w“thin
which the subject quantity is expected to lie. Comprised of many components including. estimates of statistical d!sbibution
and results of measurement or engineering analysis. Uncertainty established with a suitable degree of confidence, may be
used in assuring or determining product conformance and technical specifications.
3.1.19 Susceptibility. The point at W& a device fails to meet the postirradiationend-point electrical parameter timits or
fails functionally during radiation exposure (e.g., neutron irradiation).
3.1.20-.
Class M is defined as 1.2.1 compliant product or product built in compliance to Appendix A of MIL-PRF36535 documented on a Standati Mkrocircuit Drawing where configurationrnntrol is provided by the Government preparing
activity. Class M devices shall use the renditions specified in the test methods herein for class level B product.
.

3.1.21 Class level B and class level S. 2 class levels am used in this document to define requirements for hfgh refinability
militav applications (Class level B) and space applications (Class level S). Class level B requirements cantained in this
document are intended for use for Class Q, Class H, and Class M products, as well as Class B M3851O JAN slash sheet
prcduct. Class level B requirements are also intended for use for producl ctaimed as B83 mmpliant or 1.2.1 compliant for
high reliability militav applications. Class level S requirements contained in this document are intended for use for Class V,
Class K, as well as M3851 O Class S JAN slash sheet product. Class level S requiremen~ are also intended for use for
product claimed as 883 campliant or 1.2.1 Campliant for space level appli=tiOnS.
4. GENERAL REQUIREMENTS
4.1 Numberinq system. The test methods are designated by numbers assigned in accordance with the following system
4.1.1 Classification of tests. The tests are divided into four classes
1001
2001
3001
5001

to 1999 Environmental tests
to 2999 Mechanical tests
to 4999 Electrical tests
to 5999 Test procedures

MIL-STD483E

4.1.2 Revisions. Revisions are numbered consecutively using a pericd to separate the test method number and the
revision number. For example, 4001.1 is the first revision of test method 4001.
4,1.3 Method of reference. When applicable, test methods contained herein shall be referenced in the individual
specification by specifying thh standard, the method number, and the details required in the summaw paragraph of the
applicable method. To avoid the necessity for changing specifications wtdch refer to this standard, the revision number
should not be used when referencing test methods. For example, use 4001, not 4001.1.
4,2 Test results. The data resulting from application of any test methcd or procedure shall be reported in terms of the
actual ~ons
and results “Equivalencyresults (e.g., equivalent 25-C device hours or failure rate derived fmm 125°C
test conditions) may be reported in addition to the actual results but shall not be acceptable as an alternative to actual
results. Results of any test method or procedure shall be accompanied by information on the total quantity of devices in
each lot being tested on a 100 percent or sampling basis, the associated quantity of devices in the sample for tests on a
sampling basis, and the number of failures or devices rejecled by test method and observed mode of failure. In cases
where more than a single device type (part number) is involved in the makeup of a lot for inspection or delivery, the data
shall be reported as above but with a further breakdown by part number.
4.3 Test sample disrmsition. Test sample dispositionshall be in accordance with 40.3.2.1 of Appendix A of MIL-PRF38535.
4,4 Orientation.
4.4,1 Identification of orientation and direction of forces aPDlied. For those test methods which involve observation or the
application of external f0rU3Swhich must be related to the orientation of the device, such orientation and direction of forces
aPplied shall be identfied in accordance with figures I and 2.
4,4.2 Orientation for other case mnfiqurations. For case configurations other than those shown in figures 1 and 2, the
orientation of the device shall be as specified in the applicable acquisition document.
4,4.3 Orientation for mxkaaes with different size lateral dimensions. In flat packages where radial leads emanate from
three or more sides, the Xdirection shall be assigned to the larger and the Zdirection to the smaller of the two lateral
dimensions.
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FIGURE le. Leadless chifzcarrier (top view)
NOTE:

The Y1 force application is such that it will tend to Ml the die off the substrate or
thew”resoffthedie.
Thereference toapplied force actually refers totheforCewhiCh
operates on the device itself an may be the resultant of the primary forces applied in a
different manner or direction to achieve the desired stress at the device (e.9., COnStant

FIGURE 1 Orientation of noncvlindricalmicroelectronic devices to
direction of applied forces - Continued,
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apphmtion issuchthat ittilltend lotifithe dieoffthe substrate or
them”resoffthedie.
Thereference toapplied force actually refer5tothe force tich
operates on the device itself and may be the resultant of the primary forces appfied in a
different manner or direction to achieve the desired stress at the device (e.g., WnStant
acceleration).

Orientation of cylindrical microelectronic device to direction of awafied forces.
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4.5 Testcondifions.

NlneMydesigned

devim Vpesshall meelthetest

rnndtions sped fiedin4.5.1

through 4.5.3.2.

4.5.1 Calibration requirements. Cahbration shall kapptid
tothmeitems ofmeasuring atiiest quipmentus@to
assu=pmduti detiveV spetifi=tions ortitiml manufatiuring elements. Calibration shall beperfonned inacsmdancewith
therequirements of ANSllNCSLZ540-1 orequivalent. Calibrated items shall bemntmlled, used andsto=din a manner
suitable toprotect calibration integrity. Test equipment requiring mlibration (single items orassemblages) shall be identified
andlabeled inaccmtancetith
ANSVNCSLZ540-I orequivalent.
4.5.2 Electrical testeauipment accuracy. Unless otietise specified intheawuisition document, testmnditionssuch
as: vOlhge, resistive loads, Wpatitive 10ads, input srntting pammeteffi, input static pammetem, cumnEandothem
shall
be set to nominal values as defined in the acquisition document, with tolerances suitable for the test in With they are used.
4.5.3 Electrica! testequipment capabilit~. Using anyorall of the followingtetiniques, themanufatiumr shall detemine
thatthe testseVsystem issuitable toensum produti mnfomanW tithtie awuisition document. Altematesuitable
techniques may beusedwhen approved bythequaMYingactivifY. Themanufacturer sha!ldefine anddocumentmethods
used. ~etestequipment
awumwshould be betierthan thea[lmable devi=tolemnm
inamdan=
tith the following
ratios
a. Greater than orequalto 101 forroutinepmcesses
b. Gmaterthan orequal to4:iforspedal
NOTE State of theatirequimmenk
be justified and documented.

pro=sses (mmmertial equipment notreadly available)

inwMti41

=nnotbe

efietively acMeved duetoalack

ofnatiOnal standa~sshall

4.5.3.1 Control based on uncertainty. Testproesses thathave rnmplex tiamtieristim are bestpefiomed and
controlled bytheapplication ofuncertainty analysis. Theoverall un-tiainty inatest ormeasurement pro=ss shall be
detemined andtheimpati ofsaidun-tiainty
onthepmduti pammetertolemnsha!lbe taken intoamunt.
The methods
used fordetemining un=dainty shall redefined and documented. llemethod selected mayuseany (orcombinations)of
the following forms:
a. Arithmetic addition (linear), nomally p&u=san
oveflymnsewative estimate andmfleas atighly improbable
situation in which contributing errors am at their maximum Mmitet the same time and same direction.
b. Root Sum Square (RSS), nomally apptied whemthe emomlend to fitanomal
independent sources.

dstribution (gaussian) and am from

c. Partial Derivatives, used where wmplexre!ationships exist.
d. Monte Caflo Simulation, used inveVmmplex

situations where other methods arenoteasily

e. SRM(ormntmlled

providng obsewable data.

NOTE

mmelation devie)testing

appfledordo not fit.

Obsewable data, froma Wntmlled devi=, may bemlied upontopmvide feedba& thatwnfimspro=ss
performance is within statistical limits.

f. Analysis ofsystematic andrandom emoffi, applyingmmtions
g. Anyother mmgnized method ofmmtining emminto
analysis.

asappfimble.

anexpression ofunetiainty

substantiated byanengineering

4.5.3.2 Useandcontml ofcorrelation devic=?slSRMs. When amanufacfurer elects tousemrrelation devi-sor
methods ofuseand wntrolshall beinplaE anddocumented indutingpammetem, fype, quantity, description,
identification, storage, handling andperiodic verification requirements.

SRf@.,
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4S.4 Electrical test frequency. Unless othetise specified, ~eeledriml test fiequenq shall be~especified opemting
frequency. ~emafiequenv
mngeisspedfied, major funtional pammetem shall betested atthem%imumand
minimum frequencies of the range in addition to those tests conducted at any specified frequency within the range.
Whenever electrical tests are conducted on micoaetectmnicdevices for which a range of frequencies or more than a single
operating frequency is specified, the frequency at which tests are conducted shall be recorded along with the parameters
measured at those frequendes.
4.5.5 Testinq ofmultiple inDuiloutputdevices.. Me%anyinput
orou@ut pammeter isspecifled fordevies having more
than a single input or output, the specified parameter shall be tested at all input or output terminations of the device.
4,5,6 Testina ofcomdexdevices. ~emmimoeletionic
devi=sbeing tested mntainmultiple cinitiorfuntions,
whether independently connected to the external device leads or whether internally connected in some arrangement to
minimize the number of external leads, suitable test circuits and procedwes shall be appfied so as to test all circuits or
~ntions mntained inthedeviW tithall theapphmble testmethods specified intheappfi-ble
aquisition document. For
example, if a device mntains a pair of logic gates it shall not be acceptable to test only one of the gates for the specified
parametem. Fu~emore, multiple tircuitdevims should betested toassu~tha! nosigniflmnt intention exis&beWeen
individual circuits (e.g., application of signal to one gate of a dual gate device should not cause a change in output of the
cdherg
ate). ~eintent ofthiswuimment
istoassum tiatall cimitelements inamimoeletimnic devi=areexetisedto
tie fullest efientallomd bytheirwnstwtion
andmnnetion provisions. Forcircuit amayscontaining complex signal paths
tich vary depending on the nature of incoming signals or internal functions performed on the incoming signals, this
requirement shall be met by programming the operation of the device to assure that all circuit elements are caused to
function and thus provide the opportunity to observe or measure the levels of their performance in accordance with the
specified test methods.
4.5.7 Testenvimnment. Unless othetise specified herein, orinthe appfimble aquisition doamentation, all
measurements and tesb3shall be made at ambient tempemtu~ of 250C +3-C, -5°C and at ambient atmospheric pressure
from 580 to 800 millimeter mercwy.
4,5.8 Permissible temperature vatiatiOn inenvimnmental chambem Whenchambem areused, specimens undervest
shall be located only within the working area defined as follm
a. Temperature variation within wortcingarea: ~emntrols forthe&amber shall be=pable ofmaintaining the
temperature of any single referencz point within the working area within *2-C or *4 percent, wfkhever is greater.
b. Space variation within working area: Chambers shall be so canstnxted that at any given time, the temperature of any
point within the workhg area shall not deviate more than *3°C or +3 percent, whichever is greater, fmm the reference
point, except for the immediate vicinity of spetimens generating heat
c. Chambem with specified minimum temperatures (e.g., bum-in, fife test, etc.) When ted requirements involve a
specified minimum test temperature, the mntmls and chamber constructionshall be such that the temperature of any
point within the working area shall not deviate more than +8”C, -O°C or +8, -O percent, whichever is greater, from the
spetified minimum temperature.
4s.9 Control of test temperature durina electrical measurements. Unless otherwise specified, the specified test
temperature, case (TJ, ambient (T.), or junction (T,) shall be controlled by the applicable procedure(s) speciried herein.
These are exclusively for the wntrol of chambers, handlers, etc., used in elecbical measurements of devices at specified
temperature and the provisions of 4.5.8 do not apply. Testing shall be conducted using either power-off condition followed
by low duty cycte pulse testing or power stable temperature rendition.
4.5.9.1 Temperature control durinq testin.afor T,, T., or T, above 25°C. Unless otherwise speufied, the device shall be
stabilized in the power-off condition until the devie- teriperaiure is within +3°C of the specified T=, T,, or T,, as applicable.
The temperatu= during test shall not fall more than 3°C below the specified T., T~, or T> The temperature during test may
exceed 3°C of the spetified T., TA, or T, provided the manufacturer assures that the devices under test are not being
degraded. The electrical test paramete= shall be measured using low duty cycle pulse testing or, if specified, power stable
conditions (see 4.5.9.4).
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4,5.9.2 Temperature control during testing for T., T,, or T, below 25”C. Unless otherwise specified, the device shall be
stabilized m the power-oil cond!bon unbl the dewce temperature is wthm +3°C of the set temperature (see note below). The
device shall not exceed +5°C of the specified temperature throughoutthe test duration. (lMs temperature sha!l be identified
as the mid-start temperature.) The electrical test parametem shall be measured using low duty cycle pulse testing or, if
specified, power stable conditions (see 4.5.9.4). When applicable, the detail specification shall specify those parameteffi or
sequence of tests most sensitive to the rnld-start temperature These parameteffi, when specified, shall be measured at the
start of the test sequence and shall be completed as soon as possible or within a specified time.
NOTE:

Unless otherwiee specified in the applicable detail specification, the set temperature shall be -55°C (T=, TA, or T,,
as applicable) or colder if the devics temperature (TC, T*, or T,, as applicable) increases by more than +5°C during
the test duration.

4.5.9.3 Temperatu= control during testing for Tc, TA or T, at 25”C. Unless otherwise specified, the device shall be
stabhized in the power-off condition until the temperature IS 25‘C +3C, -50C. The electrical test parameters shall be
measured using low duty pulse testing or, if specified, power stable conditions (see 4.5.9.4).
4.5.9.4 Power stable temperature condition. When specified, the device shall be stabilized in the specified steady-state
power-on condition at the spedfied test temperature, T., T=, or T, as applicable, for temperatures at, above, or below 25°C
for a minimum time pericd of 5 minutes or a specified time. The electrical parametem measurements shall be completed as
soon as possible or within a specified period of time after temperatumlpower stabilization has occurred. Alternatively, tien
specified, the device temperature Tc or T. may be stabilized within *3-C of the junction temperakm typically predicted for
the specified steady-state power-on condition of 5 minutes or more and the testing conducted with low duty pulse
techniques.
4,6 General Precautions. The following precautions shall be obsewed in the testing of devices
4.6.1 Transients. Devices shall not be subjected to conditions in which voltage or current transients cause the ratings to
be exceeded.
4.6.2 Order ofcmnection of leads. Careshould be&ken tienrnnneting
amiwoeletimnic devieto apowersourw.
For MOS devices or other microelectronic circuits or devices tiere the Otier of connection of leads may be important,
precautions cited in the applicable acquisition document shall be obsewed.
4.6.3 Soldering andweldinq. Adequate premutions shall betaken toavoid damage tothedevi~
welding required for tests.

during soldering or

4.6.4 Radiation mecautions. Duepw-utions
shall beusedin storing obtesting microeletimnic deviWsin substantial
fields of x-rays, neutrons, or other energy pafliCfeS.
4,6.5 Handlinq mecautionsformicroelectmnicd evices.
a. Ground all equipment prior to insetion of the device for electrical test.
b. Mere applicable, keep devices in metal shields until they are inserted in the equipment or until necessary to
remove for test.
c. Wlere applicable, keep devices in c-am”ersor other protective packages during test.

Ml L-STD-S.93E

5. DETAILED REQUIREMENTS
his section is not applicable to this standmt.
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6. NOTES
6.1 Chemical listinq. ~efolloMng

isaflsting ofchemimls identified forusein MlL-STD463

W

CAS Iistinq

Acetic Acid
3S-Oimethyl-l-hexyn-3-ol
Ethylbenzene
Fluorescein
Freon-1 13 ~1
Hydrochloric Acid
Isopropyl Alcohol
Kerosene
Morpholine
Methanol
Methylene Chloride 1/
Mineral Spirits
Monoethanolamine
Nitric Add
Phosphoric Add
Propylene Glycol Monomethyl Ether
Rhodamine B
.%dium Chloride
Sodium Hydroxide
Stannous Chloride
1,1,1 -Ttichloroethane ~/
Zyglo Dye

testmethti%
Test method

64-19-7
4209-91-0
100-414
2321 -07-5
7613-1
7M7-014
67-62A
8008-20-6
110-91-6
67-56-1
75-09-2
6032-32-4
14143-5
7697-37-2
7664-36-2
107-9&2
.91-6a9
7647 -14-5
131w73-2
7772-99-B
71-55-6
8002-05-9

2021
1002
2015
1014
2015,1014
1009
2015,2003
2015
1002
1002
2015
2015
2015
2021
2021
2015
1014
1009,1002
1009
1002
2015
1014

Intheevent ofachemical emergency [example: spill,leak, fire, orexposure) obtain adtitiona) helporinfomation
the telephone number Mted below and identiFj the chemical by the CAS number provided above.
Chem Tree

1-600424-9300

6.2 Subiect tetmfkey word) listinq.
Intended use
pMViSi0n9 fOrthe use of MIL-STD-B63
Abbreviations
Classification of tests
Orientation
Electrical test equipment accuracy
Test environment
General precautions
Chemical tisting

~/ ~esetiemimls

arenolonger required to beusedin MlL-STN83test
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CONCLUDING MATERIAL

Preparing actiiity
OLA -ES

Custodians
Army - CR
Navy - EC
Air Force -17
NASA - NA

(Project 5962-161 7)

Review activities
Army - AR, Ml, SM
Navy - AS, CG, MC, OS, SH, TO
Air Force -19,65, 99
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METHOD 1001
BAROMETRIC PRESSURE, REOUCED (ALTITUDE OPERATION)
1, PURPOSE. The barometri*pressure test is performed under conditions simulating the low atmospheric pressure
encaunteted in the nonpressurized potions of aircrafl and other vehicles in high-altitude flight. This test is intended
primarily to determine the ability of component parts and materials to avoid voltage breakdown failures due to the redw%d
dielectric strength of air and other insulating materials at reduced pressures. Even when low pressures do not produce
camplete electrical breakdown, corona and ih undesirable effects, including losses and ionization are intensified. The
simulated high-altitude conditions of this test can also be employed to investigate the influence on components operating
characteristics, of other effects of reduced pressure, including changes in dielecbic constants of materials, and decreased
ability of thinner air to transfer heat away fmm heat-producing components.
2. APPARATUS. ‘flIe apparatus used for the barometric-pressure test shall mnsist of a vacuum pump and a suitable
sealed chamber having means for visual observation of the specimen under test when necessary, a suitable pressure
indicator to measure the simulated altitude in feet in the sealed chamber, and a miwoammeter or oscilloscope capable of
detecting current over the range from dc to 30 megahertz.
3. PROCEDURE. The specimens shall be mounted in the test chamber as specified and the pressure reduced to the
value indicated in one of the following test conditions, as specified. While the specimens are maintained at the specified
pressure, the specimens shall be subjected to the specified tests. During this teSt and for a period of 20 minutes before, the
test temperature shall be 2YC *l~C,
The devim shall have the specified voltage applied and shall be monitored over the
range from atmospheric pressure to the specified minimum pressure and return for any device malfunctions. A device which
exhibits arc-over% harmful coronas, or any other defect or deterioration which may interfere with the operation of the device
shall be considered a failure,
Test condition

Pressure, maximum
mm of mercury

Inches of mercury
A
t

1

I

3.44

D

1.31

E

0.315

F

G

I
1

8.88

B

rc

17.3

1

0.043

9.436 x 10”

Altitude

439.00

1

228.00
]

1

87.00

Metem

Feet
15,000

1

30,000
]

50,000

4,572
9,144

]

15,240

33.00

70,000

21,338

8.00

100,000

30,480

1.09
2.40 X 104

1

150,000
656,000

1

I

45,720
2on,ooo

3.1 Measurement. The device shall be connected for measurement and have the specified voltages applied during the
entire pump-down cycle. The terminals to vhich the maximum voltage (see 4c. ) is applied shall be monitored with a
microammeter or oscilloscope for corona currents in the range from dc to 30 megaheti. Provision shall be made for
calibrating the current flow in the test circuit minus the device under the applicable test condition to insure that test readings
are characteristic of {he device under test.

METHOD 1001
1 May 1968
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4, SUMMARY, The followingdetails must be specified in the applicable acquisition document
a.

Method of mounting (see 3).

b.

Test condition letter (see 3). Unless otherwise specified, condition E shall be used

c.

Tests during subjection to reduced pressure (see 3). Unless otherwise specified, the devicmshall be subjected to
the maximum voltage it would be subjected to under rated operating conditions.

d.

Tests after subjection to reduced pressure, if applicable (see 3). Unless otherwise specified, the device shall be
subjected to full electrical tests of specified device characteristics or parametem.

e.

Exposure time prior to measurement, if applicable (see 3).

METHOD 1001
lMay 1968
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METHOO 1002
IMMERSION
1. PURPOSE. This testis performed to determine the effectiveness of the seal of microelectronic devices. The
imme~e
part under evaluation into liquid at vddely different temperatwes subjects it to thermal and mechanical
stresses which will readily detect a defective terminal assembly, or a partially closed seam or molded enclosure. Defects of
these types can result from faulty constructionor from mechanical damage such as might be produced during physical or
environmental tests. The immersion test is generally performed immediately following such tests because it will tend to
a99raVate any incipient defects in seals, seams, and bushings which might otherwise escape notice. This test is essentially
a laboratory test condltmn, and the procedure is intended only as a measurement of the effectiveness of the seal following
thk test. The choice of fresh or salt water as a test liquid is dependent on the nature of the component part under test.
When electrical measurements are made afier immersion cycling to obtain evidence of leakage through seals, the use of a
salt solution instead of fresh water till facilitate detection of moisturs penetration. This test provides a simple and ready
means of detection of the migration of tiquids. Effects noted can include lowered insulation resistance, corrosion of internal
parts, and appearance of salt crystals. The test described is not intended as a thermal- shock or cnrrosion test, although it
may incidentally reveal inadequacies in these respects. This is a destructive test and shall not be used as a 100 percent
test or screen.
2. APPAFL4TUS, The apparatus used for the immersion test shall mnsist of controlled temperature baths capable of
maintaining the temperatures indicated for the hot bath and the cold bath test condition selected. A suitable temperature
indicator shall be used to measure bath temperature.
3. PROCEOURE. This test consists of succesive cycles of immersions, each cycle consisting of immersion in a hot
bath of fresh (tap) water at a temperature of 65-C +5”C, ~C followed by immersion in a cold bath. The number of cycles,
duration of each immersion, and the nature and temperature of the mld bath shall be as indicated in the applicable test
condition listed below, as specified. The transfer of specimens from one bath to another shall be accomptkhed as rapidly as
practicable and in no c%seshall transfer time exceed 15 seconds. Afler completion of the final cycle, specimens shall be
thoroughly and quickly washed in fresh (tap) water or distilled water and all surfaces wiped or air-blasted dean and dry.
Unless otherwise specified, measurements shall be made at least 4 hours, but not more than 48 hours, afler completion of
the final cycfe. VVlen specified in the applicable acquisitiondocument, upon wmpletion of the electrical measurements and
external visual examination, the device shall be delidded or dissected and examined in accordance with method 2013 for
eviden= of carrosion of internal elements or the appearance of salt c$ytdals. Where this test is performed as part of a
group or subgroup of tests, the post-test measurements or inspections need not be performed specifically at the conclusion
of this test, but may be performed once at the conclusion of the group or subgroup.

METHOD 1002
1 MAY 196a
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Test
condition

Number of
cycles

Duration of
each immersion
(minutes)

A

2

15

B

2

c

5

D

5

Immersion bath
(cold)

Temperature
of cold bath
“c

Fresh (tap) water

25 +1O
-5

15

Saturated solution
of sodium chloride
and water

25 +10
-5

60

Saturated solution
of sodium chloride
and water

0 *3

60

(Pans by volume)
Water 48 parts
Methanol ~/ .50
park
Morpholine -1
part
3.5dimelhyl.l.
hexyn-3-ol-l part
Stannous
chloride 5 grams

o +3

F

LI Synonyms are tetrahydrwl, 4-oxazine and diethylenimide oxide,
4. SUMMARY. The followingdetails must be specified in the applicable acquisition document
a.

Test condition letter (see 3). Unless otherwise specified, condition C shall be used.

b.

Time after final cycle allowed fOrmeasurements, if other than that specified (see 3).

c.

Measurements after final cycle (see 3). Unless otherwise specified, measurements shall include pin-tc-pin
resistance, pin-to-case resistance and full electrical test of all device characteristics or parameters listed in the
apphcable aufuisition document. Final evaluation shall include external visual examination for legibility of device
markings and for evidence of dismloration or corrosion of pacxage and leads.

d.

Dissection and Internal examination, where applicable (see 3).

METHOD 1002
1 May 1966
2
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METHOO 1003
INSULATION RESISTANCE
1. PURPOSE. This testis to measure the resistance offered by the insulating members of a component part to an
impre~ti
voltage tending to produce a leakage of current through or on the surface of these members. lnsulationresistance measurements should not be considered the equivalent of dielectric withstanding voltage or electric breakdown
tests. A clean, dry insulation may have a high insulation resistance, and Yet Possess a me~ani~j fault that would ‘=J=
failure in the dielectric withstanding voltage test. Since insulating membe.m mmposed of different materials or combinations
of materials may have inherently different insulation resistances, the numerical value of measured insulation resistance
cannot propedy be taken as a direct measure of the degree of cleanliness or absence of deterioration.
1.1 Factors affactim use. Factors affecting insulation-resistance measurements incfude temperature, humidity, rasidual
charges, charging currents or time constant of instrument and measured circuit, test voltage, previous conditioning, and
duration of uninterrupted test voltage application (electrification time). In connection with this last-named factor, it is
characteristic of certain components (for example, capadtors and cables) for the current to usually fall from an
instantaneous high value to a steady lower value at a rate of decay vhich depends on such factors as test voltage,
temperature, insulating materials, capacitance, and extema! tircuit resistance Consequently, the measured insulation
resistance will increase for an appreciable time as test voltage is applied unintemJptedly. Because of this phenomenon, it
may take many minutes to approach maximum insulation-resistance readings, but specifications usually require that
readings be made afler a specified time. This shortens the testing time considerably while still permitting significant test
results, provided the insulation resistance is reasonably close to steady-state value, the current versus time cuwe is known,
or suitable correction factors are applied to these measurements. For certain mmponents, a steady instrument reading may
be obtained in a matter of seconds. When insulation-resistance measurements are made before and after a test, both
measurements should be made under the same renditions.
2. APPARATUS, Insulation-resistance measurements shall be made on an apparatus suitable for the characteristics of
the camponent to be measured such as a megohm bridge, megohmmeter, insulation-resistance test set, or other suitable
apparatus.
3.

PROCEDURE. When special preparations or conditions such as special test fixtures, reconnection, grounding,
isolation, low atmospheric pressure, humidity, or immersion in water are required, they shall be specified. lnsulationresistance measurements shall be made between the mutually insulated points or between insulated points and
ground, as specified. When electrificaticmtime is a factor, the insulation-resistance measurements shall be made
immediately af?erthe specified time (see 4) of unintermpted test voltage application, unless otherwise specified.
However, if tha instrument-reading indicates that an insulation resistance meets the specified timit, and is steady or
increasing, the test may be terminated before the end of the specified period. When more than one measurement is
specified, subsequent measurements of insulation resistance shall be made using the same polarity as the initial
measurements. Unless othetise specified, the direct potential applied to the apetimen shall be that indicated by
one of the test condition letters, as specified below, and insulation resistance measurements shall be made with both
polarities of the applied voltage:
Test condition
A
B
c
D
E
F

Test potential
10 volts *1 o%
25 volts *1O%
50 volts *lo%
100 volts *lo%
500 volts *lo%
1,000 volts *1 o%

For inplant quality confonnanrs testing, any voltage maybe used provided it is equal to or greater than the minimum
potential allovmd bytheappficab!e testcondition. Unless othenvfse specified, themeasurement error atthe
insulation-resistance value shall notexc-eed 10 percent. Pmperguarding techniques ahallbe used to prevent erroneous
readings due to leakage along undesired paths.

METHOD 1003
1 May 1968
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4. SUMMARY, ~efolloting

details must bespecified intheappkmble

aauisitiondocument

a,

Test condition letter, or other test potential, if specified (see 3).

b.

Special preparations or conditions, if required (see 3).

c.

Points ofmeasurement (see3). Unless tihetise specified, insulation msistinm shall bemeasumdbeMenthe
device leads (all leads electrically connected to each other or to a common point) and the devi= case, and the
measured resistance shall be no less than 15 megohms.

d.

Electrification time, if critical (see 1.1).

e.

insulation resistan= intemsofmaximum
leakage cunntat aspeUfied testvoltage. Unless othem&especiIied,
the maximum leakage between any adjacent disconnected leads shall not exceed 100 nanoampere at 100 volts
dc.

METHOD 1003
1 May 1968
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METHOO 1004.7
MOISTURE RESISTANCE
1. PURPOSE. ~emoisture resistant testis pedomed fortiepumose ofevaluating, inanawlerated
manner, the
resistance of component parts and constituent materials to the deteriorative effeCtSof the high-humidity and heat conditions
typical oftropical environments. MOsttmpiml degradation msultstiretiy orinti~tily fromabso~tion ofmoist"revapor
and films byvulnemble insulating materials, andkomsuda=
wetingof metals and insulation. These phenomena producs
many types of deterioration, including mrrosion of metals: constituents ofmaterial% anddetrimental changes inelec.trical
properties. TMstesttiffem bomthesteady-state humitiV testand detives itsadded effetiveness initsemploymentof
temperature cyd]ng, filch provides akemate periods of condensation and drying essentia! to the development of the
mmsionpmmsses
and, inadtition, pmduesa ''bmathng`' ationof moisture into patially sealed wntaineS. Increased
effedveness isslsoobtained byuseof aMgher temperature, which intensifies theeffects of humidity. Thetest includesa
low-temperature subcycle that acts as an acce!erant to reveal otherwise indiscernible evidences of deterioration since
stresses Wusedby freezing moislu= tend totiden cratis and fissures. Asaresult, thedeterioration can be detected by
the measurement of electrical characteristics (including such tests as voltage breakdown and insulation resistance) or by
performance ofatestforsealing.
Provision ismadeforthe appli-tion ofapolarizing volmgeacmss insulation to
investigate thepossibility of electrolysis, which canpromote eventua! dielectric breakdown, This test also provides for
electrica! loading ofcertain components, ifdesimd, inotier todelemine themsistane ofcumnteving
Wmponents,
especially fine wires andccmtacts, toelectrochemical rnrrosion. Results obtained with this test arereproducible and have
beencanfinned byinvestigations of field failures. ~stesthas
proved mtiable forindmting those patiswM*
are unsuited
for tropical field use.
2. APPARATUS. ~eapparatus used forthemoisture resistan@ testshall indudetemperatur%humitiV chambem
mpableof maintaining theqcles andtolemne described on figumlOO4-l andelectdcal test equipment capable of
performing the measurements in 3.6 and 4.
3. PROCEOURE. Specimens shall betested inaadanm
tith3.2thmugh 3.7inclusive, and figuml OW-l.
Specimens shall be mounted in a manner that will expose them to the test environment.
3.1 Initfal conditioning. Unless othetise specified, prior tomounflng specimens forthemoistu= resistanatest, the
device leads shall be subjected to a bending stress, initial conditioningin accordance with test condition B, of method 2004.
Where the specific sample devices being subjected to the moisture resistance test have already been subjected to the
required initial conditioning, as part of another test employing the same sample devices, the lead bend need not be
repeated.
3.2 Initial measurements. Ptiorto step loftiefimt
cycle, tiespetified inifial measuremen& shall bemade at mom
ambient renditions, eras specified. ~enspecified,
theinitial wntitioning inadqoven
(aeefigure lOW-l)shallpreEde
initial measurements and the initial measurements shall be completed within 8 hours after removal from the drying oven.
3.3 Number ofcvcles. Specimens sha!lbe subjetied tol Omntinuous wales, eatiasehom
on figure lOO4-l. In the
event of no more than one unintentional test interruption(power interruptionor equipment failure) prior to the completion of
the specified number of cycles (except for the last cycle) the cycle shall be repeated and the test may continue.
Unintentional interruptions occuting during the last cycle require a repeat of the cycle plus an additional unintermpted cycle.
Any intentional interruption, or any unintentional interruptionof greater than 24 hours requires a complete retest.
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3.4 SubcvcleofsteD7.
During atleast 5ofthel Oqdesalowtempemtum
subqcle shall bepetiomed.
Atleastl hour
but not more than 4 hours after step 7 begins, the specimens shall be either removed fro!!?the humidity chamber, or the
temperatu~ of thechamber shall beredu-d, forpedoman=
of thesubqcle. Specimens during thesubcycleshallbe
wntitioned at-lO"C +TC, -5"C,tithhumitiw
notmntrolled, for3houffi minimum asintimted on figu=l OW-l. Whena
separate mld*amber
isnotused, areshould betaken toassum that thespeumens amheldat -l WC+2"C, -5"C, for the
fullpericd. ARertho subvde, thespecimens shall be=tumed to2TCat80
peantrelative
humitiQ (RH)minimum and
kept there until the next cycle begins.
3.5 Appfiedvoltaqe. DufingOe moistu= esistanW testasspetified on figure 10W-l, tienspecified (see 4), thedevi=
shall be biased in accordance with the specified bias configurationwhich should be chosen to maximize the voltage
differential between chip metallization runs or external terminals, minimize power dissipation and to utilize as many terminals
as possible to enhance test results.
3.6 Conditions (see fiqurelOfM-l L ~emteofchange
oftempemtu= inthetiamber isunspetified however,
spedmens shall not besuNeti totheratiant heat from thechamber mntitioning pro=sses. Thecirculation ofair in the
chamber shall be at a minimum cubic rate per minute equivalent to We timeS the volume of the chamber unless otherwise
specified. Thesteady-state temperatum tolemnm is fl"Cofthe specified temperate= atallpoints titin the immediate
vitinity of thespecimens andatthe chamber surfaces. Specimens wighing 25pounds orlessshall betmnsfemedbeWeen
temperature chambem in less than 2 minUteS.
3.7 Final measurements. Follow`ngstep60fthe
final qcle(orstep 7ifthesubqcle
of3.3is pedomed during thetenth
cycle), devices shall be conditioned for 24 hours at room ambient conditions after which either an insulation msistanca?test
inacwniance tith method 1003, test mntition A,orthe specified 2YCeletiriml end-point measu=ments shall be
performed. ElectriWl measurements may bemadedudng the24hour Wntitioningperiti.
However, any faikmesmsulting
fmm this testing shall be counted, and any retesting of these failures later in the 24 hour period for the purpose of obtaining
unacceptable result is prohibited. Noother test (e.g., seal) shall bepetiomed during the24hour wndtioningpefiod. The
insulation resistance test or the alternative 2YC elecbical end-point measurements shall be completed within 48 hours atler
removing thedevices from the chamber. ~entheinsulation
Esistanm test ispetiomed, themeasured Esistane shall be
no less than 10megohms andthetest shall bemmded anddata submitted aspatiofthe end-point data. Ifthe package
case is electrically connected to the die substrate by design, the insulation resi-stancetest shall be omitted and the specified
2SC electrical end-point measurements shall be cnmpleted within 48 hours after removal of the device fmm the chamber.
A visual examination and any other specified end-point electdcal parameter measurements (see 4.c) shall also be
performed.
3.8 Failure criteria. Nodevice shall beacceptable thatexhibits
a.

Spedfied matings wtichare missing intiole orinpad, faded, smeared, blumed, sMfled, ortislodgedtothe
extent that they are not legible. ~sexamination
sha[lbe andutied tithnomal room tightingandtitha
magnification of 1X to 3X.

b.

Eviden=ofrnmosion overmorethan 5per-nt of theamaofthe finish or basemetal ofanypatiage
element
(i.e., fid, lead, or cap) or any cmrcsion that completely c$osses the element when viewed with a magnification of
1ox to 20X.

c.

Leads missing, broken, orpartially separated.

d.

Comosion fomations wtitibndge

e.

Eletiti=l

NOTE

beWeenleads or beWeenleads andmebl -se.

end-point orinsulation resistan~test

failures.

nefinish shall indudethe pa&age andentim exposed lead a=abommenisas
sheared off tip itselfJand all other exposed metal surfaces.
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4. SUMMARY. The following details shall be specified in the applicable acquisition document

.

a.

Initial measurements and conditions, if other than room ambient (see 3.1 and 3.2)

b.

Applied voltage, when applicable (see 3.5), and bias mnfiguration, when required. This bias mnfiguration shall
be chosen in arxordancs with the followingguidelines:
(1)

Only one supply voltage (V) either positive or negatiie is required, and an electrical ground (GNO) or
common terminal. The magnitude of V will be the maximum such that the specified absolute maximum
ratings are not exceeded and test rnnditiom are optimized.

(2)

All normally specified voltage terminals and ground leads shall be connected to GND, unless otherwise
spetiried.

(3)

All data inputs, unless otherwise specified, shall be mnnected to V. The polarity and magnitude of V is
chosen to minimize internal power dissipation and current flow into the device. All extender inputs shall be
connected to GND, unless otherwise specified.

(4)

All additional leads, e.g., clock, set, reset, outputs, etc., considered individually, shall be connected to V or
GNO whichever minimizes current flow.

(5)

Leads titinointemal

rnnnetionshall

betiasedto

Vor GNDtichever

c.

Final measurements (see3.7). final measu~ments shall include alleletiti-l
which are specified as end-point electrical parameteffi.

d.

Number ofcyc!es, ifotherthan 10(see3.3)

e.

Conditioning indwoven befominiflal measu=ments, if~quimd(see3.2).

isopposite toanadja=ntlead.
characteristic andparameteffi
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FIGURE 1004-1. GraDhical remesentation of moisture-resistance test.
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METHOD 1005,8
STEADY-STATE LIFE
1. PURPOSE. The steady-state life teSt is performed for the purpose of demonstrating the quality or reliability of devices
subjected to the specified Cand[tionsover an extended time pericd. Klfe tests conducted within rated operating conditions
should be conducted for a sulTcienOylong test period to assure that results are not characteristic of earfy failures or “infant
mortality,” and periodic observations of results should be made prior to the end of the fife test to provide an indication of any
significant variation of failure rate with time. Valid results at shorter intewals or at lower stresses require accelerated test
conditions or a sufitiently large sample size to provide a reasonable probability of detection of failures in the sample
corresponding to the distribution of potential failures in the lot(s) from which the sample was drawn. The test conditions
provided in 3 below are intended to reflect these considerations.
When this test is emplOyBdfor the puQose of assessing the general capability of a device or for device qualification tests in
supporf of future device applications requiring high reliability, the test conditions should be selected so as to represent the
maximum operating or testing (see test condition F) ratinge of the devic=?in terms of electrical input(s), load and bias and the
corresponding maximum operating or testing temperature or other spetified environment.
2. APPARATUS. Suitable sockets or other mounting means shall be provided to make firm electrical contact to the
terminals of devices under test in the specified circuit configuration. Except as authorized by the acquiring or qualifying
activity, the mounting means shall be so designated that they will not remove internally-dissipated heat from the device by
conduction, other than that removed through the device terminals, the necessa~ electrical contacts and the gas or tiquid
chamber medium. The apparatus shall provide for maintaining the specified biases at the terminals of the device under test
and, when specified, monitoring of the input excitation or output response. Power supplies and current-setting resistom
shall be capable of maintaining the specified operating conditions as minimal throughout the testing period, despite normal
variations in source voltages, ambient temperatures, etc. When test conditions result in significant power dissipation, the
test apparatus shall be arranged so as to result in the approximate average power dissipation for each device whether
devices are tested individually or in a group. The test circuits need not compensate for normal variations in individual device
characteristics, but shall be so arranged that the existence of failed or abnormal (Le., open, shorl, etc.) devices in a group
does not negate the effect of the test for other devices in the group.
.

3. PROCEDURE. The microelectronic devices shall be subjected to the specified test condition (see 3.5) for the
specified duration at the specified test tempemture, and the required measurements shall be made at the specified
intermediate points and end points. QML manufactures tio are certified and qualified to MIL-PRF-38535 may modify the
time or the condition indeDendentlv from the regression conditions contained in table I or the test conditionftircuit specified
in the device specification or standad micmcir=uit drawing provided the modification is mntained in the manufacturers QM
plan and the “0” certification identifier is marked on the devices. Lead-, stud-, or case-mounted devices shall be mounted
by the leads, stud, or case in their normal mounting configuration, and the point of connection shall be maintained at a
temperature not less than the specified ambient temperature. The test condition, duration, sample size, and temperature
selected prior to test shall be reCOtiBd and shall govern for the entire test. Test boards shall not employ load resistom
which are common to more than one device, or to more than one output pin on the same device.
3.1 Test duration.
3.1.1 Test duration - standard fife. The life test duration shall be 1,000 hours minimum at 12VC, unless otherwise
specified or allowed (see 3.2.1). Afler the specified duration of the test, the device shall be removed fmm the test conditions
and allowed to reach standard test conditions, Where the purpose of this test is to demonstrate compliance with a specified
lambda (8), the test may be terminated at the spedfied duration or at the point of rejection if this ofxum prior to the specified
test duration.
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3.1.2 Accelerated life test duration. For class level B, Ihe hfe test duration, when accelerated, shall be the time equivalent
to 1,000 hours at 125°C for the ambient temperature selected or specified (see table l). Within 72 hours afier the specified
duration of the test, the device shall be removed from the specified test conditions and allowed to reati standard test
conditions without removal of bias. The interruptionof bias for up to one minute for the purpose of moving the devices 10
cooldown positions separate from the chamber within Mch tife testing was performed shall not be considered removal of
bias.
3.2 Test temperature. The specified test temperdure is the minimum ambient temperature to which all devices in the
working area of the chamber shall be exposed. Thts shall be assured by making whatever adjustments are necessaw in the
chamber profile, loading, location of control or monitoring instruments, and the flow of air or other suitable gas or tiquid
chamber medium. Therefore, calibration shall be acmmplished in the chamber in a fully loaded, (boards need not be loaded
with devices) unpowered wnfiguration, and the indicator sensor located at, or adjusted to reflect, the mldest point in the
working area.
3.2.1 Test temperature - standard life. Unless otherwise specified, the ambient fife test temperature shall be 12YC
minimum for test conditions A through E (see 3.5), except that for hybrid microcircuits, the conditions may be modified in
accnrdanw with table 1. At the suppliets option, the ambient temperature for conditionsA through E maybe increased and
the test duration reduced in accordance with table I using the specified test circuit and bias conditions. Since case and
junction temperature will, under normal circumstances, be significantly higher than ambient temperature, the circuit should
be so structural that maximum rated case or junction temperatures for test or operation shall not exceed 20~C for class
level B or 17YC for class level S (see 3.2.1.1).
3.2.1.1 Test temperature for hiqh power devices. Regardless of power level, devices shall be able to be burned in or
life-tested at their maximum rated operating temperature. For devices whose maximum operating temperature is stated in
terms of ambient temperature, T,, table I applies. For devices whose maximum operating temperature is stated in terms of
case temperature, T., and where the ambient temperature would cause T, to exceed +20WC (+175-C for class level S),
the ambient operating temperature may be reduced during bum-in and life test from +125°C to a value that will demonstrate
a T, between +175-C and +201YC and Tc equal to or greater than +125°C without changing the test duration. Data
supponing this reduction shall be available to the acquiring and qualifying activities upon request.

3.2.1.2 Test temrwrature for hvbrid devices. The ambient or case life test temperature shall be as specified in table 1,
except case temperature life test shall be performed, as a minimum, at the maximum operating case temperature (T.J
specified for the device. Life test shall be for 1,000 hours minimum for class level S hybrid (class K). The device should be
life tested at the maximum specified operating temperature, voltage, and loading conditions as specified in the detail
specification. Since case and junction temperatu~ will, under normal circumstances, be significantly higher than ambient
temperature, the circuit should be so structured that the maximum rated junction temperature as specified in the devi=
apetification or drawing and the cure temperature of polymeric materials as specified in the baseline documentation shall
not be exceeded. If no maximum junction temperature is specified, a maximum of 17YC is assumed. Accelerated life test
(rnndition F) shall not be permitted. The specified test temperature shall be the minimum actual ambient or case
temperature that must be maintained for all devices in the chamber. This shall be assured by making whatever adjustments
are necessa~ in the chamber profile, loading, tocation of control or monitoring instruments and the flow of air or other
suitable gas or tiquidchamber medium.
3.2.2 Test temperature - accelerated hfe. When rendition F is specified or is utilized as an option (when allowed by the
appkable acquisition documents), the minimum ambient test temperature shall be +175’C , unless otherwise specified.
sin= accelerated testing will normally be performed at temperatures higher than the maximum rated operating junction
temperature of the device(s) tested, care shall be taken to ensure that the device(s) does not go into thermal runaway.
3.2.3 Special considerations for devices with internal thermal hmitationusin.atest conditions A throuqh E. For devices
with internal thermal shutdown, extended exposure at a temperature in excess of the shutdown temperature will not provide
a reafistic indicstor of Iong-term operating reliability. For devices equipped with thermal shutdown, operating life test shall
be performed at an ambient temperature where the worst case junction temperature is at least YC below the worst case
thermal shutdown threshold. Data supporting the defined thenmatshutdown threshold shall be available to the preparing or
acquiring activity upon request.
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3.3 Measurements
3.3.1 Measurements for test temperatures less than or equal to 15~C”. Unless otherwise speufied, all specified
intermediate and end-point measurements shall be completed within 96 hours afler removal of the device from the specified
test conditions (i.e., either removal of temperature or bias). If these measurements cannot be completed witfin 96 hours,
the devices shall be subjected to the same test condition (see 3.5) and tempemtute previously used for a minimum of 24
additional hours before intermediate or end-point measurements are made. When specified (or at the manufactum?r’s
discretion: if not specified), in@_rnediatemeasurements shall be made at 168 (+72, -0) hours and at 5M (+166, -O) hours.
For tests m excess of 1,000 hours duration, additional intermediate measurement points, when specified, shall be 1000
(+168, .24) houm, 2,000 (+168, -24) hours, and each succeeding 1,000 (+168, -24) hour interval. These intermediate
measurements shall consist of the parametem and renditions specified, including major functional characteristics of the
device under test, sufficient to reveal both catastrophic and degradation failures to specitied limits. Devices shall be cooled
to less than lWC of their power stable condition at room temperature prior to the removal of bias.
me interruptionof bias for up to one minute for the purpose of moving the devices to cooldown positions separate fmm the
chamber within which fife testing was performed shall not be ccmside~d removal of bias. Alternatively, except for linear or
MOS (CMOS, NMOS, PMOS, etc.) devices or unless other.vise specified, the bias may be removed during moling, provided
the case temperatu= of the devices under test k reduced to a maximum of 3YC w“thin30 minutes after removal of the test
conditions and provided the devices under test am removed from the heated chamber within five minutes follow”ngremoval
of bias. All specified 25°C electrical measurements shall be completed prior to any reheating of the device(s).
3.3.2 Measurements for test temueratun?sqreater than or equal to 175-C Unless othenvise speufied, all specified
intermediate and end-point measurements shall be completed within 24 hours after removal of the device fmm the specified
test conditions (i.e., either removal of temperature or bias). If these measurements cannot be completed within 24 hours,
the steady-state fife test shall be repeated using the same test condition, temperature and time. Devi=s shall be ~Oled tO
less than lWC of their power stable condition at room temperature prior to the removal of bias, except that the interruption
of bias for up to one minute for the purpose of moving the devices to cnoldown positions shall not be considered removal of
bias. All speufied 2YC electrical measurements shall be completed prior to any reheating of the device(s).
3.3.3 Test setuD monitoring. The test setup shall be monitored at the test temperature initially and at the cnnchsion of
the test to establish that all devices are being stressed to the specified requirements. The following is the minimum
acceptable monitoring procedu=:
a.

Device sockets. Initially and at least each 6 months thereafter, (once every 6 months or just prior to use if not
used during the 6 month period) each test board or tray shall be tiecked to verify continuity to connector points
to assure that bias suppfies and signal informationwill be applied to each socket, Board capacitance or
resistance required to ensure stability of devices under test shall be checked during these initial and periodic
verification tests to ensure they will perform their proper function (i.e., that they are not open or shorted). Except
for this initial and periodic verification, each device or device socket does not have to be checked however,
random sampling techniques shall be appfied prior to each time a board is used and shall be adequate to assure
that there are correct and continuous electrical connections to the devices under test.

b.

Connectors to test boards or trays. Afler the test boards am loaded with devicas, inserted into the oven, and
brought up to at least 12VC or the specified test temperature, tichever is less, each required test voltage and
signal condition shall be verified in at least one location on each test board or tray so as to assure electrical
continuity and the correct application of specified electrical stresses for each connection or contact pair used in
the applicable test configuration. This may be perfcmmedby opening the oven for a maximum of 10 minutes.
When the test conditions are checked at a test socket, contact points on the instmment used to make this
continuity check shall be equal to or smaller dimensions than the leads (mntacts) of the devices to be tested and
shall be constructed such that the socket contacts are not disfigured or damaged.

c,

At the conclusion of the test petit-cl,prior to removal of devices fmm temperatu= and test renditions, the VOlt89e
and signal condition verification of b. above shall be repeated.

d.

For class level S devices, each test board or tray and eati test socket shall be verified prior to test to assure
that the specified test conditions are applied to each device. This maybe accomplished by verifying the device
functional response at each device output(s). An approved alternate procedure may be used.

Where failures or open contacts occur which result in removal of the required test stresses for any period of the required test
duration (see 3.1), the lest time shall be extended to assure actual exposure for the total minimum specified test duration.
Any Ioss(es) or interruption(s) of bias in excess of 10 minutes total duration whether or not the chamber is at temperature
during the final 24 hours of hfe test shall require extension of the test duration for an uninterrupted 24 hours minimum, after
the last bias interruption.
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3.4 Test samDle. The test sample shall be as specified (see 4). When this test method is employed as an add-an life
test for a series or family of device types, lesser quantities of any single device type may be inhoduced in any single
addition to the total sample quantity, but the results shall not be considered valid until the minimum sample size for each
device has been accumulated. Where all or part of the samples previously under test are extracted upon addition of new
samples, the minimum sample size for each type shall be maintained once that level is initially reached and no sample shall
be extracted until it has accumulated the specified minimum test hours (see 3.1).
3.5 Test conditions.
3.5.1 Test conditionA. steadv-state, reverse bias. This csmditionis illustrated on figure 100%1 and is suitable for use on
all types of circuits, both tinear and d!gital. In this test, as many junctbansas possible till be reverse biased to the specified
voltage.
3.5.2 Test condition B. steadv-state, forward bias. This test condition is illustrated on figure 1005-1 and can be used on
all digital type circuits and some linear types. In this test, as many junctions as possible will be forward biased as specified.
3.5.3 Test condition C. steadv-state, Power and reverse bias. This rendition is illustrated on figure 1005-1 and can be
used on all digital type circuits and some tinear types where the inputs can be reverse biased and the output can be tiased
for maximum power dissipation or vice versa.
3.5.4 Test condition D. garallel excitation. This test condition is typically illustrated on figure 100%2 and is suitable for
use on all circuit types. All tircuits must be driven with an appropriate signal to simulate, as closely as possible, circuit
EppliC4ti0nand all CimUitSshall have maximum load applied. The excitation frequency shall not be less than 60 Hz.
3.5.5 Test condition E, rinq oscillator. This test condition is illustrated on figure 1005-3, with the output of the last circuit
normally cannected to the input of the first circuit. The series will be free running at a frequency established by the
propagation delay of each drcuit and associated wiring and the frequency shall not be less than 60 Hz. In the case of
circuits wlich cause phase inversion, an odd number of circuits shall be used. Each circuit in the ring shall be loaded to its
rated maximum. While this condition affords the oppoilmity to continuously monitor the teSt for catastrophic failures (i.e.,
ring stoppage), this shall not be considered acceptable as a substitute for the intermediate measu~ments (see 3,3).
3.5.6 Test condition F, (class level B only) temperature-accelerated test. In this test condition, microcircuits are
subjected to bias(es) at an ambient test temperature (175-C to 300T ) which considerably exceeds their maximum rated
temperature. At higher temperatums. it is generally found that mic$otircuits will not operate normally, and it is therefore
necessa~ that spedal attention be given to the choice of bias circuits and conditions to assure that important urcuit areas
are adequately biased without damagmg ovemtresses to other areas of the cfrcuil To pmperiy select the actual biasing
conditions to be used, it is recommended that an adequate sample of devices be exposed to the intended high temperature
while measuring voltage(s) and current(s) at eati device terminal to assure that the specified circuit and the appfied
e!ecbical stresses do not induce damagimgovemtresses.
At the manufacturers option, alternate time and temperatuw values maybe established from table 1. Any time-temperature
combination WMCJis contained in table I within the time limit of 30 to 1,000 hours may be used. The fife test ground rules of
3.5 of method 1016 shall apply to life tests mnducted using test condition F. The appfied voltage at any or all terminals shall
be equal to the voltage specified for the 12YC operating life in the applicable acquisition document, unless otherwise
specified.
If necessary, with the specific approval of the qualifying activity, the applied voltage at anY or all terminal(s) may be reduced
to not les5 than 50 percent of the spetified value(s) Men it is demonstrated that excessive current flow or power dissipation
would result from operation at the specified voltage(s). If the voltage(s) is so reduced, the life test duration shall be
determined by the following (orrmkt
T.=

L (100%)
100% -v%

Where T. is the acJustedtotal test duration in hours, L is the original test duration in hours, and V percent is the largest
pera?ntage of voltage reduction made in any speciffed voltage.
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3.5.6.1 Special considerations for devices tith Internal thermal limitation. For devices tith internal thermal shutdown,
extended exposurs at a temperature in excess of the shutdown temperature will not provide a realistic indkator of !ong-term
operating reliability. For such devices, measurement of the case temperature should be made at the specified bias voltages
at several different ambient temperatures. Fmm these measurements, junction temperatures should be computed, and the
operating life shall be performed at that ambient temperature which, with the voltage biases specified, will rssult in a worst
case junction temperature at least SC but no more than lWC below the minimum junction temperature at vhich the device
would go into thermal shutdown, and the test time shall be determined from table I for the applicable device class level.
4.

SUMMARY. The following details shall be spetified in the applicable acquisition document
a.

Speual premnditioning, when applicable.

b.

Test temperature, and whether ambient, junction, or case, if other than as specified in 3.2.

c.

Test duration, if other than as specified in 3.1.

d.

Test mounting, if other than normal (see 3).

I

e.

Test condition letter.

I

f.

End-point measurements and intermediate measurements (see 3.3).

9.

Criteria for device failure for intermediate and end-point measurements (see 3.3), if other than device
specification limits, and titeria for lot acceptance.

h.

Test sample (see 3.4).

i.

Time to complete end-point measurements, if other than as specified (see 3.3).

i.

Authorization for use of rendition F and special maximum test rating for rnndition F, when applicable (see 4.b)

k,

Time temperature conditions for condition F, if other than as specified in 3.5.6.

~

I

I
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TABLE I. Steadv-state timetemDeraturerea ression.
Minimum
temperature
TA ~C )

100

~/~ ~/q/

Minimum time (hours)

Test

I

-T-Riid ‘:’”

105

7500

7500

4500

4500

,-

Hybrid only

110

3000

3000

,,

115

2000

2000

,,

1500

1500

$,

125

1000

1000

iooo

130

900

704

—

A -E
!,

120

135

800

496

—

140

700

352

—

145

600

256

150

500

164

—

40

—

175

I

,!

I

180

32

—

185

31

—

I

F

190
1/
~
al
AI

1

Testcondition Fshallbe authorized miortouseand consists oftemoeratures
175°C
,.
and higher,
Forrnndition Fthem~imumjuntion
tempemtu= isunbmited and~eshall
be taken
to ensurs the device(s) does not go into thermal runaway.
Theonly allowed renditions areas ststed above.
Testtemperatures belcru125’C may beusedforhybrid circuits only.
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FIGURE 1OO5-I. Steady-state.

//

o
BIAS
POUER

IN

FIGURE 1OO5-2. Tvpical pamllel, series excitation,

?

BIAS
VOLTAGE

IN

NOTE

Fortiee mnningmunter, Nisanodd

. ..-.

. ..*

number andtheoutput of Niswnneti
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FIGURE 1OO5-3. Rina oscillator.
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METHOO 1006
INTERMHTENT LIFE
1, PURPOSE. ~eintemitient
tifetest ispetiomed forthepu~ose ofdetemining amp~sentitive failure mte for
mimw~devi@s
ordemonstrating quatwor rehabifityofdevi=s su~e@ed tothesktified
renditions, I!is intended
for applications where the devices are exposed to cyclic variations in electrical stresses between the ‘“on”and ‘“oWcondition
and resultant cyclic variations in device and case temperatures.
2. APPARATUS.

Seemethod 10050fthis standard.

3. PROCEDURE. ~edevi=shall
betested inaatianutith
allthemquiRments ofmethod lOO5exuptthatall
ele&riml stresses shall bealtemately apptied and removed. ~e-'on'' and"oV' petiods sha!lbe initiated bysudden, not
gradual, application or removal of the specified electrical inputs (including signal and bias).
4. SUMMARY. lnaddtion totherequimments ofmethod 10050fttis
the applicable acquisition document

standati, the following detail shall bespecifiedin

Frequency and duration of “on”and “OWcycles

METHOD 1006
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METHOO 1007
AGREE LIFE
1. PURPOSE. The purpose of this testis to determine a representative failure rate for microelectronic devices or to
demonstrate quality or reliability of devices subjected to the specified conditionswhere test conditions include a combination
of temperature cycling, on-off electrical stressing and vibration to simulate as closely as possible actual system applications
and environments.
2. APPARATUS. The apparatus required shall be destibed in method 1005 of this standad except that the temperature
chambe~ shall be capable of folloWin9the specified teSt profile of figures 1 or 2 of MIL-STO-781 and suitable eqUipment
shall be provided to satisfy the requirements for vibration as specified.
3. PROCEDURE. This test shall be conducted in accordance with all the requirements of methcd 1005 of this standad
with the exceptions that temperature shall be cycled, periodic vibration shall be applied, and electrical stresses shall be
applied in Ofl-OffCycles where and as required in the specified test level of MI L-STD-781. Only test levels E, F, G, H and J
of MIL-STO-781 shall be considered acceptable as test conditions. Selection of the temperature range should take into
account the temperature rise associated with the devices under test.

Test conditions
for method 1007
A
B
c
D
E
F

4. SUMMARY.
the ap=muisition

Test level
in accordance with
MIL-STO-781
E
F
G
H
J
Test level F with
modified low
temperature

Temperature range
“c
-54 to +55
-54 to +71
-54 to +95
.85 to +71
-54 to +125
o to +70

In addition to the requi~ments of method 1005 of this standard, the followingdetails shall be specified in
document

a.

Test condition (see 3).

b.

Test profile, specify figure 1 or 2 MIL-STO-781 and specify on-time and transfer-times, as applicable.

c.

Total on-time.

METHOD 1007
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METHOD 1008.2
STABILIZATION 6AKE
1. PURPOSE. The purpose of this testis to determine the effect on microelectronic devices of storage at elevated
tempe~thout
electrical stress applied. This method may also be used in a screening sequence or as a
preconditioning treatment prior to the canduct of other tests. This test shall not be used to determine device failure rates for
other than storage conditions. It may be desirable to make end point and, where appficab!e, intermediate measurements on
a serialized device basis or on the basis of a histogram distributionby total sample in order to increase the sensitivity of the
test to parameter degradation or the progression of specific failure mechanisms with time and temperature.
2. APPARATUS. The appamtus required for this test shall mnsist of a controlled temperature chamber capable of
maintaining the specified temperature and suitable electrical equipment to make the specified end point measurements.
3. PROCEDURE. The device shall be stored at the specified ambient conditions for the specified time. The time at high
temperature shall be suficient to allow the total mass of each device under test to reach the specified temperature before
the specified time duration begins. lMthin the time interval of 24 hours before (O houffi before test durations less than 250
hours) to 72 hours afler the specified duration of the test, the device shall be removed fmm the specified ambient test
condition and allowed to reach standati test conditions. When specified, end-point measurements shall be completed
wfthin 96 hours after removal of device from the specified ambient test condition. When specified (or at the manufacturers
discretion, if not specified) intermediate measurements shall be made at intermediate points.
3.1 Test condition. The ambient test temperature shall be indicated by specifying a test condition letter from the fOllow’in9
table, The specified test temperature is the minimum actual ambient temperature to which all devices in the working area of
the chamber are exposed. This shall be assured by making whatever adjustments are necessary in the chamber profile,
Imading,location of control or monitoring instr.!ments, and the flow of air or other chamber atmosphere. Therefore,
calibration, shall be accomplished on the chamber in a fully, loaded, unpowered configuration, and the indicator sensor
located at, or adjusted to reflect, the coldest point in the working area. Unless othe~”se specified, test condition C
minimum, with a minimum time duration and temperature as specified in table 1,shall apply. Unless otherwise specified, the
test duration for all other test conditions shall be 24 hours minimum.

Test condition
A
B

c
o
E
F
G
H

Temperature (minimum)
75’C
12YC
See table I

2orc
251YC
3orc
35rc
4orc

METHOO 1006.2
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TABLE 1. Stabilization bake time temperature regression.

I

Mi”irnumtemperatwe

I

Minimum time (hours)

I

I

“c

I

Equivalent test condition C duraticmII

I

1,000

loog

168

1252/

I
I

150
155

I
I
I

24
20
16

165

I
I

170

I

8

160

II
~

I
I

12

175

6

200

6

The only allowed conditions areas stated above.
These time-temperature combinations may be used for
hybrid microcircuitsonly,

4. SUMMARY. The following details shall be specified in the applicable acquisition document
a.

Test condition letter if other than test condition C (see 3.1).

b.

Test duration if other than 24 hours (see 3.1 ).

c.

End point measurements, if applicable (see 3).

d.

Intermediate measurements, if applicable (see 3).

e.

Maximum test temperature rating, if applicable.

METHOD 1008.2
25 August 1993
2

I
I
I
I
I

MIL-STD-S83E

METHOD 1009.8
SALT ATMOSPHERE (CORROSION)
1. PURPOSE. This test is proposed as an amlerated
atmosphere on devices and package elements.

Iaboratow mrrosion test simulating the effects of seacoast

1.1 Terms and definitions.
1.1.1 Corrosion. Corrosion is the deterioration of mating or base metal or both by chemical or electrochemical action.
1.1.2 Corrosion site. A corrosion site is the site at tiich
carosion.

the coating or base metal or both is corroded. The location of

1.1.3 Corrosion product (deDositl. The effect of COrrOSiOn
(i.e., rust or iron oxide, nickel oxide. tin oxide, etc.). The
product of corrosion maybe at the corrosion site, or may flow or run (due to action of fiquid carder of salt) so as to cover
nonmrroded areas.
1.1,4 Corrosion stain. Corrosion stain is a semitranspammtdeposit due to corrosion products.
1.1.5 =.
1.1.6 -.
coating.

A blister is a localized swelling and separation between the mating(s) and base metal.
A pinhole is a small hole occurring in the mating as an imperfection which penetrates entirely through the

1.1.7 -.
Pitting is the Iodized
takes the form of cavities.
1.1.6 -.

corrosion of coating or base metal or both, confined to a point or small area, that

Flaking is the separation of small pieces of coating that exposes the base metal.

2. APPAfWTUS.

Apparatus used in the salt-atmosphere test shall include the following

a.

Exposure chamber with fixtures for supportingdevices. The chamber and all accessories shall be made of
material (glass, plastic, etc. ) which W“IInot affect the mrrosiveness of the salt atmosphere. All parts within the
test chamber which came in contact with test specimens shall be of materials that will not cause electrolytic
corrosion. The chamber shall be propedy vented to prevent pressure build-up and allow uniform distribution of
salt fog.

b.

Salt solution n?sewoir adequately protected from the surrounding ambient. If necessary, auxiliary reservoirs may
be used for long duration tests in accordance with test conditions C and D (see 3.2).

c,

Means for atomizing the salt solution, includingsuitable nozzles and wmpressed air or a 20 percent oxygen, 80
percent nitrogen mixture (the gas entering the atomizem shall be free from all impurities such as oil and dirl).

d.

Chamber-heating means and ccmtmls.

e.

Means for humidifying the air at temperature above the chamber temperature.

f,

Air or inert gas dryer.

9.

Magnifier(s) IX to 3X, 10X to 20X and 30X to 60X.

METHOO 1009.6
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3. PROCEOURE.
3.1 Maintenance and CQnditioninqof test chamber. The purpose of the cleaning cycle is to assure that all materials whiti
could adversely affect the results of the subsequent tests are removed from the chamber. The chamber shall be cleaned by
operating it at 95°F *SF (3YC LVC) with deionized or dktilled water as long as necessary. The chamber shall be cleaned
each time the salt solution in the resewoir has been used UP. Several lest runs therefore could be nm before cleaning,
depending on the size of the reservoir and the specified test rnndition (see 3.2). When long duration conditions (test
renditions C and D, see 3.2) are required, the resewoir may be refilled via auxifiaw reservoim so that the test cycle shall not
be interrupted. After the cleaning c@, on restarting the chamber, the reservoir shall be filled with salt solution and the
chamber shall be stabilized by operating it until the temperature comes to equilibrium, see 3.1.4. If operation of the chamber
is discontinued for more than one week, the remaining salt solution, if any, shall be discarded. Cleaning shall then be
performed prior to restarting the test chamber. Intermittent operation of the chamber is acceptable provided the PH and
concentration of the salt solution are kept within hmitsdefined in 3.1.1.
3.1.1 Salt solution:, The salt concentration shall be 0.5 to 3.0 percent by weight in deionized or distilled water as required
to achieve the depes!tlon rates required by 3.1.4. The salt used shall be Stitum chloride C@ahIing on the dry basis not
more than 0.1 percent by weight of scdium iodide and not more than 0.3 percent by weight total impurities. The PH of the
salt solution shall be maintained between 9.5 and 7.2 when measured at 9YF *YF (35°C SC).
Only CP grade (dilute
solution) hydrochloric acid or sodium hydroxide shall be used to adjust the PH.
3.1.2 Prewnditioninq of leads. Unless othewise specified, the test specimens shall not be preconditioned. If required
(see 4.c.), prior to mounting specimens for the salt atmosphe~ test, the device leads shall be subjected to the bending
stress initial conditioning in accordance with test condition BI of method 20M. Where the spetiric sample devices being
subjected to the salt atmosphere test have already been subjected to the required initial conditioning. as part of another test
employing the same sample device5, the lead bend need not be repeated.
3.1.3 Mountina of test specimens. The test spetimens shall be mounted on the holding ftiures (plexiglass rods, nylon or
fiberglass screens, nylon cords, etc.) in accordance with the applicable orientation(s) below. Specimens shall also be
positioned so that they do not contact each other, so that they do not shield each other from the freely settfing fog, and so
that corrosion products and condensate from one specimen does not fall on another.
a,

Dual-in-fine packages with leads attached to, or exiting from, package sides (SUCAas side-brazed packages and
ceramic dual-in-line packages) Lid upward 15’ to 45” from verlical. One of the package sides on which the leads
are located shall be oriented upward at an angle greater than or equal to 1Y from vertical (see figure 1009-18).

b,

Packages with teads attached to, or exiting from the opposite side of the lid (such as TO cans, solid sidewall
packages, and metal platform packages) Lid 1Y to 45” from vertical. One-half of the samples shall be tested
with the tid upwa~ the remaining samples shall be tested with the leads upward (see figure 1009-lb). For
packages with leads attached to, or exiting hum the same side as the lid, only one orientation (lid and leads
upward) is required.

c.

Packages with leads attached to, or exiting from package sides, parallel to the hd (SUCAas flatpacks): Lid 15“ to
4Y from vertical. One of the package side5 on which the leads are located shall be oriented upward at an angle
greater than or equal to 1Y from vertical. For packages with a metal case, one-half of the samples shall be
tested w“ththe ~d upward the remaining samples shall be tested with the case upward. All other packages shall
be tested with the tid upward (see figure 1009-lc).

d.

Leadless and leaded chip carriers: Lid 1Y to 45” fmm vertical. One-half of the samples shall be tested with the lid
upward; the remaining samples shall be tested with the lid downward (see figure 1009-1 d).

e.

Flat specimens (e.g., hds only and lead frames only): 15“ to 45” fmm vertical.

METHOD 1009.8
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NOTE. In cases Mere two orientations am required for testing, the specified sample size shall be divided in half (or as
close to one-half as Possible). In all cases, inspections followingthe test in accordance with 3.4 shall be
performed on all package surfaces.
NOTE

Pre~utions may beusedto prevent fight indu=dpholovoltaic eletirolflc eKetiswhen testing tindomd
erasable devices.

UV

3.1.4 Chamber operation. Afier Wnditioning oftesttiamber inamtian=
tith3, asaltfog having alemperatureof
95-Fminimum (3SCminimum) shall bepassed through thetiamber forthespedfied testdumtion (see3.2). The exposure
zone of thetiamber shall bemaintained atatemperatum of97F+YF(3YC+YC).
The fogmncentration and velocity
shall ksoadjustti
that therate ofsaltdewsit inthetest amaisb*en
20,000and 50, OOOmg/m'D4houm. Rate of salt
deposit may bodetemined byeither volumetric, gmvimetric, orothertechniques atlheusefsoption,
Thesa[tsolution
collecting at the bottom of the chamber shall be discarded.
3.2 Lenqth of test. Theminimum duration ofexposure of thesaltatmosphe= testshall bespecifled byindating
condition letter fmmthe following table. Unless othetise specified, test condition AshaIl apply
Test rendition
A
B
c
D

a test

Lenqth of test
24
48
96
240

hours
hours
hours
hours

3.3 Premwationofs
petimensfor examinaticm.
Uponwmpletion of thesaltexposure test. thetestspecimens shall be
immediately washed with free flowing deionized water (not wanner than 10WF (36”c) for at least 5 minutes to remove salt
deposits from their surface afler which they shall be dried with air or inert gas, and subjected to the inspections below.
3.4 Failure criteria. Allinspetions
procedure (see 3.4, lb and 3.4.1 c).

shall bepedomed

atamagnifi=tion

oflOXto 20X, un!essothetise

specified intMs

NOTE5
1. Corrosion stains shall not be considered as part of the defective area of 3.4.la.
2.

Corrosion products resulting from lead mrro5ion that deposit onto areas other than the lead shall not be
considered as part of the defective area of 3.4.1a.

3.

Corrosion at the tips of the leads and corrosion products resulting fmm such corrosion shall be disregarded.

4.

Portions of leads which cannot be further tested in accordance with 3.4.1 b, due to geometw or design (such as
standoffs on pin grid arrays or the brazed portion of leads on side-brazed packages), shall be subiect to the failure
ctiteria of 3.4.1a.

3.4.1 Finished moduct. Nodevice isacceptable thatexhibitx
a.

Comosion defetisover momthan 5pe-ntof
lhearea of the finish or base metal ofanypackage element other
thanleads suchaslid, cap, orcase. Corrosion defectsto reincluded inthismeasurement anx Pitting, blistering,
tlaking, andccmosionproducts. Thedefective area may redetermined by: Comparison vdhchartsor
photographs of known defective areas (see figure 1009-2), direct measurement using a grid or similar measuring
device, or image analysis.
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b.

Leads missing, broken, orpartially separated. lnaddition, anylead which exhibilS pinholes, pitting, blistering,
flaking, corrosion product that completely crosses the lead, or any evidence of pinholes, pitting, blistering, flaking,
carrosion Ptiuct, or corrosion stain at the glass seal shall be further tested as follw
Bend the lead through 9W at the point of degradation in such a manner that tensile stress is applied to the
defect region. Anylead~ich
breaks orshomfmdure
of the basemetal thmughgmater than5OpeMnt
of theass-seMonal
amaofthe lead shall bernnsideredamjed.
Inthecase ofmultiple defects the bend
sha!lbe made atthesite exhibiting theworst case c0rr0si0n. Onpackages exhibiting defectson more than
tenleads, bends shall bemadeon amaximum often leads extititing thewomt Msewmosion. The
examination of the fracture shall be performed with a magnification of 30X to 60x.

c.

Specified matings, wtitia~missing
inwhole orinpati, faded, smeamd, blumd, sMfied, ordislodgedtothe
extent that they are not legible. Ttisexamination shall bemndutied tithnomal room flghtingandtitha
magnification of 1X to 3X.

3.4.2 Packaqeelements. ~entMstest
ispefiomed onpa&ageelements orpatially assembled pa&ages during
inmming inspection or any time prior to mmpletion of package assembly as an optional quality control gate or as a required
test (see 4.d), no part is acceptable that exhibits
a.

Comsion defetisovermoE than l. Opermntofthe areaofthe finish or basemetal oflidsorover morethan2.5
percent of the area of the finish or base metal of any other package element other than leads (such as case).
Cormion on areas of the finish or base metal that will not be exposed to surrounding ambient after device
fabrication shall be disregarded. TMsinspetion shall bepedomed a=tingto
theproedu=
in3.4.la.

b.

Leads tithfinal lead finish thatare rejectable inatidan@tith

4. SUMMARY. ~efolloting

details shalibe specified intheapph-ble

3.4.lb.
aQuisitiondomment

a,

Testduration, ifotherthan testmndition A(see 3.2).

b.

Measurements andexaminations afiertest, when appfimble forotherthan visual (see 3.4).

c.

Requirement forpmmnditioning, ifapphWble, andpmmdum ifotherthan in3.l.2.

d.

Requirement forinmming inspetion ofpa&age
applicable.

elements orpaflially assembled packages (see3.4.2), tien
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Dual-in-line packages with leads attached to, or exiting from
package sides (such as side-brazed packages and ceramic dualin-line packages):

FIGURE 1009-la.

$-,.-[,,,)
END VIEU

,:{15.45.5,15

FRONT VIEH

FIGURE 1009-lb.

ENO VIEW

FRONT VIEU

Packages with leads attached to, or exiting from opposite
sides of ~ds (such as TO cans, solid sidewall packages,
metal platform packages, and pin grid arrays):

1, TO cans
a. Expose one-half ofsamples with caps upwaPd:

JGfil?
15”-

45”

FRONT

END VIEW

VIEW

b. Expose other one-half ofsamples with leads upwatd:

‘A I--”o4’”

‘W c1
END

FRONT

VIEW

VIEW

FIGURE 1OO9-1. Examole sample orientations.
METHOD 1009,8
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2. Solid sidewall pa&ages, meklplatiom

patiages, andpingridamys

a. Expose one-half ofsamples with lids upward:

.

.

Y’5-45L
FRONT

END VIEW

b.

VIEW

Expose other one-half ofsamples withleadsupw’d:

‘f5”-45”D
END
FIGuRE 1OO9-IC.

VIEW

FRONT

VIEW

Packages with leads anached to, or exiting from
package sides, parallel to lid (SUCJIas flatpacks)

~(15.b

~f,5..453,5.

END VIEU

FRONT vIEU

END VIEH

FRONT VIEH

NOTE: lfthemse ismetal, on&half of thesamples shall betestedtiththe
fids exposed upward, the other one-half with the cases exposed UpwaKt.

FIGURE 1009-1

Examule sample orientations - Continued.

METHOD 1009.8
22 March 1989
6

MIL-STD-S.93E

FIGURE Id. Leadless or leaded chip cam’ers
t. Expose on%half of samples with lids upward

-15

”-45”

E
END

VIEW

FRONT

VIEW

FRONT

VIEW

2. Expose other one-half of samples with lids downward

--15°-45”

END

VIEW

FIGURE 1009-1. Example sample orientations - Continued.
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METHOD 1010.7
TEMpEf7ATURE CYCLING
1. PURPOSE. This testis conducted 10determine the rasistanca of a part to extremes of high and low temperature.
to the effect of alternate exposures to these extremes.

and

1.1 Terms and defmitione.
1.1.1 Q@
The specimens under test and the fixturas holding those specimene during the test. Maximum load ehall be
determined by ue~ngthe womt caae load temperature with spec?ic specimen loading. Monolithic loads Wed to simulate
loading may not be appropriate when air circulation is reduced by load configuration. The maximum loading must meet the
specif!ed conditions,
1,1.2 Mofiitorinq aara+or. The temperature sensor that is located and calibrated so as to indicate the same temperature
ae at the worst -se indtcator specimen Iecation. The wemt aase indicator specimen location is identified during the periodic
charactetizaiion of tha worst c4se load temperature.
1.1.3 Wofst case load temm?ratura. me temperature of specific specimens as indicated by thermocouples imbedded in
their bodies. These indictor specimens stIall be located at the center and at eaah comer of the load. The worst case load
temperate is determined at periodic Intewala.
1.1.4 Workinri zone, The volume in the chamber(s) in which the temperature of the load is r%mtmlledwithin the Iimita
speclfiad in table 1.
1,1.5 ~.

The device or individual piece being tested.

1,f.6 Transfer time. The elapsad time between specimen removal from one temperature extreme and introduction into
the other.
1.1.7 Maximum load. The Iargeet load for which the worst case load temperature meets the timing requirements (see
3.1).
1.1.6 Owen time. The time from introductionof the toad into the chamber until the load is tmnsferrad out of the chamber.
2. APPARATUS. The chamber(s) used shall be capable of providing and mntrolling the specified temperatures in the
working zone(s) when the chamber is Ioadad with a maximum load. The thermal capacity and air circulation must enable
the working zone and loads to meet tie specified conditions and timing (see 3.1 ). Worst case load temperature shall be
continually monitofed during test by indicatom or rewde= reading the monitoring sensor(s). Diract heat conduction to
apeclmens shall be minimized.
3. PROCEDURE, Spetimens shall ba placed in such a positionwith respect to the aimtream that there is substantially
no obstruction to the flow of air awss and around the apacimen. When special mounting is required, it shall be specified,
The specimen shall then ba subjected to the specified ccmditionfor the apecifiad number of cycles performed continuously.
This test ehal ba condwfad for a minimum of 10 cycfea using test condition C. One cycle mrwiats of steps 1 and 2 or the
applicable test condition and must be campleb?dwithout interruptionto be aountad as a cycle, Completion of the total
number of cycles specified for the teat may be interrupted for the pwpose of test chamber loading or unloading of device lots
or as the result of power or equipmant failure. However, if the number of interruptions far any raaaon exesads 10 percent of
the total number of cycles speaified, the teat must be restarted from the beginning.
3.1 -.
The total tranafer time from hot to cold or from cald to hot shall not exceed one minute. The load maybe
transferred when the womt case Io?d temperatun? is w“thinthe limite speutled in table L However, the dwell time shall not
be less than 10 mimde$ and the load shall raach the specified temperature within 15 minutes.
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TABLE I, Temperatu~<vtina

Ill

testmnditions.

Test candition temperature ~C)

Step

Minutes

1
Cold

2
Hot

E

F

A

B

c

D

~1 o

-55 +3
-lo

-55 +0
-lo

-65 +0
-lo

-65 +0
-lo

-65 +0
-lo

-e5 +0
-10

~1 o

85 +10
-0

125 +15
-0

150+15
-0

200 +15
-0

300 +15
-0

175 +15
-0

NOTE

Steps land 2 maybe interchanged. Theload temperature mayexceed the
+or-zero (0)tolerance during the recovery time. Other toleranc-%sshall
not be exceeded.

3.2 Examination. After completion of the final cycle, an external visual examination of the marking shall be performed
without~on
or with a viewer having a magnification no greater than 3X. A visual examination of the case, leads, or
seals shall be performed at a magnification between 10X and 20X (except the magnification for examination shall be 1.5X
minimum when this method is used for 100 percent screening). This examination and any additional specified
measurements and examination shall be made after completion of the final cycle or upon completion of a group, sequence,
or subgroup of tests which include this test.
3.3 Failure criteria. After subjection to the test, failure of one or more specified end-point measurements or examinations
(see 4,d,), evidence of defects or damage to the case, leads, or seals or illegible markings shall be mnsidemd a failure.
Damage to the marking caused by fixturing or handling during tests shall not be cause for device rejection.
4, SUMMARY. The followingdetails shall be specified in the applicable acquisition document
a.

Special mounting, if applicable (see 3).

b.

Test condition letter, if other than test czmditionC (see 3).

c,

Number of test cycles, if other than 10 cycles (see 3).

d.

End-point measurements and examinations (see 3.1 ] (e.g., end-point electrical measurements, seal test (method
1014), or other acceptance criteria).
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METHOD 1011.9
THERMAL SHOCK
1. PURPOSE. The purpose of this testis to determine the resistance of the part to sudden exposure to extreme changes
in temperature and the effect of allemate exposures to these extremes.
1.1 Terms and definitions.
1,1,1 ~.
A cycle UInSiStSof starting at ambient room temperature, proceeding to Step 1, then to step 2, or alternately
proceeding to step 2, then to step 1, and then back to ambient room temperature without interruption.
1.1.2 Dwell time. The total time the load is immersed in the bath
1,1,3 ~.

The devices under test and the tixture holding these devices.

1.1.4 Maximum load. The maximum mass of devices and fixtures that can be placed in the bath while maintaining
specified temperatures and times.
1.1.5 Specfmen. The device or individual piece being tested.
1.1.6 Transfer time. The elapsed time measured from removal of the load from one bath until inserlion in the other bath.
1.1.7 Worst case load temperature. The body temperature of a specific device located at the center of the load.
1.1.8 Monitorina sensor. The temperature sensor that is located and calibrated so as to indicate the same temperature
as at the worst case indicator specimen location. The worst case indicator specimen location is identified during the periodic
characterization of the worst case load temperature.
2. APPARATUS. The baths used shall be capable of providing and mntrolling the specified temperatures in the working
zone(s) when the bath is loaded with a maximum load. The thermal capacity and liquid circulation must enabte the working
zone and loads to meet the specified conditions and timing (see 3.1). Worst mse load temperature shall be continually
monitored during test by indicators or recorders reading the monitoringsensor(s). The worst case load temperature under
maximum load conditions and configuration shall be verified as needed to validate bath performance. Perfluorocwbons that
meet the physical property requirements of table II shall be used for conditions B and C.
3. PROCEOURE. Specimens shall be placed in the bath in a position so that the flow of hquid ac$oss and around them is
substantially unobstmcted. The load shall then be subjected to condition B or as otherwise specified (see 4b) of table I for a
duration of 15 cycles. Completion of the total number of cycles specified for the test maybe interrupted for the purpose of
loading or unloading of device lots or as the result of power or equipment failure. However, if the number of interruptions for
any given test exceeds 10 percent of the total number of cycles specified, the test must be restarted from the beginning.
3.1 -.
The total transfer time from hot to cold or from mld to hot shall not exceed 10 seconds. The load may be
transferred when the worst case load temperature is within the hmitsspecified in table 1. However, the dwell time shall be
not less than 2 minutes and the load shall reach the specified temperature within 5 minutes.
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3.2 Examination. After mmpletion of the final @e, an external visual examination of the marking shall be performed
withaut~on
or with 8 viewer having a magnification no greater than 3X and a visual examination of the case, leads,
or seals shall be performed at a magnification between I OX and 20X except the magnification for examination shall be 1.5X
minimum when this method is used for 100 perC@ amaning. This examination and any additional specified
measurements and examination shall be made after completion of the final cyc!e or upon completion of group, sequence, or
subgroup of tests which incfude this test.
3.3 Failure criteria. Afier subjetion to the test, failure of any specified end-point measurements or examinations (see
4d), evidenw of defects or damage to the case, leads, or aeak, or illegible matings shall be considered a failure. Damage
to marking caused by Muting or handling during tests shall not be cause for device rejection.

TABLE 1. Thermal shock temperature toleran-s
Test
c-zmdkiona

r
Step 1

Step 2

B

Temperahm
I

I
125 +10
-0

100 +10
-2

150 +10
-0

1

Ev’mme”ded
I “’=’3 1‘em””’Ymn
I‘emu”lY*””
I
Temperatu~
tolerance, “C

-0 +2
-lo

-55

+0
-lo

Pertluorocmbon
~1

Water ~

Ethylene glycalshall- not beusedas a!hermal shoc.ktestffuid.
Water iaindicated asanacceptable fluid forthistemperatum
range. Iksuitabiiity chemically shall beeslabfished prior
to use, Whenwater isusedas the fluid forcandition Aandthe
specified temperature tolerances are insufficientdue to
altitude considerations, the following alternate test conditions
may be used.
a. Temperature

100”C-&C,

lYC+IYC

b. Cycles shall beincreasedto 20.
al Perfluomcarbwvsc.
antainnochlorineorhydrcgen
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Temperature

Temperature

Recommended
fluid
~/
~

A

I
Temperature
toleranw, ‘C

and suQQestedfluids. ~1

-55

+0
-lo

Perfiuomcarbon
y

Ml L-STD-B83E

TA13LEII. Phvsical propertv requirements ofpetiuorocarbon fluids. ll
B

Test condition

I
Step 1

F
Step 2

I

II

I
>125

Boiling point, “C

Density at 2YC grnfml
DieleCWc strength
voltslmil
Residue, microgramfgram
Appearance
Densitv at 2SC Cm/ml
Dielectric strengk
voksfmil
Residue, microgramslgram
Appearana?

c

I
>150

I
=-1.6
>300

I

ASTM
test
method
D1120

1

1
D941
D877

.50
Clear, mlortess hquid
>1,6
I
I
>300

D2109
Not applicable
D941
D677

.50
Clear, colorless liquid

D2109
Not applicable

The penluorocarbon used shall have a vism.sity less than or equal to
the thermal shock equipment manufacturer’s recommended viscosity at the
minimum temperature.

4. SUMMARY. The followingdetails shall be specified in the applicable acquisition document
a.

Special mounting, if applicable.

b.

Test condition, if other than test condition B (see 3).

c.

Number of test cycles, if other than 15 cycfes (see 3).

d.

End-point measurements and examinations (e.g., end-point electrical measurements, seal test (method 1014), or
other acceptance criteria).
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METHOD 1012.1
THERMAL CHARACTERISTICS

1, PURPOSE. The purpose of this testis to determine the thermal ChaRICteristi= of microelectronic devices. Thk
incfudes junction temperature, thermal resistance, case and mounting temperature and thermal re5ponse time of the
microelectronic devices,
1.1 Definitions. The following definitions and symbols shall apply for the purpose of this teat
a.

Case temperature, T., in “C. The case temperature is the temperature at a specified accessible reference point
on the package in which the microelectronic chip is mounted.

b.

Mounting surface temperature, T“, in “C. Tha mounting suffac-etemperature is the temperature of a specified
point at the device-heat sink mounting interface (or primary heat removal surface).

c.

Junction temperature, T,. in “C. The term is used to denote the temperature of the semiccmductorjunction in the
microcircuit in whiti the major part of the heat is generated. lMth respect to junction temperature measurements,
T,is the peak temperature of an operating junction element in whfch the current distribution is nonuniform,
TJLMI k the average temperate
of an operating junction element in which the currant distribution is nommifom,
and Tis the temperature in the immedkite vicinity within six equivalent rad~ (an equivalent radius is the
radius of a circle having the same area as contained in a junction intefface area) of an operating junction. In
general T,mm STMW)ZT,PW If the current distributionin an operating Junctionelement is unifo~ then T,LA~~
5
T-

d.

Thermal resistance, juntilon to specified reference point, Ram, in “CtvV. The thermal resistance of the
microcimuit is the temperature difference from the junction to some reference point on the package divided by the
power dissipation Pw

e.

Power dissipation, Pc.,in watts, is the power dissipated in a single semiconductor test junction or in the total
package, PWWP

f,

Thermal response time, h, in seconds, is the time required to reach 90 percent of the final value of junction
temperature change caused by the application of a step function in power dissipation when the device reference
point temperature is held constant. The thermal response time is specified as b,
tmp~, or tmnm to ~nfO~
to the particular approach used to measure the junction temperature.

g.

Temperature sensitive parameter, TSP, is tha temperature dependent electrical characteristic of the
junction-under test which can be calibrated with respect to temperature and subsequently used to detect the
junction temperature of interest.

2. APPARATUS. The apparatus required for these tests shall incfude the following as applicable to the specified test
procedu=s.
a.

Thermocouple material shall be Wpper-constantan (type ~ or equivalent, for the temperature range -18WC to
+370”C. The wire size shall be no larger than AWG size 30. The junction of the thermocouple shall be welded to
form a bead rather than solde~d or twisted. The accuracy of the thermocouple and associated measuring
system shall be N.YC.

b.

Controlled temperature chamber or heat sink capable of maintaining the specified reference point temperature to
within H3.YC of the preset (measured) value.
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c.

Suitable electrical equipment as required to provide controlled levels of conditioning powar and to make the
specified measurements. The instrument used to electrically measure the temperature-sensitive parameter shall
be capable of resolving a voltage change of 0.5 mV. An appropriate sample-and-hold unit or a cathode ray
oscilloscope shall be used for this PUI’PCW.

d.

Infrared micrcmadiometercapable of measuring radiation in the 1 to 6 micmmeter range and having the ability to
detect rmlation emitted frOman area having a Spatial resolution of leSs than 40 micrometeffi (1.6 roils) diameter at
its half power points and a temperature resolution (detectable temperature change) of OSC at 6~C.

NOTE: May be a scanning IR microradiometer
e.

A typical heat sink assembly for mounting the miwoelectmnic device-under testis shown on figure 1012.1. ‘me
primary heat sink is water cooled and has a thermocouple sensor for inlet and outlet water temperature as shown
in figure 1012-la.

An adapter heat sink, as shown on figure 1012-lb is fastened to the top surface of the primary heat sink, and has a special
geometv to handle specific size packages, e.g., flat packs, dual-in-line packages (small and large size) and TO-5 cans.
Tlis adapter provides a fairiy repeatable and eff!cient interface between the package and the heat sink the heat sink
temperature is determined from a thermocouple peened into the underside of the adapter-near the package.
The adapter also contains the socket or other electrical interconnection scheme. In the case of the flat pack adapter heat
sink, the package is dropped into a special slotted printed circuit board (PCB) to register the leads with runs on the PCE
toggle damps then provide a pressure contact between the package leads and the PCB runs. Dual-in-line and axial lead
padages plug into a regular socket.
The thermal probe assembly is shown on figure 1012-1 b. In practice, the pressure adjustment cap is adjusted so the disk at
the probe tip wntacts the bottom surface of the package (chip cam’er) with a predetermined force. A silicone grease (about
2S50 mm thick) is used at this interface to provide a refiable thermal contact.
3. PROCEDURE.
3,1 okect measurement of reference point temperature, T. or Tw. For the purpose of measuring a miwaelectronic device
thermal resistance or thermal response time, the referen= point temperature shall be measured at the package location of
highest temperature which is accessible from outside the package. In general, that tempemture shall be measured on the
surface of the chip Carner directly below the chip. The location selected shall be as near the chip as possible and
representative of a temperature in the major path of heat flow from the tip to the heat sink. The surface may be altered to
facilitate this measurement provided that such alteration does not affect the original heat transfer paths and, hence, the
thermal resistance, within the package by more than a few percent.
3.1.1 Case temperatutw T.. The microelectronic device under test shall be mounted on a temperature controlled heat
sink so that the case temperature can be held at the spetified value. A therrnomuple shall be attached as near as possible
to the center of the bottom of the device case directly under the chip or substrate. A conducting epoxy maybe used for this
purpose. In general, for ambient cooled devices, the case temperature should be measured at the spot with the highest
temperature. The thermocouple leads should be electrically insulated up to the welded thermocouple bead. The
thermocouple bead should be in direct mechanical mntact with the case of the microelectronic device under test.
3.1.2 Mounting surface temperature, TM. The niounting surface temperature is measured directly below the primary heat
removal surface of the case. It i5 measured with a thermocouple at or near the mounting surface of the heat sink. A typical
mounting arrangement is shown on figure 1012-2. The surface of the copper mounting base shall be nickel plated and free
of oxides,
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The thermocouple hole shall be drilled into the mounting base such that the thermocouple lead is diractly below the area on
the case of interest. It is recommended that the thermocouple be secured into the mounting base with a thermal conducting
adhesive (or solder) and that particular attention be paid to minimizing air voids around the ball of the thermocouple. A
thermal conducting compound (or adhesive) should be used at the interface of the mounting base and the device under test.
3.2 Thermal resistance, junction to epetified raference point, F@~
3.2.1 General considerations. The thermal resistance of a semiconductor device is a measure of the ability of ikscarrier
or package and mounting technique to provide for heat removal from the semiconductor junction.
The thermal resistance of a microelectronic devi= can be calculated when the case temperature and power dissipation in
the devica, and a measurement of the junction temperature are known. The junction with the greatest power di_s5ipation
density (wamdmmz) shall be selected for measurement since that junction will generally have the highest temperature on the
chip. If the leads to that junction are not accessible and another junction is measured then it cannot be assured that the
highest temperature on the chip will be measured. Direct measurement should be used in this case.
When making the test measurements indicated below, the package shall be mnsidered to have achieved thermal
equilibrium when the measured temparatura difference, junctbn to case, reaches approximately 99 percent of its final value.
The temperature difference at that time will change at a rate less than
d(T, - Tc) s
~~

0.03 (TJ - T.)

where t is the time afler application of a power dis-sipationincrement. The total time required for stabilization will typically be
less than a minute.
3.2.2 Diract measurement of junction temperature for determination of ~m. The junction temperature of the thermally
hmitingelement within the semiconductor chip can be measured diractty using an infrared microradiometer. The cap or tid
shall first be ramoved from the package to expose the atiie chip or device. The cavity shall not be covered with any IR
transparent material unless the chip is extremely large and has an extremely poor heat conduction path to the chip catier.
The location of lhe junction to be measured should be referenced to a coordinate system on the chip so it can be relocated
after coating the chip. The active araa of the chip shall be coated uniformlywith a thin layer (25-50 pm thick) of a known
high emissivity (.z > 0.8), low thermal conductivity material such as black pigmented lacquer. The package shall then be
placed on a temperature controlled heat sink and the case or mounting surface temperature stabilized at the specified value.
The microelectronic device under test shall then be operated at its rated power dissipation, the infrared microscope
crosshaim focused on the junction and scanned back and forth sfightlyat that location to maximize the radiance
measurement. That radiance measurement and the chip earner temperature shall then be recorded. The power to the test
package shall then be turned off and the chip carrier allowed to return to the specified case or mounting surface
temperature. The emissivity of the coating over the junction region shall then be measured and the radianca from the
operating junction region shall be converted to temperatu= using this emissivity value. [Note that ttis method assumes the
emissivity of the mating material doe5 not change appreciably with temperature. This assumption shall be valid if the
results are to be accurate and repeatable.)
If the junction to be measured is not speufied then the test shall proceed as above except that the IR microsmpe cmsshairs
shall be scanned over the whole active area of the chip to find and maximize the radiance measurement at the highest
temperature junction region.
The minimum width or length of the junction area shall be greater than 5 times the half power diameter of the objective lens
and greater than 5 times the thickness of the coating on the chip surface if this method is used to measure T,For
junction element diametem between 5 and 1 times the half power diameter of the IR microscope objective lens, some
average junction temperature Twin), where TW~
< TILAW< TWW, will be measured.
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The following data shall be remrded for this test cnndition:
a.

Peak or average junction temperate=, TN

or T,flW

b.

Case or mounting surface temperature (usually 6WC iO.5°C Tc, T.).

c.

Power dissipation, PW=l,

d.

Reference temperature measuring point.

e.

Mounting arrangement.

f.

Half power “spot”size of the IR micxosmpe.

g.

Thickness of the emissivity Controlmating (for Twin, measurements only).

h.

Minimum width or length of the junction measured (for TW@ measurements only).

in the package.

The purpose of the testis to measure
3.2.3 Indirect measurements of iunction temperature for the determination of ~.
the thermal resistance of integrated circuits by using particular semiconductor elements on the chip to indicate the device
junction temperature.
In order to obtain a realistic estimate of the operating average juntion temperature, TJLW the tiole tiP or chips in the
package should be powered in order to provide the proper internal temperature distribution. For other purposes though (see
section 3.2.1 ), the junction element being sensed need only be powered. During measurement of the junction temperature
the chip heating current shall be switched off while the junction calibration current remains stable. It is assumed that the
calibration current will not affect the circuit operation; if so, then the calibration WrrWIt must be sw”tchedon as the power is
stitched off.
The temperature sensitive device parameter is used as an indicator of an average junction temperature of the
semiconductor element for calculations of thermal resistance. The measured junction temperature is indicative of the
temperature only in the immediate vicinity of the element used to sense the temperature. Thus, if the junction element being
sensed is also dissipating power with a uniform heating current distribution,then T-w) - Tfor that pati!cular junction
element. If the current distribution is not uniform then T+WB is measured. If the junction element being sensed is in the
immediate vicinity of the element dissipating power then TwvJll be measured. The heating power does not have to be
stitched off when T@is measured.
The temperature sensitive elecbical parameters generally used to indirectly measure the junction temperature are the
forward voltage of dicdes, and the emitter-base and the mllector-base voltages of bipolar transistors. Other appropriate
temperature sensitive parameters may be used for indirectly measuring junction tempenatum for fabrication technologies
that do not lend themselves to sensing the active iunc.tionvoltages. For example, the substrate diode(s) in junction-isolated
monolithic integrated circuits can be used as the temperature sensitive parameter for measurements of TmbP
In this
particular case though, the heating power has to be sw’tched off at the same time that the substrate diode is forward biased.
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3.2.3.1 Stitching techniques for measuring Twwt The followingsymbols shall apply for the purpose of these
measurements
1-----------------

Measuring current in milliamperes.

v~

Value of temperature-sensitive parameter in millivolts, measured at l“, and
corresponding to the temperature of the junction heated by Pw

.. .. ... .. ... ...

Tm ---------------

Calibration temperatu= in “C, measured at the reference point.

v “c ...............

Value of temperatur%sensitive parameter in millivolts, measured at 1. and specific
value of TW.

The measurement of TW@ using junction forward voltage as the TSP is made in the following manner
Step 1- Measurement of the temDecaturecoefficient of the TSP (calibration).
The mehicient of the temperature sensitive parameter is generated by measuring the TSP as a function of the reference
point temperate=, for a specified constant measuring current, 1“,and collector voltage, by externally heating the device
under test in an oven or on a temperature controlled heat sink. The reference point temperature range used during
calibration shall encompass the temperature range enCOUntBmdin the power application test (see step 2). The measuring
current is generally chosen such that the TSP decreases linearly with incm?
asing temperature over the range of interest and
that negligible internal heating occurs during the measuring intewal. A measuring current ranging fmm 0.05 to 5 rrwl is
generally used, depending on the rating and operating conditions of the device under test, for measuring the TSP. The
value of the TSP tempemture coehicient, V.flWS for the particular measuring current and collector voltage used in the
test, is calculated fmm the calibration curve, VW versus TW
SIep 2- Power abdication test.
The power application test is performed in two parts. For both porlions of the test, the reference point temperature is held
mnstant at a preset value. The first measurement to be made is that of the temperature sensitive parameter, i.e., V..,
under operating conditions w“ththe measuring current, l., and the collector voltage used during the calibration pmc.edure.
The microelectronic device under test shall then be operated with heating power (PJ intermittently applied at greater than or
equal to 99 peramt duty factor. The temperature- sensitive parameter Vm shall be measured during the interval between
heating pulses @OO P) with mnstant measuring current, l“, and the collector voltage that was appfied during the
calibration procedure (see step 1).
Because some semiconductor element cooling occurs between the time that the heating power is removed and the time that
the temperature-sensitive parameter is measured, Vm may have to be extrapolated back to the time where the heating
power was terminated by using the followingmathematical expression whicA is valid for the first 100 w of moling:

Vm(t=o)=vm,

[1

+ Vm-vm,

t,,.

t,’~ - t,’n

Where:

Vm(t = O) = TSP, in millivolts, extrapolated to the time at which
the heating power is terminated,
t = Delay time, in microseconds, afler heating power is terminated,
v m, = TSP, in millivolts, at time t = t,, and
V- = TSP, in millivolts, at time t = t, < t,.
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If Vm(l) versus I’n is plotted on linear graph paper for the first 100 pa of cooling, the generated cwve will be a straight line
except during the initial portion where nonthermal switchingtransients dominate. The time t, is the minimum time at which
the TSP can be measured as determined from the linear portion of the V m(t) versus t’” coofing cu~e. Time t, should beat
least equal tot, +25 ps but less than 100 ps. The delay time before the TSP can be measured ranges from 1 to 50 P for
most microelectronic devices. This extrapolation pmeedure is valid for semiconductor (juntilQn) SenSin9 elements ?0.2 mm
(8 roils) in diameter over the delay time range of interest (1 to 50 PS).
When the error in the calculated thermal resistanu caused by using Vw instead of the extrapolated value Vm(t = O)
exceeds 5 percent, the extrapolated value of V= shall be used for calculating the average iunction L?mperatucs.
The heating power, Po, shall be chosen such that the calculated junction-to- reference point temperature difference as
measured at V~isgreater
than orequalto20’C.
Thevaluesof Vm, V”c, and PDamrecorded during the power application
test.
The following data shall be recmded for these test cOflditiOrE:
a

Temperature sensitive electrical paramete- (VF, V= (emitter-only ewitching), V- (emitter and collector switching),
v-, v,-,
or other appropriate TSP).

b.

Average junction temperature, Twin, is calculated fmm the equation:

TWW=T.

+ (Vun-Vuc),

where T, = Tc or T.

AVUC .’
—
ATMC

[1

c.

Case or mounting surface temperature, To or T“, (usually 60” iO.5”C).

d.

Power dissipation, P. where P.= P-,

e.

Mounting arrangement.

or P-

3.2.3.2 Typic.al test circuits forlndirect measurements of T,,AW Thecircuit on figure 1012-3 can beusedtosense V,,
V=(emitter~and
Vm Thecircwit isconfigured forheating power to be
appfied only to the junction element being sensed Pfor illustrationpurposes only,
The circuit on figure 1012-3 is controlled by a dock pulse with a pulse width less than or equal to 100 VS and repetition rate
lesethan orequalto66.7 Hz. ~en!hevoltage
level of thedo&pulse iszem, thetransistor Qlisoffand
transistor Q2is
on, and the emitter current through the device under test (DUT) is the sum of the constant heating current and the constant
measuring cwrent. Biasing transistor Ql on, shunts the heating cwrentto
groundan deffectivelyre vemebiasesthedi ode
D1. The eample-and-ho[d unit is triggered when the heating current is removed and is used to monitor the TSP of the
device under test. During calibration, switch S4 is open.
The circuit on figure 1012-I can be used to sense the forward voltage of the substmte diode of a junction isolated integrated
circuit. In this test circuit the microelectronic device under test is represented by a single transistor operated in a
common-emitter configuration. The substrate diode Dis shown connected between the collector (most positive
terminal) and the emitter (most negative terminal) of the integrated circuit under test. The type of circuitry needed to
interrupt the heating power will depend on the mmplexity of the integrated circuit being tested.
The circuit on figure 1012< is controlled by a dock pulse with a pulse width less than or equal to 100 IIS and repetition rate
Iesa than or equal to 66.7 Hz. When the voltage level of the clock pulse is zero, transistor Q1 being off and transistor Q2 on.
the deviu? under testis dissipating heating power. Biasing transistor Cl! on and Q2 off, intermpts the heating power and
forward biases the substrate diode. The sampla-and-ho!d unit is triggered when the heating current is removed and is used
to monitor the substrate dicde forward voltage. During calibration, switch S1 is open.
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3.3 Thermal response time, junction to spedfied reference point, tm.
3.3.1 General considerations. When a step function of power dissipation is applied to a semiconductor device, the
junction temperature does not rise as a step function, but rather as a complex exponential curve. An infrared
miwmadiometer or the electrical technique, in which a precalibrated temperature sensitive device parameter is used to
sense the junction Iemperatum, shall be used to generate the micoaelectmnic device thermal response time.
When using electrical techniques, in wlich the device heating power is removed before the TSP is sensed for measuring the
thermal response time, the cooling curve technique shall be used. The measurement of the cooling cuwe is performed by
heating the device to steady state, swkhin9 the power off, and monitoringthe junction temperature as the device cools.
The cooling curve technique is based upon the assumption that the cooling rasponse of a device is the conjugate of the
heating response.
3.3.2 Measurement of junction temperature as a function of time for the determination of I@ The change in junction
temperature as a function of time resulting from the application or removal of a step function of heating power dissipation in
the iunction(s) shall be obsen’ed using an infrared microradiometer with a response time of less than 100 WS,or electrical
equipment tith a response time of less than 100 IX?and sufficient sensitivity to read a prec-alibratedtemperature sensitive
electrical parameter of the junction. During this test the device referemx point temperature, as specified, shall be held
constant, the step function of power dissipation shall be applied or removed, end the waveform of the junction temperature
response versus time shall be recorded from the time of power application or removal to the lime when the junction
tempemtum reaches a stable value.
llw followingdata shall be recorded for this test condition
a,

Temperature sensitive electrical parameter (see section 3.2.3).

b.

Infrared microscope spatial resolution (see section 3.2.2).

c.

Peak, average, or region junction temperature as a function of time (see section 3,2.2 or 3.2.3 for details).

d.

Case or mounting surface temperature Tc or T. (usually 6WC io.YC).

e.

Power dissipation, PW_l

f.

Reference temperature measuring point.

9.

Mounting arrangement.

or P-m

in the package.

3.3.3 Tvpical test circuits for measurement of iunti!on temDeratum as a funti!on of time. The circuits depicted in section
3.2.3 are also used for the measurement of junction temperature as a function of time. The dock pulse is varied to give the
required step of heating power and the TSP is monitored on a cathode ray ostillosmpe. When an infrared mic$oradiometer
is used, the measuring current and TSP sensing circuitry is disconnected.
3.4 Calculations of @m and tm.
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3.4.1 Calculations of Dackaae thermal resistance. The thermal mistam? of a microelectronic device can be calculated
when the peak junction, average junction, or region junction temPemtum, TM,
TWW, OfTJMtij, resPe~veV, has been
measured in accordance with procedures outfined in sections 3.1 and 3.2. If the total package capability is to be assessed,
should be applied to the device under test. For quality control purposes the power dissipation in
then rated power P—a
the single test junction P“m
can be used in the calculation of thermal resistance.
VWh the data recorded from each test, the thermal resistance shall be determined from

k-

=

T-

- T.,junctionpeak-b-case
f’w.o.c+

~u

Re.cc+..FA

Tumm - T., junction averag&t&case
~-,

=

=

T-,

or

- Tc, junctfon ~gion-to-case
PM?-)

should beusedin the previous equations. Note that
For calculations of the junction element thermal resistance, Pm
these themalmsisMnm values amindependent oftieheat sinking technique forthe pa&age. Thisispossible because
the caee or chip canier (reference) temperature is measured on the package ikelf in an accessible location which provides
a representative temperature in the major path of heat flow fmm the chip to the heat sink via the package.
3.4.2 Calculation of Dachaqe thermal response time. Thethennal response timeofa miCMeleCtronicdeviCe Can be
calculated when thepeakjuncticm, avemgejuntion, ormgion juntion tempemture, T,vw. Tmw,, or T_w,
Espe~vely,
has beenmeasu=d asatintion
oftimein aWtian-w"th
pro=duEs outfined insetiion3.3.
Ifthetotalpackage
-patifity istobeassessed, then rated power PW_,
should beapptied tothedevim undervest, Forquatitycontml
purposes the power dissipation in the single test junction Pcan be used in the calculation of thermal response time.
Wlh the data recorded from each test, the thermal response time shall be determined from a curve of junction temperature
versus time from the time of application or removal of the heating power to the time when the junction temperature reaches
a stable value. Thethermal response time is 0.90f this difference.
4. SUMMARY. ~efollting

detilsshall

bespedfied intheapphmble

a~uisitiondocument

a.

Description of package includingnumber of chips, location of case or chip carder temperature measurement(s),
and heat einking arrangement.

b.

Test condition(s), as applicable (see section 3).

c.

Test voltage(s), current(s) and power dissipation of each chip.

d.

Retarded data for each test condition, as applicable.

e.

Symbol(s) with subscript designation(s) of the thermal characteristics determined to verify specified values of
these characteristics, as applicable.

f.

Accept or reject criteria.

METHOD 1012.1
4 November 1980
8

MIL-.STO-S83E

I-,::=-i
,

...
.. .... .

FLUID
LINES
T,

II

~Jl

“*

FLOh’
.25 1.0.

(FLUID

OUTI

[FLUID

IN1

Oe
—-

4

‘-t

,-TC

TC LEADS

PCB TEST SOCKE1
TOP VIEH

F[GURE 1012-I.

TemDeratuE mntroNed heat sink.

METHOD 1012.1
4 November 1980
9

MIL-STO-683E

PRESSURE ADJuSTMENT
MING NUTS [21 HITH
20 THREAOS PER INCH \

,,
)$1(
1-

kl+-

CONTACT PRESSURE SPRING
FOR PACKAGE K.21.2
LBS/IN

~

PRESSURE PLATE ANO PAO
AOAPTER HEA1 SINK-

CHIP

. -CLAHPING

m/

EAR

\

PACKAGE

PRIf4ARY
HEAT SIN

E TIP,
OIA, TYP

PLASTIC SL
OVER PROBE

ONTACTS

ELECTRICAL LEAOS ~
lHERtiAL PROBE IHVPOI ASSY
CONTACT PRESSIJRE SPRING
FOR PROBE TIP K-1.10
LES/IN
THERf40COUPLE LCAOS A

~

PRESSURE AOJUST.ENT CAP,
20 THREAOS PER INCH

SIOE VIEH

FIGURE 1012-1. Temm?mture wntrolled heat sink - Continued

METHOD 1012.1
4 November 1980
10

MIL-STD-883E

flED
CKAGE

CONDUCTIVE
COHPOUND

FIGURE 1012-2. Temperature arrwwement for mountinq Wfa-

temperature measurements.

METHOD 1012.1
4 November 1980
11

Ml L-STD-S83E

1
53

‘fiib
1

2

Oz

Sz

+&
v !!!!

=

2

it!

1

S4

+

SI

#

PHOTO
COUPLER

2

D1

OUT

;

ton

—
01

S AND H

‘EE
+
&

~

&~
—

CLOCK
PuLSE

WI!

‘H
W
~

TSP

h

1
~

CLOCKPULSE

Diode V, - Switch S1 in position 2
Switch S2 in position 1

Transistor V- (Emitter+nly switching). Switti S1 in position 2
Sw’tch S2 in position 2
Switch S3 in position2
Transistor V= (Emitter and collector sv+itting) - Switch S1 in position 2
Switch S2 in position 2
Switch S1 in position 1
Transistor V- - Switch S1 in position 1
Switch S2 in position 2
Switch S3 in position 1

FIGURE 1012-3. Typical test circuit for indirect measurement of T,wv , using
p-n wnctlon voltaaes of actwe dewces.

METHOD 1012.1
4 November 1980
12

Vcc

=

MIL-ST0383E

qq
.. ——-— ———-—-.
I
01

s!

DEvICE
UNOEFlTEST

I

CLOCKPuLSE

;

02

;
El
’31
0-1<,

+
v BB
01
G~
=

,
‘

‘v
‘to-n

+
PHOTO
COUPLER

1~

—
~–––-–-––--~

+

~

Vcc

.
m

““”

CLOCK
PuLSE

—

ton
CLOCK
PULSE

=

u i
[m

FIGURE 10124. Typical test cdrcuilfor indirsmlmeasurement of T,mti ~using
the substrste diode of junction isolated integrated circuit.

METHOD 1012.1
4 November 1980
13

MIL-STO-6E3E

METHOO 1013
DSW POINT
1. PURPOSE. The purpose of this testis to detect the presents of moisture trapped inside the microelectronic device
packa=cient
quantity to adversely affect device parameters. The most sensitiie indicator of moisture is device
leakage current. TMs test specifies a lower temperature of -65°C for the normal dew point test. It may be desirable in some
czses, where the prasence of moisture in concentrations lower than that would be revealed at this lower temperature, to
extend the lower temperature downwad.
2. APPARATUS. The appamtus used in this test shall be capable of varying the temperature from the specified high
temperature to -65°C while the parameter is being measured.
3. PROCEDURE. The voltage and current specified in the applicable acquisition document shall be apptied to the
terminals and the device leakage current or other specified parameter(s) mntinuously monitorad from the specified high
temperature to -65°C and back to the high temperature. The dew point temperature is indicated by a sharp discxmtinuityin
the parameter being measured with ~sPeCt to temperature. If no dismntinuity is observed, it shall be assumed that the dew
point is at a temperature lower than -6*C and the device being tested is acceptable. Devices whkh demonstrate instability
of the measured parameter at any point during this test shall be rejected even though a true dew point i5 not identified. If a
high temperature is not specified in the applicable acquisition document, the device shall be taken to a temperature at least
l~C above ambient temperature to initiate this test and enable detection of dew point in devices which may already be at
saturation. The rate of change of temperature for this test shall be no greater than IO”C per minute. The test voltage shall
beat least equal to the rated breakdown voltage of the device sinm it is necessary to apply suficient voltage to achieve
ionization.
4, SUMMARY. The following details shall be specified on the applicable acquisition document:
a.

Test temperature, high (see 3) and low if other than -65°C (see 1).

b.

Test voltage and current (see 3).

c,

Test parameter (see 1 and 3).

;

METHOO 1013
1 May 1968
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METHOD 1014.10
SEAL
1. PURPOSE. The purpose of this testis to determine the effeteness
semiconductor devices with designed internal cavities.

(hermetidfy) of the seal of microelectronic and

1.1 Definitions.
a.

Standaml leak rate. Standard leak rate is defined as that quantity of dry air at 25°C in atmosphere cubic
centimeters flowing through a leak or multiple leak paths per semnd when the high-f mssure side is at 1
afmosphem (760 mm Hg absolute) and the Iow-pressum side is at a pressure of not greater than 1 mm Hg
absolute. Standati leak rate shall be expressed in units of abnosphem cubic centimeters per second (atm cck).

b.

Measured leak rate. Measured leak rate (R,) is defined as the leak rate of a given package as measured under
specified conditions and employing a specified test medium. Measured leak rate shall be expressed in units of
atmosphere cubic centimeters per second (mm cc!s). For the purpose of mmparison with rates determined by
other methods of testing, the measured leak rates must be converted to equivalent standard leak rates.

c.

Equivalent standad leak rate. The equivalent standati leak (L) of a given package, with a measured leak rate
(R,), is defined as the leak rate of the same package with the same leak geometw, that would exist under the
standati conditions of 1.Ia. The formula (does not apply 10test condition B) in 3.1.1.2 represents the IJR ratio
and gives the equivalent standard leak rate (L) of the package with a measured leak rate (R,) Mere the package
volume and leak test conditioningparameters influence the measured value of (R,). The equivalent standad leak
rate shall be expressed in units of atmosphere cubic centimeters per second (atm DA).

2. APPARATUS.

The apparatus required for the seal test shall be as follow’sfor the applicable test rendition:

2.1 Test conditions A,, A,, and &, ~1tracer gas helium (He) fine leak, A@paratusrequired shall consist of suitable
pres5ure and vacuum chambem and a mass specfmmeter-type leak detector preset and pmperiy calibrated for a helium
leak rate sensitivity sufkient to read measured helium leak rates of ld abn eels and greater. The volume of the chamber
used for leak rate measurement should be held to the minimum practical, since this chamber volume has an adverse effect
on sensitivity Kmits. The leak detector indicator shall be calibrated using a diffusion-type calibrated standard leak at least
once during every working shift. In addition for test conditionA+ the followingappamtus is required

~

a.

Fixture and fittings to mate the package to be tested to the leak detector.

b.

Surgical rubber gasket.

c,

Apeizon grease (type M or N), perffuorocarbonfluid Y, or equivalent, if mqui~

tO Obtainseal.

A, was intentionally omitted.
~ Perffuorocarbons contain no chlorine or hydrogen.
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2.2 Test mndifion B, radiOisotODefine leak. Apparatus for this test shall mnsist of
a,

Radioactive tracer gas activation console.

b.

Counting equipment consisting of a scintillationcrystal, photomultipliertube, preamplifier, ratemeter, and
krypton45 reference standards. The counting station shall be of suficient sensitivity to determine through the
device wall the radiation leVEdof any krypton-S5 tracer gas present within the device. The counting station shall
have a minimum sensitivity corresponding to a leak rate of Id atm cds of krypton-S5 and shall be calibrated at
least once every worfdng shift using krypton-65 reference standatis and following the equipment manufactuds
instruction.

c,

A tracer aas cmsistim of a mixture of krYDton-S5and dw nitrwen. The concentration of krypton-65 in dry
nitrogen ;hall be no le& than 100 micmiuries per atmospheric-cubic centimeter. Thk valu”eshall be determined
at least once each 30 days and recorded in accordance with the calibration requirements of thh standati (see
4.5.1 of MIL-STD-B83).

2.3 Test condition C, perf7uorocarbonmoss leak. Apparatus for this test shall consist ot
a.

A vacuumfpressum chamber for the evacuation and subsequent pressure bombing of devices up to 105 psia up
to 23.5 hours.

b.

A suitable obsemation container with provisionsto maintain the ind!cator fluid at a temperature of 125°C and a
filtration system capable of removing particles greater than 1 micrometer in size from the fluid (condition Cl only).

c,

A magnifier with a magnification in the range between 1.5X to 30X for observation of bubbles emanating fmm
devices when immersed in the indicator fluid (rendition Cl only).

d.

Sources of type I detector fluids, and type II indicator fluids as specified in table 1.

e.

A lighting source capable of producing at least 15 thousand foot candles in air at a distance equal 10that which
the most distant device in the bath will be fmm the sourc?. The hghtingsource shall not require calibration but the
fight level at the point of observation (i.e., where the device under testis located during observation for bubbles),
shall be verified (condition Cl only).

f.

Suitable calibrated instruments to indicate that test temperatures, Pressure% and times areas specified.

9.

Suitable Mums to hold the device(s) in the indicator fluid (rendition Cl only).

h.

A pefiuorocarbon vapor detection system capable of detecting vapor quantities equivalent to 0.167 or 1/6
miuoliter of type I fluid (wndition C3 only).

i.

me vapor detector used for condition C3 shall be calibrated at least once each wotihg shift using a type 1fluid
calibration source, and followingthe manufacturc?fsinstructions.

2.4 Test rendition D, Denetrant dve qross leak. The followingapparatus shall be used for thi5 test
a,

Ultraviolet hght source with peak radiation at approximately the frequency causing maximum reflection of the dye
(3650 A for Zyglo; 4935 A for Fluorescein; 5560 A for Rhodamine B, etc.).

b.

Pressure chamber capable of maintaining 105 psia.

c.

Solution of fluorescent dye (such as Rhodamine B, Fluorescein, Dye-check, Zyglo, FL-5o, or equivalent) mixed in
accordance with the manufacturers specification.

d.

A magnifier with a magnification in the range between 1.5X to 30X far dye observation.

METHOD 1014.10
14 March 1995

MIL-STD-B83E

2.5 Test rendition E, weiqht qain qmss leak. ~paratus for this test shall consist of
a.

A vacuumfpresswe chamber for the evacuation and subsequent Pressure bombing of devices up to 90 psia up to
10 hours.

b.

An analytical balance capable of weighing the devices accurately to 0.1 milligram.

c.

A source of type Ill detector fluid as specified in table 1.

d.

A fdtrationsystem capable of removing particles greater than 1 micrometer in size from the peffluorocarbon fluid.

e.

Suitable calibrated instruments to measure test pressures and times.
TABLE 1. Physical DroDerWreaui~ments of rIeflUOmCWbOnfluids. II
Property
I Boiling point ~C)

Type I
I 50-95

Type II
I 140-200

> 1.6

>1.6

Density at 125-C (gin/ml)
Dielectric strength
(vOlts/mil)
I Resid.ecgm/grn)
Appearance

I 5W11O

c 20

Surface tension (Dyneskrn)
at 25°C
Density at 25°C (gmfml)

Type Ill

1<50

>300

I <50

Clear mlotiess

I D-1120
0-971
D-1331

>1.6

> 1.5
>300

ASTM
test method

D-941
0-941

>300
I <50

877
I D-2109
NA

~1 Peffluorocarbons contain no chlorine or hydrogen.
2.6 Test conditions C, and C, - optical gmsslfine leak. Apparatus required shall cansist of suitable vacuum or
vacuumJpressure chamber wlih an mkgral mterferomeby leak detector. The optical leak detector shall be preset and
propedy calibrated for an equivalent standard leak rate sensitivity of 10-5atm-cds and greater for gross leak detection (C,),
or 1 X 107 atm-cds and greater for fine leak detection (C,). The leak detection system shall be tested with a known good
specimen at the beginning and end of each work shifl.
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3. PROCEDURE. Fine and gross leak tests shall be conducted in accordance with the requirements and procedures of
the specified test condition. Testing order shall be fine leak (condition A or B or C,) followed by gross leak (condition C,, C,,
C,, D, or E) except when C, is used tcgether with A, B, or C,. When specified (see 4), measurements after test shall be
conducted following the leak test procedures. Where bomb pressure specified exceeds the microcircuit package capability,
a!temate pressu=, exposure time, and dwell time conditions may be used provided they satisfy the leak rate, pressure, time
relationships which apply, and provided a minimum of 30 psia (2 atmospheres absolute) bomb pressure is apptied in any
case or for condition C,, a minimum of 10 psi differential test pressure is applied in any case. When test condition& is
used, gross leak testing is not required. However& shall not be used in beu of the required seal testing of fidded packages.
When batch testing (more than one device in the leak detector at one time) is used in performing test condition A or B and a
reject condition OWIS it shall be noted as a batch failure. Each device may then be tested individually one time for
acceptan= if all devices in the batch are retested within one hour after removal from the tracer gas pressurization chamber.
For condition B only, devices maybe batch retested for acceptance providing all retesting is completed within one hour after
removal from the tracer gas pressurization chamber. For condition C, only, devices that are batch tested, and indicate a
reject condition, may be retested individually one time using the proc.edu= of 3.3.3.1 herein, except that repressurization is
not required if the devices are immersed in detector fluid within 20 seconds aRer completion of the first test, and they remain
in the bath until retest. For conditions C. and C, only, the package must meet hd stiffness requirements defined in 3.6.
3.1 Test condition A,, A,, or/% tracer gas (He) fine leak. Test conditionA, is a “fixed method with specified conditions in
accardanu with table II that will ensure the test sensitivity ne~ssav 10detect the required measured leak rate (R, ) Test
condition A, is a ‘“flexible”method that allows the variance of test conditions in accordance with the formula of 3.1.1.2 to
detect the specified equivalent standati leak rate (L) at a predetermined leak rate (R,). Test condition& is a method that
will detect the required measured leak rate (R,) of an unsealed package.
3.1.1 Test conditions A, and A,, procedure applicable to ‘“fixed”and “flexible”methods. The completed device(s), shall be
placed in a sealed chamber vdich is then pressurized with a tracer gas of 100 +0, -5 percent helium for the required time
and pressure. The pressure shall then be relieved and each specimen transfened to another chamber or chambem which
are connected to the evacuating system and a mas5-spectmmeter-type leak detector. When the chamber(s) is evacuated,
any tracer gas which was previously forced into the specimen will thus be drawn out and indicated by the leak detector as a
measured leak rate (R,). (The number of devices removed from pressurization for leak testing shall be hmited such that the
test of the last device can be completed within 60 minutes for test conditionA, or within the chosen value of dwell time t, for
test wndition A,.)
3.1.1.1 Test condition A,, freed method. The devices(s) shall be tested using the appropriate conditions specified in table
II for the internal cavity volume of the package under test. The time t, is the time under pressure and time t, is the maximum
time allowed after release of pressure before the device shall be read. The fixed method shall not be used if the maximum
equivalent standati leak rate fimit given in the acquisition document is less than the limits specified herein for the flexible
method.
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TABLE 11, Fixed conditions for test conditionAt
Volume of
package (w
in cm’

Reject fimit
(atm CC(SHe)
Psia
Q

<0.05
~o.05 - <0.5
~o.5 - <1.0
~l. o -.10.0
~lo.o -<20.0

R,

Bomb condition

75
75
45
45
45

Minimum
exposure time
hours (t,)
2
4
2
5
10

Maximum dwell
hours (t,)
1
1
1
1
1

5X104
5XI04
1 x Iu’
5XI04
5XI04

3.1.1.2 Test condition A,, flexible method. Values for bomb pressure exposure time, and dwell time shall be chosen such
that actual measured tracer gas leak rate (R, ) readings obtained for the devices under test (if defective) will be greater than
the minimum detection sensitivity capability of the mass spectrometer. The devices shall be subjected to a minimum of 2
atmospheres absolute of helium atmosphem If the chosen dwell time (t,) is greater than 60 minutes, graphs shall be plotted
to determine an R, value which will assure overlap with the selected gross leak test condition. The chosen values, in
conjunction with the value of the internal volume of the device package to be tested and the maximum equivalent standard
leak rate (L) limit (as shown below or as specified in the applicable acquisition document), shall be used to calculate the
measured leak rate (R, ) limit using the following formula

Where
R,
L=
P,
P.
MA
M=
t,
L
v=

=
❑
❑

=
=
=

The measured leak rate of tracer gas (He) through the leak in atm ccfs He.
The equivalent standad leak rate in atm c-c-kair.
The pre.ssurwof exposure in atmospheres absolute.
Theatmospheric pressure inatmospheres absoltde. (1)
Themolecular weight ofairin grams. (28.7)
Themolecular weight of thetracergas (Helium) ingrains. (4)
The time of exposure to P. in seconds.
The dwell time between release of pressure and leak detection, in semnds.
The internal volume of the devicz package cavity in cubic Centimeter.

3.1.1.2.1 Failure criteria. Unless othetise specified, deviustith
anintemal mvityvolume of O.Ol=orlessshallbe
mjededif theequivalent standad leak rate (L)exmeds 5x104atm@s
air. Devices with anintemal cavity volume grwder
than O.01 Kandequal toorless than 0.4Wshall berejeded iftheequivalent stindati leak rate(L) exwedslxl
O"'aW
cdsair. DeviUstith anintemal =vityvolume gmaterthan 0.4wshall berejeded iftheequivalent stindatileakmte(L)
exceeds 1 x 10aatm&s
air.
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3.1.2 Testmntition &,pro=dure
apph~ble totheunsealed patiagemethod. The fixtumand fittings of2.1a. shall be
mounted to the evacuabon port of the leak detector. Pmoloffixturing integrity shall bevetified byseahng aflatsutia-d
metal plate utilizing thegasketof 2.1 (and grease or ffuidof 2.1 ifmquired toobtain seal) andmeasunng theresponse of the
Ieaktestsystem. Testing shall bepetiomed byseahng thepa*age(s) totheevacuation podandthe pa&age =vity
evacuated toO.1 terror less. Care sha[lbe taken topmvent wntatiof grease tithpatiage
(seal ring notincluded) to avoid
masking leaks. ~eetiemal
potion of thepa&age shall be flotied tith Hehumgas ei!herby theuseof anenvelope ora
spray gun, at a pmssure0f45psia.
3.1.2.1 Failure txiteria. Unless othetise
104 atm &s He.

speUfied, devimsshall bemjeded ifthemeasured leakmte (R,)ex&edslx

3.2 Test condition B, radioisotope fine leak test.
3.2.1 Activation oarametem. The activation pressure and soak time shall be determined in accordance with the fallowing
equation

~,=Q-

(1)

skTPt
The parametem of equation (1) are defined as folknw
Q*

=

The maximum leak rate allowable, in atm tis

W, for the devices to be tested.

R=

Counts per minute above the ambient background afler activation if the device leak rate were exactly equal
to Q,. This is the reject count above the background of both the counting equipment and the component, if
it has been through prior radioactive leak tests.

s=

The specific activity, in microcuries per atmosphe= cubic centimeter, of the krypton-B5 tracer gas in the
activation system.

k=

The overall counting eficiency of the scintillationc$ystal in counts per minute per microcurie of kwpton-S5 in
the internal void of the specific component being evaluated. This factor depends upon component
configuration and dimensions of the scintillationaystal. The saunting efficiency shall be determined in
accordance with 3.2.2.

T=

Soak time, in hours, that the devices are to be activated.

F=

P. ‘-P,’, where P. is the activation pressure in atmospheres absolute and P, is the original internal pressure
of the devices in atmospheres absolute. The activation pressure (P.) may be established by specification or
if a convenient soak time (T) has been established, the activation pressure (P.) can be adjusted to satisfy
equation (1).

t=

Conversion of hours to seconds and is equal to 3,600 seconds per hour.

NOTE: The mmplete version of equation (1) contains a factor (Po’ - ( AP)’) in the numerator which is a correction factor for
elevation above sea leVel. Po is sea level pressure in atmospheres absolute and AP is the difference in
pressure, in atmospheres between the actual pressure at the test station and sea level pressure. For the purpose
of this test method, this factor has been dropped.
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3.2.2 Determination of rnuntinq ehiciencv (kl. The counting effriency (k) of equation (1) shall be determined as follows:
a,

Five representative units of the device type being tested shall be tubu!ated and the internal void of the device shall
be backfilled through the tabulation with a known volume and known specific activity of krypton-65 tracer gas and
the tabulation shall be sealed off.

b.

The counts per minute shall be directly read in the shielded scintillationcrystal of the counting station in tiiti
devices are read. From this value, the counting efficiency, in counts per minute per microcurie, shall be
calculated.

the

3.2.3 Evaluation of surface somtion. All devica encapsulations mnsisting of glass, metal, and ceramic or combinations
thereof, including coatings and external sealants, shall be evaluated for surface sorption of krypton-65 before establishing
the leak test parameters. Representative samples of the questionable material shall be subjected to the predetermined
pressure and time conditions established for the device configuration as specified by 3.2.1. The samples shall then be
counted every 10 minutes, with count rates noted, until the count rate becomes asymptotic with time. (This is the point in
time at which surface sorption is no longer a problem.) This time lapse shall be noted and shall determine the ‘%mittime”
specified in 3.2.4.
3.2.4 Procedure. The devices shall be placed in radioactive tracer gas activation tank. The activation chamber maybe
parlially ~nert
material to reduce pumpdown time. The tank shall be evacuated to 0.5 torr. The devices shall be
subjected to a minimum of 2 atmospheres absolute pressure of krypton-651drynitrogen mixture for a minimum of 12
minutes. Actual pressure and soak time shall be determined in acwrdance with 3.2.1. The R value in counts per minute
shall not be less than 600 above background. The krypton-65/dry nitrogen gas mixture shall be evacuated to storage until
0,5 to 2.o tom pressure exists in the activation tank. lle storage cycfe shall be completed in 3 minutes maximum as
measured from the end of the activation cycle or fmm the time the activation tank prassure reaches 60 psia if a hfgher
bombing pressure is used. The activation tank shall then immediately be backfilled with air (air wash). The devices shall
then be removed from the activation tank and leak tested within 1 hour after gas exposure with a
scintillation-crystal+quipped counting station. Device encapsulations that came under the requirements of 3.2.3 shall be
exposed to ambient air for a time not less than the “wait time” determined by 3.2.3. In no case will the time between
removal fmm the activation chamber and test exceed 1 hour. This exposu= shall be performed after gas exposure but
before determining leak rate with the counting station. Devics encapsulations that do not come under the requirements of
3.2.3 may be tested without a ‘Wait time.” (The number of devices removed from pressurization for leak testing shall be
fimited such that the test of the last device can be completed within 1 hour.) The actual leak rate of the component shall be
calculated with the following equation
(ACTUAL READOUT IN NEf COUNTS PER MINUTE) X Qs
Q.
R
Wlere Cl = Adual leak rate in atm cck, and QS and Ram defined in 3.2.1
NOTE:

CAUTION. oischa~e of krypton 85 into the atmosphere must not exceed limits imposed by local and Federal
regulations.

3.2.5 Failure criteria. Unless otherwise specified, devices that exhibit a leak rate equal or greater than the test ~mits of
table Ill shall be mnsidered as failures.
NOTE

CAUTION. Devices which do not exhibit a teak rate suficient to fail seal test, may retain radioad!ve tracer gas in
suficient ccmcentrationto cause soft errors in complex, small geomet~ devices.
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TA8LE Ill. Test fimits for radioisotope fine leak method.

3,2,6 Personnel precautions. Federal, some state and local governmental regulations requi= a ficense for the
possession and use of krypton-85 leak test equipment. In the use of radioactive gas, these regulations and their maximum
permissible exposure and tolerance levels prescribed by law should be obsewed.
3.3 Test condition C, or C,, pertluomcarbon gross leak. Test conditionC, is a fixed method with specified conditions that
will ensure the test sensitivity nemssaty. Test condition C, has been replaced by C,. Test condition C3 is a freed methcd
that uses a vapor detection system instead of an indicator bath.

.

3,3.1 Procedure applicable to fixed (C,) method. The devices shall be placed in a vacuutipressure chamber and the
pressure reduced to 5 tom or less and maintained for 30 minutes minimum. The vacuum cycle maybe omitted for packages
with an internal volume z 0.1 cm’, A suficient amount of type I detector fluid shall be admitted to cover the devices. When
the vacuum cycle is performed, the fluid will be admitted afler the minimum 30 minute period but before breaking the
vacuum, The devices shall then be pressurized in accordance with table IV. When the pressurization period is campk?te
the pressure shall be released and the devices removed from the chamber without being removed from a bath of detector
fluid for greater than 20 seconds. A holding bath maybe another vessel or storage tank. When the devices are removed
fmm the bath they shall be dried for 2 *1 minutes in air prior to immersion in type II indimtor fluid, which shall be maintained
at 125-C *5”C. The devices shall be immersed w“ththe uppermost portiOnal a minimum depth of 2 inches below the
sufiace of the indicator fluid, one at a time or in such a wnfiguration that a single bubble from a single device out of a group
under obsewation may be Cleartyobserved as to its occurrence and source. The device shall be obsewed against a dull,
nonreflective black background though the magnifier, while illuminated by the fightingsource, fmm the instant of immersion
until, expiration of a 30-secand minimum obsewation period, unless rejected earlier.
For packages greater than 5 grams, the effects of package thermal mass shall be determined by evaluating each package
family with known leakers and measuring the time for bubbles to be observed. If the evaluation time exceeds the 30
seccmds required for the observation time, then the observation time shall be extended to take into account the package
thermal mass effect. Alternate methods may be used to meel this intent provided the method is documented and made
available to the preparing or acquiring activity upon request.
3.3.1,1 Test condition C,, fixed methcd. Allowable fixed methcd conditions shall be as shown in table IV, herein.
TABLE IV. Condition C pressurization conditions.

I

I
I

45
.-

18141
1

60

4

75

2

90
105

I

2
t

I

Ill

0.5

I

I

NIA

I

0.5
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3.3.2 Failure criteria. A definite stream of bubbles or two or more large bubbles originating from the same point shall be
cause for rejection.
.

CAUTION: ~entheleak
islage, theoperator maynotim astieam ofliquid exiting thepa&agetithout
bubbles. Thiscondition shall result inthepac4cage being rejected.

thereleaseof

3.3.3 Testcondition C,, peffluorocarbon vapor detection.
3.3.3.1 Procedure. ~edevi=s
shall beplaEd inavacuuWpmssum tiamberand thepRssu= reduWdto5tomand
maintained~nutes
minimum. Asu~dent amount of~Deldetetior
fluid shall beadmiHed tothepmssure chamber
tocaverthedevices.
~efluid shall beadmitied aRerthe 30-rnrnuteminimum vacuum period but befo~"breatingthe
vacuum. Thedevices shall then repressurized inac.cardance with tablelV. Thepressum shall bemaintained fora period
of30 minutes minimum. Upon mmpletion of thep~ssurization periti, thepressure shall bereleased, thedevi=smmoved
fmm the pressure chamber without being removed from a bath of detector t7uidfor more than 20 seconds and then retained
inabath ofperfluoro=rbon tluid. ~enthedevi=s
am Rmovedfmm tie fluid tieyshall beairdried foraminimumof2O
seconds andamaximum of5minutes pfiorto thetestcyc!e. lfthewpe ldetedor fluid hasaboihng point oflessthan8O"C,
the maximum drying time shall be 3 minutes.
The devices shall then be tested with a Deffluomcarbon vaPor detector that is calibrated in accordance with 2.3h and 2.3i.
“’Purge’’timeshall beinacwrdance tithtable V. Testtime shall beaminimum of3.5sewnds (unless thedevi@is
mje&edeadier) tihthepetiuomation
vapor dete~or pugeand test ti8mkm
ata tempemtureof 125*5”C, or2.5
seconds minimum with the purge and test chambem at a temperature of 150 *5-C.
NOTE

Ardw,

puweand testlimiS foreach devi@shall bemmphed tithinall

=ses,

indudng sti&tosti&handhng.

NOTE

Testtempemtum shall bemeasumd atthetiamber sutiamthat isinmntadtith
thedevia(s) being tested.
Device orientation within the test cell should maximize heat transfer from the heated chamber surface to the cavity
of the device within the capability of the equipment.

3.3.3.2 Failure criteria. AdeviWshaIl be~jetiti
iflhedetetior instmmentition indiWtes momthan theequbalentof
0.167 or 1/6 microliter of type I detector fluid in accordance with table 1.
TABLEV,

NOTE:

Purge time forcondition C,.

MaimumpuQe timemnbe detemined bycyting adevietith
a0,02to O.05intihole
and measuring the
maximum purge time that can be used without permitting the device to escape detection during the test cycle.
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3.3.4 Precautions. lle following precautions shall be observed in conducting the periluomcatmn gross leak test
a.

Penluomcxwbonfluids shall be filtered through a filter system capable of removing particles greater than 1
micmmeter otior to use, Bulk fdtenlg andstorage impermissible. Liquid which has accumulated observable
quantities of particulate matter durin~ use shall ~e diicatied or reclaimed by filtration for re-use. Precaution should
be taken to prevent Ccmtamintilon.

b.

Observation container shall be filled to assure coverage of the device to a minimum of 2 inches.

c.

Devices to be tested should be free from foreign materials on the surface, including canfonmalcoatings and any
markings which may contribute to erroneous test results.

d.

A lighting source capable of producing at least 15 thousand foot candles in air al a distance equal to that which the
most distant devicsin the bath will be from thesourc=?. Thelighting source shall notrequire calibration but the light
level at the point of observation (i.e., where the device under testis located during observation for bubbles) shall
be verified.

e.

Precaution should be taken to vrevent cmeratoriniuw due to Dacka9e ruDb.Ireor violent evolution of bomb fluid
whentesting large packages.

3.4 Testccmdition D, Denetmntdve qrOss leak. ~stestshall
bepemitied only fordesWdive verifi=tion ofdevius (see
3.7). ~ep=ssu=
chamber sha!lbe filled tithtie dyesolution toadepth sufitient tommpletely Wverallthedevies.
~edevies
shall beplamd inthesolution andthetiamber
pessurized at105psia minimum for3houm minimum. For
device packages which will not tithstand 105 psia, 60 psia minimum for 10 hours may be used. The devices shall then be
removed and carefully washed, using asuitable solvent forthedye used. followed byanairjetdv.
Thedevices shall then
be immediately examined under the magnifier using an ultraviolet light source of appropriate frequency.
3.4.1 Failure criteria. Anyeviden-

ofdyepenetration intothedeviW

-viQshall

Wnstituteafailu=

3.5 Test rendition E.weioht qainqross leak.
3.5.1 Procedure. ~edevi=s
shall beplaEd inanoven at125"C forlhourminimum, aRerwtich theyshall be allowed
tocoolto roomambient temperature. Eachdevim shall reweighed andtheinitial weight mmtiedorthe
devimsmaybe
c.ategorized into cells as follows. Devices having avolumeof~O.01 ccshall becategorized incells of 0.5 milligram
increments anddevices with vo!ume~O.01 CCSha!lbe Categorized in CellSOf l. Omilligram increments. Thedevic-es shall be
plaWdin avacuuWpessu=
chamber andthepmssum mduEdto 5tomand maintained forl hourexcept that fordevices
with anintemal cavity volume ZO.1 cc, this vacuum cycle maybe omitted. Asufkient amount oftypelll detector ffuidshali
be admitted to the pressure chamber to cover the devices. When the vacuum cycle is performed, the fluid shall be admitted
aftwthe l-hour pericdbut before breaking the vacuum. 7hedevices shall then bepmssutized to75psia minimum except
that90minimum psiashall beusedwhen thevacuum qclehas beenomitied. llepressure shaHbemaintained for2hours
minimum. lfthedevi-s
till nottithstand the75psia test pmssuE, tiapressure may belowmd to45psia minimum tith
the vacuum cycfe and the pressure maintained for 10 hours minimum.
Upon completion of the pressurization period, the pressure shall be released and the devices removed fmm the pressure
chamber andretained inabath of theperffuorocarbon tluid. When thedevices aremmoved fmmthefluid they shall be air
dried for2M minutes piiortoweighing. Tmnsferthe devi=ssingly tothebalananddetemine theweight orweight
categov ofeach device. AlldeviUs shall betested w"tMn4minutes following mmovalfrom the fluid. Thedelta weight shall
bem!culated fmmthemmti
of theinitial weight andthepost Wightofthedevim.
Devices which werecategorized shall
be separated into two groups, one group which shall be devices which shifted one cell or less and the other group which
shall be devices which shifted more than one cell.
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3.5.2 Failure criteria. Adevi=shall
berejetied ifitgains l. Omilligram ormOreand hasanintemal volume of5O.Olm3
and2.0milligrams ormon?if thevolumeis>O.01
cm’. lfthedevices arecategorized, anydevice which gains enough
wightto auseitto shiRbymom than oneellshall bewnsidered areieti. Adevice which loses weight ofan amount
which if gained would cause the device to be rejected maybe retested after it is baked at 125-C for a period of 8 hours.
3.6 Testcondition C,or C,-optical gross orgrosslfineleak. Testcanditions C.and C,arespecific topackageswiththin
tids(thlckness <0.025, typically metallic). Sensitivity isrelated totheetient ofdefletion oftietid duetoaspetific
pressurs change. Foraspedfic lidmaterial andsize the followingfomulamust be met
Formndition C,: R’IEP>I.OX

IO”

Formndition C5: R41E7>I.0X

IO-’

Where
R = The minimum width of free hd (inside braze or cavity dimension in inches
E = The modulus of elasticity of the lid material
T = The thickness of the hd (inches)
3.6.1 Test condition C.-optical grOss leak. ~ewmpleted
devie(s) sha!lbe plaEdin thesealed test chamber. An
optical interferometer issetto obsewethe package lid(s). Thechamber isthenevacuated wlIilethe deflection of the fid(s)
is being observed with theoptical interferometer. Thedeflectfon of thelid(s) tiththe pressure change, andthe lack of
continued deflection of the lid(s) with the reduced pressure held constant for time t, (or equivalent procedure), will be
observed for each package in the field of view simultaneously.
3.6.1.1 Failure criteria. Adevice shall berejected foranyofthe
a.

lftheopti-l

intederometer ddnotdeteti

b.

lftheintetierometer detetithe

folfowingcriterix

deflation of thehdas thechamber pressure was initially changed.

liddefleting astietiamber

p=ssuEis

held wnstant (orequivalent pm-dure.

3.6.2 Testcondition C,-optical gross/rine leak. ~emmpleted
deviw(s) shall bepla*d inthesealed testchamber. An
optical interferometer issetto obse!ve thepackagefid(s). Thechamber isthenevacuated tiilelhe deflection oflhefid(s)
is being observed w’iththe optical interferometer. Thedeflection onthelid(s) with thepressure change andthe lack of
continued deflection of the lid(s) with the reduced pressure held constant for time t, (or equivalent procedure), will be
observed for each package in the field of view simultaneously.
~esealed
testtiamber isthenpmssurized Wth Hehumgasto3Opsig. Thelack ofdeffection of thelid(s)isthen
observed with an optical interferometer for time t, (or equivalent procedure).
3.6.2.1 Failure uitefia. Adevi=shall

bereje@ed foranyofthe

thmefolloting titeria:

a.

If the interferometer did not detect deflection of the tidas the chamber pressure was initially charged.

b.

lftheintederometer detetithe
fiddefle~ing tiomthe patiage leating i&entmpped internal pmssumdutingtime
t, as the pressure is held cmnstant(or equivalent procedure).

c.

If the interferometer detects the tid deflecting from the package leaking in the pressurized Helium gas during time t~
as the pressure is held constant (or equivalent procedure).
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3.7 -.
Devimswtiti
failgross leak(test renditions Cor E)maybe retested destwtively. Iftheretestshowsa
device to pass, that was originally thought to be a failure, then the devics need not be counted as a failure in the accept
number ofsample size number calculations. Devi=swMch fail fine leak (test andtions A,, A,, &,or B)shall not be
~tested foramptanW
unless spetifially pemitied bytheapphmble awuisition document. Where fmeleak retest is
pemined, theentire leaktest pro=dum forthespetified testmndition shall bempeated. Thatis, retest consistingofa
semnd observation on leak detection without a re-exposure to the tracer fluid or gas under the specified b?stcondition shall
not bepermissible under any circumstances. PmliminaV measuEment tOdeted residual traergas inadvisable before any
retest.
4. SUMMARY. The follting

details shall bespetified intheapphmble

a~uisition document:

a

Test condition letter when a specific testis to be appfied (see 3).

b.

Accept or reject leak rate for test conditionA or B or C, when other than the accept or reject leak rate specified
herein applies (see 3.1.1.1, 3.1.1.2, 3.1.2, 3.2.5, and 3.6.2.1).

c.

Where applicable, measurements after test (see 3).

d,

Retest acceptability for test renditions A and B (see 3.7).

e.

Order of Perfonmanm of fine and gross if other than fine followed by gross except when using C, (see 3).

f.

Where applicable, the device package pressure rating shall be speufied if that rating is less than 75 psia.

9.

Fneleak testing tithwndtion
C,isonly apphmble forusetiere
wnditions Aor Bamnotapplimble.
These
conditions include package inspection on wmpleted assemblies (PC boards), pacAages with external absorbing
materials (connector), or other special conditions.
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METHOD 1015.9
BURN-IN TEST
1. PURPOSE. ~ebum-intest
ispetiomed fortiepuvose
ofsaening orebminating mawinal devi-s, those titi
inherent defetiordefe~s
resulting timmanufatiuring abemtions titi=use
time andstRss dependent failures. In the
absence of bum-in, these defective devices would be expected to result in infant mortality or early Metime failures under use
conditions. ~emfore, itisthe intent oftissmen
tostmss mimtimi&
atorabove mmimummted opemtingrnntitions
or to apply equivalent screening renditions which will reveal time and stress dependent failure modes with equal or greater
sensitivity.
2. APPARATUS.

Detilsfor~e

mquidappamtus

shall beasdestib4

inmetitilOO5.

3. PROCEOURE. ~emiaeletionic
devimshall besubjeded to~espeufied bum4nsmentest
mndtion(see3.l)
for the time and tempemture spedfied (see method 50M for the appropriate device class level) or, unless otherwise
sped fiti, foranequivalent timeand tempemtue rnmtination asdetemined timtable l(see3,1.1 and3.l.2). QML
manufacture who are certified and qualified to MIL-I-38535 may mcdify the lime or the temperature rendition
independently from the regression conditions contained in table I or the test mnditionfdrcuit specified in the device
specification or standard mic$cmircuitdrawing provided the modification is contained in the manufackms Quality
Management Planand the-Q" =tifimtion identifier ismatied onthedevims. Anytime-temperature combination which is
rnntined in Ub!elfor tieappmpriate dasslevel may beusedfor theapph=b!e test rnntition. Thetestccmditions
(dumtionand tempemtum) seletied ptiortotest shall bemrnti4and
shall govemfortie entimtest. Lead-, stud-, or
case-mounted devices shall be mounted by the leads, stud, or case in their normal mounting configuration, and the point of
mnnetion shall bemaintained atatempemtum notl-stian
thesptified amMenttemWmtu=.
Pn?andpost bum-in
measurements shallbemad
easspecified. Bum4nboatis 6hallnot employ load msistom titiammmmon
tomomtian
one device, or to more than one output pin on the same device,

.

.

3.1 Testmnditions. Basic testconditions amasshowm below. Unless otheWise specified, testrnndition Fshall not be
;:w#dtO ~asslevel Sdevi~s.
Details OfeafiOf these rnntitions, exmpttiem
noted, shall beasdestib*
in method
a.

Testmndition A Steady-state, reverse bias.

b.

Test cm_clition& Steady-state, forwwdbias.

c.

Test condition C: Steady-state, pow’erand reverse bias.

d.

Testccmdition D Parallel excitation

e.

Test condition E Ring oscillator.

f.

Testmndition F Tempemture-accelerated test

3.1.1 Testtemperature. rneambent bum4ntesttempemtum shall be125"C minimum forrnnditions Athmugh E
(except forhybrids seetable l). Attiesupptiets option, thetesttempemtum formndtions Atimugh Emaybeincmased
andthetest time reduced inaccordance with tablel. Since case andjunction temperature till, under noimalcimumstances,
be significantly higher than ambient temperature, the circuit employed should be so structured that maximum rated junction
tempemtum fortest oropemtion shall notex@ti 200"Cfordasslevel
B or175”C forclass level S(see3.1.l.1).
Devices
tithintemal themalshut40w
urcuitw shall rehandled inaadanm
titi3.2.3ofmethd
1005. Thespeufied test
temperatu= is the minimum actual ambient temperature to whiti all devic?s in the working area of the chamber shall be
exposed. ~sshaIl
beassumd bymating tiatever adjustienti amne-ssaV
intietiamber
pmfi!e, loadng, lo-tionof
rnntmlor monitoring instwments, andtheflm ofairor other suitable gasorhquid tiambermetium.
There fore, calibration
shall beatimptished
onthetiamber
inafully loaded (boadsneed not beloadd tithdevi=s),
unpowered configuration,
and the indicator sensor located at, or adjusted to reflect the coldest point in the working area.

METHOD 1015.9
1 June 1993
1

MIL-STD-S83E
.

.

3.1.1.1 Test temperature for hiqh Dower devices. Regardless of power level, devices shall be able to be burned in or
fife-tested at their maximum rated operating temperatum. For devices wlmse maximum operating temperature is stated in
terms of ambient temperature, T., table I applies. For devices whose maximum operating temperature is stated in terms of
case temperatum, T= and wfmre the ambient temperature would cause T, to exceed +200”C (+17YC for class level S), the
ambient operating temperature may be reduced during bum-in and tile test fmm +12SC to a value that will demonstrate a T,
between +175°C and +200T and Tc equal to or greater than+12YC without changing the test duratmn. Data supporting
this reduction shall be available to the acquiring and qualifying activities upon request.
3.1.1.2 Test temperature for hvbrid devices. The ambient or case bum-in test temperature shall be as specikcl in table 1,
except case tempemture bum-in shall be performed, as a minimum, at the maximum operating case temperature (T.)
specifk?dfor the device. Bum-in shall be 320 hours minimum for class level S hybrids (class K). The device should be
burned in at the maximum speufied operating temperature, voltage, and loading conditions as specified in the device
specification or drawing. Since case and junction temperature will, under normal circumstances, be significantly higher than
ambient temperature, the circuit should be so sbuctumd that the maximum rated junction temperature as spedfied in the
device specification or drawing, and the cure temperature of polymeric materials as specified in the baseline documentation
shall not be exceeded. If no maximum junction temperature is specified, a maximum of 17YC is assumed. Accelerated
bum-in (condition F) shall not be permitted. The specified test temperature shall be the minimum actual ambient or =Se
temperature that must be maintained for all devices in the chamber. This shall be assured by mahing tiatever adjustments
am necessary in the chamber profile, loading, bcation of mntml or monitoring instruments and the flow of air or other
suitable gas or liquid chamber medium.
3.1.2 Temperature accelerated test details. In test condition F, microcircuitsare subjected to bias(es) at a temperature
(17$C to 25WC) which considerably exceeds the maximum rated junction temperature. At these elevated temperatures, it
is generally found that microcircuits will not operate normally as speufied in their applicable acquisition documents, and it is
therefore necessary that special attention be given to the choice of bias urcuits and conditions to assure that important
circuit areas are adequately biased without subjecting other areas of the circuit to damaging overstress(es). To properly
select the accelerated test conditions, it is recommended that an adequate sample of devica be exposed to the intended
high temperature tile measuring voltage(s) and current(s) at each device terminal to assure that the applied electrical
stresses do not induce damaging overstress. Unless otherwise specified in the device specifications or drawings, the
minimum time-temperature combination shall be as delineated by table 1. The minimum test time shall be 12 hours. The
applied voltage at any or all te~inals shall be equal to the remmmended operating voltage(s) at 125”C. When excessive
current flow or power dissipation would result from operation at the spech%d voltage(s), the applied voltage(s) at any or all
terminals may be reduced to a minimum of 50 perc?nt of the specified voltage(s) and the testing time shall be determined in
acxmdan= with the formula given in 3.5.6 of method 1005. Devices with internal thermal shutdown Circuitfyshall be
handled in accordance with 3.5.6.1 of method 1005. Thermal runaway conditions must be avoided at all times.
3.2 Measurements. Pre bum-in measurements, when specified, or at the manufacturer% discretion when not specified,
shall be conducted prior to applying bum-in test conditions. Post bum-in measurements shall be mmpleted within 96 hours
afler removal of the devices from the specified bum-in test condition (i.e., either removal of tempemture or bias) and shall
consist of all 25°C de parameter measurements) (subgroup A-1 of method 5005, or sutgmups tested in tieu of A-1 as
allowed in the most similar militav device specification or standard microcircuitdrawing) and all parametem for which delta
hmits have been specified as part of interim (post-bum-in) electrical measurements. Delta bmit acceptance, tien
applicable, shall be based upon these Measurements. If these measurements cannot be completed within 96 hours, for
edher the standard or accelerated bum-m, the devices shall be subjected to the same test condition (see 3.1) and
temperature previously used for a minimum additional rebum-in time as specified in table I before post bum-in
measurements are made.
3.2.1 Cooldov.’nafter standard bum-in. All devices shall be cooled to within lWC of their power stable condition at room
temperatu= prior to the removal of bias. The interruptionof bias for up to 1 minute for the purpose of moving the devices to
moldmvn positions separate from the chamber within which bum-in testing was performed shall not be mnsidered removal
of bias, (bias at cooldown position shall be same as that used during bum-in). Alternatively, except for linear or fdOS
(CMOS, NMOS, PMOS, etc.) devices or unless otherwise specified, the bias maybe removed during cooling provided the
case temperature of devices under test is reduced to a maximum of 3YC within 30 minutes after the removal of the test
conditions and provided the devices under test are removed from the heated chamber within 5 minutes following removal of
bias. All 25°C dc measurements or alternate subgroups (see 3.2) shall be completed prior to any reheating of the device(s).
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3.2.2 Cooldown after accelerated bum-in. All devices subjected to the accelerated testing of condition F shall be moled
to within lWC of power stable at room temperature prior to the removal of bias. Interruption of bias for a pericd of up to 1
minute for the puqme of moving devices to cooldovm positions separate from the chamber within which bum-in was
conducted shall not be considered removal of bias, (bias at moldown position shall be same as that used during bum-in).
All specified 25-C dc electrical measurements shall be completed prfor to any reheating of the devices.
3.2.3 Test setup monitoring. The test setup shall be monitomd at the test tempemtum initially and at the rnndusion of
the test to establish that all devices are being stressed to the specified requirements The following is the minimum
acceptable monitoring proc?du~

I
.

a

Device sockets. Initially and at feast each 6 months thereafter, (once evey 6 months or just prior to use if not U*
duting the 6 month period) each test board or tray shall be dIeCkd to Wify continuity to COMh?CtO1pOiNS to assure
that bias supplies and signal information will be apptied to eati socket. Board capacitance or resistance required to
ensure stability of devices under test shall be checked during these initial and peticdic verification tests to ensure they
will perform their proper function (i.e., that they are not open or shorted). Except for this initial and periodic
verification, each device or device socket does not have to be checked; however, random sampling techniques shall
be apptied prior to each time a board is used and shall be adequate to assure that there are COrrectand continuous
electrical connections to the devices under test.

b

Connectom to test boards or trays. After the test boards are Ioadd with devices, inserted into the oven, and brought
up to at least 12YC (or the specified test temperatum, if less than 12YC) each required test voltage and signal
condition shall be verified in at.least one location on each test board or tray so as to assure electrical continuity and
the corred application of speafied elecbicd stresses for each ccmnetilon or contact pair used in the applicable test
configuration. This shall be performed by opening the oven for a maximum of 10 minutes.

c

At the rnndusion of the test pericd, prior to removal of devices from temperature and test conditions, the voltage and
signal condition verification of b above shall be repeated.

d

For class level S devices, each test board or bay and each test socket shall be verified prior to test to assure that the
soecified test conditions are appfied to each device. This may be acmmpfished by verifXn9 the devi- ~ndional
tisponse at each device output(s). An approved alternate procedure may be used.

Wlere failures or open mntacts occur which result in removal of the required test stresses for any pericd of the required test
duration (see 3.1 ), the test time shall be extended to assure adual exposure for the total minimum specified test duration.
Any Ioss(es) or interruption(s) of bias in excess of 10 minutes total duration tile the chamber is at temperatu= during the
final 8 hours of bum-in shall require extension of the test duration fOran unintemipted 8 hours minimum, aRer the last bias
interruption.
4. SUMMARY. The following details shall be specified in the applicable acquisition document

.

a. Test duration if other than as defined for the applicable class level in method 5004, or timetemperature combination
shown in table L
b. Test condition tetter.
c. Bum-in test temperature, and whether ambient, juntilon, or case (see 3), if other than as specified in 3.1.1.
d. Test mounting, if other than normal (see 3).
e. Pre and post bum-in measurements and drift timits, as applicable (see 3,2).
f,

9.

Authorization for use of condition F and special maximum test rating for condition F (see 3.1 and 3.1.2), when
applicable.
Time within which post bum-in measurements must be completed if other than specified (see 3.2).
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TABLE 1. Bum-in time-temperature rearessicm. l/ a 3 SI
Minimum
tempemture
TA ~C)

Minimum time (hours)

Test
condition
(see 3.1)

Minimum
rebum-in
time (hours)

Hybrids only

24

Class level S

Class level B

Class level S hybrids
(Class K)

100

—

352

700

105

—

300

600

24

110

—

260

520

24

115

—

220

440

120

—

190

360

125

240

160

320

130

206

136

—

135

180

120

—

140

160

105

—

16

145

140

92

—

14

150

120

60

175

.
.
A-E

24
24
24
21

,,

18

12

46

—

F

12

200

—

26

—

.

225

—

16

—

.

12

250

—

12

—

“

12

~/ Test condition F shall be authorized prior to use and mnsists of temperatures 17YC and higher.
Y For condition F the maximum junction tempemtun? is unlimited and care shall be taken to ensure the
device(s) does not go into thermal runaway,
~1 The only allowed conditions areas stated above.
~/ Test temperatures below 12YC maybe used for hybrid ckuits only.
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METHOD 1016
LIFE/RELIABILllY CHARACTERIZATION TESTS
1. PURPOSE. The purpose of the fife characterization tests is to determine (1) the life distributions, (2) the life
acceleration characteristics, and (3) the failure rate (A) potential of the devices. For a discussion of failure rates and life test
considerations, see MIL-HDBK-217. Failure rates are ordinarily determined either for general qualification of devices or the
production lines from which they are obtained or for the purpose of predicting the failure rates (or Mean Time Between
Failure (MTBF)) of equipments in which the devices are to be employed.
NOTE: A detailed dissertation on the fife test result analysis techniques, with application examples, is presented by
D.S. Peck in the Proceedings of the 9th Annual Reliability Physics Symposium (1971), pages 60 through 78. Fufther
improvements to the methods of test result analysis are possible by using computer aided techniques such as
regression analysis and iteratiie cwve fitting.
2. APPARATUS. Suitable sockets or other mounting means shall be provided to make firm electrical contact to the
terminals of devices under test in the specified circuit configuration. The mounting means shall be so designed that they will
not remove internally dissipated heat from the device by conduction, other than that removed through the device terminals
and the necessary electrical mntacts, which shall be maintained at or above the specified ambient temperature. The
aPParatus $hall prOvide fOrmaintaining the specified biases at the te~inaW) of the device under test and, when specified,
monitoring of the input excitation. Power supplies and current-setting resistoffi shall be capable of maintaining the specified
operating conditions, as minima, throughoutthe testing period with normal variations in their source voltages, ambient
temperatures, etc. The test equipment shall preferably be so arranged that only naturahwnvecticm cooling of the devices
occurs. When test conditions result in significant power dissipation, the test apparatus shall be arranged so as to result in
the approximate average power dissipation for each device whether devices are tested individually or in a group. The test
circuits need not compensate for normal variations in individual device tiaracteristics but shall be arranged so that the
existence of failed or abnormal (i.e., open, short, etc.) devices in a group does not negate the effect of the test for other
devices in the group.
3. PROCEDURE. The microelectronic devices shall be subjected to the specified test condition (see 3.4) for the
specified duration and test temperatun?, and the required measurements shall be made at the specified intermediate points
and endpoints. Lead-, stud-, or case-mounted devices shall be mounted by the leads, stud, or case in their normal mounting
configuration, and the point of mnnectkm shall be maintahed at a temperature not less than the specified temperature. The
test condition, duration, sample size, and temperature selected prior to lest shall be recorded and shall govern for the entire
test.
3.1 Test duration. The life test duration shall be as follow
Initial qualification: 4,000 (+72, -240) hours
or 75 percent failures, ~ichever comes first
All other tests
1,000 (+72, -24) hours
or 50 percent failures, whichever mmes first
Within the time interval of 24 hours before to 72 hours after the specified duration of the test, the devices shall be removed
from the specified test conditions and allowed to reach standard test conditions prior to the removal of bias.
3.2 Measurements. Measurements shall be grouped into two categories as follows
Type A

Initial and final measurement.

Type B: Interim measurements.
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Unless othetise specified, all measurements shall be completed within 8 hours afier removal of the device fmm the
specified test renditions and shall consist of the following
Type A All specified endpoint measurement.
Type E Selected uitical parameters (see 4),
The type A measurements shall be made at the zem hour and final measurement time. The type B interim measurements
shall be made at the 4, 8, 16, 32, 64, 128, 256, 512 hour times for the 1000 hour test and additionally, at 1000, and 2000
hour times for the 4000 hour test.
3.2.1 Measurements followinq life test. When devices am measured followingapplication of life test renditions, they shall
be cooled to room temperature prior to the removal of bias, All specified 25-C electrical measurements shall be completed
prior to any reheating of the devices.
3.2.2 Test setup monitotinq. The test setup shall be monitored at the test temperature initially and at the conclusion of
the test to establish that all devices are being stressed to the specified requirements. The following is the minimum
acceptable monitoring procedu~
a. Device sockets. Initially and at least each 6 months thereafter, each test board or tray shall be checked to verify
continuity to connector points to assure that bias suppties and signal informationwill be appfied to each socket.
Except for this initial and Periodic verification, each device or device socket does not have to be checked; however,
random sampling techniques shall be applied prior to each time a board is used and shall be adequate to assure that
there are correct and continuous electrical connections to the devices under test.

I

~

b. Connecton to test boards or trays. Afier the test boards are loaded with devices, inserted into the oven, and brought
up to at least 125-C or the specified test temperature, whichever is less, each required test voltage and signal
condition shall be verified in at least one location on each test board or tray so as to assure electrical continuity and
the correct application of spetiried electrical stresses for each mnnection or contact pair used in the applicable test
configuration. This may be performed by opening the oven for a maximum of 10 minutes.
c. At the conclusion of the test period, prfor to removal of devices from temperature and test conditions, the voltage and
signal condition verification of b above shall be repeated.
.

d. For class level S devices when loading boards or trays the mntinuity between each device and a bfas supply shall be
verified.
Where failures or open contacts occur whkh result in removal of the required test stresses for any period of the required test
duration, the test time shall be extended to aseure actual exposure for the total minimum specified test duration.
3.3 Test samde. The test sample shall be as specified (see 4).
. . No fewer than 40 devices shall be specified for a given
test temperature.
3.4 Test conditions. In thie candition microcircuits are subjected to bias(es) at temperatures (20WC to 30CYC)which
considerably exceed the maximum rated operating temperature. At these elevated temperatures, it is generally found that
microcircuits will not operate normally as specified in their applicable acquisition document and it is therefore necessary that
special attention be given to the choice of bias circuits and conditions to assure that important circuit areas are adequately
biased, without damaging overstress of other areas of the circuit.

I
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3.4.1 Test temperatures. Unless otherwise specified, test temperatures shall be selected in the range of 200”C to 300”C.
l%e spetiried test temperature is the minimum actual ambient temperature to which all devices in the woting area of the
chamber shall be exposed. This shall be assured by making whatever adjustments are necessav in the chamber profile,
loading, location of control or monitoring instruments, and the flow of air or other chamber atmosphem. Therefore,
calibration shall be acwmptished on the chamber in a fully loaded, unpowered mnfiguration, and the indicator sensor
located at, or adjusted to reflect the coldest point in the working area. For the initial failure rate determination test, three
temperatures shall be selected. A minimum of 2YC separation shall be maintained between the adjacent test temperatures
selected. All other periodic hfe tests shall be canducted with two temperatures and a minimum of 5WC separation.
3.4.2 Bias circuit selection. To propedy select the accelerated test Conditions,it iS recommended that an adequate
sample of devices be exposed to the intended high temperature while measuring voltage(s) and current(s) at eati device
terminal to assure that the applied electrical stresses do not induce damage. Therefore, prior to performing microcircuit fife
tests, test circuit, thermal resistance (where significant), and step-stress evaluations should be performed over the test
ranges, usually 20fYC to 300”C. Steps of 2SC far 24 houm minimum duration (all steps of equal duration with a tolerance
of no greater than *5 percent), each followed by proper electrical measurements, shall be used for stepstress tests.
Optimum test conditions are those that provide maximum voltage at high thermal stress to the most failure-prone junctions
or sites, but maintain the device current at a controlled low level. Excessive device current may lead to thermal runaway
(and ultimately device destruction). Current-timiting resistom shall be employed.
The applied voltage at any or all terminal(s) shall be equal 10the maximum rated voltage at 12SC. If necessav, only m“th
the specific approval of the qualifying activity, the applied voltage at any or all terminals(s) may be reduced to not less than
50 percent of the specified value(s) when it is demonstrated that excessive cum?nt flow or power dissipation would result
from operation at the specified voltage(s). If the voltage(s) is so reduced, the life testing time shall be determined in
accordance with the formula given in 3.5.6 of method 1005.
3.5 Life test qround rules. As an aid to selecting the proper test conditions for an effective microcircuit accelerated tife or
screening test, the following rules have been fon’nulateck
a. Apply maximum rated voltage (except as provided in 3.4.2) to the most failure prone microcircuit sites or jumtions
identified during step-stress evaluation.
t). Apply electrical bias to the maximum number of junctions.
c. In each MOS or CMOS device, apply bias to different gate oxides so that both positive and negative voltages are
present.
d. Control device currents to avoid thermal runaway and excessive e!ectromigration failures.
e. Employ Cwrent-timiting resistors in series with each device to ensure the application of electrical stress to all
nonfailed devices on test,
f.

Select a value of each current-timitingresistor large enough to prevent massive device damage in the event of
failure, but small enough to minimize variations in applied voltage due to current fluctuations.

9. Avoid conditions that exceed design or material timitationssuch as solder melting points.
h. Avoid conditions that unduly accelerate nontypical field condition failummechanisms.
1. Employ overvoltage protection circuitry.
The determination of test ccmditiom that conform to the established ground rules involves three basic steps (1) evaluation
of candidate bias urcuits at accelerated test temperatures, (2) device thermal characterization, and (3) the performance of
stemstress tests.
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3.6 Test results analysis. Failure analysis of the accelerated test results is neceseaw to separate the failuras into
temperature and nontemperature dependent categories. The nontemperature dependent failures should be removed from
the test data prior to life distributionanalysis, All failures shall be reported together with the analysis rasults and rationale for
deletion of those identified as nontemperature dependent.
3.6.1 Life distribution analvsis. The effectiveness of the test result analysis can be enhanced by ditigent failure analysis
of each test failure. Failures should be grouped by similarity of failure mechanisms, that is, surface related, metal migration,
intermetallic formation, etc. The time-tc- failure history of each failure in a group should be recorded. This incfudes the
individual failure times and the associated calculated cumulative percent failures, To facilitate estimating the distribution
parametem from small-sample fife tests, the data is plotted as a cumulative distribution. Since semiconductor life
distributions have been shown to follow a Iagnomal distribution,graph paper similar to figure 10l&i is required for data
analysis. The Iognormal distributionw“IIappear as a straight line on this paper. The expected bim.xlal distributionof “freak
and “main”populations in a combined form normally appeam as an s-shaped plot. The disbibution parameters necessary
for data analysis, median tife and sigma (o) can be calculated a%
time of 5f)0/o faihre
u=ln
time of

160/0 failure

Separate analysis of the individual ‘“frea~ and “main”populations should be performed and “goodness of fir tests applied to
test the apparent distribution(s).
3.6.2 Life acceleration analvsis. Lifeketiabitity tiaracterization requires the establishing of failure distributions for several
temperature stress levels at the same rated voltage condition. These failure distributionsmust represent a common failure
mechanism. Using a specially prepared graph paper for Arrhenius Reaction Rate Analysis as shown in figure 1016-2, the
med~an life times for the “freald and “main”populations can be plotted to determine equivalent lifAimes at the desired use
temperatums.
3.6.3 Failure rate calculations. Semiconductor failures are Icgnormally distributed. Therefore, the failure rate till vary
with time. Semiwnductor failure rates at any given time can be calculated using figure 1016-3 wlich is a normalized
presentation of the mathematical calculations for the instantaneous failure rate fmm a Iognonnal distribution.
4. SUMMARY. The followingdetails shall be as specified in the applicable acquisition document
a. Test temperature(s) and whether ambient or ease.
b. Test mounting if other than normal (see 3).
c. Endpoint measurements (see 3.2).
d. Intermediate measurements (see 3.2).
e. Criteria for failure for endpoint and intermediate measurements (see 3.2), if other than device specification limits.
f.

Test sample (see 3.3).

9. Requirements for inputs, outputs, biases, test cfrcuit, and power dissipation, as applicable (see 3.4).
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h. Requirements for data analysis, including:
(1)

Failure analysis results.

(2)

Data calculations
(a)

Lognonnal bytemperature.

(b)

Reaction mterelationships

(c)

Failure rateversustime.

—
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METHOD 1017.2
NEUTRON IRRADIATION

1. PURPOSE. The neutron irradiation testis performed to determine the susceptibility of semiconductor devices to
degra-he
neutron environment. The tests desaibed herein are applicable to integrated circuits, transistors, and
diodes. This is a destructive test. Objectives of the test are: (1) to detect and measure the degradation of critical
semiconductor device parameters as a function of neutron tluencx?,and (2) to determine if specified semi.wnductor device
parametem are within spetified limits after exposure to a specified level of neutron fluence (see section 4).
2. APPARATUS.
2.1 Test instruments, Test instmmentation to be used in the radiation test shall be standati laborato~ electronic test
instruments such as power supplies, digital volbnetem, and picoammetem, etc., capable of measuring the electrical
parameters required. Parameter test methods and calibration shall be in accordance with MIL-STO-683 or MI L-STO-750,
whichever is applicable.
. .
.
2.2 Radiation sourc9. The radiation source used in the test shall be in a TRIGA Reactor or a Fast Burst Reactor.
Operation may be in either pulse or steady-state mcde as appmpiiate. The source shall be one that is acceptable to the
acquiring activity.
2.3 Dosimebv equipment.
a. Fast-neutron threshold activation foils such as ‘S, ‘Fe, and ‘Ni
b. CaF, thermoluminescence dosimetem (TLDs).
c. Appropriate activation foil counting and TLO readout equipment.
2,4 Dosimetw measurements.
2.4.1 Neutron tluences. The neutron fluence used for device irradiation shall be obtained by measuring
the amount of radioactivity induced in a fast-neutron threshold activation foil such as ‘S, ‘Fe, or ‘Ni, irradiated
simultaneously with the device.
A standard method for converting the measured radioactivity in the specific activation foil employed into a neutron fluence iS
given in the following Department of Defense adopted ASTM standards
E263

-

Standard Test Methcd for Measuring Fast-Neutron Reaction Rates by Radioactivation of
Iron.

E264

-

Standad Test Method for Measuring Fast. Neutron Reaction Rates by Radioactivation of
Nickel.

E265

-

Standati Test Method for Measuring Fast-Neutron Reaction Rates by Radioactivation of
Sulfur.
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The conversion of the foi! radioactivity into a neutron fluence requires a knowledge of the neutron spectrum incident on the
foil. If the spectrum is not known, it shall be determined by use of the following DoD adopted ASTM standards, or their
equivalent:
E720

-

E721

-

E722

-

Standard Guide for Selection of a Set of Neutron-Activation Foils for Determining Neutron Spectra
used in Radiation-Hardness Testing of Electronics.
Standard Method for Determining Neutron Energy Spectra with Neutron-Activation Foils for
Radiation-Hardness Testing of Electronics..
Standati Practice for Characterizing Neutron Energy Fluence Spectra in Terms of an Equivalent
Monoenergetic Neutron Fluence for Radiation-Hardness Testing of Electronics.

Once the neutron energy spectrum has been determined and the equivalent monoenergetic fluence calculated,
then an appmptiate monitor foil (such as %3, ‘Fe, or *Ni) should be used in subsequent irradiations to determine the
neutron fluencs as diswssed in E722. Thus, the neutron fluence is described in terms of the equivalent monoenergetic
neutron thence per unit monitor response. Use of a monitor foil to predkt the equivalent monaenefgetic neutron fluence is
valid only if the energy spectrum remains constant.
2.4.2 Dose measurements. If absorbed, dose measurements of the gamma-my component during the device test
irradiations are required, then such measurements shall be made with CaF, thermoluminescence dosimeters (TLDs), or
their equivalent. These TLDs shall be used in acwrdance with the recommendations of the following DoD adopted ASTM
standati:
E668

-

Standaid Practice for the Application of Thermoluminescence-Dosimetry (TLD) Systems for
Determining Absorbed Dose in Radiation-Hardness Testing of Electronic Devices.

3. PROCEDURE.
3.1 Safety requirements. Neutron irradiated parts may be radioactive. Handling and storage of test specimens or
equipment su~ected to radiation environments shall be governed by the procedures established by the local Rati!ation
Safety Ohicer or Health Physicist.
NOTE: The receipt, acquisition, possession, use, and transfer of this material after irradiation is subject to the regulations of
the U.S. Nuclear Regulatov Commission, Radioisotope License Branch, Washington, DC 20555. A by-product
ficense is required before an irradiation facifitywill expose any test devices. (U.S. Code, see 10 CFR 30-33.)
3.2 Test samples, A test sample shall be randomly selected and consist of a minimum of 10 parts, unless otherwise
speufied. All sample parts shall have met all the requirements of the governing Specification for that part. Each part shall
be serialized to enable pre and post test identificationand comparison.
3.3 Pre-exPOsule.
3.3.1 Electrical tests. Pm-exposure electrical tests shall be perfotied on each part as required. Where delta parameter
hmits are specified, the pre-exposum data shall be remrded.
3.3.2 ExDosure set-uP. Each device shall be mounted unbiased and have its terminal Iead$ either all shorled or all open.
For MOS devices or any microcircuitcontaining an MOS element, all leads shall be shorted, An appropriate mounting
fxture wtich will accommodate both the sample and the required dosimete= (at least one actuation foil and one CaF, TLD)
shall be used. The mnfiguration of the mounting fixture will depend on the type of reactor facility used and should be
discussed with reactor facility personnel. Test devices shall be mounted such that the total variation of fluence over the
entire sample does not exceed 20 percent. Reactor facility personnel shall determine both the position of the fixture and the
aPPr0Pr%3tepulse leVel or power time product required to achieve the specified neutron fluence level.

METHOD 1017.2
25 August 1983

MIL-STO-S83E

3.4 ExDosure. The test devices and dosimetem shall be exposed to the neutron tluence as specified. The exposure level
may be obtained by operating the reactor in either the pulsed or power mode. [f multiple exposures ars required, the
post-radiation electrical tests shall be petiormed (see 3.5.1) after each exposure. A new set of dosimeters are required for
each exposure level. Since the effects of neutrons are cumulative, each additional exposure will have to be determined to
give the speciied total accumulated iluence. All exposures shall be made at 2~C *lWC and shall be mrrelated to a 1 MeV
equivalent fluencs.
3.5 POst-ex90sure.
3.5.1 Electrical tests, Test items shall be removed only aRer dearanca has been obtained from the Health Physicist at
the test facility. The temperature of the sample devices must be maintained at 2LYC*1O”C from the lime of the exposure
until the post-electrical tests are made. The post-exposure electrical tests as specified shall be made within 24 hours afler
the completion of the I?XPOSUE.If the residual radioactivity level is too high for safe handling, this level to be determined by
the local Radiation Safety Ofiicer, the elapsed time before post- test electrical measurements are made maybe extended to
1 week. Alternatively, previsions may be made for remote testing. All required data must be recorded for each device after
each exposure.
3.5,2 Anomab investigation. Parts WiIich exhibit previously defined anomalous behavior (e.g., nonlinear degradation of
,125) shall be subjected to failure analysis in accordance with method 5003, MIL-STO-883.
3.6 Reportinq. As a minimum, the report shall include the part type number, serial number, manufacturer, controlling
specification, the date tie
and other identifying numbers given by the manufacturer. Each data sheet shall include
radiation test date, electrical test conditions, radiation exposure levels, ambient cmditions as well as the test data. Where
other than specified electrical test circuits are employed, the parameter measurement circuits shall accompany the data.
Any anomalous incidents during the test shall be fully explained in footnotes to the data.
4. SUMMARY. The following details shall be specified in the request for test or, when applicable, the acquisition
document
a.

Part types.

b.

Quantities of each part type to be tested, if other than speufied in 3.2.

c.

Elecbical pammetem to be measured in pre and post exposure test%

d.

Criteria for Pass, fail, record actions on tested parh.

e.

Criterfa for anomalous behavior designation.

f,

Radiation exposure levels.

9.

Test instrument requirements.

h.

Radiation dosimeby n?quicsments,if other than 2.3.

i.

Ambient temperature, if other than specified herein.

i.

Requirements for data reporting and submission, where applicable (see 3.6).
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METHOD 1018.2
INTERNAL WATER-VAPOR CONTENT
1. PURPOSE. The purpose of this testis to measure the water-vapor content of the atmosphere inside a metal or
ceram~c-ally-sea!ed
device. It can be destmctiie (procedures 1 and 2) or nondestmctive (procedure 3).
2. APPARATUS.

The apparatus for the internal water-vapor content test shall be as follows for the chosen procedure:

2.1 Procedure 1. (Procedure 1 measures the water-vapor content of the devics atmosphere by mass spectmmetfy.) The
apparatus fOrprocedure 1 shall consist OC

.

a,

A mass spectrometer capable of repmduubly detecting the specified moisture content for a given volume package
with a factor of ten sensitivity safety margin (i.e., for a specified fimitof 5,000 ppmv, .01 cc, the mass spectrometer
shall demonstrate a 500 ppmv or less absolute sensitivity to moisture for a package volume of .01 cc). The
smallest volume shall be canside=d the worst case. The calibration of the mass spectrometer shall be
accomplished at the specified moisture timit(i20 percent) using a patiage simulator which has the capability of
generating at least three known volumes of gas HO percent on a repetitive basis by means of a continuous
sample volume purge of known moisture mntent MO percent. MoistuR content shall be established by the
standard generation techniques (i.e., 2 pmssum, divided flow, or ayogenic method). The absolute moistu= shall
be measured by an NIST calibrated moisture dew point analyzer at least once every 2 years. The NIST calibrated
dew pointer shall be returned to the National Institute of Standa!ds and Technology at least once each year for
recalibration. Calibration remrds shall be kept on a daily basis and made available to DCMA personnel. Gas
analysis nsdts obtained by this method shall be considered valid only in the moisture range or limit bracketed by
at least two (volume or concentration) calibration points (i.e., 5,000 ppmv between .01 -.1 cc.or 1,000-5,000
ppmv between .01 -.1 cc). A best fit curve shall be used between volume calibration points. Corrections of
sensitivity factors deviating greater than 10 percent fmm the mean between calibration points shall be required.

b,

A vacuum opening chamber which can contain the device and a vacuum transfer passage connecting the device
to the mass spectrometer of 2.1 a. The transfer passage shall be maintained al 12SC iYC. The fwturing in the
vacuum opening chamber shall position the specimen as required by the piercing arrangement of 2.1 c, and
maintain the device at tOO”C+5-C for a minimum of 10 minutes prior to pieting.

c.

A Pierting arrangement functioningwithin the opening chamber or transfer passage of 2. lb, which can pierce the
specimen housing (without breaking the mass spectrometer chamber vacuum and without disturbing the package
sealing medium), thus allowing the specimen’s internal gases to escape into the chamber and masa spectrometer.

NOTE

A sham-pointed piercing tool, actuated fmm outside the chamber wall via a bellows to permit movement, should be
used to ierce both me~al and ceramic packages. For ceramic packages, the package lid or cover should be locally
thinned by abrasion to faciliite localized piercing.

2.2 ProceduR 2. (Procedu= 2 measures the water-vapor content of the device atmosphere by integrating moisture
picked up by a dry canier gas at 5~C.) The apparatus for procedure 2 shall wnsist of
a.

An integrating electronic detector and moisture sensor capable of reprodudbly detecting a water-vapor content of
300 *5o ppmv moistu= for the package volume being tested. ‘flis shall be determined by dividing the absolute
sensitivity in micrograms H,O by the computed weight of the gas in the device under test, and then correcting to
ppmv.

b.

A pieting chamber or enclosure, connected to the integrating detector of 2.2a, which will contain the device
specimen and maintain ikstemperature at IOLTC *5°C during measurements. The chamber shall position the
specimen as required by the piercing arrangement. The piercing mechanism shall open the package in a manner
which will allow the contained gas to ba purged out by the carrier gas or removed by evacuation. The sensor and
connection to the piercing chamber will be maintained at a temperature of 5WC -C.
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2.3 Procedure 3. (Procedure 3 measures the water-vapor content of the device abnosphete by measuring the response
of a ca-sture
sensor or an IC chip which is sealed tithin the device housing, with its electrical terminals available
at the package exterior.) The apparatus for procedure 3 shall consist of one of the f0110win9:
a.

A moistu= sensor element and readout instrument capable of deteding a water-vapor content of 300 *5O ppmv
while sensor is mounted inside a sealed device.

b.

Meta!lization runs on the device being tested isolated by back-biased diedes which when connected as part of a
bridge netwoti can detect 2,000 ppmv within the cavity. The chip shall be cooled in a manner such that the chip
surf=ce is the coolest surface in the cavity. The device shall be cooled below dew point and then heated to room
temperature as one complete test cycle.

NOTE: Suitable types of sensom may include (among others) parallel or interdigitated metal stripes on an oxidized silicon
chip, and porous ancdzed-aluminum structures with gold-surfarn electrodes.
Surface conductivity sensors may not be used in metal packages without external package wall insulation. When used, the
sensor shall be the coolest surface in the cavity. It should be noted that some surface conductivity sensors require a higher
ionic cantent than available in ultraclean CERDIP packages. In any case, correlation with mass spedmmeter procedure 1
shall be established by dearly showing that the sensor reading can determine whether the cavity atmosphere has more or
less than the specified moisture Kmitat 10&C.
3. PROCEDURE. The internal water-vapor content test shall be canducted in accordanm with the requirement of
procedure 1, procedure 2, or procedu~ 3. Devices containing desiccants or organics shall be prsbaked for 12 to 24 hours
at IOWC *SC prior to hot insertion into apparatus.
3.1 Procedu= 1. The device shall be hermetic in accordanm with test method 1014, and frse from any surface
contam-ti
may interfere with accurate water-vapor content measurement.
After devi- insertion, the device and chamber shall be pumped down and baked out at a temperature of 10~C *YC until
the background pressure level will not prevent achieving the specified measurement accuracy and sensitivity. After
pumpdown, the device case or hd shall be punctured and the following propeties of the released gases shall be measured,
using the mass spectmmetec
a,

The increase in chamber pressm? as the gases are released by piercing the devit% package. A pressure rise of
less than 50 percent of normal for that package volume and pressurization may indicate that(1) the puncture was
not fully acmmptished, (2) the device package was not sealed hermetically, or (3) does not contain the normal
internal pressure.

b.

me water-vapor content of the released gases, as a proportion(by volume) of the total gas content.

c,

The proportions(by volume) of the other followinggases N,, He, Mass 69 (fluorocarbons), 0,, Ar, H,, CO,, CH,,
and other solvents, if available. Calculations shall be made and reported on all gases present greater than 1
percent by volume. Data reduction shall be performed in a manner which will preclude the mating pattern
interference from other gas specie in the calculations of moisture content. Data shall be corrected for any system
dependent matrix effects such as the presence of hydrogen in the internal ambient.
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3,1.1 Failure criteria.
a. A device which has a water-vapor content greater than the specified maximum value shall constitute a failure.
b. A device whiti exhibits an abnormally low total gas content, as defined in 3. la, shall constitute a failure, if it is not
replaced. Such a device may be replaced by another device from the same population; if the replacement device
exhibits normal total gas content for its type, neither it nor the original device shall constitute a failure for this cause.
c. Data analysis on devices captaining desiccants or organics shall be terminated after 95 percent of the gas has been
analyzed in a dynamic measurement system or data shall be taken after Prtssure has stabilized for a period of 2
minutes in a static system or in any manner which approaches the true measurement of ambient moisttm?in
equilibrium at 10~C within the cavity.
3.2 Procedure 2. The devi- shall be hermetic in accwdanm with test methcd 1014, and free from any surface
contam~h
may interfere with accurate water-vapor content measurement.
After device inserlion into the pierdng chamber, gas shall be flowed through the system until a stable base-tine value of the
detector output is attained. Wth the gas flow continuing, the device package shall then be pierced so that a portion of the
purge gas flows through the package under test and the evolved moisture integrated until the base-line detector reading is
again reached. An alternative allows the package gas to be transfemd to a holding chamber which contains a moisture
sensor and a pressure indicator. System is calibrated by injecthg a known quantity of moisture or opening a package of
known moistwe content.
3.2.1 Failure cdteria.
a. A device which has a water-vapor content (by volume) greater than the specified maximum value shall constitute a
failura.
b. After removal from the piercing chamber, the devics shall be inspected to ascertain that the package has been fully
opened. A device package which was not pierced sha[l constitute a failure, if the test is not parformed on another
device from the same population if thk retest sample or replacement is demonstrated to be pierced and meets the
specified water-vapor content uiteria, the specimen shall be mnsiderad to have passed the test.
c. A package which is a leaker in the purge case will be wet and munted as a failure. In the case of evacuation, a
normal pressure rise shall be meaaured as in 3.1 a.
3.3 Procedure 3. The moisture sensor shall be calibrated in an atmosphere of known water-vapor content, such as that
established by a saturated solution of an appmpiiate salt or dilution flow stream. It shall be demonstrated that the sensor
calibration can be verified afier package seal or that post seal calibration of the sensor by lid removal is an acceptable
procedure.
The moisture sensor shall be sealed in the device package or, when specified, in a dummy package of the same type. This
sealing shall be done under the same procasses, with the same die attach materials and in the same fadities during the
same time period as the device population being tested.
The water-vapor content measurement shall be made, at 10VC or below, by measuring the moisture sensor response.
Correlation with procedure 1 shall be acz.umptishedbefore suitability of the sensor for procedure 3 is granted. It shall be
shown the package ambient and sensor surface are free from any contaminating materials such as organic solvents which
might result in a lower than uSual moisture reading.
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3.3.1 Failure criteria. A specimen WICJI has a water-vapor mntent graater than the spedfied maximum value shall
constitute a failure

.

4. IMPLEMENTATION. Suitability for performing methcd 1018 analysis is granted by the qualifying activity for speCiIiC
hmits and volumes. Method 1018 calibration procedures and the suitability survey are designed to guarantee HO percent
Iabtc-lab correlation in makino a determination whether the samule uasses or fails the specified fimit. Water vapor contents
reported either above or belo~ the (water vapor content - volume) m’ngeof suitability a~ not certified as correlatable values.
This out of specification data has meaning only in a relative sense and only when one Iaboratov’s results am being
compared. Suitability status has been granted for a specification timitof 5,000 ppmv and package volumes falling between
.01 cc and .85 cc. The range of suitability for each Iaborato!y will be extended by the qualifying activity when the analytical
laboratories demonstrate an expanded capability, Information on current analytical laboratory suitability status can be
obtained by vniting DSCC-VQC, 3990 East Broad Street, Columbus, OH 43216-KK?Qor by calling 614-692-0601.

I

I

5. SUMMARY. The followingdetails shall be specified in the applicable acquisition document
a. The procedure (1, 2, or 3) when a specific procedure is to be used (see 3).
b. The maximum allowable water-vapor mntent falling within the range of suitability as specified in test method 5005,
5008, or 5010.
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METHOD 1019.4
IONIZING RAOIATION (TOTAL 00SE) TEST PROCEDURE
1. PURPOSE. This test procedure defines the requirements for lesti~ packaged semiconductor integrated circuits for
ionizizn
(total dose) effects from a cobalt40 (mCo) gamma ray source. In addition this procedure provides an
accelerated aging test for estimating low dose rate ionizing radiation effects on devices. TNs aging testis impmtant for low
dose-rate or cerlain other applications in which devices may exhibit significant time-dependent effects. This procedure
addresses only steady stale imdiations, and is not applicable to pulse type irradiations. Thh test may produce severe
degradation of the electrical properties of irradiated devices and thus should be considered a destructive test.
1,1 Definitions, Definitions of terms used in this pmceckmsare given below
a.

Ionizinq radiation effects. The changes in the electrical parametem of a devics or integrated drcuit resulting from
radiation-induced charge. It is also referred to as total dose effects.

b. In-flux test. Electrical measurements made on devices during irradiation exposure.
c.

Not in-flux test. Electrical measurements made on devices at any time other than during ikmdiation.

d. Remote tests. Electrical measurements made on devices which are physically removed from the radiation
location,
e. lime dependent effects, Significant degradation in electrical parameters caused by the growth or anneafing or
both of radiation-induced trapped charge after ihmdiation. Similar effects also take place during irradiation.
f.

Accelerated aainq tast. A pmcedum utilizingelevated temperature to accelerate timedependent effects.

2. APPARATUS. The apparatus shall mnsiat of the mdiation source, electrical test instrumentation, teat circuit board(s),
cabling, intefwnnect board or switchng system, an appmpfiate dosimetry measurement system, and an environmental
chamber (if required for time-dependent effects measurements). Adequale precautions shall ba observed to obtain an
electrical measurement system with sufficient insulation, ample shielding, satisfacto~ grounding, and suitable low noise
characteristics.
2.1 Radiation source. The radiation source used in the test shall be the uniform field of a ‘Co gamma my source.
Uniformity of the radiation field in the volume whera devices are irradiated shall be withh *1 O percent as measured by the
dosimetry system, unless otherwise specified, The intensity of the gamma ray field of the ‘Co source shall be known with
an uncertainty of no more than +5 percent. Field uniformity and intensity can be affected by changes in the location of the
device with respect to the radiation source and the presence of radiation absorption and scattering materials.
2.2 Dosimetw svstem. An appropriate dosimeby system shall be provided which iScapable of carrying out the
measurements called for in 3.2. The followingAmerican Society for Testing and Materials (ASTM) standatis or othe!
appropriate atandads shall be used:
ASTM E 666

-

Standard Method for Calculation of Absorbed Oose from Gamma or X Radiation.

ASTM E 666

-

Standard Practice for the Application of Thermoluminescence Dosimeby (TLO) Systems
for Determining Absorbed Dose in Radation-fiardness Testing of Electronic Devices.

ASTM E 1249 -

Minimizing Oosimetry Errors in Radiation Hardness Testing of Sitican Electronic
Oevices.
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ASTM E 1250 -

Standard Method for Application of Ionization Chambem to Assess the Low Energy Gamma
Component of Cobalt 60 Irradiators Used in Radiation Hardness Testing of silicon Electronic
Devices,

ASTM E 1275 -

Standard Practice for Use of a Radiotimmic Film Dosimetw S)’Stem.

These industry standards address the conversion of absorbed dose from one material to another, and the proper use of
various dosimetry systems. 1/
2.3 Electrical test instmments. AUinstrumentation used for electrical measurements shall have the stabitity, accuracy,
and resolution required for accurate measurement of the elecbical paramete=. Any instrumentation required to operate in a
radiation environment shall be appropriately shielded.
2.4 Test circuit board(sl. Devices to be irradiated shall either be mounted on or connected to circuit boards together with
any associated circuitry necessary for device biasing during irradiation or for in-situ measurements. Unless otherwise
specified, all device input terminals and any others which may affect the radiation response shall be electrically connected
during irradiation, i.e., not Iefi floating. The geometry and materials of the completed board shall allow uniform irradiation of
the devices under test. Good design and constructionpractices shall be used to prevent oscillations, minimize leakage
currents, prevent electrical damage, and obtain accurate measurements. Only sockets which are radiation resistant and do
not exhibit significant leakages (relative to the devices under test) shall be used to mount devices and associated circuitw to
the test board(s). All apparatus used repeatedly in radiation fields shall be checked periodically for physical or electri”mt
degradation. Components whiti are placad on the test circuit board, other than devices under test, shall be insensitive to
the accumulated radiation or they shall be shielded from the radiation. Test fixlures shall be made SUCAthat materials will
not perturb the uniformity of the radiation field intensity at the devices under test. Leakage current shall be measured out of
the radiation field. With no devices installed in the sockets, the test circuit board shall be connected to the test system such
that all expected sources of noise and interfemme are operative. Wth the maximum specified biaS for the test device
appfied, the leakage cuflent beheen any ~0 terminals shall not exceed ten percent of the lowest wrrent limit value in the
pm-irradiation device specification. Test circuit boards used to bias devices during accelerated aging must be capable of
withstanding the temperature requirements of the accelerated aging test and shall be checked before and after testing for
physical and electrical degradation.
2.5 x.
Cables connecting the test circuit boards in the radiatfon fie!d to the test instrumentation shall be as shorl as
possible. If long cables an? necessary, Me drivers maybe required. The cables shall have low capacitance and low
leakage to ground, and low leakage between wires.
2.6 Interconnect or switchinq system. This system shall be located external to the radiation environment location, and
provides the interface between the test instrumentation and the devices under test. It is part of the entire test system and
subject to the limitation specified in 2.4 for leakage between terminals.
2.7 The’ environmental chamber. The environmental chamber for time-dependent effects testing, if required, shall be
capable of maintaining the selected accelerated aging temperature within +5”C.

~/ Copies may be obtained fmm the American Society for Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.
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3. PROCEOURE. The test devices shall be irradiated and subjected to accelerated aging testing (if required for timedependent effects testing) as specified by a test plan. This plan shall specify the device deswiption, irradiation conditions,
device bias conditions, dosimeby system, operating conditions, measurement Parametem and conditions, and accelerated
aging test conditions (if required),
3.1 Sampte selection and handlinq. Only devices which have passed the electrical specifications as defined in the test
plan shall be submitted to radiation testing, Unless otherwise specified, the teSt samples shall be randomly selected from
the parent population and identically packaged. Each part shall be individually identifiable to enable pra. and post-irradiation
comparison. For device types which am ESO-sensitive, proper handling techniques shall be used to pravent damage to the
devices.
3.2 -.
For some devices, there are differences in the total dose radiation response befora and after bum-in.
Unless II has been shown by prior Charatiedzation or by design that bum-in has negligible effect (parametem remain within
postimadiation specified electrical hmita) on the total dose radiation response, then one of the following must be done
3.2.1 The manufacturer shall subjeti the radiation samples to the specified bum-in conditions prior to conducting total
dose radiation testing or
3.2.2 The manufacturer shall develop a curraction factor, (which is acceptable to the parties to the test) taking into
account the changes in total dose response resulting from subjecting product to bum-in. The correction factor shall then be
used to accept product for total dose response without subjecting the test samples to bum-in.
3.3 Oosimebv measurements. The radiation field intensity at the location of the device under test shall be determined
prior to testing by dosimet~ or by source decay correction calculations, as appropriate, to assure mnformance to test level
and uniformity requirements. The dose to the device under test shall be determined one of two ways: [1) by measurement
during the irradiationwith an appropriate dosimeter, or (2) by correcting a pravious dosimeby value for the decay of the ‘Co
source intensity in the intewening time. Appropriate corrac.tionshall be made to convert from the measured or calculated
doss in the dosimeter material to the dose in the device under test.
3.4 LeadlAluminum (PblAl) container. Test specimens shall be enclosed in a Pb/Al container to minimize dose
enhancement effects caused by Iow-anergy, scatterad radiation. A minimum of 1.5 mm Pb, surrounding an inner shield of at
least 0,7 mm Al, is required. This Pb/Al container produces an approximate charged particle equilibrium for Si and for TLDs
such as CaF, The radiation field intensity shall be measured inside the Pb/Al container(1) initially, (2) when the source is
changed, or (3) when the orientation or configuration of the source, container, or test-fixture is changed. Thk measurement
shall be performed by placing a dosimeter (e.g., a TLO) in the device-irradiation container at the approximate testdevie
position, If it can be demonstmted that low energy scattered radiation is small enough that it will not cause dosimetry errors
due to dose enhancement, the PWAI container maybe omitted.
3.5 Radiation level(s). The test devices shall be irradiated to the dose level(s) specified in the test plan within *IO
percent. If multiple irradiations are raquired for a set of test devices, then the post-irradiation electrical parameter
measurements shall ba performed after each irradiation.
3.6 Radiation dose rate.
CAUTION: For the application of some bipolar and biCMOS devices to space-fevel dose rates, testing at condition A
dose rates may not provide worst case results. These ara devices that fail due to reduced transistor gain. For such
devices, the excass base currant has been observed to increase at decreasing do5e rates. For these devices, testing shall
be accamptished at the lowest dose rate of interest in acwrdance with ConditionsB or C in order to obtain a Ccmsewative
estimate of the device Performance.
3.6,1 Condition A. For condition A (standard condition) the dose rate shall be between 50 and 300 radWii)ls [0.5 and 3
Gy(Si)ls] ‘co z The dose rates may be different for each radiation dose level in a serie% however, the dose ~te shall not
vary by mom than *1O percant during each irradiation.

~ The S1 unit for the quantity absorbed dose is the gray, symbol GY. 100 rads = 1 Gy.
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3.6.2 Condition 8. For condition B, if the maximum dose rate is <50 rads(Si)fs in the intended application, the parties to
the test may agree to perform the test at a dose rate 2 the maximum dose rate of the intended application. Unless the
exclusions in 3.11. lb are met, the accelerated aging test of 3.11.2 shall be performed.
3.6.3. Copdi~ofl C. For condition C, (as an alternative) the test maybe performed at the dose rate of the intended
applic=dlonIf this IS agreed to by the parlies to the test.
3.7 Temperature requirements. Since radiation effects are temperature dependent, devices under test shall be irradiated
in an ambient temperature of 24-C WC as measured at a point in the test chamber in close proximity to the test fixture.
The electrical measurements shall be performed in an ambient temperatu= of 25°C *SC. If devices are transported to and
from a remote electrical measurement site, the temperature of the test devices shall not be allowed to increase by more than
IWC from the irradiation environment. If any other temperature range is required, it shall be specified.
3.8 Electrical performance measurements. The electrical parametem to be measured and functional tests to be
performed shall be specified in the test plan. As a check on the validity of the measurement system and pm- and postirradiation data, at least one cantml sample shall be measured using the operating wnditions provided in the governing
device specifications. For automatic test equipment, there is no restriction on the test sequence provided that the rise in the
device junction temperature is minimized. For manual measurements, the sequence of parameter measurements shall be
chosen to allow the shortest possible measurement period. When a eeries of measurements is made, the tests shall be
arranged so that the lowest power dissipation in the device occurs in the earliest measurements and the power dissipation
increases with subsequent measurements in the sequence.
The pm?-and post-irradiation electrical measurements shall be done on the same measurement system and the same
sequence of measurements shall be maintained for each series of electrical measurements of devices in a test sample.
Pulse-type measurements of electrical parametem should be used as appropriate to minimize heating and subsequent
annealing effects. Devices which will be subjected to the accelerated aging testing (see 3.11) may be given a preirradiation
bum-in to eliminate bum-in related failures.
3.9 Test conditions. The use of in-flux or not in-flux testing shall be specified in the test plan. (This may depend on the
intended application for which the data is being obtained.) The use of in-flux testing may help to avoid variations introduced
by post-irradiation time dependent effects. However, errors maybe incurred for the situation where a device is irradiated influx with static bias, but where the electrical testing conditions require the use of dynamic bias for a significant fraction of the
total irradiation period. Not-in-flux testing generally allows for more comprehensive electrical testing, but can be misleading
if significant post-irradiation time dependent effects occur.
3.9.1 In-flux testinq. Each test device shall be checked for operation within specifications prior to being irradiated. After
the entire system is in place for the in-flux radiation test, it shall be checked for proper interwnnections, leakage (see 2.4),
and noise level. To assure the proper operation and stability of the test setup, a control device with known parameter values
shall be measured at all operational conditions called for in the test plan. lWs measurement shal} be done either before the
insertion of test devices or upon completion of the imdiation afler removal of the test devices or both.
3.9.2 Remote testinq. Unless otherwise specified, the bias shall be removed and the devirx leads placed in conductive
foam (or similarly shorted) during transfer from the irradiation source to a remote tester and back again for tirther irradiation.
l%is minimizes post-irradiation time dependent effects.
3.9.3 Bias and Ioadinc!conditions. Bias conditions for test devices during irradiation or accelerated aging shall be within
*1O percent of those specified by the test plan. The bias applied to the test devices shall be selected to produce the
greatest radiation induced damage or the worst-case damage for the intended application, if known. The specified bias shall
be maintained on each device in acwrdance with the test plan. Bias shall be checked immediately before and after
irradiation. Care shall be taken in selecting the loading such that the rise in the junction temperature i5 minimized.
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3.10 Post-irradiation omcedure. Unless otherwise specified, the followingtime intervals shall be observed:
a, The time fmm the end of an irradiation to the start of electrical measurements shall be a maximum of 1 hour.
b. The time to Derform the electrical measurements and to return the device for a subsequent irradiation, if any, shall
be within two hours of the end of the prior irradiation.
To minimize time dependent effects, these intewals shall be as short as possible. The sequence of parameter
measurements shall be maintained constant throughoutthe tests series.
3.11 MOS accelerated aaino test. The accelerated aging test provides an estimate of worst-case degradation of MOS
microcircuits in low dose rate environments. The procedure involve5 heating the device following irradiation at specified
temperature, time and bias conditions. An accelerated aging test (see 3.11.2) shall be performed for cases where time
dependent effects (TDE) c-ancause a device to degrade significantlyor fail. Only standad testing shall be performed as
specified in 3.1 through 3.10 for cases where TOE are known not to cause significant device degradation or failure (see
3.1 1.1) or tiere they do not need to be considered, as specified in 3.11.1.
3.11.1 Need to perform accelerated aqinq test. The parties to the test shall take appropriate steps to determine whether
accelerated aging testing is required. The followingcdtetia shall be used
a. The tests called out in 3.11.2 shall be perfomed for any device or circuit type that contains MOS circuit elements
(i.e., transistor or capadtom).
b. TOE tests maybe omitted it
1,

circuits are known not to contain MOS elements by design, or

2.

the ionizing dose in the application, if known, is below 5 krads(si), or

3.

the lifetime of the device from the onset of the irradiation in the intended application, if known, is short
mmpared with TOE times, or

4.

the test is carried out at the dose rate of the intended application.

5.

the device type or IC technology has been demonstrated via characterization testing not to exhibit TDE
changes in device parametem greater than experimental error (or greater than an otherwise specified upper
limit) and the variables that affect TDE response are demonstrated to be under cantml for the specific vendor
processes, or
At a minimum, the characterization testing in (5) shall include an assessment of TDE on propagation delay,
output drive, and minimum operating voltage parameters. Continuing process control of variables affecting
TDE maybe demonstrated through lot sample tests of the radiation hardness of MOS test structures.

c, This document provides no guidanc@on the need to perform accelerated aging tests on technologies that do not
include MOS circuit elements.

I
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3.11.2 Accelerated aqinq test DMCedU~. If the device passes the tests in 3.1 through 3.10 to the total ionizing dose level
specified in the test plan or device specification or drawing and the exclusions of 3.11.1 do not apply, the accelerated aging
test shall be conducted as follows

1,

Irradiate each test device to an additional 0.5-times the specified dose using the standad test conditions (3.1
through 3.10). Note that no electrical testing is required at this time.

2.

The additional OStimes irradiation in 3.1 1.2.a.l maybe omitted if it has been demonstrated via
characterization testing that
a.

none of the circuit propagation delay, output drive, and minimum operating voltage parameters recover
toward their pre-irradiation value greater than experimental accelerated aging test of 3.1 1.2.b, and

b.

the irradiation biases chosen for irradiation and accelerated aging tests are worst-case for the response
of these parametem during accelemted aging.

The characterization testing to establish worst-case irradiation and aging biases shall be performed at the
specified level. The testing shall at a minimum incfude separate exposuw under static and dynamic
ikmdiation bias, eati followed by worst-case static bias during accelerated aging according to 3.11 .2.b.
b.

c.

Accelerated-.
Heat each device under worst-case static bias renditions in an environmental chamber
according to one of the follow”ngconditions
1.

At 10~C SC

for 168*12 hours, or

2.

At an alternate temperature and time that has been demonstrated via tiaracterization testing to cause equal
or greater change in the parameter(s) of interest, e.g., propagation delay, output drive, and minimum
operating voltage, in each test device as that caused by 3.1 1.2.b.l, or

3.

At an alternate temperature and time whfch will cause trapped hole annealing of >60”A and interfam state
annealing of <10% as determined via characterization testing of NMOS test transistors from the same
process. It shall be demonstrated that the radiation response of test transistors represent that of the device
under test.

Electrical=
Follmdng the accelerated aging, the electrical test measurements shall be performed as
speufied in 3.6 and 3.9.
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3.12 Test report. As a minimum, the report shall include the device type number, serial number, the manufacturer,
package type, ccmtrolfingspecification, date code, and any other identifying numbers given by the manufacturer. The bias
cirwit, parameter measurement circuits, the layout of the test apparatus with details of distances and materials used, and
electrical noise and current leakage of the electrical measurement system for in-flux testing shall be reported using drawings
or diagrams as appropriate. Each data sheet shall include the test date, the radiation source used, the bias anditions
during irradiation, the ambient temperature around the devices during irradiation and electrical testing, the duration of each
of the electrical measurements, the duration of the electrical
irradiation, the time between ikmdiationand the starl
measurements and the time to the next irradiationwhen step irradiations are used, the irradiation dose rate, elecbical test
conditions, dosimetry system and procedures and the radiation test levels. The pm- and post-irradiation data shall be
remrded for each part and retained with the parent population data in accordance with the requirements of MIL-PRF-38535
or MIL-PRF-38534. Any anomalous incidents during the test shall be fully documented and reported. The accelerated aging
procedure, if used, shall be described. Any other radiation test procedures or test data requited for the delivew shall be
specified in the device spea”fication,drawing or purchase order.
4. SUMMARY. The following details shall be specified in the applicable acquisition document as required
a,

Device-type number(s), quantity, and governing specifications (see 3.1 ).

b.

Radiation dosimet~ requirements (see 3,3).

c.

Radiation test levels including dose and dose rate (see 3.5 and 3.6).

d.

kradiation, electrical test and transport temperatures if other than as specified in 3.7.

e.

Electrical parametem to be measured and device operating conditions during measurement (see 3.8).

f.

Test conditions, i.e., in-flux or not-in-flux type tests (see 3.9).

9.

6ias conditions for devir%s during irradiation (see 3.9.3).

h.

lime intervals of the post-irmdiation measurements (see 3.10).

i.

Requirement for accelerated aging test, if required (see 3.11).

i.

Documentation required to be delivered with devices (see 3.12).
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METHOD 1020.1
DOSE RATE INDUCED LATCHUP TEST PROCEDURE
1. PURPOSE. This ted procedu= defines the debMed requirement fOrperforming Iatchup testing of micnmircuits to
identi-bility
to dose rate induced Iatchup.
1,1 Definitions. Definitions of terms used in this procedure are provided below
a.

Dose rate induced Iab%up. Dose rate induced Iatchup is regenerative device action in which a parasitic region
(e.g., a four layer p-n-p-nor n-pn-p path) is turned on by a photocumentgenerated by a pulse of ionizing
radiation, and remains on for an indefinite pericd of time after the photocurmnt subsides, The device will remain
latched as long as the power supply delivem vo!tage greater than the holding voltage and current greater than the
holding current. Latchup disrupts normal circuit operation in some portion of the circuit, and may also cause
catastrophic failure due to Iocat heating of semiconductor regions, metallization or bond tires.

b.

Latchup windows. A Iatchup window is the phenomenon in which a device exhibits Iattiup in a specific range of
dose rates. Above and below this range, the device does not Iatchup. A devica may exhibit more than one
Iatchup window. This phenomenon has been observed for some CMOS logic devices, oxide sidewall logic and
L?.!memories, and may occur in other devices.

c.

Combinational logic. Combinational (detemined) logic devices are those whose output is solely determined by
the logic signals at its inputs (except for switching delays). Combinational Iwic urcuits contain no internal storage
elements, and include multiplexed derndem and gates.

d.

Sequential logic. Sequential (nondetemined) devices are those in which the output state at any given time
depends on the sequence and time relationship of bgic signals that were previously applied to its inputs.
Sequential bgic circuits contain internal storage elements. Examples of sequential logic devicss are shift
registem, memories, counters, and flip-flops.

e.

Recovery period. The recovery period is the time interval in ‘Mch the device supply current recovers from the
radiation pulse.

f.

Holding voltage and holding current The voltage and current above which Iatchup is sustained

1.2 ~.
Prior to Iatchup testing, a Iatchup test plan shall be prepared w’ldchdesctibes the radiation source, the
dosimetv techniques, test equipment and conditionsto be used. A detailed procedure for each device type to be tested
shall be prepared, either as part of the test plan or in separate test procedure documents. The pmcedune shall include bias
conditions, test sequence, and schematics of the test setup. The test plan shall be approved by the acquiring activity, and
as a minimum, the items listed below shall be provided in the test plan or test pmcedu~
a.

Device types, including pacAage types, and quantities to be tested.

b,

Traceability requirements, such as requirements for serialization, wafer or lot traceability, etc

c.

Requirements for data reporting and submission

d.

Temperature for test (see 2.3.6)

e.

Block diagram or schematic representation of test setup

f,

Electrical parametem to be monitored and device operating conditions, including bias conditions and functional
test requirements before, during, and after the radiation pulse.

g.

Group A electrical test requirements for pm- and post-latchup testing, to include test limits and failure Ctiteria
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h.

Radiation pulse width(s), radiation dose(s) per pulse and dose rate range(s).

i,

Total dose limit for each device type.

i.

Failure criteria.

In addition to those items fisted above, the test plan or procedure for productiontests shall include the following
k.

Method(s) to detect Iatchup, e.g., monitoringof the supply current, functional testing (to inctude test vector set,
etc.).

1.

Recovery period and when to begin post-in’adiationin-situ tests The recovery period for SS1 devices is typically
50 to 300 W%however, other device types may require a longer rernvwy period, or there maybe special program
requirements which call for earlier recovery.

m.

Functional test requirements. The functional tests shall demonstrate that the device responds pmperiy to input
commands and that the device is operating pmpedy. Note that high speed functional tests may be incompatible
with the long leads and unavoidable capacitance associated with most Iatchup test systems.

n.

Exposure states or operating conditions. For digital devices, a spedfic state and its complement are usually
used. However, for more complex devices, more than two exposu= states may be required, and the specific
states shall be as determined by the characterization testing (and analysis, if required) and specified in the test
ptan or procedure.

o.

sias and load conditions. Unless otherwise specified, the maximum rated operating supply voltage shall be used.

p.

Outputs to be monitored.

q.

The minimum dc current that must be available from the power supply, or the value of series current kmiting
resistor that has been approved by the acquiring activity. (Note that any current fimiting resistor shall be less than
or equal to that in the system application and shall be approved by the acquiring activity Priorto Iatchup testing.)

2. APPAPATUS. The apparatus shall mnsist of the radiation source, the dosimetv system, and the Iatchup test system
which includes the device interfacs fixture, the test circuit, cabling, timing, and temperature control systems. Precautions
shall be observed to obtain adequate electrical grounding to ensure low noise.
2.1 Radiation source. Either of two radiation soums shall be used for latchup testing 1) a flash x-ray machine (FxR),
or 2) an electron tinear accelerator (LINAC). The FXR shall be used in the x-ray mode and the LINAC in the electron (ebeam) mcde. The FXR peak (endpoint) energy shall be 2 MeV or greater, and the LINAC beam energy shall be 10 MeV or
greater. me pulse width shall be fmm 20 to 100 ns, or as specified in the acquisition document, and the uniformity of the
radiation field in the device irradiation volume shall be *15 percent as measured by the dosimetry system, The dose per
radiation exposure shall be as specified in the test plan or procedure. (See 3.5.1 for productiontest requirements.)
2.2 Oosimetw svstem. A dosimetv system shall be used Mch provides a measurement accuracy within+15 percent. A
calibrated PIN diode may be used to obtain both the shape of the radiation pulse and the dose, and the following 000
adopted American Society for Testing and Materials (ASTM) standards or their equivalent may be used:
ASTM E 666
ASTM E 666

-

ASTM E 1249 -
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2.3 Latchup test svstem. A block ctagram of a typical Iatchup test system is presented on figure 102C-1. The
instrumentation shall be capable of establishing the required test conditionsand measuring and recording the requi=d
parameters. The test system shall be designed to maintain the instantaneous bias SUPPlYvoltage within the limits specified
in 2.3.2 below for both transient and dc conditions, includinga Iatchup condition. The test system shall not fimit the ac or dc
bias supply current to values that prevent Iatchup from occurring or being detected. Components other than the device
under test (DUT) shall be insensitive to the expected radiation levels, or they shall be shielded from the radiation, The
system used for Iatchup testing shall contain the followingelemen~
2.3.1 Device interface fixture. The DUT shall be interfaced to the test tircuitv with a fixture having gocd high frequency
characteristics, and providing a IW inductance connection to the power supply and bypass capacitor.
2.3.2 Sias and functional test circuit. The test circuit for each device type shall provide worst case bias and load
conditions for the DUT. and shall perform in-situ functional testing of the DUT as specified in the test plan or procedure.
Line drivers shall be used, when nemsary, to isolate the DUT from significant extraneous loading by the cabling. The
characteristics of the line drivers (e.g., hnearity, dynamic range, input capacitance, transient response, and radiation
response) shall be such that they do not reduce the accuracy of the test. The power supply shall have low source
impedance and meet the following requirements
a.

me power supply voltage shall dmp no more than 20 percent at the DUT during the rise time of the DUT during
the rise time of the DUT supply current, and no more than 10 percent thereafter. These requirements can be
achieved by selecting appropriate capacitance values and minimizing lead lengths of the stiffening capacitom. A
high frequency, radiation resistant capacitor shall be placed at the DUT for each bias supply voltage, and larger
capatitom may be placed a short distance from the fixture shielded from the radiation.

b.

DC power supplies shall provide suff!uent current for device operation and to maintain holding Curm?ntif Iatchup
occurs.

c.

Power supplies connected in series with digital ammeters (current probes or current sensors) maybe used only if
the ammeter is physically located on the power supply side of the bypass capacitor. The ammeter should be
selected to minimize the series dc voltage drop at the maximum expected load current. If necessa~, the power
supply voltage should be adjusted upwards slightly to ensure that the voltage measured at the DUT is within the
specified hmits for the test conditions.

d.

Current hmitingresistom shall not be used in series with the supply voltage unless approved by the acquiring
activifv mior to Iatchup testing, and the value of the resistanm is less than or equal to that in the system
application.
CAUTION: Current hmitingresistom can produce a relatively narrow latChupwfndow W*
may reside entirely
outside the standard testing range of 500 +200 rads(Si). If current Hmitingis used, especially when used as a
means of Iatchup prevention, characterization tests shall be performed to determine the dose rate appropriate for
production testing.
If current limiting resistom are used, they shall be placed sufficiently close to the DUT to ensure that the voltage
drop at the OUT during the transient photocum?ntrise time is governed by the resistance and not the inductance
from the leads (i.e., voltage drop is approximately IR and not L tiddt). The requirements of paragmphs a-c apply
with the reference point being the power supply side of the current limiting resistor, instead of the DUT supply
pin(s). For applications using small value bypass capacitom directly at the power supply pin(s), the same, or
larger, value of capacitance must be used in the test circuit when current timitingresistom are used. As noted
above, leads shall be kept to the minimum practical lengths.

2.3.3 -.
Cabling shall be provided to mnnect the test circuit board to the test instrumentation. All cables shall be
as short as possible. Coaxial cables, terminated in their characteristic impedance, should be used if high speed functional
testing is to be performed and tine drivers are used to isolate the monitoringequipment.
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2.3.4 Monitoring and remrdinq equimnent. Equipment tomonitor and record the parameters required in the test plan or
pmu?dure shall be integmted into the Iatchup test system. Oscilloswpes and transient digitizers maybe used to monitor
the transient response of the device. Additionally, the dose recwds from each pulse shall be correlated to the Specific
device(s) irradiated by that pulse.
2.3.5 Timinq control. An adjustable timing conlml system shall be incorporated into the Iatchup test system such that
post-inadiation in-situ functional testing is performed at the specified time, typically 50 w to 300 W, afler the radiation pulse.
Longer time pericds, as long as several minutes, may be required to camplete the functional tests for complex devices.
2.3.6 Temperature control. Wlen testing at other than room temperature, a temperature control system shall rnntml the
temperature of the DUT to *l~C of the speciried temperature. Unless otherwise sped fied, tatchup testing shall be
performed at the highest device operating temperature in the system application or 15°C below the maximum rated
tempembm of the device, whichever is less. (See cautiona~ note below.) If an application temperature is not known, or is
not available, the device shall be tested at IYC below the maximum rated temperature. Heat sinking may be required to
ensure that the device is not operated above the maximum rated temperature.
CAUTION: The thermal conduction through the Iatchup test sockets is often much less than that through the pins in
soldered boards.
3. PROCEDURE.
3.1 Device identification. In all cases, devices shall be serialized, and the applicable recorded test data shall be
traceable to the individual device,
3.2 Radiation safe~. All personnel shall adhe!e to the health and safety requirements established by the local radiation
safety o~cer or health physicist.
3.3 Total dose Lmit. Unless otherwise specified, any device exposed to more than 10 percent of iis total dose fimit shall
be considered to have been destructively tested. The total dose Umitshall be determined for each device type to be tested,
and shall be specified in the test plan.
3.4 Characterization testinq and analvsis. Characterization tests should be performed on new or unfamiliar device types
to determine their performance as a function of dose rate and to establish requirements for production testing. Because
Iatchup is dependent on lot to lot variations, samples for characterization tests should be pulled fmm the production lot(s).
The following are examples of information gained from characterization testing
a.

Latchup threshold as a function of radiation dose, dose rate, and ptke width.

b.

Existence and dose rate range of Iatchup windows. To check for v.indowm Iatchup testing is performed over a
wide range of dose rates in fine increments.

c,

Worst case or unique conditions that cause the device to exhibit Iatchup, such as operating voltage, temperature,
and bias conditions,

d.

Method(s) to deteti Iatchup, e.g., monitoringsupply current, functional testing, or both. Note that in-situ functional
teats must be thorough enough to determine if a small portion of a large circuit has latched without drawing
enough additional current to significantlyincrease the device supply current.

e.

Group A electrical parameter degradation subsequent to Iatchup testing.

f,

Hofding current and holding voltage.

I

1
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Before testing LSINLSI circuits, an analysis is often required to determine hkely Iatchup paths and requirements for bias
conditions, exposure states, and functional testing. These large circuits often have too many outputs to be monitored
individually, and through the analysis, monitored outputs can be fimited to those most apt to show a change should Iatchup
occur.
3.5 Production testinq. Prior to pmdutilon testing, characterization testing shall be performed at least one? for new or
unfamiliar device types (i.e., new design or process, unfamiliar or very complex devices with Mtle or not Iatchup test histo!y).
The results of the characterization tests are used to develop the requirements for the productiontests (see 3.4). These
requirements are specified in the applicable test plan or procedu~ and include those items fisted in 1.2.
3.5.1 General requi~ments for moduction tests. Unless otherwise specified, the dose per pulse shall be 500 i200
rad(si) with a pulse width between 20 and 100 ns, inclusive. Circuits shall be exposed to radiation pulses in at least two
difference states (for digital devices) as specified in the test plan or procedure. Unless otherwise specified, determination of
Iatchup shall be based on a combination of DUT supply current and output signal (voltage) recovery within the spetified time
limits and the results of pest-irradiation in-situ functicma!tests. Power suppfied to the DUT shall not be intermpted until after
the post-imadiationin-situ tests am completed. The DUT supply current shall be measured immediately before and at the
specified time after the radiation pulse to determine if the supply current has returned to within spetified limits. A functional
test shall be performed immediately affer the rernvefy pericd to demonstrate that the device functions pmperiy. Unless
othem”se specified, tests shall be peffonned at the highest device operating temperature in the system application or 15-C
below the maximum rated temperature of the device, whichever is less. Current timitingresistoffi are allowed only if prior
appr,ovalis obtained frOmthe aCWi~9 activity and the value of the resistor is less than or equal to that in the system
applCatiOn. UnleSS otherwise speafled. endpoint electrical tests (group A, subgroups 1 and 7, as a minimum) shall be
performed pm- and post-latchup testing. These group A tests are generally not Performed in-situ, and there is no time Mmit
on performing the group A tests. If group A testing is performed as part of another test (e.g., post-bum in, final electrical
acceptance), the group A tests need not be duplicated as long as the test sequence is Group A tests - Iatchup testing group A tests.
3.5.2 Production test sequence.
CAUTION: Exercise caution when handling devices, particularly with regard to pin afignment in the earners and holding
fixture and when attaching devices to the test circuit. Insure that bias voltage are off before attachment. Observe ESD
handling procedures for the class of devices being tested.
The Iatchup test system, including test circuitry, cables, monitoring,and reWrdin9 equipment, shall be assembled to provide
the specified biasing and output monitoring. Place the OUT in position for the specified dose ensure that the system is
functioning as follow
Step 1:

Apply and verify the bias voltages at the interface fixture with the device removed.

Step 2:

Adjust timing control system to provide the required time interval between radiation pulse and postirradiation measurements

Step 3

Remove bias voltages and install a .xmtml sample device (identical to devices to be tested).

Step 4:

Tum on bias voltages and verify proper device function in accordance with performance requirements.

Step 5

Verify proper operation of all recording, monitoring, and timing rnntml equipment.

Step 6

Remove bias voltages and control device, in that order.
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I

I

Adjust the radiation source to operate in the specified mode to detiver the specified dose. Verify as follows
Step 7;

I
I

I

Put dosimetry in position and expose to radiation pulse. Verify that the dose n?mrding equipment is working
properly and that the appropriate dose was delivered.

When the Iatdwp test system, radiation source, and dosimetry system have been verified to be working pmpedy, continue
as follows for each device type to be tested:
3.5.2.1 Combinational kwic. Latchup tests for combinational logic circuits shall be performed as follows
Step 8

Install the DUT in the proper position in front of the radiation source, and bring the device to test
temperature.

Step 9

Sias the device in accordance with tie test plan or procedure and verify proper device functix!al operation.

Step 10

Load the specified test patiem and verify correct output conditions.

Step 11: Irradiate the device (maintaining above input condition) and rernrd the dose and parametem required by the
test plan or prrmdure.
Step 12: To verify recovery time, measure the OUT supPly current at the spetified time afler the radiation pulse.
Verify that the supPlYcurrent and output voltages have returned to Mthin the specified timits.
Step 13

Perform another functional test and determine if the device passes.

Step 14: Put the device in complement state and repeat steps 10-13. (The number of states in which the device is to
be tested shall be specified in the test plan or procedure.)
Step 15

Remove bias voltages and device, in that order.

A combinational device fails the Iatchup test if the output afler the recovery time is not in the proper state, it fails the pOstihradiationin-situ functional test, or if the supply current does not return to within specified limits within the specified time
after irradiation.
3.5.2.2 Sequential Ioc!ic. Latchup tests for sequential Iagic circuits shall be performed as follow’s:
Step &

Install the OUT in the proper position in front of the radiation source, and bring the device to test
temperate=.

Step 9

Elas the devica in accordance with the test plan or procedurs and verify proper device functional operation.

Step 10

Load the specified test pattern and verify correct output conditions.

Step 11: kradiate the device (maintaining above input condition) and record the dose and parametem required by the
test plan or procedure.
Step 12

To verify remve!y time, measure the DUT supPly current at the specified time after the radiation pulse.
Verify that the supply current and output voltages have returned to within the specified MIIItS.

Step 13

Perform funcikmal test to determine if the device passes.
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Step 14

Change the conditions of the initial output to the complement state and repeat steps I&l 3. (The number of
states in which the device is to be te5ted shall be specified in the test plan or procedure.)

Step 15

Remove bias voltages and device, in that order.

in sequential logic devices, the radiation pulse can cause logic state changes at the output as well as within internal storage
registem. Therefore, the post-radiation verification of rernvery must be determined fmm a combination of device supply
current and post-exposure functional test results. A sequential bgic device fails the Iatchup test if the supply current does
not return to within speuried kmits within the specified recovery period or if it fails the functional test requirements The
specified supply current limits must take into account changes in the supply current that may result from changes in the
Internal logic state and internal registers.
3.5.2.3 Linear devices. Latchup te5ting for hnear devices is inherently device and application specific because of the
large number of types of hnear ckcuits and application conditions. Latchup in linear devices is detected through a
combination of monitoring the device SUPPlYcurrent, monitoringof the output wavefom, and in-situ functional tests. The
minimum number of monitored outputs shall be as specified in the test plan or procedure, but the in-situ funti!onal test shall
exercise all outputs. The transient response of the device output is monitored through the use of an oscilloscope with a
camera, or a transient digitizer. An example is shown on figure 1020-2. Trace A shows a device output whiti operated
propedy afler the radiation pulse, and trace B shows an output that failed. Note that the device will not respond properfy to
the oscillating input after the radiation exposure. Testing of hnear devices is performed as follows
Step.5

Install the DUT in the proper position in front of the radiation source, and bring the device up to test
temperature.

Step 9

Bias the device in acwrdanm with the test plan or procedu= and verify proper device functional operation.

Step 10

Adjust input signal as specified in the test plan or procedure and verify correct output level

Step 11: kradiate the device and record the dose. Monitor the supply current and output voltages during and afler
the pulse, and measure the recovev times of the supply current and the output voltages. Monitor the
wavefomn of the output.
Step 12

Afler the recovery period, determine if the device supply currents have returned to within the spetified hmits.

Step 13

Determine if the output voltages have returned to within specified fimits in the specified recovery time.
Ensure device responds properly to input commands, and compare pre-rad and post-rad waveforms.

Step 14

Change the conditions of the input as specified in the test plan or pmcedu= and repeat steps 10-13. (The
number of conditions in whiti the devics is to be tested shall be specified in the test plan or pmc?dure.)

Step 15

Remove the bias voltages and device, in that order.

A finear device fails the Iatchup test if the supply current or the output signals (or voltages) do not remver within the
recove~ period specified in the test plan, or if the outputs do not respond properly to an input signal.
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3,5.2.4 Other device tvpes. For other types of microcimuits, such as LS1/VLSl and greater mmplexity circuits and hybrid
microcircuits, the worst case bias wnditions, exposure states, outputs to be monitomd, necessaiy post-imadtatiantestirg,
and failure a“teria are determined through a combination of characterization testing and analysis. These requirements are
specified in the test plan or procedure?for each device. Depending on the circuit type, the device is tested as desciibed in
3.5.2.1 to 3.5.2.3.
4. -,
A Iatchup test report shall be prepared in which the devices tested are identified by device type,
manufacturer, date code, and Iothvafer identification. The report shall list by device serial number, pastifail status of each
device and the doses (or dose range) deliiered to each device in each radiation pulse. The test plan and procedure shall
either be appended to the test report or referenced in the test report.
5. SUMMARY. The followingdetails shall be spedied in the applicable acquisition document:
a.

Device types and quantities to be tested.

b.

Temperatum of test (see 2.3.6).

c.

Traceability (device number, WI ferilot number, etc.) requirements and requirements for data reporting and
submission.

d.

The maximum allowable recovery period.

e.

Radiation pulse width and radiation dose per pulse.

f.

Total dose fimit for each device type.

9.

Requi=ments for group A electrical testing pm. and pasl-latchup testing.

h.

Test instrument requirements, if other than those indicated above.

i.

Requirements for characterization, recharacterization, and analysis.

i.

Minimum dc power supply current requied, or value of current hmitingresistor, if allowed.
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METHOD 1021.2
DOSE RATE uPSET TESTING OF DIGITAL MICROCIRCUITS
1. PURPOSE. This test procedure defines the requirements for testing the response of packaged digital integrated
circuits to pulsed ionizing radiation. A flash x-ray or hnear accelerator is used as a source or pulses of ionizing radiation.
The response may include transient output signals, changes in the state of internal storage elements, and transient current
surges at inputs. outputs, and power supply mnnections. The dose rate at wlich Iwic or change-a f-state errors first occur
is of particular interest in many applications.
1,1 Definitions. Definitions of terms used in this procedure are given below
a.

Dose rate threshold for upset. The dose rate which causes either
(1)

A transient output upset for which the change in output voltage of an operating digital integrated circuit goes
either above or below (as appropriate) specified logic levels (see 3.2 on transient voltage criteria), and the
circuit spontaneously remvem to its preirradiationcondition afler the radiation pulse subsides, or

(2)

A stored data or logic state upset for which them is a change in the state of one or more internal memory or
logic elements that does EQ recover spontaneously after the mtiation Wse. H~ever, the ~rcuit ~n be
restored to its preirradiation rendition by applying the same sequence of l~ic signals to its inputs that were
previously used to establish the preirradiationcondition, or

(3)

A dynamic upset which results in a change in the expected output or stored test pattern of a device that is
functionally operating during the time it is irradiated. The upset response may depend on the preuse time
relationship between the radiation pulse and the operating cycle of the device. For operations requiring
many dock signala it may be necessary to use a wide radiation pulse.

b.

Dose rate. Energy absorbed per unit time per unit mass by a given material fmm the radiation field to which it is
exposed.

c.

Combinational logic circuit. A digital Iagic circuit with the property that its output state is solely determined by the
logic signals at its inputs. Combinational l~ic circuits contain no internal storage elements. Examples of
combinational circuits include gates, multiplexed, and decodem.

d.

Sequential logic circuit. A digital logic circuit with the propeny that is output state at a given time depends on the
sequence and time relationship of bgic signals that were previously applied to iis inputs Sequential logic circuits
contain internal storage elements. Examples of sequential logic circuits include memories, shift registem,
counters, and ffip-ffops.

e.

State vector. A state vector completely specftes the logic condition of all elements within a logic circuit. For
mmbinational circuits the state vector includes the Iwic signals that are apptied to all inputs for sequential
circuits the state vector must also include the sequence and time relationship of all input signals (this may inctude
many dock cycfes).
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1.2 Interferences. There are several interferences that need to be considered when this test pmcedu~ is applied. These
include
a,

Total dose damage. Devices maybe permanently damaged by total dose. This fimitsthe number of radiation
pulses that can be applied during transient upset testing. The total dose sensitivity depends on fabrication
techniques and device technology. f40S devices are especially sensitive to total dose damage. Newer bipolar
devices with oxide-isolated sidewalls may also be affected by low levels of total dose. The maximum total dose to
which devices are exposed must not exceed 20 percent of the typical total dose failure level of the specific part
type.

b.

Steps between successive radation levels. The size of the steps between successive radiation levels hmits the
accuracy with which the dose rate upset threshold is determined. Cost considerations and total dose damage
[mit the number of radiation levels that can be used to test a particular device,

c.

Latchup. Some typeS of integrated circuits may be driven into a latChUpcondition by transient radiation. If Iatchup
OCCUIS,the device will not function properly until power is temporarily removed and reapplied. Permanent
damage may also occur, primarily due to the large amount of Iodized heating that results. Although Iatchup is
an important transient response mechanism, this procedure does not apply to devices in which Iatchup occurs.
Functional testing after imdiation is required to detect internal chan9eS of state, and this will also detect Iatchup.
However, if Iatchup occurs it will usually not be possible to restore normal operation without first interrupting the
power supply.

d.

Limited number of state vectors. Cost, testing time, and total dose damage usually make it necessary to restrict
upset testing to a small number of state vectors. These state vectors fINJStinclude the most sensitive conditions
in order to avoid misleading results. An analysis is required to select the state vectors used for radiation testing to
make sure that circuit and geometrical factors that affect the upset response are taken into account (see 3.1 ).

2. APPARATUS. Before testing can be done, the state vectors must be selected for radiation testing. This requires a
logic diagram of the test device. The apparatus used for testing shall consist of the radiation sourca, dosimeby equipment,
a test circuit board, fine drivers, cables, and electrical test instrumentation to measure the transient response, provide bias,
and perform functional tests. Adequate precautions shall be observed to obtain an electrical measurement system with
ample shielding, satisfactory grounding, and low noise from electric-d interference or fmm the radiation environment.
2.1 Radiation source. The radiation source used in this test shall be either a flash x-ray machine (FXR) used in the
photon mcde or a finear accelemtor (LINAC) used in the electron beam mode. The LINAC beam energy shall be greater
than 10 MeV. The radiation source shall provide a uniform (within 20 percent) radiation level across the area where the
device and the dosimeter will be placed. The r’adation pulse width for narrow pulse measurements shall be between 10 and
50 ns. For narrow pulse measurements either a LINAC or FXR may be used. I’VIde pulse measurements (typically 1-10
IIS) shall be performed with a LINAC. me pulse width for LINAC irradiations shall be specified. The dose rate at the
location of the device under test shall be adjustable between 1~ and 10’2 rads(Si)/s (or as required) for narrow pulse
measurements and between Id and 10” rads(Si)/s (or as required) for wide pulse measurements. Unless othenvise
specified, a test device exposed to a total dose that exceeds 20 percent of the total dose failure level shall be considered as
destructively tested and shall be removed from the lot (see 1.2a).
2.2 Dosimetrv equipment. Dosimetry equipment must include a system for measuring total dose, such as a
thermoluminescent dosimeter (TLD) or calorimeter, a pulse shape monitor, and an active dosimeter that allows the dose rate
to be determined from electronic measurements, e.g., a pi-n detector, Faraday cup, semndary emission monitor, or current
transformer.
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2.3 Test circuit. The test circuit shall ccmtainthe device under test, wiring, and auxiliary components as required. It shall
allow fo-cation
of power and bias voltages or pulses at the device inputs to establish the state vector. Power
supply stiffening capacitors shall be included which keep the power supply voltage from changing more than 10 percent of
iksspecified value during and after the radiation pulse. They should be placed as dose to the device under test as possible,
but should not be exposed to the direct radiation beam. Provision shall be made for monitoring spetifted outputs.
Capacitive loading of the lest circuit must be suftitiently low to avoid interference tilh the measurement of shortduration
transient signals. Generally a line driver is required at device outputsto reduca capacitive loading. Line drivers must have
suhitient risetime, finearity, and dynamic range to drive terminated cables with the full output logic level. The test tircuit
shall not affect the measured output response over the range of expected dose rates and shall not exhibit permanent
changes in electrical characteristics at the expected accumulated doses. It must be shielded from the radiation to a
suhicient level to meet these uiteria.
Test circuit materials and components shall not cause attenuation or scattering which will perturb the uniformity of the beam
at the test device position (see 2.1 for uniformity). The device under test shall be oriented so that its surface is
perpendicular to the radiation beam.
2.4 w.
Cabling shall be provided to mnnec.t the test circuit board, located in the radiation field, to the test
instmmentation located in the instrumentation area. Coaxial cables, terminated in their characteristic impedanc% shall be
used for all input and output signals. Double shielded cables, biax, zipper tubing or other additional shielding may be
required to reduce noise to acceptable levels.
2.5 Transient sianal measurement. Oscilloscopes or transient digitizem an?required to measure transient output
voltages, the power supply current and the dosimeter outputs. The risetime of the measuring instrumentation shall be less
than 10 ns for pulse widths greater than 33 ns or less than 30 percent of the radiation pulse width for pulse w“dthsless than
33 ns.
2.6 Functional testinq. Equipment is also required for functionaltesting of devices immediately after the radiation pulse in
the radiation test fixture. This equipment must contain sources to drive inputs with specified patterns, and comparison
circuitry to determine that the correct output patterns result. This equipment may consist of Iagic analyzem, custom
tircuit~, or commercial integrated circuit test systems. However, it must be capable of functioning through long cables, and
must also be compatible with the tine drivem used at the outputs of the device in the test circuit.
2.7 General purpose test eauipment. Power supplies, voltmeters pulse generatom, and other basic test equipment that
is required for testing is general purpose test equipment. This equipment must be capable of meeting the test requirements
and should be periodically calibrated in accordance with ANS1/NCSL Z54&l or equivalent.
3. PROCEDURE. An outfine of the procedure is as follows a) determine the state vectors (or sequence of teSt veCtOB
for a dynamic test) in which the device will be irradiated b) followingthe test plan, setup the test fixture, functional test
equipment, and transient measurement equipment c) set up and calibrate the radiation sour= d) perform a noise check on
the instrumentation and e) test devices at a sequenc8 of radiation pulses, determining the transient response at specified
dose rates. The dose rate upset level can be determined by measuring the transient response at several dose rates, using
successive approximation to determine the radiation level for dose rate upset.
3.1 State vector selection. Two approaches can be used to select the state vectors in which a device is to be irradiated:
a.

Multiple output logic states. Partition the circuit into functional blocks. Determine the l~ic path for each output,
and identify similar internal functions. For example, a 4-bit counter can be separated into control, internal flip-flop,
and output logic cells. Four identical logic paths exist, corresponding to eati of the four bits. Determine the total
number of unique output Ikwicstate combinations, and test the circuit in each of these states. For the counter
example this results in 16 combinations so that the upset must be determined for each of these 16 state vectors.
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b.

Topological analysis approach. If a photomicmgraph of the circuit is available, the number of required states can
be reduced by examining the topology of the internal circuits. This allows one to etiminate the need to test paths
with the same output state which have identical internal geometries. For the counter, this reduces the required
number of states to two. This approach is recommended for more c.omp!excircuits where the multiple output logic
approach results in too many required state veckws.

3.2 Transient outPut uPset criteria. The transients that are penmittedat IWIC outputs depend on the way that the system
aPP~@~Onall-tes
the noise mawin of digi~l devi=s. Most systems use womt-case design cdteria which are not directly
applf~ble tOsamPle testln9 bemuse me samples rePresent tyPic.al,not wmt-c-ase parts, and have higher noise margins.
For example, although the Iagic swing of lTL logic devices is typically greater than 2 volts, the worst-case noise margin is
specified at 400 mV. In a typical system, much of this noise margin will be rewired for aberrations and electrical noise,
leaving only part of it, 100 mV to 200 mV, for radiation-induced transients. Thus, the allowable voltage transient is far lower
than the typical Iwic signal range. Loading conditions also have a large effect on output transients.
However, transient upset testing ie usually done at a fixed tempemture under conditions that are more typical than they are
worst-case. Thus, the noise margin during testing is muti greater. The rwmmmended default condition if not specified by
the system is a transient voltage exceeding 1 V for CMOS or ~L logic devices with 5 V (nominal) power supply voltage.
and 30 percent of the room-temperature hgic level swing for other technologies such as ECL, open collector devices, or
aPPfi~tions ~th Other POwerSUPPIYv01ta9es. Default loading conditionsare minimum SUPPIYvoltage and maximum fanout
(maximum loading).
The time duration of transient upset signals is also important. If the duration of the transient voltage change is less than the
minimum value required for other circuits to respond to it, the transient signal shall not be conside=d an upset. The
minimum time duration shall be one-half the minimum propagation delay time of basic gate circuits fmm the urcuit
technology that is being tested.
Testing criteria may also be established for other parameters, such as the power supply current surge. Output current is
also important for tri-state or uncommitted (“openallectot”) circuits. These criteria must be specified by the test plan, and
are normally based on particular syStem requirements.
3.3 ~.

me

test plan must include the following:

a.

Criteria for transient voltage upset, output current, and power supPlYcurrent, as applicable.

b.

Power supPlYand operating frequency requirements.

c.

Loading conditions at the outputs.

d.

Input voltage conditions and SOUR%impedance.

e.

Functional test approach, including dynamic upset, if applicable.

f.

Radiation pulse width(s),

g.

Sequence used to adjust the dose rate in order to determine the upset threshold by successive approximation.

h.

State vectors used for testing (determined from 3.1).

i.

Radiation levels to be used for transient response measurements, if applicable.

i.

A recommended radiation level at which to begin the test sequen= for transient upset measurements, if
applicable.

k.

The temperature of the devices during testing (usually 25-C i5”C).
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3.4 Test circuit Drevaration. The test circuit shall be assembled includinga test circuit board, line drivers, electrical
instruments, functional test equipment, transient measurement equipment, and cables to provide the required input biasing,
output monitoring, and loading.
3.5 Facifi@pn?rmration. The radiation source shall be adjusted to operate in the specified mode and provide a radiation
pulse w“dthwithin the specified width range. The required dosimetem shall be installed as close as practical to the device
under test. If special equipment is needed to control the temperature to the value spetifted in the test plan, this equipment
must be assembled and adjusted to meet this requirement.
3.6 Safetv retirements.
The health and safety requirements established by the local Radiation Safety Officer or Health
Physicist shall be observed,
3.7 Test circuit noise check. kMth all circuitry connected, a noise check shall be made. This maybe done by inserting a
resistor circuit in Plain of the test devi=. Resistor values chosen shall approximate the active resistance of the device
under test. A typical radiation pulse shall be applied while the specified outputs are monitored. If any of the measured
transient voltages are greater than 10 percent of the expected parameter response, the test circuit is unacceptable and shall
not be used without modification to reduce noise.
3.6 S@ and load conditions. Unless otherwise specified, the power supply shall be at the minimum allowed value. Input
bias levels shall beat worst-case logic levels. Outputs shal) be loaded with the maximum load mndtions in both logic
states (usually equivalent to maximum circuit fanout).
3.9 Tem!Jerature. The temperature of the devices during test should be measured with an accuracy of *5-C unless
higher accuracy is required in the test plan.
3.10 Procedure for dose rate upset testinq. me device to be tested shall be placed in the test socket. The required
pulse sequence shall be applied so that the device is in the state specified by the first of the state vectors in 3.1.
a,

Set the intensity of the radiation source to the first radiation test level specified in the test plan. Expose the device
to a pulse of radiation, and measure the transient output responses and power supply current transient. For
sequential logic circuits, perform a dynamic functional test to see if changes oczwred in internal logic states.

b.

Repeat 3.10a for all other state vectors and radiation levels specified in the test plan.

3.11 Radiation exPosure and test sequence for upset threshold testinq. The device to be tested shall be placed in the
test socket. The required pulse sequence shall be applied so that the device is in the state specified by the first of the state
vectors determined in 3.1, or is operating with the specified test vector sequence for dynamic upset.
a.

Set the intensity of the radiation source to the initial level recommended in the test plan, and expose the device to
a pulse of radiation, Determine whether a stored data upSet, Iwic S@te upSet, or dynamic UpSetoccurs, as
appropriate.

b.

If no upset occurred, increase the radiation level according to the sequenm specified in the test plain if an upset
is obsewed decrease the radiation level. Afler the radiation source is adjusted to the new intensity, reinitialize the
part to the required state vector, expose it to an additional pulse, and determine whether or nOtUpSetoccurred.
Continue this sequence until the upset response threshold level is bracketed with the resolution required in the
test plan.

c.

llm power supply peak transient current shall be monitored and recorded during radiation testing unless it is not
required by the test plan.

d.

Repeat test sequences 3.11 a through 3.1 lC for all of the state vectors.
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3.12 -.

As a minimum the repoti shall include the following

a.

Device identification.

b.

Test date and test operator.

c.

Test facility, radiation source Specifications, and radiation pulse width.

d.

Sias conditions, output loading, and lest circuit.

e.

Descriptkm of the way in which state vectors for testing wera selected.

f,

State vectors used for radiation testing and functional test conditions for each state vector.

g.

Criteria for transient output upset.

h.

Records of the upset threshold and power supply current for each state vector.

i.

Equipment fist.

i.

Results of the noise test.

k.

Tempemture (see 3.9).

4. SUMMARY. The followingdetails shall be specified.
a.

Device type and quantity to be tested.

b.

Test circuit to be used, including output loading impedanca

c.

State vectors to be used in testing and device output pins to be monltorad.

d.

Functional test sequence.

e.

Power supply voltage and bias conditions for all pins.

f.

Pulse width of the radiation source (See 2.1).

9.

The method of selecting steps between successive irradiation levels and the required n?sOIUtiOn

h.

Resbictbns on ionizing (total) dose if other than that specified in 3.1.

i,

Temperature of the devices during testing.

i.

Requirement for measuring and recording power supply peak transient current (see 3.1 It).

k.

Failure titeria for transient output voltage upset.

1.

Failure uiteria for power supply current and output current, if applicable.
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METHOD 1022
MOSFET THRESHOLD VOLTAGE
1. PURPOSE. This method establishes the means for measuring MOSFET threshold voltage. This method appfies to
both enhancement-mode and depletion-mode MOSFETS, and for both silicon on sapphire (SOS) and bulk-silicon MOSFETS.
lt is for use primarily in evaluating the response of MOSFETS to ionizing radiation, and for this reason the test differs from
conventional methods for measuring threshold voltage.
1.1 Oeflnition.
MOSFET threshold voltage, VW lTe gate-t~souu
current, as determined by this method.

voltage at which the drain current is reduced to the leakage

2. APPARATUS. The apparatus shall consist of a suitable ammeter, voltmetem, and voltage sources. lle apparatus
may be manually adjusted or, alternatively, may be digitally programmed or controlled by a camputer. Such alternative
arrangements shall be capable of the same accuracy as spedfied below for manually adjusted apparatus.
2.1 Ammeter (A,). The ammeter shall be capable of measuring current in the range specified with a full scale accuracy of
W.5 percent or better.
2.2 Voltmeters (V, and V,). The voltmeters shall have an input impedance of 10 ML3or greater and have a capability of
measuring O to 20 V with a full scale accuracy of iO.5 percent or better.
2.3 Voltage sources (V.% and VSJ. The voltage sources shall be adjustable over a nominal range of O to 20 V, have a
capabihty of supplying output currents at least equal to the maximum rated drain current of the device to be tested, and have
noise and tipple outputs less than 0.5 percent of the output voltage.
3. PROCEDURE.
NOTE The absolute maximum value5 of power dissipation, drain voltage, drain current, or gate voltage specified in either
the applicable acquisition document or the manufactumts specifications shall not be exceeded under any circumstances.
3.1 n-channel devices.
3.1.1 Test circuit. The test circuit shown on figure 1022-1 shall be assembled and the apparatu5 turned on. With the
voltage sour-s VS, and VS, set to O volts, the MOSFET to be tested shall be inserted into the test circuit. The gate pOlafity
switch shall be set to the appropriate position, and voltage source VS, shall be set t.0 V negative wfth respect to the
anticipated value of threshold voltage Vm. Voltage source VS, shall be adjusted until voltmeter V, indicates the specified
drain voltage Vn. The current ID,indicated by ammeter A,, and the gate voltage V., indicated by voltmeter V,, shall be
measured and recwrded.
3.1.2 Measurement of qate voltaaes. The measurement shall be repeated at gate voltages whkh are successively 0.25
volts more positive until either the maximum gate voltage or maximum drain current is reached. If the gate voltage reaches
O volts before either of these limits has been reached, the gate polarity switti shall be changed as necassary and
measurements shall continue to be made at gate voltages which are successively 0.25 volts more positive until one of these
limits has been reatied.
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3.2 @

annel devices.

3.2.1 Test circuit. The test cfrcuitshown on figure 1022-2 shall be assembled and the apparatus turned on. Wth the
voltage sources VS, and VSZ set to O volt.%the MOSFET to be tested shall be inserted into the test circuit. The gate polarity
switch shall be set to the appropriate position, and voltage source VS, shall be set 1.0 V positive with respect to the
anticipated value of threshold voltage Vm. Voltage source VS, shall be adjusted until voltmeter V, indicates the specified
drain voltage Vm. The current ID,indicated by ammeter A,, and the gate voltage V=, indicated by voltmeter V,, shall be
measured and recorded.
3.2.2 Measurement of oate voltaqe5. The measurement shall be repeated at gate voltages tiich are successively 0.25
volts more negalwe until either the maximum gate voltage or maximum drain current is reached. If the gate voltage reaches
O volts before either of these limits has been reached, the gate polarity switch shall be changed as necessa~ and
measurements shall continue to be made at gate voltages which ara successively 0.25 volts more negative until one of
these limits has been reached.
3.3 Leakaqe CuKent. The leakage current shall be measured.
3.3.1 Drain voltaae. The drain voltage shall be the value specified in 4b.
3.3.2 Gate voltaae. The gate voltage shall be five volts different from the anticipated threshold voltage in the direction of
reduced drain current.
3.4 Plot of sate voltaqe. The gate voltage, Va, shall be plotted versus the square-mot of the drain
current minus the leakage current, -At
the point of maximum slope, a straight line shall be extrapolated downwatd.
The threshold voltage Vm is the intersection of this line with the gate voltage axis. Examples are shown on figure 1022-3.
3.5 =.
As a minimum, the report shall include the device identification, the test date, the test operator, the test
temperature, the drain voltage, the range of gate voltage, the leakage current, and the threshold voltage.
4. SUMMARY.

The followingdetails shall be speciiied in the applicable acquisition document

a,

Test temperature. Unless otherwise specified, the test shall be performed at ambient.

b.

Drain voltage,

c.

Maximum drain current.

d.

Range of gate voltage.
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FIGURE 1022-1. Test circuit for n-channel MOSFETS.
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FIGURE 1022-2. Test circuit for p-channel MOSFETS.
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METHOD 1023.2
Dose Rate Response and Threshold for Upset
of Linear Mbrockcuits
1. PURPOSE. This test procedure defines the requirements for measuring the dose rate response and upset threshold
of pati-ces
containing anal.q functionswhen exposed to radiation from a flash X-ray source or from a hear
accelerator. This procedure addresses the measurement of dose rate response characteristics of a Lnear circuit, excluding
Iatchup which is addressed in MIL-STO-SE3 Test Method 1020.
1.1 Definitions. The follow”ngare the definitions of terms used in this method:
a,

Oose rate response. The transient changes which occur in the operating parametem or in the output signal of an
operating linear microcircuitwhen exposed to a pulse of ionizing radiation.

b.

Dose rate. Energy absorbed per unit time and per unit mass by a given material from the radiation field to which it
is exposed. Units are specified in Gray (GY) per secnnd (s) in the material of inferest, e.g., Gy(Si)/s, GY(~O,)/S,
Gy(GaA.s)/s, etc.

c.

Dose rate induced uuset. An upset has occurred when the radiation induced transient change in a specified
parameter (e.g., in output voltage, supply current, output signal waveform) exceeds a predetermined level.

d.

Ugsei threshold. The upset threshold is the minimum dose rate ai which the device upsets. However, the
reported measured upset threshold shall be the maximum dose rate at which the device does not upset and which
the transient disturbance of the output waveform andlor supply current remains w“thinthe spetiried limits.

1.2 ~.
Prior to dose rate testing, a test plan shall be prepared which destibes the radafion source, the
dosimetry techniques, test equipment, the device to be tested, test conditions, and any unique testing considerations. A
detailed procedure for each device type to be tested shall be prepared, either as part of the test plan, or in separate test
procedure documents. The procedure shall include bias conditions, test sequence, schematics of the test setup and spedfic
functions to be tested. The test plan shall be approved by the acquiring activity, and as a minimum, the items fisted below
shall be provided in the test plan or procedure
a.

Device types, including package types, manufacturer, date ties,

b.

Traceability requirements, such as requirements for serialization, wafer or lot traceability, etc.

c,

Requirements for data reporting and submission.

d.

Block diagram or schematic representation of test setup

e.

List of equipment used in the testing and calibration Wmpliance requirements as required.

f.

Test conditions, e.g., bias voltage, temperature, etc.

9.

Electrical parameteffi to be monitomd and device operating conditions, including functional test requirements
before, during and after the radiation pulse. Test patterns to be used for devices with storage elements, or
devices with input pattern sensitivity shall also be specified.

h,

Group A electrical test requirements for pm- and postdose rate testing, when applicable, to include test hmits and
failure uiteria,

i.

Radiation test parameteffi such as pulse width(s), radiation dose(s) per pulse and dose rate range(s).

i.

Total ionizing dose limit acceptable for each device type

k.

Upset and failure criteria, e.g., effective number of bits (ENOB) or missing males in analcg to digital Convertem
(ADCS), delta VOH or Vref, time to remvev, output waveform distortionin shape or frequency, etc.

and quantities to be tested
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1.3 Formulation of the uoset titeria. The upset titetia are usually generated from characterization data at the dose rate
of interest. Upset criteria can sometimes be determined by analysislsimulation (SPICE or equivalent computer code) of the
aPPlf~tiOn circuit, if the-de
has been verified to a9~e ~th experimental data for similar tircuits and exposure contiltions.

lle

1.4 Specification of the upset-.
Once formulated, the upset criteria shall be specified in the detailed specification.
upset titeria may consist of the following (a waveform maybe included denoting the acceptable boundaries):
a,

Measurement circuit to which c$iteriaapply.

b. Peak amplitude of tolerable transient change in output voltage.
c. Allowable duration of transient output change (remvery time).
d,

Limitingvalue for the surge in power supply current and remve~ characteristics.

e.

Steady state (return to normalcy) level of the output voltage followingrecovev.

f. ENOB or missing codes for ADCS.
9.

Oelta parametem such as Vref or VOH.

h. Device saturation time.
2. APPARATUS. The appamtus shall consist of the radiation source, dosimeby equipment, remote test circuit to include
signal recording devices, cabling, line drivers, intermnnect fixtura, and exposure board. Adequate precautions shall be
observed to obtain an electrical measurement system with sufitient insulation, ample shielding, satisfactory grounding and
low noise from electrical interference or fmm the radiation environment (see sectfon 3.7.3).
2.1 Radiation Source. Either of two radiation sources shall be used for dose rate testing: 1) a tlash x-ray machine
(FXR), or 2) an electron hnear accelerator (LINAC). The FXR shall be used in the x-ray mode and the LINAC in the
electron [e-beam) made. Unless otherwise specified, the FXR peak charging voltage shall be 2 MV or greater, and
the LINAC beam energy shall be 10 MeV or greater. The uniformityof the radiation field in the device irradiation
volume shall be z 15”Aas measured by the dosimet~ system. The dose Per radiafiOnexPOsu~ shall be as spedfied
in the test plan or procedure.
2.2 Oosimebv Svstem. A dosimetw system shall be used which provides a measurement accuracy within f 15 Percent.
A calibrated PIN diode may be used to obtain both the shape of the radiation pulse and the dose. The followingAmerican
Society for Testing and Materials (ASTM) standanis or their equivalent maybe used
ASTM E 526 Standad Method for Measuring Oose for Use in Linear Accelerator Pulsed Radiation Effects Tests.
ASTM E 666 standard Method for Calculation of Absorbed Dose fmm Gamma or X Radiation.
ASTM E 660 Standard Practice for the Application of Thermc-luminescence Dosimetry (TLD) Systems for Determining
Absorbed Oose in Radiation Hardness Testing of Electronic Devices.
These methods describe techniques to determine the absorbed dose in the material of interest. Oevics packaging material
and thickness should be considered in determining the dose to the DUT. For FXR tests, dose enhancement effects of the
package shall be considered. Dosimey techniques shall be reported in the test report as well as device packaging
material, thickness and dose enhancement effects, if applicable.
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2.3 Dose Rate Test ?+fstem. The instrumentation shall be capable of establishing the requirad test renditions and
measuring and recording the required parametem in the specified time frame. Components other than the device under test
(DUT) shall be insensitive 10the expected radiation levels, or they shall be shielded from the radiation. The system used for
dose rate testing shall contain the followingelements
2.3.1 Remote Test circuit. The remote portion of the test circuit includes power sources, input and control signal
generatom, instrumentation for detecting, measuring and reccmdingtransient and steady state response, and may also
include automated test equipment (ATE). The remote portion of the test equipment is shielded from radiation and from
radiation induced electromagnetic fields. Specified signals shall be measured and recorded during the radiation pulse, and
the logic pattern shall be verified after the pulse (when applicable).
2.3.2 Interconnect fixture. The interconnecting fixture is located in the radiation exposure chamber and is connected to
the remote portion of the test circuit via the cabling system. It serves as a power and signal distribution box and contains
the hne drivers that buffer the various DLIT output signals, The characteristics of the fine drivers (e.g., linearity, dynamic
range, input capacitance, transient response and radiation response) shall be such that they accurately represent the
response of the DUT output. The interconnect future shall be located as dose as practical to the exposure fixture, and must
be appropriately shielded against scattered radiation fields so that radiation induced effects do not adversely affect the
fidelity of the output rasponse being measured.
2.3.3 Test urcuit. The test circuit for each device type shall provide worst ca5e bias and load conditions for the DUT, and
ehall enable in-situ functional testing of the DUT as specified in the test plan or procedure. The test circuit accommodates
the DUT, output loads, and the supply stiffening capacitors cwnnecteddirectly to the DUT supply pins or iis socket (See
2.3.4). To avoid ground loops, them shall be only one ground plane (or ground rings connected to a single ground) on the
test circuit. Test Circuit parasitic resistanm shall be kept to a minimum.
2.3,4 Stiffening capacitors. A high frequency capacitor shall be placed at each bias supply pin of the DUT with lead
lengths as short as practicable. These capacitom should be large enough such that the power supply voltage dmp at the
OUT is less than 10% during the radiation pulse (typical values are between 4.7 and 10 IIF). In parallel with this capacitor
should be a low inductance capacitor (e.g., 0.1 PF), again as dose as possible to the supply pin and with lead lengths as
short as practical. In addition, for each supply line into the DUT. a IaQer caPatitor, ? 100 IJF, may be placed a shOfi
distance away from the DUT and shielded fmm radiation.
2.3.5 Current Limitinil Series resistor. A current hmitingresistor in series with the power supply may only be used with
prior approval of the acquiring activity. Note that a current limiting resistor may degrade the upset performance of the DUT.
2,3,6 Timinq control. A timing cantrol system shall be incorporated into the test system such that post-irradiation in-situ
functional testing is performed at the specified time, and that recove~ of the signal and supply current can be monitored.
2.4 -.
The remote test circuit shall be connected to the interconnect and exposure fixtures by means of shielded
cables terminated in their characteristic impedance. Additionat shielding previsions (e.g., doubly shielded cables, biax,
zipper tubing, aluminum foil) may be required to reduce noise to acceptable levels.
2.5 Measurinq and recmdinq eauipment. Oscilloscopes or transient waveform digitizers shall be used to measure and
record the transient signal and the recovery period of the output voltage and supply current. The rise time of these
instruments shall be such that they am capable of accurately responding to the expected pulse w“dth(s).
3. PROCEDURE.
3,1 Device identification. In all cases, devices shall be serialized, and the applicable recorded test data shall be
traceable to each individual device.
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3.2 Radiation safek. All per$onnel shall adhere to the health and safety requirements established by the local radiation
safety ohicer or health physicist.
3.3

Stress hmits.

3.3.1 Total ionizino dose timit. Unless otherwise specified, any device exposed to more than 10% of its total ionizing
dose limit shall be considered to have been destructively tested. The total dose limit shall be determined (or data obtained)
for each device type to be tested. The total ionizingdose hmitshall be specified in the test plan.
3.3.2 Burnout Limit. A device exposed to greater than 10% of the level at wlich photocumentburnout occurs shall be
considered destmctively tested. The burnout level shall be specified in the test planlpmcedure. The burnout level may be
specified as the maximum dose rate level at which the device type has been tested and does not burnout, Note that dose
rate testing causes surge currents ranging from 20 ns to 500 ns (typically) in duration, which may exceed the manufacturen$
maximum ratings for current and power for that time period.
3.4 Characterization testinq. Characterization tests shall be performed or data obtained to determine device performance
as a function of dose rate and to establish requirements for pmducthm testing, if applicable. The following are examples of
information gained fmm characterization testing:
a.

Parameter behavior over dose rate and pulse width.

b. Upset threshold as a function of radiation dose rate and pulse width.
c. Determination of susceptible circuit conditions.

.

d.

Identification of the most susceptible circuits of a device, and the appropriate outputs to monitor.

e.

Effect of temperature on upset or failure.

f. Upset, recovery time and failure criteria to be specified in the device specification or drawing.
9.

Group A electrical parameter degradation subsequent to dose rate testing.

h. Worst case power supply voltage.
i. Maximum surge currents and duration, and photocumnl burnout level.
3.5 Pmductkm testinq. Prior to production testing, characterization testing shall be performed or characterization data
obtained for each device type. The results of the characterization tests (paragraph 3.4), or the existing data, will be used to
develop the requirements for the production tests. These requirements are specified in the applicable test plan or procedure
and include those items listed in paragraph 1.2.
3.5.1 General requirements for produtilon tests. Productiontests shall be performed at the specified dose rates (and
pulse w’dths), with bias and load conditions as spetified in the test plan or procedure. The measured response shall be
compared to the upset criteria and determination of pass/fail shall be made. Devices having storage elements shall be
loaded with the applicable test pattern prior to exposure and post-exposure functional test shall be performed to the extent
nec-sssaryto verify the stored patiem.
3.6 Testinq of ComPlex Linear Devices. Testing of complex hear devices, such as analog to digital and digital to
analog Wnverlers, shall be performed using the necessa~ (as specified in the teSt plan or procedure) exposure ccditiOflS
to ensure adequate coverage. Often, four or more exposure conditionsare required. To the greatest extent practical, the
most susceptible exposure conditions (i.e., most favorable for upset to occur) shall be used, For bnear devices that have
storage elements, each exposure state shall consist of a stored test pattern plus the external bias. Each test pattern shall
be loaded prior to exposure, and follow”ngthe application of the radiation pulse, functional testing of the device muSt be
performed to the extent necessary to verify the pattern.
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3.7 Dose Rate Test .sequenc?.
3.7,1 Facilitv Preparation. The radiation source shall be adjusted to operate in the specified retie and provide a radiation
pulse within the spetified pulse width range. The required dosimetem shall be installed as close as practical to the DUT.
3.7.2 Test Circuit prepamtion. The dose rate test system, including all test Circuitv, cables, monitoring and recording
equipment shall be assembled 10 provide the spetified bias and load conditions and output monitoring. The test circuit shall
be placed in position such that the DUT will receive the specified dose. Unless otherwise specified, dose rate testing shall
be performed at 25” 35“C. (The test temperature shall be specified in the lest planlpmcedure.)
3.7.3 Test circuit noise check. Wth all circuitry connected, a noise check, including radiation induced noise, shall be
made. Noise signals shall be kept as low as practicable. The Circuit!yand cabling system shall be mmtified until the noise
signals are below an acceptable level (usually less than 10% of the expected response).
3.7.4 Test Procedure?.
CAUTION
Exercise caution when handling devices, particularly with regard to pin alignment in the and holding fixture
and when installing devices in the test circuit. Ensure that voltages are off before inserting the DUT. Observe ESD
handling procedures for the class of devices being tested, as appmpiiate.
Step 1:

Adjust timing contmt system to provide the required time interval between radiation pulse and
post-irradiation measurements.

SIep 2:

Remove bias voltages and install a control sample device (same type as devices to be tested).

Step 3

Tum on bias voltages and verify proper device function in accordance with performance
requirements.

Step 4.

Verify proper operation of all remrding, monitoringand timing wntml equipment. Monitor and
record noise level and temperature.

Step 5.

Remove bias voltages and control device, in that order

Adjust the radiation source to operate in the spetified mcde to deliver the specified dose. Verify as follow
Step 6:

Put dosimetry in position and expose to radiation pulse, Verify that the dose recording
equipment is working properly and that the appropriate dose wae delivered.

When the dose rate test system, radiation source and dosimetry system have been verified to be working propedy, continue
as follows for each device type to be tested
Step 7:

Ensure bias is removed from the lest circuit and install OUT.

Step &

Sias the device and load the test patterns (if applicable) in accordance with the test plan or
procedure. Verify proper device functional operation.

Step 9

Expose the oUT to the radiation pulse and measure the response of the specified outputs, as
well as the recovery characteristics.

Step 10 Compare the DUT response to upset criteria, if applicable
Repeat steps 8-10 for each exposure state and for each radiation dose rate.
Step 11: Remove bias and DUT in that order.
Note that the upset threshold shall be reported as the maximum dose rate at which the DUT does nOtupset
METHOD 1023.2
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4. Test Rermrl. A dose rate test report shall be prepared and shall indude the following(as a minimum):

.

a.

Device identification, including manufacturer, wafer lot andlor inspection lot traceability information, pm-radiation
history (e.g., class level S, class level B, prototype, etc).

b.

Radiation test facility, type of source, puke width, dosimetry data incfudingpulse wave fOMI.

c.

Test date, test operato<s name and organization.

d.

Results of the noise test.

e.

Device response data, listed by device serial number, includingoutput and supply recovery wave fomns,and dose
per pulse for each device..

f.

Power supply droop during pulse.

9.

Post-exposure functional test data if applicable.

h.

All information included in the test planlprocedure (may be referenced or appended to test report), and any
deviations from the approved test planlprocedure.

i.

Package material and thickness, and effect of package material on dose to the device (see paragraph 2.2).

5. SUMMARY. The applicable device specification or drawing shall speufy the following (as applicable)
a.

Device types and quantities to be tested.

b.

Traceability (device number, waferlfot number, etc.) requirements and requi=ments for data reporting and
submission.

c.

Electrical configuration of the DUT during exposure (include schematic of exposure configuration).

d.

Sequen= of exposure conditions and Ibgical test patterns.

e.

Outputs to be monitored and recorded.

f.

Dose rate level(s) and pulse width(s).

9.

Criteria for u~set and remve~, steady state value of recovered outputs anfflor supply current. Include sample
waveforms if necessary.

h.

Upset threshold and failure level (if applicable).

i,

Post exposure functional test necessaty to verify the stored pattern, and maximum time intewal between
aPPliCafiOnOfthe radiation pulse and start of functi.amdltest.

I

i.

Total ionizing dose Mmitand burnout level for each device type.

I

k.

Maximum current limiting resistance in series with the power supply in the application (if applicable), and
allowable resistance in the test circuit (paragraph 2.3.5).

1.

Requirements for Group A electrical testing pm- and post-radiation testing, if applicable.

m.

Test instrument requi~ments, if other than those indicated shove.

n.

Requirements for characterization, recharacterization and analysis.

I

I
I
I
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APPENDIX A

Al. TMs appendix provides an example of the specification of test details for an operational amplifier. Because the test
conditions depend both on the type of device and on the specific application. this example shall not be canside~d as
suitable for use in any given case. It is provided only as an illustrationof the use of this test method.
A2. Test specification, method 1023
a.

Type 741 operational amplifier, in &pin TO-5 package.

b.

Test circuit as given on figure 1023-1. Leave pins 1,5, and 8 unconnected.

c.

v+=9.o ~ 0.2 v v-=-9.0 ~ 0.2 v input signal 280 mv 35”A peak tOpeak, 2000 t513 Hz.

d.

Monitor pin 6 and the power supply cum?nt.

e.

Standamt noise flmits apply.

f,

Pulse width 20 ns (Full width half maximum).

g,

Total Ionizing dose shall not exceed 10 Gy(si).

h.

Test at a dose rate of 105 t30% GY(Si)/s.

i.

Test temperature shall be ambient (25” 15”C).

i.

Pass/Fail Criteria Power supply currents and the output signal shall return to within 10% of the
pre-rad levels within 1 ms of the radiation pulse.

k.

This testis mnsidered a destructive test
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APPENDIX B

B1. This appendix provides an example of the specification of test details for an analcg to digital converter (ADC).
Because the test conditions depend both on the type of device and on the specific application, this example shall not be
considered as suitable for use in any given case. It is provided only as an illustrationof the use of this test method.
B2. Test specification, method 1023
a.

Type ADC (n=# bits=l 2), 40 pin ceramic DIP.

b.

The test circuit is given in Figure 1023-2, and an overview of the test setup is provided in Figure 1023-3.
The storage RAM must write at a speed (taa>tclk) exceeding the DUT clock frequency, and provide an interface to
the contmtler, and be capable of storing a bigger pulse from the radiation source. Note that if the data ready fine of
the ADC is used, it must be monitored separately, as it may also upset.

c.

A minimum of 3 input voltages shall be tested. Adjust input bias to center output mde on:
I. Midscale (2n/2)
2. Fullscale - 10% (2n-0.1 “2n)
3. Zem+10%(o+o.l”2n)

d.

Asaminimum,

pedomtests

atlOMHz

andl MHz(Fmax and O.l"Fma).

e.

Upset Criteda: Detemination of theupsettimshold shall bedetemined bystatistial analysis mmparingthepm
shot ADC output mdestiti
thedata taken during andimmediately aRerthe shot. Thetime tomcover (within
20%) shall also be determined by camparing the pre-rad data with the post-rad data.

f.

Pulse w”dth: 20ns(Full width half maximum).

g.

Testatdose

h.

Total ionizing dose shall notexceed 500 Gy(Si).

i.

Test at ambient temperature (2Y IYC).

i.

Afler completion of the upset tests, test up to the machine maximum dose rate to determine if devices bum out.
This test is a destructive test.

rates mngingfmm 102-107Gy(S)/s

toestablish upset Wmshold
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METHOD 1030.1
PRESEAL BURN-IN
1. PURPOSE. The purpose of preseal bum-in is to identiti marginal devices or stabilize monolithic, hybrid, or mu!tichip
miwo-or
to the sealing of packages so that rework or rebimmings can be performed. Standad or sealed-lid
bum-in testing (see method 1015) is designed to sc$een or eliminate marginal devices by stressing microcircuits at or above
maximum rated operating conditions or by applying equivalent scm?ening conditions which will reveal time and stress failure
modes with equal or greater sensitivity. Performance of a portion of the standati bum-in teSting prior to sealing w“ll identify
marginal devices or those requiring retrimming at a point where rework or retrimming can readily be performed. Use of
preseal bum-in is optional and should be a function of the complexity of the micmtircuit in question coupled with, if
available, actual sealed-lid bum-in failure rates,
2. APPARATUS. Oetails for the required apparatus and compensation for air velocity, when required, shall be as
described in method 1005. In addition, the oven used for preseal bum-in shall be so equipped to provide a dry (less than
100 ppm moisture, at the SUPPlYpoint) nitrogen at cfass 100,000 maximum environment. Suitable equipment shall be
provided to control the flow of dry nitrogen and to monitor the moisture content of the d~ nitrogen flowing into the oven.
3, PROCEDURE. All mimocircuits shall be subjected to the specified pmseal bum-in teSt condition (see 3.1) for the time
and temperature and in the environment specified after all assembly operations, with the exception of lid sealing, have been
completed (see methcd 50M herein, MIL-PRF-38534 or MIL-PRF-385351 internal visual inspection shall be performed prior
to sealing. The microcircuits shall be mounted by the leads, stud, or case in their normal mounting cxmtiguration, and the
point of connection shall be maintained at a temperature not less than the specified ambient temperature. Measurements
before and after preseal bum-in shall be made as specified.
3.1 Test renditions.
in method 1005.

Basic test renditions are as shcwm below. Details of each of these conditions shall be as described

a.

Test wndition C

Steady-state dc voltages.

b.

Test condition O Series or parallel excitation with ac conditions as applicable to exercise the device under test to
normal operating conditions.

3.1.1 Test time. Unless otherwise specified, preseal bum-in shall be performed for a minimum of 48 hours. It shall be
permissi-de
the total minimum bum-in time between preseal and postseal bum-in provided that the total bum-in
time equals or exceeds the spetiried bum-in time of 160 hours and that the postseal bum-in time equals or exceeds 96
hours,
3.1,2 Test temperature. Unless otherwise specified, the preseal bum-in teSt temperature shall be 12YC.
temperature is used, a corresponding increase in time is necessary as sfmwn on figure 1015-1.

If a Imver

3.1.3 Test environment. Preseal bum-in shall be performed in a dry nitrogen (less than 100 ppm moisture, at the supply
point), class 100,000 maximum environment. Prior to heat-up, the oven shall be purged with dry nitrogen and then the bias
shall be applied. Testing shall not commence until the specified environment has been achieved.
3.2 Measurements. Measurements before preseal bum-in, shall be conducted prior to applying preseal bum-in test
conditions. Unless otherwise specified, measurements after preseal bum-in shall be completed within 96 hours after
removal of the microcircuits from the specified pre-seal bum-in test condition and shall consist of all 25°C dc parameter
measurements (subgroup A-1 of method 5005) and all parametem for which delta timits have been specified as part of
interim electrical measurements. Delta fimit acceptance, when applicable, shall be based upon these measurements. If
these measurements cannot be completed tithin 9e hours, the mic$cmircuits shall be subjected to the same specified test
conditions (see 3.1 ) previously used for a minimum of 24 additional hours before measurements after pm-seal bum-in are
made.
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3.2.1 Cooldown after Preseal bum-in. All microcircuits shall be cooled to within lWC of their power stable condition at
room temperature prior to the removal of bias. The intermption of bias for up to 1 minute for the purpose of moving the
microcircuits to cooldown positions separate from the chamber within which testing was perfon’ned shall not be considered
removal of bias. Alternatively, except for linear or MOS devices (CMOS, NMOS, PMOS, etc.) the bias may be removed
during cooling provided the case temperature of microcircuits under testis reduced to a maximum of 3YC within 30 minutes
after the removal of the test conditions. All 2YC dc measurements shall be campleted prior to any reheating of the
miuocircuits.
3.2.2 Failure verification and repair. Microcircuits which fail the 25°C dc measurements afler pmseal bum-in shall be
submitted for failure verification in accordann? with test cwndition A of method 5003. Affer verification and location of the
defective or marginal device in the microdmuit, rework shall be performed as allowed in MIL-PRF-38535 or
MIL-PRF-38534. Upon mmpletion o{ rework, repaid microcircuits shall be remeasured and, if found satisfactory, shall be
returned for additional preseal bum-in (see 3.1) if such rework involved devi- replacement.
3.2.3 Test setup monitoring. The test setup shall be monito~d at the test temperature initially and at the conclusion of
the test to estabtish that all microcircuits are being stressed to the specified requirements. The following is the minimum
acceptable monitoring procedure
a.

Device sockets. Initfally and at least each 6 months thereafter, eati test board or tray shall be checked to verify
continuity to connector points to assure that bias supplies and signal information will be applied to each socket.
Except for this initial and pehlic verification, each microcircuit socket does not have to be checked; however,
random sampling techniques shall be applied prior to each time a board is used and shall be adequate to assure
that there are correct and continuous elecbical connections to the microcircuits under teSt.

b.

Connectoffi to test boards or trays. After the test boards are loaded with microcircuits and are inserted into the
oven, and prior to the nitrmW! purge, each required test voltage and signal condition shall be verified in at least
one location on each test board or tray so as to assure electrical continuity and the correct application of specified
electrical stresses for each connection or mntact pair used in the applicable test cnnfigumtion.

c.

At the conclusion of the test period, afler rnoldown,
be repeated.

I

I

the voltage and signal rendition verification of b above shall

Where failures or open contacts occur which result in removal of the required test stresses for any period of the required test
duration (see 3.1 ), the test time shall be extended to assure actual exposure for the total minimum specified test duration.
3.3 Handlinq ofunsealed microcircuits. ltis=Wmmended
tiatunsealed miuodrcuits bewvemd atall times for
protection from handling induced defects. Snawnmetal
wvem, orrigid plastic mvemtith
awndudive
@ating, maybe
removed from themiatircuits
aRerall miuotircuits aminplam
inthebum-in m&s. Cover% ifremoved shall be replaced
immediately after bias removal and completion of bum-in and cooldown prior to removal of microcircuits from the bum-in
racks. Regatiless of themethod ofhandling during thetime period beWeenthe wmpletion ofintemal visual inspetion
following preseal bum-in and sealing, the mic$mkuits shall be retained in a controlled environment (see method 201 7).
“ 3.4 Sealed-lid bum-in. Afierrnmpletion ofp~seal bum-in, internal visual, other preseal swensand
sealing all
miaurcuits
shall undeqothe sweening specified inmethod50W
herein, MIL-PRF-385340r Ml L-PRF-3B535 except that
stabilization bake maybe deleted. Sealed- fidbum-in shall bepetiomed asspetified inmethod50~
herein, MIL-PRF38534 or MIL-PRF-38535 (see method 1015 for test details).
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4. SUMMARY. ~efolloting

delails shall bespetified

intieappbable

a.

Testwndition
letierand bum-in tircuit tithrequimmenE
dissipation as applicable (see 3.1).

b.

Testmounting,

c.

Preandpost

&

Tmetittin

e.

TyPeOfmve~

f.

Testduration

g.

Testtemperature,

awuisitiondowment.

forinpu&,

outputs, appbedvoltages

andpowe!

ifother than normal (see3).
preseal bum-in measurement andstiflfimits,

tichpost

pmsealbum-in

usedtopmteti
forpreseal

measurementi

mimdrwi&

asapptimble

must bemmpleted

komhandhng

indu=ddefeds

(see 3.2).
ifotherthan

specified (see3.2).

(see3,3),

andsealed fidbum-in (see3.l.l).

iflessthan

12YC(see3.1.2).
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METHOO 1031
THIN FILM CORROSION TES1

.

1. PURPOSE. The thin film corrosion testis performed for the purpose of demonstrating the quality or reliability of
devie-ed
to the specified conditions over a specified time period. This sample testis to be applied as either a short
term specialized quality assurance test or as a long term acceleration test to assure device reliability. It is particularly suited
10devices containing thin film ccmduc.tom resistom, or fuses which are susceptible to corrosion as a result of cavity water
vapor which is less than the Kmits specified in methods 5005 herein and MI L-PRF-3B534. Because of the destructive nature
of the test, it should not be used as a 100 percent screen. It is the intent of this test to reveal time and temperature, stress
dependent, moisture related failure modes resulting from metallization corrosion.
2. APPARATUS. Suitable sockets or other mounting means shall be provided to make firm electrical contact to the
terminals of devices under test in the specified circuit configuration. Power supplies and a temperature chamber shall be
capable of maintaining the specified operating conditions as a minima throughout the testing period. The test chamber shall
be conditioned with dry air to prevent the test ambient from reaching 100 percent relative humidity during temperature
cycling.
3. PROCEOURE. The microcircuits shall be subjected to the specified conditions, duration, and temperate=, and the
required measurements shall be made at the conclusion of the test. The test conditions, duration, quantity, and temperature
shall be remrded and shall govern for the entire test. All programmable devices processed by the manufacturer to an
altered item drawing shall be programmed prior to the test.
3.1 Test conditions.
3.1.1 Oevice mnditioninq. All devices shall be conditioned, without bias at 125°C *1O”C for a minimum of 24 hours
before proceeding with the test
3.1.1.1 Short term testing. For short term quality assurance testing the time-temperature bias sequence of figure 1031-1
shall be followed for 16 cycles, 3 hours each, for a total of 48 hours. The following sequence shall be used for the short
term tesk

.

Initial conditioning drives out deeply trapped water into ambient
Step AB

12YC

Activate surface water from walls.

Step BC

Freeze out ambient water on walls and chip (temperatu=

Step CD

Allow surface temperatures inside package to came to equilibrium (i.e., redistribute water)

Step OE

Transfer water from walls to chip (cold surface pump). At point E apply bias vvlIile chip is wet.

Step EF

Adjust temperature ramp so that chip is always the coldest temperature by minimizing heal
dissipation and adjusting temperature ramp (maximum 10WClminute).

Step FG

Maintain 2C ambient to insure highest R.H. near chip while bias is still applied.

Step GH

Heat quickly to evaporate water from walls, possibly with explosive force to enhance
contaminant transfer from the walls to the chip (maximum 10WClminute).

ramp 10VClminute).

Temperature test cycle at 25°C when bias is applied. Remove from test fixture.
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3.1.1.2 Lonq term testinq. For long term reliability assurance testing the folloting

modifications shall be made

Step AB

Inc$eased 1012 hours.

Step CD

Increased to 1 hour.

Step DE

Remains the same one-half hour.

Step EG

Bias applied at pt E and then cycled 30 minutes on, 30 minutes off during FG. Total time 24
hours.

Step EF

May be exlended to 4 hours if power dissipation can be minimized.

Step FG

Increased to 6.5 hours. Total test time 10 weeks or 70 cycfes

Terminate test cycle at 2!YC when bias is applied
Remove fmm test fixture
3.2 Measurements. Unless otherwise specified, all electrical measurement shall be completed within 12 hours after
removal from the specified test renditions. End point measurements shall consist of group A, subgroups 1 and 7 at 25”C.
NOTE Method 1014 fine and gross leak test must be accomplished before 3.1.1 and after 3.2. Any circuit failing the leak
test w“II be removed from the test lot.

.

4. SUMMARY. The following details shall be provided in the applicable device specification or drawing:
a.

The electrical test configuration

b,

The number of devices to be tested and the acceptance titeria.

c,

Requirements for data recording, when applicable
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FIGURE 1031-1. Graphical representation of corrosion test.
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METHDD 1032.1
PACKAGE INDUCED SOFT ERROR TEST PROCEDURE
(DUE TO ALPHA PARTICLES)
1, PURPOSE. This test method defines the pmcedum for testing integrated Circuits under known teSt WnditiOns for
susce=alpha
induced errors.. This test was specifically designed to measure the device’s ability to withstand alpha
particle impact. In addition, the procedure will determine the effectiveness of a ‘“die-x! ating” shield. The test objective is to
determine the rate that failures are induced due to alpha radiation sourced from the device package, die and die-coat
material.
1.1 Definitions.

The following definitions were created to be specific and relevant within the confines of this method

1.1.1 pLJJ. Device under test.
1.1.2 SORerror. Any error induced by alpha parllcfe impact resulting in either a transient error or an error in data storage
witnessed at the DUl% output.
1.1.3 z.
A foil of Thorium-232.
through 10 MeV).

(Note

This foil generates particles which have an alpha energy spechwm of O

1.1.4 Soft error rate (SER). Failures per unit time under normal conditions of package environment
1.1.5 Accelerated sofl error rate (ASERL Failures per unit time induced by exposure to a known alpha particle source.
1.1.6 Failure in time (FIT). 1 FIT= 1 failure in 10’ devi=houm
1.1.7 Packaqe flux. The total number of alpha particles impinging on the die surface per unit of time and area, due to
package material impurities (i.e., tid, die material, sealants, and optional alpha bam’er material). Normal units of
measurement a!phalcan’-hr.
1.1.6 Modified uackaqe flux. The total number of alpha particles impinging on the die surface per unit of time and area,
when a die coat is in place. Normal units of measurement alphafcd-hr.
1.1,9 Source flux. The total number of alpha parlides impinging on the die surface per unit of time and area, due to the
calibrated source. Normal units of measurement alpha.km’-s.
2. APPARATUS. The apparatus will consist of electrical test instrumentation, lest circuit board(s), cabling, interwnnecf
boards, or switching systems and a Thorium-232 foil (optional). Precautions will be observed to obtain an electrical
measurement system with adequate shielding, low electrical noise induction, and proper grounding.
2.1 Radiation source. The radiation source used in this test shall be a Thorium-232 foil with dimensions large enough to
rover the entire exposed die cavity. The plated source shall be within the range of 0.01 -5.0 pa and shall produce the
same energy spectrum as the package impurities. Radiation sources must be controlled according to state and federal
regulations. The sources shall be cerlitied periodically and decay rates used to determine the actual tlux values at the time
of use. This source must be processed at least one year before being used. Caution: These sources should not be
exposed to heat.
2.2 Electrical test instruments. Electrical test instruments wfll be standard test instruments normally used for testing the
DUT. They must be capable of establishing the required test conditions and measuring the required electrical parametem.
All instruments shall be periodically calibrated in accordance with the general requirements of this test method standati.
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2.3 Test circuits. The test circuit shall contain the DUT. wiring, and auxiliary components as requim?d. Connection will
allow f~mtion
of the specified test conditions to obtain the specified outputs. Provision will be made for monitoring
and recording the specified outputs. Any loading of the output(s), SUCJas resistors or capacitors, shall be specified. The
test circuit must not exhibit permanent changes in electrical characteristics as a result of exposure to the radioacthe source.
Shielding will be incorporated to prevent such effects fmm occurring if necessa!y.
2.4 -.
Cabfing, if required, shall be provided to connect the test circuit board containing the DUT to the test
instrumentation. All cables will be as short as possible. Care will be exercised to reduce electrical noise induced by the
cable by using shielded cable, triax, zipper tubing, or other shielding methods.
3. PROCEDURES. Two methods of testing are allowed by this procedure. The first is a long term test (sometimes
referred to as a system test) which does not inmrporate a source but which accumulates a statistically vafid amount of test
time to determine the SER directly. This melhcd is self explanatory and must be acmmpfished using the same parametem
out fined in 3.1 (test plan). To determine the SER from this method, the following formula should be used and the result
converied to FITs.
SER = Total number of emorSTotal test time
The second method inmrporates the use of the source outlined in 2.1 (radiation source). The procedure for testing with an
accelerated flux provided by the source is given below. These steps will be followed for each test outlined in 3.1.
a.

The flux that the surface of the die would receive without a die coat will be determined.
package flux.

b.

If the device has a die-coat it should be Iefl in Place for the next portion of the test. The OUT will be defidded and
the source placed directly over the die cavity al the same distance as the package fid was from the die.
NOTE: ~etistanbeWeenthe foil andthedie must beleSthan
50milsand
cavity opening in order to assure all angles of incidence will be maintained.
NOTE Ifthe DUThasan invefled diemnfigumtion (e.g., fi@p)atest
expose the active surface of the die to the irradiating source.

c.

~etesting
outMned in3.1till
bepetiomed
the SER for each test performed.

d.

Recorded foreach testperformed

attNstimetith

This is designated as the

the foilmustrnver

figmust beimplemented

thewnfigumtion

theentiredi*

wMtitill

in b.above, inotiertodetemine

will bethefollowdng:

(1)

Total number of errm

recorded during each test

(2)

Time to accumulate the errors.

(3)

SER,, calculated from the following formulas
ASER, = Total number of errmsltest time
SER, = ASER, x (Package flutisource flux)

e.

If no die-coating has been applied, the SER, will be reported as the measured rate of failure. However, if a die
mat exists, steps 3.f through 3.j will also be performed.

METHOD 1032.1
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f.

NOTE

The flux at the surface of the die will be determined when the die mat is in placfa this is designated as the
modified package flux.
The modified package flux should be the sum of the flux frOrII the die and die-coat material only.

g.

The die coat should be removed, assuring that no damage to the die has occurred and the source placed as
desc$ibed in step b.

h,

The tests performed in step 3.c must be repeated with this configuration, and the new SER will be designated
SER,.

i.

Recorded for each test performed will be the following
(1)

Total number of errors n?mrded during each test.

(2)

Tme to accumulate the errors.

(3)

SER (SERJ, calwlated

from the following formulas

ASER, = Total number of errcmsltest time
SER, = ASER, x (Modified package tlutisourm
i.

flux)

The SER for the corresponding tests will be summed and repotied as the rate of failure for this OUT, using the
following formula:
SER = SER, + SER,

NOTE: The order of the steps above can be reversed to enable testing before the die coat is applied and then after it has
been applied, if desired.
3.1 ~.
A test plan will be devised which will include determination of the worst case operating environment of the
DUT to determine the worst case SER, inmrporating the steps outlined above. The data patterns used will ensure that each
cell and path, or both, is tested for both the logic zero and Iagic one states. The device will be continuously monitored and
refreshed and the data errors munted. This test will be required for each new device type or design revisions. The source
value and exposure time will be sufiident to obtain a significant number of sofl error failures.
NOTE If a data-retention or a reduced supply retie
tested for its SER.

is a valid operating point for the DUT, this cmuiition must also be

3.1.1 The test eauiument Droqram. The test equipment program will be devised to cycle and refresh the stored data or
cycled pattern continually, remrding the number of errors.
3.1.2 Test conditions. Testing shall be performed at three separate Cycfe rates and at minimum and maximum voltages.
Unless otherwise specified, the following cycle timing will be used The minimum and the maximum specified cycle timing
and the midpoint between the minimum and maximum specified cycle timing.
NOTE If the devica is a static or dynamic random access memory device, the device will be tested under both read and
write operations.
3.2 _.
Aa a minimum, the report will include device identification, test date, test operator, test facility (if applicable),
radiation source, test cycle times and voltages, data analysis, and equipment used in the test.
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4. SUMMARY. The following details shall be specified.
a,

Device type and quantity to be tested.

b.

Test circmit to be used.

c.

Device output pins to be monitored.

d.

Alpha source used if other than specified herein.

e.

Alpha source Curie level.

f.

Package flux measurement techniques.

g.

Test equipment to be used.

h.

Procedures for proper handling of radioactive materials

METHOD 1032.1
29 May 1987
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METHOD 1033
ENDURANCE LIFE
1. PURPOSE. Enduranu2 tife is performed in order to demonstrate the quality and refinabilityof nonvolatile memory
devices subjected to repeated wdtelerase cycles. This method may also be used in a screening sequence or as a
preconditioning treatment prior to conducting other tests It may be desirable to make end point, and where applicable,
intermediate measurements on a seiiafized device basis or on the basis of a histogram distribution by total sample in order
to increase the sensitivity of the test to parameter degradation or the progression of specific failure mechanism with cycks,
time, or temperature.
1.1 Terrmsand definitions.
1.1.1 Endurance. ~enumber

oftittiemse

wclesadevi--n

tolemte befomfailing

topetiom

1.1.2 Writelerasecvde.
rneadof
tianging thedata fmmoriginal toopposite tooriginal inallti&
This may be done for all bits in parallel or serial, e.g., block, byte, or bit.
1.1.3 Data retention sc$een. ~eunMased
node.

bating attightemperatum

tOaWlerate

tospeti fiation.
ofamemoVdevi=.

theloss oftiaqe

homthest0mge

2. APPARATUS. ~eapparatus
mquimdforthis
testshall mnsistofequipment
apableoftite/emse
qctingthe
devices, a controlled temperature chamber for performing a data retention bake, and suitable electrical test equipment to
make the spedied interim and end point measurements.
3. PROCEDURE. ~edevims
shall betittierase
~cled(all Mk)forspedfied
m=imumnumber
ofwdes, followdby
eletiriml test. thespetified datimtenUon bake andeletiriml
test. interim pull points shall usethesame sequence of cycle,
electrical test. data retention bake, and electrical test.
3,1 Test condition. Theasetempemtum,
cydetime, datiretention bake, andeletiriml
conditions will be specified in the applicable device specification or drawing (see 4).
3.2 Failure cdteria. Nodevice isacceptable
a.

Inability totiteorerase

b.

Inability to retain data.

c.

lnatility toreadat

d.

inability to bewtitelerase

testtempemturesand

thatexhibk

across thetemperature

range.

speufied timing Wnditions, awossthe

tempemtum andsupply voltage mnge.

cycled aminimum number oftimesn.
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4. SUMMARY.

~efolloting

detilsshall

bespetified

intheapplimble

aquisitiondocument

a.

Number ofwritelemse

b.

Data retention bake -nations,

including dumtion andtempemture.

c.

Elecbical testcase tempemtu=

and timing conditions.

d.

Requi~men&

e.

Cycle wnditions
rate.

f.

Thesample

g.

End-point andinterim

METHOD 1033
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cycles, n.

forpremntitioning,

ifappb-ble,

andpmEdure

including tempemture, tyW(e.g.,

plan intiuting

number ofdevims

electdcal test aiteria

iftiffe=ntlhanin3.

blo&, byte, ortit)and

to bevdedand

amptanm

tit4erase

number.

pulse dumtion andepetition
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METHOD 1034
DYE PENETRANT TEST
1. PURPOSE. This method tests the capability of a Plastic Encapsulated Microcircuit (P EM) to withstand moisture
ingress and to detecl flaw in packaging materials.
2. APPARATUS.

The apparatus for the Dye Penetrant test shall be as follow.

a.

Protective absorbant mats (paper/plastic)

b.

22000 ml containers

c.

21000 ml beakem

d.

2 mixing magnets

e.

2 hot plates for mixing

f.

Whatman 42 filters (0.00511)

9.

500 ml funnel

h.

Fisher bell jar with stopper

i.

Filtration base with vacuum accessories (fksher allied filtrator W-788 11 cm base)

i.

Vacuum pump, hoses, and damps

k.

15 ml beaker

1,

50 ml beaker

m.

2250 ml beakem

n.

Watchglass or evaporating dish

0.

Petri dish

P.

Drummond 0.1 ml pipettes and plunger
Graduated cylinder
Vacuum oven
Heating oven

t.

BI filter/ polyvar (or Olympus PMG3 inverted miwosmpe)

u,

52 film -400 ASA

v.

57 film -3000 ASA

3. PROCEDURES. The following procedures shall be followed in performing the Dye Penetrant test. ~s technique
utilizes a Ikru viscosity, anaerobic fiquid penebant (Resinol) which is mixed with a fluorescent powder (Yellow Dye G) and a
anaerobic accelerator (17724).
NOTE

These chemicals am skin, eye and nose irritants.
METHOD 1034
19 August 1994
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3.1 Dve penetration procedure outline
a.

Mm dye solution.

Loctite Resinol RTC 18018
Lottie Accelerator for PMS 17724
Motion Fluorescent Yellow G
b.

Place the pa!ls in a beaker of the dye solution.

c.

Place the beaker in the vacuum oven.

d.

Leave the beaker for 15 minutes at a vacuum of 1 to 0.3 torr.

e.

Bring the vacuum oven back to atmospheric pressure, then wait 15 minutes.

f,

Remove the parts from the dye solution.

9.

Wtpe off the parts to remove the excess dye.

h.

Heat the parts in the oven at 100”C for 1 hour to harden the polymer mixture.

i,

Mount the parts for crosssectioning.

i.

Crosssetiion

k.

View the parts under magnification.

1.

Take an optical photo of the cmsssection.

m.

Take a photo of the cmsssection under UV to document the depth of penetration

NOTE:

the parts.

kydwnadouble
easily. Besureto
coat.

layer ofpmtetive
ma@ beforestafiing tfispmmdum.
wearthe appropriate protetive apparel, titiindudes

3.1.1 PREMIX solution weuaration.
3.1.1.1 Mixinqthesolutiom
solution.

Amitiure

Prepare asto&solution
oflOOpa*

msinolto

Thedyespreads
and stains quite
tiemi=l
gloves, goggles, and a lab

(PREMIX solution) of themsinol
lpatiyellow

dyepotieris

andyellowdye.

RquiEdto

makethe

PREMlX

a,

Measure and pour 2000 ml of resinol into a beaker.

b.

Measu~20g
ofyeIlowdye andpourit intothe 2OOOmlofmsinol. Stirthis mixture for5minutes, then separate
the mixiure into two 1000 ml beakem to make it easier to work with. Place a mixing magnet in each of the
beakers, then place the beakers onmixingp!ates.
Stirthe mixture sfortwotothre
ehours.

3.1.1.2 Filtefinq the PREMIX. ~ePREMIX
the solution.

must be filtered toensum thatany unresolved pafiidesare

removedfmm

a.

Take aWHATMAN 42 filter andplaca itinthe llcm Bucknertunnel. Place the funnel adapter onthestemofthe
funnel. Then place the funnel intothe topofthebelljar.
Place a250mlbeaker
onlhebelljarbase.
Place the
bell jar and funnel over the beaker on the bell jar base.

b.

Tumonthevacuum

METHOO 1034
19 August 1994
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c.

Takeone ofihelOOOml beakemofpmmix
andpourabout 200mlofthe
p~mixinto thetinnel. ~enthesolution
has drained through the funnel, Ium off the vacuum pump, and pour the filtered solution into an empty container
marked ”RESINOL ANOYELLOW DYE G MIXTURE”. Repeat th@processuntilallof thesolutionis
filtered.

d.

Remove the filter and replace it with a new one.

e.

Repeat step 3 with the second 1000 ml beaker of solution

f.

Washthe

beakers lnasoap

andwatersolution.

3.1.2 SetuDof PREMIX andacc’SleratOr. Amixture of200,000 pafis PREMIXto lpartaccelerator
is required. Due to
thesmall amount ofa-lemtor
required, tiemitiure
ofpmmix andamlerator
ispetiomed
intisteps.
First a2001
mi?Sure isprepared, then a10001 mixture ismadeutilizing the200:l solution inorder toachfeve a200,000:l mixture.
a.

Measure outlOml
small beaker.

ofpmmix (=sinoVyellow dyestoti

b.

lnseflthe Dmmmond pipeHeand plunger intothe a=lemtorsolution.
The first marking is 0.05 ml, and the semnd marking is 0.1 ml.

c.

Omwup O.05mt(lstgmen

d.

Pla=amixing
magnet intothe solution, andplaW the beaker onthe mixing plate. Stirthe solution for5minutes.
This completes the mixing of the 2001 premiraccelerator solution.

e.

Clean thepipette andplunger

f.

fillagmduated
whndertith
theamount ofpmmix (Esinowellow dyesolution) thatisneeded tosubmeffielhe
devices requiting dye penetration. Mostjobs till requim25ml ofsolution. ~eamountwill
vaVdepenting
upon
the number and size of the devices in the job.

g,

Pourthe 25mtofpremix

h,

Using acleanplunger andpipefle, amallamount
of the2001 pmmixawlemtor
solution isaddedtotiedesi~d
amount ofpemix.
For25ml ofpremix, 0.025 mlof2001
premixlaccelerator solution is used. Other typical
mixtures are listed below.

mati)ofa-lemtor,

inasoap

(orthedesimd

andmixit

PourthelOmlintoa

matings.

intothe lOmlofpremix

when they areusedinsteph.

amount) intoasmallbeaker.

i.

Pla=amixing
magnet intothe solution andplaeon
200,0001 premixaccelerator solution.

i.

The 2001 solution mnnowbe
ACCELERATOR WASTE”.

k.

Clean allofthe

glassware andpipeties

~linder.

Theglass pipetb? hastwogreen

andwater solution. They muslbedean

10 ml premix :0.010 ml 2001 premixfaccelerator
25 ml premix :0.025 ml 200:1 premiflaccelerator
50 ml premix :0.050 ml 2001 premitiac.celerator
75 ml premix: 0.075 ml 2001 premitiaccelerator
100 ml premix :0.100 mt 2001 premitiaccelerator

dls=ded

solution) tithagmduated

byplaung

tithasoap

solution
solution
solution
solution
solution
amtingplate

itinthe

for5minutes.

boHlemaAed

Thiscreates

the final

"RESINOL, YELLOW DYE G, and

andwatersoluti0n.
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3.1.3 Vacuum setup.
a.

Place the pafls in the premitiaccelemtor

mixture

b,

Placa the beaker in a pebi dish to catch any spill solution that spills over during the vacuum operation.

c,

Placa a larger beaker over the beaker with solution in it to prevent splattering all over the vacuum oven.

3.1.3.1 -.
Many vacuum ovens can be used for this procedure as long as the oven is able to reach 1 to 0.3 tom.
The oven should have a gauge that can accurately measure the pressure at this level. One method is given below.
a.
b.

Place the door of the vacwm

chamber by unscrewing the handle cmunter clockwise.

Place the beaker set-up into the vacuum chamber.

c.

Close the vacuum oven door. Close the door latch and tum it clockwise until tight

d,

Close the valves on both sides of the oven. The vacuum is monitored by the gauge on the top of the oven. The
vacuum meter is connected to the outtake of the oven.

e,

Tum on the vacuum pump.

f,

Monitor the outgassing of the solution while its under vacuum. Violent outgassing will start at approximately 10
torr. ~evalves
oneiWer sideofthe oven(one onthelefi sideand oneontie
right sideoftieoven)=nbe
cracked open tolessen thevacuum ontheinaideof
the oven. %ydoing this, theoutgassing can bemntmlled, so
that the mixture doesn’t spill over.

9.

Onmtheoutgassing
stops, clOsetie valves onthevamum
The waling vacuum for the procedure is 1 to 0.3 tom.

h.

On=the

Granvill*Ptillips

vamumgauge

reaties

ovenandwait

ltom, -it

forthepressum

tode@asetol

tom.

forl5minutes.

3.1.3.2 Post vacuum procedure.
a.

Attheend

of15minutes,

tumoffthe

b.

Open bothofthe intikevalves
until thevamum
devices in Otis state for 15 minutes.

c.

Attheend

of the15minutes,

vacuum pump

open tiedoor

inside tietiamber

isequaltothe

andremove tie beakemtiom

outiidepmssuR.

Leave the

the vacuum chamber.

3.1.4 Cleaning the devices.
a.

Remove thedevices

fmmthesolution.

b.

Padoffthe

c.

~eremaining
miflu-mn
nmbedismtied
ACCELERATOR WASTE”,

d.

The beakem, pipeRes, andglassware

excess solution withapaper

towel andcdtonswab.
intothe boWemati&

=nallbe

deanedin

''RESINOL, YELLOW DYE G, AND

soapandmter.

3.1.5 Bakinq thedevices.
a,

Plamthe

devi~sin

apetridsh,

andplae

b.

After the bake, theparts can remounted

thetish

intoanoven

forc$osssetikming.

METHOD 1034
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3.1.6 Crosssectioninq.
a,

Nonnalc$osssectioning

procedures can beperformed

onlhesamples

b.

Make sure that stray particles of dye do not smear or become embedded in the cross-sectioned surfaces. This
will give you a false representation of the dye in the sample. (Smearing looks fike little stare when viewed through
the ultraviolet tittering. ) Be sure to clean the sample5 thoroughly after grinding and polishing operations to avoid
these complications.

3.1.7 Uewinq cmsssections on a mimsmpe.
The exposure time till vary from sample to sample and from miwosmpe
to microscope. The best scope for viewing dye penetration will have a bright light source (200 W mercury lamp).
a.

View the crosssection under normal bright field conditions. To take a photo, use the green filter, set the proper
exposure, then fake the photo using Polaroid 52 film (ASA 400).

b.

Slide out the bright field mirror cube.

c.

For the Olympus PMG3, slide in the blue excitation fluorescence cube (BH2-UDMB).
B1 filter fmm the filter box and insert it into the leR hand side of the Polyvar.

d.

Remove the green vieting

e.

Insert the Polaroid 57 film. TTmugh Lhe ASA far 57 film is 3200, teave the ASA at 400 to take the photo. This till
give you a good approximation for the proper exposure. Make adjustments as necessary to obtain the desired
exposure. The exposure time will vary depending upon the amount of fluorescent dye there is in frame.

filter. The fluoresc-en-

3.2 Die Denetrant evaluation titeria.

For the Polyvar, remove the

of the dye will be diflcult to see if the filter is in place.

The follow’ng cross sections or other relevant cross sections shall be evaluated.

a.

One cross section on the long axis of the package (examine tie bar)

b.

Three CMSSsectbns on the short axis (examine shortest lead, die or paddle edge, and one other),

As a minimum the following criteria shall be used for evaluation and any dismpancies

shall be repOtied

a.

Any eviden=

b.

Any evidence of delamination,

c,

Any evidence of dye reaching the die attach or die surface

d.

Any eviden=

e,

Any evidence of dye penetration of more than 50 percent of the length of any lead in the package

4. SUMMARY.

of fracture or other packaging rested defects.

of dye penetration of more than 50 percent at a lead egress

The following details shall be specified in the applicable acquisition document.

a.

Any failure criteria different than that specified in 3.2

b.

Test sample if no sample is specified.

METHOD 1034
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METHOD 2001.2
CONSTANT ACCELERATION
1. PURPOSE. This testis used to determine the effects of mnstant acceleration on microelectronic devices. It is an
accelerated test designed to indicate types of structural and mechanical weaknesses not necessarily detected in shock and
vibration tests. It may be used as a high stress test to determine the mechanical (imits of the package, internal metallization
and lead system, die or substrate attachment, and other elements of the microelectronic device. By establishing proper
stress levels, it may also be employed as an in-tine 100 percent screen to detect and eliminate devices with lower than
nominal mechanical strengths in any of the structural elements.
2, APPARATUS. Constant acceleration tests shall be made on an appamtus capable of applying the specified
acceleration for the required time.
3. PROCEOURE. The device shall be restrained by its case, or by normal mountings, and the leads or cables secured.
Unless otherwise specified, a constant acceleration of the value specified shall then be apptied to the devica for 1 minute in
each of the orientations X,, X,, Y,, Y,, Z,, and Z> For devices with internal elements mounted with the major seating plane
perpendicular to the Y axis, the Y, orientation shall be defined as that one in which the element tends to be removed from its
mount, Unless othe~”se specified, test condition E shall apply.
Test condition

Stress level (q)

A
B
c
0
E
F
G
H
J
4. SUMMARY.

5,000
10,000
15,000
20,000
30,000
50,000
75,000
100,000
125,000

The following details shall be specified in the applicable acquisition document

a.

Amount of acceleration to be applied, in gravity units (g) if other than test condition E (see 3)

b.

When required, measurements to be made afier test.

c.

Any variations in duration or limitations to orientation (e.g., Y, only) (see 3).

d.

Sequenw of orientations, if other than as specified (see 3).

METHOD 2001.2
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METHOD 2002.3
MECHANICAL SHOCK
1. PURPOSE. The shock testis intended to determine the suitability of the devices for use in electronic equipment which
may be subjected to moderately severe shocks as a result of suddenly applied forc?s or abrupt changes in motion produced
by rough handling, transpotiation, or field operation. Shocks of this type may distwb operating characteristics or cause
damage similar to that resulting from excessive vibration, particulady if the shock pulses are repetitive.
2. APPARATUS. The shock-testing apparatus shall be capable of providing shock pulses of 5001030,000 g (peak) as
specified with a pulse duration between 0.1 and 1.0 millisecond, to the body of the device. The acceleration pulse shall be a
half-sine waveform with an allowable distodion not greater than i20 percsnt of the specified peak acceleration, and shall be
measured by a transducer and optional electronic filter with a wt-off hsquency of at least 5 times the fundamental frequency
of the shock pulse. The pulse duration shall be measured between the points at 10 percent of the peak acceleration during
rise time and at 10 percent of the peak acceleration during decay time. Absolute tolerances of the pulse duration shall be
the greater of io.1 millisemnd or *3O percent of the specified duration.
3. PROCEDURE. The shock-testing apparatus shall be mounted on a sturdy laboratory table or equivalent base and
leveled before use. The device shall be rigidly mounted or restrained by i~ case with suitable protection for the leads.
Means may be provided to prsvent the shock from being repeated due to “bounce” in the apparatus. Unless otherwise
specified, the device shall be subject to 5 shock pulses of the peak (g) level specified in the selected test candition and for
the pulse duration specified in each of the orientations X,, X,, Y,, Y,, Z,, and Z,. For devicss with internal elements mounted
with the major plane perpendicular to the Y axis, the Y, orientation shall be defined as that one in which the element tends to
be removed from its mount. Unless otherwise specified, test condition B shall apply.
Test condition
A
B
c
D
E
F
G

g level (Deakl
500
1,500
3,000
5,000
10,000
20,000
30,000

Duration of pulse (ins]
1.0
0.5
0.3
0.3
0.2
0.2
0.12

3.1 Examination. Afler completion of the test, an external visual examination of the marking shall be performed without
magnification or with a viewer having a magnification no greater than 3X and a visual examination of the case, leads, or
seals shall be performed at a magnification between 10X and 20X. Thk examination and any additional specified
measurements and examination shall be made af?er completion of the Iinal cycle or upon mmpletion of a group, sequence,
or subgroup of tests which include this test.
3.2 Failure criteria. After subjection to the test, failurs of any specified measurements or examination (see 3 and 4),
evidence of defects or damage to the case, leads, or seals, or illegible markings shall be considered a failure. Damage to
marking caused by fxtuting or handling durfng tests shall not be cause for device rejection.
4. SUMMARY.

The following details shall be specified in the applicable acquisition document

a.

Test condition, if other than test condition B (see 3).

b,

Number and direction of shock pulses, if other than specified (see 3).

c.

Electrical-load wnditions,

d.

When required, measurement made after test (see 3 and 3.1).

e,

When rsquired, measurement during test.

if applicable (see 3).

METHOD 2002.3
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METHOO 2003.7
SOLOERABILll%’
1. PURPOSE. The purpose of this test method is to evaluate the solderability of terminations (including leads up to 0.125
inch i-)
that are normally joined by a soldering operation. This evaluation is made on the basis of the ability of
these terminations to be wetted by a coating of solder, and to produce a suitable fillet when dip soldered. These pmcedum
w“ll test whether the treatment used in the manufacturing process to facilitate soldering is satisfactory and that i! has been
applied tO the required potion Of the pad that is designed to a-mmodate
a solder c.onnedion. An accelerated aging test
is included in this test method that simulates natural aging under a combination of various storage conditions that have
different deleterious effects.
1.1 Terms and definitions.
1.1.1 Solderability.
1.1.2 -.

The definition of terms shall be in accordance with the following

The property of a metal to be wetted by solder.

The formation of a relatively uniform, smooth and unbroken film of solder, adherent to the surface tested

1.1.3 =.
A candition of a solder coating with a spongy appearing, uneven surface that contains a concentration of
small pinholes and pits. See figure 2003-1.
1.1.4 Nonwettinq. A condition Mereby a surface has contacted molten solder, but the solder has not adhe~d to all of
the surfsce, and the surface tested remains exposed. See figure 2002-2.
1.1.5 Pinholes and voids. Holes occurring as imperfecoons that penetrate entirely through the solder layer. See figures
2003-3, 2003-4, and 2003-5.
1.1.6 Dewettinq. A condition that results when molten solder has coated a surface and then receded leaving irregularity
shaped mounds of solder separated by areas covered with a thin solder film, and where the base metal is not expo%d. See
figure 2003-6.
1.1.7 Foreian material. Parlides of material located on, but different from, the lead material or coating. See figure
2003-7.
1.1.6 Solder and flux minimum application depth.
1.1.6.1 Dual-in-line packaaes. The location at which the termination widens to its maximum shoulder dimension, or to the
package base plane, whichever is the fwlher point from the seal.
1.1.8.2 Radial-lead packaqes (e.q., t7atPacks, top brazed auads). A location on the lead, no greater than 0.05 inch fmm
the package.
1.1.6.3 Axial-lead ~ackaqes (e.q., TO cans, PGA, and vlatfom packaqes). A location on the lead that is no greater than
0.05 inch from the body of the package, the seating plane, or the standoff, whk.hever is the furthest fmm the glass seal.
1.1.6.4 Leaded chip canfers (i.e., Jbend, cwllwinq).
the leads, or the point at which the lead widens.
1.1.8.5 Leadless chipcamiers.

~elo-tion

Aloation

thatpmvides

ontheleads

formmplete

equal toanetiension

of the base plane onto

immemion oftietemination

2. APPARATUS,
2.1 Solder got. Asolderpot ofsu~tient size tornntain atleast~pounds
ofsoldershall be used. Thesoldershallbe
static during the dipping procedure. Theappamtus shall beapable ofmaintining
thesolder atthetempemtum
speti fled in
4.4,
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2.2 DipDinq mechanism. Atipping metianism -pableofmntmlting
themtes ofimmesion andememion of the
terminations and providing a dwell time (total time at the rsquired depth) in the solder bath as spscified in 4.4 shall be used.
The sample holder shall not come in mntact with the solder bath and shall be designed to minimize the trapping of flux.
2.3 Optical equipment.
2.3.1 Liqhtinqequivment.
of the specimen.

AMnoWlaropti=l

system -pableofproviting

Ahghting system shall beusedtiat

aminimum

magnifi-tion

till provide aunifom,

ofl OXshallbe

nonglam, nonti=tiiona!

used.

illumination

2.4 Steam aqinaeciuiPment. Anonm~ble
mntainer andmver ofsu~dent sizetoallw
tiepla-ment
ofspetimens
inside thevessel shall be used. ~espetimens
shall bepla-d
sutithat theloWst potion of thespetimen is a minimum
ofl.5inches
above thesurface of thewater(see 3.4). Asuitable methtiof
suppoting thespecimens shall be improvised
using noncontaminating material. ~eappamtus
shall bempable ofhaving thespetified temperatum verified asrequiwd
by 4.2.
2.4.1 Cleaning of thesvstem. meappamtus
more frequent cleaning cycle may bene=ssaV
contaminating solvents shall be used.

shaflbe dminedati
cleatiat
least on= Wrmonth orpriortouse.
A
asindi-ted
byresistiviW, visual, orgeneml deadliness oftie water. No

3. MATERIALS
3.1 ~.
~efluxshall
mnfomtoflux
Vpesymbol ''Ao(flux type'' LO)of ANSllJ-STWW,
RequiRments for Soldering
Fluxes (previously designated as type “R in MIL-F-14256) (25 percent by weight gum rosin in a 99 percent isopropyl alcohol
solvent). ~espetific
gravity of the flux shatlbe maintained tittinthe
range of 0.838to O.9l3at2YC.
The
customerlequipment manufacturer may, at their option, use flux type symbol “A” or “W (flux type “LO- or “Ll”) flux
(previously designated as “RMA” in MIL-F-14256).
3,2 -.
~ea~uimd
solder shall mnfomto
type Sn6Wor Pb37A(pmviously designated as Sn63in QQ+-57l)or
Sn60A or Pb40A (previously designated as Sn60 in QCf-S-571 ) of ANSUJ-STD-006, Requirements for Electronic Grade
Solder Alloys and Fluxed and Non-fluxed Solid Solders for Electronic .%ldeting Applications.
3.3 Isoprorwl alcohol. Commemial grade isopropyl alcohol or better shall be used.
3.4 W-.

~ewaterto

beusedforsteam

aging puWoses shall beeitierdstillM

ordeionized.

WARNING ~esematerials
mayinvobe substan=s thata=flammable,
toxic toeyes, stin, orrespimtoV tmti, orpesent
asetious bum potential. Eyeandskin protection should be used. Heat resistant gloves should beusedwhen handling hot
objects.
4. PROCEDURE. Thetest pm-du~shall
bepetiOmed onthenumber ofteminations
specified intieaquisition
document. ~etestmay
bepedomedjust
pdortopa&aging
forstomge orsMpment, immediately upon ~movalkomtie
manufatiurets protetive pa&aging, orasaqualifimtion
orquaUw mnfomantest. Thesample shall be selected at
random. Ouringhandting, spetial =eshall
beexertised top=vent thesutia-s
being tested from being abmdedor
contaminated by grease, pempiration, orabnomal atmosphews. Thetest procedure shall consist of the folkming
operations
a.

Proper preparation of the specimens [see 4.1), if applicable.

b.

Aging of all spetimens (see 4.2).

c.

Application of flux and immersion of the terminations into molten solder (see 4.3 and 4.4).

d.

Examination and evaluation of the tested potions of the terminations upon completion of the solderdip
{see 4.5)
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4.1 Preparation ofteminations.
Noticing, cleaning, scraping, orabrasive cleaning of theteminations
shall be
performed prior to testing. Anyspecial pmpamtion of theteminations,
sutiasbending
or=orientation ptiortothetest,
shall bespechiedi ntheacquisitiond ocument.
~ecustomer/equipment
manufa&umr, may, attheir option, dean the
terminations using a nonabrasive, nonadive solvent (e.g., isopropyl alcahol).
4.2 Steam aainq. Ptiorto theappliation
oftieflux
andsubsequent solder tips, allspetimens assigned tottistestshall
be subjected to aging by exposure of the surfaces to be tested to water vapor for 8 hours iO.5 hour in the apparatus
specified in 2.4. ~ewater
vapor temperatum atthewmponent
lead level shall beinamdanU
titilablel.
Aging may
beinlermpted once forl Ominutes maximum. ThedeviEs shall beremoved fromthe teslappamtus upon rnmpletionofthe
specified test perbd.
4.2,1 Drvinqand sloraqeprocadures.
using one of the following procedures

Upon removing thetest specimens hmtheappamtus,

a.

BakeatlOO.C maximum fornomOrethanl
recommended).

b.

Airdryat

hourina

ambient temperahmefor
aminimumof15m

NOTE Paflsnot solderatilitfitested
Wttin2houm
jarordV nitrogen aMnetfOr amaximum of72houm
exceeded the storage requirements.

dryatmosphere

thepa~maybedried

(dry nitrogen atmosphere is

inutes

aRermmoval fmmtheaging appamtus shall bestomdinadesitint
befoe testing. Theparls shall not beusedfortesting
ifthey have

4.3 Appficationofffux.
~eteminations
to betested shall beimmeEed in flux maintained atroomambient tempemtu~.
~eteminations,
unless othetise specified intheindvidual
spetifiation,
shall beimmeffied a~tiingtol.l.8.
The
terminations to be tested shall be immersed in the flux for 5 to 10 seconds, and shall be drained for 5 to 20 seconds prior 10
dipping inthesolderpot.
The fluxshall bemvemd tiennot
inuseand disWtied aminimumofonwaday.
Any obvious
droplets of flux dinging to the termination may be removed by blotting.
4.4 Solder diDP rocedure. Thedross and bumedflux shall bestimmed from thesufiam of themOlten solder priort0
testing, Awavesolder potmaybe used fortMspuwose,
butthesolder shall bestaficduring thetippingproedu~.
The
molten solder shall beat aunifom tempemture of245"C 5FC(47YF,
HF).
(Skimming maynotbe required in wave or
flow pots). ~epatishall
beaUatied toadipping metianism (see2.2) andtheflux mvemdteminations
immemedone
(except for the possible dupficate immersion of comer terminations on Ieadless packages) in the molten solder to the depth
specified inl.1.tl.
NOTE. metestsample
sha[lnot resuspended above thehotsolder pot forlonger than 7semnds.
The
immeffiion andemeSion mtesshall bel.Ointi
perseWnd +.25 intiperseWnd.
Thedwell time inthesolder shallbe5
secands~,5 second. rnedwell time forteminations
gmaterthan orequal tOO.WOinti indiameter shall be7seands
*.5
second. Afierthe dppingpromss,
tiepafi shall beallowed toaol in air. Residual flux shall beremovedfmm
the
teminations bytipping thepatis inisopropyl almholorother
suitable solvent. lfnecessafy, adeansoft
cloth, cotton swab,
or equivalent, moistened with dean isopropyl alcohol or other suitable sofvent, may be used to remove all remaining flux.
4.4.1 Sofderdip!aina ofqotdplated terminations. Gofdplated teminations shall be~d&tiin fluxandsoMerusing
oneortwo solder pots. The first immemion istoscavenge thegold onthetenminations,
Itisrecommended
that a separate
solder pot be used for gold plated devices.
4.4.2 Immersion ande. Unless othetise specified, theteminations
shall beimmened peWendicular totheso!der
surface. Forleaded orleadless tip Wtiem, theteminations
sha!lbe immemed ata3Wto 4Sangle tothesoldersufiam.
4.4.3 .%lderbath mntaminants. ~emanufatiumr
contaminant levels specified in table Il.

shall haveasystem

toveri&

thatthe solder bathdoes notexeedtie
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TABLE I. Altitude vemussteam

I

I

Altitude
(feet)

temperature (see4.2).
Steam
temperature
~c +3, -5)

0-2,000

93

2,001-4,000

91

4,001-6,000

89

Greater than 6.000

87

I

TABLE Il. Maximum Kmits of solder bath mntaminant (see 4.4.3).

I

Contaminant

I

Copper

I

Contaminant
percentage fimit

I

I

0.300

I

1

0.008

Aluminum

I

Antimony

I

0.500

I

I

Nkkel

I

0.010

I

NOTE
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contaminants shall not exceed 0.4 percent.
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4.5 Examination of terminations. The dipped portion of the terminations shall be examined using a magnification of 1015X, Verification of failures maybe accomplished with higher magnifications up to 60X. The Customedequipment
manufacturer of the component may establish a titical portion of the termination within the dipped area. The
customerlequipment manufacturer has the option to accept solderability defects outside their established titicd area. The
customerlequipment manufacturer has the option of cfeaning Parts to remove carbonatelsulfate deposits caused by
exposure of the parts to the steam aging or cleaning Process. The customerlequipment manufacturer shall assure that the
cleaning process does not adversely affect the physical, mechanical, electrical, or reliability performance of the parts. This
cleaning pmc?ss shall be fully documented. For leaded devices only, the cut Portions of the lead Mch expose lead ends
shall not be used for examination and evaluation of the solder coverage of the termination.
4.5.1 Criteria for acceptance.

The criteria for acceptable solderability (ace figure5 2002-1 through 2003-7) am

a.

The dipped portion of the terminations is at least 95 percent revered by a continuous new solder coating.

b.

Pinholes, voids, porosity, nonvm?tting, or dewetting do not exceed 5 percent of the total area.

c,

For Ieadless terminations and elements having solder attachment terminations, there shall be no solder bridging
between any termination area and any other ~etallization not connected to it by design. In the event that the
solder dipping causes bridging, the test shall not be considered a failure provided that a Ioczd application of heat
(e.g., gas, soldering iron, or redipping) results in solder pullback and no wetting of the dielectric area as indicated
by microscopic examination. The area of the surface to be tested shall be as specified in 1.1.6.

NOTE: The total area of the surface to be tested including all faces for rectangular leads) as specified in 4.5 shall be
examined. In the case of a dispute, the percentage of coverage with pinholes or voids shall be determined by the actual
measurement of those areas, compared to the total area(a).
5. SUMMARY.

The following details are to be specified in the individual specifications unless othenwise noted:

a.

The number of terminations of each part to be tested (see 4).

b.

Special preparations of the terminations, if applicable (see 4.1).

c.

Depth of immersion if other than in 1.1.8.

d.

Magnification, if other than in 2.3.

e.

Solder composition, flux, and temperature if other than those specified in this document.

f.

Number of cycles, if other than one, or as noted in this test methcut. Where more than one cycle is specified to
test the rasiatance of the device to heat as enrnuntemd in multiple solderings, the examinations and
measurements required shall be made at the end of the first cycle and again at the end of the total number of
cycles applied. Failure of the device on any examination and measurement at either the one-cycle or the end
point shall Constitute a failure to meet this requirement.

METHOD 2003.7
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How to use this chart
1.
2,
3.
4,

The chart is set-up for.5 inch long leads.
View the entire circumference of the lead.
Locate the lead diameter on the left side of the chart.
Locate the diameter of the void on the toD of the chart

0.001

0.003

0.005

0.010

0.015

0.020

0.030

0.040

0.010

1000

111

40

10

4,4

2.5

1.10

0.62

0.015

1500

167

60

15

6.6

3.75

1.60

0.937

0.020

2000

222

60

20

6.6

5

2.22

1.25

0.030

3000

333

120

30

13.0

7,5

3.33

1.67

0.040

1

4000

,

444

1

160

0.050

5000

555

200

0.060

6000

666

240

I

I

40

I

17.7

50

22.0

60

26.6

I

10

,

12.5
I 15

Examples for less than.5 inch leads
A. Lead length = 0.350.
s 0.350/0.500= 0.700.
C. To determine the number of acceptable voids, multiply
the number of voids on the charl by 0.700.
D, For a 0.01 inch void on a 0.010 inch diameter lead = 700 voids
E. For leads greater than 1.0 inch in length, see 4.5.

FIGURE 2003-3. Solderabilitv evaluation guidelines.
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4.44

,

2.50

5.55

3.12

6.66

3.75
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METHOO 2004.5
LEAD lNTEGRllY
1. PuRPOSE. This method provides various tests for determining the integrity of microelectronic device leads
(term-s,
and seals, Test condition A provides for straight tensile loading. Test condition B, provides for
appfi=tion of bending StresseS to determine integrity of leads, seals, and lead plating while B, employs multiple application
of bending stresses primarily to determine the resistance of the leads to metal fatigue under repeated bending. Test
condition C, and C, provide for application of torque or twfsting stresses to device leads or studs, respectively, to
determine integrity of leads and seals. Test condition O provides for application of peel and tensile stresses to determine
integrity of terminal adhesion and plating of Ieadless packages. It is recommended that this test be followed by a seal test in
accordance w“th method 1014 to determine any effect of the stresses applied on the seal as well as on the leads (terminals).
2. APPARATUS,

See applicable test COfldition.

3. GENERAL PROCEDURE APPLICABLE TO ALL TEST CONDITIONS. The device shall be subjected to the stresses
described in the specified test condition and the specified end-point measurements and inspections shall be made except for
initial conditioning or unless otherwise specified. Unless otherwise spetified, the LTPO sampting shall apply to the leads,
terminals, studs or pads chosen from a minimum of 3 devices.
4, SUMMARY,
acqui~ment

The following details and those required by the specific test condition shall be specified in the applicable

a.

Test rendition letter.

b.

Number and selection of leads (terminals), if different from abOve.
TEST CONDITION A - TENSION

1. PuRPOSE.
pull.

Ths testis designed to check the capabilities of the device leads, welds, and sea!s to withstand a straight

2. APPARATUS. The tension test requires suitable clamps and fwtures for securing the device and attating
specified weight wiUmut lead restriti!on, Equivalent linear pull test equipment may be used.

the

3. PROCEDURE. A tension of 0.227 kg (8 ounces), unless otherwise specified, shall be appfied, without shock, to each
lead or terminal to be tested in a direction parallel to the axis of the lead or terminal and maintained for 30 seconds
minimum. The tension shall ba applied as close to the end of the lead (terminal) as practicable.
3,1 Failure ctiteria. When examined using I OX magnification after removal of the stress, any evident= of breakage,
loosening, or relative motion between the lead (terminal) and the device body shall be cmsidered a failure. When a sea!
test in accordance with methcd 1014 is conducted as a post test measurement following the lead integrity test(s), meniscus
cracks shall not be cause for rejection of devices which pase the seal test.
4, SUMMARY,

The following detai15 shall be specified in the applicable acquisition document

a.

Weight to be attached to lead, if other than .227 kg (8 ounces) (see 3).

b.

Length of time weight is to be attached, if other than 30 semnds (see 3).
TEST CONDITION B, - BENDING STRESS

1. PURPOSE. Thfs testis designed to check the capability of the leads, lead finish, lead welds, and seals of the devices
to withstand stresses to the leads and seals MA
might reasonably be expected to ocwr fmm actual handfing and
assembly of the devices in application, or to prewndition the leads with a moderate bending stress prior to environmental
testing.
2. APPAFWTUS. Attachhg devices, clamps, supports, or other suitable hardware necessa!y to apply the bending stress
through the specified bend angle.
METHOD 2004.5
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3. PROCEDURE. Each lead or terminal to be tested shall be subjected to force sufficient to bend the lead as speufied in
3.1 through 3.5, as applieble.
Any number or all of the leads of the test device maybe bent simultaneously. Rows of leads
may be bent one row at a time. Each lead shall be bent through one cycle as 10IIW
Bend through the specified arc in one
direction and return to the original position. All arcs shall be made in the same plane without lead restriction.
3.1 Direction of bends. Test leads shall be bent in the least rigid direction. If there is no least rigid direction, they maybe
bent in any direction. No lead shall be bent so as to interfere with another lead. If interfemme is unavoidable, the test lead
shall be bent in the opposite direction to the angle specified and returned to its normal position.
3.2 Procedure for initial conditfoninq of formed leads. When normally straight leads are supplied in a formed condition
(including the staggered lead dual-in- line mnfigumtion), the lead forming operation shall be considered acceptable initial
conditioning in place of that specified, provided the lead forming has been done afler lead plating and the forming is al least
as severe in permanent lead deformation as the specified bending.
3.3 Proc%du= for flexible and semi-flexible leads (e.% flat packs and axial-lead metal-can devices].
3.3.1 Flexible leads. A lead shall be considered flexible if its section modulus (in the least rigid direction) is less than or
equal to that of a rectangular lead with a cross section of 0.15 x 0.51 mm (.006x .020 inch). Round leads less than or equal
to 0.51 mm (.020 inch) in diameter shall be mnsidered flexible. Flexible leads shall be bent through an arc of at least 45measured at a distan= 3.05 +.76 mm (O.120 iO.03 inch) along the lead from the seal unless otherwise specified.
3.3.2 Semi-flexible leads. Semi-flexible leads are those leads with a section modulus (in the least rigid direction) greater
than that of a rectangular lead with a cress section of 0.15x 0.51 mm (0.006x 0,020 inch) wl!ich are intended to be bent
during inserlion or other application. Round leads grealer than 0.51 mm (.020 inch) diameter shall be mnsidered
semi-flexible except as noted in 3.5. Semi-flexible leads shall be bent through an arc of at least 30” measured at the lead
extremities unless otherwise specified.
3.4 Procedure for dual-in-line and pin qrid amav Dackaqe leads. Dual-in-line package leads are leads with more than one
section modulus, with leads nonmally aligned in parallel at a 9~ angle from the bottom of the package during insertion.
Dual-in-line package leads shall be bent inward through an angle sufitient to cause the lead to retain a permanent bend
(i.e., ater Stress reMOVal) of at least 17. For configuration 1 and 2, the angle of bend shall be measured from the lead
extremities to the first bend (see figure 2004-1), For configuration 3, the angle of bend shall be measured from the lead
extremities to the seating plane (see figure 2004-1). Pin grid away packages shall have the leads required for testing from
the outside row of leads on opposite sides bent through an angle suficient to cause the lead to retain a permanent bend
(i.e., afler stress RMOVal) of at leaSt 15”. ?e angle of bend shall be 1Y from normal and the bend shall be made at the
aPP,rnXMW3te
seating Plane. At the Completion of the initial bend, the leads shall be returned to their approximate original
POsltmn.
3.5 Procedure for riqid leads or terminals. A lead or terminal shall be considered rigid if it is not intended to be tlexed in
mounting, and not covered in 3.3 or 3.4. Devices with terminals complying with this desuiption shall be subjected to a
normal mounting operation and removal, unless otherwise spetified. When the normal mountingln?moval operation is
destructive to the terminals (e.g., terminal weld, wire wrap), the initial conditioning need not be performed.
3.6 Failure criteria. When examined using magnification between 10X and 20X after removal of the stress, any evidence
of breakage, loosening, or relative motion between the terminal lead and the device body shall be considered a device
failure. When specified, post-test measurements (see 4) shall be made after visual examination. When the above
procedures are used as initial cm.ditioning in ccmjunction with other test.% these measurements may be canducted at the
conclusion of that test or sequence of tests.
4. SUMMARY.

The following details shall be specified in the applicable acquisition document

a.

Bending arc, if other than that specified.

b.

Procedure, if other than that specified.

c.

Number and selection of leads and procedure for identification, if other than that specified

d.

Post test measurements, if applicable (see 3.6)
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TEST CONDITION B, - LEAD FATIGUE
1. PURPOSE. This testis designed to check the resistance of the leads to metal fatigue
2. APPAR4TUS. Attaching devices, clamps, supports, or other suitable hardware necessary to apply a repeated bending
stress through the specified bend angle.
3. PROCEDURE.

The appropriate procedure of 3.1 or 3.2 for the device under test shall be used.

3.1 Procedure for dual-in-line Dackaqes. The teads to be tested shall be subjected to three cycles of test condition B, and
shall be subjected to a force suficient to bend the leads as specified in 3.4 of rendition B,.
3.2 Procedure for flat iYackaqes and can packaaes. A force of 0.229 iO.014 kg (8 W.5 Ounc%s), unless otherwise specified,
shall be apptied to each lead to be tested for three 9W H arcs of the case. For leads with a preplated or prefinished section
modulus equat to or less than that of a rectangular lead with a cross section of 0.16 x 0.51 mm (0.006 x 0.020 inches) or round
leads with a woss section of 0.51 mm (0.020 inch) in diameter, the force shall be 0.065 iO.009 kg (3 M3.3 ounces). Section
modulus is defined as bcV6 for rectangular leads, and 0.098 (@b,)’ for round leads (see MIL-STD-1635). An arc is defined as
the movement of the case, without torsion, to a position perpendicular to the pull axis and return to normal. All arcs on a single
lead shall be made in the same direction and in the same plane without lead restrictkm. A bending cycle shall be mmp!eted in
from 2 to 5 seconds. For devices with rectangular or ribbon leads, the plane of the arcs shall be perpendicular to the flat plane
of the lead. The test shall not be applied to end leads of packages where its application will apply primarily torsion forces at the
lead seal.
3.2.1 Optional Pmcedu= for fine Ditch/small leads. A force as determined by the following formula untess otherwise
specified, shall be applied to each lead to be tested for 90 degrees *5 degree arcs of the device. All other conditions of section
3.2 shall apply Weight = (area in square inches) x 2.1 % x (K psi) x 453.6 gramsllb, Where K is based on the ultimate tensile
strength (UTS] far a particular material. Typical value for kovar and alloy 42 are listed below. The UTS for other materials csn
be found in vendor data sheets. The result shall be rounded to the nearest whole number.
NOTE

A lead pitch of less than or equal to 25 roils is wnsidered fine pitch.

3.3 Failure raiteria. A broken lead on a devics shall be considered a failure. When examined using magnification between
10X and 20X after removal of the stres5, any device which exhibits any evidence of breakage, loosening, or relative motion
between the terminal lead and the device body shall be ccmside=d a device failure.
4. SUMMARY.

The following details shall be Spedtied in the applicable acquisition document

a.

Force to be applied [o the lead, if other than above (see 3)

b.

Number of cycles, if other than above (see 3).

c.

Maximum bend angle, if other than above (see 3).
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TEST CONOITION C, - LEAO TORQUE
1. PURPOSE. This testis designed to check device leads (or terminals) and seals for their resistance to twisting
motions.
2. APPAIWTUS. The torque test requires suitable clamps and fixtures, and a tomion wrench or other suitable method of
aPPlYin9 the specified torque without lead restriction.
3. PROCEOURE. The appropriate procedure of 3.1 or 3.2 for the device under test shall be used.
3.1 Procedure for devices with circular c$oss-secfion terminals or leads. The device body shall be rigidly held and the
specified toque shall be apptied for 15 seconds minimum to the lead (terminal) to be tested, without shock, about the axi5 of
the lead (terminal).
3.2 Procedure for devices with rectancwlar crass-section terminals or leads. The device bcdy shall be rigidly held and a
toque of 1,45 *.145 kg-mm (2.0 iO.2 oun~inch)
unless othenvise specified, shall be applied to the lead (temninal) at a
distance of 3.o5 iO.76 mm (0.12 iO.03 inch) from the device body or at the end of the lead if it is shorter than 3.05 mm (0.1 2
inch). The torque shall be applied about the axis of the lead once in each direction (clockwise and caunterdockwise).
When devices have leads which are formed close to the body, the torque maybe applied 3.05 iO.76 mm (0.12 iO.03 inch)
from the form. For device leads which twist noticeably when less than the specified toque is applied, the twist shall be
continued until the twist angle reaches 3W *1O” or the specified torque is achieved, whichever condition occurs first. The
lead shall then be restored to ib original position.
3.3 Failure criteria. When examined using magnification between 10X and 20X after removal of the stms, any evidenes
of breakage, loosening, or relative motion between the terminal (lead) and the device body shall be considered a device
failure. When a seal lest in accordance with method 1014 is conducted as a post test measurement following the lead
integrity test(s), meniscus cracks shall not be cause for rejection of devices which pass the seal test.
4. SUMMARY.

The folloting

details shall be specif!ed in the applicable acquisition document

a,

Toque to be applied for circular cross-section leads (see 3.1 ).

b.

Ouration of torque application for circular aoss-section

c.

Toque to be applied for rectangular woss-section leads, if other than 1.45 +f3.145 kg-mm (2.0 iO.2 ounce-inch)
(see 3.2).

d.

See general summary above.

leads, if other than 15 seconds minimum (see 3.1 ).

TEST CONOITION C, - STUD TORQUE
1. PURPOSE. This testis designed to check the resistance of the device with threaded mounting stud to the StreSS
caused by tightening the device when mounting.
2. APPAR4TUS. The toque test requires suitable clamps and fxtures, and a torsion wrench or suitable method of
applying the specified toque.
3. PROCEOURE. The device shall be damped by its body or flange. A flat steel washer of a thhckness equal to six
thread pitches of the stud being tested and a new class 2 fit steel nut shall be assembled in that order on the stud, with all
parts clean and dry. The specified toque shall be applied without shock to the nut for the specified period of time. The nut
and washer shall then be disassembled from the device, and the device then examined fOr compliance with the
requirements.

METHOO 2004,5
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3.1 Failure criteria. The device shall be considered a failure if any of the following occurs
7_hestud breaks or is elongated greater than one-half of the thread pitch.

b,

It fails the specified post-test end point measurements,

c,

There is evidence of thread stripping or deformation of the mounting Seat.

4. SUMMARY.

The following details shall be specified in the applicable acquisition document:

a.

The amount of torque to be applied (see 3).

b.

Length of time torque is to be apptied (see 3).

c,

Measurements to be made after test (see 3).

TEST CONDITION D - SOLOER PAD AOHESION FOR LEADLESS cHIP CARRIER ANO SIMIIAR DEVICES
1. PURPOSE. This testis designed to check the capabilities of the devic8 solder pads to withstand a delamination (peel)
stress-ed
tension and time.
2. APPARATUS. Equipment for 10X magnification, suitable damps and fixtures for securing the device and applying the
specified tensionitime conditions to wires soldered to the device solder pads. Equivalent linear pull test equipment may be
used.
.

I

I

a.

.

3. PROCEDURE. Unless othenwise specified, a delamination (peel) stress test shall be applied to randomly selected
solder pads from each device selected for test. Fwlher, unless otherwise specified, the sampling shall be Sample Size
Number = 15, c = O based on the number of solder pads tested, chosen from a minimum of three devices. Preparation and
testing of devices shall be in aczwdance w“th figure 2004-2 of this methcd and as follows.
a.

Pretinned sofl annealed solid copper wire of a gauge (diameter) nearest, but not exceeding that of the nominal
solder pad width, shall be soldered using Sn60A or PMOA or Sn63A or Pb37A of ANS1/J-STD-006 (previously
known as Sn60 or Sn63 solder in accordance with QQ-S-571 ) to each solder pad to be tested in a manner such
that the wire is bonded over the entire solder pad length and terminates at the package edge (see figure 2004-2).
The unsoldered portion of the wire shall be bent perpendicular to the bond plane prior to attachment. Caution
should be taken to assure that the solder pad metallization is not damaged during the soldering or the wire
bending operation.

b.

Unless othefv.’ise specifed, a minimum tension of 6 ounces (2.22 N) shall be applied, without shock, to each
solder pad to be tested in a direction perpendicular to the solder pad surfau and maintained for 30 semnds
minimum.

3.1 Failure cxiteria. When examined, using 10X magnification, after removat of the tension stress, the appearance of any
delamination involving constituent solder pad interfaces shall be considered an adhesion failure of the solder pad.
Separation of the solder pad from the device is an obvious (without visual magnification) adhesion failuw. Separation of the
wire from the solder fillet (leaving the solder pad intact) or wire breakage is considered a test procedure failure.
4. SUMMARY.

The follow’ng details shall be speufied in the applicable acquisition document

a.

Sampting criteria, if other than specified (see 3.1).

b.

Failure criteria, if other than specified (see 3.1).
Tension to be apptied in this test if other than 8 ounces (2.22 N).
Length of time tension is to be applied if other than 30 seconds.
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CONFIGURATION
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FIGURE 2004-1 Arnde of bend for dual-in-line gackaqe Wnfiqurations.
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OIAMETER
NEAREST
[PAO
WIOTH

NOMINAL

MATERIALS
Flux Flux type symb~(ilux
type “LW or “Ll’)
in acoardance with ANSVJ-STD-004 (previously
designated as Type R or RMA onfy, in accordance
with MIL-F-14256).
Solder Sn60A or PMOA or Sn63A or Pb37A in accordance
with AN SUJ-STD-006 (previously designated as
Sn 60 or Sn 63 in accordance with QQ-S-571 ).
WtrE ?mftannealed solid copper.

PULL

8

02

[z.2ZNI

!

A
WIRE

PACKAGE

FIGURE 2004-2 Solder padadheslon.
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METHOO 2005.2
VIBRATION FATIGUE
1. PURPOSE. rnepuvose
speci~

ofttistest

istodetemine

tieeffeti

onthedeviw

ofvibmtion

inthefrequenwmnge

2. APPARATUS. Appamtus forttis testshall indudeequipment mpableof providing thesustained vibration tithinthe
specified levels and the necessaw optical and electrical equipment to conduct post-test measurements.
3. PROCEOURE. rnedevi=
shall berigidly fastened onthevibmtion platfom andtheleads ormbles adequately
secured. rnedevishall bevibrated titharnnstant
amplitude simple hamonic motion having apeaka-lemti0n
corresponding tothespetified
testwndition.
Fortest rnntition A,wnstint
amp fitudehamonic motion inthemngeof6O
i20 Hz having an amplitude of 0.06 inch double amplitude (total excursion) shall be acceptable as an alternative to the
specified peak acceleration. rnevibmtion shall beappfied for32t8houS
minimum, ineatiofthe
orientations X, Y,and Z
foratotal of96hours, minimum. ~enspetified,
devi=stith
anintemal =vitymntaining
pa~orelementi
subjetito
possible movement or breakage during vibration shall be further examined by radiographic examination in acwrdanm with
method 2012 or by delidding or opening and internal visual examination at 30X magnification to reveal damage or
dislocation. Merethis
testis petiomed aspaflofa
gmuporsubgmup
oftests, tiepost-test measuRmen& orinspetions
need not be performed specifically at the conclusion of this test, but may be performed once at the conclusion of the group
or subgroup.
Peak acceleration, q
Test condition
20
50
70

A
B
c

3,1 Examination. Afiermmpletion
of thetest, anextemal visual examination of themating
shall bepedomtitithout
magnif~th
a viewer having a magnification no greater than 3X and a visual examination of the case, leads, or
seals shall beperfommd atamagnirkationb eiween 10Xand 20X. Thkexaminationa ndanyadditionals
pecified
measurements and examination shall be made after completion of the final cycle or upon completion of a group, sequence,
or subgroup of tests which include this test.
3.2 Failure criteda. ARersubjetiion tothetest, failu~ofany
sped fiedmeasumment orexamination (see3and4),
eviden= ofdefeds ordamage tothe=se,
leads, orseals, orillegible matings shall bewnsidemdafailum.
Oamageto
marking caused by fixturing or handling during tests shall not be cause for device rejection.
3.3 Test frequency and amplitude. Fortestwndition
A, B,or C,thedoubte amplitude and fmquenw used shall result in
theapplication of thepeak accelerations of20,50, or7Og's. Peakacceleration may recomputed using the following
equation
g=~
(2) (366)
Wher&

A=double amplitude in inches.
F = frequency in radianslsecmd.

4, SUMMARY. The following details shall bespecified

intheappfimble

a~uisition

document

a.

Test condition (see 3).

b.

Test frequency and test double amplitude (see 3 and 3.3), if other than specified

c.

Test time and specimen orientation, if other than specified (see 3).

d.

Measurements after test (see 3 and 3.1).
METHOD 2005.2
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METHOD 2006.1
VIBRATION NOISE
1, PURPOSE. The purpose of this testis to measure the amount of electrical noise produced by the device under
vibration.
2. APPARATUS. Apparatus for this test shall include equipment capable of providing the required variable frequency
vibration at the spedried levels, a calibrated high impedance voltmeter for noise measurement during test and the necessary
optical and electronic equipment for post-test measurements.
3. PROCEOURE. The device and its leads shall be rigidly fastened on the vibration platform and the leads or cables
adequately secured. The device shall be vibrated with simple harmonic motion having either an amptitude of 0.06 inch
double amplitude (maximum total excursion) or a constant peak acceleration of 20 g minimum. The vibration frequency
shall be varied approximately l~arithmically between 20 and 2,000 Hz. The entire frequency range shall be traversed in not
less than 4 minutes for eati cycle. This cycle shall be performed once in each of the orientations X, Y, and Z (total of 3
times), so that the motion shall be appfied for a total pefiOd of approximately 12 minutes. lle specified voltages and
currents shall be applied in the test circuit. The maximum noise-output voltage awoss the specified load resistance during
traverse, shall be measured with an average-responding mot-mean-square (mm) calibrated high impedance voltmeter. The
meter shall measure, with an error of not more than 3 percent, the nns value of a sine-wave voltage at 2,000 Hz. The
characteristic of the meter over a bandwidth of 20 to 2,000 Hz shall be *I decibel (dB) of the value at 2,000 Hz, with an
attenuation rate below 20 and above 20,000 Hz of 6 i2 dB per octave. The maximum inherent noise in the circuit shall be at
least 10 dB below the specified noise-output voltage. When specified, devices with an internal cavity containing parts or
elements subject to possible movement or breakage during vibration shall be further examined by radiographic examination
in accardanrx with method 2012 or by delidding or opening and internal visual examination at 30X magnification to reveal
damage or dislocation. Where this testis performed as part of a group or subgroup of testa, the post-test measurements or
inspections need not be performed specifically at the conclusion of this test, but may be performed once at the conclusion of
the group or subgroup.
3.1 Examination. Aflerampletion
of thetest, anetiemal visual examination of themating
shall bepetiomedtithout
magnif~th
avieWrhaving
amagnifimtion nogmater than 3Xandavisual
examination oftie=se,
Ieads, or
seals shall beperfonned atamagnifIcation
between lOXand2OX. Thfsexamination andany additional specified
measurements and examination shall be made after completion of the final cycle or upon completion of a group, sequence,
or subgroup of tests which include this lest.
3.2 Failure cdtetia. ARersubjetiion tothetest, failure ofanyspecified measu~ment orexamination (see3and4),
eviden= ofdefeti
ordamage tothemse,
leads, oraeals, orillegible matings shall beansidered
a failure. Damage to
marking caused by Iixturing or handling during tests shall not be cause fOr device rejeCtiOn.
4 SUMMARY.

rnefollow"ng

details shall bespedfied

a.

Test condition (see 3).

b.

TestvolIages andcurrents(see
currents for the device.

c.

Load rasistance(see
device.

d,

Measurements after test (See 3 and 3.1 ).

e.

Noise-output voltage limit (See 3).

intheapphmble

3). Unless othetise

3). Unless othetise

aquisitiondocument

specified, these shall bethenominal

speufied, thisshall bethemaximum

opemting voltages and

rated opemtingload

of tie
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METHOO 2007.2
VIBRATION, VARIABLE FREQUENCY
1. PURPOSE. Thevariable tiquenw
vibmtion testis pefiomed forthepuPose
parts -ninthe
specified frequency range. This isadestrmtivet est.

ofdetemining

thee ffetionmmponent

2, APPARATUS. Appamtus fortNstest shall include equipment =pableofproviding
themquimd variable frequency
vibration at the specified levels and the necessary optical and electrical equipment for post-test measurements.
3. PROCEDURE. ~edevi=
shall berigidly fastened onthevibmtion platfom andtheleads ormbles adequately
secured. ~edevie
shall bevibmted tithsimple
hamonic motion having eitiera peaktopeak amphtude of O.O6inti(*lO
percent) or a peak acceleration of the specified test condition A, B, or C (+20 percent,.0 percent g). Test conditions shall
be amp fitude controlled below the crossover frequency and g level controlled above. The vibration frequency shall be varied
aPPmximatelY Iogarithmi=lly beween 20 and 2,000 Hz. T’he entire frequency range of 20 to 2,000 Hz and return to 20 Hz
shall be traversed in not less than 4 minutes. This cycle shall be performed 4 times in each of the orientations X, Y, and Z
(total of 12 times), so that the motion shall be applied for a total period of not less than 48 minutes. When specified, devices
with an internal cavity containing parts or elements subject to possible movement or breakage during vibration shall be
further examined by radiographic examination in accordance with method 2012 or by de fidding or opening and internal visual
examination at 30X magnification to reveal damage or dislocation. Mere this test is performed as part of a group or
subgroup of tests, the post-test measurements or inspections need not be performed specifically at the conclusion of this
test, but may be performed once at the conclusion of the group or subgroup.
Test condition

Peak acceleration, q

A
B
c

20
50
70

3.1 Examination. After completion of the test, an external visual examination of the mating shall be performed without
magnifim~a
viewer having a magnification no greater than 3X and a visual examination of the case, leads, or
seals shall be performed at a magnification between 10X and 20X. This examination and any additional specified
measurements and examination shall be made after completion of the final cycle or upon completion of a group, sequence,
or subgroup of tests which include this test.
3.2 Failure ctiteria. After subjection to the test, failure of any specified measurement or examination (see 3 and 4),
evidence of defects or damage to the case, leads, or seals, or illegible markings shall be considered a failure. Damage to
marking caused by fixturing or handfing during tests shall not be cause for device rejection.
4. SUMMARY, The following details shall be specified in the applicable acquisition document
a.

Test condition (see 3).

b.

Measurements after test (see 3 and 3.1)

METHOO 2007.2
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METHOD 2008.7
VISUAL AND MECHANICAL

Method 2008 is cancefed effective 15 November 1974. It is superseded by melhcds 2014, 2015, and 2016. Test
condition A of methcd 2008 is superseded by methcd 2016. Test condition B, except for 3,2.1 (Mating), is superseded by
method 2014. Paragraph 3.2.1 is superseded by method 2015.

METHOO 2008.1
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METHOO 2009.9
EXTERNAL VISUAL
1. PURPOSE. The purpose of Ods teSt method is to verify the wodunanship of hermetically packaged devices. Thk test
method shall also be utilized to inspect for damage due to handling, assembly, andlor test of the packaged device. This
examination is normally employed at outgoing inspection within the device manufacturers facility, or as an incoming
inspection of the assembled device.
2. APPARATUS. Equipment used in this test shall be capable of demonstrating device conformance to the applicable
requirements. Equipment shall include optical devices capable of magnification of at least 1.5X to I OX, with a relatively
large and accessible field of view.
3. PROCEOURE
3.1 Magnification. Oevices shall be examined at 1.5X to I OX magnification. Oevic.es maybe examined anywhere in the
range of 1.5X to 10X, however, acceptable product must be capable of passing all titeria when examined at I OX
magnification. Individual glass seals (see 3.3.8) shall be examined at 7X to 10X magnification.
3.2 Foreian material. When foreign material is present, and its adherence is in question, the device may be subjected to
a clean filtered gas stream (vacuum or expulsion) of approximately 20 psig.
3.3 Failure criteria. Oevices shall fail if they exhibit any of the folloWin9:
3.3.1 w
a,

Illegible marking, or marking content or placement not in accordance with the applicable specification.

b.

Presen-

c.

Evidence of any nonconformance with the detail drawing or applicable procurement document, or absence of any
required feature.

of any seconda~ coating material that visually obawres a seal area(s) (i.e., any hermetic interface).

3.3.2 Foreiqnldisdaced

material

a.

Braze material flow, or other foreign material (i.e., contamination or corrosion) that reduces the isolation between
leads or between braze pads to less than 50% of the lead separation (pad separation for brazed leads) but in no
case less than the case outline minimum,

b.

Leads or terminals that are not free of foreign material SUCAas paint or other adhe=nt deposits.

3.3.3 Construction defects
a,

Protrusions on the botiom (mounting) surface of the package that extend beyond the seating plane.

b.

Protrusions (excfuding glass run-out) on any other package surface that exceed the lead thickness in height
(leaded packages).

c.

Protmsions onthefld oraver, orextending beyond thesutiaw
terminal width in height (Ieadless packages).

d.

Metallization notintended bydesign beWeensolder pads, beWeenelemen& oftiemal
paUemsand/orbeWeen
seal ring or lid to metallized Castellations that reduce the isolation to less than 50% of pad separation (Ieadless
packages).

plane ofsolder pads, thatexwed25%ofthe

METHOO 2009.9
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3.3.4 Packaae Bodv/Lid Finish
a,

Defetiveflnish
(peeling, flaking, piting, bNstering, 0rMm0si0n).
conditions is acceptable.

b,

Satties,
ream, orinden@tions,
underplate is acceptable.

either duetodamage

DkWlOEdiOn that does not exhibit these

orpm=ssing,

tiatexpose

base metal. Exposed

3.3.5 ~
a.

Broken leads.

b.

Leads or terminals that are not intact or aligned in their normal location, free of sharp or unspecified lead bends, or
twisted more than 21Y from the normal lead plane.

c.

Leads with pits and}or depressions that exceed 25% of the width [diameter for round leads) and are greater than
50% of the lead thickness in depth.

d.

Leads with burrs exceeding a height greater than 50% of the lead thitiness.

e.

Lead misalignment to the braze pad to the extent that less than 75% of the lead braze section is brazed to the pad.

f.

Metaltization (inditing solder lead finish) intitithe
isolation beMenleads
or beWeen lead andotherpackage
metallization is reduced to less than 50% of lead separation (pad separation for brazed leads) but in no case less
than the rase outline minimum.

9.

Braze material that increases the lead dimensions to greater than 1.5 times the lead thickness above the design
maximum between the seating plane and the ceramic body or that increases the lead dimensions to greater than
the design maximum below the seating plane.

h.

Scratties thatexDose basemetal overmoe than5%ofthe
lead ends is acceptable and does not count in the 5%.

leadsudaeaEa.

Exposed basemetalonthecut

3,3.6 Packac!e bodwld-leadeddevices
a.

Broken packages or cracks in the packages. Surface scratches shall not be cause for failure except where they
violate other criteria stated herein for marking, finish, etc.

b.

Any chipout dimension that exceeds 0.060 inch in any diredion on the surface and has a depth that exceeds 25%
of the thickness of the affected package element (e.g.. cover, base, or wall).

c.

External lead metallization stripe forming a conductor to a brazed lead that exhibits voids greater than 25% of the
canductor width,

d.

Evidence of c$acks, delamination, separation, or voiding on any multilayer ceramic package.

3.3.7 Packaqe bodwlid - Ieadless devices
a.

Ceramic chip-outs that dimensionally exceed 50% of the distance between terminals in any direction on the
affected surface (edge or mmer), and exceed a depth of 25% of the thickness of the affected package element
(e.g., cover, lid, base, or wall).

b.

Evidence of cracks, delamination, separation, or voiding on any package element.

c.

Castellation to solder pad misalignment. The metal in the castellation, exclusive of the angular ring, shall be within
the visually extended boundaries of the solder pad (see figure 2009-1).

METHOD 2009.9
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ACCEPT

ANNULAR RING
SOLOER PAO

\
I

1’

CASTELLATION
METAL

REJECT

SOLOER PAO

CASTELLAIION
PIETAL

MISALIGNMENT+

FIGURE 2009-1. Castellation to solder pad misalignment.
d.

Caslellation configuration not in accordance with the following (see figure 2009-2). The castellation shall be
roughly mncave, confined by a 3dimensional space traversing all castellated ceramic layers at the package edge.
The surface of the Castellation may be ikmgular. The %-dimensional space” has these dimensions
1. Minimum width >1/3 package terminal pad width.
2.

Minimum depth > 1/2 castellation minimum w“dth.

3.

Length = as designed (see figure 200%2).

4.

Maximum w’dth ~ package terminal pad width.

5.

Maximum depth z 1/2 Castellation maximum width

These dimensions are an attempt to ensure with some reasonableness that the Castellations are not viewed, in the extreme
sense, as virmal flat suflaces on the package edge and are not virtual dosed vias (holes).
METHOD 2009,9
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r
PACKAGE
PAD “1OTH
VIRTUAL
CL:,~E 0-

PLANE
\

1
FLAT

—

RfJEC1

SURFACE

—

<;;g:~

-1 -

RE;EC1

CAS1EL1A11ON
DEPTH

CM

THROUGH TuO AW

THREE

LAYW!5

OF CERAMIC

NOTE. Ceramic layers shift, edges are rough afler punching, plating buildup is not smooth etc., all of these cambine
during package manufacture to make the castellation measurement dificull. Therefore, in the event of conflicts in
determining castellation acceptance, direct contact measurement shall be made using the Kmits specified in
Ml L-STD-l 835.
FIGURE 2009-2. Castellation requirements
3.3.8 Glass seals.
a.

Crazing of theglassseal

surfaca (see Iigure2009-3).

ml

FIGURE 2009-3. Crazed qlass surface.
b.

Anysingle circumferential -ti(orovedapping
a&)that
does nothewmpletely
tithina singtequadmnt0.e.,
extends beyond 90” arc or rotation about the lead), and extends beyond or is located in the region beyond the
midpoint of distance from the lead to the case (see Figure 20094).

REJECT

o

El
ficcEPT

●

@“o

FlGuRE2009-1.
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c,

Radial cracks thatexhibit

the following

1. Cracks thatdonotoriginate
2.

atthefead

(see figures 2OO%5aand 2009-5b).

Three or more cracks that extend beyond the midpoints of distance from the lead to the case (see figure
2009-5 c).

3. Two cracks that extend beyond the midpoint of the distance from the lead to the case and that he within the same
quadrant (see figure 2009-5d)

@
FL9ure

2009-5a

@’EJECT@
(3

Figure

2009-5b

Figure

2009-5c

Figure

2009-5d

ACCEPT

@@

FIGURE 2009-5. Radial Cracks

d.

Anytii~ut
thalpenetrates !heseahng glass deeper lhanthe glass meniscus plane. Theglass meniscus is
de fined asthatarea ofg!ass that ti&suDthe
lead orteminaf.
Exuost?d base metal asaresult ofmeniscwschiD
outs isamptable,
pm;dedthat
theexpised amaisno deeper thin O.OlOinti
(see rigum2009-6).

FIGURE 2009-6. Chip-outs
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FIGURE 2009-7. Surface bubbles.

e.

Surface bubbles thatexceed
1, Open bubbles intheglass
2.

f.

the following
sealthatexmed

Open bubbles unstrings orclustem thatexUed
Subsurface bubbles thatexceed

(see Figure 2009-7)

~ofthedstan=

bementhe

lead andthepa&agewall.

the following

1. Large bubbles orvoids thatexceed
2.

5mils indiameter

l/30ftheglass

sealing area (see Figure 2009-Sa).

Single bubble or void that is larger than 2/3 of the distance between lhe lead and the package wall at the site of
inclusion (see Figure 20094 b).

3. Two bubbles in a line totafing more than 23 distance fmm pinto case (see Figure 2009-SC).
4.

Interconnecting bubbles greater than 2/3 the distan=

@

(3 @

Fkyre

2009-8.

Figure

between pin and case (see Figure 2009-Sd).

Fig...

ZO09-Bb

2009-8C

CD

FLclure

2009-Od

FIGURE 2009-6. Subsurface bubbles.

g,

Reentmnt seals thatexMMt non-unifom titingfi,e.,

negative menisas)
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atthelead

antiorbody

intetia=

(see
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Figure 2009-9),

—
POSITIVE fiENISCtJS
ACCEPT

NEGATIVE HENISCUS
REJECT

FIGURE 2009-9. Reentrant seals.

4. SUMMARY.

The following detds shall be specified in the applicable acquisition document

a.

Requirements for markings and the lead (terminal), or pin identification.

b.

Any additional detailed requirements for materfals, design, construction, and workmanship.

METHOD 2009.9
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METHOD 2O1O.1O
INTERNAL VISUAL (MONOLITHIC)
1, PURPOSE. The purpose of this testis to check the internal materials, construction, and workmanship of microcircuits
for compliance with the requirements of the applicable acquisition document. This test will normally be used prior to capping
or encapsulation on a 100 percent inspection basis to detect and eliminate devices with internal defects, that could lead to
device failure in normal applications. It may also be employed on a sampting basis prior to capping to determine the
effectiveness of the manufacturers quality mntrol and handling pmcedums for microelectronic devices. Futiherrnore, the
criteria of this test method will be used during destmctive physical analysis (DPA) following the procedures outlined in test
method 5009, “Destructive Physical Analysis”. Test condition A and B provide a rigorous and detailed pmcedum for internal
visual inspection of high reliability miwaurcuits as specified in the s=eening requirements of test method 5004, For
condition B product the alternate suaening procedure (alternate 1) documented in test methcd 5004 may be used by the
manufacturer as an option to internal visual inspection as specified. For condition A or B product, the alternate smeening
procedure (alternate 2) documented in test method 5004 maybe used by the manufacture as an option to internal visual
inspection as specified.
2. APPARATUS. The apparatus for this test shall incfude optical equipment capable of the specified magnification and
any visual standards (gauges, drawings, photogmphs, etc.) necessary to perform an effective examination and enable the
operator to make objective decisions as to the acceptability of the device being examined. Adequate fixtufing shall be
provided for handling devices during examination to promote efficient operation without inflicting damage to the units.
2.1 GaAs device requirements. GaAs devices shall be inspected to all applicable uiteria as listed herein. GaAs
micmwave devices shall also have additional spetific uiteria as hsted and the applicable high power magnification for
individual features of GaAS micmwave devices shall be selected from the following table.

TABLE 1. GaAs mic$owave device hiqh magnification requirements,

2.2 Silimn-cm.Sapphim (S0S) device requirements. SOS devices shall be inspected to all applicable criteria specified
herein, except where noted. The sapphire portions of the die shall be conside=d “nonconductive and nonoperational
material”,
3. PROCEDURE.
a.

General. The device shall be examined within the specified magnification range to determine compliance with the
requirements of the applicable acquisition document and the criteria of the spetified test condition.
The inspections and cfiteria in this method shall be required inspections for all devices and locations to tich
they
are applicable. Where the titerion is intended for a specific device pm=ss or technology, it has been indicated.

METHOO 2010.10
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I

b.

Sequence of inspection. The order in which criteria are presented is nOt a required order of examination and may
be varied at the discretion of the nIWWf@UR?r.
When inverted die mounting techniques are employed, the inspection uitetia contained herein that cannot be
performed after mounting shall be conducted prior to attachment of the die. Devices wlich fail any test cdtetia
herein are defective devices and shall be rejected and removed at the time of observation.
V!sual criteria maybe inspected as follows

I

(1)

Prior to die attachment without m-examination after die attachment
and f, 3.1.5, 3.1.6 a-f, 3.2.6.

3.1.1 .2,3.1.1.5,3.1.1

,7,3.1 .2,3.1.4 e

(2)

Prior to bonding without m-examination after bonding; 3.2.3

(3)

For rendition B only the following uiteria may be inspected prior to die attachment at high power, Plus IW
power after die attachment, provided a high magnification sample to sample size number= 45 accept
number C = O
oerformed
–.is—r–
...– at
. oreca inspection: 3.1.1.1.3.1.1.3, 3.1.1.4, 3.1.1.6, 3.1.3, 3.1.4 ad and a-o,
3.1.6 g and h, 3.1.7. If the sample ftils.the enti~ lot shall be reinspected at high “magnification for the ~ailid
criteria,

~

I
I

.

c.

Inspection mntml. In all cases. examination Drier to final oreseal insoetion shall be oerformed under the same
quality program that is required at the final pr&eal inspection station: Care shall be exercised after inspections in
accordance with 3b, to insure that defects created during subsequent handling will be detected and rejected at
final preseal inspection. During the time interval between visual inspection and preparation for sealing, devices
shall be stored in a Wntmlled environment. Devices examined to condition A shall be inspected and prepared for
sealing in class 100 environment and devices examined to candition B C?iterfashall be inspected and prepared for
sealing in a class 100,000 environment (see 40.8.1 .1.7 of appendk A of MI L-PRF-38535), except that the
maximum allowable relative humidity in either environment shall not exceed 65 percent. Devices shall be in
cavered containers when transferred from one mntro! led environment to another.

d.

Magnification. “High magnification” inspection shall be performed perpendicular to
under illumination perpendicular to the die surface. “Low magnification” inspetion
metallurgical or stereomicroscope with the device under suitable illumination. Low
performed at an angle other than 90” to the die surface to facilitate the inspection.
may be examined al “high magnification” at the manufacturers option.

e.

Reinspection, When inspection for product acceptance is conducted subsequent to the manufacturers
inspection, the additional inspection may be performed at any magnification specified by the applicable test
condition, unless a specific magnification is required by the acquisition document. When suspected defects or
deficiencies are noted, additional inspection may be performed at magnifications needed to evaluate or reSOIVe
the suspect items.

I
.
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the die surface with the device
shall be performed with a
magnification maybe
The inspection criteria of 3,2.1

I
MIL-STD-683E

I

I

f.

.

Definitions
(1)

Active circuit area. All areas enclosed by the perimeter of functional circuit elements, operating
metal fization or any connected combinations thereof excluding beam leads.

(2)

Coupfing (air) bridge. A raised layer of metallization used for interconnection that is isolated fmm the
surface of the element.

(3)

Block resistor. A thin film resistor which for purposes of trimming is designed to be much wider than would
be dictated by power density requirements and shall be identified in the approved manufacturers Precap
visual implementation document.

(4)

Channel. An area lying between the drain and the source of FET structures.

(5)

Controlled environment. Shall be class 1,000, (see 40.8.1.1.7 of appendix A of MI L-PRF-38535), except
that the maximum allowable relative humidity shall not exceed 65 percent.

(6)

Crazing. The prasence of numerous minute cracks in the referenced material, (e.g., glassivation crazing).

(7)

Detritus. Fragments of original or laser mcdified resistor material remaining in the kerf.

(8)

Dielectric isolation. Elecbical isolation of one or more elements of a monolithic semiconductor
circuit by surrounding the elements with an isolating harder SUCAas semiconductor oxide.

(9)

Diffusion tub. A volume (or region) formed in a semiconductor material by a diffusion process (n- or p type)
and isolated from the surrounding semiconductor material by a n-p or p-n iunction or by a dielectric material
(dielectric isolation, coplanar process, SOS, SOI).

(10)

Foreign material. Any material that is foreign to the microcircuit or p8Ckage, or any nonforeign material that
is displaced fmm its original or intended position within the mic$ocimuit package.

integrated
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(11)

Funti]onal circuit elements.

Dhades, transistor,

c$ossundem, cspaclors,

(12)

Gate oxide. The oxide or other dielectric that separates gate metalliiation
gate electrode) from the channel of MOS structures (see figure 201W1).

. . . . . . . ...;}
GA,,

Smmu

and resistors.
(or other material ussd for the

;

L,ADA.

,EA02.
CA

mA1wGm Km

rz!!Ei5s0L
FIGURE 2010-1. P channel !40S transistor

(13)

Glassivatian. The top layer(s) of transparent insulating material that rovers the ac4ve circuit area, with the
excaption of bonding pad areas and beam leads,

(14)

Glassivation cracks. fissures in the glassivation layer,

(15)

Junction line. The outer edge of a pas.sivatiorl step that delineates the boundary between “P” .a”d ‘“N” type
semiconductor material. AfI active junction is any PIN junction intended to mnduct current during normal
operation of the circuit element, (e.g., rnllecJor to base).

(16)

Kerf. That portion of the component area from which material has been ramoved or modified by trimming or
cutting.

[17)

Line of separation. Visible distance or space between two featurea that are observed not to touti
magnification in use.

(16)

MESFET. (Metal semiconductor field-effect transistor). A field-affect transistor in Mti
a metal
semiconductor rectifying contact is used for the gate electrode. Typically the structure is fabricated in
gallium arsenide and the term GaAS MESFET may be used. Both depletion-type and enhancement type
devices have been manufactured. The acoanyms are GMESFET, and E-MESFET, respectively,

(19)

Metallization nonadherence. Unintentional sepamtion of material from an underlying substrate excfuding air
bridges and undercutting by design,

(20)

Multilayered meta!liiation (canductom). Two or more layers of metal or any other material used for
intercomlectiom that are not isolated from each other by insulating material, The term ,Wnderlying metaf”
shall refer to any layer below the top layer of metal (see fig we 201 o-z).

METHOD 2010.10
27 July 1990
4

at the

MIL.STO-S83E

MULTILAYERED HEIALLIZAIION
SECONO
tiETAL

NO ISOLATION

FIGURE 2010-2. Multilayered metallization,

(21 )

Multilevel meta!liiation (conduchm). Two or more levels of metal or any other material used for
interconnections that are isolated fmm each other by insulating material (also referred to as interlevel
die!etic)
(see figure 2010-3).

SECOND
IIETAL

lIDN

FIGURE 2010-3. Multilevel metallization.
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(22]

Narrowest resistor width. The narrowest poftion of a given resistor prior to trimming.

(23)

Operating melalfization (conductors). Metal or any other material used for interconnection except metallized
scdbe lines, test pattern% unconnected functional circuit elements, unused bonding pads. and identification
markings.

(24)

Original width. The width dimension or distance that would have been present, in the absence of the
observed abnormality (e.g., original metal width, original diffusion w“dth, original beam width, etc.).

(25)

Package

(26)

Passivation. The silicon oxide, nitride or other insulating material that is grown or deposited directly on the
die prior to the deposition of metal or between metal levels on multilevel devices.

(27)

Passivatlon step. An abrupt change of elevation {level) of the passivation such as a contact window, or
operating metallization crossover.

(28)

Peripheral metal. All metal that hes immediately adjacent to or over the scribe grid.

(29)

Shooting metal. Metal (e.g., aluminum, gold) expulsion of various shapes and lengths frcm under the wire
bond at the bonding pad.

(30)

Substrate. The suppoting structural material into or upon which or both the passivation, metallization and
circuit elements are placed.

(31)

Substrate via. Asmallho!e fomedthmugh
thewferand
meta!hzed, -using eletiriml mnnetiontobe
made from the frontside (the side on which the chcuitw is formed) to the backside of the wafer.

(32)

Thick film. Thatwndudkdmsistivddeledricsystemthatisafilmhavinggreaterthan5O,OOOAtti&ness.

(33)

Thin film. ~atrnndutivtiresistivtitieletiricsystemthatisafilmequaltoorlessthan5O,OOOAin
thickness,

(34)

Vtametallization.

post. A generic term used to desctibe the bonding location on the Package.

ThatwfIich cmnects themetallization

ofonelevel

toanotier.

g.

Interpretations. RekmnEhemin
to'?hatextitits''
shalt bemn$idemd satisfied tienthevisual
image orvisual
appeamnce of the device under examination indicates a spedic condition is present and shall not require
can formation byanyother method obtesting. When other methods oftestare to beusedfor rnnfiming thata
rejeamntition
does notexist, they shall beapproved bytieaquiring
ativiV.
Forinspections perfomed on the
range of75Xto 100X, thetiteriaof
0.1 milofpassivation,
sepamtion ormetil wnbesatisfied
bya line of
separation or a line of metat visible.

h.

Foreign material control. ~emanufatiurer
sha!lpetiom anautit onaweekly basis for(l) thepmsen~of
foreign material within incoming piece part fids and bases, and (2) the presene of foreign material on the die
surface or within the package of assembled parts.
~eautit
ofassembled patimay
besatisfied dufingrOutine internal visual inspetion.
Ifthepresence of foreign
material ia dismve=d, the manufacturer shall perform the necessaiy analysis on a sample of the foreign material
onthesuspect devices todetermine fJenature of the material. Themanufacturer shall document therasultsof
this investigation and corrective action to eliminate the foreign material and this information will be available to the
Government WR, andtieaquiring
ativity orthequahWng ativity, asappli=ble.
Amrrective action plan shall
be obtained within a maximum of 10 working days of discovery.
The audit of incoming pie- part tids and bases shall be performed before parts are assembled, or maybe
satisfied during mutinelncoming qua fityinspecfion. Ifthepresence of foreign material ofa size 1 milor greater is
discovered, the manufacturer will analyze the foreign material to determine its nature and document the results of
the analysis. lfappfi=ble,
\heserffiults shall bedstributW tothevendor suppYlngthe pafis, tihthemquest
thatthe vendor dowment rnntive
atiions tominimize oreliminate such foEignmatetial.
Thisinformation will
be available to the manufacturer, Government WR, and the acquiring activity or qualifying activity, as applicable.
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NOTE: The piece part audit requirements can be replaced by a piece part CJeaning process, approved by the qualifying
activity, that is always performed either prior to or during the assembly process and these piece parts are stored in a
cnntmlled environment until they are used.
The intent of these procedures is to require investigation and resolution of foreign material problems that do not
have an effective screening or detection methodology but that wuld cause degradation and eventual failure of the
device function. Repetitive fin~ngstithout
obvious improvement Equi~esmlation
to Um~orof Manufatiuring
and Oirector of Quality Assurance to continue processing.

.

Condition A
Class level S

Condition B
Class level B

3.1 Hiqhpower inspection. lntemal visual examination as~quiwd in3.1.1 through 3.1.3shall bernndutiedoneati
microcircuit. lnaddition, theappflmble titeria mntined in3.1.4through 3.1.7shall beusedfor tieappmpriate
mimtimuit
area where glassivation, dielectric isolation or film resistom am used.
NOTE: Unless othetise specified, for~ptip
die mounting, only criteria in 3. 1.3i shall apply.

ptiudthe

m"teria of3.1shall

high magnification
inspection shall be within the
range of lOOX to 200X.

apply onlytotop

tircuitside

inspe~ion.

After

high magnification
inspection shall be within the
range of 75X to 150X.

The

The

Forhghmagnifiwtion
inspetiion of G&miwwve
devi-s, seetablel herein. Also, for< lmimnfeatures,
the
manufacturer may implement a sample inspection plan wlich shall be documented in the manufacturer’s internal procedure
and approved by the qualifying activity.
3.1.1 Metallization defects. Nodevi=
metallization.

shall bea=pmble

thatextiMk

~efolldng

defe-intheopemting

3.1.1.1 Metallization smdties
a.

a.

.scratc hinthemetallizatio
nexduding
bonding pads and beam leads that leaves
less than 50 percent of the original
metal width undisturbed (see tiguro
2010-4).

NOTE: For G*mimave

devims, swtties

B

FOn SINGLE

LAYER

inthegateetipe

ME:AL

.scmtchi nthemetallization,excludingbonding
pads and beam leads, that exposes underlying
passivation an~ere
along ib length and leaves
less than 50 percent of the original metal width
undisturbed (see figure 2010-5).
orgateinsefiion

metallization

PRODUCTS

‘7

ACCEPT,

SCRATCH UHERE THE REMAINING
UNDISTURBED
METAL UIDTH
(Xl
IS GREATER THAN W2
150 PERCENT)

REJECT,

SCSATCH HHERE THE REMAINING
UNOISTUROELl
RETAL MIDTH 1X1
1S LESS
THAN WZ 150 PERCENT1.

‘r
d

.

FIGuRE201O4

Metallization smatti
cxiteria for class level S
METHOO 2010.10
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Condition A
Class level S

Condition B
Class level B

,0,

R
‘-l

SINGLE L,, ER “ETA, PRODUCTS

ACCEP1a
SCUrC”ExPOSING
“MDERL,l
NGPASS1VA11ON
““IRC THE F.EMIM1”G “MD151”RBED .flAL
“,0, ” ,x, ,S ,,,.,,,
THAN 0/? ,50 PERK,,,

d

“’’’’””0”::‘:i::’”fi’n
L2K“““--””-”””“NOERM”ING

‘i-

“OIE !

L”i PA, SIVA11O.
ilE”HAININC “NDIS1”R8ED “ETA1
,, LESS 1“., d/2 ,50 PERCENT)

FIGURE 2010-5. Metallization scratti

b.

For candition A, see 3.1.1. la above.

I

“E, AL .10,”
m,,, “row

,EJEC,,
~cw,c”~,po~....
...
s!..
uKmmr
“WE
T“f
“,”, ” ,,,

b.

,,..,

m“teria for class level B.

For wnditlon B only. Swatch that completely
crosses a metallization path and damages the
surface of the surrounding passivation, glassivation,
or substrate on either side (for MOS devices, the
path shall be the (L) dimension) (see figure 2010-6).

m
_

SOURCE

GATE OX1OE ~

DRAIN

S0

7/

$“
&

A

!-I.-l

NON SELF-ALIGNED

G4TE

,,

I--L--I
SELF-ALIGNED

NOTE
When standati metaltization scratchtiterion
is apptied to the gate area, the dimensions (WI and (L)
shall be mnsidered as the original channel width and
length respectively.

FIGURE 201O+5. MOSsmatch
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Condition A
Class level S

Condition B
Class level B

DAMAG

D OXIDE

FIGURE 2010-6. MOS scratch ctiteria - Continued.

c.

Sc$atch in multilaye=d metallization, excluding
bonding pads and beam leads that exposes
underlying metal or passivation anywhere
along its length and leaves less than 75
percent of the original metal width
undisturbed (see figure 2010-7).

FOR “uI. FILAYERUJ
d

Scratch in multilayered meta!lization, excluding
bond pads and beam leads that exposes the
underlying metal anywhere along iis length
and leaves less than 25 percent of the original
metal width undisturbed (see figure 2010-8).

METAL PRODUCIS ONLT

ACCEPT,

scRArcH Exposrm
uNOEur I.G .ETAL
OR PASS1 VAT ION wERE THE REI!AINING
UNOISIURBEO REIAL u101H 111 1S
GREATER THAN 3/4 d 175 PERCENT].

REJECTS

SCRATCH EXPOSING “NDERL71MG I!ETAL
on PASS IVAIION IMERE lHE REM INING
UN01S1UR8ED .ETAL UIDIH 118 1S
LESS TH#N 3/4 d 175 PERCEM71.

ET
x

x

c.

FIGuRE201O-7.

Scratch cfiteria fordasslevel

S,
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Condition A
Class level S

Condition B
Class level B

m
I

FOR IWLT !LAvERED

‘T

HE lAL

PRODUCTS

SCRATCH
EXPOSING
UNDERLTING

.. ..=..=.
..... .....=

ACCEPT,

THE REI!AINING

UNDISTURBED

ONLY

METAL UHERE
REIAl
UIDIH
1X1

“CRC,,,,,

-h-K “’”””
“.

. .

.

.

.

.

.

.

.

.

.

.

..*~~*N~

“

-

x

.

..E IAL MIOTH
UNOISTUREED
HEIAL MIDT14
.

.

...”...

“N~~~L,*~~

“~,~~

~~~

[NC UNDISIURUDRETALUIOIH
IS LESS THANW4 12S PERCENT]

IX]

FIGURE 2010-8 Scratch ctiteria for class level B.
NOTE For condition B only. Criteria 3.1.1. la, b, and c
can be excluded for peripheral power or ground
metallization where parallel paths exist such that an open
at the suatch would not cause an unintended isolation of
the metallization Path.
d.

Scratch in the metallization over a passivation step that leaves less than 75 percent of the original metal width at
the step undisturbed.
NOTE For condition B only. Criteria 3.1.1.1a, b, c, and
d can be excluded for the last 25 percent of the linear
length of the cnntacl cut and all metal beyond, on the
termination end(s) of the metallization runs. In these
cases there shall be at least 50 percent of the contact
opening area covered by metallization and at least a
continuous 40 percent of the rnntact opening perimeter
revered by undisturbed metallization (see figure 2010-9).
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Condition A
Class level S

Condition B
Class level B

r

ACCEPT. SCRATCHAT 11P OF CONTACT
AREA UHICH IS HIIHIN x/4
FROH THE ENO
OF 1ERI!1NATION ENO
REJECT, SCRATCHAT TIP OF CONTACT
AREA uHICH 1S GREATERlHAN
S/4 FROU THE END

FIGURE 2010-9. Termination ends.

e.

Scratch in the metallization, over the
gate oxide (applicable to MOS structures
only) (see figure 201 0.10),

e.

Scratti in the melalfization, over the
gate oxide, that exposes underlying
passivation and leaves less than 50 percent
of the length or width of the metallization
between source and drain diffusion undisturbed
(applicable to MOS structures only) (see figura
2010-11).
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Condition B
Class level B

Condition A
Class level S

r

SOURCE

n
DRAIN

---J--’

FIGURE 2010-10. MOS smatch titeria

““L

L

for class level S.

ReJ,ct,
Scratch ..w,lng
underlying
got,
O.id.
**PI
the re.a Lnln
undLst.,b,
d metal
.Ldlh
111 L, 1,SS than L 9 2 150 P,rcmtl

FIGURE 2010-11. MOS swatch titetia
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1.

Condition B
Class level B

Condition A
Class level S

f.

Scratch in the metalliiation
applicable to air bridges.)

that exDoses the dielectric material of a thin film capacitor or crossover.

g.

Scratch in the bonding pad or fillet area that
reduces the metallization path width mnneding
the bond to the interconnecting metallization
to less than 50 percent of the narrowest
entering interconnect metal fization sbipe
width. Iftwoor more sbipesenter a bonding
pad, each shall be mnsidered separately.

h.

Scmtti(es) (pmbemati(s),
etc.) intiebonting
padamatiat
exposes undedying passbation orsubstmte
leaves less than 75 percent of the unglassivated metallization area undisturbed.

i,

For GaAS devices only, any tears, peeling, gaps, and lateral displacement of metal.

9.

(Not

Scratch in the bondina., oad or fillet area that
exposes underlying passivation or substrate
and reduces the metallization path width
connecting the bond to the interconnecting
metallization to less than 50 percent of the
narrowest entering interconnect metallization
stripe tidth. Iftwoor momstripes enter
a bonding pad, each shall be considered
separately.
and

3.1.1.2 Metal lization voids;
a.

a.

Void(s) in the metallization that leaves less than
75 percent of the original metal width undisturbed
(see figure 201&12).

Void(s) in the metallization that leaves less than
50 percent of the original metal width undisturbed
(see figure 2010-13).

14’
‘l-

.

Ac..Pts
*...

1,.

VOLd
r.m.

.SPOSL”g

m..o ..o

.Ld,ll
111 L. B,..,.,
[50 p.m. nu

““d.rl,,
L.t.?b.

m..

d/2

”a

“t.1

d .=1.

I

FIGURE 2010-13. Void cxitetia for class level B,

FIGURE 2010-12. Void criteria for class level S.

NOTE: For condition B only. Criterfa can be excluded
for peripheral power or ground metallization where
parallel paths exist so that an open at the void(s) would
not cause an unintended isolation of the metallization
path.
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Condition B
Class level B

Condition A
Class level S
b.

Void(s) in the metallization over a passivation step that leaves less than 75 percent of the original metal width at
the step undisturbed.
NOTE: For candition S only. Criteria of 3.1.1 .2a and b
can be excluded for the tast 25 percent of the tinear
length of the contact cut and all metal beyond on the
termination end(s) of metallization rims. In these cases
there shall beat least 50 percent of the ccmtact opening
perimeter covered by undisturbed metallizaticm (see
flgurs 201&14).

r

I

ACCEPT,

VO1O AT TIP
OF CONTACT
AREA HHICH 1S LESS
THAN
X/4 FROH THE END

r LOCATIDN OF TERH1NATION END
REJECT,

vOID AT TIP
OF CONTACT
AREA MHICH 1S GRE&TER
THAN X/4 FROM THE END

FIGURE 2010-14. Termination ends

c.

Void[s) inthemehllization
overthegate oxide that feavesless tian75pewnt
of themetillization
len#h(L)or
wfdth (WI between source and drain diffusions undisturbed (applicable to MOS structures only) (see figure
2010-15).

METHOD 2010.10
27 July 1990
14

MIL-STD-S83E

.

Condition B
Class level B

Condition A
Class level S
d,

Void(s] that leave less than 60percant of the
metallization area over the gate oxide undisturbed
(applicable to MOS structures only).

d

Void(s) that leave less than 75 percenl of the
metallization area over the gate oxide undisturbed
(applicable to MOS structures only).

e.

Void(s) that leaves less than 75 percent of the metallization width @incident with the source or drain diffusion
junction line undisturbed (applicable to MOS structures only) (see figure 2010-15).

REJECT:

VOID EXPDSING
UNDERLYING
OXIOE NHERE THE
REMAINING
UNOISTLIRBEO
METAL 1410TH IX]
IS
LESS THAN 3/4
L {75 PERCENT I

\

\—

ZREJECT:

VOIO EXPOSING
uNDERLYING
OXIOE WHERE THE
Refraining
uNOISTIJRBED
METAL WIOTH
[Y]
IS
LESS THAN 3/4
W [75 PERCENTI.

FIGURE 201&15.

MOS void criteria.

f.

Void(s) in the bonding pad area that leaves less than 75 percent of its original unglassivated metallization area
undisturbed (see figure 2010-16).

9

Void(s) in the bonding pad or fillet area that reduces
the metallization path width connecting the bond to
the interconnecting metallization to less than 75
percent of the narrowest entering metallization stripe
width. Iftvmor momsbipese ntera bondingp ad,
each shall bemnsidered separately. (see figure
2010-16).

g.

Void(s) inthebonding padorfi[let an?athat
reduces the metallization path width connecting
the bond to the interconnecting metallization
to less than 50 percent of the narrowest entering
metallization stripe width. Iftwo ormom
stripes enter a bonding pad, each shall be
considered separately (see ~ure 2010-16).
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Condition A
Class level S

Condition B
Class level B

~

ENTERING/EXITING_
HETALL IZATION STRIPE

4

!!5/

D
BONO PAO
EOGE

80ND PAO
GLASSIVAI “ION
OPENING

FIGURE 201G16,
NOTE: ~enafillet

amaexisS,

itistobe

wnside&

amaofattin

BONDING PAD ~
AREA

Bond padterminolwy.
aspafloftie

h.

Void(s) inthemeblhzation
metallization area.

filmmpatiorthat

i,

For GaAS microwave devices only, voids in the gate stripe.

enterin~exiting

mehlPuati0nsMpe

leave le=~an75peunt

oflhedesigned

3.1.1.3 Metal fizationmrmsion.
Anymetallization camxion. Metallization having anylocalized disccdored area shall be
closely examined and rejected, unless it is demonstrated to be a harmless film, glassivation interface, or other obscuring
effect.
3.1.1.4 Meta!lization nonadhemwe.

Anymetallization

3.1.1.5 MetallizatiOn DrObinq. Criteria antained

lifting, peefing, or blistering.

in3.1.1.1 shall apply astimititions

METHOD 2010,10
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Condition A
Class level S

Condition B
Class level B

3.1.1.6 Metallization bridoinq.
NOTE: For SOSdevic-es, excfude theinsu!ator sfflbe lines
a.

Anymetallization bridging tiemtheseparation
between metal!ization paths is reduced to less
than 50 percent of the original design.

b.

Any metal that is displaced, as a result of
bonding, from iw original position on the
bonding pad (shooting metal) that reduces
the separation between unglassivated
operating metalliiation or stibe Me
and the bonding pad to less than 0.25 roils
or 50 percent design separation,
whichever is less,

a. Any metal fization bridging where a
line of separation is not visible
between metallization paths.
NOTE For GaAs mimwave devia?s,
metallization bridging ac$oss spacings
of less than 1 pm shall be inspected
only in accordance with 3.2 and tabte I
at 400X to 1,000X. If a dear fine of
separation is not discernible,
device functional testing at the
wafer level shall suffice.
b.

Any metal that is displaced, as a result
of bonding, from its original position
on the bonding pad (shooting metal) that
reduces the separation between
unglassivated operating metallization or
stibe fine and the bonding pad such
Ihat a fine of separation is not
visible.

3.1.1,7 Metallization aliqnment.
a,

Contact window that has less than 75 percent of
its area covered by metalliiation.

a.

Contact window that has less than 50 percent
of its area covered by metallization.

b.

Contact tindow that has less than a mntinuous 50
percent of its perimeter .wvered by meta!lization.

b.

Contact window that has less than 40 percent
of i~ perimeter covered by metallization.

c.

Contact window that has less than 75 percent of its perimeter on two adjacent sides covered by metalliiation
(applicable to MOS structures only).

NOTE: When, by design, metal is completely contained in a contact window or does not cover the entire COntact
perimeter, ctiteria 3.1.1.7a, b, or c can be deleted, provided the design citeria is satisfied.
d.

A metal fizaticm path not intended to cover a contact window that is not separated from the contact tindow
line of separation.

e.

Any exposure of the gate oxide (i.e., oxide not covered by gate electrode in the area between source and drain
diffusions, applicable to MOS structures only) (see figure 2010-17).

3.1.1.8 Via hole metallization.

For G&

by a

devices only,

a. Overetched via hole or misaligned via visible around the pad.
b. Poor adhesion (lifting, peeling or blistering).
c, Any c$acks originating at the via hole.
d, Evidence of bulging metal over a via hole.
e. Evidence of solder coming

up

through via hole pad, when die is mounted on a carrier.

METHOD 2010.10
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Condition A
Class level S
3.1.1.9 Couvlina (air) bridae defects “hiqh maqnifdion”.
exhibits:

Condition B
Class level B
For GaAs devices only. No element shall be a.xeptable that

a.

A void in the coupling (air) bridge meta!lization that leaves less than 75 percent of the original metallization width
undisturbed. (see figure 201 C-i7A).

b.

Nodules or bumps that are greater, in any dimension, than the original coupting (air) bridge metillization
(See figure 201 O-17A)

c.

Coupling (air) bridge that contacts underlying operating metallization.

d.

Attached, condutiwe foreign material that is greater, in any dimensions, than 50% of the original coupling (air)
bridge metallization width.

e,

No visible separation between the coupling (air) bridge and the underlying operating metallization.

width

(See figure 201 O-I7A)

NOTE: This criterion is not applicable *en an insulating material is used between the coupling (air) bridge and
the underlying meiallization. (See figure 201 O-17A)
f.

Coupling (air) bridge metalliiation overhaW over adjacent operating metallization, not intended by design, that
does not exhibit a visible separation. (See figure 2010-17A)

g.

Mechanical damage to a coupling (air) bridge that results in depression (lowering) of mupling (air) bridge
metallization over underlying operating metallization.
NOTE: Ah bridges which are depressed, over operating metalliiation, due to normal backside processing are nOt
mnsidered mechanically damaged. A visual fine of separation still applies in accordance with 3.1. 1.9e.

METHO02010.
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REJECT
NO VISIBLE
SEPARATION

~
REJECT

ACCEPT
vISIBLE

EXISTS

/-

VOIO

Noo”LE/8uMp
ANY

SEPARATION

OIMENSION

>

d

EXISTS

\

REJECT
NO VISIBLE
SEPARATION

EXISTS

FIGURE 201 O-17A. Class level S and Class level B wuplinq (air) bridae criteria.
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Condition A
Class level S

Condition B
Class level B
OXIOE EXPOSEO
SOURCE TO ORAIN

LO OX
LINE
GAIE
[SELF-ALIGNING)
OXIOE EXPOSEO
SOURCE TO ORAIN

ACCEPT

ETAL GATE
INON SELF -ALICN

FIGURE 2010.17. MOS oate aliqnment.
f,

For MOS structures containing a diffused guard ring, gate metallizaticm not coincident with or not extending over
the diffused guard ring (see figure 2010-18).

ACCEPT

f

GuARD
RING

HETAI
GATE

FIGURE 2010-18. MOS qate aliqnment.
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REJECTu GATE DDES NOT
COINC1OE HIIH
OR EXTENO OVER
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Condition B
Class level B

Condition A
Class level S
3.1.2

Diffusion

and passivation

Iaver faults.

No devices

shall

be acceptable

that exhibits

the following:

3.1.2.1 Diffusion faults.
a.

Diffusion fault that allows bridging between diffused areas (see figure 2010-19).
ISOLATION

1

on

3
on
A

REJECT:

OIFFUSION
BETNEEN
AREAS

FAULT
DIFFUSED

FIGURE 2010-19, Diffusion faults.
b.

Any isolation diffusion that is discontinuous (except isolation walls around unused areas or unused bonding pads)
or any other diffmed area with less than 25 percent (50 percent for resistom) of the original diffusion width
remaining (see figure 201 0=20).
REJECT.

DISC ONTINOUS
OIFFUSION

ISOLATION

~r~

7

OIFFUSEO
REsISTOR

REJEC18

FIGURE 201&20.

OIFFUSEO
RESISTOR
MITH
LESS
THAN S02
OF THE ORIGINAL
‘AIOTH
REMAINING

Diffusion faults.
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Condition B
Class level B

Condition A
Class level S
3.1.2.2 Passivation faults.

NOTE. For SOS devices, exclude defects between first-level conductive interconnect (metalliition,
sapphire areas of the die, where no active circuit elements are present.
a.

polysiticm,

ect.) and

Either multiple fines or a complete absence of passivation visible at the edge and continuing under the
metallization unless by design for GaA.s devices. Multiple tines indicate that the fault can have sufficient depth to
penetrate down to bare semiconductor material.

NOTE The multiple line criteria can be excluded when a second passivation layer is applied in a separate operation prior
to metallization deposition or for bond pads located in isolated tubs.
NOTE For rendition B only. Should the absenof glassivation in the defect area or the
characteristics of the glassivation present
allow verification of the presence or absence of
passivation by color or color comparisons
respectively, then these techniques may be used
(see figure 2010-21).

-

~
/
,.

/
ISOLATION

,. -

?

.

FIGuRE 201&21.

Passivation faults.

b.

Active junction he not covered by passivation, unless by design.

c.

ContaG w“ndow that extends across a junction line, unless by design.
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ME TALL IZATION
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Condition A
Class level S

Condition B
Class level B

3.1.3 Sctibinq and die defects. No device shall be acceptable that exhibits
a.

Less than 0.25 mil of passivation visible
between operating metaltization or band
pedphe~ and bare semimnductor material
(see figure 2010-22).

NOTE: For Gtidevims
and edge of the die.

only, leSthan

a.

O.lmilofsubstrate

No fine of separation between operating
metallization or bond periphev and bare
semiconductor material (see figure 2010-22).

visible beWeenoperating

NOTE: Criteria =nbeexduded
for beamleads andperiphemf
metallization is at the same potential as the substrate.

metillization

metalhzation or bondperiphew

including bonding padstieretie

NOTE: Ooesnot apply to SOSdevices.
b.

Atipout
orw&inthe
advecimuit
area (see figums201&22 and2OlW38). lnaddhionf orGaAsachipoutinto
orundemeath tie funtiional metaltization, e.g., bond pads, Wpatitom, peripheral metal fixation, etc,, butexduding
test structures of the device.

NOTE Criteria =nbeexduded
forperipheml metalhzation thatisatthe
percent undisturbed metallization width shall remain at the chipout.

samepotential

asthesubstmte.

Atleast50

c.

Acrackthat exceeds 3.Omilsinlength, or
comes tioser than 0.25 roils to any operating
metallization (except for substrate potential
peripheral metal) or functional circuit element
(see figure 2010-22).

c,

d.

Forcondition A only. Semicimutar ccack(s)
terminating at the die edge, whose chord is long
enough to bridge the narrowest spacing between
unglassivated operating material (e.g.,
metallization, bare semiconductor material,
mounting material, bonding wire, etc.) (see figure
2010-22).

d. Nowndition

e.

kposedsemirnndutior
material efiendng over fhepassivation edgeattie
die (applicable to beam lead structures only) (see figure 2010-38).

f.

~ehaving

g.

Acm&thatexmeds
l. Omilinlength inside thestibe hne(orsemimndutior
material edge for beam lead
devices) that points toward operating metallization or functional ckcuit elements (see figure 2010-22).

h.

Auatithatwmes

atiached potiions of theatiive

ci~utia~a

closer than 0.5miltoopemting

NOTE: Critetiaof 3.1.3cand hWnbeexduded
into the semiconductor material.
NOTE. Criteria of3.1.3e andhdonot

Acmckthatexu?ed
5.Omilsinlength,
or
that does not exhibit a line of separation to
any operating meta!liiation (except for
substrate potential peripheral metal) or
function circuit element (ace Iigum 2010-22)
B.

point of the beam leadexittiomthe

ofanother die,

beamlead metalbzation (see figum2Ol&38).

for beamlead devimstie~

thetipout

ora&doesnotetiend

apply to GaAsdevices.
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REJECT,

COMD1TION A
SEMICIRCULAR
CRACK HAVING CHORD
LONG ENOUGH TO OR1OGE NARROMEST
SEPARATION
BE VUEEN UNGLASS1V8TE0
OpERATr NG MATm I&L
REJECT,

COND1TION A

REJECT,

CRACK < 0.25 I!l L SEPARATION
FROM OPERATING RE1ALL1ZATION
COND1TION B
CRACK UITH
SEPARATION

NO VISIBLE
LINE OF
FROM OPERATING ME14LL1ZATION
REJECT,

‘L~,

,(,,

CRACR > 1.0 fll L
INSIDE
scflrm LINE

J

SCRIBE

J

~

REJECT,

CRACII ,11 LENGTH
> 3.0 nxL cONOtlr ON 4
5.0 tll L CONDITION B

FIGURE 2010-22 Sctibinq and die defects.
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Condition B
Class level B

Condition A
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i,

For flip chip, c?acks, or chipouts in the substrate material that extends beyond 50 percent of substrate thickness
or a crack greater than 5.0 roils in length in the substrate material (see figure 2010-23).

..
\— _gCEPT:

< 5.0
—

HIL

REJECTI

cn, nco

> 5.0

/-

MILS
c

EOGE SEAL

REJEcT:>5~

A[cEPT:

IF CHIPOUT ANO CRACK
ARE LESS lliAN 50% OF
oIE THICKNESS

FIGURE 201C-23. Stibirw

i.

and die defects

Any blistering, peeling, delamination, rnmcsion, or other gross defects in glassivation, metal, intetlevel dieletic.s
or other layers.
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Condition B
Class level B

Condition A
Class level S

3.1.4 Glassivation defects. No device shall be acceptable that exhibits (see figure 201&24)
NOTE For rendition B only. Criteria of 3.1.4 can be
excluded when the defect(s) is due to laser trimming. In
tfds case, the defects outside the kerf due to laser
trimming shall not be more than one half the remaining
resistor width and shall leave a primary resistor path
free of glassivation defects, equal to or greater than one
half times the narrowest resistor width.

TOP HAT,

SERPENTINE

OR RECTANGULAR

L TRItl

FIGURE 201C-24. Laser trimmed qlassivation defects,

a.

Glass c$azing or glass damage that prohibits the detection of visual cti!eria contained herein.

b.

Any lifting or peeling of the glassivation in the active areas or which exiends more than 1.0 mil distance from the
designed periphery of the glassivation.

c.

A glassivation void that exposes two or more active metallization paths, except by design.

d.

Unglassivated areas greater than 5.0 roils in any dimension, unless by design.

e.

Unglassivated areas at the edge of bonding pad exposing bare semiconductor material, except by design.

f,

Glassivation covering more than 25 percent of the designed open contact bonding area.

g.

Crazing over a film resistor.
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Condition A
Class level S

Condition B
Class level B

h.

Scratch(es) in the glassivation that disturbs metal and bridges metallization paths.

i.

Crack(s) (not crazing) in the glassivation that forms a dosed looP over adjacent metallization paths.

i.

Glassivation void(s) that exposes any portion of a thin film resistor or fusible link except where the glassivation is
opened by design.

k.

For GAs

1,

For GaAs devices, scratches in the glassivation over the gate channel of the FET.

m

For GaA.s devices, scratches in the glassivation over the gate insertion of the FET.

n.

For GaAS devices, cracks in the glassivation whiti are more than 1.0 mil inside the sctibe line, or are more than
50 percent of the distan= between the scdbe fine and any functional or active element (e.g., capacitor, resistor,
FET) and which point toward any functional or active element unless the c$ack terminates at a device feature
(e.g., transmission line or dc fine).

devices, voids in the glassivation that exiends over the gate channel of the FET.

3,1.5 Dielecbici solution.

Nodevice shall beacceptable

thatexhibits

a,

Adiswntinuous
isolation fine (typimlly abla&bne)
elements (see figure 2010-25).

amundeati

b.

Absen=ofa
wntinuous
figure 2010-25).

adjaEnttubs,

isolation tine beWeenany

difision

tubwntaining

Wntaining bntiional

funtionaltirait

tiEuitelements

(see

RE

1-

SINGLE

CRYSTAL

SILICON

Oielecbic isolation defects,
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Condition A
Class level S
c.

Condition B
Class level B

Adtised
aRatiti
ovedaps deledric isolation materia! anddoes notexKht atineof sepamtion toanadjamnt
tub, or an overlap of more than one diffusion area into the dielectric isolation material (see figure 201 O-25).

DIELECTRIC

ISOLATION

LINE
7

REJECT,
DIELECTRIC
HA IERIAL
Ex7END1NG
uNDER THIN FILM
RESIS1OI3

I

FIGURE 201W26. Dielectric isolation defects.
d.

Amntadtindow

thattouties

NOTE: Metalhzation smttiand
contained in 3.1.1.1d and3.l.l.2b.

orovedaps dieledric material, exUptby

voiddefem

overadeledric

design.

isolation stepshall bemje&ed

inatidanm

tithtiteria

3.1.6 Film resistor. Rejetiion shall be based ondefeti
found titMnthe atively used potions of the film=sistor.
Metallization defect uiteriaof3.1.1
shall apptyas applicable. Nodevice shall beacceplable that exhibits

METHOD 2010.10
27 July 1990
26

MIL-STO-B83E

.

Condition B
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Condition A
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a.

Anymisafignment beWeenthewndutior/EsistorintititheatiualtidthXoftheovedapislessthan5O
percent of the original resistor width.

,,,1,,.,

I-dl

l--d-l

RESISTOR

1’
CONOU

R

m

FIGURE 201 O-27. Film n?sistormntact
b,

Novisible fineofwntati

ovedapbeWeen

D

ACCEPT: x EOUAL TO
;;A;REA;ER

REJECT, x LESS
THAN “/2

CONDUCTOWRESISTOR
AREA OF OVERLAP

lhemeUllization

area.

and film=sistor

(see figum2Ol&28)

RESISTOR

CONDUCTOR

DE
ACCEPT

REJECT

FIGuRE 201&28

Film

resistor

contact area.

METHOO 2010.10
27 JuI)’ 1990
29

MIL.STD-B83E

.

Condition B
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Condition A
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c.

Void or necking down that leaves less than 75 percent of the film resistor width undisturbed at a terminal.

d.

Inactive resistor inadvertently connected to two separate points on an active circuit.

e.

Separation between any two resistom or a resistor and a metallization path that is less than 0.25 roil, or 50
percent of the design separation, whichever is less.

f.

Any thin film resistor that crosses a substrate irregularity (e.g., dielectric isolation fine, oxidekliffusion
(see figure 201 W26).

NOTE
g,

NOTE

~stiteria

does notapply tosquare isolated islands ofsingle wstalsihmn

Anyresistor tidthmdu@
tolessthan onehalfthe
a combination thereof (see figure 201 O-29).
Maximum allmablecumnt

r

densiwmquirementi

REJECT

-

<

nam~stmsistor

tidth,

inthepolysibrnn

1/.?

W
EST

_

>
—

FIGURE 201 O-29. Sc$atch andvoid titeria
change inalorof

resistor matetialtithin

112

O.1 milofthe

NOTE
b.

Akerfless

than O.lmilin

tidth, unless by design.

Criteria doesnot apply foredgettimming.
Akerfmntaining

particles of detritus.
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WIDTH

w

foruntrimmed

3.1.7 Laser-trimmed thin-lilmresistom.
Rejetion sha!lbe based ondefe&
film resistor. Nodevice shall beacceptable thatexhibfts
a,

orswatchesor

shall not beexeeded

LAccEpT

Anysharp

area.

resulting timvoids

OR

h.

step, etc.)

~sistors.

resistorlcnnnector
found tittintie

termination.
atively

usedpotionsoftie
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Condition B
Class level B

Condition A
Class level S
c.

Aketiwntaining
untrimmed esistor material, unless tiatmaterial ismntinuous amosstheked,
and is
undistubed foratidth
gmaterthan one-half times thenamwsl
resistor w"dth, unless bydesign (see figure
2010-30).
NOTE: Mmimumallowable

cumntdensiw

Equirementi

sha!lnotbeex-eded.

ToP hat trim

-

UNTRIf4fiE0
MATERIAL

RESISTOR

-<1/2u

->1/2u

RESISTOR

uIDTH

RESISTOR

1/2

~H

.

UIOTH

H

NARRo~EsT

RESISTOR

uIDTH

FIGURE 201 O-3O. Untrimmed Esistor material ctitetia.
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Condition B
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Condition A
Class level S

r

r

u = NARROUEST RESISTOR
uIOTH UNLESS
OTHERUISE SPECIFIEO

1/2

u.

NARROUEST REsISTOR
b410TH UNLESS
oTHERUISE
SPECIFIEO

H

> 1/2

u

Rectangular L trim

FlGuRE201&30.
d.

Unbimmedr esistormaterialt

itetia-Continued

Resistor tidththat has been mdu=dby trimming toless~an
on*halfthe
na~~stmsistOr
voids, scratches, or a combination thereof, in the trim a~a (see fi9um 201~3f ).

~dth,inclu~n9

NOTE Trimming ofmomthan 50perent ofagiven resistor shunt linkisamptible
bydesign providng thatthe last
shunt tinkofthe resistOr adder neWohis notttimmed gmaterthan5Ope~nt.
Alltrimmable resistor shunt links shall be
defined on the design layout drawing.
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ACCEPTl~

1

NARROHEST
RESISTOR uIOTH

TuO RESISTORS IN ~ SERIES UITH
CURRENT FLOHINC THROUGH BOTH

SAME

NARROUEST
RESISTOR ufOTH
10P HAT TRIM

/2

L A(_EEP~, vo, o OR s~~~~”

U.
r

SERPENTINE

Zn
> 1/2

n

RECTANGULAR L TRIM

TRIM

NARROUEST RESISTOR uIOTH
UNLESS OTHERHISE SPECIFIEO
~ACCEPT:
~ 1/2 U

,,

ACCEPT, ~ 1

H

ECT,

< 1/2

u

ECT,

< 1/2

H

m=
r

NARROMEST RESISTOR
uIOTH UNLESS
0THER141SE SPECIFIEO

FIGURE 201 C-31. Swatch andvoid uiteria forttimmedresistom
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Condition B
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Condition A
Class level S
e.

Trim path into themetallization

except b!ockresistoffi.

NOTE ~istiteria
mnbeexduded
fortrim paths intoteminator
may be trimmed open for fink trims or by design.
f.

endsofmeta!hzation

wns. Conductors orresistom

Trim for bloti~sistom
titietiends
intothe metaltization (excluding bonding pads) mo=than
original metal width (see figure 201 W32).

TRIM

INTO

25per-ntofthe

f4ETAL

,,

REJEcT->1/4w91

ACCEPT

-

<

1/4

U4

1-

-

REJECT

-

NO LASER
TRIM
INTO RESISTOR
FILM

FIGURE 201 O-32. Block resistor criteria
g.

?ltiinto thesihan
material.

tioxide inthekedtitti

donotexMMt
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3.2 LOWDOWerinSPediOn. lntemal visual examination as=qui*d
in3.2.1 through 3.2.3 shall bernndutied
onea&
micmcircuit atlowmagnification
range of30Xto 60X. lnaddition, theapplicable titeria ccmtained in3.2.4 shall be
applicable Mem beam lead assembly technology is used and 3.2.5 shall be inspected al both high and low power as
indicated, high power magnification shall be same as 3.1, subject to conditions in 3b.
3.2.1 Lower Dower tire bOnd inspection. ~sinspetion
andtitetia
shall berequired inspetion
and location(s) to which they are applicable when viewed from above (see figure 201 W33).

forthebond

Vpe(s)

NOTE: ~ecriteria
appKable for bonds (mlled'kdgebonds''
or"bonds") inttistest
metitimfem
tothetilly
orpatially
de fomedaRa
induting thetool impassion shoMas"L
and Win figure. Thecdteria applicable for’’bond tails’’ (or”tils”)
intistest
methtimfem
tomsulUng length of bonting tire etienting beyond the bond shMas'T
in figum2Ol&33.
Tail
is not pati of bond.
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3.2.1.1 Gold ball bcmds. Nodevices shall beaccept6ble
a.

Gold ball bonds ontiedie
orpa&age
5.o times the tire diameter.

b.

Gold ball botiswhere

c.

Gold ball bonds tierethetim

thetimexit

thatexhibits

post tie=intie

isnotmmplete!y

mnterexit

ball bond tiameter islessthan

tittintheperiphew

isnottittin

2.Otimesor

greater tian

of the ball.

the boundaries of theunglassivated

bondng pad area.

3.2.1.2 Wedqe bonds. Nodevice shall beacc-eptable thatexhibit.s
a.

Ultmsonic~dge
bonds onthetie orpa&age postthatam lesstian l.2times ormo=tian
diameter in width, or less thafl 1.5 times or more than 6.0 times the wire diameter in length.

b.

rnemosonic wedge bonds onthetie orpatiage post~atare
lessthan l.5times ormoEthan
diameter in width or are less than 1.5 times or more than 6.0 times the wire diameter in length.

c.

Bondtidth

d.

Wedge bonds whemthe

lessthan

l. Otimesthe ti=diameter
toolimpmssion

foraluminum

does notaverthe

3.2.1.3 Tailless bonds (crescent, terminating capillawbondl

tims2.0

enti=tidth

Nodevi&

milsorgreater

3.Otimesthetie

indameter.

of thetim.

shall beacceptable

thatexhibitS

a.

Tailless bonds onthetie orpa&age post that axle=
than l.2times ormorethan 5.Otimesthe
width, or are less than 0.5 tiMeS or more than 3.0 times the wire diameter in length.

b.

Tailless bOndswhem tool imDmssion doesnot mverthe
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3.2.1.4 General (aoldball. wedae, and tailless]. Aviewed
figure 2010-16):

from above, nodevi@ shall beamptable

a.

130ndson thediewhere lessthan 75percentofthe
bond is within the unglassivated bonding pad area.

b.

Bond tails thatdonot exMMtaflne ofsepamtion beWeenthe tail andunglassivated
wire bond, or wire bond tail, excluding common conductors and pads.

c.

Bondtai!s extending overglassivated metallization tiemtheglass
extends under the tail, excluding common canducbm.

d.

Wrebondtails

e.

Bonds that amnotrnmpletely
tithnthe
within 20 roils of the end of post.

f.

Bonds (excluding bond tails) placed so that the
horizontal distance between the bond and
glassivab?d or unglassivated none.ummon metallization,
sctibe lines, another bonding wire or bond is less
than .25 roils.

2wirediametem

boundaries of thepa&age

f.

NOTE. For SOSdevices,
g,

exclude theinsulator

metalhzation, another tire,

extiM&evidenw

inlength ondieoron

NOTE: Wenbydesign,
tieEammultiple
bonds onarnmmon
width of an adjacent bond by more than 25 percent.

I

(see

Bonds onthediewhe?e
lessthan50perc$2nt
of the bond is within the unglassivated
bonding pad area.

a.

Tails thatexceed

theexhitits

of~ingorating~at

post.

post. Forglass sealed packages, bonds not

Bonds (excluding bond tails) placed sothat
the horizontal distance between the bond and
glassivated or unglassivated noncommon
metalliiation, .wdbe lines, another bonding
wire or bond does not exhibit a visible line
of separation.
bonding padorpostthey

maynotmdu-the

stibelines.

Bonds (excluding tails) plaEdsuti
thatless than2.0 milsofbond peripheV (onglassivated orunglassivated
areas) is exposed to an undisturbed die metalliuation connecting path toifrom the enteringlexiting metallization
stripe (see figure 2010.34).
NOTE I: ~enbond
tilspmvent
visitihty of thewnneting
the bond tail is disturbed, the device shall be unacceptable.
NOTEZ

Menafillet

amaexisti,

NOTE3

rniscdleda

isinaddition

itistobe
tothebond

path andthemetallization

mnsidemd aspafloftie
plammenttitena

immediately adja-ntto

enteringlexiting metal fizationstripe.

in3.2.l.4a.
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Cw.diion A
Class level S

I

Reject Bond(excluding tails)
placed, such that less than 2.0
roils of band peripherj (an
glassivated or unglassivated
areas) is exposed by an
undisturbed die metallization
connecting path tolfrom the
entetinglexiting metallization
stripe.

$4
&

Reject When bond tails prevent
visibility of the connecting path
to the bond periphew and the
metallization immediately adjacent
to the bond tail is distutied.

OISTURBEO
llEIALLIZATION

< Z HILS

AccePk Bonds (exdudinglails)
placed, such that there is 2.0
roils or greater of bond periphev
(on glassivated or unglassivated
areas) exposed by an undisturbed
die meta!lization connecting path
tolfmm the enteringlexiting
metallization stripe.

4A

Arrows demonstmte the connecting
path to the bond periphev.

d

FIGURE 2010-34, Bonds at entetinqlexitina metallization striPe.
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h.

Bonds tiere

more than 25 percent of the bond is located on die mounting material.

i.

Any evidence of repair of mnduc.to= by bridging with additional material.

1.

Bonds on foreign material.

k.

Inlermetallic formation extending radially more than 0.1 mil completely around the periphev of that portion of the
gold bond located on metal.

3.2.1.5 Rebondinq of monolithic devices, Rebonding of monolithic microcircuits, maybe done with the following
limitations. No device shall be acceptable that exhibits
a,

Rebond over exposed passivation or over metal which shows evidence of peeling. More than one rebond attempt
at any design bond location. Rebonds that touch an area of exposed oxide caused by IiRed metal.

b.

A bond on top of, or partially on top of, another
bond, bond wire tail, or residual segment of wire.

c.

Rebond attempts that exceed 10 percent of the total number of bonds in the micmcircuit. (e.g., for a 28 lead wire
bonded package there are 56 bonds. A bond of one end of a wire shall count as a single attempt. A replacement
of a wire bonded at both ends, counts as two rebond attempts.)

b.

.

Bond along side or partially on top of
another bond, bond wire tail or residual
segment of wire, tien the overfap width
is greater than 25 percent.

NOTE: For class level B only. Bond-offs required to
Clear the bonder after an unsuccessful first bond
attempt are not mnsidered as rebonds pmv”ded
they can be identified as bond-offs.
d.

Missing or extra wires.
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3.2.2 Internal wires. When the requirements of 3.2.2 are not easily determined vertically, the device maybe tilted about
the x and v axis to allow an alternate view of the wires such that the vertical separation can be verified. No device shall be
acceptabl; that exhibits
a.

Any w“re with a separation of less than two wire
diamete~ to unglassivated operating meta!,other
bonds, another wire (common wiresexciuded), other
package post, unglassivated die area (except for
wires or pads which are at the die or substrate
potential), or any portion of the package
including the plane of the tid to be attached.

a.

Any wire with a separation of less than one
wire diameter to unglassivated operating
metal, other bonds, another w“re (common
wires excluded), other package post,
unglassivated die area (except for wires or
pads whicA are at the die or substrate
potential), or any conductive portion of the
package or the plane of the lid to be
attached.

NOTE For condition B only. Within a
10.0 mil radial distance from the perimeter
of the bond on the die a hne of separation
must be visible.

NOTE For candition A only. Within a 5.0 mil
radial distance from the perimeter of the bond
on the die the separation shall be 1.0 mil
minimum.

NOTE: For SOS devices, exclude the unglassivated insulator areas.
b,

Nicks, bends, cuts, crimps, scoring, or neckdown in any wire that reduces the wire diameter by more than 25
percent.

c.

Tearing at the junction of the wire and bond.

d.

Any w“re making a straight line mn from a die bonding pad to a package post that has no arc.
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Condition B
Class level B

Wire(s) crossing wire(s) when viewed from above,
(excluding common canductom) except in mu[titie~d
packages, where the crossing occurs within the
boundav of the lower wire bond tier(s) being crossed
or packages with down bond(s). In these situations,
the wires

that cross

a minimum

are acceptable

clearanw

e.

maintain

if they maintain

of two w“re diametem

(see figure

201 C-35).
NOTE:

No bond wire

We(s) crossing wire(s) vdk?n viewed from above,
(excfuding common conductors) except that wires
crossing w“res bonded to package posts that are
al difference heights, or wires bonded into the
package cavity that cross are acceptable if they
a minimum

(e.g., multitiemd

clearance

packages

of two wire diameters

or packages

with down

bond chips).
shall CMSS more than one other

be no more than
4 crossovers or uossovers involving more than 10
percent of the total number of w“res, whichever is
greater for any single package cavity.
bond wire and there shall

f.

Wire(s) not in accordance with bonding diagmm.

3.2.3 Oie mountinq.
3.2.3.1 Die mountinq eutectic.

No device shall be acceptable that exhibits

a.

oie mounting material buildup that extends onto me top surface or extends vetilcally above the top surface of the
die.

b.

Die mounting material (eutectic wetting) not visible around at least two complete sides or 75 percent of the die
perimeter, except for transparent die.

c.

Transparent dietith

d.

Flaking of thediemounting

e.

Balling or buildup of thediemounting material thatdoes notexhibt aminimum of50pe~nt
peripheml fillet when
viewed from above or the accumulation of die mounting material is such that the height of the accumulation is
greater than the longest base dimension or the accumulation necks down at any point (see figure 201&36).

lessthan 50percent of theareabonded.
matedal.
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FIGURE 2010-35. Class level Scdteria forwin?4s) crossinq tire(s).
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3.2.3.2 Oie mountinq noneutectic.

Condition B
Class level B
No device shall be acceptable that exhibitx

a.

Adhesive material immediately adjacmt to the die that extends onto or vertically above the top surface of the die.

b.

Adhesive fillet not visible along 75 percent of each side of the die.

c.

Any flaking, peeting, or liRfng of the adhesive material.

d.

Separation, cracks, or fissures greater than or equal to 2 roils in width in the adhesive at the cavity wall or cavity
floor.

e.

Crazing in the adhesive.

f,

Adhesive material on the top surface of the die.

g.

Adhesive that bridges package posts or is on the post bond area.

h.

Any adhesive materiat that is connected to the fillet or conductive cavity (e.g. metal package base or metallized
floor of ceramic package), and eflends up the cavity wall to within 1.0 mil of the package post.

i.

Transparent die with less than 50 percent of the area bonded.

3.2.3.3 Ofe orientation.

No device shall be acceptable that exhibits

a.

Die nOt located or oriented in accordance with the applicable assembly drawing.

b.

Oie that appears to be obviously tilted (i.e., more than 10 degrees) with respect to the package cavity

3.2.4 Beam lead constmction.
3.2.4.1 -.
This inspection criteria shall apply to the mmpleted bond area made, using either direct tool mntac.t or a
compliant intermediate layer. No device shall be acceptable that exhibitx
a.

Bonds where the tool impression does not completely ass

b.

Bonds on thin film substrate metal tiere the tool impmssion increases the beam lead w“dth Iese than 15 percent
(10 percent for compliant bonds) or greater than 75 percent of the undefcmned beam width.

c,

Bonds where the tool impression length is less than 1.0 mil (see figure 201 O-37).

d.

Bonding tool impression less than 1.0 mil from the die edge (see figure 201 C-37).

METHOD 2010.10
27 July 1990
44

the entire beam width.

I

1

Ml L-STO-B83E

.

Condition B
Class level B

Condition A
Class level S
e.

Effective bonded area less than 50 percant of that whiti
figure 2010-37).

~

t
BONDING 100L
IMPRESSION
UIOTH

would be possible for an exactly afigned beam (see

BEAH LEAO

\

i

SILICON
EFFECTIVE
BONO AREA

—-L——

~

BONOING TOOL
IMPRESSION
LENGTH

PASS IVAIION

OIE

LAYER

J;:.:,:J’’’N:FRO”RO”
k---l

EFFECTIVE
80N0 AREA

BEAM LEAO

FIGURE 2010-37, Seam lead bond area and location.
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f,

Cracks or tears in the effective bonded area of the beam greater than 50 percent of the original beam width

g.

Bonds placed so that the separation between bonds and between bonds and operating metaltization not
connected to them is less than 0.1 roil.

h.

Bonds Mting or peeling.

3.2.4.2 Beam leads. No device shall be acceptable that exhibits the following:
a.

Voids, nicks, depressions, or scratches that leave less than 50 percent of the beam width undisturbed.

b.

Beam separation from the die.

c.

Missing or partially fabricated beam leads unless by design.

d,

Beam leads that are not bonded.

e.

Bonded area closer than 0.1 mil to the edge of the passivation layer.

f.

Less than 0.1 mil passivation layer between the die and the beam visible at both edges of the beam (see figure
2010-37 and 201&38).
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FIGURE 2010-38. Beam lead die faults.
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3.2.5 Foreiqn material. Die inspection shall beat high magnification. Package and Kd inspections shall beat low
magnification. rle criteria may be examined at high magnification prior to die mounting provided they are m-examined at
low magnification during preseal inspection. No device shall be acceptable that exhibits
NOTE: Foreign material may be removed, if possible, by subjecting the device to a nominal gas blow (less than 25 psig).
After this gas blow off at inspection, all w“re bonded devices shall be inspectedh?inspected for possible wire damage. USe
of a higher psig value is permitted provided that the manufacture has characterized the process and has data to assure that
no damage is done to the w“re bonds. This data shall be available upon request to the preparing or acquiring activities.
a.

Foreign particle(s) on the surface of the die that is (are) large enough to bridge the narrowest spacing between
unglassivated operating material (e.g., metallization, bare semimnductor material, mounting material, bonding
wire, etc.).

b.

Foreign padide(s) other than on the surface of the die within the package or on the hd or cap that is (am) large
enough to bridge the narrowest spacing between unglassivated operating materials and are not the following:
Semiconductor material, glass splatter, gold imperfections in the die attach area, gold eutectic material or
package ceramic material.

NOTE: As an alternative to 100 percent visual inspection of hds or caps, the lids or caps may be subjected to a suitable
cleaning process and quality verification, approved by the qualifying activity. The hds or caps shall subsequently be held in
a controlled environment until capping or preparation for seal.
c.

Foreign material atiached to or embedded in the die surface that appeam to bridge the active circuit elements
including metallization unless verified as only attached but not embedded by high power dark field illumination.

d.

Liquid droplets, chemi~l stains, ink, or photoresist on the die surfaca that appear to bridge any combination of
unglassivated metalliiation or bare semiconductor material areas.

e.

A pa fticle of gold eutecfic material, package ceramic material or semic-mductor material, not attached to the die,
large enough to bridge the narrowest spacing between unglassivsted operating materials, that does not exhibit a
minimum of 50 percent cumulafwe peripheral fillet or whose height is greater than the longest base dimension.
NOTE 1: This titeria shall not be cause for rejection
when the assembly pmcass contains a gas blow (less
than 60 psig) after die attach and again Less than 25
psig) afler wire bond provided rejectable materials (not
attached and Iawe enough to bridge) have been
removed from the cavity.

NOTE Z Gold imperfect&m in the die attach area that do not interfere with proper die attachment, sealing glass splatter
(provided it does not suggest inadequately controlled process and does not interfere with the die attach area) or internal
glass run out from frit seal (provided it is confined to package walls and does not interfere with the die anach area) are not
rejectable.
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3.2.5.1 Foreian material. die coated devices. This inspection and cdleda shall be required on all devices that receive a
die mat during the assembly process. This inspection will be done after die coat cure. No device shall be acceptable that
exhibits
a.

Unattached foreign particles on the surface of the die mat or within the package that is (are) large enough to
bridge the narrowest spacing between unglassivated operating material (e.g., metallization, bare semiconductor
material, mounting material, bonding wire, etc.). Note Semiconductor particles shall be considered as foreign
material.

b.

Partially embedded foreign material with an “unembedded Portion” that is large enough to bridge the narrowest
spating between unglassivated operating material (e.g., metal fixation, bare semiconductor material, mounting
material, bonding wire, etc.).

c,

Foreign material attached to or embedded in the die coat that appeam to bridge unglassivated operating material
when viewed from above (e.g., bare semiconductor material, bond pads, bonding wire, mounting material, etc.).

3.2.6 GaAs backside metallizafion. GaAs inspection shall be performed with low magnification prior to die mounting.
(Verification at high magnification is permitted.) With the approval of the acquiring activity, the manufacturer may substitute
a sample inspection plan at the wafer level for 100 percent inspection in dice form. The sample inspection plan shall be
documented in the manufacturers baseline documentation and shall be performed to the requirements of test method 5013.
No devices shall be acceptable that exhibit the following.
a.

EvidenD3 of metal corrosion, lifting,

b.

Voids

or scratches

that expose

peeling,

underlying

blistering.
metal or substrate

whose

cumulative

areas

are more than 25 percent

of the cell area or device area.
NOTE
a cause

Absence
for rejection.

of gold in the die separation
Small

voids

at edges

area (saw street)

due to

of devices

with electroplated

backside

metallization

i5 not

die separation are acceptable if they comprise less than 10 percent of the

backside area.
c.

Any voids or scratches in the substrate via metal fization that effects more than 25 percent of the metallization or
cause unintended isolation of the metallization path.

d.

Underetched vias.

e.

Overetched vias.

4. SUMMARY, The following details shall be specified in the applicable acquisition document.
a.

Test condition (see 3).

b.

Where applicable, any conflicts with approved circuit design topology or mnstnmtion.

c.

Where applicable, gauges, drawings, and photogmphs that are to be used as standards for operator campatison
(see 2).

d.

Where applicable, specific magnification (see 3)
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METHOD 2011.7
BOND STRENGTH (DESTRUCTIVE BOND PULL TESTI
1. PURPOSE. The purpose of this testis to measure bond strengths, evaluate bond strength distributions, or determine
complian= with specified bond strength requirements of the applicable acquisition document. This test may be apptied to
the wire-to-die bond, wire-tmsubstrate bond, or the wire-to-package lead bond inside the package of tire-connected
microelectronic devices bonded by soldering, thermocompression, ultrasonic, or related techniques. It may also be applied
to bonds external to the device such as those from devio? terminals-t-substrate
or wiring board or to internal bonds
between die and substrate in non-wire-bonded device configurations such as beam lead or tlip tiip devices.
2. APPARATUS. The apparatus for
bond, lead wire or terminal as required
appIied stress in grams fOrm (99 shall
minimum fimit value, with an accuracy

this test shall mnsist of suitable equipment for applying the specified stress to the
in the specified test condition. A c-atibrated measurement and indication of the
be provided by equipment capable of measuring stresses up to twice the specified
of *5 percent or 44.25 gf, whichever is the greater tolerance.

3. PROCEDURE. The test shall be conducted using the test condition specified in the applicable acquisition document
consistent with the particular device constmtion.
All bond pulls shall be munted and the specified sampting, acc=sptance,
and added sample provisions shall be observed, as applicable. Unless otherwise speufied, for conditions A, C, and D, the
sample size number specified for the bond strength test shall determine the minimum sample size in terms of the minimum
number of bond pulls to be accomplished rather than the number of complete devices in the sample, except that the
required number of bond pulls shall be randomly selected from a minimum of 4 devices. Bond pulls in accordance with test
renditions D, F, G, and H, while invoking twm or more bonds shall count as a single pull for bond strength and sample size
number purposes. Unless otherwise specified, for renditions F, G, and H the sample size number speufied shall determine
the number of die to be tested (not bonds). For hybrid or mu!tichip devices (atl conditions), a minimum of 4 die or use all die
if four are not available on a minimum of 2 completed devices shall be used. ‘Where there is any adhesive, encapsulant or
other material under, on or surrounding the die such as to increase the appamt bond strength, the bond strength test shall
be performed prior to application.
men flip chip or beam-lead
shall apply:

chips

are

bonded to substrates other than those in Wmpleted devices, the following conditions

a,

The sample of chips for this test shall be taken at random from the same chip population as that used in the
completed devices that they are intended to represent.

b.

The chips for this test shall be bonded on the same bonding apparatus as the completed devices, during the time
period within which the completed devices are bonded.

c.

me test chip substrates shall be processed, metallized, and handled identically with the completed device
substrates, during the same time period within which the completed device substrates are processed.

3.1 Test conditions
3.1.1 Test condition A - Bond Peel. Thk testis normally employed for bonds external to the device package. The fead or
terminal and the device package shall be gripped or damped in such a manner that a peeting stress is exerted with the
specified angle between the lead or terminal and the board or substrate. Unless otherwise specified. an angle of 90 degrees
shall be used. Vvlen a failure occurs, the force causing the failure and the failure category shall be remrded.
3.1.2 Test condition C -We PUIIfsinole bond). This testis normally employed for internal bonds at the die or substrate
and the lead frame of microelectronic devices, The wire mnnecting the die or substrate shall be cut so as to provide two
ends accessible for pull test. In the case of short wire runs, it may be necessary to cut the wire close to one termination in
order to allow pull test at the opposite termination.
The wire shall be gripped in a suitable device and simple pulling action
applied to the wire or to the device (with the wire clamped) in such a manner that the force is applied appmxima.tely normal
to the surface of the die or substrate. When a failure occum. the force causing the failure and the failure category shall be
recorded.
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3.1.3 Test condition 0- Wire Dull (double bond). This procadu~ is identical to that of test condition C, except that the
pull is applied by inserting a hook under the lead w“re (attached to die, substrate or header or both ends) with the device
damped and the pulling force applied approximately in the center of the wire in a direction approximately normal to the
die or substrate surface or approximately normal to a straight tine betwaen the bonds. When a failure occurs, the force
causing the failure and the failura catego~ shall be recorded. The minimum bond strength shall be taken from table 1.
Figure 2011-1 may be used for wire diameters not speufied in table L For wira diameter or equivalent cross section
>0.005 inch, where a hook till not fit under the w4ra, a suitable clamp can be used in lieu of a hook.
3.1.4 Test condition F - Bond shear (fliD chip). This testis normally employed for internal bonds between a
semiconductor die and a substrate to which it is attached in a face-bonded mnfiguration. It may also be used to test the
bonds between a substrate and an intermediate carrier or sernnda~ substrate to which the die is mounted. A suitable
tool or wedge shall be brought in contact with the die (or canfer) at a point just above the primary substrate and a force
applied Perpendicular to one edge of the die (or carder) and parallel to the primary substrate, to cause bond failure by
shear, When a faihma occurs, the force at the time of failura, and the failura catego~ shall be recorded.
3.1.5 Test condition G - Push-off test (beam lead). This testis normally employed for process cxmtrol and is used on
a sample of semiconductor die bonded to a spetially prapared substrate. Therefore, it cannot be used for random
sampling of production or inspection lots. A metallized substrate mntaining a hole shall be employed. The hole
appropriately centered, shall be Sufk.iently large to provide clearanca for a push tool, but not large enough to interfere
with the bonding areas. The push tool shall be sufficiently large to minimize devim cracking during testing, but not large
enough to contact the beam leads in the anchor bond araa. Proceed with push-off tests as follows The substrate shall
be rigidly held and the push tool inserled through the hole. The mntact of the push tool to the silimn device shall be
made without appreuable impact (leSS than 0.01 inchf minute (0.254 mndminute ) and forced against the underside of
the bonded device at a constant rate. Vvlen failure occurs, the force at the time of failura, and the failure category shall
be recorded.
3. t.6 Test condition H - Pull-all test (beam Ieadl. This testis normally employed on a sample basis on beam lead
devicas which have been bonded down on a caramic or other suitable substrate. The calibrated pull-off appamtus (see
2) shall include a pull-off rod (for instance, a current loop of nichmme or Kovar wire) to make connection with a hard
setting adhesive material (for instance, heat sensitive polyvinyl acatate resin glue) on the back (top side) of the beam
lead die. The substrate shall be rigidly installed in the pull-off fixture and the pull-off rod shall make firm mechanical
connection to the adhesive material. The device shall be pulled within 5 degraes of the normal 10 at least the calculated
force (see 3.2), or until the die is at 2.54 mm (0.10 inch) above the substrate. When a failure occurs, the force at the
time of failure, the calculated force limit, and the failure category shall be racorded.
3.2 Failura criteria. Any bond pull wtdch results in separation under an applied stress less than that indicated in
table 1as the required minimum bond strength far the indicated test condition, composition, and Construction shall
constitute a failure.
3.2.1 Failure cateaom. Failure categories areas follow
and the categov of separation or failure shall be ramrded.
a,

Wlen specified, the stress required to achieve separation

For internal wire bonds
(a-1)

wire braak at neckdown point (reduction of C$OSSsection due to bonding process).

(a-2)

kMre break at point other than neckdmvn.

(a-3)

Failure in bond (interface between wire and metallization) at die.

(a-$)

Failure in bond (interface between wire and metalliiation)

(a-5)

Lifted metallization from die,

(a-6)

Lifted metallization from substmte or package post.

(a-7)

Fractura of die.

(a-S)

Fracture of substrate.
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b.

c.

d.

For exiemal bonds connecting device !0 wiring board or substrate
(b-1)

Lead or terminal break at deformation point (weld affected region).

(b-2)

Lead or terminal break at point not affected by bonding process

(&3)

Failure in bond interface (in solder or at point of weld interface between lead or terminal and the board or
substrate conductor to which the bond was made).

(b-l)

Conductor lifted from board or substrate

(b-5)

Fracture within board or substrate

For tlip-chip configurations
(c-l )

Failure in the bond material or pedestal, if applicable

(c-2)

Fracture of die (or carrier) or substrate (removat of poriion of die or substrate immediately under the bond).

(G3)

Lifted metallization (separation of metallization or bonding pedestal from die (or carrier) or substrate

For beam lead device%
(d-1 )

Silicon broken.

(d-2)

Beam Wting on sifimn

(d-3)

Beam broken al bond.

(d~)

Beam broken al edge of silican

(d-5)

Beam broken between bond and edge of silicon.

(d-6)

Bond IiRed.

(d-7)

Lifted metallization (separation of meta!liiation) from die, separation of bonding pad.

(d.8)

Lifted metallization.

NOTE RFlmicrowave hybrids that require extremely flat loops which may cause erroneous wire pull data may use
the following formula to determine the proper win? pull value.
V, = V, sin ~
Where

V, = Newvalue topull test.
V, = Table lvaluefor size wire tested.
Q = Greatest calculated wire loopangle (figure 2011-2)

Also, RF[microwave hybrids that mntain wires that cannot be accessed with a pull hook must be duplicated on a test
wuponin sutiaway
toallow hook amssfor
pumoses ofpull testing. These wfresare to be bonded atthe same time
theproduti!on hybrids am bonded using thesame setup, opemtor, andstiedule.
Thetestmupon
wfresamtobe
pull
tested inlieuofthe
tuning orinaWssible
tires Ontheptiution
hybrid. Failures onthetestcoupon
shall be
considered as failures to production units and appropriate action is to be taken in ac.cadanrn with the applicable
specification (figure 201 1-3).
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TABLE I. Minimum bond strength.
Test
condition

Wm?
composition
and diameter
II

Minimum bond strength (grams force)

Construction
~

Pre seal

—

—

A

Given in
applicable
document

Post seal and any other
processing and sm’eening
Men applicable
Given in applicable
document

Cor D

AL 0.0007 in
AU 0.0007 in

W7re

1.5
2.0

1,0
1.5

Cor D

AL 0,0010 in
AU 0.0010 in

L’Mre

2.5
3.0

1,5
2,5

AL 0.0030 in
AU 0,0030 in

Wre

12.0
15.0

8.0
12.0

COr O
Cor D
Cor D
Cor D
F
Gor H

1/
y
y

4.

.

SUMMARY.

Any

Flip-cJiP

5 grams-force x
number of bonds (bumps)

Any

Beam lead

30 grams force in accordance with
finear millimeter of nominal undeformed
(before bonding) beam width. &

For wire diametem not
use. thecuwe
..–.snecified.
––...–—,..
..–– —.–”of fmure 2011.1 to determine the bond
pull fimit.
For ribbon wire, use the equivalent round wire diameter which gives the same
c$oss-sectional area as the ribbon wire being tested.
For condition G or H, the bond strength shall be determined by dividing the breaking
force by the total of the nominal beam widths before bonding.
The

condition

following

details

shall

be specified

in the applicable

acquisition

document

a.

Test

tetter (see 3).

b.

Minimum bond strength if other than specified in 3.2 or details of required strength distributions if applicable.

c.

Sample size number and accept number or number and selection of bond pulls to be tested on each device, and
number of devices, if other than 4.

d.

For test condition A, angle of bond peel if other than 90”, and bond strength limit (see 3.2).

e.

Requirement for reporting of separation forces and failure categories, when applicable (see 3.2.1)
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NOTE The minimum bond strength should be taken from table 1. Figure 2011-1
may be used for wire diameters not specified in table 1,
FIGURE 2011-1. Minimum bond Pull hmits.
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FIGURE 2011-2. Wire looP anqle.

FIGURE 2011-3, Flat loop wire Dull testinq.
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METHOO 2012.7
RADIOGRAPHY

1. w.
The purpose of this examination is to nondestwctively detect defects within the sealed case, especially
those resulting fmm the sealing process and internal defects such as foreign objects, impmper interconnecting wires,
and voids in the die attach material or in the glass when glass seals are used. It establishes methods, titetia, and
standatis for radiographic examination of semimnductor and hybrid devices.
NOTE: For certain device types, opacity of the rnnatruction materials (packages or internal attachment) may
effectiiefy prevent radiographic identification of cerlain types of defects from some or all possible view’ng angles. This
factor should be considered in relation to the design of each device when application of this test methcd is spetified.
2. Amaratus.

The apparatus and material for this test shall include

a.

Radiographic equipment with a sufficient voltage range to penetrate the device. The focal distance shall be
adequate to maintain a shamly defined image of an object with a major dimension of 0.0254 mm (0.001 inch).

b.

Radiographic film. Very fine grain industrial X-ray film grade, either

c.

Radiographic

d.

Holding fixtures Capable of holding devices in the required positions without interfering with the accuracy or ease
of image interpretation,

e.

Radiographic quality standatis

f.

Film holde~ A 1.6 mm (0.0625 inch) minimum lead-topped table or lead-backed tilm holders to prevent back
scatter of radiation.

viewer

Capable

of 0.0254

mm (0.001

inch) resolution

single

or double

emulsion.

in major dimension.

Capable of verifying the ability to detect all specified defects.

3. Procedure. The X-ray exposure factors, voltage, milliampere and time settings shall be selected or adjusted as
necessa~ to obtain satisfactory exposures and achieve maximum image details within the sensitivity requim!ments for
the device or defect features the radiographic testis directed toward. The X-ray voltage shall be the lowest mnsistent
with these requirements and shall not exceed 200 kV.
3.1 Mountinq and views ~edevies
shall remounted intheholting
fitiu*sothat
thedevias
a=notdamagedor
contaminated andarein theproper plane as specified. Thedevices may remounted inanytype of fixture and masking
with lead diaphragms or barium clay may be employed to isolate multiple specimens provided the fxtures or masking
material do not block the view from X-ray source to the film of any portion of the body of the device.
3.1.1 m.
3.1.1.1 Flat patiaaes. dua14n-tine oatiaaes, hvbridpa*aqes,
andsinqle ended qhndrimldevias.
Flatpackages,
dual-in-line packages, hybrid packages, and single ended cylindrical devi=?., unless otheiwise specified, shall have one
view taken tiththe X-myspenetmting inthe Ydimtiion asdefined on figuresl and20f MlL-STO-663, GENERAL
REQUIREMENTS. ~enmore
thanone viewisrequimd,
thesemnd andtMti vieW, asapphmble, shall betakentith
the X-myspenetrating inthe Zand Xdm~ion
mspedively (either Zor Xforflatpa&ages).
Thedk?kavityi nterface
shall be positioned as dose as possible to the film to avoid distortion.
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3.1.1.2 Stud-mounted andcvlindrical axidleaddevia?s.
Stud-mounted andcylindrical axial lead devic-es, unless
othetise specified, shall have oneview taken titithe
X-myspenetiting
intie Xdimtion
asdefinedonfigumsl
and
2of MlL-STD-683, GENERAL Requirements.
Whenmore lhanone viewisraquir&d, thesecmnd andthirdviews,
as
aPPfl-ble, Shall belaken tifitie
X-myspenetmting inthe Ztimtion
andat45- beWeentie Xand Zdi~tion,
The
diefcavity interface shall be positioned as dose as possible to the film to avoid distortion.
3.2 Radicmrzmhic rmalitystandard.
Ea&mdiwmph
shall haveatleast WquahVsWndads
exposed titieati
view, lo~ted(and
propedy identified) inapposite rnmemof the film. These penetrametem shall beofa radiographic
densiQnearest thedensity of thedevices being inspected. Themdiographic quality standard shall mnsistofasuitable
ASTM penetrameter as descdbed in the DOO adopted standati ASTM E 801 Standati Practice for Controlling Quality
of Radiographic Testing of Electronic Oevices, or equivalent.
3.3 Film and markinq. The radicgmphic film shall be in a film holder backed with a minimum of 1116 inch lead or the
holder shall be placed on the lead topped table. The film shall be identified using techniques that print the following
information, photographically, on the radiograph
a.

Devica manufacturers

name or code identification number,

b.

Device type or Part or Identifying Number.

c.

Production lot number or date code or inspection lot number.

d.

Radiographic film view number and date.

e.

Oevice serfal or c$oss reference numbers, when applicable.

f.

X-ray laboratory identification, if other than devica manufacbmr.

3.3.1 Nonfilm techniques, when svecified. The use of nonfilm techniques is permitted if permanent records are not
required and the equipment is capable of produdng results of equal quality when compamd with film techniques, and all
requirements of this method are rnmptied with, except those pertaining to the actual film.
3.3.2 Serialized devices. When device serialization is required, each devica shall be readily identified by a serial
number, They shall be radicgraphed in consecutive, inweasing serial order. When a device is missing, the blank spa=
shall rnntain either the serial number or other X-ray opaque object to readily identify and correlate X-ray data, When
large skips occur within serialized devices, the serial number of the last device before the skip and the first devica after
the skip may be used in placa of the multiple opaque objects.
3.3.3 Special device markinq. When specified (see 4,c), the devices that have been X-rayed and found acceptable
shall be identified with a blue dot on the external case. The blue dot shall be approximately 1.6 mm (0.0625 inch) in
diameter. The cofor selected from FED-STD-595 shall be any shade between 15102-15123 or 25102-25109. The dot
shall be placed so that it is readily visible but shall not obliterate other device marking.
3.4 ~.
The X-ray exposure factor shall be selected to achieve resolution of 0.0254 mm (0.001 inch) major
dimension, less than 10 percent distcxtion and an “W and “W film density between 1 and 2.5 in the araa of interest of
the device image. Radiographs shall be made for each view required (see 4).
3.5 Pmc?ssinq. The radicqraphic film manufacturer’s recommended procedure shall be used to develop the exposed
film, and film shall be processed so that it is frae of processing defects such as fingerprints, scratches, fogging, chemical
spots, blemishes, etc.
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3.6 Operatin.a Personnel. Personnel who will perform radiographic inspection shall have training in radiographic
procedures and techniques so that defects revealed by this method can be validly interpreted and compared with
applicable standanis. The following minimum vision requi~ments shall apply for personnel inspecting film
shall equal at least 20/30 in both eyes, corrected or uncarected.

a.

Distant

b.

Near vision shall be such that the operator can read Jaeger type No. 2 at a distance of 16 inches, corrected or
uncorrected.

c.

Wsion tests shall be performed by an oculist. optometrist, or other professionally recognized personnel at least
once a year. Personnel authorized to conduct radiographic tests shall be required to pass the vision test specified
in 3.6 a and b,

vision

3.7 Personnel safetv Drecautions.. The safety precautions described in National Institute of Standatis and
Technology (NIST) Handbook 76- X-ray Pmtectioq NIST Handbook 73- Protection Against Radiations From Sealed
Gamma Sources NucJear Regulatow Commission Book Title 10, Part 20- Standati for Protection Against Radiation,
Part 30- Licensing of f3y-Prcduct Material, Part 31- Radiation Safety Requirements for Radiographic Operations, shall
be mmplied with when applicable.
3.8 Interpretation of radiographs. Utilizing the equipment specified herein, radiographs shall be inspected to
determine that eati device conforms to this standard and de fectiie devices shall be rejected. Interpretation of the
radiogmph shall be made under low light level conditions without glare on the radiographic viewing surface. The
radiographs shall be examined on a suitable illuminator with variable intensity or on a viewer suitable for radiographic
inspection on projection type viewing equipment. The radiograph shall be viewed at a magniflc.ation between 6X and
25X. Viewing masks may be used Men necessa~. AnY radiograph not dearly illustrating the features in the
radiographic quality standamls is not acceptable and another radiograph of the devices shall be taken.
3.9 ReDorls of remnis.
3.9.1 Reporls of inspection. For class S devices, or when specified for other device classes, the manufacturer shatl
furnish inspection reports with each shipment of devices. The report shall describe the results of the radiographic
inspection, and list the purchase order number or equivalent identification, the PIN, the date code, the quantity
inspected, the quantity rejected, and the date of test and which devices utilize the note in 3.10.2.1. For each rejected
device, the PIN, the serial number, when applicable, and the cause for rejecthn shatl be Msted.
3.9.2 RadiowaPh submission.
renditions are not acceptable.

Photographic reproduction of complete radiographs maybe submitted, but artistic

3,9.3 Radioc!mPh and rePort retention. When specified, the manufacturer shall retain a set of the radiographs and a
COPYof the inSPeCtiOfIreport. These shall be retained for the period speci!ied.
3.10 Examination and acceptance uiteria for monolithic devices.
3.10.1 Device construction. Acceptable devices shall be of the specified design and canstrwtion with regard to the
characteristics discernible through radiographic examination. Devices that deviate significantly from the speufied
construction shall be rejected.
3.10.2 Individual device defects. The individual device examination shall include, but not be timited to, inspection for
foreign particles, solder or weld “splash”, build-up of bonding material, proper shape and placement of lead wires or
whiskem, bond of lead or whisker to semiconductor element and lead or whisker to terminal post, semiconductor
metaltization pattern, and mounting of semiconductor element. Any device for which the radiograph reveals any of the
following defects shall be rejected:
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3.10.2.1 Presence of extraneous matter. Extraneous matter (foreign Parlicfes) shall include, but not be limited to
a.

Any foreign particfe, loose or attached, greater than 0.025 mm (0.001 inch) (see figure 2012-1), or of any lesser
size which is suficient to bridge nonccmnected conducting elements of the semiconductor device.

b.

Any wire tail extending beyond i~ normal end by more than two wire diametem al the semiconductor die pad or by
more than four wire diameters at the semiconductor package post (see figure 2012-1).

c,

Any burr on a post (header lead) greater than 0.08 mm (0,003 inch) in iis major dimension or of SUCAconfiguration
that it may break away.

d.

Excessive semiconductor element bonding material build-up.
(1)

A semiconductor element shall be mounted and bonded so that it is not tilted more than lLT from the normal
mounting surface. The bonding agent that accumulates around the perimeter of the semiconductor element
whether or not it touches the side of the semiconductor element shall not accumulate to a thickness greater
than the height of the semiconductor element (see figures 2012-2 and 2012-3), or any lead or post, or be
separated from the main bonding material area (see 2012-7).

(2)

There shall be no visible extraneous material 0.025 mm (0.001 inch) or larger in the major
dimension inside the semiconductor device. Loose bonding material will be considered
extraneous material. Excessive (but not loose) bonding material will not be considered
extraneous unless it fails to meet the requirements of 3.10.2. 1.d.(1 ) or unless the accumulation of
bonding material is such that the height of the accumulation is greater than the width of iks base
or that the accumulation necks down at any point (see figures 2012-2 and 2012-3).
NOTE: Devices with suspect foreign particles or extraneous material (in accordance with
3.10.2. 1a and 3.10.2.1 d(2) maybe verified as acceptable provided the following conditions are
met:
(a)

A visual inspection of the die attach area at 30X to 60X shall have been conducted prior to die
attach sufiuent to assure there are no anomalies in the die attach area which could interfere
with effective die attach.

(b)

The precap inspection shall have been conducted 100 percent to condition A of methcd 2010
of MI L-STO-683 and the devices shall have been inspected and prepared for sealing in a
cfass 100 environment.

(c)

All devices tith X-ray defects to other cxiteria of 3.10 shall have been removed from the lot.

(d)

Serialized devices with less than 5 suspect foreign particles and extraneous material shall be
vibrated and shocked in accordance with PIND method 2020, condition A with the detector off.

(e)

A second X-ray examination of the failed view of the serialized devices after the PIND
vibmtionlshock shall be mnducted and each individual device shall be compared to i~
previous X-ray record.
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(f)

Any evidence of the suspect patlicle(s) having moved or having disappeared from their
oriainal location shall cause the devi- to be reiected. If the Particle(s) exhibit no evidence of
m&?ment, the device may be accepted.

(g)

The manufactwer doing the reinspection for suspect foreign particles or extraneous material
shall implement a process monitor visual inspection of the cavity of the reinspected devices to
assure that ampted devic?s do not have actual rejectable foreign parlicles or extraneous
material (see 3.2.3.1 a, 3.2.3. Id, and 3.2.3.1 e, 3.2.3.2a, 3.2.3.2c, 3.2.3.2f, 3.2.3.2g, 3.2.3.2h,
and 3.2.5 of method 2010). If any reinspected device fails the process monitor visual
inspection, then all reinspected devices in the lot that have been inspected are subject to
disposition. Corrective action, when appropriate, must be instituted. A procedure is required
for the traceability, recovery, and disposition of all reinspected units accepted since the last
successful monitor. The recads for this monitor shall include identification of all lots which
are reinspected to thie note, identification of those lots which are monitored by this visual
inspetiton, sample size, frequency of sampling, results of the visual inspections, and Ihe
package types reinspected.
In the case of a failed monitor, the retards must identify all lots affected, their final disposition
and a rationale for their disposition. Additionally, for a failed monitor, the records must also
contain a desa”ption of any instituted corrective action together with its rationale. Records of
thk type shall be made available to the qualifying activity upon request.

e.

Gold flaking on the header or posts or anywhere inside the case

f.

Extraneous ball bonds anywhere inside case, except for attached bond residue when rebonding is allowed.

3.10.2.2 Unacceptable construction. In the examination of devices, the following aspects shall be considered
unacceptable construction and devices that exhibit any of the following defects shall be rejected.
a.

Voids When radiographing devices, certain types of mounting do not give true representations of voids. When
such devices are inspected, the mounting shall be noted on the inspection reporl (see figure 2012-1).
(1)

Contact area voids in excess of one-half of the total contact area.

(2)

A single void which traverses either the length or width of the semiconductor element and
exceeds 10 percent of the total intended contact area.

b.

wires present, other than those connecting specific areas of the semiconductor element to the external leads.
Device designs calling for the use of such wires including jumper wires necessary to trim load resistors are
acceptable (see figure 2012-1 ).

c.

cracks. splits, or chips of the elecbical elements
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d.

Excassive undercutting of the electrical elements (X and Z plane only, see figure 2012<).

e.

Defective seal: Any device wherein the integral fid seal is not continuous or is reduced from iks designed sealing
width by more than 75 percent. Expulsion resulting from the final seafing operation is not considered extraneous
material as long as it can be established that it is continuous, uniform and anatied to the parant material and does
not exhibit a ball, splash or teardrop Wnfiguration (i.e., tiers the base support least dimension is smaller than the
dimension

f.

it is supposed

to supporl).

Inadequate clearance
Acceptable devi=s
shall have adequate internal clearance to assure that the elements
cannot contaa one another or the case. No crossover shall be allowed except as permitted by 3.2.2e of method
2010 (condition A). Depending upon the case type, devices shall be rejected for the following conditions

NOTE
(1)

(2)

Any of the following Ufteda for bond w“res shall not apply, if the wires are not visible In the X-ray.

Flat pack and dual-in-line (see figure 2012-5).
(a)

Any lead wire that appears to touch or cross another lead wire or bond, (Y plane only).

(b)

Any lead wire that deviates fmm a straight he from bond to external lead and appeas to be
within 0.05 mm (.002 inch) of another bond or lead wire (Y plane only).

(c)

Lead w“res that do not deviate from a straight line from bond to external lead and appear to
touch another wire or bond, excluding common wires, (Y plane only).

(d)

Any lead w“re that touches or comes within 0.05 mm (0.002 inch) of the case or external lead
to which it is not attached (X and Y plane),

(e)

Any bond that is les5 than 0,025 mm (0.001 inch) (excluding bonds connected by a common
conductor) from another bond (Y plane only).

(0

Any wire making a straight line run from die bonding pad to package post that has no arc.

(9)

Lead wires that sag below an imaginav plane across the top of the die bond (X plane only)
except by design.

Round or ‘box” transistor type (see figure 2012-6).
(a)

Any lead wire that touches or comes within 0.05 mm (0.002 inch) of the case or external lead
to which it is not attached (X and Y plane).

(b)

Lead wires that sag below an imaginav plane across the top of the die bond (X plane only)
except by design.

(c)

Any lead wire that appears to touch or cross another lead wire or bond (Y plane only).

(d)

Any lead wire that deviates from a straight hne from bond to external lead and appears to
touch or to be within 0.05 mm (0.002 inch) of another wire or bond (Y plane only).

(e)

Any band that is less than 0.025 mm (0.00t inch) (excluding bonds cannec+ed by a common
conductor) fmm another bond (Y plane only).
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\

REJECT
HIRE TAIL LONGER THAN
2.0 HIRE OIAHETER AT PAO OR
4.0 HIRE OIAHETERS AT POST

REJECT
ANY PAR ITCLE GREATER
THAN 0.001
IN 10.0254

mm)

NOT A REJECT
TRIHMING HIRE

[al

PARTICLE

~

LOCATIONS,

PIGTAILS,

ANO TRIMMING

MIRES

NOT A REJECT
~
vOIO TRAVERSES LENGTH OR UIOTH OF CHIP BuT 00ES
NOT EXCEEO 102 OF OESIGNEO CONTACT AREA

[b]

VOIOS

FIGURE 2012-1. Particle locations, Diqtails, trimminq w“res, and voids.
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(t)

Any wire making a straight fine run from die bonding pad to package post that has no arc,
unless specifically designed in this manner (e.g., tips or rigid connecting leads).

(9)

Any infernal pOst that is bent mOm than 10” fmm the vedical (or intended design position) or is
not uniform in length and canstruc.fion or comes closer than one post diameter to another post.

(h)

Where a IW profile case (such as TO-f6) is used, any Post which mmes closer to the top of
the case than 20 percent of the total inside dimension between the header and the top of the
case, In devices which have the semiconductor element vertical to the header, any device
where the semiconductor element comes closer than 0.05 mm (0.002 inch) to the header or to
any part of the case.

(i)

Any case which does not have a header design inmrpomting a header edge or other bature
(e.g., a “splash ring”) to prevent solder or weld splash from entering the interior of the case.

(3)

Cylindrical axial lead type (see figure 2012-S).
(a)

Whisker to case distance less than one-half of the diameter of the external lead wire.

(b)

Oistancs from case to semimnd.ctor
mm (0.002 inti).

(c)

Whisker tilted more than Yin any direction from the device lead axis or deformed to the
extent that it touches ikself.

(d)

C and S shaped whk.ker with air gap between any two points on it less than tics the
diameter or thickness of the whisker wire. On diodes with whiskers metallurgically bonded to
the post and to the die, the whisker may be deformed to the extent Lhat it touches itself if the
minimum wfisker dear’ante zone specified in figure 2012-6 (a) is maintained.

(e)

Whiskedess instruction
device with anode and cathode lead connections displaced more
than 0.25 mm (0.01 inch) with respect to the central axis of the device.

(f)

Semiconductor element mounting tilted more than 15” from normal to the main axis of the
device.

(g)

Oie hanging over edge of header or pedestal more than 10 percent of the die area.

(h)

Less than 75 percent of the semiconductor element base area is bonded to the mounting
surface.

(i)

Voids in the welds, from any edge, between the leads and the heat sink slugs greater than 15
percent of the lead wire diameter. Any voids whatever in the central Parl of the area that
should be welded.

(j)

DeViD3Swith package deformities such as, body glass cracks, inmmplete seals (voids,
position glass, etc), die chip outs and severe misalignment of S and C shaped whisker
connections to die or post.

METHOO 2012.7
1 June 1993
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3.11 Examination and acceptance titeria

for hybrid devices.

3.11.1 Device construction. Acceptable devices shall be of the specified design and construction with regard to the
characteristics discernible through radiographic examination. Devices that deviate significantly fmm the specified
construction shall be re)ected.
3.11.2 Individual device defects. The individual device examination shall include, but not be fimited to, extraneous
matter, location and orientation of elements, cracks in the substrate that exceed 0.127 mm (0.005 inch) in length or point
toward active metalization, adhesive build-up, solder splashes, placement of wires, voids in the Iii seal (this may not
apply to Power hybrid devices), and improper wetting between the substrate(s) and the package. Any deviw for which
the radiograph revests any of the following defects shall be rejected:
3.11.2.1 Presence of extraneous matter (foreiqn Darticles].
a.

Unattached foreign material greater than 0.025 mm (0.001 inch), or of any lesser size which is sufficient to bridge
metallization or nonmnnected conducting elements, that appears to be on the surface of the die, component,
substrate, or within the package.

b.

Attached foreign material that bridges metallization paths, package leads, lead to package metallization, functional
circuit elements, junctions, or any combination thereof.
NOTE Attached or unattached material maybe verified by comparing hvo identical view
shock, such as PIND test, between the two views.

with a mild mechanical

c.

vMre tails or extra wires whicA make mntact wlh any metalliiation not connected to the wire, or which exceed four
wire diameters in length at the substrate pad or package post, or two win? diametem at the top of a die or
component.

d.

Any evidence of solder, alloy, or conductive adhesive that appears to bridge noncnmmon metallization (i.e., w“re(s),
bonding post, active metallization or any combination thereofl not intended by design.

e.

Gold ffaking on the bonding peat or anywhere inside the case.

3.11.2.2 Unacceptable construction.
a.

voids in substrate or component attachment medium.
(1)

Contact area voids in excess of one-half of the total Contacl area

(2)

A single void which traverses either the length or width of the substrate or semiconductor element
and *ose area exceeds 10 percent of the total intended contact area.

NOTE To obtain, andlor verify substrate attachment the use of a thermal resistane
measures the thermal characteristics (heat dissipation), is strongly recommended.

analyzer, which

b.

VMres pnssent, other than those mnnecting specific areas as per the dra!.dng, except wires designated as tUning
devices on the bonding diagram, and except where bond-offs are allowed.

c.

Improper component placement.

d.

Cracka, splits, or chips in the component or substrate which enter the active circuit area

METHOO 2012.7
1 June 1993
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e.

Voids in the lid seal in which the sea! is not continuous or is reduced from its design seating m“dth by more than 75
percent.
NOTE: Seafing voids may not be detectable tithin power hybrid padmges.

f.

Inadequate clearance.
(1)

Any wire that comes cfoser than 0.025 mm (0.001 inch) to another w“re (excluding common w’ms)
within a spherical radial distance from the bond perimeter of 0.127 mm (0.005 inch) for ball bonds,
or 0.254 mm (0.010 inch) for ultrasonic and thermommpmsion
wedge bonds.
NOTE: Insulated wires defined in the device speciticationfdrawing are excluded from this criteria.

(2) Excessive loop or sag in any tire so that it mmes closer than two wire diameters to another wire,
package post, unglassivated operating metalliiation, die, or portion of a package afler a spherical
radial distance from the bond perimeter of 0.127 mm (0.005 inch) for ball bonds or 0.254 mm (0.010
inch) for ultrasonic and thermocompression wedge bonds.
NOTE Insulated tires defined in the device specificatiorddmw”ng are excluded from this criteria.

.

(3) Missing or extra wire(s) or ribbon(s) not in rnnforman-

with the bonding diagram except those
wire(s) or ribbon(s) designated as mic$owave tuning devices on the bonding d!agmm.
NOTE: Extra whes added for statistical process control lot or lot sample bond strengWpmcess
machineloperator evaluation in accordanm with MIL-PRF-36534 are excluded from this criteria.

(4) Any wire that has no arc and makes a straight fine run from die bonding pad to package poet.
(5) Wm?s crossing wires except common conductors or as allowed in 3.2.2e of method 2010
(condition A).

(6) Excessive height in any component or wire loop such that it is closer than
0.127 mm (0.005 inch) to the tid tien

installed.

(7) Any wires ti!ch

are broken.
NOTE Wire bond tails, as defined by method 2017, are excluded from this csiteria.

(6) Excessive sag where the wire lie5 on the substrate for a distance greater than 1/2 the distarm
between the edge of the substrate bonding pad and the chip to which the wire is bonded, or comes
closer than 0.025 mm (0.001 inch) to wnout of any conductive epoxy Wch mounts the chip.

(9) Bonds placed so that the wfre exiting from the bond crosses over another bond, except for common
bonds.
NOTE: For RF/micmwave devices, bonds plamd so that the wire exiting from a bond cresses over
another bond, except by design, in which case the clearance shall be two wire diameters minimum
(common bonds are excluded from this titeria).

METHOD 2012.7
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4. Summary, The foll&ng

details shall bespetified

intheapptimble

a.

Number of view% if other than indicated in 3.1.1.

b.

Radiograph submission, if applicable (see 3.9.2).

aquisitiondocumenl

Marking, if other than indicated in 3.3 and marking of samples to indicate they have been radicgaphed,
(see 3.3.3).

.

d.

Defects to be sought in the samples and ctiteria for acceptan=

e.

Radiograph and report retention, if applicable (see 3.9.3).

f.

Test reports when requi=d for class level B.

METHOD 2012.7
1 June 1993
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if required

or rejection, if other than indicated in 3.10.
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METHOD 2013.1
INTERNAL VISUAL INSPECTION FOR DPA
1. PURPOSE. This is an internal visual inspedion for use in destructive physic-al analysis (D PA) procedure.
The
purpo-destmtive
testis to examine devices opened for post test evaluation to verify that thera is no evidenof defects or damage resulting from prior testing.
2. APPARATUS. The apparatus requined for the performance of this test shall include binocular normal-incddent
illumination miwosmpes capable of 30X to 60X and 75X to 150X magnification with both fight and dark field illumination,
and any visual or mechanical standatis to be used for measurements or comparison.
3. PROCEDURE. The device shall be opened using a technique ‘.vtich does not damage or contaminate the internal
structure or in any way impair the ability to observe defects in the devices or the effects of preceding test exposures.
The device(s) shall be examined miwoscopically at 30X to 60X for parlides other than those produced by opening. Afler
examination for particles is complete, the opened device(s) shall be blown off with a nominal gas blow (approximately 20
psig) 10 remove unattached material from the delidding proess. The device shall then be microscopically examined to
determine the existence of other visual defects as descdbed in 3.1 and 3.2.
3.1 Low magnification defects (30X to 60X]. No device shall be acceptable that exhibits the following defects:
a.

Improper substrate or bonding post plating material.

b.

Improper bond wire material or size

c.

Metallic contamination or foreign material (see method 2010)

d.

Lifted or broken wires

e.

Lifted, cracked, or broken diekubstrate

f,

Impmper tile mounting (see method 2010)

g.

Excessive lead wire loop or sag (see method 2010).

h.

Improper bond technique and size (see methcd 2010).

i.

Improper assembly die location and orientation as compared to the applicable assembly drating.

1.

Particles (see method 201 O)other than those introduced during opening.

3.2 Hiqh magnification defects (75X to 150X). No device shall be acceptable that exhibits the following defects
a.

Metallization voids, corrosion, peeling, lifting, blistering, or scratches (see method 2010).

b.

Bond intermetallics extending radially more than 0.1 mil beyond the bond periphery in any direction.

c,

Improper die or substrate metatlization de5ign layout topography or identification.

d.

Die c$acks (see method 2010).

METHOD 2013.1
16 May 1979
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4. SUMMARY.

The following details shall be specf!ed in the applicable acquisition document

a,

W’lere applicable, gauges, drawings, or photogmphs to be used as standamts for the operator comparison (See 2).

b.

Any applicable requi=ments

c,

Requirement for photographic record, if applicable, and disposition of the photographs.

d.

Where applicable, any additions or modifications to the specified procedure and criteria.

METHOD 2013.1
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for materials, design, or rnnstnmtion.
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METHOO 2014
INTERNAL VISUAL AND MECHANICAL
1. PURPOSE. The purpose of this examination is to verify that intema! materials, design and construction are in
accod~
the applicable acquisition document. ThLs test is destructive and would normally be employed on a
sampling basis in qualification or quafity rnnforman= inspection of a specific device type to demonstrate mmpfiance with
the acquisition document and to reveal any undocumented changes to the part type.
2. APPARATUS. Equipment used in this examination shall be capable of demonstrating conformance to the
requirements of the applicable acquisition document and shall inctude optical equipment capable of magnification suficient
to verify all structural features of the devices.
3. PROCEDURE. The device shall be examined under a sufficient magnification to verify that all the internal materials,
design and construction are in acc-mdance with the requirements of the applicable design documentation or other specific
requirements (see 4). Specimens of constructions tiich do not contain an internal cavity (e.g., encapsulated or embedded
devices) or those which would experience destruction of internal features of interest as a result of opening, maybe obtained
by interception during manufacturing prior to encapsulation. Specimens of constructions with an internal cavity shall be
selected fmm devices which have completed all manufacturing operations and they shall be delidded or opened or both
taking care to minimize damage to the areas to be inspected. When specified by the applicable acquisition document, the
interception procedure may be used to obtain specimens of constructions with an internal cavity.
3.1 Photographs Of die iO!Jomaphv and intrawnnection pattern. When specified, an enlaqed mlor photograph or
transparency shall be made showing the topogmphy of elements formed on the die or substrate and the meta!lization
pattern. ~sphotogmph
shall beataminimum
magnifiation of80Xex=pt
thatifthis results inaphotwmph
lamer than8
inchesx 10inches, themagnifi=tion
may be=dued
toaWmmodate
an8in&esx
10 inches view.
3.2 Failure cdtetia.
constitute a failure.
4. SUMMARY.

Deviestiti

~efolloAng

failtomeet

thedetailed

details shall bespedfled

a,

Anyappfi=ble

requirements formaterials,

b.

Nlowan=

c.

Requirement forphotogmptic

forinter=ption

pm-dumofintemal
=wti,

Equipments

intheappfiable

formaterials,

design andwnstmtiionshall

aQuisitiondomment

design andmnstmtiion.
-vitydeviEs,

ifapplimble

tienappflWble

(see3.1), anddisposition

(see3).
of photographs.
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METHO02015.11
RESISTANCE TO SOLVENTS
1. PURPOSE. The purpose of this testis to verify that the markings will not became illegible on the component parts
when subjected to solvents. The solvents will not cause deleterious, mechanical or electrical damage, or deterioration of the
materials or finishes.
1.1 Formulation of sOlventS. The formulation of solvents herein is considered typical and representative of the desired
stringency as far as the usual coatings and markings are Concerned. Many available solvents which could be used are
either not sufficiently active, too sbingent, or even dangerous to humans when in direct contact or when the fumes are
inhaled.
1.2 Check for cnnflic.k. When thk test is referenced, care should be exerdsed to assure that conflicting requirements, as
far as the properties of the specified finishes and markings are cancemed, are not invoked.

2. MATERIALS.
2.1 Solvent solutions.
a.

.

The solvent solutions used in this test shall consist of the following: II

At 20-300C a mixture consisting of the fOllOwing:
(1)

One part by volume of an aliphatic alcohol andfor aliphatic ester, USP grade or better.

(2) Three parts by volume of mineral spirits in accordance with lT-T-291, type 11,grade A, or three
parts by volume of a mixture of 80 percent by volume of kerosene and 20 percent by volume of
ethylbenzene.

.

.

~1

“ ~

b.

A semiaqueous or nonaqueous based organic solvent e.g., a terpene or heterocyclic compound.

21

c.

This solvent has been deleted. When a suitable replacement for this solvent has been found, it will be added as
solution c.

d.

At 63°C to 70”C, a mixture CUnSiStin9of the following

II

(1)

42 parts by volume of deionized water.

(2)

1 part by volume of propylene glycol monomethyl ether

(3)

1 part by volume of monoethanolamine or equivalent inorganic base to achieve the same PH.

Normal safety precautions for handling the5e solutions (e.g., same as those for diluted ammonium hydroxide) based
on O. S.H.A rules for Monoethanolamine or other precautionary measures with regard to flash point, toxicity, etc.
Or any EPA demonstrated equivalent. When using EPA approved a!tematiie solutions for test, the device
manufacturer should consider the remmmended temperature for cleaning specified by the sOfVent supplier.

I
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2.1.1 Solvent solutions, safety asvects. Solvent solutions listed in a through d above exhibit some potential for health
and safety hazards. The following safety precautions should be obsewed:
a.

Avoid mntact with eyes.

b.

Avoid prolonged contact with skin.

c.

Provide adequate ventilation.

d.

Avoid open flame.

e.

Avoid contact with very hot surfaces

2.2 Vessel. The vessel shall be a container made of inert material, and of suficient size to pennit complete immersion of
the spe=s
in the solvent solutions specified in 2.1.
2.3 m.
The brush shall be a toothbrush with a handle made of a nonreactive material. The brush shall have three
long rows of hard bristtes, the free ends of which shall lie substantially in the wme plane. The toothbmsh shall be used
exclusively with a single solvent and when there is any evidence of soflening, bending, wear, or loss of bristles, it shall be
discarded,
.

3. PROCEOURE. The specimens subjected to this test shall be divided into three equal groups. Metal Iidded leadless
chip carrier (LCC) packages shall be preconditioned by immersing the specimens in mom temperature flux type symbols “K
or ‘W (flux types ‘LIT or ‘Ll’) in accordance with ANSUJ-STO-004 previously designated as RMA flux in accadance with
MIL-F-14256, for 5 to 10 seconds, The specimens shall then be subjected to an ambient temperatureof215°C
*SC for 60
seconds +5, -0 seconds. After the premnditioning, each device lid ehall be cfeaned with isopropyl alcohol. Each group shall
be individually subjected to one of the following procedures
a.

The first group shall be subjected to the so fvent solution ae specified in 2.1 a maintained at a temperature of 2YC

i5”c.
b.

The second group shall be subjected to the solvent solution as specified in 2.1 b maintained at a suitable
temperature.

c.

This solution has been deleted, (see 2. lc),

d.

The fourth group shall be subjected to the solvent solution as speufied in 2. Id maintained at a tempemture of 63T
to

7VC.

The specimens and the bristle porlion of the brush shall be completely immersed for 1 minute minimum in the specified
solution contained in the vessel specified in 2.2. Immediately following emersion, the specimen shall be brushed with
normal hand pressure (approximately 2 to 3 ounces) for 10 strokes on the portion of the specimen where marking has been
applied, with the brush spetiried in 2.3. Immediately after brushing, the above procedure shall be F2peated two additional
times, for a total of three immersions followed by brushings. The bwsh stroke shall be directed in a forward direction,
across the surface of the specimen being tested. After completion of the third immersion and brushing, devices shall be
rinsed and all surfaces air blown dry. After 5 minutes, the specimens shall be examined to determine the extent, if any, of
deterioration that was incurred.
3.1 Optional procedure for
is located 15 +2.5 centimeters
solution (2.ld) per 6.5 square
specimens shall be subjected
specimens shall be examined
prior to examination,

the fourth cwoup. The test specimens shall be located on a test surface of known area which
(6 +1 inches) below a spray nozzle(s) vdich dischames 0.6 iO.02 hters/minute (O.139 gpm) of
centimeter (1 inz)surface area at a pressure of 140 *3O kilopascal (20 *5 psi). The
to this spray for a period of 10 minutes minimum. Afler removal and within 5 minutes the
in accordance with 3.1.1. The specimens may be rinsed with dear water and air blow dried

3.1,1
Failure titeria.
After subjection
to the test, evidence of damage to the device and any specified markings
which are
missing
in whole or in parl, faded, smeared, blurred, or shifted (dislodged) to the extent that they cannot be readily identified
from a distance of at least 15.0 cm (6 inches) with normal room lighting and Whoul
the aid of magnification
or with a viewer
having a magnification
no greater than 3X shall constitute a failure.
4.
tested

SUMMARY.

The

follow’ng

detail shall be specified

in the individual

(see 3).
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specification:

The

number
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to be
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METHOD 2016
PHYSICAL DIMENSIONS
1, PURPOSE. The
accod~

2. APPARATUS.
other

purpose

the applicable

measuring

of this examination
acquisition

is to verify

that the external

physical

dimensions

of the device

are in

document.

Equipment

equipment

used in this examination
shall indude micmmetem
calipem, gauges, contour projectors,
capable of determining
the actual device dimensions
specified in the applicable acquisition

or

document.

3. PROCEDURE.
3.1 Failure uiteda.
constitute
4.

Unless other.vise spetified, the physic-al dimensions on the case outline drawing shall be measurad
Any device which exhibits a dimension or

dimensions

outside

the spetified

toleran~s

or fimits

shall

a failure.

SUMMARY,

The

following

detail shall

be specified

in the applicable acquisition document

External dimensions which are capable of physically destibing the device (see 3). Dimensions to be mnsidemd shall
include case outfine dimensions special lead shapes (e.g., required bend positions, angles of bend), where applicable
dimensions of any projecting or indented features used for coding of lead arrangement, automatic handfing and similar
purpose and any other information which affects the installed size or orientation of the device in normal applications.
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METHOD 2017.7
INTERNAL VISUAL (HYBRID)
1. PURPOSE. The purpose of this teSt is to visually inspect the internal materials, canstnmtion, and workmanship of
hybridand multichip module microcircuits.

.

1.1 SCOPE. This test is for both Class H (Class level B) and Class K (Class level S) quafity levels, .%lW and
hybrid/ap/multichip
module microcircuits. The followfng types of microcircuits may be inspected:
a.

Passive thin and thick film networks,

b.

Active thin and thfch film circuits.

c.

Multiple circuits, including combinations, stackng or other intermnneti!ons

of 1.1 a and 1.1.b.

This test will n~rmally be used on mic$oelectmnic devices prior to capping or enmPSdatiOfl On a 100 Pe=nt insPeCOOn
basis to detect and eliminate devices with internal defects that could lead to device failure in normal application. It may also
be employed on a sampling basis prior to capping to determine the effectiveness of the manufactureffi quality mntrol and
handling procedures,
2. APPARATUS. ~eapparatus
forttistest
shall indudeoptiml equipment mpableofthe
spedfied magnifimtion(s)and
visual standa!dslaids (gages, drawings, photographs, etc.) necessary to perform an effective examination and enable the
opemtor tomakeoMetirve
decisions astothe amptabliQ
of thedeviE being examined. Adequate fixturing shall be
provided for handling devices during examination to promote effcient operation without imlicting damage to the units.
3. PROCEDURE.
a,

m.
Thedevim shall reexamined inasuitable $equen- ofobseNations
range to determine compliance with the specified test condition.

tittinthe

specified magnifiation

b.

Seauence of inspection. rneotierin
wMtititeria
arep=sented isnolamquimd
otierofexamination
and may
bevaried atthediscmtion
of the manufacturer. ~ereobsmting
mounting techniques (e.g., beam leaddevies,
stacked substrates, components mounting in holes or cutaways, flip chip devices, packaged devices) are
employed, the inspection Ctiteria contained herein that cannot be performed after mounting shall be conducted
prior tomounting theelement orsubstrate. rneinspetion
titeria of3.1.1 may bepedomed
attheoptionofthe
manufacturer prior to element attachment.

.

c.

Insmectioncnntml. lna!lases,
examination prior to final p=sealinspetion
shall bepetiomed
under the same
qua!ity progmmthat is Rquired atthefinal pRsealinspetion
station. Careshal lbeexercise datlerinspections
(see3.b), toensure thatdefe~s a~edduring
subsequent handhngtill bedeteded andrejeaed at final pmseal
inspection. Oevices examined to 3.1 titeria shall beinspetied andp~pamd forseating inadassl
OO,OOO
controlled environment for Class H (Class level B) and class 100 controlled environment for Class K (Class
level S), as defined in Federal Standard 209, except that the allowable relative humidity shall be less than 65
percent. Ouringthe timeintewal beWeenintemal visual inspetion andpmpamtiOn forsealing, devi=ssha!lbe
stored ina Class 1000 cantmlled environment. Oevices shall beincavered ccmtainem when traosferredfmm one
controlled environment to another.

.

d.

Reinspection. Meninspetion
forpduti
a-pbnmorquahw
verifimtion oflhevisual requirements heRinis
conducted subsequent to the manufacturers successful inspection, the additional inspection may be petiormed at
any magnification “specified by the applicable test condition, unless a specific magnification is required by the
acquisition document. Where samp!einspection isused ratherthan 100pera?nt =inpsection, the sampling plans
of MIL-PRF-3852d or Appendix A of MIL-PRF-38535 shall apply.
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e.

Exclusions.
~tie

f.

Definitions.

~e=wntitional
exclusions have beenallmd,
spedflcinstmtion
astothe lo=tion
exclusion can be applied shall be documented in the assembly inspection drawing.

andantitions

(1)

Active circuit area includes all areas of funti)onal circuit elements, operating metalliiation
combinations thereof excluding beam leads.

or mnnected

(2)

Add-on substrate is a supporting structural material into andlor upon which glassivation, metal fization and
circuit elements are placed and the entire assembly is in tum placed on, and attached to the main substrate.

(3)

Attachment media is defined as the material used to effect the attachment of an element to an underlying
surface (e.g., adhesive, solder, alloy).

(4)

Bondinq site is a metalliied area on a substrate or element intended for a wira or ribbon interconnecting

(5)

Coldsolder iointis defined asasolderjoint
tioseappeamnW
is'`grainy'' or''dulV. Where a’’grainy’” or’adull”
appearance iS characteristic of CWtain solder materials (e.g., AuSn, etc.), this criteria shall not be rejectable for
these materiale.

(6)

Comvound bond is one bond on top of another.

(7)

Conductive attach is the process and materials used for the attachment that also provides an electrical contact
or thermal dissipation path (e.g., solder, eutectic, solder-impregnated epoxy).

(8)

Dielectric anach is the process and materials used for attachment that does not provide electrical contact or
thermal dissipation considerations.

(9)

Edqe metallization is the metallization that electrically connecte the metallization from the top surface to the
opposite side of the substrate also called wrap around metallization.

bond,

(lo)

is a constituent of a hybrid micmcimuit such as integral deposited or screened passive elements,
substmtes, discrete orintegmted eletionic patiinduting
tire, tips andother miwmmponenti
also
metianical piece parts as cases and covers; all contributing to the operation of a hybrid microcircuit.

(11)

Electrically mmmon is satisfied when two or more conductive surfaces or interconnects are of equal DC
voltagelsignal potential.

(12)

End terminated or v.’m around elements are those elements which have electrical connections on the ends
(sides) andlor bottom of their bodies.

(13)

Foreiqn material is defined as any material that is foreign to the microcircuit of any non-foreign material that is
displa~d fmmitiotiginal
orintended position tittinthe
miwtiWi!pa&age.
Conductive fo=ign material is
defined as any substance that appears opaque under those conditions of fighting and magnification used in
routine visual inspection. Padides sha!lbe mnsidemd embedded inglassivation tienthem
isevidenEof
color fringing around the periphev of the particle.

(14)

Glassivation is the top layer(s) of transparent insulating material that covers the active area including
metallization, except bonding pads and beam leads. Crazing isthepresence ofminute crimks in the
glassivation.

METHOD 2017.7
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(15)

Insulating
kwer is a dielectric layer used to isolate single or multilevel conductive and resistive material or to
pmtecl top level conductive resistive material.

(16)

Intermetallics (Purple Plaaue\ is one of several gold-aluminum compounds formed when bonding gold to
aluminum andatiivated bymexposum
tomoistum andhigh temperatum(a30"
C). Purple plague ispurp fish
incalor andis very brittle, potentially leading totime-based fai!un?of the bonds. Itsgmvdh ishtghly enhanced
by the presen= of silicon to form ternary compounds.

(17)

Mechanical strenqth tests are tests, such as Mechanical Shock or Constant Acceleration, which demonstrate
adequate attachment process and materials.

(18)

Non-monometallic COMDOUndbond mnsists of two lead bonds, made of dissimilar metals, which are stacked
one on top of the other (i.e., the interfac? between the two lead bonds are made up of dissimilar metals such as
an aluminum lead bond stacked on top of a gold lead bond or vice-ve~a.

(19)

OmmXinq metallization (condudors) is all metal or any other material used for interconnections except
metallized sc$ibe tines, test patterns, uncannecfed functional circuit elements, unused bonding pads and
identification markings.

(20)

Oriqinal desiqn separation is the separation dimension or distant-s that is intended by design.

(21)

Oriainal width is the width dimension or distance that is intended by design (i.e., original metal width, original
diffusion width, original beam width, etc.).

(22)

Passivation is the silicon oxide, nitride, or other insulating material that is grown or deposited directly on the die
prior to the deposition of the final metal layers.

(23)

m

(24)

Substrate is the supporting structural material into andlor upon titi
elements are placed.

(25)

-isthe
adjustment ofsignak from an RF/Maowave dmuitby altering tines orpadsadting,
detetingor
manipulating wireslribbons andlor changing resistance, inductance orcapatitance values to meet specific
electrical specifications.

(26)

Throuqh hole metallization is the metallization that electrically connects the metallization on the top surfs=
the substrate to the opposite surface of the substrate.

(27)

Unused cwmmment or unused dePosited element is one not connected to a circuit or cannected to a circuit
path atone andonly one point. Acannection may bemadeby design or byvisual anomaly.

(26)

~
is any region in the material (interconnects, bonding sites, etc.) where underlying material is visible that is
not caused by a scratch.

(29)

VLsible Nne is defined as 0.5 mil at 60X magnification.

g.

is a filamenia~

run-out or whisker of polymer material.
the passivation, metallization, and circuit

of

Intermetations. Referents
heminto YhatextiM&" shall bernnsideRd satisfied tienthevisual
image orvisual
appeaianc-e of the device under examination indicates a specific condition is present and shall not require
con formation byanyother method obtesting. When other methcds oftestare to beusedto c.vnfinm that a reject
condition does not exist, they shall be approved by the acquiring activity.
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h.

Foreiqn material cantrol. The manufacturer shall perform an audit on a weekly basis for the pn?sen- of foreign
material on the die surface, or within the package. This audit may be satisfied during routine internal visual
inspection. If the presents of any type of foreign materialtcontamination is discave!ed, the manufacturer shall
perform the nemry
analysis on a sampte of suspect devices to determire the nature of the foreign material.
The manufacturer shall then document the results of his investigation and corrective actions to efiminate the
foreign material and shall make this information available to the Government QAR, the acquiring activity, or the
qualifying activity, as required. Corrective action responses shall be obtained tithin a maximum often (10)
w’mking days of discovev. The intent of this procedure is to require investigation and resolution of foreign
mate fiallcontamination problems which do not have effective sc$eening or detection methodology, but that cau!d
cause degradation and eventual failure of the device function. Repetitive findings without obvious improvements
require escalation to Director of Manufacturing and Director of Quality Assurance, or their equivalents, to continue
procxsssing.

3.1 Examination. Internal visual examination as required in 3,1.1 through 3.1.9 shall be conducted on each SAW,
hybrid/-crocJmuit,
or microwave hybrid miwourcuit. The magnifications required for each inspection shall be
those identified in the particular test method used (i.e., 2010,2017, or 2032 of MIL-STD-883 and 2072, 2073 of
MIL-STD-750).
3.1.1 Active and passive elements. All integrated circuit elements shall be examined in accordance with MIL-STD-B83,
method 2010.
W
(Class level B Monolithic)

M
(Class level S Monolithic)

Method 2010; Pam. 3.1.1: Metallization defects
Method 2010; Pam. 3.1.2

Diffusion and passivation layer(s) faults

Methti

Stibing

2010 Para. 3.1.3

and die defects

Method 2010 Para. 3.2.5

Foreign material

Method 2010 Pam. 3.1.4

GfassJvation defects

Methcd 2010; Pam 3.1.6

Film resistom defects

Method 2010 Pam. 3.1.7: Laser trimmed film resistor defects
Transistor and semiconductor diode elements shall be examined in accordance with MIL-STD-883, method 2010
(paragraphs referenced above) or the identified paragraphs of MIL-STD-750, methods 2072 and 2073 as indicated below
Passive elements (including substrates) shall be examined in accordance with MIL-STD-883, method 2032.
Msual
Inspection

Methcd 2072

Method 2073

MIL-STD-883
Method 2010

Die metallization
defects

4.1.1

4.1.3 ,4.1.5

3.1.1

Diffusion and
passivation
layer(s)

4.1.2

4.1.2

3.1.2

Scribing and die
de fect$

4.1.3

4.1.1 ,4,1,4

3.1.3

METHQD 2017,7
14 March 1995
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3.1.2 Element attachment (assembly) “magnification 10X to 60X.
representations of attachment media types.

Figures 2017-1 and 2017-2 am example visual

NOTE: Rejection uiteria are not to be derived from these examples but rather from the specific citeria paragraphs that
follow.

CONDUCTIvE OR w3NCONOUC11VEAT TAWIIEN;5

[NO

llPICN
FILLET
-

EuTEC1l
IUIERIAL

C DIE A1lACH
OISPLACEHEN1

-.

ONLII

a

+

.

.

CO.OUC1lVE

.

‘.

:

.
NO”-CO”O”C7[”E

cOIIOUC1l
VE
*

EPOXY C&PAC1 rOR ATTACH
lFOR LARGE CAP#C1 TORS 0ML71

**
;lPIC).L

EuTEC1lC

A1lACMIIE#TS

COWOUC1lVE

+

Nm.

coNoucrlvE

EPOXY DIE ATTACH
lCONOUCT lVE OR NON-CONDUC1

lVE1

/

FIGURE 2017-1. Element attachments.

FIGURE 2017-2. Element attachments.
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Note: Mechanical strength or
Radiography may be used to
verify attachment in Heu of
visual titeria.

Dielectric attachment may be
assessed through Mechanical Strength
Testing. For conductive attachment,
the Qualifyhg Activity may approve
alternate methmfs for verifying
attachment integrity.

No device shall be acceptable that exhibits
a,

NOTE

For non-end terminated elements, attachment media not visible around al least 50 percent of the perimeter unless
it is continuous on two full nonadjacent sides of the element.
The criteria of paragraph 3. 1.2.a shall not apply when attachment material is applied directly to more than 50
percent of the element attach area by use of a method such as preforms or printing.

b. End terminated elements that do
not have conductive attachment
media visible around at least
50 percent of the visible
bonding pad perimeter on each
end termination. For
dielectric attachment of end
terminated elements (i.e.,
where the body of the element
between the end terminations is
attached), the criteria of(a)
above applies.
c.

End terminated elements that do not
have conductive attachment media
visible around at least 75 percent
of the visible bonding pad perimeter
on each end termination. For
die fedric attachment of end
terminated elements (i.e., where
the body of the element between the
end terminations is attached), the
titeria of (a) above applies.

Glass substrates or transparent die, when viewed from the bottom, which exhibit attach area less than 50 percx?nt.

NOTE

Thk criterion maybe employed in lieu of 3. 1.2.a.

d.

Flaking of the attachment media material.

e.

Balling of the solder or alloy material that does not exhibit a fillet. (see Figure 2017-3)
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r

sEE DETAIL

I
[

r

A

SEE ATTACHED

MATERIAL

y
//////////

‘12&kR-m
DETAIL A
FRONT VIEU

r

REJECT,
VISIBLE

BALLING DF DIE
ATTACH tlATERIAL

NO FILLET
ACCEPT,
VISIBLE

FILLET

DETAIL A
TLIP VIEH

FIGURE 2017-3. Ballino of die attach material.
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f.

Conducive atiatiment media titimmes
not emetically cammon.

g.

Cra&sin thesudaof theafiatiment
periphery, whichever is greater.

NOTE: lmgularities
2017-3a)

sutiasfiSums

doserthan

medag=ater

orpullba&

l. Omiltoany

tintional

meta!hzation orelementtitiis

than 5.Omilsin length orl Opemntofthewntad

attheedges

of theadhesive

arenotmnsidered

ma&s.

(see Figure

PULLING
AHAY of
FILLET
IACCEPTEOI
\

F 15 SURE5
[ACCEPT)

@

\.P

CRACK tREJEC1
IF LONGER THAN
AL LOUED1

FIGURE 2017-3a. Adhesive irmqularities andcfacks.

h. Adhesive strings whemthe diameter of thestring atthepoint
maximum length of the string. (see Figure 2017-3b)

ofaRatiment

islesstian

1

I

\

\

1,

/01

d=

>

/L

(/

REJECT

-

L/2

>

d

‘w’

FIGuRE 2017-3b

Adhesive Strinq criteria.
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m

m
i,

For element connection to a package Post lead, attachment media visible for less than 25 percent of the post
perimeter. When the post also serves for substrate attachment, media shall be visible for no less than 50 percant
of the post perimeter. (see Figure 2017-3C)

i.

Cold solder joints.

k.

For thin film NiCr onlv. noninductive

adhesive material that covers more than 10 percent of the active area of

REJECT
s
LESS

Gi

THAN 252
HEOIA VISIBLE
PER1”ETER

PIN

ATlACHHEN1

ACCEPT

@

Al lACHHEN1
AROUND Pt.

B

$?
MEDIA

A1lACWKN1
MEDIA V1S18LE
GREATER lHAN Dil EOUAL 10
251 AROUND PIN PERIHETER

REJE[ls

LE55
FHAN 501
MEDIA VISIBLE
PERIHEIER

ACCEPT 8

A1lACHIIENT
MEDIA VISIBLE
GREATER THAN OR EOUAL 10
301 AROUND PIN PERIHEIER

A1lACHJKN1
AROUND PIN

FIGURE 201 7-3c. Packaqe Post Criteria.
3.1.3 Element orientation. Element not located or oriented in accordance with the applicable assembly drawing of the
device. Elements whose bond and electrical configuration is symmetrical may be rotated unless otherwise stated in the
assembly drawings.

ACCEPT

SHOULO BE

I

OR

I

I

FIGURE 201 7-3d. Acceptable Symmetrical Element Orientation.
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W

m

3.1.4 Separation, Elements shall not overhang the edge of the substrate. A minimum dearancs of 1.0 mil shall be
maintained between any uninsulated portion of the element and any non-common conductive surface.
3.1.5 Bond inspection, maqnifieation 30X to 60X. 7his inspection and criteria shall be the required inspection for the bond
tYPe(s) and 10~tion(s) to ~ich they am applicable when viewed from above.
Note: Wre tail shall not be conside~d

part of the bond when determining physical bond dimensions.

3.1.5,1 Ball bonds, No device shall be acceptable that exhibits
a.

Ball bond diameter less than 2.0 times or greater than 5.0 times the wirs diameter.

b.

Ball bonds where the wire exit is not completely within the periphery of the ball.

c,

Ball bonds tiers

3.1.5.2 We

the wire center exit is not within the boundaries of the bonding site.

wedae bonds. No device shall be acceptable that exhibits

(see Figure 20174a)

a.

Ultrasonic and thermosonic wedge bonds that are less than 1.0 times or greater than 3.0 times the wire diameter in
width or less than 0,5 times the wire diameter in length or no evidence of tool impression.

b.

Devices with thermocompression wedge bonds that are less than 1.2 times or greater than 3.o times the wire
diameter in width or tess than 0.5 times the tire diameter in length or no evidence of tool impression,

r-”-l

0

IHIRE

410

014)

IUIRE

OIA1

h4
T

T

L

L

L

L---d

CROSSHATCH AREA
1s uIRE T81L

+

LU4

THE
RI! OSOSIC

FIGURE 4a. Bond Dimensions.
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W

M
3.1.5.3 Tailless bonds (Cmcent).
a.

No device shall be acceptable that exhibk

Tailless bonds that are less than 1.2 times or greater than 5.0 times the wire diameter in width. (see Figure
20174).

b. A tailless bond of a gold wire bonded on the aluminum pads of a die.

CRECEN1 BONO
SK1OO1NG
DR
SLIDING

HITHOUT
SK IOOING
STRAIGHT

o

,, ‘
,’

0

HIRE
DIAMETER

B, BOT\Do~G .
lRPRINT
------LA

,.
/

‘.
‘.

-iJi&lji
,’

.’

u

,’
8

IMPRINT
. ----- .

.’.

.

H

1.20 < u < 5.00 CUIOIHI

FIGuRE 201 74b.

Bond Dimensions.

3.1.5.4
Compound bond. No device shall be acceptable that exhibits the following:
NOTE Broken or Mted bonds as a result of electrical troubleshooting or tuning shall be considered rework and shall not
aPPIYto the 10 percent repair limitation.
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B

m

a.

One bond used to secure

two common

wires.

(see figure

2017-5)

+s’2’0’
s+’”
FIGURE

b.

2017-5.

One bond used to secure

More than one bond on top of original

two common

wires.

bond.

NOTE. When required by design and based on a justifiable technical need, and with the approval of the qualifying
acquiring activity, additional compound bonds may be allowed in addition to the timitations of a and b above.
Demonstration
of acceptable N+l bond stacks (N = maximum number of compound bonds allowable by the
manufactures
process) and establishment
of necessary process controls shall be required for approval.
c.

Compound bond where
bottom bond.

d.

Non-monometallic

3.1.5.5
No device
a.
NOTE

the contact

campound

bond (i.e., between

Beam lead. This inspection and a“teria
shall be acceptable that exhibits
Bonds which do not exhibit
Gaps between
are acceptable

100 percent

bond with the original

dissimilar

metals,

shall apply to the comptefed

bondlweld

impression(s)

exctuding

bond is less than 75 percent

of the

the bond pad metallization).

bond area made using direct tool mntaci.

across

the width of the beam lead.

bondw’welds on the beam lead caused by the natural footprint of a bondhveld tip (i.e., sptit tip, etc.),
provided the total of all gaps does not exceed 25 percent of the beam lead width.

b.

Complete

c,

Bonds on the substrate

d.

Beam lead width increased

METHOD
74 March

area of the semnd

or

or partial beam separation
where

from the die.

the tool impression

by greater

is not visible

than 60 percent

2017.7
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an the beam.

of the original

beam width.
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*

m

e.

Bonds where

the tool impression

length is less khan 1.0 mil (see Figurs

BEAM LEAD

00 N0ING
T

‘Ao

3!!!!

BOND TOOL
1NPRESS1ON
u101H

:FF;cj:j

rJJE&

J

p&

IJHICH HDULO 8E POSS18LE
FOR AN EXACTLY
AL IGNEO BEAM]

1.0

MIL

iu
I

SILICON

DIE

L--

BONOINC TOOL L
If!PRESSON
LENGIH
[1,0 MIL HIN1

OISTANCE BE TuEEN
BONOING TOOL 1MPRESS1ON
ANO EOCE OF THE OIE

HIN

1
VISIBLE
SEPERATION
EETHEEN THE BOND
AND THE EOGE OF
iiTHE PASS1VATION

t-

2017-6)

t
0.1

HIL

SILICON

I!l N

>

PASS IVATION

EFFECTIVE
EDNoEO AREA -1

BEAM LEAD

FIGURE

2017-6.

Beam Lead Arsa and Location
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Bonding

9.

Effective bonded
Figure 201 7-6).

h.

Any teaC5 in the beam lead between the bond junction nearest the die body and the die or in the bonded
the beam lead within a distance equal to 50 pircent the beam lead width (see Figure 2017-7),

tool impression

less than 1,0 mil from the die edge (see Figure 2017-6).

area less than 50 percent

\

of that WMCA would be possible

w

for an exactly

aligned

beam (see

araa of

REJECT
mIR IN RIBBON
IN RI BBONILOOP
JUNC1ON

—

aCCEPTMLE TEAWVOID IN
RIBBON llELO fiREA

~

“,,,,,

FIGURE

2017-7.

An absence

j.

An absence of visible separation between
for both glassivated
and unglassivated
Mesh bondinq.

a. Less than 50 percent

METHOD
14 March

separation

Ac.ceptablelreiectable

i.

3.1.5.6

of visible

AREA

No device

between

tears or voids in ribbon weld area.

the bond and the edge of the passivation
a beam lead and non-eletitica!ly
metal fixation.

shall be acceptable

of the bond is on substrate

that exhibits

metallization.

2017,7
1995
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common

the following:

layer (see Figure 2017-6).
metallization,

This criteria

applies
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W

W

b.

The number of continuous strands
section. (see Figure 201 7-8a),

c.

Less than one continuous
conducting path(s) through
bond (see Figure 2017-8b).

along the mesh is less than 50 percent

m
REJECT I

0

❑

0

LENCTHUISE

LESS THAN HALF OF THE
LENGTHWISE
STRANOS ARE
CONTINUOUS
(2 OF 3 STRANOS
ARE OISCONTINUOUSI

:

each

m

2017.Ba.

ACCEPT :

Ctiteria

for strands

NO CONTINUOUS
PATH
THROUGH
THE MESH
LfETHEEN
80NOS

FIGURE

through

on

❑

FIGURE

REJECT

strands

Less than two continuous conducting
path(s) through a bond (see Figurs
2017-8b).

a

❑

of Iengthtise

2017-Bb.

0

Do

•1

❑ 0

2 [HALF)
OR MORE OF THE
LENGTHWISE
STRANOS ARE
CONTINUOUS
THROUGH EACH
SECTION

alon.a the mesh,

ACCEPT,

Criteria

for continuous

conducting

AT LEAST
ONE
CONTINUOUS
PATH
THROIJGH THE MESH
BE T14EEN BONOS

paths.
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m

M
3.1.5.7

Ribbon bonds.

No device

shall be acceptable

a.

Any tears in the ribbon at the junction

b.

Bonds whiti do not exhibit
underlying metallization.

NOTE
provided

between

100 percent

that exhibits

the following:

the ribbon looP and bondlweld.

bondtweld

impression(s)

across

Gaps between welds on the ribbon caused by Ihe natural footprint
the total of all gaps do not exceed 25 percent of the ribbon width.
Effective

d.

Bond tails longer than one ribbon m“dth or 10.0 roils, whichever

e.

The unbended end of a ribbon bond tuning stub longer than one ribbon w’dth of 10.0 roils, whichever
not secured by polymer adhesive.

a.

b.
NOTE:
substrate

-.

area less than 50 percent

of a weld tip (Le., split tip, etc.) are acceptable

c.

3.1.5.8

bonded

the width of the ribbon overlapping

No device

shall be acceptable

of that which would be possible

is less, or bridging

thatamnot

mmpletely

titMntie

c.

Bonds plaedso
that thetimexiting
clearance shall be 2.0 wire diamete~

d,

Anabsen=

e.

Anabsen=
ofavisible
fine ofsepamtion
betiena
bond andnon*letiria!
applies to both glassivated
and unglassivated
metallization,

f.

timbond

g.

~mbondtails
package post.

h.

Bonds onelement

i.

Anyliiled

j.

lntemeta[fic

METHOO
14 March

overormake

fomation

mn&titith

minimum

mmmon

anynonmmmon,

inlength

oronrnntaminated

bondng

less

site.
bond size, bonds on the

wossesover
another bond, ex=ptby
(mmmon
bonds are excluded from his

beWeennon*letiri-lly

Wotiretiameteffi

atiatimedia

orpeeling

hmabond
minimum

hneofsepamtion

thatexeed

is less, that is

Bimetallic bonds on the die where less
than 75 percent of the bond is within
the unglassivated
bonding site.

For=ses
whemthe
subs~te
bonting site issmallerthan
l.5timestie
where less than 50 percent of the bond is within the bonding site.

tails tiatetiend

ribbon.

adjacx?nt metallization.

Monometallic
bonds on the die where
than 50 percent of the bond is within
the unglassivated
bonding site.

postorsubstmte

ofavisible

aligned

that exhibits

Bonds on the die where less
than 50 percent of the bond
is within the unglassivated
bonding site.

Bonds onthepatiage

for an exactly

atthebonting

or foreign

design,
uiteria).

intichmso

the

bonds.
ly-mmon

unglassivated
padorfourtim

metalhzation.

This ctitetia

ativemetal
tiamete~in

length attie

material.

bond.
efienting

mmpletely

around themetilfic

2017,7
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k.

Wedge or c$escent bonds at the point where meta[liiation
exits from the bonding pad that do not exhibit a fine of
undisturbed
metal visible between the periphe~
of the bond and at least one side of the entering metalliiation
stripe.

NOTE
Criteria of 3.1.5.8
on the entering conductor

(k) can be excluded
side is ~3.5 roils.

when the entering

conductor

is >2 roils in width and the bond pad dimension

NOTE
For Class H only, the requirements
for a visual line of metal can be satisfied when an acceptable wire tail obscures
the area of Wncem, provided the following condition exists. Bond is located more than 0.1 mil fmm the intersecting
tine of
the entering metallization
stripe and the bonding pad and there is no visual evidence of disturbed pad metallization
at the
bond and wire tail interface.
NOTE
Criteria 3.1.5.8 (k) is not applicable to interdigitated
(Lange) muplem or when the interface
thermosonickltrasonic
(i.e., non-thermommpression)
bond and undedying metal is monometallic.
1.

Polymeric adhesive wlIich
periphery of a vdre bond.

m. Tearing
3.1.6
devics

Internal

at the junti!on

a.

NOTE

NOTE

The junction

by discoloration

is the fine of deformation

tires

a

within 5.0 roils of the outer

of the wire at the bonding

beams, ‘Mre100Ps, ribbon IOODS,beams. elC.). “magnification

I OX to 60X”.

site
No

that exhibits

and electrically

common

wires are excluded

any w“re that
metallization,

from this criteria.

After the first 5.0 roils of w“re from the die surface for ball bond(s), or 10 roils for wedge bonds, any wire that comes
closer than two wire diameters to any non-cnmmon,
uninsulated conductive surface (e.g., unglassivated
operating
metallization,
unpassivated
edge of conductive die).
Insulated

wires and electrically

c.

Nrcks, cuts, crimps,
than 25 percent.

d.

Missing

NOTE

ribbons.

as evidenced

Within the first 5.0 roils of wire from the die surface for ball bonds, or 10.0 roils for wedge bonds,
comes closer than 1.0 mil to any non-common
conductive surface (e.g., unglassivated
operating
unpasdvated
edge of candudive
die).
Insulated

b.

or residue

of the wire and bond.

leads (e.9.. wires,

shall be acceptable

may be material

between

smring,

or extra lead(s)

Leads designated

common

wires are excluded

sharp bends, or neckdown

e.

Any lead making
diagram.

a straight

f.

Wre(s) crossing wire(s) with a separation
insulated wires are excluded.

g.

Complete

h,

Excessive

or partial

in any lead that reduces

not in can fonmance with bonding

for tuning on the bonding

diagram

from this Uiteria
the lead diametertwidth

diagmm.

are excluded.

tine nm from bond to bond that has no arc, unless speufically

separation

by more

of less than 2 lead widths.

Common

allowed

or insulated

by the bonding

conductors

and

of the lead from the body of the element.

loop height such that the wire would mntact

the hd when it is installed

METHOO 2017.7
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W

W

3.1,7

Suew

tabs and throuqh

a.

Misaligned

b.

Missing

c.

Cracks

d.

Loose substrates.

e.

Missing

3.1.8

magnification

3X to 10X.

No device shall be acceptable

that exhibits

tabs.

or broken
emanating

Connector

hole mountino,

tabs.
from mounting

holes.

or loose scxevm.
and feedihrouqh

center contact

solderina,

magnification

10x to 30X.

No device

shall be acceptable

that

exhibits:
a.

Less than 50 percent

b.

Center contac! to substrate
(see Figure 2017-10),

c,

Voids in solder

d.

Cracked

e.

Poor adhesion

f.

Insuticient

9.

Less than full coverage

METHOO
14 March

of center

contact

protrudes

overlaps

onto metalliied

I

(see Figure 2017-9).

over onto circuit les5 than 1 diameter

of a round pin or the width of a flat pin

(see Figure 2017-11a).

solder joint (see Figure 2017.11 b).
of solder to center mntact

or excess

solder (see Figures

or substrate

(see Figure 2017.11 b).

2017-11 c through

2017-1 Ie).

of solder along the length of the center rnntati

2017,7
1995
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I

pattern

and the metallization,
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cENTER CONTAC1 OVERLAPS
REJECT :
CONOUCTOR PATTERN LESS THEN 50 PERCENT

CENTER CONTACT OVERLAPS
ACCEPT I
CONOUC1OR PATTERN GREATER THEN 50

FIGURE

2017-9

Center contact

orientations

PERCENT

to substrate.

CONTACT TO tlflcu
IT BOARO pROTRUOES LE5S
ROUNO PIN OR THE uIOTH OF A FLAT PIN.

THAN

CENTER CONTACT TO CIRCUIT BOARO PROTRUOES GREATER THAN
1 OIANETER OF A ROUNO pIN OR MIDTH OF A FLAT PIN

FIGURE

2017.10,

Center Contact

cwertaD to substrate.
METHOD 2017.7
14 March 1995

19

MIL-STO-883E

e

CENTER
CONTACT

REJECT

-

VOID

,.. .

FIGURE

2017-1 la.

Void criteria,

CRACK

~“’E”ON

)

[
FIGURE

FIGURE

2017-1 lb.

Crack/adhesion

2017-1 lc.

Excess

criteria.

solder criteria.

REJECT INW~[LI;~ENT
l/////A

FIGURE

\

2017-1 Id,

Insufitient

)

/
IMCOtlPLETE

FIGURE
METHOD
14 March

solder cdteria.

COVERAGE

2017-1 le.

2017,7
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Solder criteria
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3.1.9
a.

Packaae

conditions,

Unattached

foreign

“maqnif!cation

10X to 60X”.

material

the package

tithin

No device till

be acceptable

that exhibiW.

or on the seal flange.

NOTE. All foreign material shall be considered to be unattached unless otherwise verified to be attached.
Verification
of
attachments
of foreign material whose longest dimensions are greater than 75 percent of the closest unglassivated
conductive spacing shall be accomplished
by a light touch with an appropriate mechanical device (i.e., needle, probe, pick,
etc.). Verification
of attachments
of smaller material can be satisfied by suitable cleaning process approved by the acquiring
activity. All foreign material or paticfes may be verified as attached with a nominal gas blow (approximately
20 psig).
NOTE:

Semiconductor

foreign parlides.

b.

Attached foreign material that bridges metallization
paths, two packa9e
functional circuit elements, junctions, or any combination thereof.

c.

Liquid droplets

d.

Physical
surface.

e.

Presence

NOTE

or any chemical

damage

stain that bridges

or contamination

of any residual

(eutectic

any combination

or polymer

material)

leads, lead to package

of unglassivated
that prevents

operating

adequate

metallization,

metalliiation.

sealing

of the seal

flux.

Use IOX to 15X magnification.
f.

4.

chips shall be considered

Foreign

SUMMARY,

material

in melt that does not exhibit

The following

details

a.

Test condition

b.

Wlere applicable,
(see 2).

gages,

c.

Where

specific

a fillet.

shall be specified

in the applicable

acquisition

document

(see 3).

applicable,

drawings

and photographs

magnification

that are to be used as standamls

if other than that spetiiied

for operator

comparison

(see 3).
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2018.3

MICROSCOPE

(SEM)

INSPECTIONS

1, PuRPOSE.
This method provides a means of judging the quality and acceptability
of device interconnect
metallization
on int-muit
wafers or dice. It addresses the specific metallization
defects that are batch process orientated and
which can best be identified utilizing this method. Conversely,
this method should not be used as a test method for
workmanship
and other type defects best identified using method 2010.
Samples submitted to SEM shall not be shipped as functional devic=?s unless it has been shown
combination
with the equipment operating conditions, is nondestmctive.

that the device

structure,

in

1.1 Definitions.
1.1.1 Barrier adhesion metal. The lower layer of multi-layer metal system deposited to provide a sound mechanical
bond
to siliconfsiliwn
oxide surfaces or to provide a diffusion barrier of a metal into an undesired area such as aluminum into a
contact window.
1.1.2 Cross-sectional
plane. An imaginary plane drawn perpendicular
to current flow and which spans the entire width of
the metallization
stripe as illustrated in figure 201&1.
Metallization
stripes over topogmphical
variations (e.g., passivation
steps, cross-over%
bird’s head), which are nonperpendicular
purposes of calculating c$oss-sectional
area reductions.
1,1,3
radiation

Destructive
damage

SEM.

The use of specific

or contamination

equipment

of the inspected

to current

parameters

semiconductor

flow, are projected

and techniques

onto c$oss-sectional

planes

that result in unacceptable

for

levels of

stnmture

1.1.4 Directional edqe. A directional edge (see figure 201&2) is typically the edge(s) of a rectangular contact window
over which metallization
may be deposited for the purpose of carrying currsnt into, through, or out of the contact window for
device operation.
If should be noted that wntact geomet~,
site of concern, or both may vary and if so, the directional edge
concept should be modified accordingly.
1,1,5 Genera! metallization
(conductor).
mntact window regions with the exception
cross-avers).
1.1 .e Glassivation.

Glassivation

(includin-on),
1.1,7
Iayeffi.

except

Interconnection.

into, through,

is the top layer(s)

bonding

directional

or out of a contact

of transparent

insulating

material

that covem

the active circuit

area

pads and beam leads,

The metal deposited

1,1,.9 Maior current-canvina
current

The meta!lization at all locations including metallization
(stripes) in the actual
being at areas of topographical
variation (e.g., passivation
steps, bird’s head,

into a via to provide

edqe.
window

The directional
or other area(s)

an electrical

edge(s)

conduction

which is designed

of concern

path between

to provide

isolated

metal

a path for the flow of

(see figure 201 &2).

1.1.9 Multi-laver
metallization
(mnductors~.
Two or more layers of metal usad for electrical conduction that are not
isolated from each other by a grown or deposited insulating material.
The term “underlying
meta~ shall refer to any layer
below the top layer of metal.
1.1.10

Multi-level

metallization

(conductors).

A single layer or a multi-layer

of metal shall ~prSSent

a single level of

metallization.
A combination
of such levels, isolated from each other by a grown or deposited layer of insulating material,
shall camprise the multi-level metallization
interconnection
system. The use of vias to selectively connect portions of SUC41
level combinations
through the isolation shall not effect this definition.

METHOO 2018.3
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1.1.11

Nondestructive

damage,

1.1.12 Passivatiom
metallization.
1,1,13
contact

SEM.

contamination,

Passivation
windows,

1.1.14

~.

The use of specific

or both of the impeded
The silicon

stem.

diffusion

The opening

equipment

parametem

semirnnductor

structure

oxide, nitride or other insulating

The vertical

or sloped surface

material

resulting

and techniques

that result in negligible

radiation

(see 3.10 and 3. 11).
that is grown or deposited

from topographical

variations

on the die prior to

of the wafer surface

(e.g.,

cuts, vias, etc.).
in the insulating

layer to provide

a means for deposition

of metal to interconnect

layers of metal.

1.1,15 ~.
A wafer lot COnSiSts of microcircuit
wafers formed into a lot at the Starl of wafer fabrication for
homogeneous
processing as a group and assigned a unique identifier or code to provide traceability
and maintain lot
integrity throughout the fabrication pmsess.
2. APPARATUS.
The apparatus fOr this inspection shall be a scanning electron miwosmpe
(SEM) having resolution of
250A or less as measured on the photograph at use conditions and a variable magnification
of 1,000X to 20,000X.
The
appanhts
shall be such that the specimen
be rotated through 360’.
2.1 Calibration.

The magnification

can be tilted to a viewing

shall be within *IO percent

angle (see figure 201&3)

of the nominal

behveen

value when compared

0° and 85°, and can

with National

Institute

of Standa~s
and Technology
standati
464 or an equivalent at the magnification(s)
used for inspection.
The resolution shall
be 250A or less as verified with National tnstitute of Standatis
and Technology standard SRM-2069 or equivalent.
Magnification
and resolution verification shall be performed on a frequency defined by the manufacturer
based on statistical
data for his SEM equipment.
2.2 ODeratin.a personnel.

Personnel

tio

perform

SEM inspection

shall have received

adequate

training

in equipment

operation and interpretation
of the images and resulting photographs
prior to attempting certification
for metal fization
inspection.
Procedures
for cwlif ication of SEM operators for metalliiation
inspection shall be documented
and made
available for review upon request to the qualifying activity, or when applicable, a designated representative
of the acquiring
activity.
This shall include provisions for recertification
procedures once a year as a minimum.
Operator certifications
and rm?rtifications
activity, or when applicable, a designated
2.3 Procedm?s.
and ma-e
acquiring activity.

shall be documented
and made available
representative
of the acquiring activity.

for review

upon request

to the qualifying

There shall be written pmc-edures for metallization
inspection.
These procedures
shall be documented
for review upon request to the qualifying activity, or when applicable, a designated
representative
of the

3. PROCEDURE.
3.1 Sample selection.
Statistical sampling techniques am not practical here because of the large sample size that would
be required.
The wafer sampling requirements
defined in table 1, taken in conjunction with specific dice locations within the
sampled wafers, minimize test sample size while maintaining confidence in test integrity.
These dice are in typical or worst
-se
positions for the metallization
configuration.
Die area submitted for SEM evaluation shall not have been or be located immediately
adjacent to the wafers edge, and they
shall be sufficiently
free of smearing, so that the required in5pec4ion can be conducted in an area of undisturbed
metallization.
Acceptance
of the interconnect
metal fization shall be based on examination
of selected die area, using either
a single wafer acceptance

METHOD
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Reference to die or dice within this test method implies the evaluation of a complete function or device.
the qualifying activity, this requirement
may be satisfied by the evaluation of a special SEM test vehicle
suibe line (kerf), within each die, or within a special process drop in.

Wlen approved by
existing tithin the

3.1.1 Samvlinq conditions.
This sampling condition applies to devices which have glassivation
over the metallization.
Steps 1 and 2, tich
follow, both apply when acceptance is on a wafer lot acceptance basis. Step 2 applies only when
acceptanm
is on a single wafer acceptance basis.
3,1.1.1 SteD 1: Wafer selection.
From each lot to be examined on a wafer lot acceptan=
basis, wafers shall be selected
as defined by table 1. If more than one wafer lot is processed through the metallization
operation at one time, each wafer lot
shall be grouped as defined by table I and a separate set of wafers shall be selected for eati wafer lot being examined on a
wafer lot acceptance
basis.
3.1,1,2 SteD Z Dice selection.
When a wafer is to be evaluated (for acceptance
with one or more other wafera on a wafer lot acceptance basis), one of the following
manufacturers
option:

on a single wafer acceptance
basis, or
sampling conditions may be used at the

Immediately following the dicing operation (e.g., scribe and break, saw, etch) and before
3.1.1.2.1
Samcdinq quadrants.
relative die location on the wafer is lost, four dice shall be selected.
The positions of these dice shall be approximately
two-thirds of the radius (as measured from the center) of the wafer and approximately
90” apart. The glassivation
be removed fmm the dice using a suitable etchant proa?ss(es)
(see 3.3) followed by SEM examination.

shall then

3.1.1.2.2
Samulinq seamenf, utior to .aIassivation,
This sampling condition may be used only if the subsequent
wafer
fabrication pmcassing
temperature
is lower than 450”C (723K) and the width of the interconnect
metal fization is 3 mic$ons or
more. The use of this methcd with higher tempemtures
or smaller tinewidths may be acceptable when mrrelation
data,
which shows there is no difference between this procedure and the normal etchback procedure, is submitted to and
approved by the qualifying activity.
Twm segments shall be separated from the opposite side of each wafer (i.e., subsequent to metallization
and etching but
prior to glassivation).
These segments shall be detached along a chord approximately
one-thiti
of the wafer radius in from
the edge of the wafer. One die approximately
1.5 cm from each end along the chord of each segment (i.e., four di=) shall
be subjected to SEM examination.
3.1.1.2.3
Samdina
sec!menl, afler Qlassivation.
Afler completion of all processing steps
shall be separated from opposite sides of each wafer. These segments shall be detached
one-thiti
of the wafer radius in from the edge of the wafer. One die approximately
1.5 cm
each segment (i.e., four dice) shall be subjected to SEM examination
after the glassivation
suitable etchant process
(see 3.3).

and prior to dicing, two segments
along a chord approximately
from each end along the chord of
has been removed using a

3.1.1 .2.4 Samdino
whole wafers, prior to qlassib’ation,
This sampling condition may be used only if the subsequent wafer
fabrication processing
temperature
is lower than 45WC (723K) and the width of the interconnect
metallization
is 3 micxcms or
more. The use of this method with higher temperatures
or smaller hnewidths may be acceptable when correlation data,
which shows there is no difference between this procedure and the normal etchback procedure, is submitted to and
approved by the qualifying activity.
After completion of the metallization
and etching steps and spetimen
preparation operation, if applicable (see 3.3), the
complete wafer shall be placed into the SEM equipment and four die approximately
twc-thirds of the radius (as measured
from the center) of the wafer and approximately
aW apart shall be inspected.
No die or contiguous die from the inspected wafer shall be shipped
examination
is nondestmctive
(see 3.10 and 3.11).

as a functional

device

unless

it is shown

that the

3. t.1 .2.5 Sampfinq whole wafers, after Qlassivation.
This condition is destructive.
The complete wafer shall be subjected
to the specimen preparation operation, if applicable (see 3.3), and then placed into the SEM equipment.
Four die
approximately
insDected,

two-thirds

of the radk

(as measured

from the center)

of the wafer and approximately

9&

apart shall be

METHOO 2018.3
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TABLE

1, Wafer samtdinq

Metallization
chamber
wnfiguration
II y

procedures

for various

Number of
wafer lots
in chamber
~1

metallization

Requi=d
number of
samples per wafer lot

Evaporation
Projected plane view of the
Wafer-holder
is a circle.
Wafer-holder
is stationary
or ‘tiobbulates”

chamber

1
ql

5

2

3,4,

3

or 5

30r4

ccmfiqurations

Sampling plans
per wafer lot

Sputtering
2

Four from near the
periphe~
of the waferholder and 9~ aparl.
One from the center of
holder, See figure 4.

2

See figure 4.

2

See figure 4.

4

3

2

See figure 4.

Wafer-holder
is symmetrical
(i.e., circular, square, etc.).
Deposition source(s) is above or below
the wafer-holder.
Wafer-holder
rotates about ik center during
deposition.

1,2,3,
or 4
gl

2

2

For each wafer lot, one
from the periphery of the
wafer-holder,
and one
from dose proximity to
the center of rotation.
See figure 4. 5/

Planetary system.
One or more
symmetrical
wafer-holders
(planets)
rotate about their own axes while
simultaneously
revolving about the
center of the chamber.
Deposition
source(s) is above or below
the wafer-holders.

1,2,3,
or 4 per
planet
ql

2

2

For each wafer lot, one
from near the periphe!y
of a planet and one from
near the center of the

Continuous
feed. Wafers are
continuously
inserted into deposition
chamber through a separate pump dmvn
of an ai!fock (25 wafer nominal load)

same planet.
figure 4. Q/

1
II

2

~/

2

See

Two randomly selected
wafers from each wafer
lot.

In this case, a wafer lot shall be defined as a batch of wafers which have received tcgether those mmmon processes
which determine the slope and thiciness
of the passivation steps on these wafers.
~ If a wafer-holder
has only one circular row, or if only one row is used on a multi-rowed wafer-holdec
the total number
of spedfied sample wafers shall be taken from that mw.
& If there is more than one wafer lot in a metallization
chamber, each wafer lot shall be grouped approximately
in a
separate sector within the wafer-holder.
A sector i5 an area of the circular wafer-holder
bounded by two radii and the
subtended arc quadrants and semicircles
are used as examples on figure 4.
~1 If the wafer lot size exceeds the loading capacity of the metallization
system each processed sub-lot will be sampled
as if it was a unique lot.
~/ When evaluation data shows that there is no relationship between SEM results and the physical location of the
wafers during the metallization
process.
It shall be permissible to substitute two randomly selected wafem from each
wafer lot. This analysis shall be repeated after each major equipment repair.
QI Sample wafers need be selected from only one planet if all wafer lots contained in the chamber are included in that
planet. Otherwise, sample wafers of the wafer lot(s) not included in that planet, shall be selected from another
planet(s),
METHOD
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3.1.2

Sampfinq

test conditions
3.2

Oestructke

and criteria

Lot cantml

Phvsical

defined

Analvsis

(DPA\ evaluation.

within this test method

durfnq SEM examination.

Finished

for the purpose

After dice selection

product,

wafers,

or die may be subjected

to the

of a DPA evaluation.

for SEM examination,

the manufacturer

may elect either of

two aptiom
3.2.1 w.
The manufacturer
may cantinue normal processing of the lot with the risk of later recall and rejection of
pm-duct if SEM inspection, when performed, shows defective meta!tization.
If this option is elected, positive control and
recall of processed

material

shall be demonsb’ated

by the manufaciu!er

3.2.2 -.
PtiOr to any furlher processing,
the manufacturer
until SEM examination
has been completed and approval for further

by having adequate

trac.eabMy

documentation.

may store the dice or wafers in a suitable
pmc-%saing has been granted.

environment

3.3 Spedmen
preparation.
When applicable, glassivation
shall be removed from the dice using an etching process that
does not damage the underlying metallization
to be inspected (e.g., chemical or plasma etch), Specimens shall be mounted
for examination
in a manner appropriate to the apparatus used for examination.
Suitable caution shall be exercised so as
not to obscure features to W examined.
Specimens may be examined without any surface coating if adequate resolution and signal-tc-noise
levels are obtained.
If
the specimens need to be coated, they shall be coated with no more than 100A of a thin vapordeposited
or sputtered film of
a suitable conductive material (e.g., Au). The coating deposition process shall be rnntm! led such that no atitf acts are
introduced by the coating.
3.4 Smetimen examination,
aeneral requirements.
The general requirements
for sEM examination
of general
meta!lization
and passivation step caverage are specified below in terms of dfreti!onal
edge, magnification,
vieting
and viewing direction.
3.4.1 Directional adqe. All four directional edges of every type of passivation
passivation
step) shall be examined on each specimen (see table 11).
3.4.2

Maqnirk=?dion.

the range defined

The magnirkdion

used for examination

of general

step (mntact

window

metal fization and passivation

angle,

or other type of

steps shall be within

by table Il.

3.4.3 Wewinaanqle.
Speumens
shall beviewW
atwhatever
angle inappropriate
toamumtely
assess thequatiw
of the
metallization.
Contact windows, metal thickness, lack of adhesion. and etching defects are typically viewed at the angles of
0“ to .s5” (see figure 201&3).
3.4.4 Wew”na direction.
Specimens shall be viewed in an appropriate direction to accurately assess the quafity of the
metallization.
This inspection shall include examination
of metaltization at the edges of contact windows and other types of
passivation
steps (sea 3.4) in any direction that provides dear views of each edge and that best displays any defects at the
passivation
step. Thk may mean that the viewing angle is perpendicular
to an edge, or in parallel with an edge, or at some
oblique

angle to an edge, whichever

best resolves

3.5 Soecimen examination
detail reaui~ments.
The specimen examination
shall be documented

any question
Examination
in accordance

of defects

at the passivation

shall be as specified
with 3.8.

step (see Iigurs 201 S-5).

herein and summarized

in table II

3.5,1 General metallization.
At low magnification,
inspect at least 25 percent or 10,000 square roils, whichever is less, of
the general metallization
on each die for defects such as lifting, peeting, blistering, and voiding.
Inspection shall be
performed for each layer of each level of metal fizatiom
3.5.1.1 Multi-layer
and multi-level metal interconnection
svstems.
shall be examined.
The current- carrying layer(s) shall be examined
applicable)

with a suitable

etchant

Each layer of each meta!lization
level that is deposited
with the SEM after removal of the glassivation
layer (if

(see 3.3).
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3.5.1.2 Banierladhesion
specified below:

Iavera.

The examination

of banferladhesion

layers may be implemented

in two different

ways as

3,5.1.2.1
Barderladhesion
Iaver as a nonconductor.
When a banierladhesion
layer is designed to conduct less than ten
percent of the total current, this layer must be considered as only a bam”erladhesion
layer. Consequently,
this
barrierladhesion
layer shall not be used in currant density calculations
and shall not be requirad to satisfy the step coverage
requirements.
The banierladhesion
layer shall be raquired to cover only those regions whera a bam’erladhesion
function is
designed with the manufacturer
providing suitable verification of this function. The thickness of the bamierladhesion
layer
shall not be permitted to be added to the thickness of the principal conducting layer when estimating the percentage
metallization
step coverage.
Therefore, the principal conducting layer shall satisfy the percentage step coverage by ikelf.
3.5.1.2.2
Banierladhesion
Iaver as a conductor.
The batierladhesion
layer shall be cansiderad as a conductor
(considering
the layer thickness and relatiwe conductivity)
provided that the following conditions am satisfied
At least ten
percent of the current is designed to be carried by this layer and this layer is used in the current density calculations.
Wlen
this occurs both the barrierl adhesion layer and the principal conducting layer shall satisfy all of the step coverage
requirements
individually.
Specimen examination
shall be in accordance with 3.5 and the accept/reiect
ctiteda as defined in
3.7.1. The barderladhesion
layer(s) shall be examined using either the SEM or optical microsmpe.
The following methods
may be used to examine these banierladhesion
laye~
3.5.1 .2.2.1 The Etchback Dmcedum.
This involves the stripping of each successive
unique layer of metal by selective
etching, with suitable etchants, layer by layer, to enable the examination of each layer, Typically, each successive
layer of
metal will be stripped in sequence to expose the next underlying layer for examination.
Successive
layer removal on a
single die area may be impractical.
In this case the wafer area or additional die (dic=s) immediately
adjacent on the slice to
the original die area shall be stripped to meet the requirement that all unique Iayera shall be exposed and examined.
3.5.1 .2.2.2 In-1ine procedure.
The wafefis) shall be inspected for the defined acceptfreject
being processed through each unique deposition and corresponding
etching operation.
3,5.2 Passivation
3.5.1.1 and table Il.

SlePS. Inspect

the metallization

TABLE

Device

type

Integrated
circuit devices
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procedure

Examination

steps in ‘aCxmdan-

stepe

At least one of
each type of
passivation
step present
25 percent

~

additional photograph
accapt/raject
criteria.

maybe

required).

immediately

after

with the requirements

for specimens.
Minimum-maximum
magnification

(contact windows and
other types of
passivation
steps) 3
General
metallization

~1
~

II. Examination

Area of
examination
Passivation

at all types of passivation

criteria

5,000X to 20,000X

Photographic
documentation

II

Two of the worst
case passivation
steps

1,Ooox to 6,000X

Worst case general
metaltization

of
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3.6 Accdance

requirements.

3.6.1 Sinqle wafer accwtance
basis. 7he metallization
sampled areas or dice fmm that wafer are acceptable.

on a single wafer shall be judged

acceptable

only if all the

3.6.2 Wafer lot accdance
basis. An entire wafer lot shall be judged acceptable only when all the sampled areas or dice
from all sample wafers are acceptable.
If a wafer lot i5 rejected in accordance with this paragraph each wafer from that
wafer lot may be individually examined; acceptance shall then be in accmdanca
with 3.6.1.
3.7 Acxwtfreiecf
criteria.
Rejection of dice shall be based on batch pr0ces5 defects and not random defects such as
suatches,
smeared metallization,
toofing madw, etc. In the event that the presence of such random defects obscures the
detailed features being examined, an additional adjacent sample shall be inspected.
Illustrations of typical defects are
shown in figures 2016-6 through 201 @-22.
3.7.1 General metallization.
Any evidenof poor metallization
adhesion shall be unacceptable.
Any defects (see figure
201 &18 and 201 &20), such as voids, cracks, separations, depressions,
nOtCheS, or tunnels, which singly or in combination
reduce the cross-sectional
area of the general metallization
stripe by more than 50 percent shall be unacceptable.
Two
specific

cases of general

metal fization

are specified

below

3.7.1.1 Conductor strixs.
In the examination
of the other metal layers for the specific case of conductor stripes
(exclusive of the contact window area), a defect consuming 100 percent of the thickness of the ban’ierladhesion
stripe shall
be acceptable provided that the defect does not extend more than 50 percent across the width of the metallization
stripe
(see figure 2ola22).
3.7.1.2 Batier Iavem in contact window areas. No defects of any kind in a barrier
metal layer in contact with the semiconductor
material surface shall be permitted.

layer which would

bring the overlying

3.7.1.3 Overivina adhesion Iavers. For the metal Iayels) above the principal mnducting
layer, a defect consuming
100
percent of the thickness of the adhesion stripe shall be acceptable provided that the defect does not extend more than 50
percent acro55 the width of the metallization
sbipe.
3.7.2 Passivation
stePs. Metallization
over a passivation step shall be unacceptable
if any combination
of defects (see
figure 2016-23) or thfnning of the metal reduces the cross-sectional
area of the metallization
stripe along any Uoss-sectional
plane in a major current-carrying
direction to less than 50 percent of the cress-sectional
area of the stripe. A 30 percent
minimum acceptance
ctiteria shall be allowed for melallization
over a passivation
step when the criteria of 3.7.2.1 through
3.7.2.3 are satisfied.
Metallization
over passivation steps nonperpendicular
to the major current-camying
directional flow
shall be projected onto wo5s-sectional
planes perpendicular
to the major current-caving
directional flow for purposes of
calculating cross-sectional
area reductions.
In the absence of a visible edge or a smooth transition or taper tic-h
clearfy
shows effective coverage, the cross-sectional
area percentage step coverage shall be verified by physical cross-sectioning
or test structures.
Verification
of passivation step coverage for geometries z 1.5 mi_Ons shall only be a~p~ble
by usin9
physical cross-sectioning
or test structures.
3.7.2.1

Current

density.

The calculated

3.7.2.2

Contact

dimensions.

The contact

3.7.2.3 Metallization
Wveraqe.
contact window, unless by design,

current

density

dimensions

The metallization

is less than 2 x 105 AJcm’.
of any side or diameter

covers

are three micmns

at least 75 perCent of the perimeter

or less.

or circumference

of the

3,7.2.4 Nonreiectable
cross-sectional
area. In the event that the metallization
cross-sectional
area at a particular
directional edge pmfi!e is less than 50 percent (or 30 percent tien
3.7.2.1 through 3.7.2.3 have been met), this shall not be
cause for rejection if the following two conditions ooxc
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3.7.2.4.1
Condition
major curreni~tireti]
tvDe on the ramainder
Re metal interconnect
3.7.2.4.2

1. It is determined that the directional edge pmfrle from wlich metal is absent does not occur in the
onal edge. Such determination
shall be made either by scanning all passivation
steps of this
of the die, or by the examination
of a topographical
map supplied by the manufacturer
ti!ch
shows
pattern.

Condition

2. Acceptance

shall be on a single wafer basis only.

3.7.2.5 Nonmiectable,
noncovered directional edqe. For passivation steps to be acceptable,
all directional edges shall be
covered with metalliiation
and be acceptable to the requirements
of 3.7.2.4, unless by design. In the event that a directional
edge profile of a particular type of passivation step is not covered with metallizafion,
this shall not be cause for rejection if
the following two conditions OCCUK
3.7.2.5.1
Condition 1. It is determined that the directional edge profile from which metal is absent does not occur in the
major curren=direcfional
edge. Such determination
shall be made either by scanning all passivation
steps of this
type on the remainder of the die, or by the examination
of a topogmphical
map supplied by the manufacturer
which shows
the metal intercmmect
pattern.
3.7.2.5.2
Condition
edge pmrile ~metal

2. None of the other specimens fmm the sampled wafem representing
is absent in the major current-cawing
directional edge.

NOTE. If bath 3,7.2.5.1 and 3.7.2.5.2 are satisfied, a wafer lot acceptan=
satisfied, a single wafer acceptance
basis shall be used.
3.7.3 Verification
an adjacent sample
verification tests

basis shall be used

the lot exhibit

a directional

However,

if only 3.7.2.5.1

of Potential reiects. At the option of the manufacturer,
it shall be permissible
to subject the specimen,
that exhibits the same reject mode, to a verification test, Given below are some examples of suitable

3.7.3.1 Cross-sectioning.
A passivated eample shall be cleaved or lapped down to bisect the araa of concern.
The
sample may then be subjected to an etchant that will remove the interconnecting
melalfization
at the inspection surface

is

or

(i.e.,

approximately
Pewendicular
to the die sufla~).
Spetimens
may be examined without any special surfaa
coating if surface
charging is not a significant problem and adequate resolution and signal-tcwwise
levels are obtained.
If the specimene are
mated, they shall be mated with a thin vapordeposited
or sputtered film of a suitable conductive material (i.e., 100A gold).
nemating
deposition pmmeses
shall beantmlled
sutithat
noatifatis
amintrodu=d
bythemating.
Thesampleshall
be prepared (see 3.3) and examined in the SEM for interconnect metallization
thickness or percentage coverage at the
passivation
microcrachs

step, oranyother
relevant parameter.
Note This cress-sectioning
as they are not adequately filled by the passivation material.

3.7.3.1.1
Dimensional
errors. Cammust
betaken
order to avoid dimensional
errors due to the rounding
3.7.3.2 Surface etchback.
intermnnetiion
metalhzation
requirad metal thickness has
residual metal attiepassivatiO
to support the acceptanm
or
3.7.3.3

Too maraphical

technique

toensure
thatthe woss-setiion
of the cantacf comers.

isnotwncfusive

isdoseto

the=nter

forhairiine

ofamntatiin

~eunpassivated
sample sufiamis
subjeded toatiemiml
etchwtitimmovesthe
fmmthesudaoftiede
ataknwn
mntrolledmte.
Theetching
isstopped
when the
been removed.
rnesample
isthenpmpamd
(see 3.3) andexamined
titMnthe
SEM for
nsteplrnntati
tindmintetia-.
Photographic
evidence shall then betaken of the sample(s)
rejection of the material.

integration.

AgrapMml

mpre$entation

oftiewmt

-secmss-setional

amaisdmwntos=leon

aPPmPriate 9mph PaPerhom rnmprehensive
photogmphs
taken euantrimlly
about thed~aional
edge, The
cross-sectional
area isthen graphically
integrated.
~stechnique
isuseful forevatuating
meta!hzation tithimgularsutia=
topography.
3.8 Specimen documentation
requirements.
Aminimum
ofth=ephotographs
foreati
layer ofeatilevel
ofmetalhzation
inspetied
perlotshall
betaken and Etained foraminimum
of five yeamaRer
petioman=
of theinspeti0n.
Two
photogmphs
shall beofmEt
msepassivation
steps andthetMti
photograph ofwoEl=se
genemlmetalhzation.
lfanY
photograph shows an apparent defect tithin the field of view, another photograph shall be taken to certify the extent of the
apparent defect (see table Ii).
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NOTE
Alternate methods
qualifying activity.
3.8.1

Required

ofimage

information.

stomge(e.g.,

The following

video dskorvideo

in fomation

a,

Date of SEM photograph.

b.

Device

c.

Area ofphotographic

d.

Electron

e,

Magnification

f.

Manufacturer.

g,

Manufacture

h.

Rewrdofcalculated/measuredpercentagestepcQverage.

i.

SEM operator

i.

WeWing angle.

orcircuitidenthication(

tape) shall beauptable

shall betmmable

toeati

m"th Wepriorapproval

of the

photograph

typeorpartnumber).

documentation.

beam accelerating

voltage.

fslotidentkationnum

or inspectors

ber.

identification.

3.9 Disposition ofinspected
sDetimens.
SEMsamples
unless nondestitiive
SEMantitions
andmqui=ments

andantiguous
aremet(see3.1

deshall
not bestipped
as funtionaldevi-s
O). Inorder to beccmsidered
nondestmtiwe,

suitable life-test data (see 3.11 ) shall be submitted for approval to the qualifying activity to substantiate
the nondesbutirve
aspects of thetest (e.g., radiation hardness degradation-RH
D). Additionally,
allofthe
conditions in3.10and
3.11 must be
satisfied.
3.10
3,10.1

Nondestmctive
Equipment

SEMconditions.

FornondestrucOve

SEM, the following

conditions

shall apply

conditions.

a.

Thea=

b.

~eabsotied

c,

Total smntime

d.

Resolution formetal
inspetion
shall beinatidan=
tith2above
attheamlerating
voltage of3.lO.la.
used for other in-line nondestmctive
SEM evaluations (e.g., photoresist, critical dimension (cd) inspection,
resolution shall be suficient
to cleafty verify the measurement.

3.10.2

lerating

volWgeshall

spetimen
foreati

betittin

cumnt(as
testsite

the O.5kVto2.OkVmnge.
measumdtith

onthewafer

aFamday

shall notex=ed

Wp)shall

belessthan5OO@.

ten minutes.
When
etc.) the

Wafer conditions.

a.

~ewafer

lotshall

satismthe

b.

Weekly monitoring ofpafilde
rnuntsshall
be less than or equivalent to the specified

c.

Thewafer

shall bedeanand

themalstatihty

free ofany

titeria

defined tittin

bewndu&ed
inthe
wafer fab fimits.
surface

MlL-STD483,

SEMinspetiona~a.

methd5007,
Theparticfe

tablel.
muntlimitsshall

coating
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3.11 Required data for nondestmtive
SEM validation.
Data demonstrating
that the method is nondestmctive
in 40.3.2.2 of Appendix A of MI L-PRF 38535 shall be submitted to the qualifying activity following the procedure
3.11.1 through 311.3.
3.11.1 Sample canditioninq.
Expose a suficient
test samples that meet a quantity (accept number)

number of devices to the following
of 45(0) for each validation sample

conditions

a.

Sample A Expose at the worst case SEM operating conditions (i.e., accelerating
current and tilt) and normal SEM metallizaticm inspection procedure for a duration

b.

Sample B. Expose at the worst case SEM operating conditions
procedure for an increased duration of 30 + 3 minutes.

c.

Sample

C

(Optional

at the discretion

of the manufacturer.)

3.11.2 Procedure.
Process test groups through all normal screening
test samples, and mmplete 3.11 .2a through 3.1 1.2d.

to yield a quantity

voltage, absorbed
of 10 * 1 minutes.

and normal SEM metal fization

Control

group without

steps to complete

as defined
detailed in

of fife

spetimen

inspection

any SEM exposure.
post bum-in

electrical,

serialize

a.

Oata log variables on all 2YC dc parametem and remrd
parameters,
conditions and Kmits specified in the device
speufied fife test endpoints).

b.

Place test samples, including the control group if applicable, on hfe test in accordance
with method 1005 at 12YC
minimum for 1630 hours or equivalent (13WC for 1,135 hours, 13YC for 600 hours, 14WC for 565 hours, 145°C for
405 hours, 150T for 295 hours, 155-C for215 hours, 16WC for 155 hours, 165°C for 115 hours, 17WC for 65
hours, 175’C for 65 hours) with cooldovm under bias using test condition C.

c.

Repeat 3.1 1.2a for post life test endpoints.

d,

Provide

qualifying

activity

with one set of test results

attributes data for all other group A electrical test
specification
or drawing (i.e., complete group A, not only

for each sample

pm and post life test endpoints plus analysis of mean and standard
devices which failed any group A test parameters.
3.11.3 Criteria for vafiiatinq
SEM as rmrdestmctke.
If samp!e A passes
duration SEM exposure and life test without failing any device specification
delta parameter requirements
when they are sped fied), the SEM procedure
process flow represented
by the sample devices and for other devices from
qualifying activity, this SEM nondestructive
qualification may be performed
standamt evaluation circuits (SECS) which represent the process flow.
4. SUMMARY.

The following

details

4.1 w.

Single wafer acceptance

4.2 -.

Requi~ments

METHOD
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may be specified

in the applicable

documentation

(number

2016,3
1969
10

of variables

and attributes

data on

data and indication

of any

single duration and sample B passes triple
or drawing parametem,
.wnditions and fimits (or
shall be validated as nondestructive
for the
the same process flow. With the approval of the
on appropriate process monitor structures or

acquisition

basis when requin?d by the acquiring

for photogmphic

in terms of variables

deviation

document

activity.

and kind) if other than as specified

in 3.6.
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NOTES
1,
2.
3.

Cress-sectional
planes aredenoted
bydashed
lines.
Allpassivation
steps nonpevendicular
tocument flowmustbe
pmjetiti
ontowoss-setional
perpendicular
tocurrent
flow forpurpose
ofcross-sectional
area calculations.
Thepurpose
ofthiscross-sectional
plane illustration ishvc-fold:
To provide
appropriate

a consistent and convenient
woss-sectional
area.

means to facilitate

the calculation

planes

of the

To insure that the cross-sectional
area of the metallization
in a major current
carrying direction is reduced to no more than 50 percent (3o percent when appropriate)
for the topcgmphical
variation under consideration.
FIGURE

201S-1.

Cross-sectiOnal

planes atvariOus

DassivatiOnsteDs.

METHOD 2018.3
22 MarcJ 1989

Ml L-STO-W3E

NOTES:
1. 1,2,3,
and4are
2. 1 isamajorcurmnt

direclionaledges
carrying edge.
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PRIMARY
ELECTRON
BEAM

TRATE

I4EIALL1ZA11ON

FIGURE

201&3,

Viewinaanqle.
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@@@
One

rearer

lot
lot

Two wafer
lots,
one
considerably
larger
than
the
other
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(7
w
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o
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––––––-l
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FIGURE
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lots

WAFER-HOLDER
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.daf’er

lots

SYSTEM

procedures

(see table l).
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equal
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One wafer
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Four
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ROTATING

FIGURE
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Dmcedures

SYSTEM

(see table 1} - Continued.
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VIEkJING
[3 AND 4

DIRECTION
PREFERREOI

PLANE
,,
,0
,

VIEH

[VIEUED

0

,

,

,
,
,
,

!
,
,
,

METAL

RUN

1+
2-:

‘:k

--’”
STEP
DOWN

UP

STEP
METAL
. .,.
. .. . ‘.
. . .,. . . . .
. .
.
‘.
VIEWING

OIRECTION
!!Q

FIGURE

201 &5.

Viewinq
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direction.

RUN

FROM
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FIGURE 2018-22. (5,000X). Barrier or adhesion
layer etch-backhndercut type of notch at
passivation step (multi-layered metal) (accept).
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TUNNEL/CAVE

I! ETALLIZATION
AT PASS IVATION
STEP SHOHINC TYPICAL DEFECTS

NOTCH

THICKNESS OF
O1SPOSITION
OF
f!ETAL ON FLAT
SURFACE
TuNNEL/CAVE
vIEH

A-A

CROSS-SECTION AREA lENLARCEOI
AT PASSIVE STEP SHOHN AEOVE

FIGURE

2018-23,

ConceDt of reduction

of cress-sectional

OF HETALLIZATION

area of metallization

as acc.evflreiect
criteria (anv combination
of defects and minnina over a steD wfich reduces
the moss-sectional
area of the metal to less than the Dercentaae defined within 3.7.2 of
metal cross-sectional
area as decmsited on the flat surface) is csuse for reieti!on.
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APPENDIX

Metal integrity

alternate

A

to SEM inspection

10. PURPOSE. Metal integrity is achieved through a system of designing and building in quatity and reliability.
It is not
practical or cast effective to rely solely on end-of-line testing to ensure metal integrity.
This procedu=
provides a system for
designing, building, and monitoring a metal system that withstands the operating renditions
of the device for the specified
lifetime.

20.1 Utilization of this method provides
used in conjunction
with the requirements
20.2 ThLs procedure describes
techniques,
process development,
20.2.1

Desiqn

controls.

a.

Reliability

rules.

b.

Layout

c,

Rules checking,

d.

Proc-%ss development

30.

a method by which metal integrity is assured through a combination
of design
manufacturing
controls and end-of-line screening and reliability testing.

Reliability

mntmls.

testinq.

Statistical

Accelerated

control of the manufactuflng

process

and equipment

defect and

foreign

teStS.

DEFINITIONS

Lifetime. The mean time to failure of a technology at operating conditions defined to be normal.
failure is measured on a Iawe sample of devices stressed at temperatures
and current densities
operating conditions and extrapolated
to normal operating temperature
and current density.

.

rules and

rules.

20.2.2
Manufacturfna
material ccmtml.
20,2.3

an alternate to the requirements
defined in TM2018.
Thk procedu=
must be
of alternate 2 of TM5004, paragraph 3.3.1 as it applies to metallization.

Cument density.

The maximum

allowable

current

density

calculated

as destibed

in appendix

A of MIL-PRF-38535.

Specification
limits. Minimum or maximum boundaries for the value of a measured parameter.
measured values are beyond these boundaries must be reviewed and dispositioned.
Worst case operating renditions,
Conditions of current and tempemture
operate, that would result in the greatest likelihood of failure.

at which a device

The mean time to
well above the normal

would

Material

whose

normally
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APPENDIX
40.

REQUIREMENTS

40.1

Desian controls.

Design

incfudes

device

design

and promss

A

development.

supporting systems needed to translate a functional description for a device
development
includes selection of materfals, tooling, and process conditions
The design process is a major consideration
in estabfishfng metal integrity.
.

40.1.1

A manufatiurets

design system

must include controlled,

Device design

includes

all steps and

into a paftem generating
data base. Process
.that may significantly
affect metal integrity.

documented

rules based on the manufacfurefs

processing
capabilities.
These roles shall specify feature size and spacing requirements,
taking into account size changes
that occur during processing.
Manufacture
shall be able to justify their rules based on expected process variations.
In
addition, documented
refinability rules shall exist which estabfish the electrical characteristics
for each technology,
taking into
account processing
materials, tolerances and limitations.
The manufactu=r
shall have a system for checking designs for
rule violations, and a system for correcting violations.
Design rules shall consider the maximum current density (calculated
as desuibed
in appendix A of MIL-PRF-38535)
tich
shall be determined using worst case operating conditions and taking
into consideration
current crowding at contacts and vias. The manufacbmr
shall ensure that worst case processing
conditions (such as afignment, metal thickness, line width, and contatia
size) do not result in violation of current density.
Current density for a technology shall be at a level such that there is sufficient margin to ensure that failure will not result
from elec.tromigrzdion
in the specified lifetime of the device,
40.1.2 Pmcass development.
The manufactures
design must take into consideration
known levels of defects in the
process.
The process developed by the manufacturer
must produce metallization
that has the electrical and mechanical
properties wnsistent
with the design rules of 40.1.1, and refiabifity goals for the technology.
Mechanical stress in the metal
afler final processing shall be understood.
The manufacturer
shall demonstrate,
with results from appropriate designed
experiments,
that the desired electrical and mechanical propeties
have been achieved, and that the interaction of other
process parameters on metal integrity parameters (minimum fist in 40.2) is understood.
The initial process specification
hmits shall be chosen such that metal integrity parameters are within the capability of the process,
The manufacturer
shall
have a change control system in place such that new or changed processes are not put into production without the
appropriate
refinability evaluation.
.

40.2 Manufacturing
controls.
The manufacturer
shall estabfish manufacturing
Controls in order to achieve uniformly good
quafity and refiabifify in their metal system, and to assure that the pfcduct is being manufactured
according to the
assumptions
made during design. The manufacturer
shall determine which parametem are uitical to metal integrity and
control those parameters
in accordance
with EIA 557. The manufacturer
shall be able to demonstrate
cantml of metal
thicknesses,
step coverage and cross-sectional
areas, metal fine width, contact and via sizes, mntact and via resistance
and sheet resistance as a minimum, and show that they are being controlled to hmits that are mnsistent
with the way the
metal system was de5igned.
Specification
fimits shall be established for these parametem.
In addition, defects that
threaten metal integrity must be mntmlled
in acmrdanc=
with the alternate visual procedure (alternate 2) in appendix A of
TM50M.
40.3 Refinability testing. While it is desirable to de-sign in and build in refiabifity rather than to achieve refiabifity by
screening finished product, there is valuable information to be gained from screening and refiabifity testing. Screening test
such as bum-in not only efiminate the weaker Parts in a population, but also provide information on failure mechanisms
which can be used to impmve design, materials, processes, or electrical test.
Similarfy, accelerated
testing is used to
speed up failure mechanisms
fikely to occur under normal operating conditions of a device. These failurs mechanisms
can
then be analyzed to provide a basis for improvement.
Accelerated
test that a manufacturer
may use to this end include but
are not limited to electromigration
testing, fife testing, temperature-humidity-bias
testing, and temperature
cycling.
Structures
used in accelerated
test must be typical of the technology represented.
Failure mechanisms
experienced
during
accelerated
testing must be typical of those experienced
during normal use of the device.
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APPENDIX
40.3, t Reliability

evaluating.

The manufacturer

A

must have in plain

a system

for evaluating

the reliability

of the metal

system.
The system shall enable the manufacturer
to determine the probability of tirlurs in e given lifetime.
The lifetime
and failure rate data of the metal system assodated with a given technology shall be made available to the customer.
The
manufacture<a
systematically
callected data must indicate that there is a high probability of meeting the specified tifetimes
andlor failure rates.
50. DOCUMENTATION

NOTE:
50.1

Certain

information

The manufacturer

considered

proprieta~

must have available

may only be available

for customer

under nontilsdosure

review controlled

reliability

agreement

rules, layout rules, and current

density for each technology for which this procedure is used. In addition,
the method by whiti the above rules are checked and verified.

the manufacturer

50.2 The manufacturer
shall be able to demonstrate
the manufacturing
control occurrences
that am in place to cantml the processes determined

cuntmls and system for disposition
witical to metal integrity.

50.3 The manufadurer
metal system.
50.4

The manufadurer

must have available

shall specify

for customer

the metal lifetime

review any testing

to the customer

performed

must have available

to evaluate

for review

of out of

the reliability

of the

upon request
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METHOD
DIE SHEAR

2019.5
STRENGTH

1. PURPOSE.
The purpose of this testis to determine the integrity of materials and procedures
used to attach
semiconductor
die or surface mounted paSSiVe elements to package headem or other substrates.
This determination
is
based on a measure of force applied to the die, the type of failure resulting from this application of force (if failure occurs)
and the visuaf appearance of the residual die attach media and substratwheader
metallizatiom
2. APPARATUS.
scale or 50 grams,
aPPlYip9 instrument
capablldies:

The test equipment
whichever

shall mnsist

is the greater

tolerance.

of a load-applying
A circular

may be used to apply the force required

tool which

of +5 percent

The test equipment

of full
force-

shall have the following

A die contact

b.

Provisions

c.

A rotational capability, relative to the headerlsubstrate
holding fixture and the die contact tool, to facilitate he
contact on the edge of the dig i.e., the tool applying the force to the die shall contact the die edge from end-to-end
(see figure 2019-2).

d.

A binocular
observation

that the die mntacf

distribution

for testing.

with an accuracy

with a lever arm or a linear motion

a.

to assure

appfies a uniform

instrument

dynamometer

of the force to an edge of the die (see figure 2019-1).

tool is perpendicular

to the die mounting

microscope
with magnification
capabilities of IOX minimum
of the die and die contact tool interface during testing.

plane of the header

and hghting Wch

facilitates

or substrate.

visual

3. PROCEDURE.
The test shall be conducted, as defined herein, or to the test renditions
specified in the applicable
specific acquisition document mnsistent
with the particular part canstrucf ion. All die strength tests shafl be counted and the
specific sampling, acceptance,
and added sample previsions shall be observed, as applicable.
3.1 Shear strenath.
A force sufiuent
to shear the die from ib mounting or equal to twice the minimum spetified
strength (figure 2019-4), whichever occurs first, shall be appfied to the die using the apparatus of 2 above.

shear

a.

When a linear motion force-applying
instrument is used, the direction of the appfied force shall be parallel
plane of the header or substrate and perpendicular
to the die being tested.

b.

When a circular dynamometer
with a lever arm is employed to apply the force required for testing, it shall be
pivoted about the fever arm axis and the motion shall be parallel with the plane of the header or substrate and
perpendicular
to the edge of the die being tested. The mntacf tooling attached to the lever arm shall be at a proper
distance to assure an accurate value of applied force,

c,

me

die contact

tool shall load against

base of the header or substrate
d.

an edge of the die which most closely

to which it is bonded

approximates

with the

a 90” angle with the

(see figure 2019-3).

After initial contact with the die edge and dwfng the application of force, the relative position of the contact tool
shall not move vertically such that contact is made with the headerlsubstrate
or die attach media. If the tool rides
over the die, a new die may be substituted or the die may be repositioned,
provided that the requirements
of 3.1 .C
are met.
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3.2 Failure

ctiteria.

A device

which fails any of the following

a.

Fails die strength

b.

Separation with less than 1.25 times the minimum strength
than 50 percent adhesion of the die attach medium.

c.

Separation with less than 2.0 times the minimum strength
than 10 percent of adhesion of the die attach medium.

NOTE:

For eutectic

requirements

titeria

die attach,

shall Constitute

(1 .OX) of figure 2019-4

residual

silicon

anached

(1 .OX) spetified

(1 .OX) spetified

in discrete

cateqofies.

When

a,

Shearing

b.

Separation

of die from die attach medium

c,

Separation

of die and die attach medium

4, SUMMARY.

of die with residual

spetified,

The following

a.

Minimum

b.

Number

c.

Requirement

METHOD 2019.5
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details

die attach strength
of devices

silicon

the force required

in figure 20194

to achieve

separation

in the applicable

if other than shown on figure 2019-f

when applicable

criteria,

(see 3.2.1)

and evidene

acquisition

document.

of less

of less

shall be considered

and the catego~

from package

to be tested and the acceptance

and eviden~

on the die and on the package

remaining.

shall be specified

for data recording,

in figure 2019-4

areas of the die attach medium

~dence
of such adhesion.
For metal glass die attach, die attach material
be considered as evidence of acceptable adhesion.
3.2.1 Separation
shall be recmted.

a failure

base shall

of the separation

MIL-.STO-683E

COHPLlAN1
IMTERIAL

a

FIGURE

2019-1.

Compliant interface on contac.1 tool distributes
load to the irreqular edqe of the die.

.Q ‘D
FIGURE

FIGURE

2019-2

2019-3.

Rotate the die mntact
for parallel aliqnment.

The mntaci

tool or the device

tool shall load aaainst

that edqe

of the die Mich forms an anqle -90°
the headerlsubstrate.

with

METHOD 2019.5
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u
u
a
0
IL

DIE

AREA

X

10-411NZ1

NOTES
1, All die area larger Ihan E4 x 1W [lN)’ shall withstand
thereof

a minimum

force of 2.5 kg or a Mdtiple

a minimum

force (1 .OX) of 0.04 kg/10’

(see 3.2).

2. All die area smaller than 5 x I& (IN)’ shall withstand
or a minimum force (2X) of 0.08 kg/1& (l N)’

FIGURE

20194

Oie shear strenqth

criteria

METHOD 2019.5
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(minimum

force versus

die attach area).

(IN)’
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METHOD
PARTICLE

IMPACT

2020.7

NOISE DETECTION

TEST

1. PURPOSE.
The purpose of this testis to detect loose particfes inside a device cavity. The test provides a
nondestructive
means of identifying those devices containing particles of suficient
mass that, upon impact wfth the case,
excite the transducer.
2. APPARATUS.
(or equivalent)

The equipment

required

for the particle

a.

A threshold detector to detect particle noise voltage
millivolt peak reference to system ground.

b.

A vibration
(DUT) al

shaker

and driver assembly

capable

(1)

Condition

A

20 g peak at 40 to 250 Hz.

(2)

Condition

E

10 g peak at 60 Hz minimum.

impact noise detetion

exceeding

of providing

(PI ND) test shall consist

a preset threshold

essentially

sinusoidal

motion

value of 20 *1

to the device

PIND transducer,
calibrated to a peak sensitivity
the frequency of 150 to 160 kHz.

d.

A sensitivity test unit (STU) (see figure 202&l)
for periodic assessment
of the PI NO system performance.
The
STU shall consist of a transducer with the same tolerances as the PINO transducer and a circuit to excite the
transducer with a 250 microvolt HO percent pulse. The STU shall produce a pulse of about 20 mV peak on the
oscillosmpe
when the transducer is coupled to the PIND transducer with attachment medium.
PIND electronics,

consisting

the PIND transducer.

of an amplifier

to one volt per micmbar

under test

c,

e.

of -77.5 +3 dB in regards

of the absolute

of the following

with a gain of 60 Q dB centered

The noise at the output of the amplifier

shall not exceed

at the frequency

at a point within

of peak sensitivity

of

10 mV peak.

f,

Attachment
attachment

9.

Shock mechanism
or tool capable of imparting shock pulses of 1,000 QOO g peak to the DUT. The duration of the
main shock shall not exceed 100 PS. If an integral co-test shock system is used the shaker vibration may be
interrupted
sequence.

medium.
The attachment medium
medium as used for the STU test.

used to attach the DUT to the PIND transducer

shall be the same

or perturbed for pericd of time not to exceed 250 ms from initiation of the last shock pulse in the
The w-test duration shall be measumd at the 50+5 percent point.

3. PROCEDURES.
3.1 Test eauioment setu~.
shock pulse shall be adjusted

Shaker drive frequency and amplitude shall be adjusted
to provide 1,000 WOO g peak to the DUT.

to the specified

conditions.

The

3,2 Test equipment checkout.
The test equipment checkout shall be pe$for’med a minimum of one time per operation
shift. Failure of the system to meet checkout requirements
shall require retest of all devices tested subsequent to the last
successful
system checkout.
3.2.1 Shaker drive system checkout.
The drive system shall achieve the shaker frequency and the shaker amplitude
specified.
The drive system shall be calibrated so that the frequency settings are within *8 percent and the amplitude
vibration setting are within +10 percent of the nominal values. If a visual displacement
monitor is afiixed to the transducer,
may be used for amplitudes between 0.04 and 0.12 inch (1.02 and 3.05 mm). An accelerometer
may be used over the
entire range of amplitudes and shall be used below amplitudes of 0.040 inch (1.02 mm).

it
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3,2.2 Detection svstem checkout.
With the shaker deene@zed,
the STU transducer shall be mounted face-lc-face
and
maxid with the PIND transducer
using the attachment med!um used for testing the devices.
The STU shall be activated
several times to verify low level signal pulse visual and threshold detection on the ostillosmpe.
Not every application of the
STU will produce the required amplitude.
All pulses wf?ich are greater than 20 mV shall activate the detector.
3.2.3 .%stem noise verification.
System noise will appear as a fairly constant
peak to peak when obwwed
for a period of 30 to 60 seconds.
3.3 Ted

sequence

The following

a.

3 pretest

shocks.

b.

Vibration

3 *I

c.

3 cc-test

d.

V!bration

e.

3 w-test

f.

Vibration

9.

3 cc-ted

h.

Vibration

i.

Accept

sequence

of operations

(a through

band and must not exceed

i) constitute

one test cycle or run.

seconds,

shocks.
3 M seconds.
shocks.
3 M seconds.
shocks.
3 *1 semnds.
or reject.

3.3.1 Mountinq requirements.
Special prscmdions
(e.g., in mounting, grounding
operator) shall be taken as necessa~
to prevent electrostatic
damage to the DUT.

of DUT leads, or grounding

Most part types will mount directly to the transducer via the attachment medium.
largest flat surface against the transduc=?r at the c-enter or axis of the transducer
than one large surfam? exists, the one thst is the thinnest in section or
mounted toward the transducer,
e.g., flat Packs are mounted top down
circular cylindrical
parts are mounted with their sxis horizontal and the
Parts with unusual shapes may require special fxturss.
Such fixturss
(1)

Low mass.

(2)

High amustic

(3)

Full transducer

(4)

Maximum

(5)

No moving

(6)

Suitable

METHOD
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20 millivolts

transmission
surfaca

practical

(aluminum

contact,

surfacs

alloy 7075 works well).

especially

mntact

with test part.

parts.

for attachment

medium

at the center.

mounting,

Parts shall be mounted
for maximum sensitivity.

of test

tith the
Whers mars

has the most uniform thickness shall be
against the transducer.
Small axial-lead,
side of the cylinder against the transduca.
shall have the following properties

right

MIL-STO-B83E

3.3,2 Test monitoring.
Each test cycle (see 3.3) shall be continuously
monitomd, except for the period during co-test
shocks and 250 ms maximum after the shocks.
Particie indications can occur in any one or combinations
of the three
detection systems as follows
a.

Visual

indication

of high frequency

b.

Audio indication of clicks,
DUT on the transducer.

c.

Threshold

detection

spikes which exceed

the normal .xmstant

POPS, or rattling which is different

shall be indicated

by the lighting

from the constant

background
background

of a lamp or by deflection

whke noise level.
noise present

of the secondary

with no

oscillosmpe

trace.

3.4 Failure ctiteria. Any noise bursts as detected by any of the three detection systems exclusive of background
noise,
except those caused by the shock blows, during the monitoring periods shall be cause for rejection of the device.
Rejects
shall not be retested except for retest of all devices in the event of test system failure. If additional cycles of testing on a lot
are specified, the entire test procedure (equipment setup and checkout mounting, vibration, and co-shocking)
shall be
repeated for each retest cycfe. Reject devices from eati test cycle shall be removed from the lot and shall not be retested
in subsequent
lot testing.
3.5 Sc$eeninq lot acceptance?. Unless other.vise specified, the inspection lot (or sublet) to be screened for lot acceptance
shall be submitted to 100 percent PIND testing a maximum of five times in accordance with condition A herein. PIND
prescreening
shall not be performed.
The lot may be accepted on any of the five runs if the percmtage
of defective devices
in that run is less than 1 percent. All defective devices shall be removed after each run. Lots which do not meet the 1
percent PDA on the fifth run, or exceed 25 percent defective
cumulative, shall be rejected and resubmission
is not allowed.
TABLE

1. Packaqe

heiqht vs. test freauencv

Average

inte
heig

la! cavity

51-60
61-70
71-s0
81-90
91-100
>100
NOTE:

[rendition

Al.

Frequency

t
mm

Hz

<1,02
1.03-1,27
1.2&l,52
1.53-1.78
1.79-2.03
2.04-2.29
2.3C-2 .54
>2.34

130
120
110
100
90
80
70
60

Mils
40
41-50

for 20 q acceleration

The approximate

average

internal

package

height shall be measured from the floor of the
pa~age
cavity or the top of the major substrate
for hybrid or mu!tichip assemblies and shall
exclude the thickness
the package.

of the die mounted

inside
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4, SUMMARY.

The following

a.

Test condition

b.

Lot accz?ptanc-ekejection

c.

The number

d.

Pre-test

METHOD
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details

shall be specified

in the applicable

letter A or B.
criteria

of test cycles,

shock

(if other than spetified

in 3.5).

if other than one.

level and cdest

shoti

level, if other than speufied.

acquisition

document
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METAL BOX OR
ENCLOSED ?IETAL
CHASSIS
SHIELDED IRANSOUCER
CABLE z 19 INCHES LONG

I
I

1.5
Vdc

r
~

300
kn

sru

tranSdUCer

A1l ACHIIEN1 !IEOIUH
;
;

50n

‘PIND

TRANSDUCER

g

ML

- — _________________

~

NOTES
1, Pushbutton switch: Mechanically
quiet, fastmake,
gold rnntads.
2. Resistance tolerance 5perce”t
noninductive.
3. Voltage source can beastandard
drycsll.
4. Thecoupled
h’ansduceffim ustbecoaxiald
uringtest,
5. Voltage output to STUtransducer
250miwovolts,
QOpemnt.

FIGURE

2020-1

TvDical sensitivity

:fE%NICS

E. G. T2SM4microswikh

test unit.
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METHOD
GIASSIVATION
1. PURPOSE.

~epuvose

ofttistest

istoassess

2021.3

LAYER

lNTEGRllV

thestm~uml

quahtyofdeposit*

deletiric

fllms(e.g.,

sputtered or electron beam evaporated glass or nitride, etc.) over aluminum meta! lized semiconductor
microcircuits.
Thetest istiretied
atidenti~ng
proessand
matedals related glass layer de fectstich
contamination
buildup and loss of the advantage given to property
atelevated
temperature
andcum?nt
density. This isa destructive

glassivated
test.

devices

CVD,

devices or
result inlo-lized

in terms of electromigmtion

behavior

2. APPARATUS.
~eapparatus
fortMstest
shall mnsistofsui@ble
sample handling andchemiml
ettingfacilitiesas
required forpersonnel
safety. Standati
optimlmimsmpes
sutiasthose
employed inmetiti
201 Osha!lbe
used for
device inspection.
Standa~A.C,S.
Reagent Grade tiemimls
shall beusdas
ettiantmaterials.
3. PROCEDURE.
Unless othetise
speufied, tMstestshall
beappKed todevi=stiti
have beentimugh
theamplete
assembly cycle including final package seal. Patiagti
devi=sshall
bemetianimlly
dehdded titiminimum
themal
stresses applied.
Unless othetise
specified, thetest sample shall mnsistof
aminimum
ofonedevie
seletied
randomly
fmmtheinspection
lot. Oneofthe
following etching procedures shall be used.
3.1

Procedure.

De flddedsample
40 Volumes

H, PO, (85%)

19 Volumes

H,O

4 Volumes
This solution

devimsshall

shall be maintained

Properly

etched

devices

Final optical

at a tempemture

shall be removed

inspection

afier etching

from the heated solution,

rinsed in distilled

water, and blown dry with compmssed

~euseofa

wmmertial
devices

shall be performed

devi=sshall

bernmpletely

at a magnification
immeSed

for20to

of 100X minimum.
30minutes

atmomtempemtu=in

Acetic Acid

10 Volumes

Final optical

of 5WC *SC.

H,PO. (85%)

5 Volumes

etched

etch

HNO, (70%)

80 Volumes

other suitable

aluminum

procedure with an optical system, such as a monocular, binocular or
of theimmemed
samples,
Devices shall beetched
fortwice the amountof
metatlization from exposed bonding pads.

and drying

sample

5 Volumes

Properfy

inthefolloting

gas streams.

3.2 Procedure B. Dehdded
the following aluminum etch

NOTE

immemed

HNO, (70%)

Devices shall be examined during the etching
stereomiaosmpe
ampatible
titiobsewation
time required to completely
remove aluminum

air or other suitable

bemmpletely

Deionized
equivalent

shall be removed

Water
(e.g., Mty Etti2)isa-ptable.

from the solution,

rinsed in distilled

water, and blown dry with compressed

air or

gas streams.
inspection

after etching

and drying

shall be performed

at a magnification

of 100X minimum
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FIGURE

2021-I.

Cateqow

A-missinQ

Qlassivation

Overaluminum

Z2!iiiE
FIGuRE

2021-2.

Cateqorv

B-cracks

inqlass

overaluminum.

771

FIGURE

FIGURE

2021-4.

2021-3.

Cateqow

Cateqaw C - cracks in alass or im9mPer
cnveraqe alonq edae of aluminum.

D - pinholes

in qlass on haP surface
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3.2.1 Failure cdteria.
Lot rejection shall be based on the appearance of etched aluminum, as shown on figures 2021-1 to
2021-7, at any location other than along the edges immediately
adjacent to intentionally
unglassed areas (e.g., bonding
pads, die edge, sciibe he, etc.) (see 4). ThLs cxiteria shall be applied only to the interconnect
levels which exceed a
calculated current density of 2 x 10’ Alcm’.
Category C and D defects, shown on figures 2021-3, -1, -6, and -7 shall not be
a cause for rejection unless aluminum is completely removed from the entira width of the canductor stripe. Etched
aluminum is determined
by changes in the reflecting pmperlies or transparent appearance of areas normally covered with
glassivated
aluminum.
Failures
category

shall be recorded
as defined

4. SUMMARY.

in terms of the number

of devices

tested (if other than one) and the number

of failures

by failure

below
The following

a.

When

applicable,

b.

If applicable,

c,

Sample

d.

If appficab!e,

details

shall be specified

any intentional

specific

magnification

omission

in the applicable

acquisition

of glass over the aluminum

requirements

document

metallization

layer (see 3.1)

other than as stated in 3.

size if other than one (see 3).
spetial

reporting

requirements

(see 3.1).
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WET71NG

METHOD

2022.2

BAIANCE

SOLDERABILITY

1, PURPOSE.
The purpose of this test methcd is to determine the solderability
of all ribbon leads up to 0.050 inch
(1 .27=dth
and up to 0.025 inch (0.64 mm) in thickness M&am
normally joined by a soldering operation and used
on microelectronic
devices.
This determination
is made on the basis of the wetting time and wetting force curve prcduced
by the specimen while under test.
These processes will verify that the treatment used in the manufacturing
process to facilitate soldering is satisfactory
and
that it has been applied to the required portion of the part which is designated to accommodate
a solder COnneCOOrI.
2, APPARATUS.
2.1 Solder meniscus force measwinq
device (wettima balance~. A solder meniscus force measuring device (wetting
balance) which incfudes a tempecatwecontrolled solder pot containing approximately
750 grams of solder shall be used.
This apparatus shall be capable of maintaining the solder at the temperature
spedfmd in 3.4. The meniswgraph
apparatus
also incfudes a strip chart recorder which remrds the force curve for the device tested.
2.2 Dipping device. A mechanical dipping device is incorporated
in the Meniswgmph,
and is preset to producs an
immersion and emersion rate as specified in 3,4, The specimen dwell time is operator controlled to the time specified in 3.4.
2,3 Container and cover. A nonmrmdable
container of sufitient
size to allow the suspension
of the SpeCJIIenS 1.5
inches (38.1 O mm) above the boiling distilled or deionized water shall be used, (A 2,000 ml beaker is one size that has been
used satisfactorily
for smaller components,)
The cover shall be of one or more nonccmculable plates and shall be capable of
coveting approximately
.875 of the open area of the container so that a more constant temperature
may be obtained.
A
suitable nonwrrcdable
method of suspending the specimens shall be impmvised.
Perforations
or slots in the plates are
permitted for this purpose.
2.4 ~.
.

.

2.4.1 E!WS The flux shall mnfonn
type “W of MIL-F-14256)
2.4.2
Sn60A

-.

to flux type symbol

The solder shall conform

or Pb40A (previously

designated

“N (flux type ‘L03

of ANSVJ-STD-004

to type Sn63A or Pb37A (previously
as Sn60 in QQ-S-571

designated

(previously

designated

as Sn63 in CIQ-S-571 ) or type

).

3. PROCEDURE.
The test procedure shall be performed on the number of terminations
specified in the applicable
acquisition document.
During handling, care shall be exercised to prevent the surface to be tested from being abraded
contaminated
by grease, pempirants,
etc. The test procedure shall consist of the following operation%
a.

Proper preparation

of the terminations

b.

Aging of all specimens

c.

Application

d.

Examination

as

or

(see 3.1), if applicable.

(see 3.2).

of flux and immersion
and evaluation

of the terminations

of the recordings

3.1 Preparation
of terminations.
No wiping, cleaning,
performed.
Any special preparation of the terminations,
in the applicable acquisition document.

into molten solder (see 3.3 and 3.4).

upon completion

of the solderdip

process

(see 3.5).

scraping, or abrasive cleaning of the terminations
shall be
such as bending or reorientation
prior to the test, shall be specified
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3.2 m.
Prior to the application of the flux and subsequent solder dips, all Spetimens assigned to this test shall be
subjected 10 aging by exposure of the surfaces to be tested to steam in the container specified in 2.3. The specimens
shall
be suspended so that no portion of the specimen is less than 1.5 inches (38.10 mm) above the boiling distilled or deionized
waler with the cover specified in 2.3 in plao? for 4 to 8 hours. In effect tile
the manufacturer
may accept on the basis of 4
hours aging, the customerluser
shall be able to reject on the basis of results after 8 hours aging. Means of suspension
shall
be a nonmetallic
holder. If neessary,
additional hot distilled water may be gradually added in Small quantities so that the
water till continue to boil and the temperature
will remain essentially rnnslant.
3.3 Application
of flux. Flux, type R shall be used (see 2.4.1). Terminations
shall be immersed in the flux, wfich is at
room ambient temperate,
to the minimum depth necessaty to cover the surface to be tested. Unless othetise
spetiried
in the applicable acquisition document, terminations
shall be immersed to 0.16 inch (4 mm) from end of lead. The surface
be tested shall be immersed in the flux for a period of from 5 to 10 seconds.

to

3,4 Solder diD. The dross and burned fiux shall be skimmed from the surface of the molten solder specified in 2.4.2. The
molten solder shall be maintained at a uniform temperature
of 245 *5-C. The surface of the molten solder shall be skimmed
again iust prior to immersing the terminations
in the solder. The Part shall be attached to a dipping device (see 2.2) and the
flux-covered
terminations
immersed once in the molten solder to the same depth spetiried in 3.3. The immersion and
emersion rates shall be 1 *.25 inches (25.40 i6.35 mm) per semnd and the dwell time in the solder bath shall be 5 ~.5
secwnds.
3.5 Evaluation of resukant menisrwqraDh
curves from testing
solderability
during the evaluation of the recordings are

of microelectronic

a.

That the recaded

signal trace crosses

the zem balance

b.

That the remrded
2022-1).

signal trace reaches

tw-thirds

of its maximum

must be spedfted

in the applicable

4, SUMMARY.

The following

details

point at or before 0.59 seconds
value in 1 second

acquisition

for acceptable

of test time.

or less of test time (see iigure

document

The number

b.

Special

c,

Oepth of immersion

d.

Solder dip if other than specified

e.

Evaluation

f.

Solder composition,

9.

Number of cycles, if other than one. Where more than one cycle is specified to test the resistance of the device to
heat as encountered
in multiple solderings, the examinations
and measurements
required shall be made at the end
of the first cycfe and again at the end of the total number of cycleS applied,
Failure of the device on any
examination
and measurement
at either the one-cycle or the end-point shall constitute failure to meet this
requirement.

preparation

of eati

The titeria

a.

METHOD 2022.2
29 May 1967

of terminations

leads.

parl to be tested (see 3).

of the terminations,

if applicable

(see 3.1 ).

if other than 0.16 inch (4 mm) (see 3.3).

of meniscograph

in 3.4.

cumes

if other than specified

flux, and temperature

in 3.5.

if other than those specified

in 2.4 and 3.4.
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METHOO
NONDESTRUCTIVE

2023.5
BONO PULL

1. PURPOSE.
The purpose of this method is to reveal nonacc?ptable
w“re bonds while avoiding damage to acceptable
wire bonds. This procedure is applicable for all bonds made by either ultrasonic or thenna! compression
techniques,
except
those larger than 0.005 inch diameter (or equivalent cons section area) which do not have su~cient clearance to permit use
of a hook.
The alternate procedure defined in 3.2 maybe used for devices with packages having 04 or more external terminations
and
with nominal bonding wire pitch at the package post of less than or equal to 12 roils.
2. APPARATUS.
The apparatus of this test shall mnsisl of suitable equipment
bond, lead wire or terminal as required in the specified test candition.
A calibrated

for applying the specified stress to the
measurement
and indication of the

applied stress in grams f0rW3 (gf) shall be provided by equipment capable of measuring
limit value, with an accuracy of +5 percent or N.3 gf, whichever is greater.
a.

The diameter

of the tire

strasses

up to twice the specified

used to make the hook utilized to apply force to the interconnect

wire shall be as follows

Hook diameter
(x wire dial

Wire diameter

2.0 x min
1.5 x min
1.0 x min

~ 0.002 inch
>0.002 inti - ~ 0.005 inch
70.005 inch

For ribbon wire, use the equivalent round wire diameter whiti gives the same cross sectional area as the ribbon wire
being tested. Flat porlion of hook (horizontal) shall be 21.25 x the diameter of the w“~ being tested.
b.

The hook shall be smooth
pulled.

c.

Travel speed of the hook shall be controlled to that impact loading as the hook initially
more than 20 percent of the specified nondestnmlive
bond pull force.

d.

Final hook placement shall be accomplished
a zoom capability may be used for indexing

e.

The fixturing

f.

An indicstor shall either(1)
measure the force required to cause failure of the interconnect
indication that the predetermined
load has been applied.

9.

The hook shall be in a fixed position whiti
msbfcts motion along a straight line between each bond, so that it will
not rise to the highest point which could result in a test for only one bond (e.g., as for a ball bond).

and free of defects

which holds the package

Mch

could compromise

under observation
the hook.

shall allow positioning

the test results

at 15X minimum

the hook for optimum

or damage

contacts

magnification.

the wire being

the wire shall be no

A mic$mscope

force application

with

to the wire.

or (2) provide

visual
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3. PROCEOURE.
The test shall be conducted as specified in the applicable acquisition document, as a sample or as a
screen, and shall be consistent w“th the particular bond materials and construction.
All bond wires in each device shall be
pulled and counted, and the specified sampling, acceptance,
and added sample provisions shall be observed, as applicable.
Where there is any adhesive, encapsulant
or other material under, on, or surrounding
the wire such as to increase the
apparent
a.
b.

bond strength,

the test shall be performed

prior to the application

of the material.

Set the rate of force application.
Mount the specimen

to be tested and set the lifting mechanism

to apply the specified

force for the appropriate

wire

size and material.
c.

The device

shall be rotated

and positioned

such that the hook mntacts

the wire between

midspan

and looP apex

(for forward wedge and ball bonding, this would be behveen midspan and die edge for reverse bonding, this would
be between midspan and package edge) and the pulling force is applied in a direction approximately
normal to the
die or substrate, or approximately
normal to a straight line between the bonds. The manufacturer
should pull as
dose to midspan as possible without causing adverse wire deformation.
d.

The titing mechanism
shall be actuated to stress the wire bond such that the specified stress is appfied with
minimum impact loading and with no overshoot greater than speufied accuracy of the indicator at any time during
the bond pull. The dwell time of maximum force application shall be a maximum of one second.

e.

Observe

f.

If the bond breaks, reject the device and proceed to the next device, unless rework is acceptable.
If so, remrd
identification
of the broken bond and the device containing the bond. If rework is permitted, all bonds shall be
tested prior to any bond rework and reworked bonds shall be tested.

9.

If no bonds on the device

h.

Repeat a through

i.

Record

the total number

i.

Record

the number

tiether

3.1 Failure criteria.
interc.onneti
anywhere

the bond breaks.

break, accept the device

the

as satisfactory.

g for all bonds to be tested.
of wires or wire bonds that fail when subjected

of devices

to the predetcnmined

stress.

that failed the test.

Any bond pull which results in separation (of bonds at the bond interface or breakage of the wire or
along the entire span including bond heels) at an applied stress less than the specified stress fOr the

applicable material and WnStrWliOn
shall Constitute a failure. Unless otherwise speafied, the applied nondestmctive
pull
stress shall be 80 percent of the preseal minimum bond strengths for the applicable material, size and ccmstructbn
given in
table I of method 2011 or figure 2011-1 of methti
2011. Table I herein fists pull force values for commonly used wire sizes.
NOTE
RF/microwave
hybrids that require extremely flat loops which may cause erroneous
following formula to determine the proper wire pull value.
VI = V, Sin e
Where:

V, = New value to pull test.
V, = Table I value for size wire tested.
e = Greatest calculated wire looP angle (figure 2023-1).
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when moved) or
Also, RFlmicrowave
hybrids that cantain tuning wires (designated wires that will alter RF performance
w“res that cannot be accessed with a pull hook must be simulated on a test coupon in such a way to allow hook access for
purposes of pull testing. These wires are to be bonded at the same time the production hybrids are bonded using the same
setup, operator, schedule, and elements (electrical rejects may be used). The test Wupon wires are to be pull tested in tieu
of the tuning or inaccessible
wires on the production hybrid. Failures on the test coupon shall be considered
as failures to
production units and appropriate action is to be taken in accardanm
with the applicable specification
(figure 2022-2).

TABLE

AL and AU wire
diameter
(inches)

1. Nondestmctive

I

pull forces.

Pull force

Pull force

(9:

~:
I

JL_LLLL
NOTES:
1.

2.
3.

Nondestructive
pull force values for wire sizes not specified
shall be 80 percent of the preseal pull forces for aluminum or
gold wire given in method 2011.
Tolerances shall ba fl.3 gf for pull forces up to 6 gf and *5
percent for pull forces above 6 gf.
Any bond subjected to a nondestructive
pull force exceeding
the specified pull force and the positive tolerance shall be
eliminated and not counted toward the PDA failures.

3.2 Alternative
procedure.
Thk alternate procedu~
maybe used Mere
performed because of hgh pin count (greater than or equal to 64 terminals)
post (less than or equal to 12 roils).

100 percent nondestructive
bond pull cannot
and small bonding wire pitch at the package

be

3.2,1 In-process controls.
In order for a manufackmr
to use the alternate procedure, a SPC program shall be
imtdemented
for the wire bond overation in accordance with EIA-557-A, Statistical Process Control Systems.
Any change in
the various effects shown to be &gnif!cant by the characterization
with respect to wire bond strength ~hall require-a m?- characterization
of the wire bonding process for the changed effect(s) on wire bond integrity. For QML, the SPC program
and the requirements
listed herein shall be approved by the qualifying activity and may be subject to an audit at any time by
the government
qualification
activity.
For Non-Jan devices, the SPC Dmgram and the requi=ments
fisted herein are subiect
to c$-view by the government
agency responsible for the acquisition or th~r designee.
All statistical evaluation,
characterizations,
and designed experiments
shall be available for review.
3.2.1.1 ADDfiCdble incomino materials.
Applicable incoming rIWerialS including W&r pad metdiZ@iOn
targets, paCka9e
bonding post, and bonding wire shall have their c$itical characteristics
determined and made requirements
for acceptan=
using either incoming inspection or vendor SPC data. Critical characteristics
shall include possible sources of material
contamination
(e.g. excessive carbon content in aluminum Mm). Also, the applicable inmming
inspection requirements
of
MIL-PRF-36535
or MJL-PRF-36534
shall apply.
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Droa?sses. Applicable manufacturing
pmcasses including bond pad metal disposition,
3.2.1.2 ADDlicable manufacturing
glassivation
etch, and worst case package seal excursion shall have their critical characteristics
determined
and placed
under SPC control. Also, the process controt requirements
of the applicable general specification
shall apply for these
operations including contamination
controls, preventative
maintenance
procedures and schedules,
and cmmplete removal of
glassivation
from the bonding pad.
3.2.1.3 For packaaes with oold plated Posts
For packages with gold plated Posts, the device manufacturer
shall perform
a bake test on one device from each incoming package lot. This test shall evaluate for basic plating or contamination
anomalies of the package post. The pacAage shall be wire bonded post-t~post.
The wire bonded package shall be baked
at 300 degrees Celsius for 1 hour in either air or inert abnosphe~.
Bond strength shall then be tested in accadance
with
MIL-STO-S83,
method 2011, using a sample size number=
45, C = O on the number of wires pulled. If any bond strength
failure is determined to be package plating or contamination
related then the package lot shall not be used for this
alternative
unless the defect can be effectively
.76, C = O for the number of wires pulled.

sueened

and the package

lot resampled

to a tightened

sample

size number

with
3.2.1.4 An active foreian material control Prow’am. An active foreign material control program shall be in accordance
MIL-STD-683,
methcd 2010 or methd
2017. A procedure and system for storing and handling wafers, packages, related
piece parts, and unsealed devices that will prevent contamination
through package seal including face masks, Mt free
gloves, restrictions
on particle generating make-up, hair covers, and cleanmom gowns.
3.2.1.5 A 100 percent m-bond
visual inspection DmU?dU~. A 100 percent pm-bond visual inspection procedure of the
die pads and package post shall be documented.
The visual inspection shall be performed at IOCL200X in a class 100
environment.
Cleaning to remove rejectable contamination
is allowed. No device shall exhibit evidence of the following
titeria
a,

Glassivation

b.

Chemical,

c.

Particulate and /or foreign
0.25 roils in diameter,

d,

Oie pads and package

NO1 “E:

on the designed
film, photomsist

open contact

area of the bond pads.

or tiquid contamination
material

contamination

on the pads or posts.
on the pads or the c$itical bond area of the posts greater

posts that do not meet all applicable

requirements

of MIL-STD-B83,

method

2010,

than

rendition

100 percent pm-bond visual inspection may be waived by the qualifying activity provided a 100 percent Preclean of pads and posts is performed, and all pads and posts for IWO (5) randomly selected devices pass the
inspection criteria.
Precleaning
may also be waived by the qualifying activity if historical data demonstrates
the
cleaning is unnecessary.
No cleaning is allowed during sample inspection.
A 100 percent pre-dean and sample
inspection of 5(0) may be repeated a maximum of two times. Rejection of the sample after the second pre-clean
shall result in a 100 percent pm-bond inspection of the lot in accordance with 3.2.1.5. An investigation
of the
rejects in the lot and sample shall be required and corrective action, as necessaV
shall be instituted.
Until then,
100 percent pn?-bond inspection is required. Once the effectiveness
of any corrective action has been
determined,
the 100 percent pre-bond inspection maybe eliminated.

3.2.1.6 Bondinq machine ParameteE.
Bonding machine parametem (e.g., temperatures,
pressure, timing, fixtures, wire
size, wire material, height settings, etc. ) must be defined for each diefpackage
combination.
The bonding equipment
parametem
ranges shall be optimized by designed experiments.
The experiments
shall consider variations in bonding wire
geometry (e.g., looP height, wire length, shelf height, etc.). The experiments
shall establish the predicted strength and
tolerance of the bonding operation.
The allowable performance
ranges of the bonding parameters
determined
by controlled
experiments
shall be documented.
Equipment parameter changes outside the allowable timits must be evaluated and
documented
as to still meeting the predicted wfre pull strength and tolerance.

Note

ASTM

Standards

F 456 and F 459 may be used as guideline
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3.2.1.7 Process capability study. After the vkebond
pm-ss
has been demonstmted
to be in a condition of stability and
statistical mntml, a process capability study shall demonstrate
that the pmbabifity of any device failing the minimum
post-seal bond strength is P <.0001. The probability must meet the accumulative
probability at the device level and not at
the individual wire level. The disbibutional
form of the post-seal bond strengths shall be statistically
evaluated for
ccmformanc? to the selected sampling distribution (e.g., Gaussian, Iognomal,
W7ebull, etc.). The capability study sample
size shall be suficient
to detect a shift in the distribution of the worst case pachageldie Wmbination
to a 100 parls per
million level. The beta risk to the consumer shall be .001 or less. (See Appendix A for normal distribution example. ) The
process capability study shall be performed peklically.
The capability study maybe accomplished
by characterizing
the
wire pull strengths of one or more worst case package/die
combinations.
Setetiton of the worst case packageMie
combinations
should consider wire geomet~,
number of tires, pads and post sizes, etc.
worst case package/die
mmbinations
must be readily extended to all devices.

The characterization

results

from

3.2.1.8 Control limits and action Dm=dureS.
The results of the evaluations in 3.2.1.6 and 3.2.1.7 shall be used in
determining
control hmits and action procedures
for the wire bond operation.
A destructive wire bond strength sampling plan
for each wire bonder shall include start and completion of each assembly lot, frequency of sampling the assembly lot, and
changes in operators (manual wire bonding only), wire spools, package lots, or setup conditions,
The bond strength data
shall incfude the force required for failure, the physical location of failure, and the nature of the failure, Electrical rejects fmm
the same wafer lot may be used for the destructive wire bond pulls. In the event that bond wire strengths are outside the
predicted values for the wire, or class of wires with similar geomety,
the bonder shall be inactivated immediately
and not
returned to production until tests show that the operation is back under statistical cantrol. A procedure for the traceability,
recovery, and disposition of all units bonded since the last successful bond strength test is required.
3.2.1.9 Time and temperature
characterization.
Initially, a time and tempemture
characterization
shall be performed for
each major type of wire bond metalluwical
interface (e.g., goldlaluminum,
etc.) to determine the electrical and mechanical
integrity of the wire bonds with respect to such factors as; flexing of wire bonds due to thermal expansion, and microcracks
or micmvoids
at the metallurgical
interface.
Evidence from the characterization
shall demonstrate
that the integrity of the
bonds is sufficient for a device to function over iks expected fife. Life usage conditions shall exceed 50,000 cycfes from a 085 degree Celsius temperature
range at the bonds. Time and temperature degradation
factors for accelerated
testing must
be justified against these minimal life usage Conditions.
3.2.1.10 W%e bond inteqrity.
If pm-bum-in,
interim and post bum-in electrical failures (opens/shorts),
qualification,
or
quality conformance
inspection failures indicate questionable
wire bond integrity then an analysis is required to verify the
bond integrity.
If any bond is confirmed to be defective
the applicable inspection lot or sublet will be rejected, an evaluation
performed to determine the cause of the bond failure, corrective actions implemented
based on the evaluation, and
disposition
of other affected inspection lots or sublets. The failure analysis and corrective actions will be retained and made
available to the qualifying activity upon request.
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3.2.2 Lot acceptance orocedure.
EacA assembly lot shall receive a past-seal bond wire integrity acceplancs
test. A
separate assembly lot acceptance test is required for each wire bonder, and for any changes in setup conditions, wire spool,
package lot, or wafer lot, unless such differences
have been demonstrated
to be statistically
insignificant.
A post-seal
destructive
wire bond sampfing and test plan rnth the following minimum requirements
shall be documented.
a.

More than one device shall be subjecled to the acceptance test. Elecbical,
package seal rejects may be used for the post-seal wire bond test.

non-wire

bond related

visual,

or

b.

The destructive
wire pulls shall be evaluated in meeting the post-seal
bond strength fimits in MIL-STD-683,
2011, or as established
in 3.2.1.7. The assembly lot shall be accepted if the wire bond strengths meet the
requirements
of sections c, d, and e below.

c.

All wires or a minimum of 50 randomly selected wires shall be pulled from each sampled device. The post-seal
bond strength distribution(s)
must demonstrate
that the wire bond process is in statistical control, has not changed
with respect to the distribution characterized
for a one-sided lower control fimit, and no single destrucWe
pull is
less than the specified post-seal bond strength fimit. The sample size shall be sufficient to demonstrate
that the
statistical distribution of all wires Pulled has not changed with respect to central tendency or dispersion in such a
way as to violate a p <.0001 at the device level. The beta risk to the mnsumer
shall be .01 or less. The method
of statistical analysis shall be documented
and approved by the qualifying activity.

d.

A minimum of 8 wires shall be evaluated from each sampled device to represent the worst case w“res as
determined to potentially violate the lower specification
hmit. Their wire pull strengths shall be within the predicted
tolerances established
in 3.2.1.6. Any vim pull strengths outside the predicted toleran=
in the charactetied
distribution
shall require? evaluation as to the cause of the out of mntrot condition, and additional worst case wires
shall be pulled to determine whether the wire bond strength distribution meets a probability at the wire level of
P. 1-[.999 V”(l/n)]
(n = number of bonding wires in the package).
The lot is rejected if this criteria is not met.

e.

If any bond fails the acceptance
criteria, a documented
action plan shall be followed to detetmine the cause of the
failure. Wire bond failures verified as non-bond related shall be documented,
and additional post-seal wire bond
pulls shall be conducted to demonstrate
Wdistiml
control as described in 3.2.2.1 c and d. If a failure is verified as
bond integrity related (e.g., contamination
on wire, glassivation
on the bonding pad, etc.), all devices within the

Method

app~~ble
assembly 10t shall be ~ie~ed.
Wire bonding shall be suspended on the applicable bonding equipment
until a failure analysis, MI L-STD-683, method 5003, of the failed bond is performed and corrective action is
implemented
and recmded.
4. SUMMARY.

The following

a.

The applied

b.

me

c,

The percent
tested.

d.

me

fiting

sampling,

shall be specified

force if other than as specified

acceptance.
defective

requirements
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or screening

allowable

for raporling

[PDA)

in the applicable

acquisition

document

in 3.1.

requirements.
as applied to the number

of failure categories,

of failures

when applicable.

with respect

to the number

of wires
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APPENDIX
Capability

A

Study Example

~ewomt=se
ddpa&age
mmhnation
fortheexample
produdline
isalOOtire
pa&age
tiththe
smallest tie. The
worst case dielpac.kage combination
is based on the characterized
worst case wire geomeby and number of bonding wires
Apostseal
bond pullof2gmms
orlessis
mnside=d
unaaptable
forl.25mil
tiameteraluminum
tire.
Thepmposed
militaV standard requires afailure rate ofnogreater
than 100parts per milliOn.
The distribution of bond pulls across devices is examined for each wire length. A statistical test is done for normality and
inttisexample
them isnomason
to Ejedthe
assumption ofnomahW.
Theworst
case wire length interrns of variability
andcloseness
tothespetificdiono
f2gmmsi
sidentif ied. llemean
ofthisworst
case disbibution
is found to be4.26
grams with a standard deviation of.5 grams.
Thus, for this distribution the 2 gram specification
is 4.52 standard deviations away [(4.262)/(.5)]
and corresponds
to a
ppmlevel
ofappmximately3.1.
lfthetisttibution
wastostiRto
thelOOppm
level sutithat2grams
amspondstolOO
ppm (i.e., the 2 gram spec is now only 3.719 standati
deviations below the mean), a shift of about .8 sigma [4.52-3.719]
fromthe
present bond pullmean
of4.26would
be required.
This in formation isusedtodetemine
thenumberofdeviCes
needed for the capability study.
The following

table can be used where the data is normally

Siqma shift to 100 mm

distributed
Devices

level

,4
.5
.6
,7
.6
.9
1.0
1.1
1.2
1.3
1.4
1,5 or greater
n = [( Z_alpha

140
90
62
46
35
26
22
19
16
13
11
10

+ Z_betaY2~(d””2)

d = standati

deviation

shift = 0,6

alpha = .05 ; Z_alpha

= -1 .S45

beta =.001

=-3.09

;Z_beta

[see Diamond,
Therefore,

1989, Practical

n=[(l.845+

Experiment

3,09~2~(.8Y2

Thelower

the 35 devices

position a mean and standard
mean = xbar
standati
deviation = sd

The distributions

are evaluated

speclimit

Designs,

deviation

and show no significant

is determined

pages 45-47]

=22.4 Z/.64=35.

Using the standard bonding process,
post-seal bond strength measured.
For each tire

needed

Herealower

Thirty fivedevices

(each having

is calculated

departure

bondpullof2grams.
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areused

100 wires)

awoss

inthis

are submitted

the 35 devices.

from normality.

capability
to package

study.
seal, and
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For each tire

position

a “Z” is calculated:

Z = (xbar - LSL) / sd
Foreatitim
position apmbatility
oftirefailue
ofnomal
probabhty tables areuti~ued
inttisexample
example there will be 100 values.
The probability

of device failure

P(Device

Failure)=

is calculated

Summation

by summing

of P(failure

= .00005 for this example
For this example
is less than .0001.

P

it has been demonstrated

isdetemined
bemuse

by finding theprobatifity
of being below the Zvalue.
oftietistributions
being noma!lydstibuted.
Forthis

the 100p

Use

values for failure of a wire position

of wire position)
or 50 parts per million

that the.pmbability

of any device

failing the minimum

post-seal

bond strength

I

+d-+

Z

gm

4.52

I
\

FIGuRE

2023-3.

gm

Grams

100
ppm
level
of
distribution

Bond strenath

versus

probability.
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LID TORQUE
1. PURPOSE.
rnepumose
packages.
Tfdsisa
destructive

oftMstest
tesl.

2024.2

FOR GIASS-FRIT-SEALED

istodetemine

theshear

strength

PACIC4GES
of theseal

ofglass-fit-sealed

microele&mnic

2. APPARATUS.
~etestequipment
shall wnsistofsuitable
fixed oradjustable
damps and fifiums tosearedevi=s
while apply ingatoque
tothe seal area. Thetoque
metianism
andholting
fitiures should pmvideadequate
suppofi to the
base and lid (espeuafly
for ffat packs, chip carrier packages, or other thin profile packages) to assure that the torque is
apptied pmdOminantly
tOtheseal
torsion wrench or torque-applying

aRatithOut
mechanism

signifiant
bending,
capable of applying

w~ingor
a toque

displaement
of thepa&age
being tested. A
of at least 12.8 newton meter(114
in-lbfJ with a

gauge capable of measuring the force with an accuracy and pretision of *5 percent of the reading or +f2.2 newton meter,
tiitieveris
greater, shall beusedtoapply
towuetothelid.
Forsrnaller
seal areapackages
atomionwrenchor
toque-applying
mechanism with sufkient
capacity to separate the package and with an accuracy and precision of *5
per-ntoftie
reating orti.2netion
meter wtitieveris
greater, may beusedto
allow foramom
amumtereading.
torque mechanism
shall have a peak indicator for retaining the maximum stress applied or other equivalent stress
system.

The
recordhg

3. PROCEOURE.
rnedeviu
shall beheld bythedevi@
body andlomue
apphedto thelidofthe
devieorvimvema.
The Id torque fixtures shall be placed to assure that it only applies torque to the side area of the package hd, base, or
spacer. Contact tothesealing
glass should be avoided. Thelidtorque
fixture maytouch
thepackage
leads butnot in such
away lhatsignifiant
toqueis
tmnsfemd
d=tilytimugh
the leads. Thetoque
shall reapplied
gradually andsmoothfy
until pa&age
separation omuffi, ortheeating
oftho12.8nWon
meter toQuehmit.
Thetorque
required forpackage
sepamtion orthereating
of the12.8netion
meter toquehmit
shall be matied.
Thetorque
shall beapptied
such that the
axis of rotation is perpendicular
to the sealing plane and the axis of rotation shall be located at the geometric center of the
sealing area (see figure 2024-2).
3.1 Separate qlass seals. Forpa&ages
tithmore
than oneglass-frit-seal
(e.g., separate glas5-frit-seals
forthe lid and
thelead time),
eachseal
shall betoqued
andrated separately against the failumtiteria.
Afailure
ofeitherseal
shall
institute
faikueof thet est. Alternatively,
the~seals
may&
simultaneously
stm%edby
holding only thelid and base
and applying the torque specified for the larger seal area.
3.2 Failure uiteria.
Adevimwhem
patiage
separation or breakage owumata
toquevalue
lessthan
specified in table
Ishallconstitut
e afailure. lftheenti=
pa&age
(lid, seal, and base) breaks inatimtion
nomalto
theplane
of the applied
toque (i.e., showing evidence of impropetiy applied torque) with parts of lid and base still fused together, the package may
be discarded without counting as a failure and a replacement sample substituted to Wmplete the required testing.
4. SUM fvfARY.

rnefolloting

a.

Theminimum

b.

Number

c,

Requirement

toqueif

ofdevic?sto
fordata

details shall bespetified
otierthan

thevalue

intheapphmble

awuisitiondocument

sped fiedintablel.

detested.
recmdingwhereapplicable.
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TABLE

I. Minimum

tomuelimits

alarea,

Toque

Design seal area
(cm2)
Newton meter
(N-m)
<0.22

Inch-pounds
(in-lbf)

units are presented

force

Meter-grams
(m-gf)

4

0.5
0.7
1.0
1.7
2.5
3.4
4.4
5.9
7.4
8.8
10,8
12.6

0.221-0.32
0.321-0.47
0.471 -O.B5
0.651-0.85
0.851-1.08
1.081-1,41
1.411-1,73
1.731-2,05
2.051-2.50
2.501-3.00
>3.00

Various

vemmdesianse

50
70
100
170
250
350
450
BOO
750
900
1100
1300

6
9
15
22
30
39
52
65
76
96
114

for the mnvenience

of those using conventional

toquewrenches
scaled inmetric or English system units. Allvalueshavebeen
rounded off from the direct conversion values beginning with N-m and are
acceptable

for use in quality

conformance

and qualification

1 m-gf = 0.009807 N-m
1 in-lbf=O.1130
N-m

METHOD 2024.2
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inspection.

force
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Seal area = ed - XY
If the cavities in the hd and base
are not equal, the area “X~ shall be
determined from the larger of the
cavities in the Kd or base.

. . luO PIECE PACKACE

b,

lHREE PIECE PACKACE

FIGURE

2024-1.

Desiqn seal area.
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AxIS

OF ROTATION

+

GEOHETRIC
OF SEALING
APPLIEO

TOROIJE >
SEAL

FIGURE

METHOO 2024.2
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2024-2.

Application

of torque.

CENTER
AREA
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METHOD
ADHESION
1. PURPOSE,

This destmctive

test is intended

2025,4

OF LEAD FINISH

to determine

the integrity

of all primary

and undercoat

2. APPARATUS,
TMS test requires suitable damps and hardware necessav
to apply the bending
specified bend angle. Optical equipment capable of magnification
of 10X to 20X.
3. PROCEDURE.

Unless

otherwise

specified,

the bend stress

shall be applied

to randomly

selected

lead finishes.

stress

through

the

leads from each

device selected for test and shall be performed after application of the primary finish and after sealing.
Unless otherwise
specified, the sampling shall be sample size number=
15, C = O based on the number of leads tested chosen from a
minimum of three devices.
The leads shall be bent in the least rigid direction.
If there is no least rigid direction, they may be
bent in any direti!on,
The coated lead shall be bent repeatedly in the same diretilon
(or plane) through an angle of at least
90” at a radius of less than four times the lead thickness or diameter at approximately
the mid point of the lead lengths until
fracture (i.e., lead breaks off) of the base metal occurs.
3.1 Failure criteria.
No cracking, flaking, peeling, blistering, loosening, or detachment of the coating(s) at the interface(s)
shall result from probing the bendhmak
area with a sharp instrument.
Cracks in the base metal shall not be considered
a
failure unless accompanied
by cracking, flaking, peeling, blistering, loosening, or detachment
of the primary coating(s) or
undercoating(s).
NOTE: In tin lead or heavy tin coatings, the failure CIileria bsted should not be confused with shearing
associated with fatigue fractures and sfi~planes
which develop into cracks and result in rupture.
4. SUMMARY.

The following

a.

Sampling

witeria,

b.

Failure criteria,

details shall be specified

if other than spedfied

if other than specified

in the applicable

acquisition

and tearing

document

(see 3).
(see 3.1)
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METHOD
RANDOM

2026

VIBRATION

1. PURPOSE.
This testis mnducted
for the purpose of determining the abifity of the microcircuit
to withstand the
dynamic stress exerted by random vibration applied between upper and lower frequency hmits to simulate the vibration
experienced
in various service-field
environments.
Random vibration is more characteristic
of modem-field
environments
produced by missiles, high-thrust jets, and rocket engines.
In these types of environments,
the random vibration provides
more realistic test. For design purposes, however, a swept frequency sinusoidal test may yield more perlinent design
information.

a

2. APPARATUS.
2.1 Vibration system.
The vibration system, consisting of the vibration machine, together with iks auxiliary equipment
shall be capable of generating a random vibration for which the magnitude has a gaussian (normal) amplitude distribution,
except that the acceleration
magnitudes of the peak values may be hmited to a minimum of three times the mm (three-sigma
(a) timits). The machine shall be capable of being equalized so that the magnitude of ita spectraldensity
curve will be
between

specified

hmits (fOr eXaMple,

see figures

20261

and -2).

When the teSt item, or a substitute

equivalent

mass, is

appropriately
seared
tO the vibration machine.
The equalization
of an electmdynamic
vibration machine system is the
adjustment of the gain of the electrical amplifier and control system so that the ratio of the output-vibration
amplitude to the
input-signal
amplitude is of a constant value (or given values) throughout the required frequency spectrum.
2.1.1
a.

Control

and analvsis

of vibration.

Spectraldensity
curves. The output of the vibration matine
shall be presented graphically
as power-spectral
density versus frequency.
~/ The spectraldensity
values shall be within +40 and -30 percent (*1.5 dB) of the
specified values between a lower-specified
frequency and 1,000 Hz, and within +100 and -50 percent (+3 dB) of
the specified values between 1,000 and an upper-specified
frequency (2,000 Hz). A filter bandwidth will be a
maximum of one-third-octave
or a frequency of 25 Hz, whichever is greater.

~/ Power-spectral
density is the mean-square
value of an oscillation passed by a narrow-band
filter per
unit-filter bandwidth.
For this application it is expressed as G2/f where G’/f is the mean-square
value
of acceleration
expressed in gravitational
units per number of cycles of filter bandwidth.
The
spectraldensity
curves are usually plotted either on a Ikqatithmic scale, or in units of decibels (dB).
The number of decibels is defined by the equation

G’/f

G:/f

The nns value of acceleration

within a frequency

G-

band between

=

is a given reference

value of power-spectd

density,

—
Gr/fi

f, and f, is

~G21JdJ
[1J,

where G,’/f

G/~

= 20 log

dB = 10 log —

“2

usually the maximum

specified

value.
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b.

DMibution
curves. A probability densitydistribution
curve may be obtained and compared with a
gaussiandistribution
curve. The experimentally-obtained
curve should not differ from the gaussian
than +10 percent of the maximum value.

curve by more

2.2 Monitotinq.
Monitoring involves measurements
of the vibration excitation and of the test-item performance.
specified, the device shall be monitored during the test. The details of the monitoring circuit, inckfing
the methcd
points of cm?nection

to the specimen,

When
and

shall be specified.

2.2.1 Vibration input. The vibration magnitude shall be monitored on a vibration machine, on mounting fixtures, at
locations that are as-near as practical to the device mounting points. When the vibration input is measured at more than
one point, the minimum input vibration shall be made to correspond to the specified test curve (see figures 2026-1 and
2026-2).
For massive test-items and fixtures, and for large-force excitem or multiple-vibration
exciters, the input-control
value may be an average of the average magnitudes of three or more inputs. Accelerations
in the transverse
direction,
measured at the test-item attachment points, shall be fimited to 100 percent of the applied vibration.
3, PROCEDURE.
The device(s) shall be rigidly fastened on the vibration Platfom and the leads adequately secured.
The vibration machine shall then be operated and equalized or compensated
to deliver the required random frequencies
and
intensities conforming to the curves spetified in test condition 1, figure 2026-1 or test condition 11,figure 202S-2. The
device(s) shall be subjected to a random vibration spetified by the test condition letter (see tables I and 11)for a duration of
15 minutes in each of the orientations X, Y, and Z. Where this testis performed as part of a group or subgroup of Iests, the
post-test measurements
or inspections
need not be performed specifically
at the conclusion of this test.
3.1 Examination.
After completion of the test, an external visual examination
of the marking shall be performed without
magnif~th
a viewer having a magnification
no greater than 3X and a visual examination
of the case, leads, or
seals shall be performed at a magnification
between IOX and 20X. This examination
and any additional specified
measurements
and examination
shall be made after mmpletion
of the final cycle or upon completion of a group, sequence,
or SUbgfOUp of tests which

include

this test.

3.2 Failure criteria. After subjection to the test, failure of any specitied measurement
or examination
(see 3 and 4),
evidenof defects or damage to the case, leads, or seals, or illegible markings shall be considered
a failure.
Damage
marking caused by iixtufing or handling durfng tests shall not be cause for device rejection.
4, SUMMARY.

The following

details

shall be specified

a.

Test rendition

b.

Measurements

c.

Test condition

d.

Test duration

if other than specified

e.

Requirement

for test to be conducted

in the applicable

acquisition

document

(see 3)
after test (see 3 and 3.1)
I or II and letter (A-K).

with device

powered

METHOD 2026
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I I I 11111

I

I

I

I 1111~

I=t#w
‘I=kkw-1111

?.

II

I

#

I

111111

I

-\

Yiz4ciB/ocrAvEl
I
$
\

\
\

I

o .10
10

z

3

4

56’

89100

2

3

VIBRATION

FIGURE

20261.

Test condition
TABLE

I

0=1000

FREOIJENCY

1, random
1. Values

‘56’

vibration

IN

3

45678=

HZ

test-wwe

for test condition

2

envelope

(see table II

L ~1

CharacleristiTest
candition
letter

Power
spectral
density

A
B

.02
,M

c

.06
.1
.2
.3

D
E
F

Overall
rms G
5.2
7.3
9.0
11.6
16.4
20.0

LLLi__M
II

For duration

of test, see 4
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1

6
s
4
‘
z

,,
w
24

0.101
10

d9/OCTAVE

I

,
I ,,

‘-

‘

? .~l

111

I

202&2.

I

I

1 1111

I

I

I

I 1111

1

I

2

‘

~iiiii

‘

1 I 1111

I

I

I

‘6’

t

3

456’

QS100
VI ERATION

FIGURE

I

Test wndtion
TABLE

Il. random
II. Values

FREOUENCY

vibration

B91000
IN

envelooe

H. II

=
.04
.06
.1
.2
.3
,4

8.3
10,2

LLL
:
D
E
F
G
H
J
K

II
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For duration

.6
1,0
1.5

of test, see 4.

13.2
18.7
22.8
26.4
32.3
41.7
51.1

1

11

?

1 I 1111

!Iiilll
“6’09

HZ

test-cuwe

for lest condition

I

(see table 11).
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METHOD
SUBSTRATE

2027.2

A~ACH

STRENGTH

1. PURPOSE.
The pwpose of this test is to determine the strength of the element attachment system when subjected to
force in the Y1 axis. This method is applicable to semiconductor
die attached to headem or substrates by means of organic
materials.
Uses include material evaluations
and process mntrol.
2. APPARATUS.
The test equipment shall cansist of a tensile strength tester capable of applying a force equal to 1,000
psi (6895 kpa) times the area of the largest die to be tested with an accuracy of *5 percent or 1.75 ounces (50 gm) force,
whichever is less. The test equipment shall have the folloting
capabilities.
a.

A range of replaceable

die mntact

tools such that each mntacting

surface

shall be 60 to 100 percent

of the area of

the die under test.
b.

Provision to assure
substrate.

c.

A rotational

that the die contact

capability

between

tool is held perpendicular

the die contact

to the die mounting

tool and the headerl

substrate

3. PROCEDURE.
The test shall be canducted by placing a small amount
tool vhich is then attached to the die surface (figure 2027-1). After suhicient
vertical pull force as defined herein.

holding

plane of the header

or

fixture.

of a quick setting adhesive on the contacting
adhesive curing the sample is subjected to a

3.1 Force applied. A force sutitient
to Mt the die from its mounting or equal to twice the minimum specified
strength (figure 2027-2) whichever occurs first, shall be applied to the die using the apparatus of 2 above.

tensile

3.2 Failure criteria.
If the separation occurs between the die surface and the die contacting tool at less than tice
the
minimum specified tensile strength, the particular die pull test will not be counted in the sample as either passing or failing.
The following criteria constitute a failure when the die is lifted from the headerlsubstratc
a.

Separation

b.

Separation at less than 200 percent of the minimum die attach strength
evidence of attachment at the interface between the die attach medium

3.2.1

Remrdinq.

4. SUMMARY.

at less than the minimum

When specified,
The following

a.

Minimum

b.

Number

c.

Requirements

the force required

details

die pull strength

die tensile strength

shall be specified

to achieve

(1 .OX) as shown on figure 2027-2).

separation

in the applicable

(2. OX) as shown on figure 2027-2
and the die or headertsubstrate.

will be recorded

acquisition

with the failure

and no

category.

document

if other than that shown on figure 2027-2.

of die to be tested and the acceptance

number.

for data recording.

METHOO

2027.2

22 March

1989
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“TACH

HEADER

FIGURE

METHOD
22 March

2027.2
1989

2027-1.

Die contacl

t4EDIuH

OR SUBSTRATE

tool adhered

to die IOP surface

Prior 10 Ml off.

Ml L-STO-S83E

w51

I

I

w;

I

I 11111

I

I xl

II

22.3
15.01

n

-1

I

lx104sqin
100 sq roils
6.5x 104sqcm
NOTE:

lxl~sqin
1,000 sq roils
6.5x l@sqcrn

I

I
lxlU’3qin
10,000 sq roils
6.5x lU2sq cm

I

lxlo’’sqin
100,000 sq roils
6.5X

10’ Sqcm

1 sq in
1,000,000 sq roils
6.5 sq cm

The X-axis is a log scale and intermediate
points not shown must be calculated based on the formulas,
(1.0 X y = 3.32 logX + 13,3, 2.0X y = 6.63 logX + 26.6) not extrapolated
fmm the graph.
FIGURE

2027-2.

Oie attach strenqth

titeria

(minimum

force versus

die attach area)
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METHOD
PIN-GRID

PACKAGE

2028.4

DESTRUCTIVE

1. PURPOSE.
This method provides a test for determining
capability of the package leads to withstand an axial force.
2, APPARATUS.

The apparatus

for this test shall ansist

package lead. A calibrated measurement
equipment capable of measuring stresses
iO.25 kgf, whichever is greater.

LEAD PULL TEST

the integrity

of suitable

of pin-grid

equipment

type package

for supplying

leads by measuring

the specified

stress

the

to the

and indication of the applied stress in grams-force
(gf) shall be provided by
up to hvica the specified minimum limit value, with an accuracy of *5 percent

or

3. PROCEDURE.
~estress
shall beapphed totheleads
to betested
mndomly seletied
fromaminimum
of3devims
prior tostarlofthetest.
Tension only shall beapptied,
tithout
she&, toeatilead
to betested
inatimtion
pamlleltothe
axis of thelead.
rnetension
shalIbe inwased
until tieminimum
amptable
pull strength is=ached
oruponsepamtionof
thelead fromthe
braze pad. Thetension
shall beappfied a$close totheend
of thelead as possible.
3.1 Failure
wos5-setional
be 4.3 kgf,)

titeria.
rneminimum
a@ptable
lead pull strength
lead ama(e.g.,
theminimum
pull stmngti
ofalead

4. SUMMARY.
a.

Number

b.

Measured

The following
andselection
leadpull

detilsshall

bespeufied

of leads, indifferent
stmngti

andminimum

shall bel.70X
tithanavemge

intheapph=ble

107grams-fora
cross-setional

persquaminchof
aRaof 2.5x l~in>v.ill

aquisitiondocumenl

from above,
mquimdpull

stmng~,

ifdiffe~nt

tim

above.
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METHOO
CERAMIC

CHIP CARRIER

2029

BOND STRENGTH

(DESTRUCTIVE

PUSH TEST)

1. PURPOSE.
The purpose of this test method is to measure strengths of bonds external
packages (e.g., solder bonds fmm chip carrier terminals to substrate or wiring board).

to Ieadless

microelectronic

2. APPAPATUS.
The apparatus for this test method shall consist of suitable equipment for applying the specified stress
to the device terminals.
A calibrated measurement
and indication of the applied stress in grams force (gf) shall be provided
by equipment capable of measuring stresses up to twice the spetified hmil value, with an accuracy of *5 percent or ?l125 gf,
whichever is the greater tolerance.
3. PROCEDURE.
The test shall be conducted using the following test procedure.
All push tests shall be counted and the
specified sampting, acceptance,
and added sample provisions shall be observed, as applicable.
A minimum of 4 chip
carriers (or use all chip carriers if 4 are not available) on each of a minimum of 2 completed substrates or wiring boatis shall
be used. Where there is any adhesive, encapsulant,
or other material under, on, or surrounding
the chip carrier such as to
increase the apparent bond strength, the bond strength test shall be performed prior to application.
3.1 Test samples.
When packages
following renditions
shall apply

are bonded to substmtes

or wiring boards other than those in completed

a,

The sample of packages for this test shall be taken at random
the mmpleted
devices that they are intended to represent.

b.

The patiages
for this test shall be bonded on the same bonding
time period within which the completed devices are bonded.

c,

The test package
during

3.1.1

Samgle

substrates

shall be processed

the same time period tithin
preparation.

Substrates

and handled

which the completed

must be prepared

device

from the same chip carrier

apparatus

identically
substrates

devices,

population

as the completed

with the completed

as that used in

devia?s,

device

the

during

the

substrates,

are processed.

as follows

a.

A roughly circular area comprising 50 percent, +5 percent, -0 percent of the bonded side of each package to be
tested shall be exposed by either end-mill drilling of the test substrate or other suitable means. If it is not possible
to expose the ceramic in this manner, the packages shall be bonded onto test substrates into which the proper
hole(s) and hole size(s) has (have) been manufactured,
providing all other conditions of 3.1 have been met.

b.

Suitable support must be provided for the test substrate so that there is a minimum of !lexure of the substrate
during the test. This support, if necessary, maybe provided by bonding the substrate to a rigid metal plate having
a hole pattern matching that of the test substrate.

c.

A cylindrical rigid metal test post must be prepared for each hole size, which will be inserted through the support
plate and test substrate holes. The post will be used to transmit the specified stress from the stress-source
equipment to the exposed package surface. The diameter of the post shall be 85 percent (+5 percent, -O percent)
of the corresponding
test hole diameter.
The length of the post shall be suficient
to extend 1 inch (+100 percent,
-0 percent) from the open end of the test hole when the post is inserted completely
into the hole.

3.2 m.

The test shall be performed
shall be pushed

in the following

manne~

a.

A single package

during each test sequence.

b.

A layer of teflon tape in accordance with MIL-T-27730
carrier surface and the test post prior to testing.

or equivalent

shall be placed between

the exposed

chip

METHOD 2029
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c.

Insert test post into test hole.

The contact

of the test post to the ceramic

chip carrier

shall be made without

appreciable
impact @O.1 inchf minute). With the stressing element of the test equipment traveling at a con~tant
rate of 0.02 *1 percent incldsecand,
apply sufkient
force to chip canier (through test post) to break all chip canier
to substrate bonds on at least three edges of chip carrier under test. WIIen failure occurs, the fores at the time of
failure and the failure category shall be remrded.
Any test resulting in the fracturing of either the chip carher or
test substrate shall be considered unacceptable.
The data fmm the test shall be discarded, and the test performed
again.
3.3 Failure criteria.
Any push test tich
results in separation with a bond strength of less than 30 kg-force per linear inch
(1 180 g-force per linear mm) of solder pad width shall constitute a failure. The bond strength shall be determined
by dividing
the separating force by the total of the solder pad widths as measured on the substrate at the package edge, in a direction
parallel to the package edge.
3.3.1 Failure
the predominant

cateqow.
category

a.

Device fracture.

b.

Failure

c.

Terminal

d.

Failure

e.

Conductor

f.

Fracture

4. SUMMARY.

.

Failure categories areas follows.
of separation shall be recorded.

in package-bond

the stress

required

to achieve

separation

and

interface.

break at point not affected
in bond-substrate

canductor

by bonding

pmcass.

interface.

Mted from board or substrate.
within board or substrate.
The following

a.

Minimum

b.

Sample size number
other than 4.

c.

Requirement

METHOO 2029
29 May 1987

WIIen specified,

details

bond strength

shall be specified

if other than specified

and accept

for reporting

number

of separation

in the applicable

in 3.3 or details

and selection

acquisition

of required

and number

forc%s and failure categories,

document

strength

of devices

disbibutions

if applicable

to be tested on each substrate,

vd!en applicable

(see 3.3.1).
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METHOO
ULTRASONIC
1. PURPOSE.

The purpose

of this examination

attach material of semiconductor
devices through
ultrasonic inspection of semiconductor
devices.
a,

For certain die attach materials,

2030

INSPECTION

OF DIE AITACH

is to nondestructively
the measure

a dramatic

distinction

diffmult to ?mMeve. TMs factor should be considered
this test method is spetified.

detect unbended

of acoustic

between
in relation

continuity.

well-bonded

regions

and voids in the die

It establishes

and poorly

methods

bonded

to the design of each device

and titeria

conditions

for

may be

when application

of

b.

The term “die attach interface” as used in this document refers to the entire area between the silicon die and the
substrate to which it is banded. TNs includes the interface between the d!e attach material and the d!e, the
interface between the die attach material and the substrate, plus the die attach material itself.

c.

The term ultrasonic inspection as used in this document refers to high frequency ultrasonic visualization
(imaging)
which produces a grey scale output SUCJIas may be provided by ultrasonic scanning (US) or C-SCAN, scanning
laser acoustic miwoscopy
(SLAM), or C-mode scanning acoustic microscopy
(C-SAM).

2, APPAFL4TUS.

The apparatus

a.

Ultrasonic
frequency

b,

Output devica

and materials

for this test shall include:

imaging equipment with a test frequency sufiitient
to penetrate to the die attach interface.
The test
and focal distance shall be adequate to detect voids as small as 0.0254 mm (0.001 inch) in diameter.
A hard mpy

grey scale recording

unit or other direct rewrding

device

(mmputer

storage)

shall be

used to produce an image for analysis [manual or automated). The dynamic range of the output image shall be at
least sixteen discernible colors or levels of grey. The image shall be large enough to be viewed at 10X or lower
magnification,
c.

Ultrasonic detector
Shall be capable of detecting an acoustic signal which enters the back or bottom of ihe
package and is reflected by or transmitted through the die attach interfaca
The reflected mode of imaging shall be
used where the opening of a sealed, hermetic device is undesirable.

3. PROCEDURE,
The ultrasonic generator, receiver, and fine scan recorder settings (when used) shall be selected or
adjusted as necessary to obtain satisfadow
images and achieve maximum image details within the sensitivity
requirements
for the device or defect features the testis directed toward. In the case of reflection mode or transmission
mode images,
care must be exercised

to insure that the ultrasound

penetrates

and is sensi~we to the entire die attach interface.

3.1 Mountirm and views. The devices shall be mounted in the holding tank so that the devices are not damaged or
contaminated
and are in the proper plane as specified.
The devices may be mounted in any type of fixlure provided the
fixtures do not block the view from the ultrasonic transducer to any portion of the body of the device. The mupling fluid in
the holding tank shall be distilled water or other suitable noncorrosive
liquid. The devices shall remain in the coupling fluid
for as short a time as possible.
Subsequent to the ultrasound inspectkm, proper cleaning and drying of the samples are
required.
3.1.1 ,All devices, shall have one view made with the amustic signal penetrating the device in a direction
perpendicular
to the plane of the die attach, and for which there is acoustic continuity from the case exterior surface to the
die attach interfam (generally, the Y1 direction with the die attach parallel to the X2 plane). For devices with no sealed air
gap above the active surface of the semiconductor
element (unlidded devices), a view made with the acoustic signal
directed from or through the active surface of the semiconductor
element to the die attach interface may be spetified.

METHOO 2030
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3.2 Rewrdinq
and markinq.
The acoustic image shall be printed by equipment
a resolution of 150 data elements per inch nominal. The image shall be identified
whiti
the image is printed with the following information:
a.

Device manufacturers

b.

Device

c.

Production

d.

Ultrasonic

e.

Device

f.

Ultrasonic

name or mde

identification

using dry electrosensitive
paper and with
by unambiguously
martdng the paper on

number,

type or part number.
lot number

or date cede or inspection

image view number

serial or cross
Iaboratow

lot number.

and date.

reference
identification,

number%

where applicable.

if other than device

manufacturer

3.2.1 Nonmintt echniaues,w hens Decified.
~euseofother
than paper Emtingtetiniques
ispemiHed
ifpemanent
records are not required and the equipment is capable of producing results of equal quality when compared to printed
recording techniques,
and all requirements
of this method are complied with, except those pedaining to the actual recording.
3.2.2 Serialized devices.
Wendeviserialization
ismquimd,
eatideviW
shall bemadily
identified byaserial
number.
Theyshall
beimaged
inconsecutive,
increasing setial order. W?Ienadevice
ismissing,
the blank space shall cQnfainthe
serial number orother maWngto
=adilyidentiti
andamelate
ultmsonic image data. When large skips occur within
serialized devices, the serial number of the last device before the skiP and the first device after the skip may be used in
place of large physical spacing of the devices.
3.2.3 Calibration.
~enspetified,
atleast oneopen hddeviof thesametype
setup th-tion
instruments.
Thedevim
may beasmp,
nonoperational
internal landmarks and insure the equipment is propedy operating.

andmnstmtion
devi@wtiti
till

should beavailableto
beusedtoidenti~

3.3 ~.
Amustic
fmquenw
gate setings,
m=iveratienuation,
andother equipment setings shall bese!etiedto
achieve resolution of 0.0254mm
(0.001 inti)in
major dimension, optimize thesignal
refletied bomthetie
aflatiintetiam,
andtodema*
image features tithasgmat
arnntmst
as possible.
Ultrasonic images shall bemadefor
each view required.
3.4 Operatinq personnel.
Peffionnel whotill
pedomultrasonic
inspetion
shall have tmining inu!trasonic
imaging
procedures
and techniques so that defects revealed by this method can be validly interpreted and compared with applicable
standads.
The following minimum vision =quirements
shall apply forvisual
acuiQof pemonnel inspeting
images
a.

D@.tant vision

shall equal at least 20/30 in both eyes, corrected

b.

Near vision shall be sucJ that the operator
uncorrected.

c.

Vision tests shall be perfomned by an ocutist, optometrist,
oncea year. Peffionnel authorized tomnduti
ultmsonic
specified in 3.4a and 3.4b.

or uncorrected.

can read Jaeger type number

2 at a distanca

of 16 inches,

corrected

or other professionally
recognized personnel at least
imaging tesbshall
berequimd
topasstie
vision testi

3.5 Intemretation
ofultrasonic
imaaes. Ultmsonic images shall beinspetied
todetemine
that eatidevi-wnfomsto
thisstandati
anddefective
devices shall bemjected.
lnteW=tation
of theimage
shall bemadeunder
mtiemtefightlevel
conditions without aglareon
theremiding
paper's surface. Theimage
shall beviewed
atamagnification
betw'eenlX
lox.
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3.6
.

Rerxmlsofrecmds.

3.6.1 Reverts of inspection.
Fordass
level Sdevi-s,
orwhenspecified
forotherdeviE
class levels, themanufatiu=r
shall fumishinspec.tion
mportswilh
each shipment of devices.
Thereport
shall desctibe theresults
of the ultrasonic
inspection,
and fist the purchase order number or equivalent identification,
the part number, the date code, the quantity
inspected, thequantity
rejected, andthedate
of test. Foreati
mjededdevi=,
thepati
number, theserial
number when
applicable,

and the cause for rejection

3.6.2 Acuustic
images andacopy

shall be Med.

micro.araPh and report retention.
Wenspetified,
of the inspection report. ~e5eshall
beretained

themanufatiu=r
shatl~tiin
forthe period specified.

asetoftheultmsonic

3.7 Examination
andacc-sptance
criteria.
lntheexamination
ofdevi=s,
the fo!lornng aspetishall
unacceptable
die mounting, and devices that exhibit any of the following defects shall be rejected.
Voids
~enimaging
When such devices

.

devi-sultmsonially,
Wtiaintypes
ofmounting
matedal maynotgive
are inspected, the mounting shall be notecl on the inspection report.

a.

Contact

b.

A single void which exceeds
percent of the total intended

c.

Vulen the image is divided into four equal quadrants
exhibiting rnntact areavoidsinexmssof
70pe-nt

area voids in excess

In case of dispute,

the percent

4. SLIMMARY,

nefollow`ng

of 50 percent

of the total intended

15 percent of the intended contact
contact area (see figure 2030-1).

of voiding

bespetified

intheapphmble

Number

b.

Marking,
required.

c.

Oefects

d.

Image and report retention,

if applicable

e.

Test reports when required

for class level B devices.

if other than indicated

if other than indicated

to be sought

area, or a single mmer

void in excess

of 10

from the image.

a~uisitiond0wment

in 3.1.1.

in 3.2 and marking

in the samples

of voids.

area.

by actual measurement

a.

of views,

twerepmsen&tion

by bisecting both pairs of opposite edges, any quadrant
of theintended
quadrant mntatiarea
(see figum2O3&l)

shall be determined

detilsshall

mntact

bewnsidered

and criteria

of samples

for ac4eptanc8

to indicate

they have been ultrasonically

or rejection,

if other than indicated

imaged,

if

in 3.7.

(see 3.6.2).
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REJECT

:

SINGLE
VOID
LARGER THAN 15 PERCENT
OF TOTAL
INTENDED
CONTACT AREA.

REJECT :

CORNER VOID
LARGER
THAN 10 PERCENT
OF TOTAL
INTENDED
CONTACT AREA.

NO SINGLE
OF TOTAL

VOIO
LARGER THAN 15 PERCENT
INTENOEO
CONTACT
AREA.

CORNER VOIO
OF AREA LESS THAN 10
OF TOTAL
lNIENOEO
CONTACT AREA.

Nssl

n vOIO

OR UNBONOEO

AREA.

REJECT:

OUAORANT MORE THAN
70 PERCENT UNBONOEO,

ACCEPT:

ALL OUAORANTS
LESS
PERCENT
uNBONOEO.

FIGURE
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2D3W1.

VoidcFieria.

THAN

70

PERCENT
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METHOD
FLIP-CHIP
1. PURPOSE.
subs-~ti

2031.1

PULL-OFF

The purpose of this testis to measure the strength
it is attached in a face-bond configuration.

TEST
of internal

bonds between

a semiconductor

die and a

2. APPARATUS.
The apparatus for this test shall mnsist of suitable equipment for applying the spedfied stress to the
bonds. A calibrated measurement
and indication of the applied stress in grams force (gf) shall be provided by equipment
capable of measuring stresses up to twice the specified minimum limit value, with an accuracy of *5 perc8nt or iO.25 gf,
whichever

is the greater

tolerance.

“ 3. PROCEOURE.
The test shall be mnducted
using the follow’ng pmcedum.
All die pulls shall be munted and the
specified sampling, acceptance,
and added sample provisions shall be observed, as applicable.
The sample size number
and accept number spedfied shall determine the number of die to be tested (not bonds].
For hybrid ar multiti!p
devices, a
minimum of 4 die or all die if four are not available on a minimum of 2 completed devices shall be used. Al) pull tests shall
be performed prior to the application of encapsulant,
adhesive, or any material which may increase the apparent bond
strength.
men

flip chips are bonded
a.

b,

other than those in mmpleted

devices,

the following

conditions

shall apply

The sample of tips
for this test shall be taken at random from the same cAip population
mmpleted
devices that they are intended to represent.

as that used in the

The chips for this test shall be bonded

devices,

peticd
c.

to substrates

within which the completed

on the same bonding

devices

apparatus

as the completed

during

the time

are bonded.

The test ctip substrates shall be pm=sed,
meta[lized, and handled identically with the completed device
substrates,
during the same time peffcd within vAM the wmpleted
device substrates are processed.

3.1 =.
The calibrated pull-off apparatus (see 2) shall include a pull-off rod (for instance, a current loop of nichmme
or Kovar w“re) having a cross-sectional
area of 75 percent, +3 percent, -5 percent of the chip surface area. The md shall
make connection with a hard setting adhesive material (for instance, a cyanoa@
ate or other adhesive possessing
high
tensile strength) on the back of the flip chip. The substrate shall be rigidly installed in the pull-off fxiure and the pull-off MCI
shall make firm mechanical
connection to the adhesive material.
The die shall be pulled without shock, within 5“ of the
normal at a rate of 500 grams *100 grams per second, until the die separates from the substrate.
When a failure occurs,
the force at the time of failure, the calculated force fimit, and the failure catego~ shall be recorded.
3.2

Failure criteria.

500 kglinz x average
3.2.1 Failure
the predominant

Any flip-chip
solder

Cateaow.
category

a.

Silicon

b,

Lifled metallization

c.

Separation

d.

Failu=

pull which results

bump area (in’) x number

in separation

under an applied

of solder bumps shall constitute

Failure categories areas follows
When spedfied,
of separation or failure shall be recorded.

stress

less than

a failure.

the stress

required

to achieve

separation

and

broken
fmrn chip.

at bond-chip

within

interfacs

bond,
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e.

Separation

f,

Lifled metal fization

9.

Substrate

4. SUMMARY.

.

at bond-substrate

from substrate,

broken.
The following

a,

Minimum

b.

Sample

c.

Requirement

METHOD 2031,1
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interface.

details

bond strength
size number

shall be specified

if other than specified

and accept

for reporting

number

of separation

in the applicable

acquisition

in 3,2 or details of required

and selection

and the number

forces and failure categories,

document.

strength

distributions

of die to be tested,
when applicable

if applicable.

if other than 4

(see 3.2.1).
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METHOD
VISUAL
.

INSPECTION

2032.1

OF PASSIVE

ELEMENTS

1. PURPOSE.
The purpose of this testis to inspect passive elements used for microelectronic
applications,
including
RF/mic$owave,
for the visual defects destibed
herein. This test can be performed at the unmounted element level, or prior
to sealing or encapsulation,
on a 100 percent inspection basis, to detect and eliminate elements with visual defects that
could lead to failure in normal application.
It may also be performed on a sample inspection basis at the unmounted element
level, or prior to sealing or encapsulation,
to determine the effectiveness
of the manufactu=<s
quality control and handling
procedures
for passive elements.
Msual inspection titeria
are presented in four sections.
The first (see 3,1), conc?ms
planar thin film elements (resistom, capacitors,
inductom, single-level patterned substrates and multilevel patterned
substrates).
The secnnd (see 3.2), wncems
planar thick film elements (resistom, capacitors,
single-level
patterned hard
substrates,
and multilevel patterned hard substrates).
The third (see 3.3), wncems
nonp!anar elements (ceramic chip
capacitom, tantalum chip capacitors,
parallel plate chip capatitom,
chip resistom, inductors, and transformers).
The fourth
(see 3.4) concerns surface acoustic wave (SAWI elements.
The inspection criteria contained in each section define the
visual requirements
for class H and class K elements (classes of passive elements refer to screening requirements
of
MIL-PRF-38534).
2. APPARATUS.
The apparatus for this test shall include optical equipment capable of the specified magnification(s)
and
any visual standards (drawings, photographs,
etc.) necessary to perform effective inspection and to enable the operator to
make objective decisions as to the acceptability
of the element being inspected.
Adequate fwturing shall be provided for
handling

elements

during

inspection

to promote

efMent

operation

without

inflicting

damage

to them.

3. PROCEDURE.
a.

-.
The element shall be inspected in a suitable sequence of obsewations
within the specified magnification
ranges to determine compliance with class H or class K visual requi~ments.
If a specified visual inspection
requirement
is in conflict with element design, topology or mnstmction,
it shall be documented
and specifically
approved by the acwiring
activity.
Inspection for all of the visual defect criteria in this test shall be performed
elements to which they are applicable.
Where a criterion i5 intended for a specific element type, process, or
technology,
it has been so indicated.

b.

c,

Seauence of inspection.
Theotier
intichtiteria
varied at the discretion of the manufacturer.
Inspection

mntrol.

lnall

Wses,

inspetiions

aEp=sented

prior tothefinal

isnotarequimd

pm-seal

inspetion

otierofinspetiion

shall bepetiomed

on all

and maybe

under the same

quality pmgramthat
isrequired
at final pre-seal inspection.
Careshall
beexercised
after unmounted element
inspection to prevent any handling induced defects from occurring and to insure that defects created during SUCJ
handting till bedetetied
andrejetied
at flnalpr*seal
inspetion.
lfanelement
iselectmstatic
discharge (ESO)
sensitive,
d.

then appropriate

precautions

shall be taken.

Inspection environment.
Unmounted element inspetiion
shall bemnduaed
inaclass
100,000 minimum
environment,
as defined in Federat Standati
209, except that the maximum allowable relative humidity shall not
exceed 65 percent.
Mounted element inspection shall reconducted
inacfass
100,000 minimum environment
for
class Hand aclasslOOminimum
environment
forclass
K. During thetime intewal between final pre.seal
inspection and preparation for sealing, mounted elements shall be placed in a cantmlled environment
(see 3,i.( 7)).
Both mounted and unmounted elements shall be in covered containers when transported
fmm one controlled
environment
to another.
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e.

Magnification,

'' High magnifimtion"

inspetion

shall bepetiomA

PeVentiWtar

tOtieelement

titiilluminati0n

normal tothe element surface.
Other angles attitithe
inspetion
mnbepetiomed,
andattiti
theelement
can be illuminated, may be used at the option of the manufacturer
if the visual presentation
is the same as used in
theoriginally
specified conditions.
'aLowmagnifimtion'o
inspetion
shall bepetiomed
titheitier
amonocu!ar,
binocular, or stereo mic$osmpe with the element under suitable illumination, tilted at an angle not greater than 30”
fromthe perpendicular.
~emagnifimtion
mngesto
beusedfor
inspetiion
amspetified
atthestitiofeach
section
.

.

f.

and are called out at the start of each major criteria

grouping.

Reinspection.
~eninspetion
forp&ud
a=ptanm
orquality
verifi-tion
of thevisual
mquimmentshereinis
canducted subsequent to the manufacturers
suassful
inspection, the additional inspection shall be performed
the magnification
specified herein, unless a spetific magnification
is required by the acquisition document.

9.

Exclusions.
~e@mnditional
exclusions have been allowed, spetific instition
astothe
for wNch the exctusion can be applied shall be documented
in the assembly drawing.

h.

Format

and conventions.

Foreaseofundemtinting

andwmparison,

visual titeria

lo=tion

at

andmntitions

aEp=sent4sid*by-sidein

acmlumnarfomat.
Class Htiterion
ampmsented
inthelefl
wlumnand
class Ktiterion
ampresented
in the
right mlumn.
~enthem
amdi*mn@s,
theapphmble
pa~oftie
class Htiterion
areundefined,
foreaseof
wmparison
anddariW,
andthetiffeEn=s
only a*shMin
thedass
Kalumn.
When there amsimilarities,
the
phmse"same
asclass
Hisusedtith
noundetining
of thedas
H titerion.
lfarequi~ment
isnotapplicableto
either product cJass, this isindimtedby”N/A;
Anotein
thectass
HcOlumn isappficable
todass
Kunless
otherwise specified inthecfass
Kcolumn.
Anotein
thecfass
Kcnlumn
inapplicable
toclass
Konly,
Two kinds of
notes areusedhefein,
mgularnotes
(NOTE: )andpmautionav
notes (Precautionary
NOTE:). A regular
note isaintegral
part ofactiterion.
Apmmutionav
note isnotan
intQmlpati
of thetiterion
butsewestoaleti
tieuserto
amquimment
of the Geneml Spedfimtion
for Hybrids, MlL-PRF-385W.
Thephrases’’exceptby
design:
‘intended by design;
“by design,” or “unless otherwise specified by design” require that the element
drawing be= ferenced todetermineintent.
Forinspections
performed atlOOX, thectiteria
of''O.lmilof
passivation,
sepamtion,
ormetaY
issatisfied
byaa'fine ofpassivation,
sepamtion,
ormetal."
Reference hereinto
Ihat exhibits” is satisfied when the visual image or visual appearance of the element under examination
indicates a
spetiflc wndtion
i9p=sent
that does notrequim
mnfimation
byanyotier
methM obtesting.
kVhen other
methtis
oftestare
used tomnfim
that adefeti
does notexist, they shall beappmved
bytieaquiring
ativity.
In
the figures, cross-hatched
areas represent metaltization,
blank areas represent resistor material and shaded areas
represent exposed undedying material.
~eleHem
'Y', ay, or"zoo Epmsent fiedimension
ofintemst
andtheletier
“d’’represents
theoriginal
dimension.
Mostrigures
showthe reject rendition only.
i,

De finition.s
(1)

Active circuit area is all functional circuitry, operating metaltization,
or any connected combinations
of these.
In the case of resistors, it includes all resistor material that forms a continuous Path between two metallized
areas (usually

bonding

pads).

(2)

Block resistor is a solid, rectangularly
shaped mtistor, which, for purposes of trimming, is designed to be
much wider than would be dictated by power density requirements
and shall be identified in the approved
manufacturers
Precap visual implementation
document.

(3)

Bondina pad is a metaltized area (usually located along the periphew
connection Is to be made by the user of the element.

of the element)

(4)

K!@@!!9 is wmP1ete

tO be Wnnetied.

(5)

Conductive
conductive

METHOD 2032.1
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mnne~On

substrate isonethat
substrates.
Alumina

be~en

ci~it

features

canc.onduct electricity.
andqua*,
forexample,

nOt intended

Copper ordoped
amnonmndutive

at which an electrical

silirnn, forexample,
are
flnsulating)
substrates.

MIL-STD-663E

(6)

Contact window
allowing mntact

is an opening (usually square) through
by deposited material to the substrate.

(7)

Controlled environment
is one that is in accordance with the requirements
of Federal Standard 209, class
1000 environment,
except that the maximum allowable relative humidity shall not exceed 65 percent.

(6)

Corrosion is the gradual
of a corrosion product.

wearing

(9)

_

Of numemus,

is the p~sen~

away of metal, usually

minute,

the oxide (or insulating)

by chemical

intermnne~ed

layer for the purpose

action, with the subsequent

of

production

SUdaC13wa*.

(lo)

Crossover
‘tion

is the transverse crossing of metallization
paths, without mutual electrical contact,
of an insulating layer between the metaltization
paths in the area of crossing.

(11)

-

(12)

~
field.

(13)

Foreiqn material is any materiat that is foreign to the element or any non foreign material that is displaced
fmmitsotiginal
orintended
position intheelement.
Itiswnside=d
attached when itcannot beremovedby

is fragments

of original

or trim-modified

is an insulating material
lt-nbeused
inmossoveffi,

resistor

or conductor

achieved

by

material.

that does not conduct electricity but may be able to sustain
asapassivation
oraglassivation,
orin=patitoB.

anominal
gas blow (approximately
20psig) or byanepproved
cleaning proess.
material is any substance that appeaffi opaque under those conditions of lighting
routine visual inspection.
Patiicles aremnsidemd
to beembedded
inglasstiation
color fringing around the peripheiy of the parlide.

an electric

Conductive foreign
and magnification
used in
when them iseviden=of

(14)

Glassivation
is the top layer(s) of transparent insulating material that covers the active circuit area, including
metallization,
butnot bonding pads. Cmzingis
thepresene
ofnumerous
minute m&sin
theglassivation.
Cm&sare
fissures intheglassivation
layer resulting komstmss
mleaseor
pooradhesion.
Thecrackscan
form loops over metallized areas.

(15)

~fi
is the dear area in a trimmed resistor resulting fmm the removal of resistor material by the timming
operation.
lnlaser timming,
theketi
is bounded bythe~flow
zone (titiis
tiamtietied
by adherent,
melted resistor material), the scorched heat-affected
zone (which is characterized
by dismloration
of the
resistor film without alteration of its physical form), and the undisturbed zone.

REFLOW

-

r

ZONE

SC ORCHEO.
AFFECT ‘ED”

HEAT
ZONE

-)0
kKERF-1

UNDISTURBED
ZONE
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(16)

@is

a nonteating

(17)

Metal fixation, multilevel (mnductom)
is alternate layers of metallizalion,
or other material used for
intemnnetion,
that amisolated
timeati
other byagmmor
deposited insulating material.
The term
“overlaying
meta!lization”
refers to any metallization
layer on top of the insulating material.

(18)

Metallization,
multilayered
(mnducfoffi)
is two or more layers of metallization,
or other material used for
intewnnetiion,
that amnotisolated
fmmeach
other byagmmor
deposited insulating material.
The term
“underlying
metallization”
refers to any metallization
layer below the top layer of metallization.

(19)

Metal fixation, ooeredinq (conductors}
is all metallization
(gold, aluminum, or other material) used for
interconnection.
Bonding pads arecmnsidered
to beoperating
metallization.
Alignment markers, test
patterns,

surface

and identification

disturbance

markings

such as an indentation

are not conside=d

or a buff mark.

to be operating

metallization.

(20)

Narrowest resistor width is the narrowest portion of a given resistor prior to tdmming; however, the
narrowest resistor width for a block resistor may be specified in the approved manufacturers
design
documentation.

(21)

Neck40wn
istapering
ofaresistor
tineata
me&llization
on both sides of the line and is less abrupt than a void.

intedae.

(22)

Nickinq (Dartial cut) is incomplete or inadvertent
of the next ladder rung of the same resistor.

of a resistor

(23)

Nonplanar

(24)

Oriqinal

separation

(25)

Oriqinal

width is the width dimension

(26)

Oxide defect
edges.

(27)

Passivation
is the silicon oxide, silicon nitride, or other insulating
on the element prior to the deposition of metal.

(28)

Passivation

(29)

Passive elements are planar resistom, capacitors,
inductom
and patterned substrates (both single-layer
and multilayer),
and nonplanar chip capaclors,
chip resistom, chip inductom, and transformers.

(30)

Patterned substrate is a substrate on which conductom
and components
are formed using thick or thin film manufacturing
techniques.

(31 )

Planar

(32)

Protrusion
‘defect.

(33)

Resistor ladder is a resistor structure resembling a ladder in appearance that can be trimmed in incremental
steos. Awa=eladder
stmtiure
isOnein wtititrimmina
ofawngresulB
inalame
incmmentalmsistanm
chinge(one
thatcanc.au%3
anout+If-tolerance
rnnditio;
to0ccUri.
Afineladder
=twcture isoneinwhich
trimming of a rung results in a small incremental msistan~
change (one that can not cause an
out-of-tolerance
condition to occur).

element

is one that is essentially
is the separation

is an ihegulady

step is a change

element

or

of the passivafion

tvm-dmensional
Protrusion
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by design.

by design.

shaped defect in the oxide characterized

acircuitfeature.

taper istypicallyequal

adjacx?nt to the one being bimmed

or space that is intended

that is intended

in thickness

material

three-dimensional.

dimension

is one that is essentially

isajuttingadof

timming

Resistor

by tvm or three colored

material,

that is grown

tinges

or deposited

at it

directly

layer by design.

such as resisto~

with all points in a cammcm
istypically

caused

or Capacftom,

plane.

byaphotolithographicor

MIL-STD483E

(34)

Resistor ladder rung is that portion
incremental
change in resistance.

(35)

Resistor IOOD is a resistor structure resembling a loop in appearance that can be ttimmed.
A coarse
structure is one in which trimming results in a large resistance change (one that can cause an
out-of-tolerance
condition to occur). A fine loop sbwture
is one in whicA trimming results in a small
resistance change (one that cannot cause an out-o f-tolerancz condition to occur).

(36)

Resistor material, self Dassivatinq is one on which a cunfarmal
as tantalum nitride on whiti tantalum pen!oxide is grown).

(37)

Scmchinq

(38)

Scratch, metal fization is any tearing defect, including probe marks,
on the metalliZatiOn surface is not considered to be a swatch.

(39)

is discoloration

Scratch,

r&sistor

of a resistor

of laser trimmed

is any tearing

defed

ladder structure

thin film resistor

in the resistor

film.

intended

to be laser trimmed

insulating

material

layer can be thermally

without

alteration

in the surface

A mar on the

to rasult in an

loop

grown

of ik physical

(such

form.

of the metallization.

A mar

resistor surface is not considered to

be a scratch.
(40)

=
is that portion
to be laser trimmed.

of a resistor

ladder structure

to Mch

nmga are attached.

S!debam

are not intended

(41)
(42)

Surface Amustic Wave [SAwl element is a planar element fabricated typically using thin film manufacturing
techniques on various substrate materials.
Size varies as a functkm of frequency and design features
include interdigitated
fingers.

(43)

m

(44)

7hicx film is conductive,

is a metal area used to provide

temperature

resistive

an electrical

or dielectric

material

access
screen

point to functbnal

utcuitry.

printed onto a substrate

(45)

7hin film is conductive,
resistive or dielectric material, usually less than 50,000A
‘d
onto a substrate by vacuum evaporation,
sputtering, or other means.

(46)

Undertyinq material
resistor, passivation

(47)

~
is an opening in the insulating material in which a vertical conductive
metallization
layer to another in a multilayer substrate is made.

(48)

Vitrification

(49)

Void, metallization

Void, resistor
tYPiCdY

is any layer of material below the top-layer metallization.
or insulating layers, or the substrate itself.

is conversion

tYPicallY are caused
(50)

and fired at

to fuse into iis final form.

into glass or a glassy

is any missing

is any missing

are caused

metallization

by Photolith%lraphic,
resistor

electrical

where the underlying

where the underlying

screen,

that is

includes

metaltization,

connection

from one

by heat and fusion
matetial

sc$een, or mask related defects,

material

by photolithographic,

substance

‘flis

in thickness,

material

or mask related defects,

is visible

(exposed).

Voids

not by scratches.
is visible

(exposed).

Voids

not by swatches.

I
I

~-——
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(51)

WmDarOUnd

(52)

Coudina (air) bridae is a raised layer of metalliiation
used for interwnnection
surface of the element by an air gap or other insulating material.

(53)

~ is a depression produced in a substrate
nonuniform processing such as excessively

(54)

Substrate, hard is the inorganic, rigid material
Typical materials are alumina and silicon,

(55)

Btister, metallization

(56)

Nodule,

conductor

is one which extends

around the edge of the substrate

surface typically by nonuniform
powered laser bim pulses.

by design.
that is isolated

deposition

into or upon which or both, functional

from the

of metalliiation

circuits

or by

are formed.

is a hollow bump that can be flattened.

metallization

is a solid bump that cannot be flattened.

3.1 Thin Iilm element inspection.
Inspection for visual defects described in this section shall be conducted on each planar
thin film passive element.
The ‘“high magnification”
inspection shall be within the range of 100X to 200X for both class H and
class K. The “low magnification”
inspection shall be within the range of 30X to 60X for both class H and class K. When
inspection is performed prior to mounting, then elements utilizing ceramic or glass type substrates, without backside
metallization,
shall be inspected using backlighting
for conditions of hair-line voiding or bridging.
Patterned substrates
that
have geometries
of 2.0 roils or greater shall be inspected at 10X to 60X magnification.
m
3.1.1

3.1.1.1
.

a.

W

Operatinq metallization
defects “hiah
magnification”.
No element shall be acceptable
that exhibits
NOTE
The metallization
defect criteria contained
in thk section apply to operating metalliiation
only.
Metallization
A scratch

scratches,
or probe mark in the metal fixation,

a.

Same as Class

excluding bonding pads, that both exposes
under-lying
material anywhere along its length and
leaves less than 50 percent of the original
metallization
width undisturbed
(see 2032-1 h).
NOTE
These criteria donotapplyto
capacitors (see 3.1.1.1 e).
NOTE
Underlying material
exposed

does nothave

to be

along the full length of the suatch

ED
;:; NG

FlGURE2032-lh.

Class Hmetallization
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scAch

criteria.

H

MIL-STD-S83E

m
3.1.1.1

b.

M

Scx’atch inthebonding
pad area
that both exposes underlying material
reduces the melallization
path width,

3,1.1.1

b.

and

Less than 75percent
figure 2032-2k).

(see

where it enters the bonding pad, and leaves
less than 50 Dercent of its original
meta!tization width. Iftwo or more
metallization
paths enter a bonding pad,
each shall be considered separately
(see figure 2032-2h).

‘-/YA x <

///A

l-d-l

FlGURE2032-2h.

Class HmetaNizationwidth
reduti!on at bondina pad

!22/
FlGURE2032-2k.

c.

Scratch ihatcampletely
crosses
meta!lization
and damages the
metaltization
on either side.

c. Nonapplicable

d.

Scratches orprobemarks
in the
bonding pad area that expose
underlying material over greater
than 25 percent of the original
unglassivated
metaltization
area.

d. Same asclass

3/4d

‘os EO
IERLYING
MATERIAL

Class Kmetallization
reduction at bondinq
*.

tidth
Dad

H.

METHOD 2032,1
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3.1,1.1

3.1.1.2

.

a,

e.

Forcapacitom
only, ascratch
in the
metallization,
other than in the bonding
pad area, that exposes the dielectric
material.

Metallization

Void(s) inthemetallization,
excluding
bonding pads, that leaves less than
50 percent of the original m-on
width undisturbed
(see figure 2032-3 h).

Void(s)

in the bonding

2032-3h.

pad area that reduces

the metallization
path width, where it
enters the bonding pad, to less than 50
of its original metal~h.
If two or more metallization
paths enter a
bonding pad, each shall be considered
separately.
NOTE
Figures 2032-2h and 2032-2k
illustrate metallization
width reduction
at bonding pad criteria for scratches.
Void ufteria are similar.

METHOD 2032.1
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e.

Same asclass

voids.

FIGURE
b,

3.1.1.1

a.

Class H metallization
b.

Same

as Class H

void titeria.
Less than 75 percent

H.

MIL-STD-S83E

M

W
3.1.1.2

c.

Void(s)

in the bonding

pad area that

3.1.1.2

c.

Same as class

H.

d.

Same as class H.

e.

Less than 75 percent
figure 20324k).

expose undetiying material over greater
than 25 percent of the original
unglassivated
metallization
area.
NOTE

For RFlmic$owave

eleMentS

on nonconductive

substrates, a void created in the bonding
pad area as a result of wire bond removal for
performance
optimization
or tuning, is not
rejectable provided that the void remains
entirely visible.
d.

For capacitors

only, void(s)

in

metallization,
other than in the bonding
pad area, that reduces the metallization
to an extent greater than an area
equivalent to 25 percent of the
capacitor metallization.
e,

For interdigitated
capacitors only, void(s)
in the metallization
that leaVeS _

(see

50 uement of the original metallizaticm
width undisturbed
(see figure 2032 -4h).

FIGURE

20324h.

Class H interdiqitated
caDadtor
metallization
void criterion.

FIGURE

20324k.

Class K interdiqitated
capacitor
metallization
void criterion.
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m
3.1.1.3
a.

3.1.1.4
a.

Metal fization

corrosion.

Any metallization

Metallization

corrosion

a.

Same asclass H.
NOTE: Metallization
having any localized
discolored area shall be closely examined and
rejected unless it is demonstrated
to be a harmless
film, glassivation
interface, or other obscuring effect.

a.

Sameasclass

H.

a.

Same asclass

H.

adherence.

Any metallization

IiRing, peeling,

or blistering.
NOTE
Nodules

are acceptable.

In

order to determine if a bump in the
meta[lization
is a blister or a
nodule, attempt to flatten the bump
with a nonmetallic
instrument.
If
the bump flattens, then it is a blister.
NOTE
These ctiteria are nonapplicable
to undercutting
or separation induced
anomalies (for example, metallization
lifting due to scribe and break or diamond
sawing) since these are not indicative of
adhesion problems.
3.1.1.5
a.

Metallization

protrusion.

Protrusion ofmetallization
that reduces
the original separation between adjacent
operating metallization
by greater than
50 percent (see figure 2032-5h).

FlGLfRE2032-5h.

Class Hoperatina

METHOO 2032.1
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metallization

protrusion

uiterion.

M[L-STO-683E

3.1.1.5

b.

3.1.1,5

For interdigitated
capacitom Only,
protrusion of metallization
that reduces
the original separation by greater
50 percent (see figure 2032-6h).

3.1.1.6
a.

Metallization
Amntact
FE?@!!

Same as class

H.

than

Y-

REJECTY < d/2

FlGURE2032.6h.

b.

Class Hintetiiqitated

wpadtor

metallization

protwsion

criterion

a!ifmment.
windawthat

a.

haslessthan50

Of its a ma Wvered

Lessthan75percent

by metal~ua~On.
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m
3.1.1.6

b.

Qlj@f
3.1.1.6

Amntact
tindowthat
haslessthana
continuous 40 Dercent of its Dedmeter
covered by metallization
(see figure
2032-7h).
NOTE. When, bydesign,
metallization
is completely
contained in a contac!
window, ordoesnot
rnver the entire
contacl perimeter, 3.1.1.6a, area
coverage, or 3.1. 1.6b, perimeter
coverage, can be deleted as applicable
provided that the design criteria are
satisfied.

b.

50percent
ofitspetimeter
(see figure 2032-7k).

)ERIMETER

[HE

I

1

REJECTX,+ “,

FIGURE

.

c,

3.1.1.7
a.

2032-7h.

< 0.412X

REJECT.l+
“,
< 0.5[ZX

+ Zyl

Class H metallization
criteria

aliqnment

FIGURE

A metallization
path not intended to cover
a cantact window that is separated from
the window by less than 0.1 mil unless
~.
Metallization

bumps

2032-7k

Glass K metallization
@@.

c.

Same as Class H

a.

Same as class H.

or indentations

For capacitors only, a bump or indentation
in the overlaying metallization.

METHOD 2032.1
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3.1.1.8

a.

M

Metallized throuah-hole
defects,
miqh magnification”.
No element
acceptable that exhibits

Through-hole
metallization
that is not
vertically mntinuous
or that does not
cover at least a continuous
of the inside, circumferential
area unless by design.

3.1.1.9

a.

shall be

a.

Same as class H.

a.

Same as class H

50 percent
surface

Wrawamund
connection defects,
“hiqh magnification”.
No element
acceptable that exhibits

shall be

Unmetallized
area in the edges of
wrap-around
connections
greater than 50
percent of the largest dimension of the edge
metallization
(see figure 2032 -Sh).

WRAP -AROUNO
CONNECTION

REJECTX > d/2

FIGURE

2032-Sh.

~

Class H wrap-around

“*

connection

unmetallized

area CdteI’iOn.
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3.1.2

a.

W

Passivation
defects “hiah magnification’”.
No element shall be at%eotable that
exhibits:
Either multiple

fines (color fringing)

a.

or a

Sameasdass

H.

Wmplete absence of passivation
visible at
the edge and continuing under the
metallization
(see figure 2032-8Ah).
A passivation
defect that exhibits a tine
of separation fmm the metallization
is
acceptable.
NOTE
These Uiteria apply to conductive
substrate

elements

only.

NOTE: Double orttiple

lines attheedge

of the passivation
defect indicate it can
have suffcient depth to penetrate down to
the bare substrate.

FlGURE2032-8Ah.

Class Hpassivation
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m
3.1.3

Glassivation
de fects, ”’hiqhmaqnification”.
No device shall be acceptable that exhibits
NOTE: CtiteIia of3.1.3can
beexdudedwhen
de fectsare
duetolaser
trimming.
Inthiscase,
the defects outside the kerf due to laser

the

trimming shall not be more than one half the
remaining resistor width and shall leave a
primary resistor path free of glassivation
defects, equal to or greater than 50 percent
of the narrowest resistor width,
(see figure 2032-9h).

LASER
GLASS

INDUCED
IVATICIN

DEFECTS

Yz
— A
>)

[
REJECTY1 < 0.5

FIGURE

a.

2032-9h.

,,1
,;l+i

y2

RE; EC TYz < d/2

Class H laser trimmed

a.

Glass crazing or damage that prohibits the
detection of visual criteria contained herein.

alassivation

defect Miteria.

Same as class H
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m
3.1.3

b.

Anylifting
orpeeling
of theglassivation.
NOTE
Lifiingo
rpeelingofthe
glassivation
is acceptable tien
it does not
extend more than 1.0 mil from the designed
periphery of the glassivation,
provided that
the only exposwe
of metallization
is of
adjacent bonding pads or of metallization
leading from those pads.

c.

Avoid intheglassivation
that exposes
two or more adjacent operating
metallization
paths, excluding bonding
pad cutouts,

unless

3.1.3

b.

Same asclass

H.

c.

Same asclass

H.

d.

Samnascfass

H.

by design.

d.

Unglassivated
nonadive circuit
than 5.0 roils in any dimension.
design.

e,

Unglassivated
pad exposing

areas attheedge
ofabonding
the conductive substrate.

e.

Same asc!ass

H.

f.

Glasaivation
of a bonding

covering more than 25 percent
pad area.

f,

Same as class

H.

g.

Crazing

g.

Same asdass

H.

h.

Misalignment
of theglassivation
results in inmmplete
coverage
resistor, unless by design.

h.

Same asclass

H.

i.

Glassivation
scratches or voids that
expose any portion of a resistor or
fusible link except for polycrystalline
silicon links where the glassivation
is
opened by design.

i.

Same as class H.

i.

Scratches in the glassivation
that disturb
metallization
and bridge meta!lization
paths.

i.

Same as class H.

k.

Cracks (notcrazing)
intheglassivation
that form a closed loop over adjacent
metallizaticm paths.

k.

Same asclass

inglassivation

areas greater
unless by

overaresidor.
that
of a

METHOD 2032.1
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m
3.1.4

.

a.

Substrate de fecfs”hiqh
magnification”.
No element shall be acceptable that exhibits
Less (ban ~
of separation between
the operating metallization
and the edge
of the element unless by design
(see figure 2032-1 Oh).

a.

Same as Class H.

b.

Same as class H

NOTE: Forelements
containing
wraparound
conductors
or for bonding pads
of RF/microwave
elements that are rnintident
with the element edge (as documented
on the design drawing) this criteria does
not apply. When bond padmetallizationis
coincident with the element edge, a
minimum separation of 1.0 mil shall exist
between the bonding pad metallffation
at
the element edge and any noncommon
conductive

b,

surface.

A ChiPout that extends into the active
circuit area (see figure 2032-10 h).

~~

-v
IY

Bzz

—

❑
❑
❑

~

—

—J

FlGURE2032-10h.

REJECTy<
O.l
UNLESS

MIL
BY OESIGN

REJECTCHIPOUT
INTO
ACTIVE
CIRCUIT
AREA

n

Class HseDaration

andchiDout

criteria.

METHOO
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m
.

3.1.4

W
c,

Same as Class H.

Any crack that does not exhibit~
of separation fmm any atiive urcuit
area or operating metallization
(see
figure 2032-11 h).

d.

0.25mil

Anv crack exceed ina 1.0 mil in Ienoth
etimding
from the ~lement edge ~retiy
towards the active circuit area or
operating metal! ization (see figure
2032-11 h).

e.

Same asc!ass

c.

Any crack that exceeds 5.0 roils in Ienqth
(see tig.re 2032-11 h).
NOTE
For fused quartz orcrystalline
substrates,
no cracking is allowed.

c1

e

3.1.4

(see figure 2032-l

H.

REJECT[

CRACK
< 0.1

EXHIBITING
MIL SE PARA’
REJECTCRACK
>
IN
LENGTH

REJECTCRACK

❑
❑
❑

ION
5.0

MILS

Jl__l
l’>

1.0

MIL

LENGTH
ANO
EXTENOING
TOWARO
ACTIVE
CIRCUIT
AREA
IN

ELEMENT

I

FlGURE2032-llh.

Class H crack criteria
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3.1.4

f.

N/A

3.1.4

f.

SemicirC!Jlar cra&Orrnmbinationof
c$acks along the element edge whose total
length is equal to or greater than 75
percent of the narrowest separation
between any two banding pads (see figure
2032-12k),

REJECTx23/4y

*X+

T

0000011
Y

FlGURE2032-12k.

Class Ksemicircularcrack
-.

g.

Unattached
portion ofan active circuit
area from an adjacent element.

g.

Sameasclass

H.

h,

Anycrack
edge.

h,

Same asclass

H.

i.

Holes through
design.

i,

Same as class H.

that does notoriginate

the substrate,

atan

unless by
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m
3.1.5

Foreiqn

material

No element
a.

M
defects

“low magnification”.

shall be acceptable

that exhibits

For mounted elements, unattached,
conductive
foreign material on the surface

a.

Same asclass

H.

of the elements.
For unmounted elements,
unattached, conductive foreign material
on the surface of the element that is
large enough to bridge operating
metallization
paths, active circuitry,
or any combination
of these.
NOTE: Ifanelement
has an insulating
layer (such as glassivation
or selfpassivation)
that covers operating
metallization
paths, active urcuit!y,
or any cambinafion
of these, then the
presence of unattached, conductive
foreign material, that is large enough
to bridge these features, is acceptable
since the features are protected by the
insulating layer.
NOTE
All foreign material shall be
considered to be unattached unless
otherwise verified to be attached.
verification
of attachment shall be
accomplished
by a light touch with an
appropriate
mechanical device
(i.e., needle, probe, pick, etc.), or
by a suitable cleaning process approved
by the acquiring activity, or by a
blow-off with a nominal gas blow
(approximately
20 psig).
NOTE
Removal ofunattached
foreign
material may be attempted using the
techniques for verification of attachment
discussed above.
NOTE
Semiconductor
considered

to be foreign

particles

are

material.

b.

Attached, inductive
foreign material that
bridges metallization
paths, active
circuitry, or any combination
of these.

b.

Same asclass

H.

c.

Liquid droplets, ink drops, or chemical
stains that appear to bridge any
unglassivated
or unpassivated
active
circuit areas.

c.

Same asclass

H.

d.

Attached fomignmaterial
thatcovefsgreater
than 25 percent of a bonding pad area.

d.

Same asclass

H.

METHOO 2032.1
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W
3.1.6

.

Thin film resistor de fects,’’hiqh
magnification”.
No element shall be acceptable that exhibits
a.

Voids attheterminalt
hatreducesthe
resistor width to less than 50 pem?nt
the original resistor width (see figure
2032-13 h).

/-

a.

Sameas

Class H

of

VOIO

/
+

t

/
/

d

Y
/

&’J

+

REJECTy < d/z

FlGLJRE2032-13h.

b.

Class Hfilmmsistor

Mdthmdution

atteminal

b.

Neckdown attheterminal
thatreducesthe
resistor width to less than 75 percent of
the oriqinal resistor width (see figure
2032-14 h).

bvvoidsdterion.

Sameas

Class H.

/-NECKDOWN

h
//// ;i

///
/

REJECT-

y

FIGURE

2032-14h.

<

Class Hfilmresistor

3/4

d

tidthmdution

atteminal

bvnectinq

titerion

METHOO 2032.1
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m
3.1.6

c.

M
3.1.6

Anysha!p
(dearly derined) color change
within O.1 mi!of the terminal.
NOTE
Asharpmlor
change dosetothe

c.

Same asclass

H.

d.

Same asclass

H.

e.

Same asclass

H.

terminal usually indicates an abrupt
reduction of resistor film thickness.
Thk color change usually occurs in a
straight Me parallel to the terminal.
A gradual color change, or a nonunifom
or mottled ca!or anywhere in the resistor,
is not cause for rejection.
d.

Anyn?sistor
blistering.

fdmlifting,

peeling

or

e.

Reduction ofresistor
width, resultingfmm
voids, scratches, oralasertdmketf
ora
COmbinatiOn of these, that leaves less than
50 percent of the narrowest resistor width
(see figure 2032-1 5h).
PRECAUTIONARY
NOTE
Themaximum
allowable
current density requi=ment
shall not be exceeded.

REJECTy < d/2

FlGURE2032-15h.

Class Hresistor

width reduction

METHOD 2032.1
1 June 1993
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bvvoids

andscmtches

criteria.

MIL-STO-683E

M

W

.

3.1.6

f.

f.

3.1.6

Contact overlap between themetallization
and
the resistor in which the width dimension ‘“y”
is less than 50 t.ercent of the original resistor
width (see figure 2032-16 h).

Same as Class H.

I

I

y

FlGURE2032-16h.

g.

<

d/2

Class Hmetal/resistor

overlap

g.

Contac.t ovedapbetween
themetallization
and the resistor in which the length
dimension ‘Y is less than 0.25 mil
(see figure 2032-17h).

titerion.

Sameasclass

H.

-lxt-

x < 0.25

FlGURE2032-17h.

MILS

Class Hmntact

I

overiapcriterion.
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m

m
3.1.6

h.

h.

3,1.6

Morelhan
a50percentredudion
of the original separation,
between any two different resistom,
or a resistor and metallization
not associated with it

Same asclass

H.

(see figure 2032-1 8h).

[II

u,

--Al+

REJECT%ORv <d/Z

FIGURE

i.

2032-1 8h

Class H resistor

separation

i.

Any resistor that Uosses a substrate
irregularity (such as a void or scratch)
(see figure 2032-19h).
NOTE: This criterion is applicable
conductive substrates only.

criteria.

Same as class H.

to

B

SCRATCH

,.. .

VOIDS

FIGURE

2032-19h.

Class H substrate
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irreqularitv

criterion,

I

MIL-STO-683E

m

_
3.1.6

i.

Any increase
resistor
original

in resistor

3.1.6

width of a block

i.

Same as cfass H.

meater than 25 oercent of the
~esistor width (see figure 2032 -20h).

REJECTy>5/4d

FIGURE
k.

2032 -20h.

Class H resistor

width increase
k.

PmkwJing resistor material tithin the same
resistor structure that reduces the original
separation to less than 50 percent (see
figure 2032-21 h).
NOTE
This criteria applies to protrusion
resistor material resultirm from a Dh0b3
Mhogmphic defect,
-

uitetion.
Same as class H

of

u
REJECTX

FIGURE

2032-21 h. Class H orotusion

<

d/2

of resistor

material

titerion.
METHOD 2032.1
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‘f’ ;

MIL-STO-S83E

3.1.6

3.1.6

8tidging within the same resistor patiem
where the w“dth of the bridge is less than
50 percent of the narrowest line being
bridged (see figure 2032-22h).

1.

Same as class H.

Ill I I I

‘Y3

l#_J-r!iF
y]

I/J

Fzi

REJECTyl
< d/Z

FIGURE 2032 -22h.

3.1.7

ACCEPTy2
AND

d

Class H bridqinq

Laser trimmed thin film resistor defects,
“hiqh macmification”.
No element shall be acceptable
that exhibits
NOTE Thelaser trimdefect
titerfacontaintiin
this section apply to active resistor areas only.

METHOO 2032,1
1 June 1993
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of resistor

y3

~

material

d/2

Oiteda.

MIL-STO-E83E

W

m
3.1.7

a.

Akerfwidth
less than O.1 mil (see
figure 2032-23h).
NOTE
Thisdoes
notapply toedgebimming.

3.1.7

a.

Same asclass

H.

/KERF\

R
+.+

REJECTx<O.1

MIL

1.-....1
1 -...-.1
1.-.
.

II

.1

(

‘EOGE

TRIM
‘E”

FlGURE2032-23h.

b.

Class Hkerftidthtiteria

b,

A kerf containing particles of detritus.
NOTE: Forresistor
materials that are
self-passivating
(such as tantalum nitride),
detritus in the keti is allowed provided
that a dear path of at lea5t 0.1 mil in
width exists inthekerf.
Such detritus
shall reattached.
Verific.ationof
attachment
shall be accomplished
using
the techniques destibed
in 3.1.5a
(see figure 2032-24h).
NOTE
Thisdoes
notapply to edge

Same asclass

H.

trimming.

METHOO 2032.1
1 June 1993
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m
3.1.7

b,

(Continued.)

b<
I-’’RFl
OQ
D

x

p~

DETRITUS

REJECTx<
O.l

FIGURE

2032 -24h,

Class H detritus

criterion

MIL

for self-passivatina

resistor

materials

NOTE
In the case of a resistor loop made with
self-passivating
resistor material which is
similar in con figumtion to the one shown
in figure 2032-25h, there shall be at least
one kerf that contains a clear path of at
least 0.1 mil in wfdth: otherwise, the element
shall be rejected.

-lKERF-DETRITUS

REJECTx<

O.l

MIL

FIGURE 2032-25h

METHOD 2032.1
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W

W
3.1,7

c,

3.1.7

Bridging of detritus between rungs in the
active area of a resistor ladder structure
(see figure 2032-26h).
NOTE: Bddging ofdebitu$i
areas is acceptable.

c,

Same asdass

H.

nonactive

I

r

INACTIVE
AREA

L
\

L

REJECTBETWEEN
AREA

FlGURE2032-26h.

ACCEPTBRIDGED
DETRITUS
BETNEEN
RUNGS
IN INACTIVE
BRIDGE
RUNGS

AREA

DETRITUS
ACTIVE

IN

Bridqinq ofdettitus
between runqsin
resistor ladder structure criterion.

theactiveareaofa

METHOD 2032.1
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3.1.7

d.

,3.1.7

Nonicking
orscorching
isallowedexceptas
permitted below.
NOTE: Thkdoesno tapplytomngsina
fine resistor ladder structure [see fimm?
2032.27h).
NOTE: See3.i.[33)
fora definition of
coarse and fine resistor ladder stmctures.
The element drawing must be referenced
determine if a given resistor ladder
structure is coacse or fine.

d.

Sameasclass

H.

to

COARSE
LAOOERS

FINE
LAOOERS

REJECT

ACCEPT

NICKING

F%
SCORCHING

REJECT

FIGURE 2032-27h.

Class

H resistor

ladder structure

METHOD 2032.1
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nickinq

ACCEPT

and scorchirm

C$iteria exceptions.

M[L-STD-S83E

W
3.1.7

d.

(Continued.)
NOTE
This criteria does not apply to the
second mng of a resistor loop since the
second rung is inactive.
This criteria
does not apply to a fine loop or to a
resistor structure that is comprised of fine
loops (see figure 2032-28h).
NOTE
See 3.i.(35) for a definition of
caarse and fine resistor looP stmctures.
The element drawing must be referenced
to determine if a given resistor looP
structure is coarse or fine.

11”
COARSE
LOOPS

FINE
LOOPS

I

NICK IN
FIRST
IACTIVEI
RUNG

REJECT

ACCEPT

SCORTCH
IN FIRST
[ACTIVE)
RUNG

REJECT

ACCEPT

NICK
IN
SECONO
II NACTIVE1
RUNG

SCORTCH
IN SECONO
(INACTIVE]
RUNC

FIGURE 2032-28h

b

E
31

ACCEPT

ACCEPT

ACCEPT

ACCEPT

METHOD 2032.1
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W

3,1.7

d.

(Continued.)
NOTE
This criterion does not apply to the last
rung of a resistor ladder if the last nmg
is inactive (see figure 2032 -29h).

LAST

-

LAST

RUNG

~

ACCEPTNICK IN
INACTIVE
LAST RuNG

e,

~E~E~T_
NICK
IN
ACTIVE
LAST
RUNG

NJ

d

FIGURE

RUNG

2032-29h.

A keff or scorch

Class H laser nickinq titeria
which extends

resistor ladder sidebar
2032 -30h).

excmdion

for the last mna of a resistor
e.

into a

Same as class H,

(see figure

SIOEBAR

k

\
I!PJ
REJECTKERF IN
SIOEBAR

FIGURE

2032 -30h.

Class H resistor

METHOO 2032.1
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ladder sidebar

trim titerion.

ladder.

MIL-STO-W3E

W

3.1.7

f.

Kerf or scorch
2032-31 h).

misalignment

f.

3.1.7

(see figure

Same as class H.

n

REJECTMISALIGNMENT

ACCEP1PROPER
AL1GN14EN1

FIGURE

g.

FIGURE

2032-31 h. Class H laser trim misalignment

A kerf which extends into metallization
and
leaves less than 75 percent of the
metallization
width undisturbed
(see figure
2032-32h).
NOTE: Opening a metallization
link by design
is acceptable.

2032 -32h.

Class

H laser trim kerf extension

into metallization

g.

criteria.

Same as class H

m“tefia.

METHOO 2032.1
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MIL-STO-883E

M

W
3.1.7

h.

h.

3.1.7

A kerf in a resistor, at the interface
of the resistor material with the
metallization,
that leaves less than 50 percent

Same as cfass H.

of the original resistor w“dth, unless by
design.
PRECAUTIONARY
NOTE
The maximum
allowable current density requirement
shall
not be exceeded.
(see figure 2032-33 h).
YT

REJECT-

y < dlz
UNLESS
DESIGN
FIGURE
i.

BY

2032-33h.
i.

A kerf in a resistor that leaves less
than 50 percent of the original resistor width,
unless by design.
PRECAUTIONARY
NOTE
The maximum allowable
current density requirement
shall not be exceeded
(see figure 2032-34h).

Same as class H.

,

([

/

!+d
/

EDGE

FIGURE

2032 -34h.

Class H resistor

TRIM

KERF

w“dth reduction
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REJECTy’ < d/2
UNLESS BY
DESIGN

bv trimmina

m“teria.

Ml L-STO-683E

W

m
3.1.7

i.

A kerf in a resistor

thal leaves

leSS

3.1.7

i.

Same as class

H.

than 50 percent of the narrowest resistor
width unless by design (see figure 2032 -35h).
NOTE
A floating kerf (one that is completely
contained within the resistor) must meet this
criteria.
PRECAUTIONARY
NOTE
The maximum
allowable current density requirement
shall
not be exceeded.

L
FLOATING
KERF

-t_

L
REJECTxORy
UNLESS
OESIGN

FIGURE

k.

2032.35h.

Class H resistor

fi

4’

<d/2
QY

width reduction

and untrimmed

k.

Pits into the silicon dioxide of conductive
substrate elements in the kerf which does
not show a tine of separation between the
pit and the resistor material (see figure
2032 -36h).

resistor

material

criteria.

Same as class H.
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_
3.1.7

k.

(Continued.)

REJECTNO
OF
SEPARATION

FIGURE
3.1.8

2032-36h.

LINE
EXISTS

Class H laser him Dittina C.iiterion

Multilevel thin film defects, ‘“hioh
magnification”.
No element shall be acceptable
!hatexhibits
a.

Insulating

material

a.

that does not extend

Same as class H

beyond the width of the upper and lower
metallization
bv 0.3 mil minimum (see
figure 2032-37~).

METALL IZATION

ME TALL

IZATION

‘+

REJECTXOR
y<o.3il

~L +x

ILs

INSULATING
MATERIAL

FIGURE

2032-37h.

Class H insulating
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material

extension

criteria.

MIL-STD-883E

W
3.1.8

W
3.1.8

b.

Voids in the insulating

material.

c,

A bump or indentation

in the upper

(overflying)
metallization.
NOTE. This criteria is not applicable
mupling (air) bridges.
d.

3.1.9

Scratch that completely crosses
metallization
and damages the
insulating material surface on
either side.

Cou!alinq (air) bridae defects
acceptable that exhibits

a.

A void in the coupling

b.

Same as class H.

c.

Same as class H.

d.

Same as class H.

to

the

“hiqh magnification”.

No element

(air) bridge

shall be

a.

Same as cfass H.

metalfization
that leaves less than 50
percent of the original meta!lization
width undisturbed.
(See figure 2032-37Ah).
b.

Nodules or bumps that are greater. in any
dimension, than the original cmpli”g
(air)
bridge metallization
width. (See figure
2032 -37Ah).

b.

Same as class H.

c.

Coupling

C.

Same as class H.

Attached, conductive
foreign material that is
greater, in any dimension, than 50 percent
of the original coupling (air) bridge
metallization
w’dth.

d.

Same as class

No visible

e.

Same as class H.

(air) bridge that contacts

lying operating
2032-37Ah).
d.

e,

metalliiation,

separation

between

under-

(See figure

the coupling

H.

air) bridge and the underlying operating
metallization.
NOTE This criterion is not applicable
when an insulating material is used between
the coupling (air) bridge and the underlying
metallization.
(See figure 2032-37Ah).
f.

Coupling (air) bridge metallization
overhang
over adjacent operating metallization,
not
intended by design, that does not exhibit a
visible separation.
(See figure 2032-37Ah).

f,

Same as class H.

g.

Mechanical damage 10 a coupling (air) bridge
that results in depression (lowering) of
coupling (air) bridge mekdlization
over
underlying operating metallization.

g.

Same as class H.
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REJECT
NO VISIBLE
SEPARATION

EXISTS

~
REJECT

ACCEPT
VISIBLE

NocI”LE/BIJ~Fl
ANY

SEPARATION

OIMENSION

>

d

EXISTS

\

REJECT
NO VISIBLE
SEPARATION

FIGuRE

EXISTS

2032-37Ah.

Class H and class K muplinq
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(air) bridqe miteria

1“

MIL-STD-683E

3.2

Planar thick film element inspection.
Inspection for visual defects destibed
in this section shall be
mnducted
on each planar thick film passive element
AN inspection sha!l be perfornmd at “low
magnification”
w“thin the range of 10X to 60x magnification
for both class H and ctass K.

3.2.1 ODeratinq metallization
defects “low
maaniff cation”. No element shall be acceptable
that exhibits
NOTE: Themetalfization
de fecttiteria
cmtained
in this section apply to operating
metallization
only.
3.2.1.1

Metallization
a.

scratches
a.

Ascratch
orpmbemark
inthemeta!lization,
excluding bonding pads, that both exposes
underlying material anywhere along its
length and leaves less than 50 percent of
the original metalliiation
width undisturbed
(see figure 2032-38h).
NOTE: Underlying material does nothave to be
exposed along the full length of the scratch.
NOTE. Thiscriteria
does notapplyto
capacitors.

Sameas

Class H.

-lBlik
ACCEPTx > d/z

X

/

E.!fl

>

EXPOSEO
UN DERLYI
MATERIAL

FlGURE2032-38h,

Class Hmetallization

NG

scmtchuiteria
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3.2,1,1

b.

Scrakhi nthebondingp
adareathat
both exposes underlying material and reduces

3.2.1.1

b.

Less than 75percent
(see figure 2032-39k)

the metallization
Path width, tiere
it enters
the bonding pad, to less than 50 Dercent
itsoriginal
metallization
width. Iftwoor
more metallization
Paths enter a bonding pad,
each shall be considered separately (see figure
2032-39h).

FlGURE2032-39h.

c.

Class Hmetallization
reduction at bondhm
@.@

FlGURE2032-39k.

tidth
Dad

Scratch orprobe marks inthebonding
area that expose underlying material
more than 25 per.a?nt of the original
metaltization
area.

c.

pad
over

METHOD 2032.1
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Class Kmetallization
reduction at bondina
a,

Same asclass

H

width
cad

MIL-STo.a83E

&s.Jf
3.2.1.2
.

Mebalfizalion
a,

W
voids.

Void(s) inthemetallization,
excluding
banding pads, that leaves less than 50 percent
of the original metallization
width
undisturbed
(see figure 203240h).

FlGURE203240h,

Class timetallizatio

a.

Sameas

Class H

nvoidcriteria.

b.

Void(s) inthebonding
padareathatredwes
the metallization
path width, where it enters
the bonding pad, to less than 50 percent of
its original meta!lization
width, If two or
more metallization
paths enter a bonding pad,
eati shall be considered separately.
NOTE: Figures 2032-39h and 2032-39k
illustrate metallization
width reduction at
bonding pad criteria for swatches.
Void
criteria are similar.

b.

Less than 75 percent.

c,

Void(s) in the bonding pad area that expose
underlying material over more than 25 percent
of the orighal metaltizatian
area.
NOTE
For RF mic$owave elements on nonwmdutive
substrates,
a void created in the bonding pad
area as a result of wire bond removal for
performance
optimization
or tuning, is not
rejectable provided that the void remains
entirely visible.

c.

Same as class

H.
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m
3.2.1.3

Metallization
a.

3.2.1.4

Any metallization

Metallization
a.

corrosion.
corrosion.

a,

Same as class H.

a.

Same as class H.

a.

Same as class H.

adherence.

Any metallization
Iifling, peeling, or
blistering.
NOTE
Ncdules are acceptable.
In order
to determine if a bump in the metallization
is a blister or a ncdule, attempt to
flatten the bump with a nonmetallic
instmment.
If the bump flattens, then
it is a blister.
NOTE: These m“teria are not applicable to
separation induced anomafies (for example,
metallization
lifting due to scribe and
break or diamond sawing) since these are not
indicative of adhesion problems,

3.2.1.5

Metallization
a.

Dmtrusion.

More than 50 percent reduction of the original
design separation, beiween any protruding
metallization
and adjacent metallization
paths
(see figure 2032<lh).

--u
‘~

d

FIGURE

2032-tlh

REJECTX < d/Z

Class H metallization

METHOO 2032.1
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wotmsion

criterion,

MIL-STO-663E

W
3.2.1.6

Metallization
a.

overlap.

Contact overfap between the upper and lower
metallizations
that is less than 50 percent
of the designed cnntact overfap area (see
figure 2032<2h).
NOTE: The overfap area is that area in which
the upper metallization
actually mntacts
the lower metallizatiom

L

a.

Same as class H.

uPPER
!IETALLIZATION

+

-1’k
REJECTxy < 50%

FIGURE

OF

DESIGN

203242h.

Class H metallization

overlap

criterion

METHOO 2032.1
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_
3.2.1.7

Metallized thmuqh-hole
defects, “low magnification”.
No element shall be acceptable that exhibits
a,

Through-hole
metallization
that is not
vertically continuous or that does not cover

a,

Same as class H.

a,

Same as class H.

at least a continuous 50 percent of the inside,
circumferential
surface area unless by design.
3.2.1.8

Wraparound
No element

a.

connection defects, ‘“low magnification”.
shall be acceptable that exhibits

Unmetallized
area in the edges of wrap-around
connections
greater than 50 percent of the
largest dimension of the edge metallization
(see figure 203243Ah).

\l

WRAP-AROUND
CONNECTION

II

REJECTx

FIGURE

203243Ah.

>

-+d

d/2

Class H wrap-around
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connection

unmetallized

area criterion.

MIL-STO-883E

3.2.2

.

Substrate defects, “low magnification”.
No element shall be acceptable that exhibits
a.

Less than 1.0 mil separation between
operating metalliiation
and the edge
element unless by design (see figure
NOTE
Thh criterion does not apply
substrates designed for wraparound

b.

c.

the
of the
203243 h).
to
wnductom

a.

Same as class

A chipout that extends into the
active circuit area (see figure 2032-t3h),

b.

Same as class H.

FIGURE

and chipout

Any crack that exceeds
(see figure 203244h).

2032-43h.

Class H separation

5.o roils in lenqth

H.

citeria.

c.

Same as Class H,

d.

Same as class H.

NOTE
For fused quarl or crystalline
substrates,
no uacking
is allowed,
d.

Any wa& that does not exhibit 1.0 mil of
separation from any active circuit area or
operating metalliiation
(see figure 203244

h).

METHOO 2032.1
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FIGURE
3,2.2

e.

Class H additional
3.2.2

Any crack exceeding 1.0 mil in length
extending from the element edge directly
towards the aclive circuit area or
operating metallization
203244h).

f.

203244h.

crack criteria.
e.

Same as class

H.

f.

Semicircular
crack or combination
of
cracks along the element edge whose
length is equal to or greater than 75

(see figure

NIA

total

Derce.nt of the narrowest separation
between any two bonding pads (see figure
203245k).
REJE[T -

~

FIGURE

METHOD 2032.1
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203245k.

Class K semicircular
crack criterion.

MIL-STO-S83E

m
3.2.2

3.2.2

g.

An attached portion of a urcuit
area from an adjacent element.

h.

Any c$ack that does not originate
edge.

i.

Holes through
design.

i.

Patterned substrates having a section
out around a substrate mounting hole

the substrate,

(intended for substrate-tin-post
that is greater than 25 percent
mounting hole circumference.

at an

unless

by

g.

Same as class H.

h,

Same as class

i.

Same as class H.

1. Same as class

broken

H.

H.

attachment)
of the

METHOD 2032. i
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W

W
3.2.3
.

Thick film resistor defects, “low macmification”.
No element shall be acceptable that exhibits
a.

a.

A reduction of the resistor at the terminal
due to voids to less than 50 percent of the
original resistor width (see figure 2032<6h).

Same as Class H.

r-voIo

y

FIGURE 203246h.
.

b.

<

ci/2

Class H resistor width reduction at terminal caused bv voids criterion.
b.

Reduction of the resistor at the terminal,
due to neckdown less than 50 percent, to
of the original resistor width (see figure
2032<7h).
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Same as Class H.

MIL-STO-W3E

/-

NECKDOUN

FIGURE 2032 -17h. Class H resistor width reduction at lerminal bv neckdown criterion.
3.2.3

c.

Any resistor film lifting, peeling, or
blistering.

d.

3.2.3

c.

Same as class H.

Crack in the resistor greater than 1.0 mil
in length.
NOTE Irregularities such as fissures in
resistor material that are created during
firing, and that do not expose the
underlying material, are not cnnside~d
to be cracks.

d.

Same as class H.

e.

Evidence of resistor repair by overprinting
or any other means.

e.

Same as class H.

f,

Separation between any two resistors that is
less than 50 percent of the original separation.

f.

Same as class H.

g.

Separation between any resistor and conductor
combination that is less than 50 percent of
the original separation.

g.

Same as class H.

h.

Increase in resistor width greater than 25
percent of the original design width.

h.

Same as class H.

i.

Resistor thai is closer than 1.0 mil to the
edge of the substrate.

i.

Same as class H.
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3.2.3

j.

3.2.3
Reduction of resistor width resulting fmm
voids, scratches, or chipouts, or a
combination of these, that leaves less
than 50 percent of the narrowest resistor
‘width(see figurs 203248 h).
PRECAUTIONARY NOTE The maximum allowable
current density requirement shall not
be exceeded.

j.

Same as class H.

fs~~~~~l+E+
REJECTy < d/2
FIGURE 2032-18h. Class H resistor width reduction titetia.

k.

k,

Contact overfap between the metallization
and the resistor in which the actual width
dimension “Y”is less than 50 DerCentof the
original resistor width (see figure 2032-49 h).

REJECTy < 3/4d

REJECTy < d/2

FlGURE2032-19h.

Lessthan 75percent(see
figure 203249k).

FlGURE2032-19k.

Class H resistor overlap
_.
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3.2.3

1.

W

Contact overlap between the metallization and
the resistor in which the length
dimension ‘x” is less than 3.o roils (see
figure 2032-50h).

3.2.3

1.

Same as class H.

-JJ--

REJECTx < 3.0

FlGURE2032-50h.

MILS

Resistor overfaD criterion.

m.

Voids ormisa!ignment ofglassivation
that results in less than 90 percent
coverage of the resistor area, unless
by design.

m.

Same asdass H.

n.

Craning 0fglas5ivati0n 0veraresist0r

n.

Sameasclass

H.

o,

Glassivation scratches, lifling,or
peeling that expose any potion of a resistor.

o.

Sameascfass

H.
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W
3.2.4

Trimmed thicX film resistor defects. I“IOW
magnification”. Noelement shall be acceptable that
exhibits
NOTE: Thetrim defectuiteria wntained in this
section apply to active resistor areas only.
a.

a.

A kerf width less than 0.5 mil (see figure
2032 -51h).
NOTE This does not apply to edge trimming.

Sameasclass

H.

m

REJEL1. < 0,5 flll

L. . . . . .
L. . . . . .

‘---x’
L

FIGURE 2032-51h

I

EDGE TRIM

Class H kerf width criteria.

b.

A kerf containing detritus

b.

Same as class H.

c.

A kerf which extends into metallization
and leave less than 75 percent of
the metallization width undisturbed
(see figure 2032-52h).
NOTE Opening a metalliiation link by
design is acceptable.

c,

Same as class H.

.-!

.4dlRE,EI,
.<,,.

FIGURE 2032-52h

d

L.

,

Class H laser trim kerf exiension into metallization uiteria
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3.2.4

d.

m

A kerf that leaves less than 50 percent
3.2.4
of the original width of a resistor,
unless by design (see figure 2032 -52Ah).
PRECAUTIONARY NOTE Themaximum allowable
current density requirement shall not be exceeded.

d.

Sameasclass

H.

/.-EmE

,,1” m,,

REJEc T.m”
<d,,
““LESS B,
DE51L”

FlGURE2032-52Ah.
e.

3.2.5

Class Hmsistortidth

redution anduntrimmed resistor material titetia.

A trim that does not originate from the edge
of the resistor.

e.

Same asclass H.

a.

Same asclass H.

Multilevel thick film defects, “low
maqnirkation”. Noelement shall be acceptable
that exhibits
a.

Anyinsulating material thatdoes not
extend beyond the width of the upper and
lower metallization by 3.0 roils minimum
(see figure 2032-53h).
.E1,LL1Z6TION

.ETALL1Z?.11ON

‘+

~L
-1.

INSULATING
,AIERXAL
FlGURE2032-53h.

:’::’;-<3 ..,,,,

Class Hdielectric extension criteria.
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3.2.5

b.

Same asclass H.

Mas that are less than 50 percent of the
original design area,

c,

Sameasclass

Scratch that completely crosses the
metdization and damages the
insulating material surface on either
side.

d.

Same asclass H.

b.

Voids in the insulating material
that expose undedying metallizatiom

c,

d.

3.2.5

3.2.6 Allttin film mDatitom andthOse ovedavmpacitoffi used in Gtismiuwave
maqnifmation”. Noelement shall bearxeptable that exhibits:

H.

devims,''l0w

a.

Scratches that expose an underlying material.

b.

Any peeling or Mting of the metdization.

c.

Excess topmetal which extend beyond thecapacitor bottom metal.

d.

Voids in the capacitor bottom metal which extend under the capacitor top metal.

e.

Voids in the top meta!lization which leaves less than 75”.4of the metallization area undisturbed.

3.3 NOnDlanarelement inSDeCiiOn.lnspetion forvisuafdefe& desm'bed inihissetiion shaflbemndu&edon
nonplanar passive element. rne''low magnifimtion'' inspetion shall betithin themngeof10Xt06
OX.
Q@sJ(

_
3.3.1 General nonolanarelement defects,
“lowmaanification”. Noelement shall beacceptable thatexhibits
a.

Peeling or fiftingofanymetallization.

a.

Same asclass H,

b.

Protrusion behveen metallization teminals
that leaves less than 5.0 roils separation
(see figure 2032-&th).

b.

Sameasctass

MILS

FIGURE 2032-54h, Class H metallization Protrusionc$iterion.
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3,3.1

c.

Lifling, blistering, or peeling
of insulation,

d.

Voids in metallized terminals that
expose underlying material over
greater than 25 percent of any side
of the metallized terminal area.

3.3.1

c.

Same as class H.

d.

Same as class H.

3.3.2 Foreian material defects “low magnification”.
No element shall be acceptable that exhibits
a.

For mounted elements, unattached, conductive
foreign material on the surface of the
element. For unmounted elements, unattached,
conductive foreign material on the surface of
the element that is large enough to bridge
operating metallization path, active ckuitry,
or any combination of these.
NOTE: If an elemenl has an insulating layer
(such as glassivation) that covers operating
metallization paths, active circuitry, or any
combination of these, then the presence of
unattached conductive foreign material that is
large enough to bridge these features is
acceptable sines the features are protected by
the insulating layer.
NOTE All foreign material shall be mnsidemd
to be unattached unless otherwise verified to
be attached. Verification of attachment shall
be accomplished by a light touch with an
aPPMPdate MeChaniCd devics (i.e., needle,
probe, pick, etc.) by a suitable cleaning
process approved by the acquiring atiwity,
or by a blow-off with a nominal gas blow
(approximately 20 psig).
NOTE: Semiconductor patides are
considered to be foreign material.
NOTE: Removal of unattached foreign
material may be attempted using the
techniques for verification of
attachment discussed above.

a.

Same as class H.

b.

Attached, conductive foreign material that
bridges metalfization paths, active Circuitw,
or any combination of these.

b.

Same as class H,

c.

Liquid droplets, inkdrops, or any chemical
stain that appear to bridge any
unglassivated active circuit areas.

c.

Same as class H.

d.

Attached foreign material that covers more
than 25 percent of a bonding pad area.

d.

Same as class H.
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3.3.3 Ce~Mic chip capacitor defects “low
magnification”. No element shall be acceptable that
exhibits
a.

a.

Crack, chip or void in the body that exposes
metal plates, (see figure 2032-55 h).

REJECTExPoSED

Same as class H.

METAL

PLATES

FIGURE 2032-55h. Class H metal date exDosure Uiteria.

b.

Crack that is greater than 50 percent of the
width of the unmeta[liied sides, top, or
bottom, or that extends around a tamer (See
figure 2032-56h).

b.

Crack.
NOTE: No cracks are allowed

FIGURE 2032-56h. Class H crack Criteria.
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3.3.3

c.

3.2.3

Evidenca of separation (delamination) of
metal plates or cracks along the plane of
the metal plates (see figure 2032-57h).
NOTE Narrow grooves or channel less than
1.0 mil wide that exhibit a glass-fike
appearance and do not expose metal
plates am acceptable.

c.

Delamination.

NOTE

No delamination is allowed.

TALONG
PLATE

FIGURE 2032-57h. ClaSs H delamination Criteria.
d.

d.

Crack or void in the meta!luation
that exposes metal Plates,
or voids that are greater than 25 percent
of the area of the metalfized
terminal (see figure 2032.58h).

Same as class H

REJECTVOIO > 25% OF
SIDE AREA

ExPOSEO f4ETAL
PLATE

I

FIGuRE 2032-58h. Class H termination defect criteria.

METHOD 2032.1
1 June 1993
57

I

MIL-STD-S83E

M

QgQ
3.3,3

e.

3.3.3

Void in the metallized edges of the
element that are greater than 10 percent
of the meiallized edge ti!mension, or bare
comers of me!allized terminals
(see figure 2032-59h).
NOTE This uiteria ia applicable to
solder attached elements only.

e.

Same as class H.

d

7

BARE

CORNER

FIGURE 2032 -59h. Class H metallized edae defect criteria.
f.

Attached foreign material on the bcdy that
covers an area greater than 5.0 roils
square on any side,

f.

Same as class H.

3.3.4 Tantalum chip capacitor defects, “low
magnification? No element shall be acceptable that
exhibits
a.

Flaking or peeling of the encapsulant that
exposes any underlying material.

a.

Same as cfass H.

b,

A metallized terminal that is less than 90
percent free of encapsulant material.

b.

Same as class H.

c,

Less than 50 percent continuous metallized
terminal weld area without ~acks.

c.

Sameasclass

d.

Metallized terminal cnntainina residue from the
welding operation that is not %nly
attached metallurgically to the anode cap

d.

Same asclass H.

H.
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3,3.4

M
3.3.4

e.

Sameascfass

H.

Encapsulant preventing the metallized
terminal from resting on the substrate
bonding pads when the capacitor is in
the bonding position exc?pt where the
metaltized terminal etactrical contact
is made by alternate means.

f.

Sameasdass

H.

LiRing, bfistedng arpeefing ofmetallized
terminal encapsulant.

g.

Sameasdass

H.

a,

Same asclass H.

e.

Metallized !enninal nonaligned asshownin
the applicable drating.

f.

g.

3,3.5 Paraltelc+ate ti!pcapacitor defeCt~
“lowmaqnitica[ion”. Noelement shall beacceptsble
that exhibitS
a.

Metallization thatextends grealerthan50
percent around the edge of the capacitor
(see figure 2032-OOh).

REJECTY > d/2

FlGURE2032+Oh.
3.3.5

b.

Class Hmetalfization extension u’iterion
3.3.5

Evidence ofc$acks inthedielecbicbody
(see figure 2032-61 h).

b.

Sameasclass

H

@

FIGURE 2032-61 h Class H crack in dielectric cdlerion.
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3.3.6 Inductor andtransformer defects, ”low
magnification”. Noelement shall beacceptab!e
that exhibits
a.

Peefing, Mting or blistering of winding
melallization or insulation.

a.

Same as class H.

b.

Evidence of shorls between adjacent turns 01
windings.

b.

Same as class H.

c.

Cracks or exposure of bare magnetic core
material.

c.

Same as class H.

d.

Pits or voids in the core insulation greater
than 5.0 roils area that expose the magnetic
core material.

d.

Same as class H.

e.

Separation less than 5.0 roils between wire
termination points of the same or adjacent
windings.

e.

Same as class H.

f.

Missing polarity identification unless by
design.

f,

Same as class H.

9.

Operating metallizalion and multilevel thiti
film defects as descdbed in 3.2.1 and
3.2.5 herein.

g.

Same as cfass H.

a.

Same as class H.

3.3.7 Chin resistor defects, “lowmaqnitication”’.
No element shall be acceptable that exhibits
a.

Reduction of the resistor width resulting from
voids, bubbles, nicks, or scratches, or a
combination of these, that leaves less than 50
percent of the narrowest resistor width (see
figure 2032 -62h),

REJECTZ > d/2

FIGURE 2032.62h. Class H resistor width reduction criterion.
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3.3.7

b.

A kerf that leaves less than 50 percent
of the original width of the resistor
unless by design.

c,

Metallized termination width less than
10.0 roils unlese by design
(see figure 2032-63h).

I

I

I
I

3.3.7

b.

Same as class H.

c,

Same as class H.

//

REJECTx < 10,0
MILS
UNLESS
BY OESIGN

FIGURE 2032-63h. Class H termination width uiterion.

d.

d.

A crack, chipout or void in the substrate
greater than 3,0 roils in any direction (see
figure 2032-64h).
~

CHIP

Same as class H.

OUT

-lxqx~
REJECTx > 3.0

MILS

FIGURE 2032 -E4h. Class H substrate defect titeria
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3.3.7

e.

Build-up of termination material on metallized
termination areas greater than 3.0 roils high
for weldable metalfized terminations or 8.0 roils
high for solderable metallized terminations
(see figure 2032-65h).

3,3.7

e.

Same as class H.

r-----$’
REJECTy
OR

>

3.0
8.0

MILS
MILS

FlGURE2032-65h.

f.

Class Htermination material builduDtiteria.

f.

Termination material splattered throughout
the resistor (see figure 2032-66h).

Same asclass H.

REJECTTERMINATION

A_

MATERIAL

FlGURE2032~6h.

SPLATTER

Class Htermination material splatter aiteria
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3.4 surface acoustic wave (SAWI element inspection. Inspection for visual defects destibed in this section shall be
conducted on each SAW element. When inspection is performed prior to mounting, then SAW elements may be inspected
using backlighting. All inspection shall be performed at “low magnification”within the range of 10X to 60x for both class H
and class K
3.4.1 Defect control. The manufacturer shall perform an audit on a weekly basis for the presence of proc8ss related
defects which impact SAW device performance (e.g., meta[lization voids, metallization scratches, metalliiation bridging, or
crystal material pitskratcheskhipouts).
llds audit may be satisfied during routine internal visual inspection. If the
presence of process related defects are dkcovemd, the manufacturer shall monitor for a defect pattern to be used for the
improvement of pm~ss cantrols. The manufacturer shall document the results of his investigation and Cmretive action to
efiminate trends. The intent of this pmcedura is to require monitoringof process related defects which affect SAW device
performance but do not cause reliabifii degradation leading to eventual failure of device funtilon.

3.4.2 Operatino metallization defects “low
magnification.” No etement shall be acceptable
that exhibb
3.4.2.1 Metallization mrrosion
a.

Any metallization corrosion

a.

Same as class H.

a.

Same as class H.

3.4.2.2 Metallization adherent%
a.

Any metallization Mting, peeling or
blistering.

3.4.3 Substrate material defects “low macmification”.
No element shall be acceptable that exhibits

.

a.

Anycrack thatexceeds 5.Omils in length.

a.

Same as class H.

b.

Anycrack that iswithin O.lmil of any
active circuit area or operating
metallization.

b.

Same as class H.

c.

Any crack exceeding 1.0 mil in length
extending fmm the element f?dgedirectly
toward the active circuit area or operating
metallization.

c.

Same as class H.
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3.4.4 Foreign material defects “lowmagnification”.
No element shall be acceptable that exhibits
a.

For mounted and unmounted elements, unattached
wnductive foreign material on the surface of
the element that is large enough to bridge
operating metallization paths.

a.

Same as class H.

NOTE: All foreign material shall be considered
to be unattached unles5 otherwise verified to
be attached. Verification of attachment shall
be accomplished by a tighttouch with a
mechanical device (ix?.,needle, probe, pick,
etc. ) or by a suitable cleaning process
approved by the acquiring activity, or by a
nominal gas blow (approximately 20 psig).
Removal of unattached foreign material maybe
attempted using the techniques for
verification of attachment ti!scussed above.
b.

Liquid droplets, ink drops, or chemical stains
that appear to bridge unglassivated
metallization.

b.

Same as class H.

c.

Attached foreign material that covers greater
than 25 percent of a bonding pad area.

c.

Same as class H.

4. SUMMARY, The following details shall be spetified in the applicable acquisition document
a.

clas5 H or class K visual requirements.

b.

Where applicable, any mmlicts with element design, topology or construction (see 3).

c.

Where applicable, gauges, drawings and photographs that are to be used as standads for operator
comparison (see 2),

d.

Where applicable, magnifications other than those specified (see 3).
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METHOO 2035
ULTRASONIC INSPECTION OF TAB BONDS
1. m.
The purpose of this method is to detect unbended and insufficientlybonded sites in TAB (Tape automated
bonding) devices in the open patiage condition, through the measurement of bond area by means of Scanning Laser
Acoustic Micfosrnpe (SLAM) techniques. It establishes methcds and criteria for ultrasonic inspection of these TAB
semiconductor devices.
NOTES.
1.

For various metallumical constitutions, absolute strengths expressed as Pull strengths per unit araa of bond differ.
A scalar equivalency must be established for each alloy and process, to relate bond area to anticipated bond
strength.

2.

The term TAB bond in this document refers to one of the multiplicity of bonds, inner lead (l LB) or outer lead (OLB)
formed byabpeautomated
bonding (TAB) process. lnthecase oflLB, itrefem tothataEa of the device
defined by the intersection of the beam lead, the semiconductor bonding pad area, and the contact outline of the
thermode or fwture performing the bond, in the horizontal plane, and refers to all interfaces within that area
between thesemimnductor diesurface andthe beam lead. lnthecase of OLB, itrefem tothatarea of the device
defined by the intersection of the beam lead, the substrate bonding pad area, and contact outline of therrmde or
fixture performing the bond, in the horizontal plane, and refers to all interfaces within that area between the
substrate surface and the beam tead.

3.

metemsultmsonic
inspeti!on and SMMasused
inttisdoument
mfertothe promssandinstiment
performing high fraquency ultrasonic inspection and produce grey-scale images of the internal features of devicas
by means of scanning laser acoustic microsmpy, and by which bond area measurement maybe performed.

2. ADDaratus. Theapparatus andmaterials forthis evaluation shall inctude
a.

Ultmsonic imaging equipment of thes=nning laser amustic miwosmpe wpe, oftiquenq
andmsolution
suficient to penetrate the bond area and render an image which dkcloses the size and shape of the bond area
tithatinear dimensional allowanm nogeater than 20pemnt ofa bond dimension. Frequency isdictatedby
mnsidemtion of themvelength ofsound inthematerials andthelimit of resolution. Whereas lower frequencies
have been used for inspection of larger scale device types, the present size of TAB sites requires frequencies of
from one hundred to several hundred megahertz.

b.

Avisual outputlstorage devic.e. Ametiod ofptiuting,
displaying, andstoring as=laimage
ofadequategmyscale range (minimum of E41evels) shall be used. Such device mayindude agrey-scale printerlplotter, or
preferably CRT display with an image digitizer capable of rendering images in digital code for bulk media storage
andretdeval, andalgodthmic processing and evaluation. Theimageri soslored shatlbe suitable formanual, or
pmferably, automated analysis. ~eouQutdeviws
shall bempable ofprodudng andstoring tieimagestoa
spatial and gray-scale resolution at least equal to the resolution of their acquisition by the ultrasonic imaging
equipment. TheoutpuVstomge devi-must be=pable ofp=senting, storing, andmtrieving image label
information.

3. Procedure. ~eequipment usedshall beaOusted asnemssaw toobbin satisfatiow images ofgoodmntmstto
atie~um
image detail tittinthe sensitivity requirements of the bond type being examined. Theappmpiiate
operator methodology will be used to insure adequate positioningand insonitication(irradiation by ultrasound) of the devica
forpurposes ofproducing its image. Additional pmtocolsviill be followed as required. Thenormal intrinsic strength of the
bond metallu~y shall be known and established, and the metallurgy of the devices to be tested should be qualified as in
agreement with that strength.
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3,1 Calibration of theinstwment Wenspedfied,
alleastone devimofthe &peandmnstm~on
to betesled shall be
available tosetup tieultmsonic ins@onwuipment
andperiphemls. Thedevice may beascape non-operational device
with TAB bonded leads which will be used to identify device Iandmatas and ensure the equipment is properly funtilonal.
3.2 Labelinq andidentifvinq. ~edevi=s
format to include the following information

festtiand

theimage rerntismade

of themshalI relabeled inastandati

a.

Device manufacturers name orrnde identifiCationnumber,

b.

Device type orpart number

c.

Production lotnumberandfor inspection datecodelotnumber

d.

Ultrasonic image viewnumber anddate foinclude desm"piionordehrthe
number (s) viewed.

e.

Device seria!Jcrossrefemnc? number ifapplic.able.

f.

Ultrasonic operator identification.

r~ionorhnd

3.3 Serialized devic-es. ~endevim
serialization ismquired, each devimshall bereatily identifiable byasedal number,
andthis setialnumber must beinduded inafommadable
inthe stored image. Intheevent ofaskipped piece in the
serialization, a blank space representing the skipped piece, and labeled with its serial number should appear in the storage
meti!um. lntheevent ofalaQe mntiguous mngeofstipped pie~s, asimilar blank spa= advising of themngeofpie=s
skipped should appear in the storage medium in place of the large physical space of the many skiPs.
3.4 Data back.up. When required, data back-up shall bespecified from achoice ofmultiple floppy disk, multiple track
data tape, or a video format tape, or other options having sufficient volume, resolution, speed, and reliability to suit the
requirements for storage and labeling.
3.5 ~.
~edevt~s
shall &mount&
forultrasonic inapetion inaf~tum titiinsu=s
wvetipositioning in all
dimensions, and adequately safeguards the potentially fragile bonds from mechanical contact with any substanm other than
thecaupfing fluid. Positioning thereaRer mustrnntinue inafastion wtitiantinues
theabove rendition, and fudhemom
exposes each inspected bond area to the currect acoustic environment and portion of the instrumental field.
3.6 Anqleofinsonif!cation. Theangle ofinsonifiation must bespecified byprioranalysis, andifthe mounting fifiu=is
goniometrically agile it must be set to the correct angle by adjustment or selection.
3,7 Conditions ofoneration. Adjustments, seletilons, options, andsetings used intiepetioman=
of theultmsonic
inspectkm must be recorded if they are of a nature C$iticalto the proper operation of equipment; not to be rernrded are those
casual adjustments which are done as an obviou$ matter of course, and the petiomnance of which are guided by such rules
as trimming for maximum, minimum, or optimum, and wldch are not controlled by calibrated interfaces.
3.6 Omatinapersonnel.
Operating pemonnel shall have abasicfamihatity of thenatu* ofsoundandthe use of
ultrasonic instruments intheinspection of devices. rneyshall bespecifi-lty tminedand =tifled intheopemtion of the
ultrasound and peripheral equipment used so that defects revealed by the method can be validly interpreted and compared
with applicable standads.
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3.9 Reoofls of inspection. For class S devices, or when specified for other device classes, the manufactu~r shall furnish
inspection reports with each shipment of devices. The report shall describe the results from the ultrasonic inspec!hn, and
list the purchase order number, or equivalent identification, the part number, the date code, the quantity inspected, the
quantity rejected, and the date of the test. For each rejected device, the part number, the serial number when applicable,
and the cause for rejection shall be fisted.
3.10 Acoustic micrmmmh and rePOrlretention. When specified, the manufacturer shall retain a set of the ultrasonic
images and a copy of the inspection report, for the period specified.
3.11 Examination and accePtanc-5titeria. Once the manufacturer has established the total bond area to be sought,
based upon studies of the device to be bonded, and the inclusion of a prudent excess margin, then the following shall be
considered the minimum bond area percentage
a.

In the case of solder bonds of lead-tin alloys a bond area percentage of 75 percent of the total bond area shall be
c.unside~d minimum.

b.

In the case of gold-tin eutectic and gold-gold thermowmpmsion, a bond area percentage of 50 percent of the
total bond area shall be conside~d minimum, except in the case of lead misalignment when lead misalignment is
a contributing factor a bond area percentage of 75 percmt shall be considered minimum.

In the examination of devices, the following aspects shall be considered unacceptable bonding, and devices which exhibit
any of the followingdefects shall be rejected
a.

A bond having a total bond area less than the minimum bond area. The failure may be caused by any reason,
including lateral or longitudinal misalignment.

b.

A bond meeting the minimum bond area, but with tfis area being discontinuous so that no single bonded area
meets or exceeds the minimum bond area.

4, Summary. The fallowing details shall be specified in the applicable acquisition document
a.

Number of views to be taken by StAM inspection of each piece or bonding site, in accordance with 3.10, if other
than one view.

b.

Matings of devices, or labeling of images, if other than in accordan= with 3.2, or special matings of devices to
indicate that they have been ultrasonically imaged, if required.

c.

Oefects to be sought in the devices, and criteria for acceptance or rejection, if other than in 3.11

d.

Image and report retention when applicable (see 3.10)

METHOD 2035
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METHOD 3001,1
DRIVE SOURCE, DYNAMIC
1. PURPOSE.
mic$c~devices,

This method establishes a drive source to be used in measuring dynamic perfornmw
such as lTL, DTL, RTL, ECL, and MOS.

of digital

2. APPARATUS. The drive source shall supply a smooth transition between spedtied voltage levels. The signal
characteristics shall not vary outside of their prescribed tolerances when interfaced with the devica under test (device in the
test socket).
3. PROCEDURE. The drive source shall be measured at the input terminal of the test socket (no device in the test
socket). Figure 3001-1 shows typical driving source waveforms and should be used specifying the parametem shown,
unless otherwise stated in the applicable acquisition document.
3.1 Pulse amplitude. The specifies HIGH level of the driving source shall be greater than the VW of the device. The
specified LOW level of the driving source shall be less than Vm of the device.
3.2 Transition times. The transition times of the driving source (Iw and tw) shall be faster than the transition time of the
device being tested, unless otherwise stated in the acquisition document. The transition times shall normally be measured
between the 10 percent and 90 percent levels of the specified pulse.
3.3 Pulse re@ition rate (PRRl Unless the pulse repetition rate is the parameter being tested, it shall be chosen so that
doubling the rate or reducing by a half will not affect the measurement results.
3.4 Dutv factors (dutv cvdesl. The duty cycles of the driving source shall be chosen so that a 10 percent variation in the
duty cycle will not affect the measurement results. The duty cycfe shall be defined with respect to either a positive or
negative pulse. The pulse width (b) of the input pulses shall be measured between the specified input measurement levels.
When more than one pulse input is needed to test a device, the duty cycle of the prime input (i.e., clock, etc. ) shall be
specified. The phase relationship of all other input pulses shall be referenced 10the prime input pulse.
4, SUMMARY. The followingdetails, when applicable, shall be specified in the applicable acquisition document
a.

Levels V, and V,w

b,

Driving signal transition times

c.

Pulse repetition rate.

d.

Duty factors.

e.

Recommended pulse generator, if required.

f.

Input measurement levels, if other than those shown in figure 3001-1

METHOD 3001.1
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METHOO 3002.1
LOAD cONDITIONS
1, PURPOSE. ~smethod
estabhshes theload renditions to beusedin measuring thestatic anddynamicpedoman=
of dig~lectronic
devices such as lTL, OTL, RTL, ECL. and MOS.
2. APPARATUS. ~eloadforstatic
tests shall simulate thewomtwse mntitions forthecinit
pammetem being tested.
~eloadfordynamic
tests shall simulate aspetified usernntition fOrthe Parameter being tested. Theloadsshallbe
specified in the applicable acquisition document.
2.1 Oiscretecomtmnent load. Theload tillmnsist
components.

ofanymmtination

of=pacitive,

indutive, resistive, orditie

2.1.1 Capacitive load (CJ. metotal load -patitanw
oftiedrcuit under testshall indudeprobe andtestfixture
capacitancesandacc.mpensating capacitor as required. Thevalue of thecapacitance, measured at 1 MHz *10 percent,
shall be speciffed in the applicable acquisition document.
2.1.2 lnductiveload (L.). The total load inductance of the circuit under test shall incfude probe and test fixture inductance
andawmpensating inductor as required. Thevalue of theinductanc% measured at lMHzi10
percent, shall be specified
in the applicable acquisition document.
2.1.3 Resistive load (RJ. rnemsistivi load shall repmsentthe womtmse fanoutmndtions of thedevi= under test for
static tests andaspetified fanoutmndition fordynamic tests. Forsink loads, theresistorshallber nnnectedbetweenlhe
power supPly (V= or Vm) and the circuit output for lTL, DTL, RTL, C-MOS, and MOS (N-Channel) and behween circuit
output andground for MOS (P-Channel). Forsour= !oads, the=sistor shall be Wnneded beWeentircuit output and
ground for lTL, OTL, RTL, C-MOS, and MOS (N-Channel) and between Vm and the circuit output for MOS (P-Channel).
For ECL devices, the load resistors are connected from the output to a specified negative VOKage.
2.1.4 Oiodeload(D~. rned&eload
shall represent theinput dtie(s) of thetimitundertest.
Theequivalent diode, as
specified in the applicable acquisition document, will also represent the base-emitter or base-collector diode of any transistor
in the circuit path of the normal load.
2.2 Dynamic load chanqe. rneload shall automatially tiangeits ele~mlpammetem
asthedeviW under test changes
logic state ifttisis thenomal situation forthepaticular family ofcircuits being tested. Onemethod ofaccompfishlng this
dynamic change is to simulate devices or use actual devices from the same Iagic family equal to the specified foad.
3. PROCEOURE. rneloadtill
nomally bepamlleled byahigh impedan=voltage
may be either visual or memory storage.
4. SUMMARY. rnefolloting

shall bedeflned intheappfimble

Capacitive load (see 2.1.1).

b.

lndutiive load(see2.1.2).

c.

Resistive load(see 2.1.3),

d.

Oitieload,

e.

Negative voltage, when using amsistive load for ECL(see2.l.3).

andanya*odated

The indicator

a~uisition document

a.

thelNWnumber

detetiioninti-tor.

titi=lparametem

shall bespetifled (see2.l.4).
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METHOO 3003.1
OELAY MEASUREMENTS
1, PURPOSE. This meth~es@blished
such aslTL, OTL, RTL, ECL, and MOS.
1.1 Definitions. ~efollting

tiemeans

farmeasuring propagation delay of~gital miUml*mnicdeviUs,

definitions forthepuwose ofttistest

method shal!apply.

1.1.1 Propagation delay time (&j.
~etimemeasuwd
with thespetified ou@uttianging timthedefined
the defined LOW level with respect to the corresponding input transition.

HIGH levelto

1.1,2 Propagation delay time(td.
~etimemeasu=d
tiththe specified output tianging komthedefined
the defined HIGH level with respect to the wrresponding input transition.

LOWlevelto

2. APPARATUS. Equipment =pableofmeasuring elapsed time beWeenthe input signal andou@ut signal at any
parentage point orvoltage point beWeenthe maximum LOWlevel andminimum HIGHlevel shall bepmvided. Theinput
shall resupplied byadriving sourc==asdescribed inmethcd3OOl ofthis standard. Iiisdesirable forthis equipment to have
data logging apatifiti sothattircuit dynamic petioman= mnbemonitomd. Thetestchamber shall becapableof
maintaining the device under test at any specified temperature.
3. PROCEDURE. Thetest circuit shall beloaded a-tiing
tomethod 30020fthis standati. Thedriving signal to the
test drcuitshall beprovided ati~ngto
methd3001 oftMsstatiad.
lTedevi=? shall destabilized atthespecifiedtest
temperature.
3.1 Measurements atavoltaae Doint. kand&shall
remeasured fmmthethmshold voltage point onthedriving
signal tothethreshold voltage point onthetest ciUitou@ut $ignalfor both inveting andnoninveting logic. These delays
$hallbe measured attheinput andou@ut teminals of thedevieunder@sl.
Thedevice under test shall becond!tioned
aadingto
theappli=ble a~uisition document tithnominal tias voltages applied. Figures 3003-1 and3003-2 show
typical delay measurements.
3.2 Measurements atpercentaae uoints. &and bmshall bemeasumd fromaspetified per=ntage point onthedtiving
signal toaspetified permntage point onthetest tirwitoutput signal for both invefling andnoninveting logic. These de\ays
shall bemeasumd attheinput andoutput teminals of thedevie undervest. Thedevice under test shall becnnditioned
a-tingto
theappliable awuisition document tifinominal tiasvoltages apphed. Figures 3003-1 and300?-2 show
typical delay measurements
4. SUMMARY. rnefolloting

details shall bespecified intheappKmble a~uisitiondoWment:

a,

b

b.

Parameters of thedriving signal: tw, tu, high Level, low Level, pulse w'idth,repetition rate

c.

Load conditions.

d.

Conditioning voltages (static or dynamic).

e.

Measurement points (see 3.1 and 3.2).

f.

Power supply voltages.

9.

Test temperature.

and bm limits.

METHOO 3003.1
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METHOO 3004.1
TRANSITION TIME MEASUREMENTS
1. PURPOSE. This methti establishes the means for measuring the output transition times of digital microelectronic
devices, sucJ as T7L, OTL, RTL, ECL, and MOS.
1.1 Definitions. The following definitions shall apply for the purpose of this method.
1.1.1 Rise time (tW). The transition time of the output fmm 10 percent to 90 percent or voltage levels of output VOltage
with the specified output changing from the defined LOW level to the defined HIGH level.
1.1.2 Fall time (tN). The transition time of the output from 90 percent to 10 percent or volta9e levels of output vOlta9e
wfth the specified output changing from the defined HIGH level to the defined LOW level.
2 APPARATUS. Equipment capable of measuring the elapsed time between spetified percentage points (normally 10
percent to 90 percent on the positive transition and 90 percent to 10 percent on the negative transition) or voltage levels.
The test chamber shall be capable of maintaining the device under test at any specified temperate.
3. PROCEDURE. The device shall be stabilized at the specified test temperature. The device under test shall be loaded
as specified in the applicable acquisition document. The load shall meet the requirements specified in methcd 3002 of this
document. The driving signal shall be applied as specNied in methcd 3001 or the applicable acquisition document.
3.1 Measurement of tw and tm Unless othew”se stated, the rise transition time (tm) shall be measured between the 10
percent and 90 percent points on the positive transition of the output pulse and the fall transition time (tti shall be
measured between the 90 percent and 10 percent points on the negative transition of the output pulse. The device under
test shall be conditioned according 10the applicable acquisition document with nominal bias voltages apptied, Figure 3004-1
shows typical transition time measurement.
4. SUMMARY. The following details shall be specified in the applicable acquisition document
a.

tm limits,

b.

tm limits.

c.

Transition time measurement points if other than 10 percent or 90 percent.

d.

Parametem of the driving signal.

e.

Conditioning voltages (static or dynamic).

f,

Load candition.

9.

Power supply voltages.

h.

Test temperatum.

METHOD 3004.1
15 November 1974

MI L-STO-883E

100Z

‘OH
902

OR

“N”::x~~-,LoL

NJITTS:IT’~voH
—

vOLIAGE POINT —

Oz

‘O,

FIGURE 30C4-1. Transition time measurements.

METHOO 3004.1
15 November 1974

MI L-STD-683E

METHOD 3005.1
POWER SUPPLY CURRENT
1, PURPOSE. This method establishes the means fOrmeasuring power supply currents of digital microelectronic devices
such as TTL, DTL. RTL, ECL, and MOS.
2. APPARATUS. Equipment capable of applying prescribed voltage to the test circuit power supply terminals and
measuring the rssultant currents flowing in these terminals shall be provided. The test chamber shall be capable of
maintaining the device under test al any specified temperature.
3. PROCEOURE.

The device shall be stabilized at the specified test temperature

3.1 ~H( logic gate). Inputs of the device under test shall be conditioned in SUCJa way as to provide a HIGH level at the
output, the worst case supPlYvoltage(s) shall be applied and the resultant current flow in the supply terminals measursd.
3.2 ~( logic gate). Inputs of the device under test shall be conditioned in such a way as to provide a LOW level at the
output, the worst case supply voltages(s) shall be appfied and the rssultant current flow in the supply terminals measured.
3.3 IU or 1= of combinatorial digital circuits. The inputs of the device under test shall be conditioned to put the device into
its worst case power dissipating state. The current flowing into the Vm, (positive supply) terminal, or out of the V= (negative
supply) terminal shall be measured with the V- and V= voltages at their maximum specified operating levels.
3.4 l= or 1,, of sequential dgital circuits. The inputs of the device under test shall be exercised to put the device in a
known output state (either HIGH or LOW) that causes worst case power dissipation. The current flowing into the V=
(positiie supply) terminal, or out of the V= (negative supply) terminal shall be measured with the V= and V= voltages at
their maximum specified operating levels,
3.5 Im (MOS logic gate). Inputs of the device under test shall be conditioned in such a way as to provide a HIGH level at
the output of MOS (P-Channel and C-MOS) or a LOW level at the output of MOS (N-Channel and C-MOSX worst case
voltage(s) shall be applied and the resultant current in the supply terminals measured.
3.6 1- (MOS P-Channel and N-Channel logic gates). Inputs of the device under test shall be conditioned in such a way
as to prowde a HIGH level at the output of W03(PZF annel) or a LOW level at the output of MOS (N-Channel~ worst case
voltage(s) shall be applied and the resultant current flow in the supply terminals measured.
3.7 Im of MOS combinatorial circuits. See 3.3 above.
3.8 Im of MOS sequential circuits. See 3.4 above.
3.9 Iw of MOS combinatorial circuits. See 3.3 above.
3.10 I= of MOS sequential circuits. See 3.4 above.
3.11 Im dynamic (MOS logic gating and flip flop circuits). The driving signal to the test tircuit shall be provided according
to method 3001 of thIS standa~ the worst case voltage(s) shall be applied and the resultant average current in the supply
terminals measured.
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4, SUMMARY.

The followingdetails shall be spetified in the applicable acquisitiondocument

a.

Test temperature.

b.

Power supply voltages.

c.

k“,

d.

Conditioning voltages.

e.

Dynamic input parameteffi (see 3.1 1).

km

Ibo, h
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METHOO 3006.1
HIGH LEVEL OUTPUT VOLTAGE
1. PuRPOSE. This method establishes the means for assuring Urcuit performance to the timits specified in the
aPPfi~=sition
dOcument in rega~ to HIGH level output drive, which may be specified as a minimum value VOHmin.
or as a maximum VOHmax. This methcd applies to digital microelectronic devices, such as TTL, OTL, RTL, ECL, and MOS.
2, APPARATUS. The test instrument shall be capable of loading the output of the circuit under test with the specified
positive or negative currents (IoH). Resistors maybe used to simulate the applicable current levels. The test instrument
shall also be capable of supplying the worst case power supply and input voltages. The test chamber shall be capable of
maintaining the device under test at any specified test temperature.
3. PROCEDURE. The device shall be stabilized at the specified test temperature. Worst case power supply voltages
and worst case input levels includingguaranteed noise margins shall be applied to the test circuit to provide a HIGH level
output. Forcing current, equal to the circuit worst case high level fan out, shall then be applied to the test circuit output
terminal and the resultant output voltage measured. The output measu~ment shafl be made after each input is cmditioned.
4. SUMMARY. The following details shall be specified in the applicable acquisition document
a.

Test Iemperatum

b.

Current to be forced fmm or into output terminal.

c.

Power supply voltage(s).

d.

Input levels.

e.

V.. min. or VW max. hmits.

METHOO 3006.1
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METHOO 3007.1
LOW LEVEL OUTPUT VOLTAGE
1. PURPOSE. This method establishes the means for assuring circuit performance to the timits specified in the
aPPfi=lsi~on
dOcument~th rega~ tOLow level output drive which is specified as a maximum value P& max) or a
minimum value (Vm rein). This method applies to digital microelectronic devices, such as TTL, DTL, RTL, ECL, and MOS.
2. APPARATUS. The test instrument shall be capable of loading the output of the circuit under test with the spetified
positive or negative currents (Iu). Resistors maybe used to simulate the applicable current levels. The test instrument
shall be capable of supplying the worst mse power supply and input voltages. The test chamber shall be capable of
maintaining the device under test at any specified temperature.
3. PROCEDURE. The device shall be stabilized at the specified test temperature. Worst case power supply voltages
and worst case input levels inctudhg guaranteed noise margins shall be applied to ~e test urcuit to provide a LOW level
output. Forcing current, equal to the circuit worst case LOW level fan out, shall be applied to the test circuit output and the
resultant output voltage measured. The output measurement shall be made after each input is conditioned.
4. SUMMARY. The following details shall be specified in the applicable acquisition document
a.

Test temperature.

b.

Current to be forced into or from the output terminal.

c.

Power supply voltage(s).

d.

Input levels.

e.

Vm max or Vm min limits.

METHOO 3007.1
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METHOD 3008.1
BREAKOOWN VOLTAGE, INPUT OR OUTPUT
1. PURPOSE,. ,This method establishes the means for assuring device performance to the fimits specified in the
applicable aOWls\tlOndocument in regard to input and output breakdown voltage Symbolized as V,. (max), VW (mm), v.
(rein), and Vm (mm) as applicable. This method applies to digital microelectronic devices, such as TTL, OTL, RTL, ECL,
and MOS.
2, APPAfWTUS.

The test chamber shall be capable of maintaining the device under test at any specified temperature

2,1 Method A. This testis generally performed to assure that breakdown does not occur on a device. An instrument shall
be prohas the capability of forcing a specified voltage at the input or output terminal of the test tircuit and
measuring the resultant current ilow”ngin that terminal. The test instrument shall also have the capability of applying
voltage levels to all other terminals. Care should be taken to assure that the test equipment does not inadvertently apply
voltage to the device under test that will exceed the maximum rating of each terminal and that the current from the test
equipment is sufficiently limited so that the device is not destroyed. This method can also be used to test the Mity of
power supply terminals to withstand a voltage overfoad.
2.2 Method B. Ttis testis generally performed to assure that breakdown does occur on a device as specified in the
applicable acquisition document. An instmment shall be provided that has the capability of fom”nga specified current at the
input or output terminal of the test circuit and measuring the resukant voltage at that terminal. The test instrument shall also
have the capability of applying voltage levels to all other terminals. Care should be taken to assure that the test equipment
does not inadvertently apply voltage to the device under test that will exceed the maximum rating of each terminal so that
the device is not destroyed. The minimum compliance voltage of the current source shall be specified when applicable.
3. PROCEDURE.

The device shall be stabilized at the specified test temperature.

3.1 Method A. All terminals, with the exception of the test terminal, shall be conditioned accordhg to the applicable
acquisition document. A prescribed voltage shall be applied to the designated input or output terminal and the resultant
current measured. When testing for breakdown. all input and output terminals shall be tested individually. At the conclusion
of the test, the device shall be functional.
3.2 Method B. All terminals, with the exception of the test terminal, shall be mnditioned according to the appli&ble
acquis-umenl
The specified current shall be forced at the designated input or output terminal, and the voltage at the
terminal measured. At the conclusion of the test, the device shall be functional.
4. SUMMARY. The following details shall be specified in the applicable acquisition document
a.

Test temperature

b.

Forced voltages (method A)

c.

Conditioning voltages for all other terminals

d.

Forced current (methti B)

e.

Maximum breakdown current limits (method A).

f.

Minimum breakdown terminal voltage (method B),

METHOD 3008.1
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METHOD 3009.1
INPUT CURRENT, LOW LEVEL
1, PURPOSE. This method establishes the means for assuring circuit Pefiorf’nan= to the limits spetified in the
appfl~ble aWuisitiOn dOcument in regard tOLOW level input load whiti may be specified as a minimum value (IL rein) or as
a maximum value (Ik max). This method applied to digital microelectronic devices, such as TTL, OTL, RTL, ECL, and MOS.
2. APPARATUS. The test chamber shall be capable of maintaining the device under teSt at any specified test
temperature. An instrument shall be provided that has the capability of applying the worst case LOW voltage to the input
terminal of the test circuit, (and worst case levels on the other inputs), and measuring the resultant current at the input
terminal.
3. PROCEDURE. The device shall be stabilized at the specified test temperature. Worst case power supply voltages
and worst case input voltages shall be applied to the test circuit and the resultant current at the input terminal shall be
measured. Inputs shall be tested individually.
4. SUMMARY. The followingdetails shall be specified in the applicable acquisition document
a.

Test temperature

b.

Power supply voltages

c.

Input voltage.

d.

Voltages at other input terminals which cause worst case current at the input under test.

e.

1. max or 1. min.

METHOD 3009.1
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METHOD 3010,1
INPUT CURRENT, HIGH LEVEL
1. PURPOSE. This methcd establishes the means for assuring circuit performance to the limits specified in the
aPPli=lsi~On
dOcument in ~ga~ to HIGH level input load which may be specified as a maximum value (I,. max) or
a minimum value (IM rein). This method applies to digital microelectronic devices, such as lTL, DTL, RTL, ECL, and MOS.
2. APPARATUS. The test chamber shall be capable of maintaining the deviw under test at any specified temperatum.
An insbwment shall be provided that has the capability of applying the worst case HIGH voltage to the input terminal of the
test circuit, and worst case levels at the other inputs, and measuring the resultant current at the input terminal.
3. PROCEDURE. The device shall be stabilized at the specified test tempemture. Worst case power supply voltages
and worst case input voltages shall be applied to the test circuit and the resultant current at the input terminal shall be
measured. Inputs shall be tested individually.
4. SUMMARY.

The followingdetails shall be specified in the applicable acquisition document

a.

Test temperature

b.

Power supply voltages

c.

Input voltage.

d.

Input voltages at other input terminals titch cause worst case current at the input under text.

e.

IM max.

METHOD 3010.1
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METHOD 3011,1
OUTpUT SHORT CIRCUIT CURRENT
1. PURPOSE. This methcd establishes the means for assuring circuit performance to the limits speufied in the
aPPfi=_si~On
dOcument in re9a~ to output shO~ ~rcuit current (Id.
devices, such as T7L, DTL, RTL, and MOS.

This method applied to digital microelectronic

2. APPARATUS. A test chamber capable of maintaining the device under test at any specified tempemture. An
instrument will be provided that has the capability of forcing a voltage specified in the applicable acquisition document at the
output terminal of the device under test and measuring the resultant current flowing in that terminal. The test instmment
shall also have the capability of applying specified voltage levels to all other inputs.
3. PROCEOURE.
tested individually.

The device shall be stabilized at the specified test temperature. Each output per package shall be

3.1 T7L, DTL. RTL, MOS (P-Channel and N-channel). Inputs of the device under test shall be mnditioned in such a way
as to provide a HIGH level at the output for ITL, DTL, RTL, and MOS (N-Channel) and a LOW level at the output for MOS
(P-Channel). me output terminal shall be forced to O volt potential and the resultant current flow measured.
3.2 C-MOS 1~. Inputs of the device under test shall be mnditioned in such a way as to provide a HIGH tevel at the
output. The output terminal shall be forced to O volt potential and the resultant current flow measured.
3.3 C-MOS 1Inputs of the device under test shall be wnditioned in such a way as to provide a LOW level at the
output. The output terminal shall be forced to a voltage potential specified in the acquisition document and the resultant
current flow measured.
4. SUMMARY. The followhg details shall be specified in the applicable acquisition document
a.

Test temperature.

b.

Input conditioning voltages.

c.

Power supply voltages.

d.

1= max and Im min limits.

METHO03011.1
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METHOO 3012.1
TERMINAL CAPACITANCE
1, PURPOSE. This methcd establishes the means for assuring circuit perfonnanm to the fimits specified in the
aPPli=
sitiOndOcument in ~9a~ to te~inal =Pa~tin=
This method appfies to digital microelectronic devices,
such as lTL, OTL, RTL, ECL, and MOS.
2. APPARATUS. The instrument shall be capable of applying a 1 MHz controllable amplitude signal superimposed on a
variable plus or minus dc voltage. The instrument will also have the capability of measuring the capacitanw of this terminal
to within the hmits and tolerance specified in the applicable acquisition document.
3. PROCEOURE. This test may be performed at 25°C *3”C. The capacitance measuring bridge shall be mnnected
between the input or output terminal and the ground terminal of the test circuit. The bridge shall be adjusted for a signal of 1
MHz, tiding a bias level specified in the applicable acquisition document the signal amplitude shall not exceed 50 mV rms.
Wdh no device in the test sotiet the bridge shall then be zeroed. For Capacitanm values below 20 PF, the device shall be
connected directly to the bridge with leads as short as possible to avoid the effects of lead inductance. After inserting the
device under test and applying the specified bias conditions, the terminal capadtance shall be measured and compam!d to
the imits listed in the applicable acquisition document.
4. SUMMARY. The followingdetails shall be specified in the applicable acquisition document
a.

Circuit bias conditions.

b.

Sias level at which measurements are to be made.

c.

Maximum capacitance fimits.
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METHOO 3013.1
NOISE MARGIN MEASUREMENTS FOR DIGITAL MICROELECTRONIC DEVICES
1. PURPOSE. This method establishes the means of measuring the dc (steady- state) and ac (transient) noise margin of
digital microelectronic devices or to determine compliance with specified noise margin requirements in the applicable
acquisition document. It is also intended to provide assurance of interchangeability of devices and to efiminate
misundemtanding between manufacture and users on noise margin test procedures and rasults. The standarclzation of
particular combinations of test parameters (e.g., pulse width, pulse ampfitude, etc.) does not preclude the characterization of
devices under test with other variations in these parametem However, such variations shall, where applicable, be provided
as addiianal ccmdtions of test and shall not sewe as a substitute for the requirements established herein.
1,1 Definitions. The followingdefinitions shall apply for the purposes of this test method:
a.

Noise margin. Noise margin is defined as the voltage amplitude of extraneous signal tich can be algebraically
added to the noise-free worst case “input”level before the output voltage deviates fmm the allowable logic voltage
levels. The term “input”(in quotation marks) is used hereto refer to logic input terminals or ground reference
terminals.

b.

OC noise margin. DC noise margin is defined as the dc voltage amplitude which can be algebraically added to the
noise-free worst case “input”level before the output exceeds the allowable bgic voltage levels.

c.

AC noise margin. AC noise margin is defined as the transient or pulse voltage amplitude which can be
algebraically added to the noise-free worst case “input”level before the output voltage exceeds the allowable logic
voltage levels.

d.

Maximum and minimum. Maximum and minimum refer to an algebraic system where “max” represents the moat
positive value of the range and “min’”represents the least positive value of the range.

1.2 m,
The followingsymbols shall apply for the purposes of this test method and shall be used in acwrdance Mth
the definitions provided (see 1.2.1, 1.2.2, and 1.2.3) and depicted on figures 3013-1,3013-2, and 30133.
1.2.1 Loqic levels.
V,, max

The maximum allowed input LOW level in a logic system.

V. rein: The minimum allowed input LOW level in a bgic system.
V,. max The maximum allowed input HIGH level in a logic system.
V,. mim The minimum allowed input HIGH level in a l~ic system.
Vm max: The maximum output LOW level specified for a digital microelectronic device.
Vm max is also the noise-free worst case input LOW level, VU (max)s v,, (max)
v.. mim The minimum output HIGH level specif!ed for a digital microelectronic device.
Vm min is also the noise-free worst case input HIGH level, VW (rein)? V,. (rein)
Noise margin levels.

Vm:

The LOW level noise margin or input voltage ampfitudewhich can be algebraically added to Vm (max) before
the output level exceeds the allowed logic level.

v.”:

The HIGH level noise margin or input voltage amplitude which can be algebmically added to Vo” (rein) before
the output level exceeds the allowed logic level.

Vm.:

The positive voltage which can be algebraically added to the ground level before the output exceeds the
allowed logic level determined by worst case logic input levels.
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V.m:

The negative voltage which can be algebraically added to the ground level before the output exceeds the
allowed logic level detemnined by worst case Iqic input levels.

V*.:

The positive voltage which can be algebraically added to the noise-free worst case most positive power
supply voltage before the output exceeds the allowed logic level determined by worst case logic input levels.

Vm:

The negative voltage which can be algebraically added to the noise-free worst case most negative (least
positive) power supply voltage before the outPul exceeds the allowed l~ic level determined by worst case
Iagic input levels.

1,2.3 Noise pulse widths.
k

The LOW level noise pulse width, measured at the Vt (max) level

k

The HIGH level noise pulse width, measured at the VW(rein) level

2. APPARATUS. The appamtus used for noise margin measurements shall include a suitable source generator (see 2.1),
load (see 2.2), and voltage detection devices for determining logic state.
2.1 Source qenerator. The source generator for this test shall be capable of supplying the required ac and dc noise
inputs. In the case of pulsed inputs the transition times of the injected noise pulse shall each be maintained to less than 20
percent of the pulse w“dthmeasured al the 50 percent amplitude level. For the purpose of tfis criteria, the transition times
shall be between the 10 percent and 90 percent amplitude levels. The pulse repetition rate shall be sufficiently low that the
element under test is at steady-slate conditions prior to application of the noise pulse. For the purpose of this criteria,
doubling the rapetilion rate or duty cycle shall not affect the outcnme of the measurement.
2.2 ~.
The load for this test shall simulate the circuit parametem of the nonmalload which would be appfied in
application of the device under worst-case conditions. The load shall automatically change its elecbical parametem as the
device under test changes logic state if this is the normal situation for the particular device load. The load shall be paralleled
by a high impedance voltage detectbandevice.
3. PROCEDURE. The devic-sshall be connected for operation using a source generator and load as specified (see 2),
and measurements shall be made of Vm, VW, Vm, Vw, k, and tW followingthe procedures for both ac noise margin and dc
noi5e margin (see 3.2 through 3.3.3).
3.1 General considerations.
3.1.1 Normmpaqation of iniected noise. As defined in 1.1, noise margin is the amplitude of extraneous signal which may
be added to a noise-free worst case “inpu~ level before the output breaks the allowable Icgic levels. This definition of noise
margin allows the measurement of both dc and ac noise immunity on l~ic inputs or power supply bnes or ground reference
Knesby detection of either a maximum LOW level or a minimum HIGH level at the output terminal. Since the output level
never exceede the allowable bgic level under conditions of iniected noise, the noise is not considered to propagate through
the element under test,
3.1.2 SuDerfwsition of Simultaneously iniected noise. Because the Ikqic levels are restored after one stage, and because
the noise margin measurement is performed with all “inactive”inputs at the worst case logic levels, the proper system logic
levels are guaranteed in the presence of simultaneous disturbances separated by at least one stage.
3.1,3 Characterization of ac noise mamin. Although the purpose of this standati test procedure is to insure
interchangeability of elements by a single- point measurement of ac noise margin, the test procedwe is well suited to the
measurement of ac noise margin as a function of noise pulse width. In particular, for very w“depulse widths, the ac noise
margin asymptotes to a value identically equal to the dc noise margin.
3.2 Test procedure for dc noise mamin.
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3.2.1 Worse case cnniiauration. The measurement of dc noise margin using a particular logic input terminal should
cwresmnd to the worst case test czmfimmtion in the aDDficableamuisition document. For example, the measurement of
LOW level noise margin for a positive-l;gic inverling NAND gate should be perfonmedunder the same worst case test
conditions as the dc measurement of VW (rein). If the worst case dc test cnndiions far Vm (rein) are high power supply
voltage, all unused logic inputs cannected to VOH(rein) and output current equal to zero, these conditions should be applied
to the corresponding dc noise margin measurement.
3,2.2 LOW level noise margin, Vm The LOW level noise margin testis normally performed during the Vm test for
inverting Ioglc and dunng the V= test for noninve!ling Iagic. The noise margin is calculated from the following expression
Vm. V. (max) - Vm (max)
3.2.3 HIGH level noise mamin, VW The HIGH level noise margin testis performed during the Vm test for inverting Icgic
and during the VOHtest for noninvaling logic. lTm noise margin is calculated kOrTIthe fOh+’h19 eXpreSSiOIY
Vm = Vw (rein) - Vw (rein)
3.2.4 Negative ground noise margin, Vm. Wrth all power supply and output terminals CQnnectedto the appropriate wrest
case conditions, apply Vm (max) to the inputs specified in the applicable acquisition document and dewease the voltage
applied to the ground terminal until the output levels equal VW(rein) for inverling lWic and V. (max) for noninverting bgic,
The dc ground noise margin is the voltage meaeured at the device ground terminal. The dc source resistance of the injected
ground line voltage ehall be negligible.
3.2.5 Positive ground noise margin, Vm.. With all power supply and output terminals cannected to the appropriate worst
case conditions, apply Vo. (rein) to the inputs specified in the applicable acquisition document and increase the voltage
applied to the ground terminal until the output levels equal V. (max) for inveding bgic and V,. (rein) for nminverti”g logic,
The dc ground noise margin is the voltage measured at the device ground terminal. The de source resistance of the injected
ground he voltage shall be negligible.
3,2.6 Power supply noise margin, Vm. or VW Wth all input, power supply, and output terminals cnnnected to the
appropriate worst case COnditiOnS,inCRaSe (or decrease) the power supply voltage(s) until the output level equals the
aPPmPriate 109iCleVel limit. The power supply noise margin is the difference between the measured supply voltage(s) and
the appropriate noise-free worst case supply voltage level(s). If more than one power supply is required, the noise margin of
each supply should be measured separately.
3.3 Test vrocedure for ac noise marqin
3.3,1 AC noise marqin test point. If, fOrany mmbination of noise pulse width or transition timeS, the ac noise MaWin iS
less than the dc noise margin, the noise pulse amplitude, pulse width, and transition time which produce the minimum noise
margin shall be used as the conditions for test. If the ac noise margin exceeds the dc noise margin, the dc noise margin
tests only shall be performed.
3.3.2 LOW level noise margin, pulse width, TW With all unused logic input, power supply, and output terminals
connected to the appropriate worst case conditions, a positive-going noise pulse shall be applied to the input under test
The pulse amplitude shall be equal to VO”(rein) minus V= (max): the pulse amplitude shall be equal to Vm (max); and the
transition times shall be much less than the minimum transition times of the device under test. The testis performed by
initially adjusting the input pulse width at the 0.9 amplitude level to one and one quarter times the rise time. The pulse width
is increased until the output voltage is equal to V,” (max) for inverting Iwic and equal to V. (rein) for noninverting logic. The
noise margin pulse width is then measured at the input pulse V, (max) level.
3.3.3 HIGH level noise margin, Pulse width, Tpw Wth all unused Iagic input, power supply, and output terminals
connected to the appmptiate worst case conditions, a negative+ming noise pulse shall be applied to the input under test.
The pulse amplitude shall be equal to Vo” (rein) minus Vm (max} the pulse shall be superimposed on a dc level equal to VW
(rein); and the transition times shall be much less than the minimum transition times of the device under test. The testis
performed by initially adjusting the input pulse width at the 0.1 amplitude level to one and one quarter times the rise time.
The pulse w’dth is increased until the output voltage ie equal to V. (rein) for inverting hgic and V,. (max) for noninverting
logic. The noise margin pulse width is then measured at the input pulse VW(rein) level.
METHOD 3013,1
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4. SUMMARY. The followingdetails, when applicable, shall be specified in the applicable acquisition document
a.

V. (max).

b.

Vk (rein).

c.

V,. (rein).

d.

V,. (max).

e.

Vu (max).

f.

V.. (rein).

g.

VW.

h.

VW

i.

V.o.

i.

VW

k.

h.

1.

b.

m.

Test temperature. Unless otherwise specified, dc noise margin measurements shall be made at the rated
Opemting temperature eXtreme5 in addition to any other nominal test temperatures.

n.

Specific noise margin measurements and conditionswhich am to be performed,

0.

Power supply voltages.

p.

Input conditioningvoltages.

q.

Output loads.

r,

Parameter5 of noise signal.
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METHOD 3014
FUNCTIONAL TESTING
1. PURPOSE. ~smethti
estibtishes themeans forassudng dnitpetioman=
inmgati tothetest mquimmenti
necessa~ to verify the specified function and to assure that all I?gic element paths are not open, stuck-at-HIGH level or
skIck-at-LOWLEVEL.
~ismethti
appties todgihl mimeledmnic devims, sutias~L,
DTL, RTL, ECL, and MOS.
2. APPARATUS. hinsWment
shall beprovidd Mdhasthe=patihv
ofapplying lqicpatiems (sequentially, if
speufied) tothelogic neWoAinput(s) inatidane
tiththe apptimble aquisition document. Thetest instrument shall
also beapable ofapplying nominal pMrsuppty
vo!hges andmonitoring theou@u& forthespetifled logic levels. The
ou@utmonitoring tircuit may beeitier asingle ordouble ampamtor WF. Thethreshold voltage (trip point) fora single
comparator or Vm (max) and Vm (rein) for a double comparator shall be specified in the applicable acquisition document.
The test chamber shall be capable of maintaining the device under test at any specified test temperature.
3. PROCEDURE. Thedevice shall bestabiliied atthespechiedt esttempemture. Nominal power supply voltages and
the spetified input logic patterns shall be applied to the l~ic network under test and the output(s) monitored.
4. SUMMARY. rnefollting

details shall bespedfied in~eapptimbte

a.

Testtemperalure

b.

Power supply voltage.

c.

Input voltage levels.

d.

Input andoutput logic patterns

e.

Outputthreshold vottage(see2).

f.

VoH(min) and Vw(max)(see2)

a~uisition document
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METHOO 3015.7
ELECTROSTATIC DISCHARGE SENSITIVllY
.

CLASSIFICATION

1, PURPOSE. This method establishes the procedure for classifying microcircuitsacwrding to their susceptibility to
damage or degradation by exposure to electrostatic dischage (ESD). This cfassiricationis used to specify appropriate
DackaQingand handling requirements in accordance with MIL-PRF-3B535, and to provide classification data to meet the
iequir~m&d9 of MI L-SYD-1”686.
1,1 ~.

The followingdefinition shall apply for the purposes of this test methcd.

. ‘.?1,1.1 Electrostatic discha~e (ESD~. A transfer of electrostatic charge between two bodies at different electrostatic
&f&ntials.
2. APPARATUS.
2.1 Test aDDamtus. ESD pulSe SiMulatOrand device under test (OUT) socket equivalent to the circuit of figure 3015-1,
and capable of supplying pulses with the characteristics required by figure 3015-2.
2.2 Measurement e.auiDment. Equipment including an oscilloscope and current probe to verify conformance of the
simulator output pulse to the requirements of figure 3015-2.
2.2.1 OsciHosmDe and amdifier. The oscillosmpe and amplifier combination shall have a 350 MHz minimum bandwidth
and a visual writing speed of 4 c$nlns minimum.
2.2.2 Current DMbe. The current Probe shall have a minimum bandwidth of 350 MHz (e.g., Tektronix CT-1 at 1,000 MHz).
2.2.3 Chaminq voltaqe probe. The charging voltage probe shall have a minimum input resistance of 1,000 Mnand a
division ratio of 4 percent maximum (e.g., HP 341 11A).
2.3 Calibration. Periodic calibration shall include but not be limited to the following.
2.3.1 Chaminq voltaqe. The Meter used to display the simulator charging voltage shall be calibrated to indicate the actual
voltage at points C and D of figure 3015-1, over the range specified in table 1,
2.3,2 Effective cmacitance. Effective capacitance shall be determined by charging Cl to the specified voltage (with table
l), with no device in the test socket and the test switch open, and by discha~ing Cl into an electrometer, cautombmeter, or
calibrated capacitor connected between points A and B of figure 3015-1. The effective capacitance shall be 100 PF +1 O
percent over the specified voltage range and shall be periodically verified at 1,000 volts. (Note A series resistor maybe
needed to slow the d!scharge and obtain a valid measurement.)
2.3.3 Current waveform. The procedure of 3.2 shall be performed for each voltage step of table 1. The current waveform
at each step shall meet the requirements of fkgure3015-2.
2.4 (ZualiIication. Apparatus acceptance tests shall be performed on new equipment or afler major repair. Testing shall
include but not be flmited to the following.
2.4.1 Current waveform verification. Current waveform shall be verified at every pin of each test fixture using the pin
nearest terminal B (see figure 30191) as the referents point. All waveforms shall meet the requi=ments of figure 3015-2.
The pin pair representing the worst case (closest to the hmits) waveform shall be identified and used for the vetiffcation
required by 3.2,
3. PROCEDURE.
3.1 -.
3.1.1 Test circuit. Classification testing shall be performed using a test circuit equivalent to figure 3015-1 to produce the
wavefom shown on figure 3015-2.
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3.1.2 Test temverabm.

Each device shall be stabilized at mom temperature prior to and during testing.

3.1.3 ESD classification testinq. ESD dassificatfon testing of devices shall be considered destnmtive.
3.Z ESD simulator current waveform verification. To ensure proper simulatOroperation, the cunent waveform verification
procedure shall be done, as a minimum, at the beginning of each shift when ESD testing is performed, or prior to testing
after each change of the socketMoatd, whichever is sooner. If the simulator does not meet all requirements, all
dassificafion testing done since the last successful verification shall be repeated, At the time of initial facility certifution
and recertification, photcqmphs shall be taken of the waveforms observed as required by 3.2c through 3.2e and be kept on
file for purposes of audit and rnmparison. {Stored digitized representations of the waveforms are acceptable in place of
pho!~rsphs.)
a.

vJfh the DUT socket installed on the simulator, and with no DUT in the socket, place a short (figure 301 %1) across
two pins of the DUT socket and connect one of the pins to simulator terminal A and the other pinto terminal B.

b.

Connect the current probe around the short near terminal 6 (see figure 3015-1). Set the simulator charging
voltage source Veto 4,000 volts corresponding to step 4 of table 1.

c,

Initiate a simulator pulse and obsewe the leading edge of the current waveform. The current waveform shall meet
the rise time, peak current, and ringing requirements of figure 3016-2.

d.

Initiate a simulator pulse again and observe the complete current waveform. The pulse shall meet the decay time
and ringing requirement of figure 301$2.

e.

Repeat the above verification pmcedum using the opposite polarity
volts).
(V* = -4,000

f.

Itis recommended that the simulator output be checked to verify that there is only one pulse per initiation, and thst
there is no pulse while capacitor Cl is being tiarged. To obsetie the recharge transient, set the trigger to the
OPPOSitepolarity, in~aSe the vertical sensitivity by approximately a factor of 10, and initiate a pulse.
TABLE 1. Simulatorchargingvoltage fV.) steps versuspeak current(1,). 1/
Step

v. (volts)

1, (amperss)

1

500

0.33

2

1,000

0.67

3

2,000

1.33

4

4,000

2.67

E
~1 1, k the cwmnt flowingthroughR2 during
the currentwavefom verificationpmcsdure
and whiti is approximatelyV$l ,500 ohms.
3.3 Classificationtestinq.
a.

A sample of devices (s.3.34.c)shall be characterizedfor the device ESD failurethrsshofdusingthe voltage steps shcwn
in table 1,as a minimum. Finer voltage steps may optionallybe usedto obtaina mom accurate measure of the failure
voltage. Testing may begin at any voltage step, except for devic?swhich have demonstratedheslingeffects, inchding
those with spark gap protection,which shall be startedat the loweststep. Examinationof knowntechnologyfamifyinput
or outputW damage characteristics(i.e., curve kacer), or other simplifiedtest vetimation techniquesmaybe used to
validate the failure threshold(e.g., cumulativedamage effecis may be eliminatedby retestingat the failure voltage step
usinga new sample of devices and possibiypassingthe step).
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b.

A new sample of devices shall be selected and subjectedto the nexl lowervoltage step used. Each devic-sshall be
tested usingthree posidweand three negatiie pulses usingeach of the pin combinationsshownin table Il. A minimum
of 1 second delay shall Separale the PulSes.

c.

The sample devices shall be electricallytested to subgroups1 and 7 as applicable(roomtemperaturedc paramelem and
functionaltests).

d.

If one or more of the devices fail, the testingof 3.3b and 3.3c shall be repeated at the next lowervoltage step used.

e.

If none of the devices fail, recordthe failurethresholddeterminedin 3.3a. Note the hghest step passed, and use it to
classifythe devics accordingto table Ill.
TABLE Il. Pin combinationsto be tested. ~1~
Terminal B
(The commoncombination
of all (k%-namedpins
connectedto terminalB)
All Vv, pins

*

I
2.

All other input-outputpins

ANinputand outputpins

II Table II is restated in narrativeform in 3.4 below.
~ No connectsare not to be tested.
~1 Repeat pin combination1 foreach named power supplyand for ground(e.g.,
where V-, is Vm, V_, V=, Vm, GND, +V,, -V,, V-, etc.)

3.4 Pin mmbination to be tested.
a, Each pin individualityconnectedto terminalA with respect10the device groundpin(s) connectedto terminal B. All pins
except the one being tested and the groundpin(s) shall be open.
b.

Each pin inditdually connectedto terminalA with respectto each differentset of a combinationof all named power
supplypins (e.g., V*, or V= or V- or Vw, or V& connectedto terminal ❑ . All pins except the one being tested and
the power suppiypinor set of pinsshatl be open.

c.

Each inputand each outputindNiduallyconnectedto terminalA wiih respectto a combinationof all the other inputand
outputpinsconnectedto terminalB. All pinsexcept the inputor outputpin beingtested and the mmbination of all the
other inputand outputpinsshall be open.

TABLE Ill. Devica ESD failurethresholddassifuation.
Class 1

0 voltto 1,999 volts

Class 2

2.000 voltsto 3,999 volts
1

class 3

4,oOOvolts and above
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4. SUMMARY. The followingdetails shall be specified in the applicable purchase order or contract, if other than specified
herei~
a.

Post test elecbicals.

b.

Special additional or substitute pin combinations, if applicable.

c.

Sample size, if other than three devices.
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lERtll NAL C
RZ

RI

lERI![NAL A
52
c1 , .

T

RI = ltP ohms to 1070hms
Cl = 100 picofarads *1O percent
R2 = 1,500 ohms M percent
S1 = High voltage relay
S2 = Normally dosed stitch

T

TERtlIMAL 0

C“17REN,P
ROBE
ISEE NOTE 61

(Insulation resistance 10” ohms minimum)
(Bounceless, mercury wetted, or equivalent)
(Open during discharge pulse and capacitance measurement)

NOTES:
1. The performance of this simulator circuit is strongly influenced by parasitic. Capacitances awoss relays and
resistor terminals, and series inductance in wiring and in all components shall be minimized.
2. As a precaution against transients upon recharge of Cl, the supply voltage Vs may be reduced before switch
S1 is returned to the charging position.
Piggybacking DUT sockets is not permitted during verification or classification teStinQ.
3.
4,
Switching terminals A and B internal to the simulator to obtain opposite polarity is not recommended.
5. Cl represents the effective capacitance (see 2.3.2).
6. The current probe connection shall be made with double shielded cable into a 50-ohm termination at the
ostillosrnpe. The cable length shall not exceed 3 feet.

FIGURE 3015-1. EDS classification test circuit (human body model).
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CURRENT UAVEFORH

NOTES:
1. The current waveforms showmshall be measured as destibed in the w’avefom verification procedure of 3.2,
using equipment meeting the requirements of 2.
2. The current putse shall have the followingcharacteristics:
Tri (rise time) —
Tdi (delay time) —
1, (peak current)—
1,(ringing)

Less than 10 nanoseconds.
150 f10 nanoseconds.
Wthin *1O percent of the 1,value shown in table II for the voltage step selected,
The decay shall be smmth, wilh ringing, break points, double time constants or
dismntinuities less than 15 percent 1,maximum, but not observable 100
nanoseconds after start of the pulse.

FIGURE 3015-2. EDS classification test circuit waveforms (human bdv model~
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METHOD 3016
ACTIVATION TIME VERIFICATION
1. PuRPOSE. This method establishes a means for assuring circuit performan- during cold temperature shrf up. It
defin~ation
time for digital microelectronic devices such as lTL, OTL, RTL, ECL, and MOS and establishes the
procedure necessaw to accomplish the required testing. lMs method will ensure that a specified capability is available a
known time interval after application of power.
1.1 Definitions. The following definitions shall apply for the purposes of this test method:
a.

Activation time. Activafio.ntime is defined as the time required for a device
to became functionally operable after
.initial power is applied at the operating temperature extremes as specified by me applicable acquismon dOCUIIIem
Note that activation time may be due to device and test system limitations, or both.

b.

Maximum and minimum. Maximum and minimum refer to an algebraic system where ‘“max”represents the most
positive value of the range and “rein”represents the least positive value of the range. This is consistent with
MlL-STO-l 331, 30.1 and 30.2 for Iqic levels only.

c,

Maximum operating frequency. Maximum operating frequency is defined as the frequency of operation resulting
fmm use of the minimum cfoch period for devices requiring a clock, or the frequency of operation ~sulting from the
use of the minimum cycle time for devices not requiting a dock (such as memory devices) as specified in the
applicable acquisition document.

1.2 -.

me following symbols and definitions shall apply for the purposes of this method

1,2.1 Loqic levels.
a.

V,w = worst case nominal low level logic input. The maximum allowable VI specified in the applicable acquisition
document minus 100 millivolts to allow for uncertainty in the drive level capability of high speed functional test
equipment. (V,w = V. (max) -100 mV).

b.

VW= worst =se nominal high level Ihgic input. The minimum allowable V,” as specified by the applicable
acquisition document plus 100 millivolts (VM = VW(rein) + 100 mV).

c.

Vm (rein) = minimum output high level specified for a digital microelectronic device.

d.

Vm (max) = maximum output low level Spetilied for a digital microelectronic device.

1.2.2 Activation times.
a.

t~ = maximum allcwable atitvation time requirement, measured at V= (max),

b.

tm = maximum allowable activation time requirement, measured at V= (rein).

2. APPARATUS. An instrument shall be provided which has the capability of applying sequential logic patterns to the
device under test in accordance with the applicable acquisition document. The test instmment shall also be capable of
applying nominal power supply voltage(s) and monitoringthe output for the specified logic levels. The output monitoring
circuit shall be of the double mmparator type. The threshold voltage (trip point) for a comparator shall be Vm (max) and Vo”
(rein) as specified in the applicable acquisitiondocument. The te-stchamber shall be capable of maintaining the device
under test at any specified test temperature.
3. PROCEDURE. The device shall be thermally stabilized at the minimum specified test tempemtum with no power
applied to the device. The specified power supply voltage and the specified input logic patterns using V,w and VW input
voltage levels shall then be applied to the device under test and the outputs shall be monitored as described in section 2.
This functional test shall be performed at a speed of at least 75 percent of F(max) using a test vector pattern as called out in
the applicable acquisition document that has been designed for maximum fault coverage with no more than 4 K vectors.
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3.1 AtiNation time, maximum supply voltage, 1,.. Available test equipment has inherent delays (due to test program
statement execution, voltage driver iise)fall times, etc.) between the time power is applied to the device under test and
actual execution of the test. Therefore, the activation time stated in the applicable acquisition document should not be
specified as less than the test system delay (even though device performance may be better). The test sequence shall be
as follows.
3.1,1 Device under test. The device under test shall be thermally stabilized at the minimum specified test temperature,
with the device unpowered.
3.1.2 Device under test shall then be powered up at V= (max). Afler waiting the time specified by Tm (taking into account
test equipment delays), the funti!onal test pattern (using V,w and VW) logic levels) shall be applied to verify proper
operation
3.1.3 Repeat seauences 3.1.1 and 3.1.2 at the maximum specified test temperature.
3.2 Activation time, minimum supply volhqe, tw Repeat sequence des.aibed in 3.1.1 to 3.1.3 using a supply voltage of
V- (rein).
3.3 Failure criteria. The device must pass the functional test pattern and is a failure if the device fails any single pattern
or vector in the specified test set.
4. SUMMARY. The follow’ng details, when applicable, shall be as spedfied in the applicable acquisition document
a.

V,, (max)

b.

VW (rein).

c.

VOH(rein).

d.

Vti (max)

e.

V= (rein).

f.

Vm (max).

g,

Test temperature (rein and max operating temperature).

h.

tw (max)

i.

tm (max),

1.

Functional test pattern (ace 3)

k.

Maximum operating frequency, F (max) (see 1.1.c)
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METHOD 3017
MICROELECTRONICS

PACKAGE DIGITAL SIGNAL TRANSMISSION

1. PuRPOSE. This method establishes the means of evaluating the characteristic impedance, capacitance, and delay
time of signal lines in packages used for high frequency digital integrated circuits. It is intended to assure a match between
urcuit performance and interconnecting wiring to minimize signal degradation.
1.1 Definitions,
1,1.1 Characteristic impedane.
and inductance to capacitance.

The impedance that a section of transmission line eXhibitSdue to i~ ratio of resistance

1,1.2 Delay time. The time delay experienced when a pulse generated by a driver with a particular drive impedance is
propagated through a section of transmission line.
1.2 w.
R
Resistance
L
Inductance
C: Capacitance
& Propagation delay time
2. APPARATUS. The approaches for transmission performance measurements shall include a suitable time domain
reflectometer (TDR) (see 2.1] and dc resistance measuring equipment (see 2.2).
2.1 Time domain reflectometer. The TDR used for this test shall have a system rise time for the displayed reflection that
is not less than 5 times and preferably 10 times the tise time (method 3004) for the candidate integrated circuits to be
packaged. Interconnecting cables and fixtures shall be designed such that this ratio is not degraded due to reflections and
ringing in the test setup.
2.2 DC resistance. OC resistance measuring equipment and probe fixiums shall be capable of measuring the resistance
of the package leads and the chip-tc- package interconnect media with an accut-ancyof no greater than MO percent of the
actual value including errors due to the mechanical probing interfa~ contact resistance.
3. PROCEDURE. The test equipment configuration shall be as shown on figure 3017-1 using a time domain
reflectometer as specified (see 2). The characteristic impedance (ZJ, propagation time (~), resistance and load
capacitance (CJ shall be measured for all representative configurations as determined by a review of the package drawings,
and the intended applications (see 3.2 through 3.3).
3.1 General considerations.
3.1,1 TDR measurements. Accurate measurement of transmission performance of a package pin using a TDR requires
careful design and implementation of adapter fxfures to avoid reflections due to transmission fine dk.continuities in the
cables and junctions between the TDR and the package being tested. me accuracy of the measurement V.WIbe enhanced if
the coaxial cable used to interfaca to the package is of a characteristic impedance as close as possible to the package pin
impedance. The interface to the package should be a soldered connection and mechanical design of the actual
cwax-tc-pachage interface should minimize the length of the unmntrolled impedance section. Sbipfine interfaces are the
best method for surface mount package styles.
3.1,2 Test configurations. Obtaining a gocd high frequency ground is also important. Connection of the package ground
plane (if the package design has one) to the test set-up ground plane should be accomplished with a pin configuration
similar to actual usage in the intended package applications.
Pin selection for testing may vary according to package complexity. For packages with very symmetrical pin mnfigurations
only a few pins need be tested but mnfigumtions must include pins adjacent and nonadjacent to the ground pins. Packages
with camplex wiring and interconnection media should be tested 100 percent.
METHOD 3017
29 May 1987
1

MIL-STD-883E

3.2 Testmocedure for Dackaae transmission characteristics. Using asection ofcoaxialcable ofknown, calibrated
characteristic impedance (LJ as a reference measure the minimum (G) maximum (GJ and average (ZJ values of
reflection coefficient (P) for the section of Lne on the TDR display that has been carefully determined to be the package pin
(locate using zerc-length short circuits).
Calculate characteristic impedance (2J for each of the cases from the formula

3.2.2 Delav time measurement. Fromthe TDRtisplay of3.2.1 measuRthetime difleren= inpiasewnds
identified as the start of the exterior package pin (t, ] to the chip interface point (t,) (At= t,-t,)

fromthe point

Form the package design drawings, determine the physical length of the package run (L)

Time delaytd

= ~

3.2.3 LOadcaDatitance calculation.

Loadcapacitance

CL = ~
o

3.2.4 Load inductancescalculation.

(t@)’

‘oadinduc’ance
(ser’es)
= CL
3.3. Series resistance measurement.
Using the test setups of figure 3017-2, separately measure the dc resistance of the chipt~package
and the package lead (R,).

interface media (R.)

4. SUMMARY. The followingdetails, when applicable, shall be specified in the applicable acquisition document
a.

L.

b.

Z-.

c.

Z (max).

d.

~ (rein).

e.

~ (ma.).

f.

~ (rein),

g.

C, (max).
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h,

C, (rein).

i.

L (max).

j.

~ (rein),

k,

R. (max).

1.

R“ (rein),

m.

R, (max).

n.

R, (rein).

o.

Package pins to be tested.

p.

Package ground configuration.
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29 May 1987
3

MI L-STD-S83E

TYPICAL GROUNO
CONNECTION
COAXIAL OR
STRIPLINE
INTERFACE
COPPER
GROUNO
PLANE
TOR

. .. .. . .. .. . .. .
—

—

CHIP
LEFT

FIGURE 3017-1. Time domain reflectometer test setuD.
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FIGURE 3017-2. Test setup for dc resistance usinc!a milliohmmefer.
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METHOO 3018
CROSSTALK MEASUREMENTS FOR DIGITAL MICROELECTRONICS

DEvICE PACKAGE

1. PURPOSE. This method establishes the means of measuring the level of cross-coupling of wideband digital signals
and noise between Pins in a digital microcircuitpackage. The method may be used to gather data that are useful in the
prediction of the package’s contributionto the noise margin of a digital device. The technique is compatible with multiple
bgiC families provided that the drive and load impedancs am kmvn.
1.1 Definitions.
1.1.1 Crosstalk. Signal and noise waveforms mupled between isolated transmission lines, in this case, package
conductors.
1.1.2 Couplinq capacitance The effective capacitance coupling between a pair of canducto= in a package as measured
by the time constant of the charge pulse applied on one fine and measured on the other.
1.1.3 Noise Dulse voltaqe. The voltage of a c$osstalkmeasured at the minimum noise pulse width as measured on a
receiver input line.
1,1.4 Peak noise voltaae. The peak value of the noise pulse measured on a receiver input line.
1.2-.
The followingsymbols shall apply for the purpose of this test method and shall be used in accordan= with
the deFmitionsprovided (see 1.2.1 and 1.2.2).
1.2.1 Loaic levels.
Vm(max)

The maximum output low level specified in a logic system.

VoH(min):

The minimum output high level spetified in a Iwic system.

V,,(max)

The maximum allowed input low voltage level in a logic system.

VW(min)

me minimum allowed input high level in a logic system.

1.2,2 Noise tmlse width.
~:

The low level noise pulse w’dth, measured at the V* (max) level (see method 3013)

M

me high level noise pulse width, measured at the V,” (rein) level (see method 3012)

1.2.3 Transition times (see method 3004).
~.

FUsetime. The transition time of the output from the 10 percent to the 90 percent of the high voltage levels
with the output changing from low to high.

&

Fall time. The transition times from the 90 percent to the 10 percent of the high voltage level with the
output changing from high to low

1.2.4 Crosstalk Parameteffi.

cc:

Coupling capacitance (see 1.1.2)

v.:

Noise pulse voltage (see 1.1.3).

Vw.:

Peak noise voltage (see 1.1.4).
METHOO 3018
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2. APPARATUS. The apparatus used for c$osstalk measurements shall include a suitable source generator (see 2.1),
w“deband oscillosmpe (see 2.2), low capacitance probe (see 2.3) and load resistors (see 2.4).
2.1 Source qenerator. The source generator for this test shall be capable of duplicating (within 5 percent) the transition
times, VW and Vm levels of the bgic system(s) being considered for application using the package style under evaluation
The source generator shall have a nominal characteristic source impedance of 50 ohms.
2.2 Wdeband oscillosccme. ~emdllosmpe
used tomeasum themsstalk pulse shall have adisplay risetimethatis
less than 20 percent of the risetime of the Iagic systems being considered for application in the package style under
evaluation. Asampling-type oscilloscope is recommended.
2.3 LowcaDatitance Probe. Theintedam beWeenthe ostillosmpe andtheunit under test sha[lbe aMghimpedanlow
capacitance probe. Theprobe impedanm shall belOb,
minimum andthempatitanshall be5pF, maximum, unless
otherwise specified in the acquisition document.
2.4 Load resistor. Theload msistom spedfied fortMstest shall below indudanm, low=pacitan=,
ctipstylemsistom
with atolerance of*5 percent. Load resistor values(s) shall bespecified bythea~uisition document tomatti the load
impedance levels of the application logic family for a single receiver load.
3. PROCEDURE. ~etestequipment
an figumtion shall beasshown on figure 3Ol&l using a source generator,
ostil!oswpe, probe andloads asspetified(see 2). Measurements shall bemadeofwuphng
mpacitan~, (see 3.2) and if
required by the acquisition document, of noise pulse voltage, peak noise pulse voltage, and noise pulse width (see 3.3).
3.1 General considerations.
3.1.1 Packaqe testconfiquration. ltisimpofiant toground thepa&age using thesame pinsasmuld beused in the
microcircuit application. lfthepackage hasanintemal gmundplane orground setion, tMsshould bemnneded via
package pin(s) totheexterior testset-up ground plane. Thepackage should reconnected tothetestset-up tithcoaxial
cable orstripline. Unshielded wndutior medumshould not beusedbeWeen thesignal sourmandpatiage.
Coaxial
shie!ds must begmunded at both ends of thecab!e. Package sotiets should not beusedunless tieseare to bepafi of the
microcircuit application czmfiguration. Patiage leads must be fomedand trimmed asspetified intheappfl-tion.
Package-to-chip interconnecting media shall be installed in the package and used to connect to the load resistors.
3,1,2 Pin selection. Forsimple patiages tilhsymmetriml, parallel pinmndutioffi, only asample ofpinrnmhnations
need detested. Unless othetise specified bytheawuisition document, allmmbnations adja=nt totheground pin(s) and
mmtinations opposite thegmund pin(s) shall detested, as a minimum. Complex package swithnonparalle lcmnductorsor
mukilayer wiring shall be tested for all adjacent-pair combinations, unless otherwise specified.
3.2 Coupling capacitance measurements. Connect thetestequipment asshown on figure 301S-1. Usea500hmchip
resistor load inthedriven pin channel, unless othetise specified. Forthepick-up channel, usetheload resistor value(s)as
specified by!heaufuisition document. (Load resistor values should beset sutithat theparallel mmtination of load
resistance and probe impedance matches as closely as practical the specified load impedance of a single receiver in the
Iogicsystem to beusedin themicmcfrcuit application.) Check theresidual woss-coupling of themeasuring set-upby
toutiing theprobe tothepick-up tiannel load befomthepiti-up piniswnnetied tothe resistor. Measure andrecxxdthe
peakpulse voltage observed. ~iswakpulse
readiqmust klessthan%
pe~ntoflhe
~adingobsew&
tith thepin
connected totheresistor forareading to be valid. Adjust *etestset-up -bleorientation andmnfiguration tominimizettis
residual cross-coupling.
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Connect the pick-up pins to the load resistor and adjust the pulse width so that the time required to charge the mupling
capautance to OVcan be observed. Measumthe time atthe63perEnt
vollage point onthewavefom ~andmlculate
coupfing capacitance (C.) as follows
R-x
Rti
Determine RTd =
RF+
+Rti

cr.,.,

cc

=

=

CM,

X

-

T

cPmbe

Values of Cc cm be used as a relative measure for comparison of potential crosstalk among several packages to a standati
package. ~emuphng mpatitinW (C,)mnalso
beusedto prediti levels of Uosstalk forvatious logic systems orcimit
configurations by performing a pulse response analysis using a circuit simulator.
3.3 Noise pulse measurements. Using thesame testselup asin3.2, measure thecrosstalk noise pulse voltige atthe
minimum noise Pulse width specified for the kgic system or as specified by the acquiring agency.
Measure the peak noise voltage value of the coupled crosstalk.
4, SUMMARY. ~efolloting
a.

c.

b.

Vm(max).

c,

VW(min).

d.

Vt(max).

e.

VM(min),

f.

k.

g.

k,

h.

~,

i.

h.

i.

V..

k.

Vww

details, when appli-ble,

shall bespecified intheaquisition

document
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METHOO 3019.1
GROUNO AND POWER SUPPLY IMPEDANCE MEASUREMENTS FOR MICROELECTRONICS

DEVICE PACKAGE

1. PURPOSE. This method establishes the means of measuring the series impedance of the ground and power supply
circu-gurations
for packages used for complex, wide bandwidth microdrcuits. The method provides data that are
useful in the evaluation of the relative performance of various packages and can be used to pradict the contribution of the
package to power supply noise and ground noise.
1.1 Definition.
1.1.1 Ground or Dower SUDDIVimpedance. The series mmbination of indutirve reactance and ra?.istanceexhibited by all
of the conductor paths between the semimnductor chip interface and the exterior package interface in either the ground
circuit or the power supply circuit. The impedance of a series inductive circuit is defined by the equation

z=@n-7Z
1,2 ~.
The following symbols shall apply for purposes of this test method and shall be used in conjunction with the
definition provided in 1.1.
Serfes inductance of the ground circuit path in a package (henries).
Series inductance of the power supply circuit path in a package (henries).
Series inductive reactance of ground path= 2 n ~ (ohms).
Series inductive reactance of power supply path= 2 x ~ (ohms).
Frequency (Hz).
Frequency of primary component of digital Puke tmnSitiOn= I (Hz).
t
Frequency related to noise pulse width specified for the bgic system

f,,

‘

&w)

Transition time from logic system. Equal to the smaller value of low to high or high to low transition.
Series impedance of ground path at frequency

ZG

=

Jm-z

Series impedance of power supply path at frequency:

2P

= J=

me minimum noise pulse width at either the V,. or V%level speci!ied for a given logic system.
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2. APPARATUS. The apparatus used for ground impedance measurements shall include a suitable RF inductane meter
and a suitable milliohmmeter.
2.1 RF inductance meter. The RF inductance meter (or multi-frequency LCR meter) shall be capable of ac
measurements of serfes inductance over the range of 1 nH to 1,000 nH at a frequency of 100 kHz with an accuracy of *5
percent inctuding test fixture errors.
2.2 Milliohmmeter. The milliohmmeter (or LCR meter) shall be capable of measuring resistance using a 4-wire method
over the range from 10 Mf2 to 10 f) with an accuracy of *5 percent, including test fixture errors.
3. PROCEDURE. Measurement of series ground impedance (ZJ and power supply impedance (~) shall be made for all
standard power and ground configurations specified fOrthe package application. MBaSU~mentS shall be performed in
accordance with 3.2.
3.1 General considerations. Accurate measurement of series impedan~ requires careful design and implementation of
test adaptem to minimize errors. Since the inductance and resistance values being measured are usually quite small,
means must be provided to null out the tara resistance and inductanm of the test adaptem through 4-wire methods and
subtraction techniques. The tare values of the interccmnetilng circuits must be small to enable the meters to read on
ranges that provide adequate resolution and accuracy. The techniques specified herein are adequate for predicting
impedance at frequencies up to 1 GHz. Impedanm shall be evaluated at a frequency related to either the transition time

or to the noise pulse width of the logic system used in the package

The frequency f shall be as specified in the acquisitiondocument.
The configuration of the package being tested must be the same as in the application. Wtrebonds and other interconnection
media must be included in the measurement. The package should be mounted on a dielectric holding fixture to avoid stray
capacitancesbetween the package and test equipment ground planes. Sockets should not be used unless specified.
Package leads must be trimmed to applications specifications.
3.2 Test procedure for series imDedanc&..
3.2.1 Series inductance, With the inductance meter, measure the series inductance of the power supply circuit (h)
between the external package solder interfac=?and the chip power supply location. Similarly, measure the inductance of the
ground circuit (I-J. Calculate & = 2 n ~ and k = 2 x ~.
3.2.2 Series resistance. With the milliohmmeter, measure the series resistance of the same power and ground circuits
R, and ~.
3.2.3 Calculation of imDedance.

Calculate

2P = ~/ylP

AG = ~-
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4. SUMMARY. The followingdetails, when applicable, shall be specified in the applicable acquisition document
a.

~ (max).

b.

L (max).

c.

~ (max).

d.

h (max).

e.

R. (max).

f.

~ (maX).

g,

f,

h.

f~

i.

fw

i.

4.

k.

b.
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METHOO 3020
HIGH IMPEDANCE (OFF-STATE) LOW-LEVEL OUTPUT LEAKAGE CURRENT
1. PURPOSE. This method establishes the means for assuring circuit petiormanCe to the limits specified in the
aPPfi=si~On
dOcument in re9a~ tOOUtPIJtleakage current when an output is in the high-impedance state with a
Iov-level voltage applied. This current should normally be specified as a maiimum negative value (IUZ maximum). This
method applies to digital micmefectmnic devices, such as TTL, DTL, RTL, ECL, and MOS that have bistate outputs
2. APPARATUS. The test chamber shall be capable of maintaining the devics under test at any spetified test
temperature. An instrument shall be provided that has the capability of applying the specified low level voltage to the output
terminal and measure the resultant current flowing in the terminals,
3. PROCEDURE.
follows

The device shall be stabilized at the specified test temperature. A@PIYvoltages to the test circuit as

a.

Worst-case power supply voltage (VW) applied to the Vu terminal

b.

Threshold-level voltages (V,. minimum or V. maximum) applied to the control inputs which forcss the output under
test into the high-impedance (off) state.

c.

Nonthreshold level voltage applied to the logic input terminals controllingthe output under test so as to prtiuce a
“hard high voltage level at that output if the output was not in the high-impedancs state. Apply the specified low
logic level voltage to the output terminal under test and measure the resultant leakage current. Outputs shall be
measured individually.

4, SUMMARY, The followingdetails shall be specified in the applicable acquisition document
a.

Test temperature.

b.

Worst case power supply voltages

c.

Threshold vottage levels for control inputs

d.

Voltages at logic input terminals for output under test.

e.

Output voltage.

f.

IW maximum negative limit.
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METHOD 3021
HIGH IMPEDANCE (OFF-STATE) HIGH-LEVEL OUTPUT LEAKAGE CURRENT
1. PURPOSE. This method establishes the means for assuring circuit performance to the limits specified in the
applim=
sition document in regard to output leakage current when an output is in the high-impedance state with a
high-level voltage applied. This current should normally be specified as a maximum positive value (Iw maximum). This
method appfies to digital microelectronic devices, such as lTL, DTL, RTL. ECL and MOS that have tristate outputs.
2. APPARATUS. The test chamber shall be capable of maintaining the device under test at any specified test
temperature. An instmment shall be provided that has the capability of applying the specified high level voltage to the output
terminal and measure the resultant current flowing out of the terminals.
3. PROCEDURE.
follows

The device shall be stabilized at the specitied test temperature. Apply voltages to the test circuit as

a.

worst-se

power supply voltage (V=) applied to the VU terminal.

b.

Threshold level voltage (V,” minimum or V. maximum) applied to the control inputs whiti will cause the output
under test to be in the high-impedance (oKI state.

c.

Nonthreshold level voltage applied to the bgic input terminals controllingthe output under test so as to produce a
“hard low voltage level at that output if the output was not in the high-impedance state. Apply the specified high
logic level voltage to the output terminal under test and measure the resultant leakage current. Outputs shall be
measured individually.

4. SUMMARY. The following details shall be specified in the applicable acquisition document
a.

Test temperature

b.

wont case power supply voltages.

c.

Threshold voltage levels for control inputs.

d.

Voltages at Iagic input terminals for output under test.

e.

Output voltage.

f,

IW maximum positive fimit.
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METHOD 3022
INPUT CWMP VOLTAGE
1, PURPOSE. This method establishes the means for assuring circuit performance to the limits specified in the
aPPfi~=sitiOn
dO~ment in m9a~ to inPutvolta9e levels in a region of rekdively low differential resistance that sewe
to limit the input voltage swung. Input damp voltage is specified as a maximum positive value (V,c POS) or the maximum
negative value (V,c NEG). This method applies to digital microelectronic devices.
2. APPARATUS. The test chamber shall be capable of maintaining the devia under test at any specified test
temperature. The test apparatus shall be capable of supplying the worst case power supPly voltage and shall be capable of
loading the input of the circuit under test with the specified negative current or the specified positive current, both referred to
as l,w Resistors may be used to simulate the applicable current levels.
3. PROCEDURE. The devics shall be stabilized at the specified test temperature. Apply worst-case power supply
voltage (V=) to the V= terminal. Force the specified negative current from or the positive current into the input under test
and measure the resultant input voltage. (NOTE Any input for which the IL would influence the negative input current (IN)
should have V,c measured with the VU terminal open). All input terminals not under test may be high, low, or open to
minimize or inhibit any outside factors (noise, transients, etc.) from affecting the test. Inputs shall be tested individually.
4, SUMMARY. The following details shall be specified in the applicable acquisition document
a.

Test temperature

b.

Worst case power supply voltage.

c.

Current to be forced from the input terminal.

d.

V,c (POS) or VK (NEG) maximum hmit.
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METHOO 3023
STATIC LATCH-UP MEASUREMENTS
FOR DIGITAL CMOS MICROELECTRONIC DEVICES
Latchup shall be performed in accordance tith JEDEC-STO-1 7 dated August 1988,
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METHOO 3024
SIMULTANEOUS SWITCHING NOISE MEASUREMENTS
FOR DIGITAL MICROELECTRONIC OEVICES
1. w.
fismethod
establishes tiepm=dum
formeasufing theground bounm(and VmbounW) noise indigi&l
microelectronic devices or to determine compliance with spedfied ground bounce noise requirements in the applicable
acquisition document. ltisalso intended toprovide assuran= ofintetiangeatility
ofdeviEs and to eliminate
misundemlanding betienmanufatiu~
mandusem onground bounWnoise test pro=dures and requirements. This
procedwe is not intended to predict the amount of noise generated on an end product board, but for use in measuring
ground bounca noise using a standardized method for comparing noise levels between togic families and vendocs.
1,1 Definitions. ~efolloting

definitions shall apply forthepuposes

oftMstestmethod

a.

Ground bounce noise. Thevoltage ampfitude(peak) ofexVaneous signals present onalow-level non-stitting
output with aspecified number ofother outputs switching. Gmundbounce noise onalogic lowoutputcan beef
suffmient amptitude to exceed the high level threshold of a remiver, or cause latch-upon unprotected CMOS
inputs.

b.

V% bounm noise. ~evoltage amplitude (peak) ofextmneous signals present onahigh-level nowstittiing
output with aspecified number ofother outputs switching. V~bounce onalogic high output can beofsuff!cient
amplitude to exceed the low level threshold of a receiver, or cause latch-up on unprotected CMOS inputs.

c.

Simultaneous switching noise. Noise generated across theindutine
ofapa&age
and discharge of load capacitanm through two or more transitioningoutput pins.

d.

Quiet low. Anon-stitching output which isddving anominallowlevel.

e.

Quiet high. AQnon-sw"t&ing output which isdtiinga

f.

Signal skew. Theamount oftimemeasured beWeenany tisignal
threshold devices) and at VW (for CMOS threshold device5).

1.2-.

pinasaresult

oftiechame

nominal high level.

The followingsymbols shall apply forthepuVoses

tmnsitions attiel.5Vvoltage

level (for~L

ofttistestmethod:

1.2.1 Loqicleve!s.
V. max

The maximum allowed input low level on a digital microelectronic device.

V. min

The minimum allowed input low level on a digital microelectronic device.

V,Hmax

~emaximum

Vw rein:

The minimum allowed input hgh level on a digital microelectronic device.

allmedinput

Nghlevel onadigital mimoeletironic devi=.
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1.2.2 Noise levels.
V_max

ThelaQest positive ampfitudetmnsient allowed onalogiclowoutput.

Vmvmax:

Thelagest

negative amphtude tmnsient allowed onalogiclowou@ut.

Vowmax

Thelagest

positive ampfitudetinsient

Vowmax:

~elawest

negative amplitude transient allowed onalogictigh

allowed onalogictighou@ut.
output.

1.2.3 Transition times.
Tw:

The transition time of a rising edge (rise time) measured from 10 percent to 90 percent.

Tm:

The transition time of a rising edge (fall time) measured from 90 percent to 10 percent.

2. Apparatus. The apparatus used for ground bounce noise measurements shall include a suitable source generator (See
2.1 ), loads (see 2.2), an oscilloscope (see 2.3) and a low noise test fwture (see 2.4). See figure 3024-1 for proper
connections.
2,1 Source qenerator. The pulse or pattern generator for this test shall be capable of supplying the required input pulses
with transition times of 3.0 +33.5ns to minimize skew due to input threshold differences.
2.2 =.
Loads shall mnsist of 50 PF capacitance (-0,+20%) and a 500 ohm (+1%) low inductance resistor from each
output to ground. Capacitance value should include probe and test iixlure capacitance. The 500 ohm resistor maybe made
up of a 45o ohm resistor in series with a 50 ohm oscilloscope input channel or 50 ohm termination.
2.3 Oscilloscope. The oscillosmpe and probe combination shall have a minimum bandm”dthof 1 GHz. Probes (if used)
must be calibrated using the manufacturer%instructionsbefore accurate measurements can be made.
2.4 Test fixture, Test fixture construction has a large impact on the accuracy of the results. Therefore, the standard ESH
test fixture or an equivalent approved fixture (one which demonstrates results within 10% of the standaml) must be used to
perform these tests. (The ESH fixture for DIP devices is LA&350-28. Other standati fixtures will be determined at a later
date.) Lead lengths should be 0.25 inches or less. The devices under test maybe damped to the test fixture, soldered to
the fixture, or installed in a socket on the fxture. Use of a socket may result in higher readings.
3. Procedure. The device shall be installed on the low noise fixture. All outputs of the device under test shall be loaded
as specified in 2.2. All outputs (as many as functionally possible) shall be conditioned to switch using the setup information
in 3.1. Tests shall be performed using the prom?dumsin 3.2.
3.1 Setuu parameters.
3.1.1 SUPDIVvoltaqe. Power supply voltage shall be at nominal operating vokage (5.0 volts for most families).
3,1.2 Test temperature. All tests shall be performed at 25”C.
3.1.3 Input conditianinq. h?putvoltage Ievek shall be 0.0 V low level and Vm for CMOS and 3.0 V for lTL for high level
for both static and switching inputs. Switching inputs shall be driven by 1 MHz signals with 2.0 iO.5 ns transition times.
Maximum skew (made at the device package inputs) between any two input signals (incfuding out-of-phase signals) shall be
less than 1 ns. See figure 3024-2.
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FIGURE 3024-1. Simultaneous switching noise test setuu.
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FIGURE 3024-2. Input wavefornm.

FIGURE 3024-3. Noise measurement technique.
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3.2. Gmundbounce testpm=dum.
Theoutput to betested should bemnditioned toalowlevel.
Thescapeprobe (if
used) shall beannetied
totheoutput under teetnomore than 0.25inches fmm the pin. Theprobe ground lead shall be
anached toasuitable lomtion (ground plane orpin)and have amaimum length of 1 inch. Theground bounc?noise is the
peak voltage in the positive (VM) and negative (Vmv) directions measured from the nominal Vm level (see figure 3024-3).
Thenoise must remeasured at boththe LOWto HIGHand the HIGHto LOWtmneition of thestitting
outputs. (Two
wnsecutive areas ofdiswption need to reanalyzed forthelawest peak. Ifasernnd scope channel isavailable, it can be
used tomonitor thesrnttitng outputs andease syntimnization of the noise.) Tfdstest shall berepeated with each output
atalowlevel tithall othem(funtionally possible) stitcMng. Thelargest peak onthewcm toutputi sthedevicegmund
bounce noise. Engineering judgement orexperienW may beusedto mdu=the number ofpinstested provided that the
rationale for this reduction of pins tested is documented and made available to the preparing acthity or the acquiring activity
upon request. (Generally, thenoisiest pinonone devimtill bethenoisiesl pinonall deviWsoftiat type.)
3.3 V= bounce testprocedure. Theoutputto betested should bemnditioned toahighlevel.
Thesrnpeprobe (ifused)
shall bemnneded totheoutput under test nomo=than 0.25in&es from the pin. Thepmbe gmundlead shall reattached
toasuitable loWtion (gmundplane orpin)and haveamaximum length oflinti.
The V_ bounce noise isthepeakvoltage
inthepositive (Vow) andnegative (Vaw)timtions
measumd fiomthe nominal Vm[evel. Thenoise must be measured at
both the LOWio HIGHand the HIGHto LOWtransition oflhestitcting outpu@. (Twocansecutive areas ofdisruption need
to reanalyzed forthelaqestpeak.
lfasewnd smpe&anne! isavailable, itmnbeused tomonitorthe stittiing outputs
andease synchronization of the noise.) ~stestshall
berepeated Mtheach output atatigh level tith allothem
(functhnallyposs
ible)switching.
Thelagest peakonthe Mmtoutput isthedeviW V~bounnoise. Engineering
judgement or experience maybe used to reduce the number of pins tested provided that the rationale for this reduction of
pins tested isdocumented andmade available tothepmparing atiivity ortheaquiring ativity upon request. (Generally,
the noisiest pin on one device will be the noisiest pin on all devices of that type.)
4. ~.

rnefolloting

details, when applimble, shall bespecified intheamuisition document:

a,

V-

b.

Test temperaw!e.

c,

Input switching frequency.

d.

Number of outputs switching.

e.

Package style of devices.

f.

Conditioning levels of non-switching inputs

9.

Output pin(s) to be tested.

Supply voltage.
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METHOD 4001,1
INPUT OFFSET VOLTAGE AND CURRENT AND BIAS CURRENT
1. PuRPOSE. TMsmethti establishes lhemeans formeasuring input tiascument andtheo&et involtageandcumnt
at the-linear
amplifier with differential inputs. Offset voltage may also be pertinent in some single input ampliflem.
Input bias current will also be measured in this procedure.
1.1 Definitions. The follow’ng definitions shall apply for the purpose of this test method.
1,1.1 Input offset voltage (V,J. That dc voltage With must be apptied between the input terminals through two equal
resistances to force the quiescent dc output to zero or other specified level V~, generated by V.,
1,1.2 Input offset voltage drift (OV,J. Input offset voltage drift is the ratio of the change of input offset voltage to the
change of the circuit temperature.

AV,O
DV,O = —
AT

1,1.3 Input offset current (1,0). The input offset current is the difference between the input bias currents entering into the
input terminals of a differential input amplifier required to force the output voltage to zero or other specified level (V~).
1.1.4 Input offset current drift (OI,,J. The input offset current drift is the ratio of the change of input offset current to the
change of circuit temperature.

DI,o

A J,o

= ~

1.1.5 Input bias current (1,,]. The input bias currents are the separate currents entering into the two input terminals of a
balanced amplifier, specified as +1,, and -k,. The bias current in a single ended amptifier is defined as 1,,.
1.1.6 Input offset voltaqe adjust (*VA.

Bias adjustment which produces maximum offset at the output.

2. APPARATUS. The apparatus shall consist of appropriate test equipment capable of measuring specified parameters
and an appropriate test fwture with standard input, output, and feedback resistances.
3. PROCEDURE. The test figures show the connections for the various test conditions. An OPamp null loop test f!gure is
also shown as an alternate test setup. R, shall be no larger than the nominal input impedancs nor less than a value which
will load the amp(itier (10x ~).
Let RJR, = 100 or 0.1 x (open loop gain), whichever is smaller. Recommended
stabilization and power supply decoupling circuitry shall be added. R, shall be no larger than the nominal input impedance.
For methods using the null loop circuit, assume all switches (relays) normally closed.
3.1 Input offset voltaqe
3.1.1 Differential inuut amDlifier, The test setup is shown on figure 4001-1. Input offset voltage V,o = (R,/RJ (Eo - V.,)
Switches S, and S, are closed for this test.
3.1,2 Sinqle ended invertinq amplifier. The test setup is shown on figure 4001-2. Input offset voltage V,o = (RJR,)
(Eo - V,,). Switch S is dosed for this test.
3.1.3 Sinqle ended noninvertinq amulifier. The test figure is shown on figure 4001-3. V,o = (R,/R2) (6
closed for this test.

- V.,). Switch S is

3.1.4 Differential input amolirier, This is an alternative method using the null loop circuit of ligure 4001-4, in which all
switches are dosed. Set V= to zero. Measure Eo. V,.. (RJR,)(EJ.
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3.2 Input offset current. This has a meaning for differential input amplifieffi only.

~

3,2.1 Differential input amplifier. The test figure is shown on figure 4001-1. Measure SO,with S, and S, closed, measure
with S, and S, open.

’10

‘:(E”’R3

E”’)

3.2.2 Differential inuut amplifier usinq null looP. The test setup is shown on figure 40014, S, and S. are dosed, set
Vc = O. Measure a, as in 3.1.4. Open S, and S, and measure EOZ.

‘[0

=

:(EOIR,EO’)

3.3 Input bias current.
3.3.1 IXfferential irmut amrdif!er. The test figure is shown on figure 4001-1. Measure E,,, with S, and S, closed, measure
E= with S, clo5ed and S, open, Measure 1% with S, open and S, closed.

‘xEO’i,
E”’)
’18-= HEO’R,EO’)
‘[B+

3.3.2 Skmle ended invertinq amplifier. The test figure is shmvn on figure 4001-2. Measure &, with S closed, measure E&
with S open.

‘B

‘:(E”’R,

E”)

3.3.3 Sinqle ended noninvetiinc!amPlifter. The test figure is shown on figure 4001-3. Measure EWwith S closed.
Measure ~ with S open.

‘{B

=

:(EO’R,E02)

3.3.4 Differential input amolirier usinq null IOOD.The test setup is shown on figure 40014. Set Vc to zero with S, and S,
closed. Measure E,, with S, closed and S3 dosed. Measure a wlh S, open and S, closed. Measure Em with S, closed
and S, open.

‘2(E0’iEO’)
‘B= :(E021iE0’)
’15+
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3.4 Input offset voltaqedrifl. Measurement of V~, ismadeattempemture
measurement at T, of Vm is made at the semnd temperature.

DV,o

=

V,oz

T,inamtianw

tith3.landasernnd

- V,o,

T* -T,

3.5 Input offset current drifi. Measurement of I.j is made al temperature T, and Im at temperature T, in accordana? with
3.2.

DI,o
3.6 Adjustment forinmdoffsetvoltaqe,
the positive extreme.

1,01 - 1,0,

T2 -T,

Usethevatue of Eafor3.1.4.

v,OA#)

Measure ~

=

=

(Eo

-

Measure &,withthe

off6etnull voltage (VotJ setto

EoI)~

with the offset null voltage (VON)set to the negative extreme

vlOA@(-)

=

(.Eo -

EoJ~

NOTE: Vo, may beimplemented using arnmtination ofresistom toobtain thepmpervoltage
terminals. TMsdeteminatiOn shall be based onthedevi= under test(OUv sped fictions.
4. SUMMARY, The following details shall bespetified intheappli-ble
R,, and R,, R., R,, R,, and *VU of the nu[tingamplifier.

across theo&etnull

awuisition document forspetified values of R,,

a.

V,. maximum.

b.

DV,Omaximum at specified temperature(s).

c.

1,0maximum when applicable.

d.

Dl,o maximum, when applicable at specified temperature(s).

e.

1,,. and I& maximum at specified temperature(s).

f.

V., and V~, when applicable, at specified temperature(s).

9.

*V,O~ at specified temperature.

h.

Test temperature(s). Unless otherwise specified, all parameters shall be measured at the minimum and maximum
specified operating temperature and at +25°C ambient.
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FIGuRE 4001-1. Differential input amplifier.
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FIGURE 4001-2. Sinqle ended inverlinq amdifier.
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RI
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-
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-Vcc

FIGURE 4001-3. .sinqle ended noninvertinqamdifier,

FIGURE 40014.

Differential inmh amdifier usinq null looP.
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METHOD 4002.1
PMSE

MARGIN AND SLIW RATE MEASUREMENTS

1. PURPOSE. This method establishes the means for measuring the stability and slew rate of a hnear amplifier intended
to be~feedback.
1.1 Definitions. The follow’ng definitions shall apply for the purpose of this test method.
1.1.1 Phase mamin. The phase margin is 180° minus the absolute value of the phase shifl measured around the loop at
that frequency at which the magnitude of the loop gain is unity. The loop is the series path of the device under test and the
feedback network which is opened at the inverting terminal. The inverting terminal is loaded down to simulate the load
normally presented by the feedback network. Good practice dktates that the phase margin should be at least 45”.
1.1.2 -.
If a closed loop gain versus frequency Plot is made, peaking is the amount by which the gain may
increase over its nominal value just before it falls off. 3 dB of peaking will result from a phase margin of 45”. Thus, it is
desirable to keep the peaking less than 3 dB.
1.1.3 Slew rate. Slew rate is the time rate of change of the closed-loop ampfifier output voltage under large signal
condition-e
maximum ac input voltage for which the amplifier performance?remains hnear). Stabilization netwotis
will affect the slew rate and therefore these must be included in the measurement.
2. APPAR4TUS. The apparatus shall ccmsistof appropriate test equipment capable of measuring specified parametem
and appropriate test rixtura with standard input, output, and feedback resistances.
3. PROCEDURE. The test figures show the connections for the various test conditions. Recommended stabilization
netwotis should be added to compensate for the degree of feedback in the test. The circuit under test should have
adequate power supply decoupling added. For differential output devices, the measurements described in 3.1 through 3.2.1
below, as applicable, shall be repeated for the other output using the same test figure except an oscilloscope shall be
cnnnected to the other output.
3.1 Phase mamin. The test shall be setup as on figure 4002-1 for a gain of 1 noninverling. This is the maximum
feedbach case. R, and R, shall be the same value and shall be low mmpamd to the amplifier input impedance. Figure
4002-2 shows the amplitude of the envelope of the output EO The peaking shall be less than 3dB(1.414 times the flat band
voltage) to indicate a 45- phase margin minimum. The circuit of figure 4002-3 shall be used for single ended inverting
amplifiers (where no positive input terminal is brought out) or where the testis to be run at closed looP gains greater than 1.
Closed loop gain = RJR,. In the case of dosed looP gains greater than one, the peaking shall be less than 3 dB.
3.2 Pulsed slew rate. Figure 4002-1 or 4002-3 is the test figure for this test. Values of R, and R, shall be the same
values as those used in the phase margin test. Stabilization networks shall also be the same. The pulse amplitude V, shall
be such that E. is the maximum large signal value for the amplifier. Wdh the pulse V, having a rise and fall time much faster
than the specified slew rate for the amplifier, the rise and fa[l time for the ampfifier shall be measured and shall be within
specified hmits (see 4). The test shall be repeated for both polarities of V,.
4. SUMMARY.
R,, and V,,

The fallowing details shall be specified in the applicable acquisition document for specified values of R,,

a.

Maximum peaking.

b,

Maximum rise time for& positive pulses.

c.

Maximum fall time for E, positive pulses.
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d.

Maximum rise time for SOnegative pulses.

e.

Maximum fall time for h negative pulses.

f,

Test temperature(s). Unless otherwise specified, all parametem shall be measured at the minimum and maximum
specified ambient operating temperatures and at 25°C ambient.
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FIGURE 4002-1. Test setup noninvertkm amplifier
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FIGURE 4002-3. Test setup einale ended inverlinq amplifier.
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METHOO 4003.1
COMMON MODE INPUT VOLTAGE RANGE
COMMON MODE REJECTION RATIO
SUPPLY VOLTAGE REJECTION RATlO
1. PURPOSE. ll?is method establishes the means for measuring common mode input v01ta9e range, Wmmon mode
rejeciind
supply voltage rejection ratio.
1.1 Definitions. The followingdefinitions shall apply for the purpose of this test method.
1.1.1 Common mode input voltage range (V=~. The common mode input voltage range is that range of common mode
input voltages which, if exceeded, will cause the amplifier to dk+toflor is that range of voltage which may be applied to the
input terminals of the device without decreasing the cammon mode rejection ratio (CMRR) by more than 6 dB.
1.1.2 Common mode reiecton ratio (CMRR\. The common mcde rejection ratio is the ratio of the differential open looP
gain, &,, to the common mode voltage gain, Ac.

CMRR is usually expressed in decibels

CMM

= 20

log *

Common mode rejection ratio can also be expressed as the ratio of change in offset voltage to the change in common mode
voltage.

AVKJ

Ck.fRR = 20 log —

A VW

1.1.3 Power SUDDIVreiection ratio (PSRR). The power supply rejection ratio is the ratio of the change in input offset
voltage AV,., to the corresponding change in one power supply voltage with all remaining power supply voltage(s) held
mnstant.

+PSRR=

A V,cJ

—

A VCC

AV,O
- PSRR = —
A VLB

VLM = constunt

V== = constant

A V.
PSRR = —
AD AVCC
2, APPARATUS. The apparatus shall consist of appropriate test equipment capable of measuring specified parametem
and an appropriate test fwture with standati input, output, and feedback resistances.
3. PROCEDURE. The test figures show the connections for the various te5t conditions. Assume all switches normally
closed. The feedback resistance, R, for figure 4003-1, shall be no larger than the nominal input impedance nor less than a
value which will load the amplifier (100 x ~).
Specified stabilization and power supply demupfing shall be added where
applicable.
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3.1 Common mcde input voltaqe ranae.
3.1.1 Differential inout amplifier. This test shall bean implied measurement. The maximum common mode input voltage
specifiad for the amplifier shall be used in making the cnmmon mode rejection ratio test of 3.2.
3.2 Common mode reiection ratio.

CA4RR = ~
c
where ~

= differential gain, and & = cammon-mode gain.

3.2.1 Differential input amplifier usiml null IOOP. The test figure is shown on figure 4003-1, all stitches are closed. Raise
V+, V-, and V= to V.. volts above nominal (i.e., if V+ = 15, V-= -15, V== O, Vc. = 10, then set V+ = 25, V- = -5, and V. =
10), Measure a,. Lower V+, V-, and Vc to Vc. volts below nominal. Measure EOZ.

GURR

R,
= 20 log ~

(Eoj - E.])
A Va,

3.3 Power supDlv reiection ratio.
3.3.1 Differential input amplifier. The power supply shall be adjusted for a value equal to the average of the maximum and
minimum allowable supply voltage. The signal generator connected to the power supply under test shall be adjusted such
that the voltage input at the amplifier under test swings between maximum and minimum specified values. Then:

R,
PSRR = 20 log ~
where

(A V.)

~

&VO = Change in output voltage (peak)
AVCC❑ Change in supply voltage (peak)

The frequency used shall be as specified.
3.3.2 Differential input amplifier using null loop. The test figure is shown on figure 4003-1. Set V= to zero. For +PSRR
set V- to constant voltage and set V+ to minimum value and measure Eoi set the V+ supplies to maximum values and
measure Em

+ PSRR = 20

log

R,

—

(E,l

R,

- E,,)
D Vcc

where DVm is the total change in power supply voltage (if the suppties vary from +5 to +20 V, DVm = 20-5 = 15 V). For
-PSRR repeat the above measures with V+ supply held constant and V- varied between the minimum and the maximum
value, measure Q and EM respectively.

- PSRR = 20
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log

~

(E04

-
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D VCC
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4. SUMMARY. The following details shall be specified in the applicable acquisition document for specified values of C,,
C,, R,, R,, RL and iVti for the nulling amplifier.
a.

VW at specified temperature(s).

b.

CMRR at specified temperature(s). V, signal frequency when applicable.

c.

PSRR, when applicable, at specified temperature(s).

d.

Test temperature(s). Unless othew”se specified, all parameteffi shall be measured at
specified ambient operating temperature and at 2YC ambient.

the

minimum and maximum
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FIGURE 4003-1. Differential inuut amplifier using null loo~
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OPEN LOOP PERFORMANCE
1. PURPOSE. The purpose of this test procedure is to measure gain, bandwidth, distortion, dynamic range, and input
impedance. Gain, dynamic range, and distortion are combined into a large signal test where the distortion measurement w“ll
indicate either lack of dynamic range or inherent distortion.
1.1 Definitions. The following definitions shall apply for the purpose of this test method
1.1.1 Maximum output voltage swing (Vm~. The maximum output voltage swing is the maximum peak-t~peak output
voltage which can be obtained without waveform dipping when the quiescent dc output voltage is set at a specitied
reference level. The sw’ng levels are denoted by +Vo, and -Vo,.
1.1.2 Single ended input impedance (~.
The single ended input impedance is the ratio of the change in input voltage to
the change in input current seen between either input and ground with the other input terminal ac grounded. In case of
single input ampfhiem, it is the impedance between that terminal and ground. It is measured at the quiescent output dc
level.
The differential input impedance is the ratio of the change in input voltage to the
1.1.3 Differential input impedance (~.
change in input cument seen between the two ungrounded input terminals of the ampfhier at the quiescent output dc level.
1.1.4 Voltage gain (Ad. The voltage gain (open loop) is the ratio of the outputvoltage swing to the single ended or
differential input voltage, required to drive the output to either swing limit.
1.t.5 Bandwidth, open loop (BW,,). The open loop bandwidth is the range of frequencies within which the Open-100p
voltage gain of the ampfitier is not more than 3 dB below the value of the midband open looP gain.
1.1.6 D!stoftion. The total ratio of the RMS sum of all harmonics to the total RMS voltage at the output for a pure sine
wave input,
1.1.7 Unity qain bandwidth IGBWT The unity gain bandwidth is the frequency at which the output voltage is equal to the
input voltage.
2. APPARATUS. The apparatus shall consist of appropriate test equipment capable of measuring specified parameteffi
and an appropriate test fixture with standsrd input, output, and feedback resistances.
3. PROCEDURE. The test figures show the connections for the various test conditions. A differential input is shown, but
if a single ended inverting amplifier is under test, the components shown at the positive input terminal shall not be used. If a
noninverling amplifier is under test, it shall be necessary to either use fixed bias instead of the dc feedback or to use an
inverting gafn of one ampfifier in the feedback path. For differential output devices, the measurements described in 3.1, 3.2,
3.3, and 3.4 below, as applicable, shall be repeated for the other output using the same test rigurs except that the measuring
equipment shall be connected to the other output.
3.1 Open IOODqain using the null loop, The test figure is shown on figure 4004-3. The load resistor R, is grounded. Set
v= to -10 V and measure EM. Set V. to +1O V and measure E&.

20

R,
““

=

Eo, - E,,

x

3.2 Distmlion. Under the conditions of 3.1, read the distortionon the distortion meter or the voltage at the output of the
rejection filter if that is used.
3.3 Maximum outout voltaqe swinq. The test figure is shown on figure 4004-3. Set Vc equal to zero. Switches S, - S, are
closed. For +Vo, apply a V, equal to the positive supply voltage +Vop. V* For -Vopapply a V, equal to the negative supply
voltage -Vo, = Vz
METHOD 4004.1
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3.4 Bandw”dth. Establish the amplitude of V, within the hear region of the device under test at a frequency specified for
the measurement of k. Increase the frequency, while maintaining the amplifier of V, constant, until V, reduces to 0.707 of
the oriainal value (3 dB down). This freauencv shall be measured as the bandwidth for the device under test. The test
figure ~ shown on’figure 40~-1.
3.5 Input impedance. This will be specified as a minimum value and shall be measured by observing that the output
voltage V, does not drop more than 6 dB (2:1 in voltage) when the switch S is opened, This test shall be performed at the
specified frequency with a specific amplitude of V, within the hear region. R, shall be given as the value of the minimum
input impedance. The test figure is shown on figure 4004-1.
3.6 Unity qain bandwidth. Increase the frequency of e, (starting at 100 kHz) until e, = e, The frequency at which this
occurs is GBW. The test figure is shown on figure 4004-4. Set the input voltage V, to the required device voltage.
4. SUMMARY. The following details shall be specified in the applicable acquisition document for specified values of R,,
R,, C, iVm for the nulling amplifier, R, and RL.
a.

V.,, at specified temperature(e).

b.

Z,. (minimum), at specified temperature(s) and frequency.

c.

~,, where applicable, at specifed temperature(s) and frequency.

d.

Am, where applicable, at specified temperature(s) and frequency

e.

A“, at specified temperature(s) and frequency.

f.

BW,,, at specified temperature(s).

9.

Oistorlion (%), at specified temperature(s).

h.

V.,, when applicable, ai specified temperature(s).

i.

GBW, at specified temperatures.

i.

Test temperature(s), Unless otherwise specified, all parametem shall be measured at the minimum and maximum
specified ambient operating temperatures and at 25°C ambient.
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METHOO 4005.1
OUTPUT PERFORMANCE
1. PURPOSE. This method establishes the means for measuring the power dissipation and output impedance.
1.1 Definitions. The follow”ngdefinitions shall apply for the purpose of this test method.
1.1.1 Output impedance (ZJ. The output impedance is the impedance between the output terminal and ground. It is
measured at a spetific quiescent dc output voltage and with no ac feedback around the amplif!er.
1.1.2 Power dissipation (Pm). The power dissipation is the total power dissipated in the amplifier with the amplifier biased
into its normal operating range and without any output load.
2, APPARATUS. lle apparatus shall cmsist of appropriate test equipment capable of measuring specified parameters
and an appropriate test fixture with standard input, output, and feedback resistances.
3. PROCEDURE. The test figure shown will be used for all three tests. R, should be no larger than the nominal input
impedance nor less than a value which will load the amplifier(100 x b).
2 K f R,C, shall be at least 10 AOwhere AOis the
open loop gain and f is the test frequency. ~ should be at least 10/2 II f R, and R, should be about equal to the nominal
amplifler ~.
3.1 Power dissipation. For this test, the signal generator is off. Measure the positiie supply voltage and current V= and
1=and the negative supply voltage and current V= and l,, The power dissipation PO= Vu Ic + V= Is.
3.2 Output imDedance. For this teSt, the signal generator frequency is set to a specified value and the level is set to a
specified Vz V, is read on the ac voltmeter. The output impedanca?is then equal to

An alternate measurement would be to make R, equal to the maximum acceptable value of L and require that V, be no
greater than V#2. For differential output devices, this measurement shall be repeated for the other output using the same
test figure except that the meaauring equipment shall be connected to the otheroutput.
4. SUMMARY. The following detilsshaIl
R,, C,, and Cl

bespedfied intheapplimble

amuisition document forspedfied values of R,,

a,

G limits at the specified frequency.

b.

P. maximum.

c,

V, where applicable.

d.

V., where applicable at the specified temperature(s).

e.

Testtemperature( s). Unless otietise specified, allpammetem shall bemeasumd attheminimum and maximum
specified operating temperatu~ and at 2$C ambient.
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METHOD 4006.1
POWER GAIN ANO NOISE FIGURE
1. PURPOSE. ThepuWose ofttistest
ampl~

pmmdumis tomeasu=

small signal pomrgain

1.1. Oefmition. The following definitions sha!lapply forthepuVose

andthenoise figure of an

ofthis testmethod.

1.1.1 Power aain(PG). ~epwrgain
isthemtia, exp=ssed indB, of thes@nal power deveIo@
amplifier to the signal power applied to the input.

PG = 10

log

ettheoutputofthe

Pour

—
PIN

1,1.2 Noise factor(F). Thenoi$e fatioris themtio oftiesignal-t*noise
power ratio at the output.

power ratio attheinput tothesignal-twnoise

PIN
~

_

NPIN

Pow
NPOUT

Where: P,.

=input signal power

❑output signal power

PM

N,,. =input noise power
NW=

output noise power

1.1.3 Noise fiqure(NF~. Thenoise figure (NF)isthe

noise factor (F)expressedindB

NF = IO log F = 10 log

Pm/
POUT 1

NPIN
IVPour

The above expression for NF can be written in terms of voltage since the signal and its associated noise work into the same
load.
V,N

NF = 20 log ~

.2010g*.2010g

vow
—
Iiour

AJour
Wher&

v,. = signal voltage IN
Vm = signal voltage OUT
N,. = noise voltage IN
NW=

noise voltage OUT
METHOO 4006.1
22 March 1969

MIL-STD-B83E

2. APPAPATUS. The apparatus shall consist of appropriate test equipment capable of measuring specified parameters
and an appropriate test fmture with standard input, output, and feedback resistances.
3. PROCEDURE. The test figures show the connections for the various test conditions. The signal frequency, where
applicable, shall be a specified value within the defined bandwidth of the amplifier,
3.1 Power qain. Figure 4006-1 is used for this test. Unless othetise specified, R, shall be equal to the nominal output
impedance of the device under test. If the input resistance (R,) of the device under test is much greater than the source
resistance (RJ, unless otherwise specified, a resistor (R) which makes V, = lf2 Vo should be added in series with Rw The
specified ac signal Vo at the specified frequency is applied to the inputs of the amplifier under test. V, and V. are recorded.
Then:

PG(db)

= 10 log

v,’
v, (VG - v!)

R.
‘x

If the series resistor (R) has been added, them

PG(db)
where:

= 10 log

Ro’

v,.’
v, (VG - v,)

‘x

Rc’ = R~ + R

3.2 Power qain (insertion methodl. If the input resistance (R,) to the device under testis known, the power gain can be
measured by this procedure. On figure 400&2 with switch S in position 1, and the attenuator set to zero insertion loss, a
reference level is established on the oscillosmpe. The switch is then moved to position 2, switching in the circuit under test,
and the attenuation increased until the output is brought to the previous reference level. The voltage insertion gain of the
circuit under test equals attenuator setting in dB. The power gain is then calculated from the followingexpression:

PG(dB)

= (Attenuator reading)

+ 20 log

R, (R.

+ R,)

R,

+

(RG

wherw R, equals the nominal output impedance of the circuit under test.
Ro equals the source resistanm.
R, equals the input impedance of the circuit under test, unless cdhetise specified.
The accuracy of this measurement is dependent upon the accuracy of the attenuator.
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3,3. Noise fim!re. Figure 4008-3 is used for thk test. The input noise voltage shall be calculated from the following
expression:
N].
where:

=

~~

K = Boltzmann’s constant (1 .38 x 10-n joulesPK)
T = Temperature foK)
Af = Noise bandw”dth
Ro = Sour= resistanw

The input signal level is then set to ten times (20 d8) NW. R, is now adjusted so that the ac voltmeter reads 10 dB on some
convenient scale. The input signal V. is then reduced to zero and the reduction in dB on the output rewrded. The noise
figure NF is obtined by subtracting thk drop in dB from 20 dB. The error in this measurement can be calculated from the
followingexpression:

[w+]-20’0,%

‘rrOrfdB)
= ‘olOg

It should be noted that the error will always be in a direction to indicate a lower noise figure than the trUe noise figure.
3.4 Noise fiqure, alternate method. In this test, a diode noise generator, as shown on figure 4008-4, is used to measure
the noise figure. in this test, with switches S, and S, in position 1 and the source resistance (RJ adjusted to a specified
value, a reference voltage is read on the ac voltmeter. The switches S, and.% are then moved to position 2 and the diode
source current (1)increased until the previous reference level is read on the ac voltmeter. Using the value of I and R,, the
noise figure is determined for the following expression
NF= 10 Log20 IRS
The accuracy of this technique is established by the accuracy of the 3 dB pad and the current meter in the noise diode
circuit.
3.5 Noise factor. The noise factor can be determined from the follcwing expression
NF= 10 Log F
In this expression, NF is in d8 and F is a numeric
4, SUMMARY. The followingdetails shall be specified in the applicable acquisition document for
spec-s
of R, and Ro:
a.

PG, at specified temperature(s) and frequency, and R>

b.

NF, at specified temperature(s) and frequency.

c.

F, at specified temperature(s) and frequency.

d.

Test temperature(s). Unless otherwise specified, all parametem shall be measured at the minimum and maximum
specified ambient operating temperatures and at 2YC ambient.

e.

Noise bandwidth (AO (see 3.3).

f.

Rs (see 3.4).

9.

R and R,, when applicable (see 3.1 ).
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METHOD 4007
AUTOMATIC GAIN CONTROL RANGE
1. PURPOSE. This method establishes the means for measuring the automatic gain contrOlrange of a Hnear amplifier.
1.1 Definitions. The following definition shall apply for the purpose of this teSt method.
1.1.1 Automatic qain control ranae (AGC). The AGC range is the total change in voltage gain which maybe achieved by
8ppliC3ti0n of a specified range of dc voltages to the AGC input terminal of the device.

AGC

=

A.

max

A,

min

20 log —

2. APPARATUS. The apparatus shall mnsist of a sweep generator, voltage source, resistam, capacitors, an ac
voltmeter, and a distortion analyzer.
2,1 Sweep qenerator. The sweep generator must cover the frequency range of the amplifier under test. It shall have
adjustable output level which is flat over the sweep range. It shall be capable of single frequency operation.

an

2.2 Voltaqe source. The voltage source shall be capable of supplying the specified AGC voltages to the test circuit. The
voltage source sha[l be free of noise or ripple at its outputs.
2.3 Capacitom and resistoc% The capacitoffi and resistom shall be within 1 per cent or better of the specified values and
stable over the test temperature range.
2.4 AC voltmeter. The ac voltmeter shall be capable of measuring the amplifier output voltage without loading and shall
have a frequency range that will c.mverthe amplifier under test.
2.5 Distortion analvzer. The distortion analyzer or meter shall be usable over the passband of the amplifier and shall not
load the amplifier.
3. PROCEDURE. The test circuit shown on figure 4007-1 shall be used for this test. m and C, shall be selected to
propedy load and decouple the circuit, respectively. The AGC voltage is set for maximum gain. The input signal is applied
(constant frequency) and increased until the output exhibits maximum allowable distortion. The generator is swept over the
prescribed range and the bandwidth noted.
The AGC voltage is varied over the specified range and the reduction in gain is measured. The above measurements are
repeated and the bandw”dthand signal handling capability recorded.
4. SUMMARY. The follow”ngdetails shall be specified in the applicable acquisition document fOrspecified VahJeSof C,
and R,
a,

AGC range.

b,

Test frequency range.

c.

Increase in bandwidth over the AGC range.

d.

Maximum reduction in output impedance, where applicable.

e.

Mnimum reduction in input signal capability, where applicable.

f.

Any other variations when applicable, such as power variation, overloading, limitations as to finearity of gain
response versus AGC voltage, etc.

9.

Test temperature(s). Unless otherwise specified, all parametem shall be measured at the minimum and maximum
speufied ambient operating temperature and at 2SC ambient.
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METHOO 5001
PARAMETER MEAN VALUE CONTROL
1. PURPOSE. The purpose of Uis method is to define a technique for assuring a conformance to a maximum or
minimum mean of a parameter measured in any test method listed in section 3000and 4000 of this standard. Thk method
is not intended for general application to acquisitions V.’iIereit is important only to assure that device parametem are
between specified limits. It is intended for use only where it is necessary to cantrol the average or mean value for a given
parameter throughout a lot of shipment of devices. When this method is employed, it is expected that the specified group of
devices tested will be packaged for shipment as a group together w“ththe required data. It is also expected that some
provisiona will be required for special marking of devices subjected to this method to identify that they have met the
selection cxiteria involved and that they are therefore not directly interchangeable with identical devices which have not been
controlled or selected in this manner.
2. APPARATUS. For distributioncontrol, it is desirable for the measuring equipment 10 have data logging capability in
addition to the capabilities listed in section 3000 and 4000. The data shall be recorded and analyzed to compute the
average value of a group of microelectronic devices. The size of the group shall be spetified in the applicable ac@isition
document.
3. PROCEDURE. Microelectronic devices shall be separated into groups, Each group will be tested in acwrdan= with
the specified test method. The reading from each device will be recorded. When all devices in the group have been teated,
the remrded data shall be averaged (or the mean value camputed) and compared against a maximum or minimum limit
specified in the applicable acquisition document.
4. SUMMARY.

The followingdetails must be specified in the applicable acquisition document

a.

Absolute maximum and minimum limits.

b.

Maximum or minimum limits on the average or mean.

c.

Group size.

d,

Requirements for data logging, special marking, and special provisions for group packaging and shipment, where
applicable.

METHOO 5001
20 November 1969

MI L-STO-S83E

METHOO 5002.1
PARAMETER DISTRIBUTION CONTROL
1. PURPOSE. The purpose of this methmdis to define a technique for assuring a normal distribution for any test method
listed in the 3000 or 4000 series of this standard. Tfis method is not intended for general application to acquisitions where it
is important only to assure that device parametem are between specified limits. It is intended for use only where it is
necessa~ to mntml the distributionof parameter values w“thinthe specified group. When this method is employed, it is
expected that the specified group of devices tested will be packaged for shipment as a group together with the required
data. It is also expected that some previsions will be required for special marking of devices subjected to this method to
identify that they have met the selection titeria invofved and that they are therefore not directly interchangeable with
identical devices which have not been mntmlled or seleded in this manner.
2. APPARATUS. For distributioncontrol, it is desirable for the measuring equipment, in addition to tie capabilities listed
in section 3000 and 4000, to have the capability of rejecting and counting the devices above or below the spetified extreme
fimits, and to also separate and count the devices that fall above or below the sigma hmlts. If the equipment does not have
this capability, the units shall be read to the specified parameter conditions and the data recorded. Identification of units to
the data shall also be required. Oata analysis and unit separation shall be hand performed in the case where automatic
equipment is not used.
3. PROCEOURE. Microelectronic devices shall be separated into groups. Each group will be tested, in accordance with
the specific method for the maximum and minimum limits specified in the applicable acquisition document. All failures will
be removed fmm the original group. The remaining units will be tested for the follcwing Not less than 12 percent but not
greater than 18 percent of units tested will fall below the mean -10 hmit. Not greater than 18 per=nt but not less than 12
percent of units tested will fall above the mean +1 o timit.
4.

SUMMARY. The following details must bespetified intheapphable

aQuisition document

a.

Absolute maximum andminimumfimits.

b.

Mean value.

c.

+1o and -lo value.

d.

Group size.

e.

Requirements fordata logging, epetial matings, andspetial provisions forpatiaging
applicable.

andsMpment, where
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METHOD 5003
FAILURE ANALYSIS PROCEDURES FOR MICROCIRCUITS
1. PURPOSE. Failure analysis isapost motiemexamination of failed deviesemploying, asmqui*d, eledriml
measurements and many of the advanced analytical techniques of physics, metallurgy, and chemistry in order to verify the
repotied failure atiidantiti themdeor
mechanism of failumasappfi=ble.
The failure analysis procf?dure(as indicated by
test condition letter) shall be sufficient to yield adequate cmwfusions, for determination of cause or relevancy of failure or for
initiation of corrective action in production processing, device design, test or application to eliminate the cause or prevent
recurrence of the failure mode or mechanism reported.
1.1 Data requirements. Wenrequimd
failed part, the following information

bytheapptiable

a~uisition document the failure analyst shall reuive, with the

a.

Testmmtitions ~sshall
include thewpeoftest orapphmtion, theimsewim
and other stress renditions under which the device failed.

time(when available), tempemture,

b.

System caxfitions ~isshall include theexati lo=tion of failumin theequipment, date, testand inspection or
both, at which defect was first noted, any unusual environmental conditions and all related system anomalies noted
attimeof remova! of the failed unit. Theequipment symptoms shall also bermmded.

c.

General device infonnatiorx ~sshall
include paRWpenumbem andserial numbem(when apptiable), date
code, and other identifying information, and size of production or inspection lot (when applicable).

2. APPARATUS. The apparatus required for failure analysis includes electrical test equipment capable of complete
electrical characterization of the device types being analyzed, micromanipulators capable of poinl-t=point probtng on the
surface of device dies or substrates, as required, and microscopes capable of making the observations at the magnifications
indicated in the detailed procedures for the specified test candition. In addition, special analytical equipment for bright field,
dark field and phase contrast microscopy, metallographic sectioning, and angle lapping are required for the test candition C.
Special analytical equipment for test condition D areas detailed in the procedure and shall be available only as required for
each specific device analysis at that level. Apparatus for x-ray radiography, herrneticitytest, and other specific test methods
shall be as detailed in the referenced method. Cleaning agents, chemicals for etching, staining, oxide, or metallization
removal shall be available as required.
3. PROCEDURE.

Failure analysis shall be performed in accordance with the specified test condition letter (see 4)

3.1. Test condition A. Failure verification. This represents a minimal diagnosis, comprised of the electrical verification of
the failure including external and internal photographic reading of the suspected mode or mechanism of failure. The
following steps (see 3.1.1 through 3.1.5) ehall be performed in the sequenm indicated and the results included in the failure
analysis report. The sequence may be modified or additional tests performed when justified by an analysis of the results of
previous steps in the sequence.
3.1.1 Extema! examination. This shall include an optical examination at a magnification of 30X minimum ok
a.

The condition of the lead?.,plating, soldered, or welded regions.

b.

Condition

of extema! package material, seals, marking, and other failures as warranted

Photographic records shall be made at suitable magnification of any unusual features.
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3.1.2 Electrical verification Procedures. ~is shall include the measurement of all electrical parameters in the applicable
acquisition document.
3.1.3 Additional electrical tests. These shall be performed specifically for the determination of opens and shorts:
a.

Threshold test. Determine the forward characteristic obtained for each pinto substrate and compare to the device
schematic and structure. Excessive forward voltage drop may indicate an open or an abnormally high resistance
current path.

b.

Case isolation. (For metal packages or those wfth metal lids or heade~ only.) Apply a voltage beiween the
package and the external leads. Current flow determines the presence of shorls-tmse.

c.

As an alternative to a. and b. above, suitable electrical tests maybe made to determine that no opens, shorts, or
abnormal characteristics exist between pairs of pins, pins and die or substrate, or pins and devia? package.

3.1.4 Internal examination. The tid of the failed device shall be carefully removed and an optical examination made of the
internal device construction at a minimum magnification of 30X. A color photograph, at suitable magnification to show
suficient detail, shall be taken of any anomalous regions which may be related to the device failure.
3.1.5 Information obtainable. The following is a partial hst of failure modes and mechanisms which may be identified
using test candition A
a,

Overstress conditions resulting from device abuse, transients, or inadequate power supply regulation, evidenced
as open or shoried leads, and other meta!lization problems, such as flashover between contacts with the circuit.

b.

Excessive leakage currents indicating degraded junctions.

c.

Resistance changes.

d.

Degradation of time response or frequency dependent parametem

e.

Opens and shorted leads or metalfization land areas.

f.

Undercut metals.

9.

Intermetallic formation.

h.

Poor bond placement and lead dress.

i.

Thin metal at oxide steps.

i.

Migration of metal.

k.

Oxide contamination - discoloration.

1,

Oxide defects, cracks, pinholes.

m

Mask misregistration.

n.

Reactions at metatfsemiconductor contact areas.

0,

Degradation of lead at lead frame.
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p.

Shorts through the oxide or dielectric

q.

Missing or peeling metals,

r.

Corroded metals within package.

s,

Cracked die or substrate.

3.2 Test condition B. This is a more extensive procedure which supplements test candition A with x-ray radiography, seal
testing, additional electrical measurements, package cleaning, vacuum baking, and probing procedures to aid in
confirmation of suspected modes and mechanisms. The following steps shall be performed in the sequence indicated and
the results included in the failure analysis report. The sequence may be modfled or additional tests performed when
justified by an analysis of the results of previous steps in the sequence.
3.2.1 External examination. This shall include an optional examination at a magnification of 30X minimum of
a.

The conditions of leads, platings, soldered, or welded regions.

b.

Condition of external package material, seals, markings, and other features as warranted.

Photographic records shall be taken al suitable magnification of any unusual features.
3.2.2 Electrical verification procedures. This shall include the measurement of all electrical parametem in UIe applicable
acquisition document.
3.2.3 Additional electrical tests. In addition to the threshold and case isolation tests, this section provides for curve tracer
pin to pin measurements and other nonstandaml measurements which allow electrical characterization of significant physical
properties.
a.

Threshold test, Determine the forward characteristic obtained for each pinto substrate and compare to the device
schematic and structure. Excessive forward voltage dmp may indicate an open or abnormally high resistance in
the current path.

b,

Case isolation. (For metal packages or those with metal tids or headem only.) Applying a voltage between the
package and the external leads. Current flow determines the presence of shorts-to-case.

c.

Pin-t-pin two and three terminal electrical measurements utilizinga transistor curve tracer, electrometer,
piwammeter, capacitance bridge, and oscilloswpe, as required, shall be performed and results recorded for lead
combinations involving the defective portion of the microcircuit. Gain, transfer, input versus output, forward and
reverse junction characteristics, shall be observed and interpreted. Resulting characteiiatics may be compared to
those obtained from a good unit, and differences inteqmsted for their relation to the device failure.

3.2.4 X-rav radioqra!ahy. A film record is required of the failed device taken normal to the top surface of the device, and
where applicable, additional views shall be recorded. This shall be performed when open or shotied leads, or the presence
of foreign material inside the device package are indicated from electrical verification of failure or there is evidence of
excessive temperature connected with the device failures.
3.2.5 Fine and qross seal testinq. TM shall be performed in accordance with method 1014 of this standard.
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3.2.6 External Packaqe cleaninq. VWen there is evidence of contamination on the package exterior, the device shall be
immersed in standati decreasing agents followed by boifingdeionized water. After drying in clean nitrogen, critical
parametem in the applicable acquisition document shall be remeasured in accordance with 3.2.1 above.
3.2.7 Internal examination. The lid of the failed device shall be carefully removed and an optical examination made of the
internal device constmction, at a minimum magnification of 30X. A color photograph, at suitable magnification to show
suff!tient detail, shall be taken of any anomalous regions which may be related to the device failure. Where there is
evidence of foreign material inside the device package, it shall be removed using a stream of drj compressed inert gas or
appropriate solvents. The relationship of the foreign material to device failure (if any) shall be noted and if possible, the
nature of the material shall be determined.
3.2.6 Electrical verification Drocedurss. Critical parametem of the individual specification shall be remeasured and
recorded.
3.2.9 Vacuum bake. This shall be performed at the suggested wndition 1U’ tom, 150”C to 250W for 2 hours noting any
change in leakage current, as a result of baking, using a miwoammeter.
3.2.10 Electrical verikatfon procedures. CritiCd parameters of the individual specification shall be remeasured and
recorded.
3.2.11 MultiPoint probe. A multipoint probe shall be used as applicable to probe active regions of the device to furlher
localize the cause of failure. A curve tracer shall be used to measure resistom, the presence of localized shorts and opens,
breakdown voltages, and transistor gain parameters. A micmammeter shall be used for measuring leakage currents, and
where applicable, a capacitance bridge shall be employed for the determination of other junction properties. It may be
necessaV to open metallization stripes to isolate mmponents.
3.2.12 Information obtainable. The pmcedu=s of test candition B can result in the following information in addition to that
outlined in 3.1.5
8.

Henneticity

b.

Radiographically determined defects such as poor wire dress, loose bonds, open bonds, voids in die or substrate
mount, presence of foreign materials.

c.

Further definition of failed device region.

d.

Stability of surface parameters.

e.

Quality of juntilons, diffusions and elements.

problems

3.3 Test condition C. In this procedure additional meta!lographic analysis techniques are provided to supplement the
analysis accmmptishedin lest coti!tion B, and shall be performed after completion of the full procedure of test condition B.
In test condition C, one of the procedures (see 3.3.1, 3.3,2, and 3.3.3) shall be selected as appropriate and the steps shall
be followed in the sequences indicated. The sequence maybe modified or additional tests performed when justified by the
analysis of the results of previous steps in the sequence.
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3.3.1 Total device cro?.ssection. rnisprowdure shall beusedtiem
the=are indimtions ofdefec& intiepa&age,
orsubstrate, bonds, seals, orsbmturalelem
ents.
The followingsteps shall be performed:
a.

Mount thedevim intheapprOpriate Otientationforcmss setioning pr0wdures.

b.

Section tomveal desired feature(s) andstaintiere

c,

Employ bright field, dafifield, orpolarized light photomicography atsuitable magnifimtion.

d.

Make photqmphic remtiofdefetive

tie

appli-ble.

Egionsorfeatums

petinent totiemtie

ormechanism 0ffailure.

3.3.2 Oxide defect analysis. rnisproedure shall beusedtieX
there a=indimtion ofoxide (orothertieletinc)
stmctural anomalies or contamination within or under the oxide or where it is necessary to determine the specific location
andstructure ofsuch defects. The following steps sha!l be performed:
a.

Remove titistotie

orsubstrate andremove metalhzed inter-nnetilon

layer(s).

b.

Obsewethe oxide using intetierometric orphase Wntmstphotomicmgmphy atsuitable magnifi=tion and make
appropriate photographic rernrd.

c.

Obseweand probe semimndutiOr mntati(tindow
characteristics.

d.

Mount thedieorsubstmte intheappmptiate orientation forsetioning (angle orwoss) pro=dures, cutorlaplo
reveal desired features and stain tiers applicable.

e.

Make photographic rernrdat suitable magnification.

orcut)areas asapphmble, rewrdng appropriate electriml

3.3,3 Diffusion defect analysis. ~spro=dure
shall beusedwhem there amindi@tions ofdffusion impetietions,
diffusion of contact metal into the semiconductor, structural defects in the semirmnductoror anomalies in junction
geometries. The following steps shall beperfonned
a,

Remove bonds to die or substrate and remove metallized interconnection layer(s).

b.

Remove oxide or other dielectric passivation layer.

c.

Probe contact regions recording appropriate electrical characteristics.

d.

Stain sutiace to delineate junctions.

e.

Mount the die or substrate in the appropriate orientation for cross sectioning or angle lapping, as applicable.

f,

Cut or lap as required to expose significant features and stain junctions (may involve sutissive
operations to approach specific defect).

9.

Make photographic record at suitable magnification of significant features and record pertinent electrical probing
results.

3.3.4 Information obtainable. Failure analysis inamdanmtith
detecting or defining the following types of defects
a.

Oxide ordielectric imperfections,

b.

Oxide ordielectric thicknesses.

lap and stain

test mn@tion Cprovides addtional Wpatility for
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c.

Diffusion imperfections,

d.

Junction geometries

e.

Intermetallic phase connation.

f.

Voids atthebondlmetallization interface

g,

Diffusion ofcmdactme
talintothese

h.

Migmtion ofmetals across, through, orunder theoxide ordieletidc

i.

Voids in die or substrate mount

miconductoror substrate.

3.4 Optional measurements. ~epuVose
of failueanalysis istooblain suficienl infomation toinitiate mmetiveatiion
in device design, production, test, or application. ltmaybe ne~ssa~to obtain moEdetailed infomationthan Wnbe
acquired in test conditions A, B, or C on the nature of c.ontaminanb or phases obsemed, concentrations, dimensions of
Submicroscopic features, etc. ~eseletion
anduseofa number orlessmnventional analytiml techniques by Mghly
qualified personnel can provide this more extensive or fundamental knowtedge of the precise chemical, physical, or
electrical mechanisms of fai!ure. ~edetision
astotich
tetiniques amappropriate andthepoint intheana!ytiWl
sequence of test conditions A, B, or C at which they should be employed is mntingent on the nature of information desired
andprevious results obtained tiomthe specified analyti-lpm-dums,
andmust beleRto thediscretion of the analyst. Any
of the following techniques may therefore be introduced into a failure analysis Sequen= at the appropriate point provided
precautions are taken to avoid destruction of the evidence of failure which maybe observed in subsequent procedures.
Where multiple samples of the same type of device or failure exist, it shall be permissible to subdivide the quantity of
devices and employ destructive techniques in parallel with the specified test condition provided all samples have been
exposed toeletiriml verifiwtion tests andintemal examination (see 3.1.1through 3.l.3and3.2.l
thmugh3.2.5) prior to any
of the optional measurements. ~enanyof
these optional measurements areemployed, they shall behstedinthefailum
analysis report including the details of the method applied, conditions of test and results.
a.

Residual gas analysis. Mendevim
sutiamantamination isindimted asapossible =useoffailure,
thehd of an
unopened device shall be punctured and the internal gaseous ambient analyzed for the type and concentration of
volatile products, Ttisinfomation then supplements eletiri-l leakage wmntmeasuremen&
andhemeticity
tests.

b.

Surface profilometermeasurement. Amechani-l detemination ofsutia- topogmphy variations mn be made
using this type of instrument. This mwtisthe vetiiml motion ofasVlus moved amssthe sutiaEofthedevi-.
This information can be used to quantitatively determine oxide, dielectric, or metal thicknesses.

c,

Photoscanning. Adevim, tithleads andintemnnetions
intati, aRerbeing opened, mnbes-nned
titha small
dameterbeam ofhghtwtich generates photovoltages ina~iveknjuntions.
Thisgenerated photovoltagewhich
independent onmanyphysiml juntion propeties indimtes thepesenW ofsutiam channels orinveBion Iayem
or both, caused bycantamination on, in, orunder thepassivating oxide layer. Itisalso possib!e to locate certain
regions of enhanced high field mukiplication, mask mis=gistration, imperfect diffusions, aswe[las other device
imperfections involving junction pmpedies.

d.

Infran?dscanning. AnlRdetetior, sampfing infraredmdiation fmmvarious poin&ofthe sutia=ofan
microcircuit, can detect the location of hot spots and other thermal abnormalities.
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e,

Scanning electron microscopy and electron beam micmaanalysis. The scanning electron micmsmpe, employing an
electron beam with a diameter on the order of a few hundred angstroms, is the most effective means of attaining
device stmctural information without the need far special sample preparation procedures. The scanning electron
microswpe can perform chemical analysis, SUCJIas the micmanalyzer, by incorporatinga nondispe=ive x-ray
detector. An electron beam microanalyzer can be used for x-ray spectmchemical analysis of micron sized
volumes of material. Several other device structural properties are determinable through detetilon and display of
back-scattered primary electrons and sewnda~ electrons. These instruments are most generally used for
(1)

Determination of surfaw potential variations using secondary electron scanning micmswpy. The small size
of the electron beam coupled with the propeties of semnda~ electrons result in the abifity to examine
physical defects with much higher resolution and depth of Iield than light microsmpy.

(2)

Analysis of mic$onsized defects such as oxide pin-holed, metallization grain stmcture.

(3)

Determination of products of solid state reactions, such as
formation.

(4)

Corrosion product identification,

diffusion,

precipitation, and intennetallic

f,

Electron microscopy. An examination at extremely high magnification of the structure of failed metalfization and
bulk materials is best acwmpfished using electron microscopy.

g.

Special test structures. Often the amount of reacted material on a failed circuit is too small to allow definitive
determination of chemical and structural properties. In addition, it is oflen necessa~ to reproduce the failure in a
controlled experimental manner for verification of the mechanism of failure. Special test structures may be
fabricated wdlhvariations in geomet~ and materials permitting study of the mechanism without extraneous
influences. This is most advantageous when information is desired Wnceming the basic failure mechanism(s).

4. SUMMARY. The followingdetails must be specified in the applicable acquisition document
a.

Test condition letter (see 3.) for test conditionsA, B, or C and where applicable, optional measurements (see 3.4),
identifying the specific procedures to be applied and details as to their option application.

b.

Any special measurements not described in the applicable test cmndition

c.

Requirements for data recording and reporting includinginstructions as to disposition of original data, photographs,
radiographs, etc.

d.

Physical and electrical specifications and limits for the device being analyzed.
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METHOD 5004,10
SCREENING PROCEDURES
1. PURPOSE. This methwl establishes screening pmcedun?sfor total lot screening of microelectronics to assist in
achieving levels of quality and reliability commensurate with the intended application. It must be used in conjunction with
other documentation such as appendw A of M[L-PRF-38535 or an applicable device specification to establish the design,
material, performance, control, and documentation requirements which are needed to achieve prestibed levels of device
quality and reliability. In recognition of the fact that the level of s.xeening has a direct impact on the mst of UIe product as
well as its quality and reliability, two standard levels of screening are provided to coincide with two device classes or levels
of product assurance. Since it is not possible to prescdbe an absolute level of quality or reliability which would result fmm a
particular screening level or to make a precise value judgment on the cost of a failure in an anticipated application, two
levels have been arbitrarily chosen. The method provides flexibility in the choice of conditions and stress levels to allow the
screens to be fwther tailored to a particular source, prcduct, or application based on user experience. The user is cautioned
to collect experiences!data so that a legitimate value judgment can be made with regard to specification of screening levels.
Selection of a level better than that required for the specific product and application will, of course, result in unnecessary
expense and a level less than that required will result in an unwarranted risk that reliability and other requirements will not
be met. In the absence of specific experience data, the class B screening level is recommended for general applications.
Guidance in selecting screening levels or predicting the anticipated reliability for microcircuits may be obtained from
MIL-HDBK-217 Military Standardization Handbook Reliability Prediction.
NOTE: Referencx?to method 5004 on a stand alone basis (not indicating Wmpliance or noncompliance to 8B3) requires
full compliance to 1.2.1 of this standard.(See 1.2.2)
2. APPARATUS. Suitable electrical measurement equipment necessary to determine compliance with applicable
acquisition documents and other apparatus as required in the referenced test methcds.
3. PROCEDURE,
3.1 Screeninq Procedures for microcircuits. Screening of microcircuits shall be conducted as described in 3.1.1 through
3.1.19 and in the sequence shown ex=pt where variations in sequence are SpeCifC.?dly
atlowed herein. This provision does
not preclude the petiormance of additional tests or inspetion which may be required for specific devices or which may be
desirable to optimize results of screening; however, any such special test inspections shall be subjected to the requirements
of 30.4.3 of appendix A of MIL-PRF-38535. Any bum-in in addition to that specified is only permitted when documented in
the lot records, and any failures shall be counted in applicable PDA calculations. Where end-point or post-test
measurements are required as part of any given test methcd used in the screening procedure and where such post test
measurements are duplicated in the interim (post bum-in) or final elecbical tests that follow, such measurements need not
be duplicated and need be performed only as Part of the interim (post bum-in) or final electrical tests. Devices which pass
srx+ening requirements of a hqher reliabMty level shall b considered to meet the sueening requirements of all lower
levels. In no case shall sc$eening to a lower level than that specified be permitted. Miwocircuits which are contained in
packages which have an inner Seal or cavity perimeter of 2 inches or more in total length or which have a package mass of
5 grams or more maybe treated in accordance with 3.2 as an alternative to 3.1.5.
Qualified manufacture fist (QML) manufacture~ who are cerlified and quatified to MIL-PRF-38535 or who have been
granted transitional certification to MIL-PRF-38535 may modify the class level B screening table (table 1)as specified in the
appfi~ble devi~ sPeci,fi~tiOn Ordra~ng and as permitted In 1.2 of MIL-STD-883 provided the modification is contained in
the manufacture quahty management (QM) plan and the “O” or “QMY certification mak, is marked on the devices, For
contractor preparsd drawings with spetitic references to individual test methcds of MIL-STD-S83 (e.g., method 1010,
method 2001, etc.), these test methods may not be modified by a QML manufacturer without the knowledge and approval of
the acquiring activity.
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3.2 Constant acceleration procedure for lame Dackaqes (see 3.1.5). Miwodrcuits which are contained in packages
which have an inner seal or cavity perimeter of 2 inches or more in total length or have a pa&age mass of 5 grams or more
may be treated in accordance with provisions below as an alternate to the procedure of 3.1.5.
Delete test condition E and replaa with test conditions as specified in the applicable device specification. Unless
otherwise specified, the stress level for large, monolithic microcircuit packages shall not be reduced below test
cnnti!tion D. If the stress Ieve! spetified is below condition D, the manufacbmr must have data to justify this reduction
and this data must be maintained and available for review by the preparing or acquiring activity. The minimum stress
level allowed ia conditionA.
3.3 Alternate procedures to method 2010 internal visual for miwourcuits. Alternate procedures maybe used on an
optional basis on any microcircuit, provided that the conditions and limits of the alternate procedures are submitted to, and
approved by the preparing activity, or the acquiring activity.
3.3.1 Alternate procedures.
Alternate 1: The deletions and the changes stated in 3.3.1 a are allowable for class level B product only if the
requirements of 3.3.1 b and 3.3.lc are imposed and any of the follow”ngconditions exists.

I

1. Minimum horizontal geometv is less than 3 micrometers (:m).
2. Intermnnects consisting of two or more levels.
3. Opaque materials mask design featurea.

I

I

a.

For inspection of each microcircuit die, delete the inspection criteria of 3.1.1,3.1.2,3.1.3,3.1.4,
3.1.5,3,1.6,3.1.7,
and 3.2.5 of condition B of method 2010 and for use in conjunctionw“thalternate procedures add 3.1.1.1, 3.1.1.2,
3.1.1.6, 3.1.3, 3.1.4, and 3.2.5 to the low magnification inspection of methcd 2010.

b.

Temperature cycling (3.1 .4). The minimum total number of temperature cycles shall be 50. The manufacturer may
reduce the number of temperature cycfes from 50 to the 10 required as pafl of normal sc$eening based upon data
justifying the reduction in temperature cycles, approved by the preparing activity and an approved plan which shall
include the following cdteria:

I

(1)

Reduction of test must be considered separately for each wafer fabrication tine and each die family.

I

(2)

The manufacturer shall demonstrate that the wafer fabrication bne that produces product which will involve
reduction of temperature cycfes is capable and in process rnntml.

I

(3)

The manufacturer shall perform a high magnification visual inspection on a small sample of devices
(e.g., 5(0)) to monitor the process. This inspection maybe pefiO~ed at wafer level.

I

I

I

I

c.

Special electrical screening tests shall be applied to each microcircuitdie al the wafer, individual die (chip) or
packaged microcircuit level in accordance with the requirements of 3.3.2 of MIL-STD%83, method 5004. The
conditions and limits of the electrical tests (in table Ill format) shall be submitted to the preparing activity for
approval and subsequently maintained on file with the qualifying activity. These special screens are in addition to
the required electrical parametric tests which the device must pass and shall be designed to sc$een out devices
with defects that were not inspected to the full ciiteria of 3.1.3 (internal visual). Due to the nature of these tests,
they are not to be repeated as part of the quatifimtion and quality CmIforman= procedures in accnrdanm with
method 5005.
Alternate 2:

METHOD 5004.10
19 August 1994

The requirements and conditions for use of this alternate are contained in appendix A of this method.
This option appfies to both cfass level B and class level S micmcircuits.

MIL-STO-683E

.

TABLE 1. Class level S and level B .wreeninq.
Sueen

Methcd
13.1.1 w~lotacc-eptancel,
3.1.2 Nondestructive bond pull
3.1.3 Internal visual ~

I CIasslevel B

Class level 5
Reqt

I Method

I Reqt

15007
I
2023
2010, test
conditionA
100%

1010, test
condition C

100%

100%

2001, test
condition E
(rein) Y1
orientation on!

100%

100%

100%

tt
2020, test
wndition A

1

5/
1

3.1.9 Pre bum-in electrical
parameters (see 3.5. 1)

In accordance with
applicable device
specification

3.1.10 Bum-in test (see 3.4.2)

lo15y
240 hours at
125°C minimum

3.1.11 Interim (post bum-in)
electrical parameters (see 3.5. 1)

In accordance with
appfimble device
specification

3.1.12 Reverse bias bum-in
I (s,,3,4.2,10/ —

1015 test

—

00%
00%
g

I

100%

In aanrdance with
applicable device
specification

100%
y

1015
160 hours at 125-C
minimum

100”/6

id
~1

100%

I
—

100%

Pz!3EET
appkable dew%

—

100%

1

1

100% t In accordance w“th

electrical parameters (see 3.5.1 )

I

~1

—

applicable device
specification

100%
y

See footnotes at end of table.
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Continued.

TABLE L Class level S and level B screeningClass level S

Screen

Method

Class level B
Method

Reqt
All
lots

3.1.14 Percent defective
allowable (PDA) calculation

5 percent, see
3.5.1,3 pert-mt,
functional
paramele= at
25°C

3.1,15 Final electrical test
(see 3.5.2)
a. Static tests
(1) 2YC (subgroup 1, table 1,
5005)
(2) Maximum and minimum rated
operating temperature
(subgroups 2,3, table 1,
5005)
b. Dynamic or functional tests U/
(1) 2YC (subgroup 4 or 7,
table f method 5005)
(2) M[nimum and maximum rated
operating temperature
(subgroups 5 and 6, or 6
table I method 5005)
c. Switching tests at 2YC
(subgroup 9, table 1,
method 5005)

in accordance with
applicable device
specification

3.1.16 Seal
a. Fine
b. Gross

1014

100%
~z

3.1.17 Radiographic N/

2012 two
vievm 14/

100%

5 percent, see 3.5.1

All
lots

In accordance with
applicable device
specification
100%

100%

100’%

100%

100%

100%

100%

100%

100%

100%

1014

100”A
@
—
El

~1

3.1.16 Qualification or quatity
conformance inspection test sample
selection

Reqt

3.1,19 External visual ~/

2009

cl

2009

~1

3.1.20 Radiation latch-up
{see 3.5.3) U/

1020

100%

1020

100%

See footnotes at top of next page
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TABLE 1. Class level S and level B sc$eeninq - Continued.
All lots shall be selected for testing in accmdanca with the requi=ments of method 5007 herein.
Unless othenvise specified, at the manufacturers option, test samples for group B, bond strength (method 5005) may
be randomly selected prior to or followinginternal visual (mettmd 5004), prior to sealing provided all other specification
requirements are satisfied (e.g., bond strength requirements shall apply 10 each inspetiron lot, bond failures shall be
counted even if the bond would have failed internal visual exam). Test method 2010 applies in full excapt when
method 5004, alternate 1 or alternate 2 (appendix A) is in effect (see 3.3).
For class level B devices, this test maybe replaced with thermal shock method 1011, test condition A, minimum.
At the manufacturers option, visual inspection for cafastmphic failures maybe conducted after each of the
themva!Jmechanicalscreens, afler the sequence or after seal test. CatastmPhic failures are defined as missing leads.
broken packages, or lids off.
See appendix A of MIL-PRF-38535, 40.8.3. The PIND test may be parformed in any sequence after 3.1.4 and prior to
3.1.13.
Class level S devices shall be serbdized prior to initial electrical parameter measurements.
Post bum-in electrical parameters shall be read and recorded (see 3.1.13, subgroup 1). Pre bum-in or interim
electrical parameters (see 3.1.9 and 3.1.1 1) shall be read and recorded only when delta measurement have been
specified as parl of post bum-in electrical measurements.
When spetiried in the applicable device specification, 100 percant of the devices shall be tested for those parameles
requiring delta calculations.
Dynamic burn-in only. Test condition F of method 1015 and 3.4.2 herein shall not apply.
The reverse bias bum-in (see 3.1.1 2) is a requirement only tien specified in the applicable device specification and is
recommended only for a certain MOS, hear or other microclmits where surface sensitivity may be of concern.
When reverse bias bum-in is not required, interim electrical parameter measurements 3,1.11 are omitted. The order
of performing the bum-in (see 3.1.10) and the raverse bias bum-in may be inverted.
Functional tests shall be canducted at input test conditions as follows
V,” . V,.(min) +20 percent, -0 percent V.= Vk(max) +0 percent, -50 percenC as specified in the most similar mititarj
detail specification. Devices may be tested using any input voltage within this input voltage range but shall be
guaranteed to V,H(min)and Vk(max).
CAUTION: To avoid test correlation problems, the test system noise (e.g., testers, handlem, etc.) should be verified
to assure that VM(min) and Vdmax) requirements are not violated at the device terminals.
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TABLE 1, Class level S and level B sueeninq - Continued.
For class level B devices, the fine and gross seal tests (3.1.16) shall be performed separately or together, between
constant acceleration (3. 1.5) and external visual (3. t. 19). For class level S devices, the fine and gross seal tests
(3.1.16) shall be performed separately or tcgether, between final electrical testing (3.1.15) and external visual (3.1.19).
In addition, for class level S and level B devices, all device lots (sublets) having any physical processing steps (e.g.,
lead shearing, lead forming, solder dipping to the glass seal, change of, or rework to, the lead finish, etc.) performed
following seal (3. 1.16) or external visual (3.1.19) shall be retested for hermeticity and visual defects. This shall be
accomplished by performing, and passing, as a minimum, a sample seal test (method 1014) using an acceptance
criteria of a quantity (accept number) of 116(0), and an exiemal visual inspection (method 2009) on the entire
inspection lot (sublet). For devices with leads that are not glass-sealed and that have a lead pitch less than or equal
to 1.27 mm (0.050 inch), the sample seal test shall be performed using an acceptance titeria of a quantity (accept
number) of 15(0). If the sample fails the acceptance criteria specified, all devices in the inspection lot represented by
the sample shall be subjected 10the fine and gross seal tests and all devices that fail shall be removed fmm the lot for
final acceptance For class level devices, with the approval of the qualifying activity, an additional mom temperature
electrical test may be performed subsequent to seal (3.1.16), but before external visual (3.1.19) if the devices are
installed in individual cam’ers during electrical test.
The radiographic (see 3.1. 17) screen may be performed in any sequen= after 3. 1.S
El

Only one view is required for flat packages and Ieadless titp carriers having lead (terminal) metal on four sides.
Samples shall be selected for testing in ammdance with the specific device class and lot requirements of method
5005. See 3.5 of method 5005.
External visual shall be performed on the lot any time after 3.1.17 and prior to shipment, and all shippable samples
shall have etiemal visual inspection at least subsequent to qualification or quality conformance inspection testing.
The manufacturer shall inspect the devices 100 percent or on a sample basis using a quantitylaccept number of
116(0). If one or more rejects occur in this sample, the manufacturer may double the sample size with no additional
failures allowed or inspect the remaining devices 100 percent for the failed titeria and remove the failed devices from
the lot. If the double sample also has one or more failures, the manufactu=r shall be required to 100 percent inspect
the remaining devices in the lot for the failed criteria. Reinspection magnification shall be no less than that used for
the original inspection for the failed criteria.
Radiation latch-up screen shall be conducted when specified in purchase order or contract. Latch-up screen is not
reauired for SOS, SOI, and DI technology when latch-up is physically not possible. At the manufacturers option,
latch-up sc$een may be conducted at a;y sc$eening operation step a!ler Seal.

3.3.2 Description of sPecial electrical screeninq tests. The special electrical screens shall consist of a series of electrical
tests each of which can be categorized as either a voltage stress test or a Ik.wlevel leakage test.
3.3.2.1 VoItaqe stress tests. The purpose of voltage stress tests is to eliminate those failure mechanisms which are
voltage sensitive. ~ese tests shall be designed such that each circuit element fincluding metallization runs) within the
microcircuit is stressed by an applied voltage tich approaches or exceeds (under current limited conditions) the
breakdown voltage of the circuit element under test. For thoss elements which cannot be plac-sdin a reverse bias mode,
the applied voltage must be equal to or greater than 120 percent of the normal operating voltage. Any device which exhibits
abnormal leakage currents at the specified applied voltage conditions shall be rejected. The number of stress tests being
performed will vary from a few for a simple gate to many for MSI or LSI functions.
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3.3.2.2 Low level leakage tests. The pwpose of the low level leakage tests (which must be performed after the voltage
stress tests) is to efiminate any devics that exhibits abnormal leakage. Sin= leakage currents can be measured only at the
device terminals, the test conditions and fimitswill vary depending upon the type of device being tested and the functkm of
the terminal under test (VU, input, output, etc.). However, there may be cases where this test cannot be performsd, i.e.,
input terminals which are forwarded biased iunctions or resistive networks. But, since these types of circuits are generally
ve~ sensitive to leakage currents, the device would fail parametrically if abno!mal leakage currents were present. For all
other cases, where these measurements can be made, the tests shall be designed as desm”bed below
a.

For inputs which can be reverse biased, measure the input leakage at each input terrninat at a voltage level which
is equal to one-half the maximum rated input voltage for that device with the supply terminal grounded. The
maximum allowable input leakage shall be established as shown in 3.3.2.2.1. Inputs shall be tested individually
with all other input terminals grounded.

b.

For outputs which can be reverse biased, measure the output leakage at each output terminat at a voltage which is
equal to the device’s maximum rated input voltage with the supPly terminal grounded (if possible). The maximum
allowable output leakage hmit shall be established as shown in 3.3.2.2.1. The input terminals shall be all grounded
(if the supply terminal is grounded) or if the supply terminal is not grounded, the input terminals should be in such a
state that the output terminal under test is in the reverse biased mode. ANoutputs shall be tested.

c,

Measure the supply terminal leakage current at a voltage which is equal to 80 percent of the voltage requirsd to
forward-bias a single PN juntilon on the device under test. The maximum allowable supply terminal leakage shall
be established as shown in 3.3.2.2.1.

3.3.2.2.1 Estabfishina maximum Ieakaae cumsnt hmits. The maximum allowable leakage current shall be the upper 3
sigma value as established through an empirical evaluation of three or more production lots which are reprssenta five of
current production. Any process change which results in a substantial shift in the leakage distribution shall be cause for
recalculation and resubmission of this fimit. The low current sensitivity of the test system shall be no higher than 20 percent
of the expected mean value of the distribution.
3.4 Substitution of test methods and seauence.
3.4.1 Stabilization bake. Molybdenum401d multilayered conductom shall be subject to stabilization bake in accordance
with method 1008, condition C immediately before performing intemaf visual inspection 3.1.3.
3.4.2 Accelerated testing. When test cmndifionF of method 1015 for temperaturdtime accelerated screening is used for
either bum-in (see 3.1. 10) or reverse bias bum-in (see 3.1.12), it shall be used for both. Also, when devices have
aluminumfgold metallurgical systems (at either the die pad or package post), the constant acceleration test (3.1 .5) shall be
performed after bum-in and before completion of the final electrical tests (3.1.15) (i.e., to allow completion of time Umited
tests but that sufficient 100 percent electrical testing to verify continuityof all bonds is accomplished subsequent to constant
acceleration).
3.5 Electrical measurements.
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3.5.1 Interim (Dre and !aostbum-in] electrical Parameters. Interim (pm and post bum-in) electrical testing shall be
aerformed when SDeCified,to remove defedive devices prior to further testing or to provide a basis for application of percent
defective allowable (PDA)cAteria when a PDA is specified. The PDA shall be 5 percent or one device, whichever is greater.
This PDA shall be based, as a minimum, on failures from group A, subgroup 1 plus deltas (in all cases where delta
parameters are specified) with the parametem, deltas and any additional subgroups (or subgroups tested in lieu of A-1)
subject to the PDA as specified in the applicable device specification or draw’ng. If no device specification or draw”ng
exists, subgroups tested shall at least meet those of the most similar device specification or Standard Microcircuit Drawing.
In addition, for class level S the PDA shall be 3 percent (or one device, whichever is greater) based on failures from
functional parametem measured at room temperature. For class level S screening where an additional reverse bias bum-in
is required, the PDA shall be based on the results of both bum-in tests combined. The verified failures after bum-in dkided
by the total number of devices submitted in the lot or sublet for bum-in shall be used to determine the percent defective for
that lot, or sublet and the lot or sublet shall be accepted or rejected based on the PDA for the applicable device class. Lots
and sublets may be resubmitted for bum-in one time only and maybe resubmitted only when the percent defective does not
exceed twice the specified PDA, or 20 percent whichever is greater. This test need not incfude all specified device
parametem but shall incfude those measurements that are most sensitive to and effatitve in removing electrically defectNe
devices.
3.5.2 Final electrical measurements. Final electrical testing of microcircuitsshall assure that the microcircuits tested
meet the electrical requirements of the applicable device specification or drawing and shall include, as a minimum, all
parametem, fimits, and conditions of test which are speufically identified in the deviw specification or drawing as final
electrical test requirements. Final electrical test requirements that are duplicated in interim (post bum-in) electrical test (see
3.1. 15) need not be repeated as final electrical tests.
3.5.3 Radiation latch-up screen. Latch-up ac$een shall be conducted tien specified in purchase order or contract. Test
conditions, temperature, and the electrical parametem to be measured pre, post, and during the test shall be in accordance
with the specified device specification. The PDA for each inspection lot or cfass level S sublet submitted for radiation
latch-up test shall be 5 percent or one device, whichever is greater.
3.6 Test results. When required by the appfic-abledevice specification or drawing, test results shall be racorded and
mainta-tidance
with the general requirements of 4.2 of this standad and 40.7 of appendix A of M[L-PRF-3S535.

I

I

3.7 Failure analysis. When required by the applicable device specification, failure analysis of devices rejected during any
test in the screening sequence shall be mxomplished in accordance with method 5003, test condition A of this standanf.
3.8 Defective devices. All devices that fail any test witeria in the screening sequence shall be removed fmm the lot at the
time of observation or immediately at the conclusion of the test in which the failures was observed. Once rajected and
verified as a device failure, no device may be retested for acceptance.

I

I

I

I
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4. SUMMARY. The following details shall be specified:
a.

Procedure paragraph if other than 3.1, and device class.

b.

Sequence of test, test method, test condition, bmit, cycles, temperature, axis, etc.. when not specified, or if other
than specified (see 3).

c.

Interim (pre and post bum-in) electrical parameters (see 3.5.1).

d.

Bum-in test condition (see 3.1. 10) and bum-in test circuit.

e.

Delta parameter measurements or previsions for PDA includingprocedures for traceability where applicable (see
3.5.1).

f,

Final electrical measurements (see 3.5.2).

9.

Constant acceleration level (see 3.2).

h.

Requirements for data recording and reporting, where applicable (see 3.6).

i.

Requirement for failure analysis (see 3.7).
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PURPOSE
This document addresses two problems. First, TM201 O visual criteria for wafer fab induced defects is unsuitable for
complex wafer pmc?ss technologies, as in most cases the defects themselves cannot be seen through 200X magnification.
Secondly, no current alternate suitably addresses defect control of camplex wafer fab technologies. Setiton 2 of this
document describes the conditions under which this procedure is invoked. This document implements a new technique for
cnntrolfingand eliminating wafer fab induced defects, while preserving and extending the intent of the original test method
2010 visual criteria,
The essence of this procedure revoives around the mncept that it is a manufacturers responsibility to define and
document its approach to defect reduction and control in a manner that is acceptable to the manufacturer and their
qualifying activity, as spedfied in section 3 of it% document. This includes an understanding of the reliability impact of
wafer fab process-induced defects. It is expected that considerable dialogue ‘willoccur between a manufacturer and the
qualifying activity, resulting in mutually agreeable defect control procedures. This document is deliberately non-specific
regarding metrics such as defect sizes, defect densities, correlation and risks to atlow adaptability for different process
technologies, different manufacturing cuntml methods and cmtinuous impmvement. The procedures are specified in this
document with the intent that metrics and their values will be made more specific via dialogue between a manufacturer and
ik qualifying activity.
Defect characterization is addressed in section 4 of this document. A key element in this section is understanding the
effects of process defects on final product reliability. This understanding c-anbe achieved in many ways, including:
experimentation, review of pertinent literature and certain semianductor traditions. The depth and smpe of any
characterization will be determined by a manufacture and iis qualifying actNity.
The concept of demonstration is discussed in many sections of this document. The methods for demonstrating defect
understanding have been made as diverse as possible to allow flexibility.
AS described in section 9 of this document, msuks of defect charactetiation must be documented as well as the methods
for monitoring and controllingdefect levels. The effectiveness of any screens that are used (in-line or end-of-line) must also
be documented. The ultimate requirements for demonstration and documentation will be determined between a
manufacturer and its qualifying activity. The qualifying activity will be mncemed with maintenance of institutional knowledge
and the level to which a manufacturer understand.%defect generation, control, reduction, prevention and the effects of
defects on product refinability.
This document makes the underlying assumption that a manufacturer will undertake efforts to continuously impmve defect
levels (i.e. reduce these levels) in its wafer fabrication processes. As pari of this assumption, it is expected that the
inspections, aa outlined in section 5 of this document, will be used to acquire information for defect level reduction. The
intent is not to c$eale inspections which “inspect in” quafity, though scxeens of this nature may be a pwf of a manufacturers
integrated defect ccmtrolsystem. Rather, it is intended to provide an effective means of defect prevention, control and
reducing defects generated by the wafer process. Ideally, the manufacturer is striving to continually improve its Wntrol
systems.
Sections 6, 7 and 8 of this document deal with excursion mntainment, yield analysis and a system for unexpected failure.
This document makes extensive use of examples and attachments to illustrate key points and ways in which these points
muld be implemented. The examples are intended to be no more than examples, illustrating how the items in this
procedure might be performed in a given instanca. They are not intended to specify the way items must be done. A glossa~
of terms is provided in section 100. of this document.
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Introduction:
The evolution and progoessin semiconductor fabrication technology require that new quality assurance methodologies
be employed which are applicable to small geomet.y and multiple metallization microcircuits. Removal of ineffective
visual insped!ona require an effective foreign material and defect control prcgmm earfy in {he manufacturing procass.
It is the intent of this procedure to define the key elements of such a program. lt is the responsibility of each
manufacturer to define and document his approach to manufacturing defect redutilon and control. his program shall
be approved by the qualifying activity.
The goal of this procedure is to assure that defects induced during the wafer fabrication process shall be minimued to
such an extent aa 10avoid non-confomnance of product to device specifications or prematum termination of its usaful
fife. It is expected that killer defects (as defined by the manufacturer) w“IInot be found in the delivered product. It is
expected that critical defects (as defined by the manufacturer) will be controlled to meet the intended product life.
10, m.
10,1 TMs procedure maybe conducted for complex technology microcircuitsVfiIen any of the following conditions exist
a,

Minimum horizontal geometries are equal to or less than 1.5pm final dimension of any current carrying conductors
on the wafer, or

b.

Interconnects (eg. metal, polysifican) conducting current consist of thrae or more levels and the number of Icgic=al
gates exceeds 4000.

c.

Opaque materials mask design features and either or both conditionsA or B apply

10.2 This procedure may be subject to review by the acquiring activity.
10,3 Any manufacturer required to be compliant with this pmcedum for complex microcircuits may extend it to other
devices (optional devices) that do not meet the renditions as specified in 10.1, conditions a through c herein. Extension
appfies Onlyif those optional devices are manufactured primarily on the same wafer process line to most of the same
pmcesa baseline (the majority of the fab equipment and process basefine used to fabricate raquired product as defined in
10,1, conditions a through c, is also used on extension product). All elements of the processes that are different for the
extension products must meet the requirements herein.
10,4 This procedure allows for the remwal, modification or reduction of inspections and screens, as a result of process
improvements. For such changes, the process (andlor sub-pmce?.s)must be aufiiciently characterized to permit such
action. Oata suppmthg these changes must be made available to the quafiF@g ati!vity upon raquest.
10,5 ~is procadure is applicable only to wafer fabrication related defects. When using this procedure the manufacturer
is exempt from seti!ons 3.1.1 (except as noted below), 3.1.2, 3.1.4, 3.1.5, 3.1.6 and 3.1.7 of candifions A and B of test
method 2010. Assembly induced defects (ie: auibe damage, probe damage, bond integrity, die surface scratches and
foreign material) shall be inspected at low power (30X to 60X) only, in accordance with sections 3.1.1.1, 3,1.1 .6,3.1.3 and
3.2.5 of test method 2010, conditionsA and B as applicable.
10.6 This procedure does not override the requirements of any other government specifications, unless otherwise
specified herein.
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20. Applicable

DOCUMENTS ~Mssetion

isnotapplimble tothisdocument.)

30, Qualifvinq activitvap9r0val:
30.1 ~emanufadurefs
implementation ofthispwdum
shall bevahdated (autited)by thequafiWngadiviW.
The
qualifying activity will issue a letter of suitabifiiy to the supplier, prior to defive~ of mmpliant product. The letter of suitability
ehall specify exactly what is covered (eg destiption of wafer fab line, including: location, pmcass baseline, optional devices
and technologies, etc. )
30.2 Thequafiwlng atilvwshall mWgnize theneed forautitor expetise insemirnndutior wafer fabrimtion inotierto
validate alineto the requirements herein. Expertise insemiconductor wafer fabrication consistsof an understanding of
wafer fabrication process flow, wafer fabrication pmmss and measurement tools, wafer fabrication process chemistry and
physics, reliability physics and defect generation and control.
40.

Characterization ofdefects andscJaeninQ effectiveness

40.1 Produti built using this pm-dure musthave thepmess charadetized todetemine ''nonsritialo' defetis, '`titi=~
defetisand '"tilled'defectsand toundeffitand their impationmtiaMfity. Thecharactetization mustconsider interactive
effects to the extent they have a reasonable probability of occurrence (eg contact resistance change as affected by mntact
critial dimension variations intemting tithtieletiric film thi&ness variations). Defectcharacterizalion must identify
categories ofknowndefects (see 40.3), thesour= ofeatidefed
wpe(tothe etientneUssaw
toinsure adequate defed
control) and their population (W random, variation from die to die within a wafer, variation from wafer to wafer within a lot,
variation from lottolot, vaflation tithdate ofmanufatiu*r).
40,2 Methods andtechniques forevaluating defetiimpati onmtiatifity mayindude buta=notkmitedto
designed
experimentation, failure modes and effects analysis (FMEA), characterization data, analysis of field failures, analysis of
unexpected failures at a manufacturer, historically available data such as public literature and pmprietav information,
existing reliability data, devicel process modeling, etc. ltisnot ne-ssaV toundemtand theretiatiliw impadofeati
and
every defect or defect Combination(sx rather, the repeatable reliability performance of the defivemd product must be
underskmd in the context of defects likely to be present in the wafer process line at the time of fabrication.
40.3 Ca@gories ofdefe~s mustindude the follting,
process mpabifity or other fundamental reasona)

DEFECTS
- Particles

- Conductive
Traces

- Metal
Corrosion:
- Film
Delarm

- Mkafigm

asaminimum (unless these defetidonot

owurbe-useof

EXAMPLES/lYPES/CONSl!JEFfATIONS:
Size and composition of particles for affected mask levels and source(s) of
variation.

Size, incidence and impaat of imperfections (ie: scratches, voida, c$acks,
etc.). Shotiing potential ueetimsiOns, Nllo&s, stringed, bridging, etc.).
Most vulnerable areas where current carrying density violations may occur.

Corrosion or corrosive elements present in metallization.

Delamination, poor adherence, exceseive stress or coefficient of thermal
expansion mismatches.
Contact, via, polyldiff. alignment.
alignment matching.
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- DMusiOn
Pattern
Violation:

Bridging between wells, width reduction (resistom) and enlargement

- Dielectric
Film
Faults:

Blown ccmtactsfvia’s,holes, cracking, active junction hne exposure,
excessive thidmess variations.

. Oie Surface
Protection
Faults:

- Diffusion,
isolation
defects,
trenches,
guard rings,
other
techniques

Cracks, pinholes, scratches, voids, camerholes, peelingilifting, blistering,
bond pad clearance.

Voids, notches in pattern diffusion, overlaps of diffusion, contact windows
bbtc-tub connections (except by design), etc.

ExAMPLES~PES/CONSIDERATIONS:

DEFECTS:

- Film
Resistor
Flaws

- Laser Trimmed
Film Resistor
Flaws
- Foreign
Materiak

Scratches, voids, potential bridging, non-adherence, corrosion, alignment,
overlap between resistom and conductive tracas, step coverage thinning,
composition (mlor) changes,

Kerf widtk detritus, current carrying violations (resistor width).

Foreign to process stepl structure (chemical stains, photoresist, ink, stains,
liquid droplets).

Note Seeappropfiate calegory figures in TM 2010

Conditions A and B

40.3.1 The follow”ngmetalfizalion mncems need to be addressed by the manufacturer in the process control procedures
used to demonstrate metal integrity.
a. Silicon consumption
b, Junction spiking
c. SUicanprecipitates( nodules)
d. Copper nucleation
e. Nonplanarity
f. Undercutting
METHOO 5004.10
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g, Notching
h, Tunneling
i. Cusping
40.4 Defect characterization must identify and quantify non-uitical defects, critical defects, and killer defects at each
mask level and establish action timits at the appropriate inspection steps. If 100% in-line or end-of-fine production screens
am used to rsmove a specific defect, action limits and inspections may not be rsquired at the affected mask level.
Characterization must determine the major sources of variations and the impact of defect attributes (f- size, mass,
composition and quantity). Characterization must comprehend the effects of defects on the mask level being characterized
and their impact on subsequent mask levels, up to and including the final product Characterization must encompass defect
behavior at worse case allowable processing locations (eg worse case physical location for critical defect generation), at
worse case bounda~ wnditions (k thickness, temperature, gas flow, etc.) and to worse case design rules. See
Attachment #1: Example of Defect Characterization.
40.5 in accordance with the results of defect tiaracterization, the action limits for defects must be less than the level at
which the defects are known to adversely affect the reliability and performanm of the device (the use of prcwss “safety
margins” must be invoked, eg: if sn atuminum line with a 25% notch is known to shorten the bfe of the devics, then margin
timits for the notching must be accounted for, that is, the allowable notti limit must be less than 25%). By definition, any
observation of a killer defect (one or mom) exceeds its action fimit.
40.6 The results of the defect characterization shall be used to establish inspection sampling requi=ments (ie sample
sizes and sampling frequency) and analytical techniques for in-line and end-of-line process inspections (see section 50).
40.7 The manufacturer shall establish a process baseline and put the procsss under forma! change control afler defect
characterization has been completed and in-line and end-of-fine inspection steps are implemented. Any changes that
adversely affect the defects rsquire m-characterization of the defects (eg #1: changing fabrication gowns may affect
particulate generation
and must be determined if they are equivalent or better than gowns used when the original defect
characterization was completed, if better no further action, if worse, re-characterization of the line. eg #2: a change in HCI
(hydrochloric acid) chemical supplier requires comparative analysis of new supplier to old supplier, relative to trace
impurities, followed by an engineering evaluation to vafidate the impact on product, Diswvery of excessive, new impurities
before the new suppfier could be used).
that could not be proven benign would rsquire F?-characterization
40,8 Any manufactursmqimposed in-line or end-a fAine screens must demonstrate their effectiveness in eliminating killer
and critical defects in excess of their allowable action timit(s).
40.9 Any new defects that surfam as a result of excursion containment, yield analysis, customer rstums, inspection
procedures, (etc.) must be characterized in accordance with specifications in section 40.
50. Inspection and test system
50.1 Contmt and reduction of defects will result from an inspection and test system, employing process and product
monitom and screens. The inspection and test system is incorporated throughoutthe wafer fab process flow (in-line andlor
end-of-line). Ii is expected that an inspection and test system will prevent killer defects from appearing in the delivered
product. See Attachment #2: Example of an Inspection and Test System.
50.2 Inspection and test procedures shall form an integrated approach that in total controls and reduces defects. The
procedure shall consider the following uiteria where applicable
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50.2.1 The supplier shall define and implement inspection and test pmcedum?s at appropriate points to monitor killer and
critical defects (as identified in setiton 40).
50.2.2 The inspection and test promdums shall mnsist of sarnpfing plans wfdch recognize the sources of defects and
their variance (& random, variation fmm die to die within a wafer, variation from wafer to wafer w“thin a lot, variation from lot
to lot, variation with date of manufacturer). Sample plans shall be mnsistent with statistical practices (distributional form
and alpha/bela risks). The population to be sampled must be homogeneous.
Examples of homogeneity considerations include
Lots’that have been split or othetise altered for rework are not considered homwmeous
unless othmke
demonstrated, and therefore require independent sampling of the non-homogeneous (reworked) population. If
different pieces of processing equipment are used at the same process step (mask level), for the same purpose (eg
use of multiple wafer steppem on the same wafer lot), these tools must demonstrate the killer and critical defect
characteristics are statistically mmparable, for a given wafer lot to be considered a homogeneous population.
50.2.3 Inspections and tests must consider, but are not fimited to worst case locations (as identified in Section 40).
Examples Include: 1) At an LPCVD operation, the defect characterization might determine particles to be consistently
higher on wafers at, or near, the door end of the tube, sampling at LPCVD must comprehend inspection at this Io=tion.
While characterizing metal bridging, one location on the die might appear consistently more prone to bridging than other die
locations, sampling titeria should include inspections at this IOC4017.
50.2.4 Inspection and test procedures must make use of “look backs”. A look badt inspection examines the current
process step and one or more preceding process steps. his procedure allows for inspecfiotitest of telescoping effects
(magnifies CMenhances the defect) andfor defects decorated by subsequent processing. Tlds technique allows for additional
OPpOdUnifieSto imspectftest fOr killer and critical defeti in preceding layers
Examples Include 1) While inspecting field oxidation it is possible to look bacA at pattern definitions in previous
levels. 2) A defect is known to be more obvious after a subsequent LTO deposition (the defect size telescopes),
therefore an inspection at LTO could effectively look bati at the previous operation which generate a defect.
50.2.5 Inspection and test procedures must define actk?n fimifs and the appropriate data to be recorded. Data racording
shall remgnize the need for wafer, lot, or product disposition and corrective action (eg data may need to be classified by
machine number, tool, wafer lot, operator, etc.). These types of data and atilon fimits are derived from the defect
characterization (as identified in section 40) and shall take into account relevant atbibutes of defects (ie size, color, masa,
composition, density). Action limits shall comprehend safety margins (ae spetiried in section 40).
50.2.6 As a result of defect characterization (see section 40), non-critical defects shall be monitored, unless the noncritical defect has been proven not to have any Inffuen= on the finished product, regardless of incidence or defect density.
This is required to address situations when
B.

Non-critical defects may mask detection of killer and uitical defects (e& a change in color obscures visual
observation of a killer or m“tical defect).

b.

A non-critical defect becomes uitical as a result of increased defect density (eg due to an inc$ease of non-critical
defects, a chain is formed, creating a critical defect).

c.

An inrnnsistency between the incidence of non-critical and critical defects, signaling a change in the proess
must be exDlained.

that
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50.3 Any in-line or end-of-line screens shall be defined, implemented and documented when used in lieu of, or to
supplement inspectionsAests for killer and c$itical defects The population to be screened must also be defined and
documented (eg: wafers, die, portions of wafers, wafer lots, etc.). These procedures shall only incfude those sc?eens
proven to be effective, per requirements in section 40. Records of scraening raaults must be maintained (acceptJ reject
data).
50.4 The Analytical tools and Prduct. process refinabilityand equipment monitom
measure defect attributes as definad in ?.action 40. Thk includes changes in cfitical
characterization indicates a 0.1 vm pariicfe ia a ctitical defect at a given mask level,
capable of detecting and quantifying the incidence of particles this size and larger).
60,

must have sufident capability to
defect densily (eg: if defact
the inspection procedura must be
See attachment KY Analytical tools.

Excursion Containment for Material Exceedinq Action Limits

60,1 The manufacturer shall mnfirrn that the action hmit has been exceeded. This maybe accomplished by: record
review, reinspection, increased sampling, higher magnification visual, etc.
60.2 If the condition is confirmed, the marwfactumr shall identify and act upon affected material (W single wafer, multiple
wafers, whole lot, batches of lots, Mole fine).

60.3 The manufacturer shall perform analysis on affected material and establish a disposition stratagy (bs root cause
analysis, scrap, screen, rework, etc.).
60.4 The manufacturer shall implement appropriate short terrnJlong term carrecthe action (W screens, process change,
equipment change, design rule change, etc.)
70. Yield analysis
70.1 The manufacturer shall establish a yield analysis system es a monitor point to confirm effetilveness of inspactbns
and tests. Particular attention should be given to those lots that exhibft abnormal variation fmm expected yields, as defined
by the manufacturer.
70.2 Yield analysis should include root cause analysis to determine and drive pmcese improvements.
70.3 The manufacturer shall coordinate the yield analysis system with a formal material review board (MRB), or other
approved disposition authority, to drive corrective action for ‘“excursion” material (killer or critical defect escapes).
80. Svstem for unexpected failure:
80,1 The manufacturer shall establish a system to analyze field returns. Determine root cause of failura and drive action
for identification, containment, disposition, notification and ccmractive actiOn.
aO.2 The manufacturer shall implement a system to capture and contain killer or critical defect escapes originating in
wafer fabrication but found elsewhere in the factory (ie sort, assembly, test, etc.) and implement corrective action.
80.3 The manufacturer shall review unexpected failures through a formal material review board (MRB), or other approved
disposition authority, that brings together the expertise to identify and mntain the discrepant product (killer or chtical
defects), to notify internal and external customers, as needed and to implement com?cthw action. The circumstances for
convening an MRB must be defined.
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90. Documentation and data requirements
90.1 The results of defect characterization, assessment of effectiveness of screening methods, sampling and inspection
methodologies, procedures and systems for controlling changes shall be made available to the qualifyhIg activity, upon
request.
90.2 Inspection and sc$eening procedures must be placed under formal document and change control. Data records
must be maintained and made available to the qualifying activity, upon request. Data retardion must be maintained in
accordance with the procurement specifications.
90.3 Excursion containment procedures must be documented and placed under document control. When appropriate,
records of root cause analysis, containment, disposition and carmctive action (via an MRB or other approved disposition
authority) must be maintained and made available to the qualifying activity, upon request. Varying degrees of formality are
essential to any marwfacture<s line therefore, dkposilion authority may range from the responsible individual to a formal
MR8 and documentation may range from initiating a lot traveler to a formal MRB report The manufacturer shall have
prescribed guidelines for the various methods allowable for disposition action and documentation (eg: if product deviation is
within certain spec or action limits, the line engineer may have disposition authoriv, if these limits are exceeded, some
higher disposition authority may be required). Records must be retained in accordan= with the procurement specifications.
100. Definitions
(Note The definitions herein are applicable to this pmcadure only)
Action limits -Numericzd limits for defect densities, counts, or other metrics used to trigger a response. This response may
involve: investigation, root cause analysis, disposition and corrective action.
Alignment - Also known as ‘“overlay” or “registration”.
preceding layer.

The proper placement of one photolithography

layer atop a

Blown contact - A phenomena most often associated with the wet ettilng of contacts. The etch proceeds laterally at a
rate much greater than is expected or desirable. Typically, the lateral etching is non-uniform with respect to the desired
cnntact profile.
Comerholes - A process phenomena assodated with narrow gapa between lines of topography. In particular, where
those lines form an angle of approximately 90 degrees (forma “comer’). A rnmerhole is formed whan photoresist cannot
cover the severe topography generated by structures fike these, allow”ng a subsequent etch to remove film in the gap
between the lines.
Critical Defects - Defects known or suspected to cauae premabxa failure but only under certain conditions that have a
small probability of occurrence or any defect that cannot be proven as nonuitic-d.
Defect escapes - Lots, wafem or die which contain defects that unintentionally get through a manufactun??s inspection
and test system.
DI (D1 water) - De-ionized water. Used for wafer cleaning.
Discrepant material - any material determined to be unsuitable for its destined form, fit or function, as specified by the
MRB or other disposition authority.
Elements of the process - Any fundamental piece (building block) of the wafer fab process or process step (eg: thermal
ramp rates, etch rates, recipe’ steps, incoming raw materials. etc.). This incfudes quantifiable measurable chemical and
physical phenomena of the wafer fab process.
End-of-line - The steps aRer wafer fabrication and initial testing (electrical test, wafer sort). This includes most of what is
commonly referred to as “assembly/test”.
METHOD 5004.10
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Excursion containment.
.

Efforts undertaken to find, limit and segregate disuepant

material.

Homogeneous - The state in which every wafer in a lot has received the exact same processing, including: correlated
equipment (as specified in append~ A of MIL-PRF-38535), same recipes, same operations and same materials. This
does not include metrology or inspetion steps.
ILD - Inter-1ayer dielectric. Typically refers to the layer separating different conductor material layers but is occasionally
used to describe the layer between first metal and the underlying layers.
In-fine - The process steps that comprise wafer fabrication from initial starling material through and including initial test
(electrical test and sort).
Inspection - Any proedure designed to detector measure defects. Depending on the equipment or procedure, the
quantity or types of defects mayor may not be measurable depending on the inspection. defects mayor may not be
removed, The5e procedures may utilize visual detection (human or automated), laser SUfiaCZSG3tter, in-situ pariiCle
detectoffi, etc.
Interconnects - Any structures on the wafer surkm used for electrical wnnection
to another. These structures are typically made of polysiliccm or metal.

from one device (or portion of a device)

Killer defect - A defect that haa a high probability of causing failure, under any candition, at some given point in a products
intended life.
Letter of suitability - A formal written document fmm the qualifying activity stating the manufacturer has sufficient
capability and competency to implemen~execute the subject procedure.
Look-back inspection - An inspection that is capable of detecting defects not only at the current process layer but also at
some number of preceding process layers. Ideally, this inspection allows for differentiation between defects at the current
process layer and those of preceding ones.
LPCVD - Low-pressure chemical vapor deposition.
LTO - Low-temperature oxidation or low-temperature oxide.
LYA-Low-yield

analysis. Amethti

fordetemining

themason

foryield loss byanalyzing

low-y ielding material.

Mask level. A structure (electrical, physical and/or chemical) on, in, above or below a wafer substrate, achieved or
modified byvarious sequential physi=l ortiemiml
pmesses, sutias: oxidation, diffusion, elti, film deposition, implant,
etc.
Material review board (MRB) - A group of individuals who have sufkient
to disposition discrepant or non-conforming material.
Monitor - Inspetilons

expertise and am duly authorized by the facitity

or tests performed on a sampled population.

Non-critical defect - A defect that has been demonstrated not to cause premature failure, regardless of defect density,
defect placement on the die or defect size.
PM - Preventive maintenance pmu?dure.
POly - POlyc@alline

siticcm.

Process basetine -An approved set of instructions, conditions and procedures for wafer fabrication.
Product - Materia) resulting from the output of a wafer lab process that is ultimately destined for delivew to a customer.
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Screens - 100% of a population (dice or wafers) is inspected or tested and all material Wntaining targeted defects are
rejected.
Sub-process - Any number of related process steps leading to an outcome on the wafer. Examples would include POIY
interconnect formation (comprised of POIYdeposition, Poly layer Mhography, Poly etch and resist strip) and contact
formation (dielectric deposition, contact layer lithography, contact etch and resist strip).
Telescoping defects - Defects which increase in visibility, due to an apparent incm?ase in size, as wafers are processed
through subsequent operations. The increase is a function of the defect being decorated by etches or films, the defect
acting as a nucleation site for subsequent depositions or by the defect c$eating non-uniform regions in a film or oxide.
Test -1 ) Evaluate (ie: streSS and measure) reliability,
affect reliability, quatity or performance.

quality and performance

2) ensure the defects present do not

Unexpected failures - Failures that are not detected, or cannot be predicted, using the manufacturers
inspection and containment plans.

standard in-line

Wafer process - The materials, equipment. operations and environment necessary to manufacture a product or family of
products, This includes all potential sources of defect generation.
Yield analysis - The analysis of die yields to determine failure modes and defect mechanisms. This can entail analyzing
low yielding material, average yielding material or high yielding material or combinations of these items. This type of
analysis can be used to validate in-line monitors.
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Example 1- Ouafity Scenario
A defect characterization has been performed on an LPCVD operation. The primary defect mechanism was found 10 be
particles. These particles were quantified using a laser surface-scanning tool. The results show that the particles fell into
three size distributions 1) <0.3 microns randomly distributed from wafer to wafer and within a wafer, 2) about 1.0 microns
with a higher density near the pump end of the deposition tube, and 3) greater than 6.0 microns that appeared heavily on
some wafers but did not appear at all on others. The defects in the 1.0 micron or less categories were found to be relatively
small, dark particles when viewed with an optical microscope. The larger particfes (>6 microns) appeared as large. black
particles that appeared 10 be on the wafer surface. A compositional analysis of particles fmm the three distributions showed
that the first twa types (<0.3 microns and about 1.0 microns) were composed of Si and O, essentially the same composition
as the deposited film. The large particles were mmposed of primarily Fe and Ni.
Wafers containing defects from the smaller size distributions were processed through the subsequent patterning
operations. The 1.0 micron particles were observed to have an affect on the subsequent pattern when they occurred
adjacent to the patterned lines. The <0.3 micron parlides had no observable effect. Both defects were characterized using
optical microscopes and an automated pattern inspection system. After resist strip, the 1.0 micron particles were gone, with
only their effects on the patterning operation being visible. The <0.3 miaon defects were still observable after resist strip.
After a subsequent LTO deposition, the <0.3 micron partictes appeared to ‘Telescope” in size to about 1 micron due to the
con formal nature of the LTO film. The “telescoped paiiicles had a noticeable effect on the next patterning operation.
Observation of both particfe types using an SEM (scanning electron microscope) showed that the 1.0 mic$on particles
appeared to be inmwOrated intO the film, whereas the <0.3 mic$an Paticles appeared to be under the film. This was
consistent with the defect behavior obsewed during subsequent processing.
The signal from the large particles suggested contamination from a stainless steel source. Observation of the defect with
an SEM showed that the defects were on top of the deposited film. The defects were found to be coming from the unload
arm of the LPCVD system. The unload arm was occasionally striking another pie= of the Ioadiunload assembly, generating
metal particles each time it did this.
The characterization of particle defects from this LPCVD operation resulted in the following monitoring plan: 1) The
alignment of the unload arm was found to be most affected by the preventive maintenance procedure performed on the
Ioadiunload assembly once each week. As a result, a bare silicon particle monitor is run afler each PM, before any product
wafers can be run on the system. The monitor is set to look for 6 micron and larger particles with the expectation that no
such particles should be present if the unloader is ‘wmt4ng pmperiy. 2) The source of the 1.0 micron particles is unknown.
What is known is that these defects are aiways worse near the pump-end of the tube. As a result, the monitor for this
particle source is run at the pump end of the tube, with a door end monitor run simultaneously as a ‘“control”. Different
action limits exist for each monitor. 3) The small parlides were found to be very dihicult to monitor at the LPCVD operation
since they fell into the “noise” caused by Imitations in the pati)cle detection equipment. However, they are easily monitored
in a ‘“look-baclf fashion afler the subsequent patterning operation using the automated pattern inspection system. As a
result, this defect is monitored at the post-patterning inspection step with action fimits initiating feedbati to the LPCVD
operation.
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Example 2- Reliability Scenario:
Characterization of parlicles at a gate oxide preclean operation showed that the particles mnttibuted by the operation tend
to be small (0.2 microns) and vary in concentration from 0.02 dlcm’ to 0.8 dlcm’ depending on how heavily the station is
utilized. Defect density increased as the number of wafers processed through the station increased.
Wafers from this operation were selected such that some of them had low defect densities (approximately 0.3 dlcm’) and
the remainder had high defect densities [approximately 0.8 dlun’). These wafers were processed through the line and the
die from these wafers subjected to high voltage stress testing. The results of the tests were that the low and moderate
defect density groups showed levels of gate leakage consistent w“th the historical process baseline. The high defect density
die show gate leakage that was 3 times that of the historical baseline and resulted in barely acceptable failure rates.
As a result of this charactetiation,
a particle monitor was implemented at gate oxide preclean with an upper limit of 0.6
dlcm’ to allow some safety margin from the gate leakage problems seen at 0.8 dlcm’. However, due to resource imitations,
this monitor can only be run once every shifl (approximately every 12 hours). It is hkely that the movement of material in the
line will lead to the station occasionally exceeding its control limits between monitors. A second preclean station is
scheduled to be installed in about three months. This station will provide enough capacity to prevent wafer-volume related
out-o f-cmtml particle conditions at the gate preciean operation. In order to ensure that no material with bad gate oxide is
shipped during the interim period (before the new station comes on-line), a manufacturer imposed screen (high-voltage
stress test) is used on all material processed between a failing monitor and the last known good monitor at this operation.
In order to show that the screen is effective, parlicfe monitom are processed through the station with every lot of wafers.
This test is done for a period of time auhicient to yield multiple lots at various defect densities. Oie from eati of these lots
are processed through the high-voltage semen. The results show that the screen is 100 percent effective at detecting the
lots with defect densities greater that 0.6 dfcm’. The results show a solid correlation between gate oxide pn?dean defect
densities and gate oxide leakage levels. The screen is then used to augment station particle level data and remains in place
until the second station is installed and qualified.
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EXAMPLE OF DEFECT DETECTION FOR KEY PROCESS STEPS

PROCESS STEP
MONITOR

PRODUCT MONITOR

EQUIPMENT MONITOR

RELIABILITY

Wafer start

Incoming Si DA

NA

NA

EP)

Laser surface particle
scan.

Gas flow/pressure,
chamber temp

NA

Start Oxide

Oxide thickness, laser
surface particle sc3n.

Tube temp profile,
CV, thermocouple cd,
gas flows, tube particle
checks using laser surface
scm.

Oxide integrity
test wafers

PattemingAWll
Implant

UV light paticfe insp,
optical pattern insp,
e-test parametric.

Exposure dose, fetidel
pellicle inspection,
stepper stage checks
implant dose processor
and voltage calibration,
DI water resistivity.
Particle checks of stepper,
implanter, Coavdevelop
tracks using laser surface
particle scan.

LYA

Active Region
Patterning/Gate Oxide
(no 2010 equiv.)

Alignment check, optical
inspection, automated
pattern inspection, UV hght
and laser surface parlide
inspections, in-line SEM CD
measwement, *test
parametric.

Exposure dose, reticle/
pellide inspeti!ons,
stepper stage checks, tube
temp profile, CV thermocouple cd, gas ffows, DI
water resistivity, Particle
checks of stepper, diffusion
tube, coaffdevelop ttacks
using laser surface parocle
scan.

Oxide integrity
test wafers,
comblserpentine
test stmctures,
LYA,

Poly Dep/Paneming

Afignment check, optical and
automated pattern inspection,
laser surface particle
inspections, in-fine SEM CD
measurement, e-test

Dep tube pumpfvent speed,
MFC calibration, gas flows,
pressuree, temperature.
Expose dose, reticleipellide
checks, stepper etage checks.
DI water resistivity.
Particle checks on POIYtube,
stepper and coatldevelop
tracks using laser swface
particle scan.

Comblserpentine
test structures,
buried contact
check. LYA.
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Pattemingl
S/D Implant

Alignment check, optical
pattern inspection, UV
light or laser surface
particle inspections.
E-test parametric.

Exposure dose, reticle/
peltide inspech.an,
stepper stage checks.
implant dose processor
and voltage calibration,
DI water resistivity.
Particle checks of stepper,
implanter, coatldevelop
tracks using laser surface
particle scan.

LYA.

ILD I/Patterning

Alignment check, autcmated pattern inspection,
UV light and laser surface
particfe inspedion, e-ted
parametric. In-1ine SEM
CD measure.

Expasure doseJ reticlel
pe[licfe inspechon,
stepper stage checks.
ILD deposition system
lemp/pressure. MFC
calibration, gas flow.
DI water resistivity.
Particle checks on stepper,
coatldevelop tracks and ILD
deposition system.

Refractke
index.
% phosphoms.
Film integrity
tests (breakdown, etc.).
LYA.

Metal I/Patterning

Alignment check, automated pattern inspection,
laser surfaa paticfe
inspection, metal
resistivity/specularity,
In-1ine SEM CD measurement
and eleticd
CD measure,
e-test narametrics.

Expose dose, reticld
pellicle inspection,
stepper stage checks.
Metal dep thickness,
RGA of dep system,
gas flows, pressures,
pump/vent rate checks,
metal resistivity/
specularity. Particle
checks on metal dep
system, stepper and
matidevelop tracks using
laser surface scan.

Contact chains,
Metal-t@poly
mntact, Metal-t&
cliff contacts,
dectromigration
monitoffi, metal
CDs (at end of
he), step
mverage. LYA.

ILD 2/Patterning.

Similar to ILO1.

Similar to ILD1,

Similar to ILD1

Metal 2/Patterning

Similar to Metal 1

Similar to Metal 1

Ssmilar to Metal 1
with addition of Via
chains, Metal 2-tcMetal 1 contact.

Glassivatiord
Bond pads

Coarse alignment check,
optical inspedion of
bond pads to ensure
clearing and of passivation
for comerholes.

Glassivation thickness,
phos wntent, temp,
pressure and flows.
Exposure dose, stepper
stage parameters. Particle checks on all equip.

Acid bath for
glass integrity.
Acaustic micro.
Swpy.

Backside prepl
ChromalGold DepI
E-test/Sort

Post-tape visual, pOstgrind visual, poddetape
visual (all optical).
WarPage check, thickness
check. Chromelgold thickness
checks, visual for backside
appearance postdep. POstsort visual (optical].

Grind rate check, grind
pressure check.
Evaporator pressureileak
rate checks, RGA power
and gas flows. WarPage
and thickness checks on
te5t wafers.

WarPage and
thickness checks.
Die cracking and
adhesion
monitom at
assembly.
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ANALYTICAL TOOLS/MONITORS AND SCREENS
Analytical tools may include, but are not Nmited to the follow”ng:
a.

Oblique light, very IW magnification

b.

Optical micmscope

c.

Laser scattering (or equivalent)

d.

Automated pattern inspection

e,

Alignment measurement tool (automated, high-resolution)

f.

Nondestmctive

g,

Wafer mapping

S.E.M.

Broad Use of Tools for Inspections (tools may include but are not timited to)
Oblique Light, visual inspection: A quick and gross visual inspection at very low mag (1X to 20X) using a light source
projected onto the wafer and tilting the wafer to delect large particles. This is an inspection step used in-line at various key
process steps.
Optical microscope Looks for defects that are detectable optically (eg: metal stingers, large parlides, visible foreign
material, visible resist imperfections such as drips, visible voids and cracks, visible misalignment, etc.). This tool is used at
diiferent magnifications, at beginning andlor end of key process steps (200X optical sampling in-line for a selected key
pr0ce5s step and 800X optical check at the end of a key process step and before proceeding to the next key proms step).
Laser scanning (or equivalent) Used to detect any anomalous surface defects (eg: very fine particles that may not be
detected by optical microsmpy). May be used in numerous process steps and is particularly important early in the process
to control telescoping defects.
Automated Pattern recognition: Used to verify integrity of two dimensional geometies (detects anomalies such as
and cracks in the metal, metal bridging, diffueion and Poly faults or any other abnormalities in an expected pattern).

voids

Automated high resolution alignment measurement toot Used for inter-level registration at very fine tolerances (on the
order of 0.1 pm). This tool is used to align very fine dical geometries undetectable by conventional high power optical
registration tools,
Nondestructive S.E.M.: In-fine prmduct monitor used for very high power visual examination of critical process steps
(critical dimension, step coverage, metal thinning, etc.).
wafer mapping: An analytical technique using data from various inspection tools (eg: automated pattern recognition tools,
laser scanning tools, e-test results) for defect characterization and partitioning.
Product, Process and Reliability Monitors/Screens
These monitorslscreens

inwrporate

inspectbmmltests which may include but are not fimited to):
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In-1ine electrical test (E-test): This monitor is used to measure electrical characteristics of transistor elements (sheet
resistance, doping levels and other transistor parametric=), contact chains, metallization structures (line width, thickness,
resistance) and via structures. Parametric failures detectable by e-test may be indicative of an unacceptable incidence of
killer or titical defects.
Test stmc.tures Special structures used to detect killer or critical defects (eg serpentine structures used to detect metal
continuity such as voids, carob structures for bridge detection and to verify field oxide isolation integrity, electromigration
structures to verify metal integrity and step coverage and inter-layer dielectric structures to verify e-field integrity).
Periodic reliability studies: Intended to verify design hfe margins of the technology
Yield Analysis Used to validate effectiveness of in-line monito~ by a dosed loop feedback system that detects the
effects of killer or dial
defect escapes not caught in-line. Actions may include scrapping lot, root cause analysis and
cmrection, lot sueening, etc. (see section 70).
Other monitors

Used to measure key process elements. Examples may include but are not limited to

a.

Metal reflectivity and resistivity (to check metal angularities
in granularity, voiding, etc.).

such as

hillocks formations, step thinning, changes

b.

tonic contamination.

c.

Refractive index for inteflayer dielectric thickness measurements.

d.

Post wafer probe visual inspection. A monitor performed on randomly selected post probe wafer(s) beginning with
visual high power inspetilon and maybe followed by subsequent detailed analysis (S. E.M., EDX, layer stripback
etc.), This is ueed to confirm the effectiveness of in-fine monitors.

e.

Acid bath (used for quick detection decoration of glassivation defects, cracks and holes) or acoustic microswpy
(to measure glassivation integrity).

Equipment Monilom (equipment monitors may include but are not limited to)
Particle check% Performed on process equipment such as: etch, metal deposition, implant, diffusion, dielectric
deposition, photom?sisf material and application. Particles of sufficient size and density may lead to kfller or titical defects
(metal bites, dielectric holes, polY/ diffusion geometry changes, etc.).
Residual Gas Analysis
control corrosion).

Used to monitor gas integrity of key pfocess equipment [eg

metal deposition equipment to

Photolithography exposure equipment Used to verify critical parametem and controls for photolithography operation (prea!ignment check, stage accuracy, machine alignment accuracy using reference patterns, lens distortion check, alignment
accuracy, wafer chuck flatness measurement, lens focus check, reti.de rotation, etc.)
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QUALIFICATION AND QUALITY CONFORMANCE PROCEDURES
1. PURPOSE. This method establishes qua fifm-ation and quality conformance inspection procedures for microelectronics
to assure that the device and lot quality canfon’ns with the requirements of the applicable acquisition document. The full
requirements of groups A, B, C, D, and E tests and inspections are intended for use in initial device qualification,
requalification in the event of pmducf or process change, and periodic testing for retention of qualification. Groups A and B
tests and inspections are required for quality Conformance inspection on individual inspection lots as a condition for
acceptance for delivery. Groups C and D tests are required for quality conformance inspection on a periodic basis as a
candition for acceptance for defivety. Group E tests are qualification and qualify conformance procedures to be utilized only
for radiation hardness assurance levels as specified in table V. In general, it is intended that the device class level to which
qualification or quatity conformance inspecttm is conducted would be the same device class level to which screening
procedures (in accardanm with method 5004) are conducted. However, it is permissible for qua fificdion or quality
conformance procedures to be specified at a higher quality level (in no case shall a lower level be permitted) to reduce the
potential percentdefective.
It is also permissible to spetify tightened inspection c$iteria for individual subgroups where
experience indicates justifiable wncem for specific quality problems.
NOTE: Reference to method 5005 on a stand alone basis (not indicating compliance or noncompliance to 883) requires
full compliance to 1.2.1 of this standad (see 1.2.2 of this standard).
2. APPARATUS. Suitable electrical measurement equipment necessafy to determine compliance with the requirement
of the applicable acquisition document and other appamtus as required in the referenced test methods.
3. PROCEOURE. The procedure contained in 3.1,3.2, or 3.3, as applicable to the microcircuit type and class, shall apply
for all qualifications and quality conformance inspection requirements. Subgroups within a group of tests maybe performed
in any sequence but individual tests within a subgroup (except group B, subgroup 2) shall be performed in the sequence
indicated for groups B, C, D, and E tests. Where end-point electrical measurements are required for subgroups in groups B,
C, O, and E testing, they shall be as specified in the applicable device specification or drawing. Where end-point
measurements are required but no parameters have been identified in the acquisition document for that purpose, the final
electrical parametem specified for 100 percent screening shall be used as end-point measurements
Microcircuits which are
contained in packagee which have an inner seal or cavity perimeter of 2 inches or more in total length or have a package
mass of 5 grams or more may be treated in accordance with the optional previsions below, where applicable.
Constant acceleration. Delete lest condition E and replace with test cxmdition as specified in the applicable device
specification or drawing. Unless otherwise specified, the stress level for large monolithic micmdrcuit packages shall
not be reduced below test candition D. If the stress level specified is below cm?dtion D, the manufacturer must have
data to justify this reduction and this data must be maintained and available for review by the preparing or acquiring
activity. The minimum stress level allowed is condition A.
Qualification and quality conformance inspection requirements for radiation hardness assured devices are in addition to the
normal classes level S and level B requirements. Those requirements for each of the specified radiation levels (M, O, L, R,
F, G and H) are detailed in table V.
Qualified manufacture
fist (QML) manufacture.% who are certified and qualified to MIL-PRF-3e535 or who have been
grated transitional certification to MIL-PRF-3E535 may mcdfy the class level B tables (tables 1,Ilb, Ill, and IV) as specified in
the applicable device specification or Standani Microcircuit Drawing and as permitted in 1.2 of MI L-STD-883 provided the
modification is contained in the manufacturers Quafity Management (QM) plan and the “O” or “QMV certkation
mark is
mahed on the devices, For contractor prepared drawings with specific references to individual test methods of MIL-STDee3 (e.g., method 1010, method 2002, etc.), these test methods may not be modified by a QML manufatiurer without the
knowfedge and approval of the acquiring activity.
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3.1 Quatkation

procedure for class level S microcircuits.

.

3.1.1 C)uafification for class level S QML-38535 hstin% Quafifimtion testing for class level S microcircuits shall be in
accordance with appendix A of MIL-PRF-38535.

.

3.1.2 Steadv-state life test. In the case of multiple sublets wntabted in the cdass level S inspection lot, the sample size
number shall be selected from the sublets in the nearast whole number of devices proportionately to the number of devices
in each sublet. Where this results in less than 10 samples fmm any sublet, additional samples shall be selected from that
sublet(s) to provide a minimum of 10 samples from each sublet. Any sublet which exhibits more than one failure shall be
reiected from the inspection lot.

.

3.2 Qualitv rnnformanci? inspection procedures for class level S micmckruits. Each class level S quality conformance
inspection 10!shall be assembled in acmrdan= with the class level S requirements of appendix A of MIL-PRF-38535.
Quatity conformance testing shall be in accordance with tables 1,Ha, and IV.
3.2.1 Notification of nonconfomanc=?.
notified

.

Whenever any of the following occurs, the qualifying activity shall be immediately

a.

The number of failures in a single subgroup of table Ila exceeds the acceptance number on two successive lots
(applicable to subgroups 2b, 2c, 2d, 5, and 6).

b.

The number of failures for the resubmitted sample in acwrtlance with 40.3.3.1 of appendix A of MI L-PRF-38535
exceeds the acceptance number on two successive lots on the following eubgroup$ 1, 2a, 2b, 2d, and 4.

c.

For a given device type withdrawal fmm quality conformance testing for any reason on two successive lots.

d.

Following initial notification, the manufacturer shall provide the qualifying agency or its designated representative
with data which indicates the reason(s) for the reported nanmnformanc-e, contributing factors, and proposed
cmactive action.

e.

Two successive lots faiting group E testing, or 10 percent or more of the lots raquiring the add-on sampfing
procedure.

.

in the absence of timely compliance with the above, or corrective action acceptable to the qualifying activity, action may
be taken to remove the prt?duct from the class level S QML-38535.

.

3.3 Qualification and aualitv wnformanc.e inspection Procedures for CJasslevel B mic$mircuits. Qualification or quality
conformance inspec.iion for mimocimuits shall be conducted as destibed in the groups A, B, C, D, and E tests of tables 1, 11,
Ill, IV, and V herein and as specified in the applicable device specifimtion. For quality c.onformanm inspection, each
inspection lot (sublet) shall pass groups A, B and (when applicable) E test (or be acmpted in acwrdanca with 3.5 herein),
and the periodic group C and D tests shall be in accordance with appendm A of MIL-PRF-38535.

.

3.4 Acc@ance Dmcedure. Acceptance numbers, provisions for resubmission, and criteria for acceptance or rejection of
lots shall be as specified herein and in the applicable device specification or drawing.

.

3.5 Sample selection. Samples shall be randomly selected from the assembled inspection lot in accordance with
appendm A of MIL-PRF-38535 (and in accordance with table V herein for group E) after the specified screen requirements of
methti 5004 have been satisfactorily completed. Where use of electrical reiects is permitted, unless otherwise specified,
they need not have been sublected to the temperature time exposure of bum-in.
3,5.1 Alternate aroup A testinq. Alternate procedures for performing group A inspetiion on each inspection lot or sublet
may be used at the manufactumts option provided that the quatifyk@ activity has previously approved the alternate
procedure and flow being used by the manufacturer. A different operator shall check the entire test setup and verify the use
of the correct test program prior to testing the group A sample.
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3.5.1.1 Inspection lot sam!ie selectban. When this option is used, test samples for each individual group A subgroup
shall be randomly selected from the inspection lot after 100 percent screening of that subgroup (or subgroups, in the event
that multiple subgroups are tested at the same temperature in sequence with the same test program). All devic%s in the
inspection lot or sublet shall be available for selection as a test sample and a fully random sample shall be selected from the
total population of devies.
3.5.1.2 Concurrent samPle eelection. When this option is used, test samples from each individual group A subgroup(s)
shall be randomly selected concurrent with the 100 percent screening of that subgroup(s) and tested subsequent to
screening each individual device of that subgroup(s). When this option is used. me following requirements apply
a

A documented verification methodology and operating pmcedum shall be Set up to assure the integrity of the total
test system, that the product is being tested with correct test conditions and that all required screening and group
A testing ie being performed.

b,

The group A samples shall be swted out separately from the balance of the lot and the sample size verified. If
because of higher than expetied yield loss, the number of samples tested are less than the required sample size,
(116 units), then additional samples shall be randomly selected and tested.

c.

Each group A reject shall be sorted out separately.

d.

All screening rejects shall be segregated from the acceptable product and the physical count verified against the
test system attribute data.

e.

When sorting (e.g., speed or power) is completed during the final electrical saeening, each individual device type
screened shall have a full group A sample selected and tested.

f.

For emall lots, where the lot size is less than the required sample size(116 units) each device in the lot shall be
double tested (i.e., 100 percent screening and 100 percent group A).
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TABLE 1. GrouD A electrical tests for clas5es level S and level B devices. 1/
Subgroups u
Quality/accept no. = 116/0 3/4/5/
Subgroup 1

I

Static tests at 25°C
Subgroup 2

I

Static tests at maximum rated operating temperature

I

Subgroup 3
Static tests at minimum rated operating temperature
Subgroup 4
Dynamic tests at 2YC

I

subgroup 5

I

Dynamic tests at maximum rated operating temperature

I

Dynamic tests at minimum rated operating temperature

~
Functional tests al 2YC

I

Subgroup 6A

I

Functional (estsalmaximum

raWdopemtingt emWratums

I

Subgroup 8B
Functional lests at minimum rated operating temperatures
Subgroup 9

I

Switching tests at 25°C

I

?wbgmup 10

I

Switching tests at maximum rated operating temperature
Subgroup 11

I
I

Switching tests at minimum rated operating temperature

See footnotes at top of next page.
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TABLE I. GrouDAeledriml

tests fordasses

level Sandlevel

Bdevi=s-Continued.

1/

The specifm parameters to be included for tests in each subgroup shall be as specified in the applicable acquisition
document. Wemnopammetem
have&en identified inapaticulaf
su~rouportest
titinasubgroup,
no group
A testing is required for that subgroup or test to satisfy group A requirements.
At the manufacturers option, the applicable tests raquired for group A testing (See 10 may be conducted individually
ormmMned into se@oftes@, subgroups (asdefined in bblel), orse& of subgroups. However, the manufacturer
shall predesignate theeegroupings prior togmup A testing. Unless otherwise specified, the individual tests,
subgroups, or sets of testslsubgroups may be performed in any sequence.
The sample plan (quantity and accept number) for each test, subgroup, or set of testsfsubgroups
in~, shall be 116/0.

as predesignated

A greater sample size maybe used at the manufacturafs option; however, the accept number shall remain at zero.
When the (sub) lot size is less than the raquirad sample size, each and every device in the (sub) lot shall be
ins@%
andallfail~
devi@smmoved from ~e(sub)lot for final a~ptanaof
that test, subgroup, orsetof
tests/subgroups, as applicable.
If any device in the sample fails any parameter in the test, subgroup, or set of testskubgroups being sampled, each
andeve~addtional
daviUin the(sub)lOt mpreWnted bytheaample shall betesled Onmesametest
set-up tOr all
parametem in that test, subgroup, or set of testskubgroups for which the sample was selected, and all failed
devicas shall be removed from the (sub) lot for final a=ptanca
of that test, subgroup, or sei of testslsubgroups, ae
armlicable, Fordass level Sonly, iftMstesting msultsin aper@nt defedive gmaterthan5per=nt,
the(sub) lot
sh’all be rejected, except that for(sub) lots previously unscreened to the tests that caused failure of this pan%nt
defective, the (sub) lot maybe accepled by resubmission and passing the failed individual tests, subgroups, or set of
testsk.ubgroups, as applicable, using a 116/0 sample.

I

I
I
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TABLE Ila. GMUD B tests for class leVel S devices. 1/
Ml L-STO-S83

Test

Method
jubqmup

Quantity (accept no.)
Sample size no.
accept no.

Condition

1

a, Physical dimensions
b. Internal water-vapor
content
~ ~

~

2016
1018

5,000 ppm maximum water
content at 10&C

2(o)
3(0) or 5(1)

4/

Wbqroup 2 ~1
a. Resistance to solvents
b. Internal visual and
mechanical

2015
2013,
2014

c. Bond strength
(1) ThemnocompEssion
(2) Ultrasonic
(3) FliPchip
(4) Beam lead
d. Ok?shear or substrate
attach strength test

2011

3(o)
2(o)
Failure criteria from design and
construction requirements of
applicable acquisition dowment
1. Test condition C or D
2. Test condition C or D
3. Test condition F
4. Test condition H
In accordance with method
2019 or 2027 for the applicable
die size

Sample size
&
number = 22, c = O

3(o)

;ubarOuD 3
SolderabilitY ZI

2003

Soldering temperature
of 245°C *5T

2004
1014

Test condition B2, lead fatigue
As applicable

2024

As applicable

1005

As specified in the applicable
device specification
Test rendition C, D, or E
As specified in the applicable
device specification

Sample size
number = 22, c = O

;ubqmup 4 ~
a. Lead integrity
b. Seal
(a) Fine
(b) Gross
c. Lid torque 2/
;ubqroup 5

51

Q/

a. End-point electrical
parametem
~/
b. Steady state life ~M
c. End-point electrical
parameter
11
See footnotes at end of table
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TABLE Ila. Group B tests for cfass level S devices - Continued. 1/

Test

MIL-STD-683

Method

Wantity (accept no.)
3ample size no.
kcept number

Condition

Subamup 6

Sample size
Wmber = 15, c = O

a. End-point electrical
parameters
b, Temperature cyciing

1010

c. Constant acceleration

2001

d. Seal
(a) Fine
(b) Gross

1014

As specified in the
applicable devica
specification
Condition C, 100 cycles
minimum
Test condition E Y,
orientation only
As specified in the
applicable device
specification

e. End-point electrical
oarameiers
$ubqroup 7 &

Electrical reject devices fmm that same inspection lot may be used for all subgroups when end-point measurements
are not required provided that the rejects are pressed
identkally to the inspectkm lot through pre bum-in electrical
and provided the rejects are exposed to the full temperature time exposure of bum-in.
Not required for qualification or quality con formanm inspections where group D inspection is being performed on
samples from the same inspection lot.
This test is required only if it is a glass-hit-sealed package. Unless handling precautions for beryllia packages are
available and follm+ed method 1018, pmc.edure 3 shall be used. See (? Of table IV.
Test three devices if one fails, test two additional devicss with no failures. At the manufacturers option, if the initial
test sample (i.e., 3 or 5 devices) fails, a second complete sample may be tested at an alternate Iaboratoty that has
been granted current suitability status by the quatiF@g activity. If this sample passes, the lot shall be accepted
provided the devices and data from both submissions is submitted to the qualifying activity along w“th five additional
devices from the same lot.
Resistance to solvents testing required only on devices using inks or paints as a marking medium.
Unless otherwise specified, the sample size number for conditions C and D is the number of bond pulls selected from
a minimum number of four devices, and for condition For H is the number of dice (not bonds).
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All devices submitted for solderability test shall be in the lead finish that will & on the shipped product and which has
been through the tempemtureitime exposure of bum-in except for devices which have been hot solder dipped or
undergone tin-lead fusing afier bum-in. The sample size number applies to the number of leads inspeckad except in
no case shall less than three devices be used to provide the number of leads required.
The sample size number of 45 for lead integrity shall be based on the number of leads or terminals tested and shall be
taken from a minimum of 3 devices. All devices required for the lead integrity test shall pass the seal test and lid
torque test, if applicable, (see so in order to meet the requirements of subgroup 4. For pin grid a~y leads and rigid
leads, use method 2028. For leaded chip carrier packages, use candition B1. For Ieadless chip carrfer packages only,
use test condition D and a sample size number of 15 based on the number of pads tested taken from 3 devices
minimum. Seal test (subgroup 4b) need be performed only on packages having leads exiting through a glass seal.
Lid torque test shall apply only to glass-tit-sealed
The alternate removal-al-bias

packages.

provisions of 3.3.1 of method 1005 shall not apply for test temperature above 12SC.

Read and record group A subgroups 1,2, and 3.
The same test temperature that was used for bum-in shall be used for the steady-slate hfe test.
Subgroup 7 has been deleted fmm table Ila. The requirements for ESD testing are specified in appendix A of
MIL-PRF-38535.
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TABLE Ilb. Group B tests for level class S II U

I

MIL-STLM63

Test

Method

Quantity/(accept no.)
or sample size number,
accept number

Condition
3(o)

Subqmup 2 ~1
a. Resistance to solvents

2015

Sample size
number = 22, c = O

Subaroup 3
a. Solder.abifity 4/

2003

Soldering temperature
of 24VC *9C

SubQrOuD5
a. Bond strength 21
(1) Thermocompression
(2) Ultrasonic or
wedge
(3) Flip-chip
(4) Beam lead

Sample size
number = 15, c = O

2011
(1)
(2)
(3)
(4)

Test
Test
Test
Test

condition
condition
condition
rendition

C or O
C or D
F
H

Electrical reject devices from the same inspection lot may be used for ell subgroups when end-point measurements are
not reauired orovided that the reiects are processed identically to the inspection lot through pre bum-in electrical and
provid~ the “rejects are exposed 10the full temperature time exposure of bum-in.
Subgroups 1,4,6,
renumbered.

7, and 6 have been deleted from thk table. For convenience, the remaining subgroups will not be

Resistance to solvents testing required only on devices using inks or paints as the marking or contrast
medium.
All devices submitted for solderabifity test shall be in the lead finish that will be on the shipped product and which has
been through the temperatureftime exposure of bum-in except for devices which have been hot solder dipped or
undergone tin-lead fusing after bum-in. The sample size number for solderability test applies to the number of leads
inspected except in no case shall less than 3 devices be used to provide the number of leads required.

y

Test samples for bond strength may, at the manufacturers option, unless otherwise spetiried, be randomly selected
prior to or follow”ng internal visual (PRESEAL) inspecthn specified in method 5004, prior to sealing provided all other
specifications requirements are satisfied (e.g., bond strength requirements shall apply to each inspection lot, bond
ekength samples shall be counted even if the bond would have failed internal visual exam). Unless otherwise sped fied,
the sample size number for condition C or D is the number of bond pulls selected fmm a minimum number of 4 devices,
and for condition For H is the number of dice (not bonds) (see method 2011).

METfiofl 5005.13
19 August 1994

Ml L-STD-683E

.

TABLE Ill. Group C (die-related tests) (for class level B Onti.

,
Test

MIL-STD-S83

Cluantity/(ae.2ept no.)
or sample size number
accept number

Condition

Method
;ubqmup 1
a. Steady-state life test

1005

Sample size
number = 45, C = O

As specif!ed in the applicable
device soecific?dion

b. End-point electrical
parameters

.

Test condition to be specified
(1,000 hours at 125-C or
equivalent in accordance with
table 1)

TABLE IV. Group O (oackaae related tests) (for class levels B and S)
Test

MIL-STD-883

I/

Method

Quantity/(accept no.)
or sample size number
accept number

Condition

Subqroup 1 ~
a. Physical dimensions

2016

Sample size
number = 15, C = O

Subqroup 2 2
2004

Test condition B, (lead fatigue)

1014

As applicable

a. Thermal shock

1o11

b. Temperature cycling

1010

Test candition B as a minimum,
15 cycles minimum.
Test condition C, 100 cycfes
minimum.

c. Moisture resistance ~)
d. Msual examination

1004

e. Seal
(1) Fine
(2) Gross
1/
f. End-point electrical
naramete.m 8/

1014

a. Lead integrity ~
b. Seal ~/
(1) Fine
(2) Gross

Sample size
number = 45, C = O

Subomup 3 g/

In accordance with visual
m“teria of method 1004 and
1010
As applicable

As spedried in the applicable
device specification

See footnotes at end of table.
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TABLE IV. GmuP D (packaqe related testsl (for class levels B and S\- Continued
MIL-STO-683

Method
Subqroup 4

Condition

~1

a. Mechanical shock
b. V(bration, variable
fraquency
c. Constant acceleration

2002
2007

Test condition B minimum
Test condkion A minimum

2001

d. Seal
(1) Fine
(2) Gross
e. Visual examination

1014

Test condition E minimum
(see 3), Y, orientation only
As applicable

As specified in the applicable
deviu sDecik?.tion

&

a. Salt atmosphere &
b, Visual examination

1009

c. Seal
(1) Fine
~1
(2) Gross

1014

Wbqrowl 6

Test condition A minimum
in accordanu with visual
titeria of method 1009
as applicable

Sample size
number = 15, C = O

~

a. Internal water-vapor
content
hdxlrOuD ?

Sample size
number = 15, C = O

~1

f End-point electrical
parameters
;ubqroup 5

Quantitvl(acxzmt no.)
or sample size”
number
accept number

1016

5,000 ppm maximum water
content at 100SC

3(0) or 5(1) IQ/

~
Sample size
number = 15, C = O

2025
a. Adhesion of lead
finish jI/ @
SubqrOuD6
g Q/
a. Lid tomue

5(o)

2024

In-1ine monitor data may be substituted for subgroups D1, D2, 06, D?, and D8 upon approval by the qualifying
acWity. The monitors shall be performed by package type and to the specified subgroup test method(s). The
monitor samole shall be taken at a cmint tiere no furiher Darameter chan9e ocazurs.USin9 a samPle size and
frequency of’equal or greater severity than specified in the particular subgroup. This in-li;e moniior data shall be
traceable to the specific inspection lot(s) represented (accepted or rejected) by the data.
Electrical reject devices fmm that same inspection lot maybe used for samples.
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TABLE IV. GmuD D (packaqe related tests) (for class levels B and S) - Continued.
The sample size number of 45, C = O for lead integrity shall be based on the number of leads or terminals tested
and shall be taken fmm a minimum of 3 devices. All devices required for the lead integrity test shall pass the sea)
test if applicable (see ~f) in order to meet the requirements of subc!mup 2. For leaded CMP~rner Pa~a9es, use
condition B1. For pin grid array leads and rigid leads, use method 2028. For Ieadless CMPcarrier packages only,
use test condition D and a sample size number of 15 (C = O) based on the number of pads tested taken from 3
devices minimum.
Seal test (subgroup 2b) need be performed only on packages having leads exiting through a glass seal.
Devices used in subgroup 3, ‘%ermal

and Moisture Resistance” may be used in subgroup 4, ‘“MechanicaV.

Lead bend stress initial conditioning is not required for Ieadless chip carrier packages. For fine pitch packages
(s 25 mil pitch) using a nonconductive tie bar, preconditioning shall be required on 3 devices only prior to the
moisture resistance test with no subsequent electrical test required on these 3 devices. The remaining 12 devices
from the sample of 15 devices do not require preconditioning but shall be sub@cted to the required endpoint
electrical tests.
After completion of the required visual examinations and prior to submittal to method 1014 seal tests, the devices
may have the carosion by-produtis removed by using a bristle brush.
At the manufacturers
prior to seal test.

option, end-point electrical parametem may be performed after moisture resistance and

Visual examination shall be in accordance with method 1010 or 1011.
Test three devices; if one fails, test two additional devices with no failures. At the manufacturers option, if the
initial test sample (i.e., 3 or 5 devices) fails a second complete sample may be lested at an altematB Iaboratow
that has been issued suitability by the qualifying actiiity. If this sample passes the lot shall be accepted provided
the devices and data from both submissions is subm”fled to the quafifybIg activity along with 5 additional devices
from the same lot
The adhesion of lead finish test shall not apply for Ieadless chip cam”er packages
Sample size number based on number of leads
Lid torque test shall apply only to packages which use a glass-frit-seal to lead frame, lead or package body (i.e.,
wherever frit seal establishes hermeticity or package integrity).

.
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TABLE V. Group E (radiation hardness assurance tests}. 1/
Test

Class level S

MIL-STD-B83

I

Condition

Method

‘“bqm”D’3
I

I

‘~$~tion
a. Qualification
b. (2CI
Endpoint
electrical
parameters

I ‘SC

I 1017

Class level B

Quantityj
accmt
number

Quantity/
accept
number

[a) 11(0)
[b) 1l(O)

(a) 1l(O)
(b) 1l(O)

[a) 4(0)
2(o)
[b) 4(0)
2(o)

(a) 22(0)

Notes

As specified in
accordance with
I device specification

I

Subaroup 2 ~
1019

;tead y-state
total dose
irradiation
a. Qualification
b. QCI

I

25SC
Maximum supply volts

I

1l(o)

(b) 22(0)

1l(o)

Parts used for one subgroup test may not be used for other subgroups but maybe used for higher levels in the same
subgroup. Total exposure shall not be considered cumulative unless testing is perfonmed within the time limits of the
test method. Group E tests maybe performed prior to device screening (see 3.5.3).
Waive neutron tests for MOS IC devices where neutron susceptibility is less than 10” neutrons-km’ (e.g., charge
coupled devices, BICMOS, etc.). Unless olher.vse specified, the Mmitfor neutron fluence shall be 2 x 10’2
neutronshm’,
In accordance with wafer lot. If one part fails, seven additional parts maybe added to the test sample with no
additional failures allowed, 18(1 ).
In accordance with inspection lot, If one part fails, seven additional parts maybe added to the test sample with no
additional failures allowed, 18(1 ).
Class level B devices shall be inspected using either the class level B quantifylaccept number criteria as spetified,
or by using the tiass level S criteria on each wafer.
In accordance with wafer for device tv!aes with less than or eaual to 4,000 equivalent tramsistorslchb selected from
the wafer. The manufacturer shall de~ne and document sampling procedures.
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TABLE V. GmuD E (radiation hardness assurances teS@) - Continued. 1/
In accordance with inspection 101. If one part fails, 16 additional parts may be added to the test eample with no
additional failures allowed, 38(1 ).
In accordance w“th wafer for device types with greater than 4,000 equivalent Wmsistomkhip
me manufacturer shall define and document sampling procedures.

selected fmm the wafer.

Upset testing during qualification on first QCI shall be conducted when specified in purchase order or contract. When
specified, the same microcircuits may he tested in more than one subgroup.

3.5.2 Alternate qroup B inspetilon for class level B. At the manufacturers option, (daas level B only), group B inspection
shall be performed on any inspection lot of each qualified package type and lead finish from eati different week of sea fing.
Different inspection lots may be used for each subgroup. After this alternate group B inspecthn is successfully completed,
all other device types manufactured on the same asaembly tine using the same package type and lead finish sealed in the
same week may be aczepted without further group B testing. A manufacturer shall not accept inspedion lots containing
devices of a particular package type and lead finish until aftar the successful completion of group B testing for that package
type and lead finish for each week of seal.
3.5,2.1 Nonconfomwmce for the alternate .WOUPB inspection. When a failu~ has ocarred in group B using the alternate
group B procedure. samples from three additional inspetion lots of the same package type, lead finish, and week of seal as
the failed package shall be tested to the failed subgroup(s). If all three inspedion lots paas, then all devices manufactured
on the same assembly line using the same package type and lead finish and sealed in the same week may be accepted for
group B inspection. If one or more of the three additional inapedion lot fail, then no inspection lot containing devices
manufactured on the same assembly tine using the same package type and lead finish sealed in the same week shall be
accepted for group B inspection until each inspection lot has been subjected to and passed the failed subgroup(s).
3.5.3 Group E samolas. At the manufacturers option (but subject to the criteria defined by 3,5.3.1,3.5.3.2, and 3.5.3.3),
group E samples need not be subjected to all the screening tests of method 5004, but shall be assembled in a group D
qua fitied package and, as a minimum, Pass group A, subgroups 1 and 7, electdcd teSts at 2YC Prior to irradiation.
3.5.3.1 Group E tests shall be performed on samples that have been exposed to bum-in or
3.5.3.2 as an alternative, the requirement of 3.5.3.1 can be waived if previous testing has shown that bum-in produces
negligible changes in the device total dose rasponse or
3.5.3.3 as an alternative, the Group E tests can be performed on samples w’hiti have not received bum-in if the results of
the Group E tests are corrected for the changes in total dose response which would have been caused by bum-in. This
currectian shall be carried out in a manner acceptable to the parties to the test.
3.6 DLsoosition of samdes. Disposition of sample devices used in groups A, B, C, D, and E testing shall be in
accordance with the applicable device specification.
3.7 Substitution of test methods and seauenca.
3.7.1 Accelerated qualification or quality conformance testinq for cJass level B. When the accelerated temperatureitime
test wnditions of condition F of method 1005 are used for any operating life or steady state reverse bias subgroups on a
given sample for purposes of qualification or quality con formano? inspection, the accelerated temperatumltime test
conditions shall be used for all of those named subgroups. When these accelerated test conditions am used for bum-in
sweening test (iest condition F of method 1015) or dabitization bake (any test temperature above the specified maximum
rated junction temperature for devices with aluminurnl gold metallurgical systems) for any inspection lot, it shall be
mandatory that they also be u5ed for the operating fife, and steady-state reverse bias tests of method 5005, as applicable,
or qualification or quality conformance inspection. Qualification and quality conformance inspection may be performed using
accelerated conditions on inspection lots that have been screened using normal test conditions.
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3.8 Data reoortinq. When required by the appficahle acquisition document the following data shall be made available for
each lot submitted for qualification or quality con formanw inspection
a.

Results of each subgroup test conducted, initial, and any resubmission.

b.

Number of devices rejected.

c.

Failure mode of each rejected device and, for class S, the associated mechanism for catastrophic failures of each
rejected device.

d.

Number of additional samples added, when applicable.

e.

Resubmitted lots, identification and history.

f.

Read and record variables data on all specified electrical parameter measurements in group B.

4. SUMMARY.

The follow”ng details shall be specified in the applicable device specification

a.

Device class and procedwe paragraph if other than 3.

b.

Sequence of test, sample size, test method, and test condition where not specified, or if other than specified.

c.

Test condition, cycles, temperatures, axis, etc., where not specified, or if other than specified (see 3).

d.

Acceptance procedure (See 3.3) and quantity (accept number) or sample size number and acceptance number, i!
other than specified (see 3).

e.

Electrical parameters for group A.

f.

Electrical parameters for groups B, C, D, and E end point measurements, here

9.

Requirements for failure analysis (see 3.8).

h.

Requirements for data recording and reporting if other than specified in 3.8.

i.

Restriction on resubmission of failed lots (see 3.4), where applicable.

i.

Steady-state fife test circuits. where not specified or if other than specified (see subgroup 1 of table 111and
subgroup 5 of table Ila).

k.

Parametem on which delta measurements are required.

applicable.
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METHOO 5006
LIMIT TESTING
1. PURPOSE. This method provides means for establishing or evaluating the maximum MpabilitieS of microelectronic
devices, including such ~pabilities as absolute maximum ratings (from vdW safe design hmits may be derived), maximum
stresses which may be applied in screening or testing without causing degradation, and sensitivity to particular screening or
testing without causing degradation, and sensitivity to pardcular sueening or testing stresses and the associated modes or
mechanisms of failure. since this is a relatively expensive and time cmnsuming procedure, it is not intended for general
application to all device acquisitions. H should however be extremely useful in evaluating the capabilities of new device
tYpeS or devices which have experienced significant modifications in design, materials or processes which might be
expected to alter their stress tolersnce or primary mcdes and mechanisms of failure. It should also be useful in providing
information vital to quality and reliability assurance in high reliability prcgrams or in acquisition extending over significant
periods of time where test results can be used to provide corrective action in device design, processing or testing.
1.1 Oesbuctive testinq. A(I Iimii testing accomplished in accordance with this method is considered destructive and
devices shall be removed fmm their respedive lot.
1.2 Parameter measurements. Eledriml mea8umment shall bepefimed
toremove de f@vedeviUs
aRereachstress
step unless othetise specified herein orinthe apptiable awuisitiondomment.
These measurements need not include all
devi~parametem,
butshaIl indudesuficient
measurements todeteti alleletirimlly
de fetivedevims.
Wlendelta
parameter measurements are requirsd they shall be specl%d in the applicable acquisition document.
2. APPARATUS. Theappamtus fortMstest shall indudeequipment speufiti inthemfemnUd
applicable and electrical measurement equipment necessa!y to determine device performance,
3, PROCEDURE. hmittesting shall bewnduded
samples sizes as designated in table 1.

ina=tian=tith

thepro@dum

antained

testmeth~sas

in3.1and3.2

using

TABLE I. Sample sizes forlimittestinq.

_

Sample size

Thermal evaluation
Extended thermal shock
Step-stress mechanical shock
Step-stress constant accelemtion
Stepstms
operational fife
Constant high stress operational tile
Stepsbess storage life
Total devices

5
10
10
10
10
10
~
65

3.1 Testcnndition A. Procedure formonolithic andmultitip
microcircuits. Limit testing shall bewnducted asdescribed
in3.1.l through 3.1.7 inthe sequence shown, unless othetise specifled(see 4.). Failure analysis ofalldevices failing limit
tests shall be performed in accordance with method 5003, test rendition B, unless otherwise specified in the applicable
aafuisition document. Umittesting may bedsmntinued
prior toampleting
thetest tien50permnt
of thetest sample has
failed that soeciflc test.

METHOD 5006
20 November 1969

MIL-STD-883E

3.1.1 Thermal evaluation. Tlis test shall be performed in accordance with methcd 1012, test condition B. With maximum
power applied, the complete temperature gradient of the active chip area shall be recorded. This data shall be analyzed to
determine that no areas of abnormally high operating temperatures are present as a result of improper design or processing.
The thermal resistance at the maximum operating temperate
of the device shall be determined using test condition C or
method 1012.
3.1.2 Extended thermal shock. The purpose of thk testing is to establish the resistance of the device to thermal fatigue
effects. The device shall be subjected to a minimum of 100 cycles of thermal shock, in accordance with method 1011. This
test shall be mnducted in the following sequence
S&g

Test condition

w
15
15
70

1
2
3

c
D
F

Parameter measurements (see 1.2) shall be made at the completion of 15, 30, 40, 70, and 100 cycles, and the number of
failures af?er each of these cycfes shall be rewrded.
3.1.2.1 Temperature cvclifiq. When specified in the applicable acquisition document, temperature cycfing method 1010
may be substituted for the thermal shock test in 3.1.2. This test shall be conducted in the following sequence:

*

Test condition

GYQ!e2

1
2
3

B
c
D

20
20
20

Parameter measurements (see 1.2) shall be made at the completion of each step, and the number of failures for each of
these steps shall be remrded.
3.1.3 StePstfess mechanical shock. The purpose of this testis to establish the mechanical integrity of the device. The
device shall be subjected to mechanical shock in accordance with method 2002 and the following stepstress Sequen=

~
1
2
3
4
5

Test condition
B
c
E
F
G

~
Y,
1’,
Y,
Y,
Y,

No. of shocks
5
5
5
5
5

Electrical parameter measurements (see 1.2) shall be made afler each step, and the number of failures incurred at each
step shall be recorded.
3.1.4 Slepstress constant acceleration. The purpose of thk testing is to estabfish the mechanical integrity of the device.
The device shall be subjected to a constant acdemtion
in accordance with method 2001 and the following stepstress
sequence:
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*

Test condition

1
2
3
4

~

E
F
G
H

Y,,
‘i,,
Y,,
Y,,

Electrical parameier measurements (see ! .2) shall be made after eati
recorded.

xl,
x,,
x,,
x,,

z,,
z,,
z,,
z,,

Y,
Y,
Y,
Y%

plane, and the number of faflures incurred shall be

3.1.5 Step-stress operational Kfe. The purpose of ttds test is to establish the operational stress levels that will accelerate
predominant failure mechanisms so that meaningful failures can be generated in a relatively short period of time. The
results of the testing will also be utilized to evaluate the safety factors built into the device, to establish the safe constant
operational stress conditions, and to improve through corrective action(s) the reliability of the device. Electrical parameter
measurements shall be made afler each stress level and the number of failures incurred in each step shall be recorded.
3.1.6 Constant hiah-stmss operational fife. The purpose of this testis to induce meaningful operational failures in a
relatively short period of time and to compare the results of this testing with the results obtained from the stepstress
operational life. The stress Ievef to be appfied and intervals to intermediate electric-al measurements shall be determined on
the basis of the results obtained in the stepstress tests (see 3,1.5). Electrical parameter measurements shall be made afler
each specified time intewal and the number of failures shall be remrded.
3.1.7 Ste&stress storaae hfe. The purpose of this testis to establish the storage stress levels that will accelerate
predominant failure mechanisms so that meaningful failures can be generated in a relatively short period of time. rne
storage temperatures and the step duration shall be established prior to initiation of testing. The results of the testing will be
utifiied to evaluate the maximum limits of device resistance to failure at high temperature. Electrical parameter
measurements shall be made after each stress level and the number of failures incurred at each level shall be recorded.
3.2 Test condition B. Procedure for film and hybrid micmtircuits. Limit test shall be conducted in accordance with table I
and as described in 3.1.1 through 3.1.7 except that the specified test condition may be changed. When test condition or
stress levels are changed, they shall be established prior to the initiation of test. Failure analysis of all devices faifing limit
tests shall be performed in accordance with method 5003, test condition B, unless otherwise specified in the applicable
acquisition document. Unless otherwise specified in the applicable acquisition document, timit testing in any test may be
discontinued after 50 percent of test sample has failed that specific test.
3.3 ~.
When required by the applitible acquisition document, the specific procedures for mnducting Umit testing
shall be submitted as a “Limit Test Plan” for approval by the acquiring activity prior to the initiation of testing. This plan shall
include the following as a minimum
a.

Activity responsible for performing the test.

b.

Device types to be subjeded to timit testing and c$iteria for their selection

c.

Failure criteria including electrical parameters to be measured.

d.

Testing schedule.

e. Description obtesting equipment.
f. Test condition ifotherthan

specified.

g. Data recmdingandre portingformats.
h. Data analysis procedures.

METHOD 5006
20 November 1969
3

MIL-STD-S83E

4. SUMMARY.

The folldng

deWilsshall bespedfied

intheapphmble

a.

Test condition letier(see

b.

Testsequenw

c.

Failure analysis pro=dures

andtest mndtion,

d.

Fortest mntition

Wnditions andsWss

e.

Permntfailure

f.

Requic?ments for Limit Test Plananddata

aquisitiondocument

3.1and 3.2).

andsample

B,thetest

quantities ifother thanspedfied

fortest temination,

ifotherthan

ifotherthan

(see3.1and

sped fled (see 3.1and 3.2).

levels, tieEappfi=ble

sped fied(see 3.!and3.2).

reF@ing(see3 .3).
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METHOO 5007.6
WAFER LOT ACCEPTANCE
.

1. PURPOSE. ~smethod
class level S use.

establishes themquimments

2, APPARATUS. Theapparatus used shall beinaadan@
in the conditions column of table L

forthelot

a-p@nmtesting

tith~eapparatus

ofmiadrcuit

wfemintended

requirements of themethods

for

specified

3. PROCEDURE. ~epefiomanw
of~ewferlot
atiptsn=
tesSshall beinaatianm
tiththe mndtionsspedfied
intablel.
lfalotfails
atestunder thesamDlina Dlan, asanaltematke
toreietin9 theentiE lot, themanufatiuRr
mayeleti
totesteach wafer inthelot forthat param~er(~). Afiwfem sutisstilly
p6ssing thetest(s) shall bemnsidemd the lot for
theremainder of the tests. Allwafem. faitinD anvlest shall beremOved fmmthelot.
Data obtained from alltestsshallbe
recorded. ThesequenW of thetesb intabie ldoesnot have to beadhemd to, hWever, thetes& must bepedomed
atthe
point intheproessing
flfspecified) requi~d inthemntitions
mlumnoftablel.
Wlerelimits are based intolerances
about
an “approved design nomina~, the nominal shall be stated in the maintenance plan submitted for approval to the qualifying
oracquiring activity. ~eretable
llimi&a=
based ontolemn=s
about the"mean'', themean shall bedetemined
initially
on measurements from a minimum of five lots and the mean shall be staled in the maintenance plan submitted for approval
tothequalifying
oracquiring activity. lnnomse shall the''design nominal" or''mean'' ex-edthe
absolute limi&spetifiedin
table L
4. SUMMARY.

~efollowing

Requi=ments

detail shall bespeufied

intheappflmble

deviaspeUfi=tiom

or Mmits if other than those on table L
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TABLE 1. Wafer lot acceptance !ests.
Limits 3/

Test

Conditions II

Sampling plan

I. Wafer thickness

Measurement
shall be performed
after final lap
or pofish. All
readings shall be
recorded. ~

Maximum deviation of
i2 mil fmm approved
design nominal 6 mil
minimum.

Two wafers per
lot. Reject tot
if any measurement
exceeds limits or
revert to test of
each wafer.

!. Metallization
thickness

All readings
shall be
recorded.

a. Conductor8kA
minimum for single
level metal and for
the top level of
multi.level metal;
5 W minimum for Ibwer
levels, with a maximum
deviation of K20
percent from the
approved design
nominal.

One wafer (or
monitor) per lot.
Reject lot if
measurement exceeds timits or
revert to test
of each wafer.

b. Bam’e~ Maximum
deviation of *3O
percent from the
approved design
nominal.
1.Thermal stability (applicable to
All hnear
all MOS; all
bipolar digital operating
at 10VOr
more)

Remrd Vm
or W.

a. AVm OrAV,
zO.75, normalized to
an oxide thickness of
1000A for bipolar
digital devices opersting at 10 volts or
greater and all
bipolar linear devices
not wntaining MOS
transistor(s). The
monitor shall have an
oxide and shall be
metallized with the
lot.

See footnotes at end of table
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One wafer (or
monitor) per lot.
Reject lot if
measurement exceeds hmits or
revert to test
of each wafer.
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TABLE 1.Wafer lot arxeutance tests - Continued.
Test

Conditions ~1

Limits 3/

Sampling plan

1.Thermal stability (applicable W
All fineac
all MOS all
bipolar digital operating
at 10VOr
more)

Record VFB
or V,.

b. AVm orAm
S1.0 V,normalized to
an oxide thickness of
1,000A for bipolar
linear devices that
operate above 5 V and
containing !40S transister(s), and digital
devices that operate
above 10 V and
containing fvfOS
structures,
The Vm limit shall
not be exceeded by the
sum of the absolute
values of the MOS
oxide transistor and
the metalliiation A.
The monitor(s) shall
be oxidued and
metallized with the
lot. Separate
monitors may be used
for this test,
c. AVm or V, 50.4 V,
normalized to an oxide
thickness of 1,000A
for MOS devices. A
monitor consisting of
a gate oxide
metallized with the
lot shall be used.

One wafer (or
monitor) per lot.
Reject lot if
measurement exceeds limits or
revert to test
01each wafer.

1.SEM

MIL-STO-683,
method 2018,

MIL-STD483,
method 2018.

Ml L-STD-683,
method 2018. Lot
acceptance basis.

i. Glassivation
thickness

All readings
shall be
remrded.

6 kA minimum for
SiO, and 2 ti
for Si,N. with
maximum deviation of
-O percent from
approved design
nominal,

One wafer {or
monitor) per lot.
Reject lot if any
measurement ex.
ceeds fimits
or revert to test
of each wafer.

See footnotes at end of table.
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TABLE 1.Wafer lot acceptance tests - Continued.
Test
6. Gold backing
thickness
(when applicable)

Conditions ~1
All readings
shall be
recorded.

Limits ~/
10accordance with
approved design
nominal thickness and
tolerance.

Sampling plan
One wafer (or
monitor) per lot.
Reject lot if any
measurement exceeds limits or
reverl to test of
each wafer,

The manufacturer shall have documented procedures for performing each required test. These procedures shall
be made available to the qualifying activity or acquiring activity upon request.
This test is not required when the finished wafer design thickness is greater than 10 roil.
Approved design nominal values or tolerances shall be submitted to the qualifying activity for line certification in
accordance with OESC-EQM42 or equivalent.
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METHOD 5008.8
TEST PROCEDURES FOR HYBRID AND MULTICHIP MICROCIRCUITS
Method 5008 is canceled effective 1 June 1993. It is superseded by MIL-PRF-38534. For Federal Stock classes other
than 5962, the following paragraphs of MIL-PRF-38534 are provided to replam method 5008.

I 3.5 QualitY conformance evaluation

I 4,7 OCI

I Qcl

I

METHOD 5008.8
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METHOD 5009,1
DESTRUCTIVE PHYSICAL ANALYSIS
1. PURPOSE. The purpose of this testis to desuibe requirements for performance of destructive physical analysis
(DPA) for the applicable device class, for sampfing, preparation, procedures, acceptkeject titetia, disposition of rejected
lots and documentation. While this tesl method maybe used by a microdrcuit manufacturer, il is intended that these
procedures be actually performed by the contractor, submnbactor, or independent testing lab.
1.1 Definitions.
a,

Oefects. Any nonconformance from specified requirements for form, fit, function, or workmanship.

b.

Oestructiue physical analysis. The procass of disassembling, testing, and inspecthg a device for the purpose of
determining conformance with applicable design and process requirements.

c.

Lot ralated defect. A defect, attributable to a variance in design or the manufacturing, test or inspection process,
that may be repetitive (e.g., mask defects, metallization thickness, bond strength insulation resistance and
separation between metallization runs, wires or w“res and die edge).

d.

Screenable defects. A defect for which an effective nondestmctive screening test or inspection is available or can
be developed.

2. APPARATUS.
.

The apparatus shall consist of suitable equipment to perform each specified OPA test.

3. PROCEOURE. The organization (contractor, subcontractor, or independent test lab) Wnducting the DPA test should
contact the manufacturer of the product and supply a list of test methods that are to be used during the DPA test. The
manufacturer can then advics the OPA test organization if there are any significant changes to those test methods that are
allowed as modification options within MI L-STD-B83, MIL-PRF-38535 or under the manufacturers approved program plan.
3.1 Sample selection. A random sample shall be selected from the inspection lot in aexmdance with table 1,unless
otherwise specified.
TABLE 1. Sample selection.
Monolithic microcircuits

Hybrid or multichiu
microcircuits

.

Two devices or 1 percent of the
inspection lot, whichever is
greater, to a maximum of 5 total
devices, unless otherwise specified,
(see 3,1.1 and 4a).
Two devices or 1 percent of the
inspection lot, whichever is
greater, to a maximum of 5 total
devices, unless otherwise specified,
(see 3.1.1 and 4a).

3.1.1 Combininq sample. Where an inspection lot is comprised of more than one device type covered by a single device
specification or drawing, the sample selected shall be proportionately divided from the devim types in order to assure a
representative sampling, and not less than one, of each device type in the DPA sample.
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3.2 DPA report. A DPA report shall be prepared for each inspection lot tested and submitted to the acquiring or quatifyhg
activity. The report shall consist of the following:
a.

DPA summaw sheet.

b.

DPA checklist.

c.

DPA test data sheet.

d.

Photographs.

e.

Other data or analysis supporting findings.

3.2.1 DPA checklist. A checklist shall be used to record all attribute data from the applicable test.
3.2.2 DPA test data sheet. A test data sheet shall be used to record the variable data from the applicable test and any
electrical test specified.
NOTE No provisions have been included herein for electrical testing since all devices shall have already passed the
specified electrical tesm however, electrical tests may be required for follov-up analysis of a physical discrepancy
3.2.3 DPA summaw sheet. A summary sheet shall be used to summarize the DPA test results, analysis supporting
findings, provide other essential data and indicate disposition of lot.
3.3 General requirements.
3.3.1 DPA evaluation. The results of all tests and examination petiormed on DPA sample items shall be analyzed by
qualified technical personnel to determine disposition and corrective action, as applicable, of the lot fmm which the samples
were taken.
3.3.2 Photographs. Photographs shall be made at Sufficient magnification and wilh enough views to clearfy document
significant details of the parts constrwtion. When SEM or optical micmsmpes are used to evaluate a device, photographs
shall be made to document discrepant or worst case features.
3.3.2.1 Photoctraph reauitements. A minimum of two photographs will normally be required to document base tine
characteristics of an opened part prior to performance of any destructive tests These shall be supplemented with other
photographs as required to record observed defects or anomalies. Miuvscapy techniques such as color, dati field, phase
contrast, interference contrast, etc., shall be used as necessary to enhance image clarity. When SEM examination is
performed the DPA report shall include, as a minimum, view(s) of significant featurea of the die, a photograph of the womt
case oxide step and a photograph of the worst case metalliitian.
Each photograph shall be labeled or othefwise identified
with the DPA report number, and, if applicable, the part number, serial number, lot date code, and the magnification (and
viewing angle for SEM photographs) used.
3.3.3 Retention of DPA reports. The orig!nal copy of all DPA reports shall be retained by the performing organization and
a copy ?.ubmitied to the acquiring or quatifjng sctiiity.
3.3.4 Sectioned samPles. When performed techniques similar to those used to prepare seti!oned metallurgical and
mineralogical specimens for optical examination are generally applicable to the preparation of DPA samples. The device to
be examined is first potted in a suitable plastic (or mounting by other suitable means). It is then cut or rough ground to the
desired section plane. This is followed by fine grinding, polish and sometimes an etch to bring out the necessary detail.
Care shall be taken to ensure that damage is not introduced during any of these operations (in particular, during potting
cure, cutthg, and rough grinding).
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3.3.5 SEM samples. The microcircuits shall be prepared for SEM examination in acwrdanm with method 2018 of
MIL-STO-883, “Notes on SEM examination of Miwaelectmnic Parta”. Other types of parts shall be preparad for SEM by
using standard laborato~ techniques for mounting and coating, taking care that anomafies are not introduced by the coating.
3.3.6 Baseline desiqn documentation. Each DPA pmcadure should be referancad to a baseline photograph, sketch, or
drawing show”ng the general configurations of the device to be examined, which includes cdtical dimensions, location of
constituent parts and details of any pertinent materiale or processes. The basefine dowmentation shall ba current so as to
show any approved changes in the configuration.
3.4 Microcircuits (monolithic) procedure. The purpose is to verify external and internal physic-al configuration and that the
devices were not damaged during seafing or any other processing step(s). To verify that the devices have met the
requirements for radiography, seal, external visual, internal water vapor analysis, internal visual, baseline, bond strength,
and contamination control.
3.4,1 External visual. Record identification marking. Examine parts, at 10X minimum magnification for configuration and
defects in seal, plating, or glass feed through in accordance with method 2009 of MIL-STD-B83.
3.4.2 Radiography. When spedied, radiography shall be in accordance with MIL-STO-663, method 2012. Radiograph
shall be required before delidding to examine cavity devices for loose paticf es, die attach, and to determine internal
clearances. It is also useful as an aid in locating delidding and sectioning cuts and to nondestmcdvely investigate suspected
defects.
3.4.3 ~.
A fine and gross leak seal test shall be performed on all DPA samples in accordance with MIL-STD-S63,
method 1014. Record both fine and gross leak FdeS.
3.4.4 Internal water vapor analysis. Men
method 1018.

specified, internal water vapor analysis shall be performed in accordance with

3.4.5 Internal visual. De-cap all samples using appropriate method (see 3.6) taking cara not to introduce contamination
during the de-cap process. Examine all devices in accwdanm with MIL-STO-683, method 2010, test condition A or B or
aPPendiX A of method 5004 (alternate 2) as applicable, and methods 2013 and 2014.
3.4.6 Baseline ccmfiquration. During external and internal visual all devices shall be evaluated for conformance with the
baseline design documentation (see 3.3.6) and other specified requirements. Varianm from requirements shall be reported
as defects.
3.4.7 Bond stmnqth. Perform bond strength tests in amrdance with MIL-STO-B63, method 2011, test condition D. Pull
all wires on at least two devices. Remrd the force at which the wire breaka or band Iifta and the location of the break.
3.4.8 ~.
Prepare the samples for SEM evaluation and conduct this inspection in accordance with MIL-STO-663,
method 2018. If any of the w“re bonds lifted during the bond strength tests, these shall be included in the SEM inspection to
determine the nature of the bond to chip interface at the point of rupture.
3.4.9 Die shear. Die shear tests shall be performed on at least two samples in accordance with MI L-STO-B.93, method
2019. Record the die force required to separate the die from substrate end the interface appearance in ten’ne of areas
affected in the break.
3.4.10 Evaluation criteria. The inspection lot shall be Considered suspect if devices exhibit any defects when inspected
or tested to the criteria fisted below. Each defect shall be photographed (wtIen applicable), measured, and described in the
DPA report, In the absence of defects or based on a decision by the responsible parts authority that any observed
anomalies do not constitute rejec.table defects, the lot may be considered acceptable for use (see 3.7.1 for disposition of
suspect Iota).
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INSPECTION REQUIREMENT
External visual
RadiWraphy
Seal
Internal water vapor
Internal visual

.

Bond strength
SEM
Die shear
Configuration

MIL-STD-683 EVALUATION CRITERIA
Method 2009
Methcd 2012
Method 1014
Method 1018
Method 2010 test condition A or B or
altemata 2 of Method 5004 as applicable,
2013 and 2014
Method 2011
Method 2018
Method 2019
Baseline design documentation

3.5 Microcircuits hybrid and multichip omcedure. The purpose is to verify external and intema) physical configuration. To
verify that devices met the requirements for radiography, PIND, seal, external usual, gas analysis, internal visual, baseline,
bond strength, and contamination control. Thase devices are normally custom and will depend on contractor drawings,
therefore, the DPA procedure for a hybrid or multichip miwocircuit shall be tailored to evaluate the features specified and the
overall can figuration as defined by the applicable hybrid or multicfip drawing.
3.5.1 External visual. Conduct external visual examination on all samples to determine conformance with MIL-STD-S83,
methti 2009, and the applicable device specification.
3.5.2 Radiwra~hy. When specified, radiwraphy shall be in accordance with MIL-STD-8B3, method 2012. Radiography
shall be required before delidding to examine cavity devices for loose particles, die attach, impmper interconnecting wires,
and to determine inlemal clearances. It ia also useful as an aid in locating defidding and sectioning cuts and to
nondestnmtkely investigate suspected defects.
3.5.3 Particle impact noise detectbn test (PIND). A PIND test shall be performed on all DPA samples in accordance w“th
MIL-STD-S83, method 2020, condition A or B.
3,5.4 ~.
A fine and gross leak seal test shall be performed on all DPA samples in accordance with MIL-STD-BS3,
method 1014. Record both fine and gross leak rates.
3.5.5 Internal water vapor analvsis. Men
method 1018.

specified, internal water vapor analysis shall be performed in accordance with

3.5.6 Internal visual. De-cap all devices (see 3.6) and perform internal visual inawction
MIL-STD-S83, method 2017, and the applicable device design data.

in accordance with

3,5.7 Baseline contimmtion.
Evaluate configuration and workmanship of each sample for compliance w“th the
requirements of the applicable device specifications and drawings or baseline design documentations (see 3.3.6). Repofi
variances as defects.
3.5.8 Bond strenath. Perform bond strength tests in accordance with MI L-STD-863, method 2011. Pull all wires on at
least two devicas. Recmd the force at which the wire breaks or bond lifts and location of the break.
3.5.9 ~.
Prepare the samples for SEM evaluation and mnduci this inspection on the microcircuits and other
expanded contact dips in acwrdance with MIL-STD483, methcd 2018. If any of the wire bonds lifted during the bond
strength test, these shall be included in the SEM inspection to determine the nature of the bond to chip interface at the point
of rupture.
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3,5.10 Die shear, Die shear tests shall be performed on at least two samples in accordance with MIL-STO-B83, method
2019. Record the die force required to separate the die from substrate and the interface appearance in terms of area
affected in the break. Test a representative sample of each chip type in each pa&a9e under IeSI. Samples of eaCh other
chip type such as resistors and capacitor shall also be tested for shear strength in acwrdance with the requirements of the
applicable Specification. and the fOrCerequired to separate the active and passive components from the substrate shall be
recorded.
3.5.11 Evaluation
c$iteria fisted below.
defects or based on
defects, the lot may

criteria. The lot shall be considered suspect if parts exhibit any defects when inspected or tested to the
Each defect shall be photographed, measured, and described in the DPA report. In the absence of
a decision by the responsible Parts authority that any obsewed anomalies do not constitute rejectable
be considered acceptable for use (see 3.7.1 for disposition of suspect lots).

INSPECTION REQUIREMENT
External visual
Radiography
PIND
Seal
Internal water vapor
Internal visual

Bond strength
SEM
Die shear
Configuration

MIL-STD-B83 EVALUATION CRITERIA, Sample Size
Method 2009
Method 2012
Method 2020
Method 1014
Method 1018
Methcds 2017,2010 test condition A or B
or alternate 2 of Method 5004 as applicable
2013 and 2014
Method 2011
Methcd 2018
Method 2019
Baseline design documentation

3.6 Deliddinq Procedures. The devices shall be defidded using one of the procedures below or other suitable means.
Caution should be exercised to preclude damage to the device or the generation of internal ccmtamination as the result of
delidding.
3.6.1 Solder seals. Do not reflow the solder. After these cans are opened, the interior shall be examined for excess
solder or flux. Reflowing the solder seal will destroy the evidence. To open, grind can just above the header until it is thin
enough to be cut with a sharp instrument.
3.6.2 TO-5 tv~ enclosures. Semiconductors, microcircuits, and other devices are often packaged on TO-5 type
enclosure that an be quickly opened using a commercial devi- known as a “Head Remover, Silicon” or, more commonly,
as a TO-5 can opener. This device can be mcdiffed to accept various tid heights and a metal guide bar may be added over
the cutting wheel to maintain minimum clearance between the TO-5 flange and the cutting wheel.
3.6.3 Flanqe welded enclosures.

Grind off flange until can is thin enough to be cut with a sharp instrument.

3.6.4 Tubulated enclosures. Before opening, file or dry grind into the cimp to ensure that it has pmperiy engaged the
conductor. Note whether the number and placement of the M’mps are normal and check for over crimping. Free the center
conductor from the crimp before removing the device rover by USin9 a.can OPener Orgrinder.
3.6.5 Solder sealed flat-pati or DIP. Hold the sample flat against a dry Buehler grinding wheel (160 grit paper) until the
lid becomes thin enough to make the cavity indentation visible. Clean the sample, then puncture the lid with a sharp
instrument and peel it off.
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3.6.6 Ceramic flat-pack,
a.

Preferred method. Pass an oxygenfbutane flame over the hd of the sample while the part is under fight pressure
from the blades of B de fidding vise. Each pass of the torch should last two or three seconds and the vise should
be tightened slightly between passes. Two or four passes are normally required. The blades of the delidding vise
should be positioned above the leads and not at the ends of the sample.

b.

Alternate method. Hold the sample firmly by its lower bcdy (this may require careful bending of the leads). Place
the point of a sharp blade on the seal line above the lead frame and sbike the blade tightly with a small hammer.
Continue this process around the package circumference until the seal fractures to release the tid.

NOTE: The “flat-pack de fidding vise” referred to in 3.6.6 is a special fixture tich
from a wmmem”al source.

can be assembled or may be acquired

3.6.7 Dual-in-line packaae.
a.

Preferred method. This technique is suitable for all types of ceramic packages, including those types where the
Mdseal is formed at the lead frame interface. Position the package between the knife blades of a de fidding vise
contacting the seal region. The physical condition of the seal regions (i.e., the determination of the optimum
package sides exhibiting the maximum seal glass dimensional length) to be clamped between the parallel cutters,
will generally dictate the orientation. Apply su~cient pressure to just hold the package in place. Heal the
package hd for approximately 5 seconds with a oxygerdbutane micro flame torch, remove the heat and slowfy
increase pressure on the package seal. Repeat the heatlpressure sequence until the entire hd, intact, is sheared
off at the sea!.

b.

Alternate method. Place abrasive paper (e.g., Buehler emery paper or equivalent) on a flat surface. Abrade the
package fid by repeated strokes across the paper. The sample may optionally be placed in a fixture containing a
mounted dual-in-line socket for ease in handling. Continue abrading, with frequent visual checks, until the lid is
almost completely gone. Remove the remainder of the lid over the cavity by attac.hmg a piece of tape and Iitilng
off.

3.7 Failure criteria. The inspection lot shall be considered suapecf if the devices exhibit any defect when inspected or
tested to the criteria in 3.4 or 3.5. Each defect shall be photographed, measured, and destibed in the DPA report.
3.7.1 Disposition of susoecf lots. Inspection lots which are found to have one or more defects as the result of evaluation
of a DPA sample shall be: a. subjected to resampfing if the results of the first sample were inmnclusive, b. screened, c.
scrapped, or d. returned to suppfier, as applicable.
3.7,2 Resamplinq. In the event that
selected in accordan= with 3.1 except
approved by the a0Wifin9 or qualifying
devices remaining in the inspection lot.
evaluation of the second sample.

results of the initial DPA sample are inconclusive, a second DPA sample may be
that the sample size shall be determined by the cognizant authority for the parts and
activity on the basis of the type of defect that ia being investigated and the number of
Final disposition shall be made of the inspection lot after CQmpletiofl of the

3.7.3 Rescreened lots. Inspection lots titch are found to have park with screenable defects maybe subjected to 100
percent nondestructive screening test?. to eliminate the nonmnfonning items. After completion of screening the remaining
devices may be accepted for shipment.
3.7.4 Retention of samdea. When requested, all DPA samples shall be submitted to the acquiring activity or qualifying
activity along w’th the DPA report.
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4, SUMMARY.

The following delails shall be specified in the applicable acquisition document.

a,

DPA sample size if different than specified in 3.1.

b.

Radiography requirement (see 3.4.2 and 3.5.2).

c.

Disposition of suspect lots and DPA samples if different than specified (see 3).

d.

Any additional requirements for tests or for documentation in DPA report (see 3.2)

e.

Electrical test requirement, if applicable.

f.

Die shear strength for resistor and capacitor chips (see 3.5.1 O).

g,

Internal water vapor requirement (see 3.4.4 and 3.5.5).

h.

A manufacturer listing of defects, if applicable (see 3.4.5).
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METHOD 5010.3
TEST PROCEDURES FOR COMPLEX MONOLITHIC MICROCIRCUITS
.

1. PURPOSE. This method establishes screening, quafifimtion, and quafity conformance requirements for the testing of
camp-hic
microcircuits to assist in achieving the following levels of quality (class level B and S) and refinability
commensurate with the intended application. Complex monolithic microcircuits are defined as monolithic devices that
contain a minimum of 4,500 transistor.
H shall be used in conjunction with other documentation such as appendix A of
MIL-PRF-38535 and an applicable device specification or drawing to establish the design, material, performance, mntrol,
and documentation requirements which are needed to achieve presuibed levels of device quality and reliability.
2. APPARATUS. Suitable measurement equipments necessary to determine Compliance with applicable acquisition
documents and other apparatus as required in the referenced test methcds.
3. PROCEDURE. lle procedures defined herein, including appendM I and 11,outline the requirements and testing
necessary to certify and qualify a complex mic$ocimit design, fabrication, assembly and testing facility. It illustrates the
concept of generic qualification through the use of standati evaluation circuits and process monitors.
3.1 Test procedures fOr camDlex monolithic microcircuits.
herein, and in the device specification or drating.

.

.

3.1.1 Precedence.
mndition~ven

Complex monolithic microcircuits shall be tested as described

Unless otherwise specified in the device specification or draw”ng, the test requin?ments and
herein.

3.1,2 Electrostatic discharae sensitivity. Electrostatic dischame sensitivity testing, marking, and handling shall be in
ac$mdance with appendix A of MIL.PRF-38535.
3.1.3 Failure analvsis. When required by the applicable device specification failure analysis of devises rejected during
any test in the sc$eening sequen= shall be accomplished in accordance with method 5003, test condition A.

.

3.1.4 Failure analvsis class level S. Class Ievef S devices shall be analyzed in accordance with method 5003, test
condkion B to identify the cause for failed lots and bum-in failures in ac.cadanc8 with appendix A of MIL-PRF-38535,
40.3.3.1, and 40.6.1.2.1. The documented results shall only be reported to the qualifying or acquiring activity when
specifically requested.

.

3.1.5 Class requirements. Within tables having a class mlumn, only those test and inspetitons
with “E are applicable to class level B. All apply to class level S.

.

3.1.6 Radiation. When required by the applicable device specification or draw”ng, qualification, and quality conformance
inapectio-ments
for radiation hardness assured devices are in addition to the normal class level S and B
requirements. These requirements for each specified radiation levels (M, D, L, R, F, G and H) are detailed in table VIII
herein.

or subgoups

identified

3.2 Element evaluation.
3.2.1 -.
3.2.1.1 -.
Herein “elemen~ refers to materials for device assembly. Etefore device assembly, element
charaderistics shall be evaluated and verified to assure their ampatibility with element specifications, device requirements,
and manufacturing procedures (see table l). Also, characteristics which cannot be verified after manufacturing but could
cause fUntilOn failure shall be evaluated and verified before assembly.
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TABLE 1. Element evaluation summary.
I

Element

I

ParamaDh

I

Reauirament

Microcimuit wafer

3.2.2

Appendix II (herein)

Package

3,2.3

Table II (herein)

I

3.2.1.2 Element evaluation reauiremenbi. Element evaluation may be performed at either the element supplier or device
manufacturing facility up to the point where the element must undergo processing or assembly prior to testing. If element
evaluation is performed by the supplier, then the device manufacturer must obtain a summary of the results for verification,
and recnrd retention.
3.2.2 Microcircuit wafer evaluation.
3.2.2.1 Q@!@.
Diffused wafers used and evaluated shall, as a minimum, be complete m“th interconnect layers and
glassivation from material that was homogeneously processed through wafer fabrication.
3.2.2.2 m.
For the purpose of microcimuit wafer evaluation and wafer lot acceptance, measurement of the process
monitor (PM), verifying that the identified paramete.m are within process fimits, will be requi~d from each wafer lot in
accordance with appendix II wafer lot acceptance herein. Each die from each diffused wafer lot shall be electrically tested
prior to assembly in accordance with the manufactu~<s in-house documentation.
3.2.3 Packaqe evaluation. Each package type shall be evaluated and characterized in accordance w“th table II herein
prior to use. Finite element analyses techniques maybe used. Packages used for complex monolithic microcircuits and
fabricated to this test methcd shall be t&sted as follows
3.2.3.1 Definition. Package used and evaluated shall consist of the same e!ement specifications, materials, and finish;
and homogeneously processed through device assembly.
3.2.3.2 Incnminq inspection.
a.

From the initial package inspection lot, a randomly selected sample shall be subjected to package evaluation (See
table 11). Additionally, subgroup 3 testing shall be ac.camplished using sealed packages. A die maybe attached.
Subgroups 2,3, and 4 apply to cases only.

b.

Additionally, subgroups 1, 2, and 3 of table II shall be accampfished for each subsequent acquisition.

c.

For solderability (subgroup 2), lead integrity (subgroup 3), and metal padmge isolation [subgroup 4) defined within
table 11,a quantity (accept number) of 15 (0) shall apply to the number of terminals or leads tested. The leads
shall be randomly selected from the three packagea.
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TABLE Il. Packaqe evaluation requirements.
Subgroup

Test

Class levels

I
I

-i-

MIL-STO-S83

Method

-T
.

15 (0)

I 3.2.3.3

2

x

3 (o)
II

I

7

3 (o)
or
Temperature cwte

I 1010

3 (o)

7

3 (o)
~1

2028

I

-T
—
x

4

I
5
6

-7
77

I

1/

I
.

~
ZI

3 (o)

I

Metal package
isolation

I

Insulation

I 1003

Seak5’ca...
600 V dc,
Ioolvl
maximum

1003

I

3 (o)
II

I

3.2.3.4

~
3 (o)

--1y

x
—

I

01
(leaded chip
carrier
packages)
(Pin grid array
leads and
I
rigid leads)

1014

Seal

—
7

I C(20@es)

7i-

I

I

Condition

1

3

I

I

Reference
paragraph

Quantity
(accept
number)

characterization

A quantity (accept number) of 15 (0) shall apply to the number of terminals or leads to be tested. The leads
shall be ;ndomly selected from three packages minimum.
Selected from three packages minimum. Conditions as specitied by acquisition document and Appendm A of
MIL-PRF-36535.
Required on all pa&age typee prior to initial use.
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.

3.2,3.3 Subqmug 1. Separately verify case and cover dimensional compfianm with the device specification or drawing.
3.2.3.4 Subqroup 4. For metal cases with leads separated by an insulator, measure insulation resistance between the
metal body of the case and the leads that are isolated from the case. Thk test does no( apply to nonmekalfic cases.
3.3 Manufacturing mntml.
3.3.1 Process control requirements.

Line cantrol as detailed below is required.

3.1 Wafer fabrication controls. Wafer fabrication shall be controlled in accordance with the manufacturers
baseline and documented procedures of the fabrication process.

.

fabrication

3.3.1.2 Assembly controls. Assembly mntmls shall be in accordance wfth the manufactum<s assembly baseline and
documented assembly procedures and additions herain
3.3,2 Desianflavout svstem CmWOl. Desigmlayout mntrols shall be implemented using appendk I as a guide.
3.3.3 Testino controls.

Documentation of testing controls shall meet the requi=ments

of MIL-PRF-38535, appendix A.

3.3.3.1 Test vectors. The manufacturing-level bgic lest vectors shall be graded for fault coverage using a fault simulator.
The resulting fault coverage shall be reported in the device specfudion or draw”ng. Fault mverage shall be based on the
detectable equivalence classes of single, permanent, stuck at zero, and stuck at one faults on all logic fines of a structural
logic model. The logic model shall be expressed in terms of gate-level primitives or simple atomic functions (such as
flip flops). Large, regular structures such as WMS and ROMs shall not be modeled at the gate Ievet rather, documentation
shall be provided to show that these structures am tested using appropriate procedures (such as, galloping patterns for a
RAM).
.
.

3,3,3.2 Built-in-testibuild-in-redundanq.

VVlen specified in the device specification or drawing, the follow”ng shall apply.

3.3.3.2.1 Pmbebond sites. The device shall contain pmbalbond sites to allow testing using the full set of test vectors
specified in the device specification or drawing.
3.3.3.2.2 Built-in redundance for vield enhancement. Where built-in redundancy is used to provide yield enhancement,
testing shall be included to provide a statistic which represents the amount of alternate element Seledlon utifized.
3.3.3.2.3 Built-in redundance usinq self test and fix. Where built-in redundancy is provided in the form of self test and fix,
the circuitw will be capable of interrogation to determine the level of redundancy remaining on the device.
3,3.4 Quafitv controls. The producl assurance program plan shall be in accordance with MIL-PRF-38535, appendix A
3.3.4.1 Process monitor. Process control and stability of dc parameters must be demonstrated through the use of the
manufacturers process monitor (PM). The PM is to be designed so that the dc process parametem may be measurad in
wafer form. The PM may also be packaged so as to permit biasing of those circuits for measurement. The Pfd design must
be submitted to the qualifying activity for approval prior to qualification and must contain as a minimum the structures
outlined in table I of appendix II herein.
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3.3.4.1.1 Procass monitom for other technolo4 v devices. An adequate set of PMs applicable for other technology
devices shall be generated to assure that applicable failure mechanisms are detected and submitted for approval by the
qualifying activity.
3.3.4.2 Qualification device. A qualification device shall be used to demonstmte process stability and reliability. The
qualification device, either a standard evaluation circuit (SEC) or an actual device (worst case design) shall be submitted to
the qualifying activity for approval and as such contain the basic information as detailed herein. The qualification device
shall be fabricated with the same process and designed to the same design roles that will produce any device in the
technology to be qualified. The qualification device design shall be configured in such a manner so as to evaluate the
reliability of the underplayer designs (e.g., diffusion) and evaluate the worst case design rule conditions on the
personalization layers. The design should utilize cell hbraries as well as test structures which will detect metal to metal
shorling or opening, high via resistance and dielectric pinholes during reliability life testing, where applicable. The following
structures are suggested
Parameter
Functionality and performance
Contact resistantielectmmigration
Hot electronsiholes
Oxide breakdown voltage
Resistance (electromigration test)

W
Large functional block (ALU),
ring oscillator
Contact strings
Short channel devices
Capacitom
Metal stripes

3.4 Screeninq procedures for microcircuits. Screening of microcircuits shall be conducted as described in 3.4 through
3.4.13 and table Ill herein. This movision does not orecfude the performance of additional tests or inst)ection which mav be
required for specific devices or which may be desi~ble to optimize results of sc$eening; however, any”such special test”
inspection shall be subjected to the requirements of appendk A of MI L-PRF-38535, 40.3.4 and 40.3.7. Sampling
inspections shall not be an acceptable substitute for any specified screening test. Any bum-in, in addition to that specified,
is only permitted when documented in the lot records, and any failures shall be counted in applicable PDA calculations.
Wlere end point or post test measurements are required as part of any given test method used in the screening procedure
and where SUCXpost-test measurements are duplicated in the interim (post bum-in) or final electrical tests that follow, such
measurements need not be duplicated and need to be perfcmmed only as part of the interim (post bum-in) or final electrical
tests. Devices which pass screening requirements of a higher reliability level shall be mnsidered to meet the screening
requirements of all lower levels. (n no case shall screening to a lower level than that specified be permitted.
3.4.1 -.
.

a.

Devices that fail any test or inspection criteria in the screening sequence shall be removed from the lot at the time
of observation or immediately at the conclusion of the test in which the failure was observed. Once rejected and
verified as a device failure, no device may be retested for acceptance. Unless othefwise specified in the device
specification or drawings, electrical rejects may be used to satisfy sample selection requirements for qualification
and quality conformance inspection in accordance with 3.5.

b.

Device screening shall be performed in the Sequene shown in table Ill except where variations in sequence are
specifically allowed herein.
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TABLE Ill. Device screening.
Class level S
Method

Reference
paragraph

Class level B
Reqmt

=-t==-

Wafer lot ac.ceptanm

5010 appendh II
and 5007

All
lots

Nondestructive bond pull

2023

100%

Internal visual

2010, test
condition A

5010 appendix II
1

All
lots

100%

3.4.3

Stabilization bake. No
end point measurement
required
Temperature cycling or
thermal shock

1010, test
condition C

2001, test
condition E
(rein) Y1
orientation
only
Msual inspection
Particle impact noise
detectbn (PIND)

3.4.2

2020, test
condition A

100%

100%

100%

I

100%

I

1010, test
condition C
101 i, test
condition A

100%

200 i, test
condition E
(rein) Y1
orientation
only

100%

3.4.5

100%
3.4.6

100%
3.4.7

100%

Serialization
Interim (pm-bum-in)
electrical parameters

In accordanm
with applicable
device
specification

100%

In accordance
with applicable
device
specification

100%

3.4.9.1

Bum-in test

1015
240 hours at
12YC minimum

100”,4

1015
160 hours at
12.YC minimum

100%

3.4.10

Interim (post-bum-in)
electrical parametem

In accordance
with applicable
device
specification

100%

oDtiOnal

3.4.9.1

Reverse bias bum-in

1015 test
condition A or
C, 72 hours at
15W minimum.

100%
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TABLE Ill. Device screeninq -Continued
Screen

Method

?eference
]aragraph

Class level 6

Class level S
Reqmt.

Interim (post-bum-in)
electrical parameters

n accadane
with applicable
devicx

100%

n accordance
with applicable
device
specification

100”/s

3.4.9.1

Percent defective
allowable (PDA)
calculation

i percent
(s.tgmup 1,
table Iw
3 percent
functional
parametem al
2SC
(subgroup 7
table IV)

All
lots

5 percent
(subgroup 1,
table IV)

All
lots

3.4.9.1

n ammtanw
tith applicable
jevice
specification

n accordance
#ith applicable
jevice
specification
a. Static tests
(1) 25°C (subgroup 1,
table IV)
(2) Maximum and
minimum rated
operating temp.
(subgroup 2,3,
(table lVl
b, Dynamic or functional
tests
(1) 25-C (subgroup 4,
or 7, table IW
(2) Minimum and
maximum rated
operating temp.
(subgroup 5 and
6, or 6, table
Iv)
c, Switching tests at
25°C (subgroup 9,)
table IV)

3.4.11

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%
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TABLE Ill, Device screeninq - Continued.
Screen

.

Class level S

Class level B

Reference
paragmph

Method

Reqmt.

Method

Reqmt,

Seal
Fine
Gross

1014

100%

1014

100%

Radiographic

2012 two views

100%

Qualification or quality
conformance inspedlon
test sample selection

See 3.5

External visual

2009

3.4.8

3.4.12
See 3.5

100%

2009

100%

3.4,13

3.4.2 Internal visual inspection. Ifdemal visual inspection shall be performed to the requirements of method 2010,
cond!tion A for class level S devices and condition B for class level B devices. Devices awaiting preseal inspection, or other
accepted, unsealed devices awaiting further processing shall be stored in a dry, inert, controlled environment until sealed.
Unless other.dse specified, at the manufactum’s option, test samples for group B, bond strength may be randomly selected
prior to or following internal visual, prior to sealing provided all other specification requirements are satisfied (e.g., bond
strength requirements shall apply to each inspection lot, bond failures shall be taunted even if the bond would have failed
internal visual exam).
The alternate procedure of 3.4,2.1 shall be used when any of the following criteria are met:
a. Minimum horizontal geometry is less than three micmns.
b. Metallization mnsists of two or more levels.
c. Opaque materials maak design features.

.

3.4.2.1 Alternate procedum$ for class level E micmcircuits. Akemate procedures may be used on an optional basis on
any micmcircuit, provided that the conditions and timits of the alternate pmcedums are submitted to, and approved by the
preparing activity, or the acquiring actiiity.
3.4.2.1,1 Alternate procedures. The deletions and the changes stated herein an? allowable only if the requirements of
alternate 1 or alternate 2 are met.
Alternate 1:

The deletions and the changes stated in 3.4.2.1. 1a, are allowable for complex monolithic microcircuits
for cfass level B product only if the requirements of 3.4.2.1. 1.b and 3.4.2,1. 1.Care imposed and any
of the following conditions exists.
1. M(nimum horizontal geometty is less than 3 miuometers
2. Interconnects umsisting of two or more levels.
3. Opaque materials mask design features.

(pm).

a.

For inspection of each microcircuit die, delete the inspectkan criteria of 3.1.1,3.1.2,3.1.3,3.1.4,
3.1.5,3.1.6,3.1.7,
and 3.2,5 of condition B of method 2010 and for use in conjunction w“th alternate procedures, add 3.1.1.1, 3.1.1.2,
3.1.1.6, 3.1.3,3.1.4, and 3.2.5 to the low magnification inspection of method 2010.

b.

Temperature cycfing (3.4.5). The minimum total number of temperature cycles shall be 50. The manufacturer
may reduce the number of temperature cycles from 50 to the 10 required as Pafi of normal srxeening based upon
data justifying the reduction in temperature cycles approved by the preparing activity and an approved plan which
shall include the following criteria:
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c,

(1)

Reduction of test must be considered separately for each wafer fabrication line and each die family.

(2)

The manufacturer shall demonstrate that the wafer fabrication fine that produces product which will involve
reduction of temperature cycfes is capable and in process Wntml.

[3)

The manufacturer shall perform a high magnification visual inspection on a small sample of devices (e.g.,
5(0)) 10monitor the process. This inspection may be performed at wafer level.

Special electrical screening tests shall be applied to each microcimuit die at the wafer, individual die (chip) and
packaged, or both, microcircuit level in accordance with the requirements of MIL-STD483, method 5004,3.3.2.
The conditions and fimits of the electrical tests (in table Ill format) shall be submitted to the preparing activity for
approval and subsequently maintained on file with the qualifying activity. These special screens are in addition to
the required electrical parametric tests vhich the device must pass and shall be designed to screen out devices
with defects that were not inspected to the full criteria of 3.4.3 (internal visual). Due to the nature of these tests,
they are not to be repeated as pad of the qua fifrcation and quafity conformance procedures.

Alternate 2:

The requirements and renditions for use of this alternate are contained in appendix A of method
5004. This option appfies to both ctass level B and class level S microcircuits.

3.4.3 Stabilization bake. Stabilization bake is not required for class level S or cfass Ievef B product unless specified in the
device specification or drawing.
3.4,4 Visual inspection for damaqe. The manufacturer may inspect for damaga after each screening step. Damaged
devices shall be removed from the lot.
3.4.5 Temperature cvdina or thermal shock. All devices shall be subjected to the requirements of temperature cycfing or
thermaf shock. The device specifications or drawing shall specify which screen shall be empfoyed. Temperature cycfing
shafl be in accordance w“th MI L-STD-S83, method 1010, mndifion C minimum. For cfaas level B, this test may be repfaced
with thermal shod in accordance with MIL-STD- 883, method 1011, condition A minimum.
3.4.6 Constant acceleration. All devices shall be subjected to constant acceleration, in the Y, axis only, in accordance
with MI L-STD-S63, method 2001, condition E (minimum). Microcircuits which are contained in packages which have an
inner seal or cavity perimeter of two inches or more in total length or have a package mass of five grams or more may be
treated in accordance with previsions below as an alternate to this procedure. Delete test condition E and replace w’th test
condition D. Unless othetise specified, the stress level for large, monolithic microcircuit packages shall not be reduced
below condition D. If the stress level specified is below condition D, the manufacture shall have data to justify this reduction
and this data must be maintained and available for raview by the preparing or acquiring activity. The minimum strese level
allowed is candition A.
3.4,7 Particle impact noise detection test (PIND). Testing to be performed in accordance with appendix A of
MIL-PRF-S535, 40.6.3. The PIND test maybe pedormed in any sequen~ after temperature cycling and prior to final
electrical test.
3.4,8 Seal (fine and qross leak) festinq. For class level S devices seal testing maybe performed in any sequenw!
between the final electrical test and extemaf visual, but it shall be performed after all shearing and forming operations on the
terminals. For class level B devices, fine and gross seal test shall be performed separate or together in any sequence and
order between 3.4.7 and 3.4.13 and they shall be performed after all shearing and forming operations on the terminals.
When the 100 percent seal screen cannot be performed following all shearing or forming operations (i.e., flat packs, brazed
lead packages, and chip carriers.) the seal screen shall be done 100 percent prior to those shearing and forming operations
and a sample test using sample size number of 45 (C = O) shall be performed on each inspection lot following these
operations to verify integrity. For devices w“lh leads that are not glass-sea fed and that have a lead pitch less than or equal
to 1.27 mm 10.050 inch). the samrde seal test shall be Performed using an acceptance criteria of a quantity (accept number)
of 15 (0). If sample fails the sample acceptance criteria, all devices in-the inspection lot represented by the sample tested
shall be subjected to and pass 100 percent fine and gross leak seal screens.

I
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3.4.9 Electrical measurements.
3.4.9.1 Interim (me- and rmst-bum-in) electrical parameters. Interim (pm- and post-bum-in) electrical testing shall be
performed when specified, to remove defective devices prior to further testing or to provide a basis for application of percent
defective allowable (PDA) criteria when a PDA is specified. The PDA shall be 5 percent or one device, whichever is greater.
This PDA shall be based, as a minimum, on failures from group A, subgroup 1 PIUSdeltas (in cases where delta parametem
are specified) with the parameters, deltas, and any additional subgroups (or subgroups tested in lieu of A-1) subject to the
PDA as specified in the applicable device specification or drawing. If no device specification or drawing exists, subgroups
tested shall at least meet those of the most similar device specification or Standard Microcircuit Drawing. In addition, for
class level S the PDA shall be 3 percent (or one device, whichever is greater) based on failures from functional paramete.m
measured at room temperature. For class level S screening, where an additional reverse t.as bum-in is required, the PDA
shall be based on the results of both bum-in tests combined. The verified failures afler bum-in divided by the total number
of devices submitted in the lot or sublet for bum-in shall be used to determine the percent defective for that lot, or sublet and
the lot or sublet shall be accepted or rejected based on the PDA for the applicable device class. Lots and sublets may be
resubmitted for bum-in one time only and may be resubmitted only when the percent defective does not exceed twice the
specified PDA, or 20 percent, whichever is greater.

.

3.4.9.2 Patfem failures. Pattern failure criteria maybe used as an option for class level B, provided that
a.

Inspection lot size is tess than 500 devices

b.

Pre bum-in electrical testing is done.

3.4.9.2.1 Pattern failures Ctiteria. A maximum number of pattern failures (failures of the same part type when the failures
are caused by the same basic failure mechanism) shall apply as specified in the acquisition document. If not otherwise
specified, the maximum allowable pattern failures shall be five. Accountability shall include bum-in through final electrical
test.
3.4.9.2.2 Pattern failure resubmission. W3en the number of pattern failures exceeds the specified limits, the inspection
lot shall be rejected. At the manufacturers option, the rejected lot maybe resubmitted to bum-in one time provided
a. The cause of the failure has been evaluated and determined
b.

Appropriate and effective corrective action has been completed to reject all devices affected by the failure cause.

C.

Appropriate Preventive action has been initiated.

3.4.10 m.
Device bum-in shall be performed in accordance with the requirements of method 1015 conditions A, B,
C, D, or E. Regardless of power level, devices shall be able to be burned-in at their maximum rated operating temperature.
For devices whose maximum operating temperature is stated in terms of ambient temperature, T,, table I of method 1015
aPPlies. For devi-s whO~e maximum oPemtin9 temPemture is stated in terms of case temperature, T., and where the
ambient temperature would cause T, to exceed 200”C for class level B or 17YC for class level S, the ambient operating
temperature may be reduced during bum-in fmm 12SC to a value that will demonstrate a T, between 17YC and 20LTC (for
both class levels S and B) and T. equal to or greater than 125°C without changing the test duration. Data supporting this
reduction shall be available to the acquiring and qualifying activities upon request.
3.4.11 Final electrical measurements. Final electrical testing of microdrcuits shall assure that the microcircuits tested
meet the electrical requirements of the applicable device specification or drawing and shall include, as a minimum, the tests
of group A, subgroups 1, 2, 3, 4 or 7, 5 and 6, or 8, and 9.
3.4.12 Radioqraohic. The radi~raphic screen maybe performed in any sequence after PIND test and before external
visual inspection, Only one view is required for flat packages and Ieadless chip cam”ers having lead (terminal) metal on four
sides.
3.4.13 External visual inspection.
acceptance for shipment

All devices shall be inspected in accordance with MIL-STD-B83, methcd 2009, prior to

METHOO 5010.3
22 March 1989
10

I

MIL-STD-683E

.

3.5 Qualification and Walibi conformance DrOCeduES. Qualification and quafity conformance shall be performed in
accordance with 40.4 qualification procedures and 40.5 quality conformance inspection of appendix A of MI L-PRF-38535
excml. as. modified herein. The qualification device shall be used for QCI testkm in accordance with 3.5.3 herein, as well as
for qualifying the process tine. L;fe testing requirements shall follow the same fflteria as bum-in (3.4.10 herein) for reduced
temperature.
3.5.1 Qualification testinq. Initial product process qualification shall be in accordance with MIL-STD-683 method 5005.
Change to qualified product shall be addressed in accordance with MIL-STD-S83, method 5005 and appendix A of
MIL-PRF-38535, 30.4.2. The SEC shall be used for group D inspetion tienever practicab where the SEC cannot be used,
another die may be used (for gate arrays, 60 percent or greater utilization required). Utilizing the qualification device the
process monitor, the manufacturer shall demonstrate
a.

Process control and stability.

b.

Processldevia? reliability.

c.

Design and simulation control.

3.5.1.1 Detailed qualification test plan. The manufacturer shall submit to the qualifying activity for approval a detailed
qualification test elan to assure conformance to 3.5.1 herein. The test Plan shall. as a minimum. detine test 9rouDs,
subgroups, conditions, and sampling plans in accordance with method 5005, as well as the tests to carry 0uC3.51 .2,
3.5.1.3, and 3.5.1.4.
3.5.1.2 Database test. For qualification, at least five PMs per wafer (located in accordance with appendix 11)shall be
measured to ensure the establishment of a statistically valid database on which a decision can be made as to whether the
manufacturers process is stable and under control.
3.5.1.3 Qualification devics desicm and test plan. Qualification device design and test plan to be used to qualify the
manufacturing Me shall be submitted to the qualifying activity for approval. The design must meet the minimum
requirements of 3.3.4.2 herei,n. The test plan must include life test requirements, If a SEC iS used as the qUaliIi~tiOn
device, data demonstrating process reliability from lots processed within 12 months of qualification and that an on-going
SEC program i5 in effect shall be submitted for qualifying activity review.
3.5.1.4 Desiqn and simulation verification.

Design and simulation verification shall be accomplished as follows

a.

Design rule check (DRC) verification.
violations.

DRC software shall be run on a design which contains known design rule

b.

Electrical rule check (ERC) verification.
mle violations [e.g., fan-out violations).

c.

Layout versus schematic (LVS) check.

d.

Correct by construction. If the manufacture
design methdalogy is based on a “correct by construction”
aPPrOaCh.diStinCt DRC, ERC, and LVS software is unnecessa~ and a, b, and c above do not apply. However,
the manufacturer shall provide su!table data to demonstrate the wmect performance of “correct by construction”
software.

e.

Computer aided design (CAD) system ccmtml shall be in accordance with appendix I herein.

ERC software shall be mn on a design which contains known electrical

3,5.2 Qualitv con formam% insmction. This procedure, as applicable to the microcimuit type and class, shall apply for all
quality conformance inspection requirements. Subgroups within a group of tests maybe performed in any sequence but
individual tests within a subgroup (except group B, subgroup 2) shall be performed in the sequence indicated for groups B,
C, D, and E tests herein. Where end-point electrical measurements are required for subgroups in groups B, C, D, and E
testing herein, they shall be as specified in the applicable device specification or drawing. Where end-point measurements
are required but no parameters have been identified in the acquisition document for this purpose, the final electrical
parametem specified for 100 percent sc$eening shall be used as end-point measurements. Electrical reject devices from the
same inspection lot may be used for all subgroups when end-point measurements are not required.
METHOD 5010,3
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addition to the normal ctass level S and B requirement% Those requirements are detailed in table Vlll (group E) herein. The
radiation levels (M, D, L, R, F, G and H) are defined in appendix A of MIL-PRF-38535.
3.5.2.2 Cwalitv conformance inspection. For class level B quality conformance inspection, each inspection lot (sublet)
shall pass groups A, B, and E (when applicable) tests or be accepted in accordance with 3.5.3 herein and the periodic group
C and D tests shall be in accordance with appendix A of MIL-PRF-38535. End point electrical parameters shall be as
specified in 3.5.2.3 herein. For class level S, each QCI inspection lot shall be assembled in accordance with the ctass
level S requirements of appendix A of MIL-PRF-3B535. Quatity conformance testing for class level S shall be in accordance
with tables IV, V, Vl, and Vll herein.
3.5.2.3 End Doint electrical Darametem. Where intermediate and end point electrical measurements are required for
subgroups S, C, D, and E testing, they shall be as specified in the applicable device specification or drawing where required
and when end point parameters have not been identified, group A, subgroup 1, 2, 3, 4 or 7, and 9 shall be used for end point
measurements.
3,5.2.4 Constant acceleration. Constant acceleration shall be performed in accardane
E for all applicable subgroups except as allowed in accordance with 3.4.6, herein.

with method 2001, test condition

3.5.3 QuafiN conformance testinq. Conformance testing shall be performed through the use of the identified quality
conformance vehicles.
Quality conformance test
Table
Table
Table
Table
Table

IV
V
VI
VII
VII I

GmuP
Group
Group
Group
GrouP

A
B
C
D
E

Quafitv conformance vehicle
Actual device
Actual device
SEC or actual device
SEC or actual device
Actual device

FreauencK
Each inspectkan lot
Each inspection lot
3 months
6 monfis
See MIL.PRF-36535, appendix A

3.5.3.1 Alternate arouD A method. The alternate group A method below may be used provided that
a.

Inspection lot size is less than 500 devices.

b.

Final electrical test shall assure that the electrical requirements of the device specification or drating
shall include the tests of group A, subgroups 1, 2, 3, 4 or 7, 5 and 6 or 6, 9, as a minimum.

c.

All test soRv.’are and procedu=s

are met and

are under document contmt.

3.5.3.1.1 In-fine verification testinq.
a.

For each test setup (and operator for manual testing), production nms correlation unit to assure that the accuracy
requirements of MIL-STO-B63 4.5.2 are being met.

b.

Testing is performed using the verified set UP.

c.

At the completion of testing utifizing the verified setup (not to exceed e hours and at the change of operatom) a
separate party (OA or OA designate) then verifies the production testing by
(1)

Checking visually to verify that the correct fixture, equipment, software, and procedure(s) were used.

(2)

Actual testing of controlled known good devics utilizing the fixtures, set UPS,eofiware and procedures that
were used by production. Variables data for all required group A tests shall be read and recorded for the
cantmlled unit. This data shall be maintained with the lot.

METHOD 5010.3
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TABLE IV. Group A electrical teSi. 1/
Subgroup

I

Quantity/
acceptance number

Static test at +25-C

116/0

2

Static tests at maximum rated operating temperature

116/0

3

Static test9 at minimum rated operating temperature

116/0

4

Dynamic test at +25°C

116/0

5

Dynamic tests at maximum rated operating temperature

116/0

6

Dynamic tests at minimum rated operating temperature

116/0

I Fu”ctiO”al test at +25°C
6
9
10
11

. y

~ ~ ~/ ~/

1

17

I

Parametem

I

Functional tests at maximum and minimum rated
operating temperatures
Switching tests at +25°C
1
I Sviitching tests atmaximum

I

116/0

,
rated operating temperatum

SwitcMng tests at minimum rated operating temperature

116/0

116/0
116/0

I

116/0

1

The specific parameter$ to be included for tests in each subgroup shall be as specified in the applicable acquisition
document. ~emnopammetem
have been identified inapatiicular subgmuportest
tithina subgroup, nogroup A
testing is required for that subgroup or test to satisfy group A requirements.
Atthemanufadumts
option, tieappKable
tes&mquired forgmup Atestin9 (see13may beccmducted individual
ormmbined into setioftests,
su@mups (asdefined intable l), orse&ofsubgmups.
However, the manufacturer
shall predesignate these groupings prior togmup A testing. Unless othetiee specified, theindvidual tests,
subgroups, or sets of tesWsubgroups may be performed in any sequencx?.
The sample plan (quantity and accept number) for each test, subgroup, or set of tasts)subgmups as predesignated in
~ above, shall be 116/0.
A greater sample size maybe used at the manufacturers optioty however, the accept number shall remain at zero.
When the (sub) lot size is less than the required sample size, each and every device in the (sub)lot shall be inspected
and all failed devices removed from the (sub) lot for final acceptance of that test, subgroup, or eet of testsfsubgroups,
as appficab!e.
If any device in the sample fails any parameter in the test, subgroup, or set of testtisubgroups being sampled, each
and every adtikmal device in the (sub)lot represented by the sample shall be tested on the same test set-up for all
paramete.m in that test, subgroup, or set of testshubgroups for which the sample was selected, and all failed devices
shall be removed from the (sub) lot for final aceptance of that test, subgroup, or set of tesWsubgroups, as
appfkable. For claSS IRWI S only, if this testing results in a percent defective greater than 5 percent, the (sub) lot shall
be~jected, exmpttiat
for(sub)lob previously unsc~ened totheteststhat
caused failure ofthispercent defective,
the (sub) lot maybe accepted by resubmission and passing the failed individual tests, subgroups, or set of
testtisubgroups, as applicable, using a 116/0 sample.
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TABLE V, Group B Iestinq.

I
Class
level

Subgroup

4

I

Test

x

Ix

L
Method

SB

1

MIL-STO-B83

I

] physimldimensio”s

Aor B
1
x

I
x

Resistance to solvents

2015

4

x

x

Internal visual and
mechanical

2014

5

x

x

Bond strength
a, Thermocampression
b. Ultrasonic or
wedge
c. Flip-chip
d. Beam lead

2011

6

I
I

xx

7

xx

8

x

x

Die shear strength or
substrate attach
strength
Solderabifity

Seal

15 (o)
3 (o)

I

1

44
2 (o)

I 2016

2
3

Condition

Referenced
paragraph

quantity/( accept
number)
or sample
size number,
accept number

1 (o)

3.4.7

I

I

I 3“4”2 I

2 (o)
Cor D
Corfl
F
H

I
I

2 (o)

2019
2:27
2003

1014

a. Fh7e
b. Gross
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Solder
empemture
?45~c *5°C

1 (o)

Sample size
number = 15
C.IJ

3.4.8

I
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TABLE V1. Grmm C testing.

s
1

Test

Class
levels

Subgroup

Method

B
x

External

2009

x

x

Temperature cycling

1o1o

c
100 cycles
minimum

x

x

Mechanical shock or
constant acceleration

2002
2001

B, Y1 axis
E, Y1 axis

x

x

Seal (fine and gross)

1014

Radiographic

2012

Referenced
paragraph

Sample size
number = 15
C.IJ

3.4.13
3.4.5

3.4.6

3.4.8
Y axis

x

x

Visual examination

In acwrdanm
with visual
criteria of
method 1010,

x

x

End point electrical

As spedfied
in accordance
with device
specification

x

x

Steady-state fife test

1005

Sample size
number,
accept number

Condition

x

x

2

MIL-STD-S83

1,000 hours
at +125*C
minimum

3.4.12

3.5.2.3

Sample size
number = 22
C=o

3,5.2.3

As specified
in accordance
with device
specification

End point electrical

TABLE VII, Grouo D testinq.
Subgroup

s
1

Test

Class

x

Method

B
x

Ml L-STD-S63

Internal water vapor
content

2

x

x

5000 PPM maximum water
content at +IOO”C
Moisture resistance

3

x

x

Salt atmosphere

1018

1004
1009

I

Quantity/
accept
number

Referenced
paragraph

Condition
3 devices
(O failures)
or
5 devices
(1 failure)
5 (o)
5 (o)
METHOD 5010.3
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TABLE Vlll.

Group E (radiation hardness assuranm tests). ~/
Ml L-STO-B83

Test
Method

Class level S

Condition

Class level B

Quantity/
accept
number

Notes

Quantity/
accept
number

a. 11 (o)
b, 11 (0)

y
~1

a, 11 (0)
b. 11 (0)

AI
AI

a. Q/
&
b. El
El

a. 22 (o)

~1

b. 22 (0)

II

Notes

Subqroup 1 ~
Neutron irradiation
a. Qualification
b. QCI

1017

+2YC

AS specified in
accordance with
device
sped fication

Endpoint electrical
parameteffi

.subqroup 2 ~1
Steady-state total
dose irradiation

1019

+2VC
Maximum supply
voltage
a. 4 (0)
2 (o)
b. 4 (0)
2 (o)

a. Qualification
b. QCI
Endpoint electrical
parameters

As specified in
accordane w“th
device
specification

Parts used for one subgroup test may not be used for other subgroups but maybe used for higher levels in the same
subarOUD. Total exDosure shall not be mnsidered cumulative unless testing is performed within the time limits of the
test-method.
Waive netdmn test for MOS IC devices except W!ere neutron susceptibility is less than 10” neutmnslan’ (e.g.,
charge coupled devices, BICMOS, ect.). Where testing is required, the limit for neutron fluence shall be 2x10“
neutronsfcm’.
Per wafer lot. If one part fails, seven additional pafts maybe added to the test sample with no additional failures
allowed, 18(1 ).
Per inspection lot. If one part fails, seven additional parts maybe added to the test sample with no additional failures
allowed, 18(1).
Class level B devices shall be inspected using either the class level B quantity/a-pt
number titeria as specified, or
by using the class level S criteria on each wafer.
Per wafer for device types with less than or equal to 4,000 equivalent transistomfchip selected from tie wafer at a
radius approximately equal to two-thirds of the wafer radius, and spaced uniformly around this radius.
Per inspection lot. If one part fails, 16 additional parts maybe added to the test sample with no additional failures
allowed, 38(1 ).
Per wafer for device types with greater than 4,000 equivalent transistorlchip selected from the wafer at a radius
approximately eqUal to tw-thirds of the wafer radius and spaced uniformly around this radius.
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(3) TfIe verifying party shall stamp or sign the lot traveler to attest that the above data meets the test
requirements and that all of the above items were performed and were found to be acceptable.
(4)

Failure of the verification test shall require, as a minimum, engineering to petiorm a detailed review of
hardwarekofhvarelsel
up and pati. If engineering locates the problem, a one time only 100 percent retest
to all group A requirements for all devices that were under consideration for acceptance shall be required.
If the engineering review does not locate the problem, the verification unit shall undergo failure analysis
before retesting the lot.
(a)

If failure analysis locates the problem, the entire group of devices being considered for acceptance at
the time of the failure maybe retested for appropriate subgroup(s) acceptance one time only by
repeating this group A method.

(b)

If the failure analysis does not specifically locate the problem, the lot maybe considered for
acceptance one time only by 100 percent retesting of all the devices of the group A requirements and
by repeating this group A method.

3.6 Disposition of samples. Disposition of sample devices in groups A, B, C, D, and E testing shall be in accordance with
the applicable device sped fcation.
3.7 Substitution of test methods and seauence.

.

3.7.1 Accelerated qualification or quality con formanm testing for class level B. When the accelerated temperatureltime
test conditions of condition F of method 1005 are used for any operating fife or steady-state reverse bias subgroups on a
given sample for purposes of qualification or quality conformance inspetion, the accelerated temperatureftime test
cundkions shall be used for all those named subgroups. When these accelerated test renditions are used for bum-in
screening test (test condition F of method 1015) or stabilization bake for devices with aluminundgcdd metallurgical systems
(any test temperature above the specified maximum rated junction temperature) for any inspetilon lot, it shall be mandatov
that they also be used for the operating life, and steady-state reverse bias tests of method 5005, or herein as applicable, or
qualification or quality conformance inspetilon. Qualification and quality conformance inspection maybe performed using
accelerated conditions on inspection lots that have been screened using normal test conditions.
3.8 Test results, Unless othem”se specified, test results that are required by the applicable acquisition document shall
be reported in accordance with the gene.ml requirements of appendix A of MIL-PRF-3B535 (see 40.7).
4, SUMMARY.

The following details shall be spedfied in the applicable device specification:

a.

Procedure paragraph if other than 3,1, and device class.

b.

Sequence of test, sample size, test method, and test condition where not spetified, or if other than specified.

c.

Test condition, limit, cycfes, temperatures, axis, etc., where not spechied, or if other than specified (see 3).

d.

Acceptance procedure or sample size and acceptance number, if other than specified.

I

e.

Initial and interim (pm and post bum-in) electrical parametem for group A.

I

f,

Electrical parameters for groups B, C, D, and E end point measurements, where applicable.

I

9.

Bum-in test conditions (see table Ill) and bum-in test circuit.

h.

Delta parameter measurements or provisions for PDA including procedures for traceability or provisions for
pattern failure limits including accountable parametem, test renditions, and procedures for traceability, where
applicable.

i.

Final electrical measurements.

i.

Constant acceleration level.

.
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k.

Requirements for failure analysis.

L

Requirements for data remrding and reporting if other than specified in 3.8.

m.

Restriction or resubmission of failed lots vhem applicable.

n.

Steady-state tife test circuits, where not specified or if other than specified.

o.

Parameters on which delta measurements are required.

p.

Wafer iravelem shall be used to record completion of each requirement of 3.4.2.1.1
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APPENDIX I
COMPUTER AIDED DESIGN (CAD)
CERTIFICATION REQUIREMENTS
10, sCOPE.
10.1 -.
Additional line certhiCatiOn requirements. This appendix defines additional line certification requirements
The answers to the questions in this appendix shall be provided to the qualifying activity for approval. The manufacturer
shall have the following addiional information on file and available for review.
a,

Designllayout rules as a manufacturers

b,

A ret of the cells in the manufacturers
applicable.

c.

Process monitor design used by the manufacturer.

d.

Standati evaluation circuit implementation used by the manufacturer for qualification and qualification
conformance inspedion (QCI).

e.

JEDEC benchmark macro set (see JEDEC standards 12, 12-1.12-2, and 12-3), delay simulation data, if
applicable.

f.

A list of the software packages (including names and current version) used by the manufacturer in the circuit
design process.

9

Design rule check (DRC) verification.
violations.

h.

Electrical rule check (ERC) verification.
rule violations.

i,

Layout versus schematic (LVS) checker.

i.

If the manufacturers design methodology is based on the “mrrect by construction’” approach, distinct DRC, ERC,
and LVS software is unnecessaw and may not exist. In this case, the provisions of g., h., and i. do not apply.
Instead, the manufacture will pr&ide sui~ble example data to demonstrate the correct performances of “rnm?ct
by wnstwction” so fnvare.

cmdmlled document.
cell library, cell performan=

datB, and simulation verification data, if

DRC software shall be run on a design which cantains known design rule

ERC software shall be run on a design tikh

contains known electrical

10.2 Functional delay simulation. To be retained by manufacture simulation to be derived fmm eati rind application
specific electrical design and layout (i.e., post-routed design). Simulation will be done using actual delays and pamsitics
camputed from the placement and layout of the device as it will be fabricated. Actual delays shall include the contribution
associated with the delay through the gate, as well as the mntribution due to actual metal capacitance and device loading
or! the output(s). Using these actual delays, the application specific integrated circuit (ASIC) designer shall insure that there
are no timing violations remaining in the circuit. Such timing violations shall include, but not be fimited to, setup, hold, critical
delay path, and circuit race conditions due to variations in process, temperature and supply voltage. Simulation at the two
worst case extremes (temperature, process, radiation (if applicable) and supply voltage) shall be identical with respect to
circuit operation (final state of each signal in each dock cycle must be identical).
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10.3 Lavout verification. The manufacture shall retain the results of full mask level design mle checks, electrical rule
checks, and connectivity checks (see 10.1) for each application specific design. Rule checking will encompass the rules set
provided under 10.1 herein. The manufacturer will explain any rules not checked and all error reporls produced by the
checker. The LVS checker w“II ensure that the layout matches exactly the schematic simulated by the ASIC designer. Final
layout verification results will not be requirad if the manufacturer% design methodology is “correct by construction.” In this
case, the manufacturer will explain the methodology and wlee used, as well as any rules not checked and all error reports
which were not corrected during constn!ction of design.
10.4 Power mutina simulation. To be retained by manufacturer derived from eati final application specific electrical
design and layout. The worst case simulation of power buses shall show that at no time shall the Iodized bus current
density exceed specification for allowable current density of the power bus material. In addition, at no point in the power bus
shall voltage Iewels exceed design goals for IR dmp values from the respective supply. Power routing simulation must be
based upon actual placement of cells within the army. Such a simulation maybe driven by Monte Carfo methods, or in
conjunction with a digital simulator using the selected set or test vectors.
10.5 Cell desian and simulation auafification.
procedure consisting of:
a,

Parameter verificationlsimulation

b,

Functional verification

Cell design and simulation qualification shall be accomplished in a two step

verification, and

A chip or set of chips, called the cell test chip set, shall be designed to provide access to a set of cells to test performance
characteristics. The cell test chip set design must be submitted to the qualifying activity for approval prior to use. The cell
test cMp shall include as a minimum.
Description
Inveder
4-input NAND
2-input AND into 3-input NOR
D latch with active low reset
JK tlip-flop with active low reset
lTL input buffer
CMOS input buffer
Output buffer
Three-state l/O buffer with pull-up
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The intent is to get a representative cross section of cell types (i.e., combinational, sequential, input, output). Chains shall
be formed (when necessav to avoid rise and fall time measurement problems) and actual performance data over the full
operating range shall be taken (a prevision to extract for multiplexing and 1/0 buffer delay shall be included). Delay versus
metal wire length and fanout for the above cells shall be determined. The actual performance data shall be submitted to the
qualifying activity along with computer program 5imulation results. The actual perforrmm
data must be within the timits
predicted by the simulation. If multiplied are used to extrapolate performance at the temperature extremes, such multipliers
shall be verified as well.
In addition, for the above cells, a set of pins shall be provided on the test chip for observability.
of functionality of the cells. (Note Inputs and outputs maybe multiplexed).

This w’11enable verification

10.6 CAD routinq and post routinq simulation. A chip or set of chips shall be submitted for approval and used to qualify
the manufacturer’s abifity to perform routing and to accurately predict post muting performance. The manufacturer must
submit to the qualifying activity:
a.

The actual measured performance data for each function over temperature and voltage

b.

The computer simulation performance prediction.

The two results will remain on file and the actual nIeaSured performances must fall between the simulation extremes
20. APPLICABLE DOCUMENTS (This section is not applicable to thk document.)
30. CERTIFICATION QUESTIONS
30.1 Cell libraries.
a.

Who is the source for your cell hbraries?
Own organization?
work station vendors?
Outside commercial vendors?
Universities?

b.

What verification or certification is done for cell libraries, including those obtained fmm outside organizations?
Are macrocells implemented in silimn and verified for functionality and performance limits via actual hardware
test? IS only software simulation performed?

c,

How are cell libraries controlled (e.g., level of documentation, maintenance and revisions, specifications,
additions)?

d.

Provide campany-appmved

e.

Identify those implemented and tested in silicon.

f.

Isa designer allowed to tailor a macrocell or “roll his own” for a certain application?
macro tested to insure there are no problems?

cell hbrary.

If so, how is the resulting
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30.2 Desiqn process.
a.

VWIOdoes and who approves the various levels of design?
Requirements definition?
generation?

Detail function definition?

Detail design (e.g., gate level design)? Layout and mask

b.

What automatic aids are used for refinement from each design level to the next?

c.

What automatic aids are used for verifyhg the refinement at each level (e.g., automatic checking of layout versus
schematic)?

d.

How is automatic placement and routing software verified and cwlffied for use?

30.3 simulation.
a.

What simulatom are used for
Process simulation (e.g., SUPREME-II)?
Circuit simulation (e.g., SPICE, SCEPTRE)?
Gate level simulation (e.g., LASAR HITS)?
Switch level simulation?
Behavior/function

simulation?

Dynamic timing analysis (to include actual delays due to placement and routing?
b.

How are the above simulato~ verified? Are benchmarks used, and if so, what are these benchmatm?

c.

Are the simulation results periodically checked against actual silicon test data (to camplete the loop)?

30.4. ~.
a.

What test toots are used for
Automatic test vector generation?
Fault simulation?
Insertion of design- for-testability fbuilt-in-test features? (And are they integrated with the design process?)

b.

Who is responsible for test generation
Foundry?
Customer?
Designer7

c.

If test vectors are not generated by the foundry, are the submitted vectors evaluated by the foundry to determine
the percentage of faults detected?
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30.5. Desiqn rule checkinq.
a.

Are design constraints enforced by the customeffi or management, such ax
Synchronous designs only?
Use of an approved set of cells/macmcells

only?

Conservative use of electrical and switching limits?
Is the designer able to obtain waivers?
b.

What design rule checkers (DRCS) are used foc
Physical mle checks (e.g., minimum spadng)?
Electrical rule checks (e.g., max current density, fanout restrictions)?
paths)? Logical Wle checks (e.g., unchcked feedback paths)?

Timing rule checks (e.g., worst-case timing

c.

IS each design subjected to the above DRCS?

d.

How can the DRC software be shown to “work as advertised~

e.

If “correct by construction” techniques are used, what procedure is used, how is “carrectnes5° assured?

30.6. Software control.
a. What are the sources of design and test software?
Own organization?
Workstation vendom?
Outside commercial vendors?
Universities?
b.

How is design and test software approved and controlled
Frequency of majorlminor revision?
Trouble reports?
Regression testing?

c.

What commercial CAD/CAE work stations or packages are used (e.g., MENTOR, Daisy, Silvar-Lisco)?
modifications to any of the software packages penmitted?

Are
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30.7. How is interface with foundries and customes.

or both done?

Data formats?
Media (e.g., magtapes, modems, DDNIAQanet)?
Qualification of foundry via lest chips?
Are evaluation chips available for customem to assess performance?
30.8, Who tests the chips?
Al wafer level?
Afier packaging?
Burn-in?
Life testing?
Wi7at automatic test equipment types are used’?
30.9. *.
a.

What are the procedures for mask making, inspection, verification, and repaifl

b.

Is the design Vansfem?d to the fab house via an actual mask set or via software?

c,

If design transfer is via softwara, what are the procedures used to verify the mask design?

30,10, Wafer acceptance.
a.

What wafer inepectiotiaccept-mjecl
demonstrated)?

b.

Which of the folloviing proCeSSCOntml indiC3torSareused?
Kerftest structure measumments?
are takew tolerances allowed?)
Dropins: (Wlmtdoes
tolerances?)

thedmpin

m“teria are currenOy used (i.e., how is process Ccmtrolktabifity

~atstmdums

amintie

kefihow

manyketisites

design consist of? Howmany drop-ins perwafer7

aremeasured;

whatdata

Allowed parameter

Visual test structures?
c.

Howishigh magniricatio
high mag inspections?

ninspectio nbeingaccamplished?
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30,11. Reiiabilitv evaluation.
a.

Howisthe

reliability of theproc.ess proven? Itis done via:

Standard evaluation MIPS (SECS) or reliability evaluation chips?
Test dice with specializedloptimized
donotexist.

test structures?

b.

lfsutivehicles

howisthe

c.

Howmnthe
conditions?

d.

For CMOStechnology,

howisalatch-up

e.

Fortipolar

isanyratiation

pmessing

power buses beguamnteed

te&nology,

shomtobe

to betittin

teeofrehatitity

cumentdensiw

freepmcess

spetifi-tians

hwatis?
ata!ltimes

andutierall

assured?

hatiness chamtietization

done?

30.12. Documentation.
a.

Wataethe

promdums

for~ti~lng

and Wntmlhng thernnfigumtion

b.

Matamthe
pro=dums outlining indetailthe pro&ssflow
designlmanufacturelengineeringltest
(CADIMJW?

c,

lfneither ofabove isavailable,

ofsotiam?

formmputer-aided

when till they be available?
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APPENDIX II
WAFER LOT ACCEPTANCE
10. SCOPE
10.1 w.
rnisappendix establishes therequimment forwafer lotamp@nm
ofmiudwitwafem
intended fordass
level Band levelS use. rnepedomanm
ofeatiwafer
sha!lbeevaluated
individually andindependently of the
performance ofotherwafem inthelot.
Ttiswfer
lotaaptinE
protium
is based on fabrimtion specifi=tion adheEnm
(in accordance with appendm A of MIL-PRF-38535 and the manufacturers documented fabrication procedures), physical
testing, and electrical testing of suitable pmcese monitors (PMs).
This method can be used only on a fabrication line that has Appendk A of MIL-PRF-38535 certification or control and has
successfully instituted therequimd checks. Wafemfaihng anypm@ss specifitition (Mtitie
exmptionofa-ptable
rework instances) shall be removed from further processing.
Wtsmethod isrestritied toa Wlltiaraderized
and baselinedpmmss.
Byc.haracterized, itismeant thata fabrication line
has been adequately described inflation
tothempatitities
of thepro=ss.
Baselined refers totheexistence
ofawell
defined process parameter target value with associated variances (based on characterization data) against which the actual
wafer to wafer process data is measured to determine acceptability.
A collection of teet structures which can provide the parameltic data as well as additional yield indicato~ is referred to as a
“processmonilot’(PM).
Astatistimlly vahdnumber of PMsshall beprovided oneachwafer.
The PM maybe either
stepped onto every wafer in dedicated dmpin die locations, incarpomted into kerf locations, or located on each die, such
that they can be probed at the conclusion of processing up to and including final metallization and passivation (glassivation).
Table lpr~ents aminimum Ustingofstmdu~s
wNchmakeupa
PM. Themanufacturer shall see PMparametric limits as
called for bydesign rules andprocess mles,orboth.
Probe padsshall redesigned tocOnfonm tothe2x
N(NlSTl
dimensions.
20, APPLICABLE DOCUMENTS.

(This section isnotappficable

tothisdocument.)

30, APPARATUS. Suitable eletitiml measurement equipment nemssavtodetemine
acquisition documents and other apparatus as required in the referenced test methods.
40, PROCEDURE.
a. Pm=ssing

mmplianm

tithappfiable

There arethree phases towaferaceeptance:
tothemanufatiumte

fabrimtion basehne anddocumented

fabti-tion

pro=dures.

b. VisuafLSEM inspection.
c. PM evaluation.
Wafers faifing any teet (with the exception of acceptable rework instances in accordance with appendix A of
MIL-PRF-38535) shall be removed from the lot.
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TABLE I. Minimum suqqested setofstructures

usedina

PM. ~1

N-channel transistors for measuring threshold voltages (m:nimum and
maximum geometries)
P-channel transistor for measuring threshold voltages (minimum and
maximum geometries)
Field threshold device(s)
Leakage cument structures

I

I N-channel gainskuct.res(KN)
I P<hannelgainstmdures

(Kp)

I

Oxide breakdown structures (gates, intermetal, and field)
Contacl chains (10be suficient length to allow accurate measurement
of the contact resistance typicaliy found on a device, with diagnostic
procedures to isolate failures)

I

I

Metaltopoiy

I Metal 1 tomeb12viaresista”m(whereappfimb!e)
I Metaltodiffusion

I
I

Alignment vemiem
Functional circuits (e.g., ring oscillator, delay chains, etc.

II

Appropriate shdumsforother

technologies shall redeveloped,
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40.1 Processing. Table II presents a minimum checkpoint tist for wafer processing.
proprieta~, they maybe presented in normalized or other specialized form.

If certain parameter values are

TABLE Il. In-process check points.
Inspection

Process step
Inwming material inspection

I

Photolithography

Water, wafers, chemicals, gasses
Spin speed, thickness, critical
dimension measurements, alignment,
post development visual inspection
(loox)
threshold voltage shifts, thicknesses

~

I

Deposition

Thickness, resistivity
refraction

index of

Etchhg

Critical dimension measurements,
etch rates, end point detection

SEM

Step coverage (all metallization layers)

40.2 VisuallSEM inspection. WWal inspection of photo rtsist (PR) pattemS, alignment vemiem, and critical dimension
measurements shall be made after each PR develophake operation. Following eveV etch and every ion implant, PR mask
shipped wafers shall be inspected for proper PR removal, damage, or other defects, and defective wafers removed from the
lot for scxap or for rework.
In-1ine nondestmctive SEM inspection in accordance with MI L-STD483, method 2018, shall be performed on each wafer lot
One wafer from each metallization level shall be randomly selected for inspection. SEM inspection for each level maybe
reduced to a weekly basis for each fabrication process when five consecutive lots pass inspection for the given level. If a
metallization level fails the weekly inspection, then lot by lot inspection shall be required until five consecutive lots again
pass. Wafers failing to meet the requirements of the test method shall be removed from processing. Wafer lot acceptance
shall be in accordance with table IV herein,
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40.3 PM evaluation. PM structures shall be submitted for approval. Wafer acceptanm will be made on a wafer by wafer
basis depending upon the information derived from PM room temperature testing in acccmrancs with table III. If drop-in
PM’s are utilized, each wafer shall have at least 5 PM% one shall be stepped in the center and the others in each of the
quadrants. For kerf PMs and PMs on individua! die, the fwe probed PMs shall be located in the center and in each of the
quadrants. Quadrant PMs shall lie at least twc-thirds of a radius away fmm the wafer center. Wafer acceptance will be
governed by table Ill.
TABLE Ill. PM evaluation.
PM type

Less than 3 out of 5

Number within PM
specification limits

‘T”

I

Drop-in

Reject
I

I

I
I

I
I

I

Reject

Kerf

Reject

Each die

40.4 Lot acceptance.

I

Acceptance requirements are as defined in table IV.

I

TABLE IV. Wafer lot acceptance requirements.
Requirement

I

Condition

I

Acceptance

Line certified

MIL-PRF-38535
Appendix A

Control to specification

Lot traveler check Doints

MI L-PRF-38535
Appendix A

100 percent in specirication for lot ac&ptanc-e

Pfd test data

Every wafer

75 percent of wafers in
lot pass PM evaluation,
otherwise reject.

Wsual inspection

Eve~ wafer

Wafer by wafer

SEM inspection

MIL-STO-663
Method 2018

Methcd 2018 titeria

I
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40,5 Test results. When required by the applicable document, the following test results shall be made available for each
lot submitted for qualification or quafity conformance.
a.

Results of each test conducted

b.

Number of wafers rejected.

c.

Failure analysis data and failure mode of each rejected SEC and the associated mechanism for catastrophic
failures for each rejected device.

d,

Number of reworked wafers and reason for rework.

e.

Read and record data of PM electric parameter measurements.

I

initial and any resubmission.

40,6 Defective devices. Afl wafers that fail any test titeria shall be removed at the time of observation or immediately at
the conclusion of the test in which the failure was observed. On- rejected and verified as a failure, no wafer may be
retested for acceptance.
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METHOD 5011.4
EVALUATION ANO ACCEPTANCE PROCEDURES FOR POLYMERIC MATERIALS
1. m.
This method establishes the minimum inspection procedures and acceptance criteria for polymeric materials
used in microcircuit applications. These materials shall be cfassiried in two types as follows
a. Type I being electrically conductive.
b. Type H being electrically insulative.
1.1 me user may elect to supplement Quatity Conformance Inspection (QCI) test data or Qualification Testing data as a
substitute where applicable for user Certification Testing.
2. ADparatus. Suitable measurement equipment necessa~ to determine Mmplianwith the requirements of the
applicable acquisition document and other apparatus as required in the referenced test methods.
3. Procedures.
3.1 Material acquisition Suetification. The micoacircuit manufacturer shall prepare an acquisition specification describing
the detailed electrical, mechanical, chemical, and thermal requirements for the polymeric material to be acquired. The
requirements shall not be less than those imposed by this method, but may be increased to reflect the specific parameters
of a particular material or the requirements of a particular application.
3.2 Certificate of camdiance. The material supplier shall provide upon the users request a certificate of camptiance for
each polymeric material order. This certificate shall cnntain the actual test data for the auppliefs testing as prescribed in
this document.
3.3 Evaluation Droc-!?dures. Evaluation procedures for polymeric materials shall be performed as specified in 3.4.1
through 3.5.13 for the type of material being tested.
3.4 Properties of uncured materials.
3.4,1 ~.
The components of a polymeric material andlor system shall be examined in accnrdanm with table I and
3.8,1 and shall be uniform in insistency
and free of lumps or foreign matter when examined in film, liquid or other
acceptable form. Any filler shall remain uniformly dispem.ed and suspended during the required pot life (see 3.8.3). The
electrically conductive fillers used in type I materials shall be gold, silver, alloys of gold or silver, or other precious metals.
3.4.1.1 EnG3DSU!atinQCOmDOUndSEncapsulating compounds are Iiquidoua matWial and are to be tested in aCCOrdan=
with the requirements in Table 1.
3.4.1.2 Moldinq compounds. Molding campounds as used in microelectronic devices are normally solidous material and
are to be tested in accmdance with MIL-PRF-38535, Appendix H Tables H-16 and H-IIB.
3.4.2-.
The viswsity of paste materials shall be determined in accordance with 3.8.2. The viscasity, including an
acceptable range, shall be specified in the material acquisition document.
3.4.3 -.
The pot fife when required shall be determined in accordance with 3.8.3 and shall be a minimum of 1 hour.
The polymeric material shall be used within the pot life period after removal from the container, after mixing, or after thawing
to room temperature in the case of premixed frozen polymem.
3.4.4 Shelf life. The shelf life, defined as the time that the polymeric material continues to meet the requirements of this
speciria-ll
be determined in accordance with 3.8.4. This shelf life shall be a minimum of 12 months at 40”C or
below for one component system and a minimum of 12 months at mom temperature (32°C maximum) for two component
systems unless the supplier certifies for some other pericd of time. For class K devices, no polymeric material shall be used
after the expiration date. Materials in class H devices may be requalified once, with acquiring atilvity and qualifyhg activity
aPPrOVal. Encapsulant shall have a minimum shelf life of 6 months.
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TABLE 1. Requirements.
Test
or
mndWm

Test
Daragrapl

Mtefiats (3.4.1)

3.8,1

fismsity (3.4.2)

1.8,2

‘ot tife (3.4.3)

1,8.3

;helf fife (3.4.4)

1..9.4

rhennogravimetric
maiysis (3.5.2)

i.a.5

)utgassed
naterials (3.5.3)

J.8.6

onic impurities
(3.5.4)

3.8,7

sand strength
(3.5.5)

3,8,8

coefficient of
Iinearthermal
expandon
(3.5.6)
rhennal
canductiiity
(3.5.7)

3,8,9

talurm
resistiiity
(3,5.8)
Type I materials
Type II materials

3,8.11

dielectric
constant (3.5.9)

MI.12

dissipation
factor (3.5.10)

L8.13

;equential test
environment
(see 3.5.1 1)

).8.14

lensity (3.5.12)

J.8.15

Mechanical
integrity
(see 3.5.13)

L8.18

)perating
Hfetest
(see 3.5. 14)

J.8.17

Film 6/
ielectri&

>artitie

T-Wave

Encapsulating
ammwnd

3.8.10

Responsibility of the supplier at certification.
Responsibility of the supplier at acceptance.
Responsibly
of the user at certification.
Responsibility of the user and supplier at certification and acceptance.
Responsibility of thesupplier ataccepUance. Required at25"Ctest mndtion only(no Mghtempemture stomge
required).
Film dielectric are defined as polymeric materials that are used in film form to act as either interlayer dielectrics,
passivation layers, andlor circuit support films.
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3.5 Properties of cured Dolvmer materials.
3.5,1 Curinq of cmlvmer materials. The material must be capable of meeting the requirements of this document tien
cured according to the suppliefs instructions. The cure schedule for suppfier teSts shall be identical for all tests and shall be
reported. The cure schedule for the user tests shall be the minimum wre schedule plus, as a minimum, the pm-seal bake
specified in the usets assembly document and shall be reported. Deviation from the suppliers recommended cure schedule
will require verification by the user of the materials petiOrrnanCe.
3.5.2 Thermoqravimetric

analvsis (TGA1.

3.5,2.1 Thermal stabili~. The thermal stability of the cured material shall be determined in acxmdance m“th 3.8.5. Unless
otherwise noted, the weight loss at 200”C shall be less than or equal to 1.0 percent of the cured material weight. Equivalent
slandad, i.e., “ctassical analytical techniques” are amptable.
3.5.2.2 Filler ,wntent. Polymeric materials using a filler to promote properties SUCJas eletical
shall be tested m accordance with 3.8.5 to detenmine the inorganic filler content. For acceptane
cmtent shall not d!ffer from the filler content in the certified materials by mom than U percent.

and thermal conductivity
testing, the percent filler

3.5.3 Outaassed materials. Outgassing of the cured material shall be determined in accordance with 3.8.6. Outgassed
moisture, as determined in 3.6.6.1, shall be less than or equal to 5,000 ppmv (0.5 percent VN) for 3 packages (Ofailures) or
5 packages (1 failure). Other gaseous species present in quantities greater than or equal 10100 ppmv (0.01 percent VW
shall be reported in Ppmv or percent VN. The data obtained in 3.6.6.2 shall also be reported in the same manner but for
information only. The outgassing of the cured getter shall be determined in acwrdarwe with 3.6.6. The vapor content of the
package with getter shall not exceed 2000 ppmv afler 24 hours at 150”C and 3000 ppmv after 1000 hours at 15WC.
3.5.4 Ionic imrmrities. The ionic impurity content shall be determined in accordance with 3.6.7 and shall meet the
requirements
soecified
in table Il. Ionic content analvsis shall be in tridicate for certification and single anak.is for
—7—...
..——
acceptance testing. Failure at acceptanm shall req!k the passing of two additional samples.
TABLE Il. Ionic imwitv
Total ionic mntent
specific electrical cnnductan=)
Hydrogen (PH)
Chloride
.%dium

reaui=ments.

I~

4.50 millisiemenslmeter

I~

I 405pHsg0
200 ppm

I ‘50ppm
Potassium
Fkwide

I 550ppm
:50 ppm

Other ions prasent in quantities >5 ppm shall be reported in ppm
3.5.5 Bond strenqth. The bond strength of a polymeric material shall be determined in accordance with 3.6.6 at 25”C,
and 2YC afler 1,000 hours at 150”C. The bond strength shall meet as a minimum the 10X requirement specified in figure
20194 of method 2019 of MIL-STO-683 at each test condition. The manufacturer should test to shear or until twice the
minimum 1.OX shear force is reached.
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3.5,6 Coehicfent oflineartheanal
expansion. ~ewe%tient
oflinearthemal
expansion shall bedeteminedfmm~5"C
to150-C inacc-mdanc-ewith3 .6.9. rnewetitient
ofhnearthemal
expansion shall be*l O"hofthe value required in the
users material specification orpurchase order. TMsmquimment shall apply totiematerial
asitiswnfigured
foractual use.
This requirement shall not apply to gla&s suppofled polymeric films.
3.5,7 Thermal conductivity-. ~efiemal
rnnductivity shall bedetemined at121"C kYCinawtianw
tith3.8.lO.
The
thermal candutirvity shall be greater than or equal to 1.5 wattlmeter-K for type I polymers and greater than or equal to. 15
wattlmeter-K for type II polymers.
3.5.8 Volume resistivity. Thevolume resistiviV shall bedetemined inawtianwtith
3.8.ll. Thevolume msistivityof
conductive materials at 25”C, at 6WC, at 15~C, and at 2SC afier 1,000 hours at 15WC shall be less than or equal to 5.0
miUohm-meter forsilver-filled polyme= andless lhanor equal to 15.Omicrohm-meter forgold-filled polymers. The volume
resistivi~ ofinsulative materials shall begreater than orequalto O.l teraohm-meter at25”Cand greater than orequaltol.O
megohm-meter at 125”C.
3.5.9 Dielectric czmstant. rnetieletitic
anstantofinsulative
polymeticmaterials shall hedetemined
ina~rdanWtith
3.6.12 and shall be less than or equal to 6.0 at both 1 kHz and 1 MHz for this type of polymer but shall be less than or equal
to3,5atlkHzandl
MHz formateria!s used fordielectric layers.
3.5.10 Dissipation factor. Thedssipation fatiorofinsulative
polymem shall bedetemined
shall belessthan OrequaltOO.03atl
kHzandless than orequalto O.05atl MHz.

inawtianmw"th

3.8.l3and

3.5.11 Sequential test environment. rnepOlymeric material shall titisWnd exposure tothetestanditions
specified in
3.8.14. Afierexposu~
tothemmplete
sequen= ofenvironmental additions, thetest specimens shall show noeviden=of
mechanical degradation. Foradhesives themeasured bond strength ofmmponents shall meet asaminimumthel.OX
requirement specified on figure 20194 of method 2019 of MIL-STD-S83.
3.5.12 m.
rnedensity ofmicmwave or RFabsoting
materials shall betested inamtianUw"th
3.8.l5. The
acceptable value shall be that which is within *1O”A of the value required on the usets material specification or purchase
order,
3.5.13 Mechanical inteatity.

Patiidegener

integtiV shall bevetified

3.5.13.1 Getter intearitv (short tern). Wentested
PIND as defined in MIL-STD-663 methcd 2020.

inaaman=

afierdiffe~nt

tim3.8.14.1

leve!aofenvironmental
allsamples

stress.

shall passthecriteria

for

ina@fian@
ti~3.8.14.2
allsamples shall passthe criteria for PlND
3.5.13.2 Getter inteqritv( Ionq term\, ~entested
asdefined in MlL-STM83,
methti2020,
both initially andafler stomgeat l5WCforl,OOOhoum.
Thesalted particles shall
remain attached to the getter material in the original position with no attachment and reattachment when viewed at 30X to
60X magnification.
3.5.13.3 Getter inteqritv (vibrationl. ~entested
inaatianw
tith3.6.14.3
thesample shall pass PINDas definedin
MIL-STD-683, methti 2020, the salted paticles shall remain attached ta the getter material in (he originfd position, with no
detachment and re-attachment vdvsn viewed at 30X to 60X.
3.5.14 Operating life. Mentested
inaatianu
tith3.8.15, themmparison beWeeninitial andpost testeledrimldata
shall not indicate parametric shifts, which are unique to the test group captaining 9etier material.
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3.6 Responsibility fortestinq.
table I herein.

~omanufatiumr

anduserare

Esponsible forthepetioman~

ofalltests

asspetifledin

NOTE: The Government msewesthe tight topetiom anyofthe inspectio= set fotihin thesvcifi=tion
tiere
such inspections are deemed necessary to assure that suppfies and sewices conform to prescribed requirements.
3.6.1 TestequiDment andteStin9 faUlitieS. Testand measuring equipment andtesting facilities ofsu~cienta=uraq,
quality and quantity to permit performance of the required testing shall be established and maintained by the manufacturer
and user. Theestabtishment andmaintenanW ofawlibration
system to Wntmlthe aEumcyof themeasuring and test
equipment shall beinacmrdance
m”th ANSllNCSLZ540-1 orequivalent. Thesupplier anduser mayutilize a commercial
laboratory acceptable to the quafifyhg activity for performing the required certification and acceptance testing.
3.6.2 Testirm conditions. Unless othewise speti~ed herein, alltesting shall bepedomed
conditions speufied in the “general requirements” of the MI L-STO-683.
3.7 Classification oftestinq.
testing.

~etestrequi=ments

specified heRinare

lnamtianE

classified asmtifimtion

tiththe

test

testing andamPtanm

3.7.1 Certification testinq. Cetifimtion testing shall be Wtiomedonthe
initial lotofmaterial and foranymajortianges
tothematetial
the~afler and Wnsistofall
tests todetemine wnfomanW tithall requirements specified herein. To insure
that both the polymeric material and the processes employing the material are mntrolled, both the supplier and the user of
the material shall be responsible for performance of the tests as designated in table L
3.7.1.1 Sample size. ~enumberof
individual test methods,

samples to besubjected

3.7.1.2 -.
Failure ofanypolymeric
certfution
approval.

matetial tomeetthe

3.7.1.3 Retention of data. ~edtigenerated
foretifi=fion
recertification is performed, whichever is greater.
3.7.2 Accep!ancetestinq.
table 1.

AUptan@

tesbshall

toeachtesting

pmedure

testing requirements shall beausefor

shall be=tained

bepetiomed

shall beasspedfied

onea&lot

forapetiod

in the

refusal togrant

of5yeamoruntila

andshall wnsistoftes@

asspecifiedin

3.7.2,1 =.
Atestlot shall wnsistofall
polymeric material manufa~umd utierthesame
batch number, i.e., abatti
number identities those materials whose constituents can be traced to a single lot of raw materials.
3.7.2.2 .qamplesize. Thenumberof
individual test methods,
3.7.2,3 _.
the lot.

Failumofthe

sampleato besubjetied

samples tomeetthetesting

3.7.2.4 Retention of data. ~edatagenerated

toeachtesting

pro=duE

mquiremen@ ofaspedfic

foramptanW

3.8 Methods ofexamination andtest. ~efolloting
testcritetia
approved by the qualifying activity prior to material certification.

shall beasspetified

testshall

testing shall bemiained
andanalytiml

pmtowls

3.8.1 ~.
Thepolymetic mmponenb orsystem or bothshall reexamined
30X to ensure conformance with the requirements of 3.4.1.

foraperiti

bemuse

in the

forrejedanaf

of5yeaffi

shall bedocumentedand

visually ataminimum

magnifi=tionof
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3.8.2 =.
ffuidorpaste
testing.

~e-userand
materials. Thesupplier

supplier shall define amutually ampkble
method forveri~ng thevismsiwof
shall usethesame method inpetioming themquired Etiifimtion
andamptanW

3.8.3 -.
Thepammetem to beus&in
tiemeasuremenl
ofpothfe (e.g., visWsity &ange, stin*ver,
lossofbond
strength, etc.) aregenemlly material dependent. ~ematerial
supplier anduser shall seletithe pm=duretobe
usedin
establishing and testing the PO!fife.
3.8.4 Shelf life. Me=appti=ble,
3.4.4. A=mum,
thetestmethds

anunown&
wntainer ofmaterial shall &stored under thernntition
specified in
andmquimmenk
speufied intable lllshall beusedto estibhsh theshelfhfe.

TABLE Ill. Shelf Life Determination,

I

Pmpwty

Requirement

Test methcd

Appfidiordrnndition

Materials

3.4.1

3.0.1

All polymeric materials

Pot life

3.4.3

3.8.3

Adhesives; a Abaorbem;
Junction coating%
I Dielectrics

I

I

25-C Only
Volume resistivity

II

1/

3.5,8

Adesiw?s

3.8.11

To be determined for materials where elehcal

mnductivity

type 1,25-C

is a design parameter.

3.6,5 Thennoaravimetric analysis iTGA\. The thermal stability of the polymeric system and it’s filler cnntent (if any) shall
be determined by testing samples of the cured system (see 3.5.1) in nitrogen using suitable TGA equipment or in
accordance with ASTM D3850. Single point anaiyses are acceptable, however if the first sample fails, then two additional
analyses must be performed. The average value of the three samples must then meet or exceed the minimum
requirements.
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3.8,5.1 Thermal stabifity. The thermal stability of the polymeric material sha!l be determined by heating the specimens
fmm room temperature to not less than 21WC, at a heating rate between 10”Clminute and 2VC/minute, in a nitrogen
atmosphere with 20-30 milliliter/minute nitrogen flow. The weight loss at 200”C shall be determined.
3.8.5.2 Filler Wntent. The filler -ntent of polymeric materials using a filler to promote properties such as electrical or
thermal conductiwly shall be determined by heating the specimen fmm mom temperature to 600”C, at a heating rate
between lLYC/minute and 20”C/minute, in an air atmcsphem with 20-30 milliliiedminute air tlow. The temperature shall be
maintained at 601YC until cnnstanl weight is obtained. It is permitted to perform 3.6.5.1, followed by heating from 21OT to
600-C as detailed above. The filler content shall be repotied as weight percent of the cured specimen.
3.6.6 Outqassed materials. Ten test specimens shall be prepared using gold-or nickel-plated Kovar or ceramic
packages, (dielectric materials may be prepared using aluminum coated silicon as the substrate). (The use of “leadless”
packages is permitted to reduce moisture contributions due to package constructkan). The material shall be cured using the
minimum cure schedule and shall receive the minimum pre-seal bake apecitied in the assembly document(s) (see 3.5.1).
Afler a pre-seal bake, the packages shall be hermetically sealed. Only those packages that meet the fine and gross leak
test requirements of test method 1014 shall be submitted for moistum content analysis. If less than 10 test specimens
remain after hermetically feating, the failed packages shall be replaced by addkional hermetical packages processed and
tested in the same manner as the original group.
3.8,6.1 Testina for short term outaassino of moisture and other aaseous sveties. Five packages containing polymer
prepared in accordance with 3.8.6 shall be heated in accmdanm with MIL-sTD-663, method 1008,24 hours at 15WC. The
packages shall then be immediately (less than or equal to 5 minutes) inserted into the ambient gas analysis apparatus. The
packages shall be subjected to ambient gas analysis in accordance with MIL-STD-663, method 1016, procedure 1. In
addition to moisture, other gaseous species present in quantities greater than or equal to 100 ppmv (0.01 percent VN) shall
be reported in ppmv or percent VN.
All polymeric materials teeted shall have quantities of material equivalent in mass and exposed surface area to that of
the intended application. Gold plated Kovar tabs and alumina blanks may be used as facsimile devim elemente.
Several polymeric materials of different application may be tested in combination with each other in this test, however
their cambined moisture content shall not exceed 5,000 ppmv.
3.6.6.2 Testina for Ions term outaassinq of moisture and other qaseous species. Provided that the moisture requirement
of 3.5.3 has been met by packages tested in 3.6.6.1, the remaining five devices containing polymer from the group prepaned
in accordance with 3.6.6 shall be heated in accordance w“th MI L-STO-683, method 1008 for 1,000 hours at 150”C. The
packages shall then be immediately (less than or equal to 5 minutes) insetied into the ambient gas analysis apparatus. The
packages shall be subjected to ambient gas analysis in accordance with MIL-STD-663, method 1016, procedure 1. In
addition to moisture, other gaseous species present in quantities greater than or equal to 100 ppmv (0.01 percent VN) shall
be reported in ppmv or percent VN.
3.6.7 Ionic Immnitiea. A water-extract analysia shall be performed to detenmine the level of ionic contamination in the
cured polymeric material. The total ion content (specific electrical conductance) and the specific ionic content for the
hydrogen (pH), chloride, sodium, fluoride and potassium ions shall be measured. Other ions present in quantities >5 ppm
shall also be reported in ppm. The methods of analysis submitted in the following paragraphs are suggested techniques.
Alternate methods of analysis maybe selected where it can be shown that the techniques are equivalent and the method of
analysis is approved by the qualifying activity.
3.8.7.1 Sample prepamtion. Adequate material shall be cured to obtain 3 gram samples of polymer fob+ing grinding, for
final preparation. The material shall be cured on teflon or other inert surface in a forced draft oven. VMen possible the
cured specimen shall be removed from the curing substrate and ground to 60-100 mesh particles polymeric tilm samples
less than or equal to 0.025 cm thick shall be cured and cut into less than or equal to 0.25 cm’ samples; gels or low mcdulus
materials may be cast directly into the flat bottom of the sample flask for the extmcth.
Smaller sample sizes may be
selected where it can be shown that the accuracy of the test method has not changed.
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3.8.7.2 Extraction procedure. 3 grams (equivalent resin) of the ground or cut equivalent polymer shall be added to a
cleaned tarred, 250-ml flasks made of pyrex, or equivalent. The weight of the cured material in each flask shall be remrded
to the nearest milligram. 150.0 grams of deionized water with a measured specific ccmductance less than or equal to 0.1
millisiemenslmeter (specific resistivity greater than or equal to 1.0 megohm-centimeter) shall be added to the flask. A blank
shall be prepared by adding 150.0 grams of the deionized water and a boiling titp to a secand 250-ml flask. The flasks
shall be refluxed for 20 hours.
NOTE

1.0 mho = 1.0 siemens: 1.0 mhofcm = 100.0 siemenslmeter.

3.8.7.3 Measurement of ionic content.
3.8.7.3.1 Total ionic content. The total extractable ionic content shall be determined by measuring the specific electrical
conductance of the weter-extract samples and the blank using a conductivity meter with an immersion conductivity cell
having a cell constant of O.Ollceniimeter (altematiiely 0.1 cm’ to adjust for proper analysis of the solution). The total ionic
content, in millisiemenslmeter, shall be obtained by subtracting the specific conductance of the blank from the specific
conductance of the samples.
3.8.7.3.2 Hvdroqen ion content (PHI. The PH of the water extract shall be determined using a PH meter with a standard
mmbination electrode.
3.8.7.3.3 SDecifIc ion analvsis. Specific ion analysis of the water exlract shall be conducted using ion chromatography or
a demonstrated equivalent. The ion cnncenb’atione in the extract shall be converted to the sample extractable
concentrations by multiplying the ratio of the deionized water weight (W) to polymer sample weight (S): that is, by (W/S).
The chloride, sodium, fluoride and potassium ion levels and all other ions detected in quantities> 5 ppm shall be reported in
ppm.
3.8.e Bond Warmth. The bond strength of the polymeric material sha[l be determined in accordance with 3,8.8 .1,3.8.8.2
or 3.8.e.3 below. As a minimum, five elements shall be tested to failure at the following conditions:
a.

At 2~C.

b.

At 25T

after 1,000 hours at 150”C in an air or nitrogen ambient.

me average bond strength at each test condition shall be determined in kilograma (force).
3.8.e. 1 Bond strenqth. The bond strength shall be determined in accordance with method 2019 of
MIL-ST0583.
A gold-melalfized substrate or a gold- or nickel-plated package shall be used as the bonding surface for bond
strength testing.
3.8.8.1.1 Tvpe I materiala. Suppliem shall use 0.08 inch-square (0.2 centimeter-square)
3.e.8. 1.2 Tvpe II materials.

Suppliers shall use 0.08 inch-square (0.2 centimeter-square)

3.8.e.2 Bond strenath. The bond strength may be determined in acwrdane
method 2019.
3.8.8.3 Moldinq compounds or encmsulants.
MI L-STO-S83, test method 1034.
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3.8.9 Coefficient of linear thermal expansion. The coefitient of linear thermal expansion shall be deten’nined in
accordance with ASTM 03386 over the temperature range of-WC to 15CYC. The glass transition temperature, coefficients,
and tempemture ranges corresponding to different slopes of the curve shall be noted.
3.8.10 Thermal conductivity. The thermal conductivity, in watVmeter-K, shall be determined at 121“C *YC in accordance
with ASTM Cl 77 or ASTM C518.
NOTE. 1 ca!fcm-s-k = 416.4 W/m-K.
3.8.11 Volume resistivity.
3.6.11,1 Tvue I polvmers.
3.8.11.1.1 Paste materials. Test specimens shall be prepared using a standad 1 inch x 3 inch glass slide. A jig capable
of holding this sfide, with two stibed tines 100 mil apart and parallel to the length, shall be the guide for applying two stdps
of transparent tape. There shall be no wrinkles or bubbles in the tape. The slide shall be cleaned with almhol and air dried.
A drop of the type I material shall be placed between the two strips of tape. Using a single edge razor blade maintaining a
30” angle between the slide surface and the razor blade, the material shall be squeezed between the tape strips. The length
of the applied strip shall be at least 2.5 inches. The tape shall be removed, and the material shall be cured accnrding to
3.5.1. Afler cure, the test specimens shall be allowed to cool to mom temperature.
3.6.11.1.2 Film materials. Test specimens shall be prepared using a standati 1 inch x 3 inch glass slide. The slide shall
be cleaned vdth alcahol and air dried. A thin strip of the uncured film approximately 100 mil wide and at least 2.5 inches
Iongshall beplaced ontheglassslide.
The filmshall bewveEdtith
astripofwpper
foilor Teflon film andasewndl
inch x3inchglass
slide shall beplamd over the foil or Teflon film. Sufficient force (weight, clip, etc.), shall beappliedtolhe
assembly tommpress thematerial during cure. Thematerial shall becured accmdingto3.5.1.
ARercure, the test
specimen sha!lbe allwedto
woltoroom
tempemtum, andthetop shdeand foil or Teflon shall be=moved.
The exact
tidthand thickness ofeachpolymer stipshall bemeasuEd tiihaprecision
Wliperand miUometer mspedively. These
measurements, afler conversion to the appropriate units, shall be used to calculate the volume rasistivity using the formula
given in 3.6.11.1.3.
3.6.11.1.3 Resistance measurements. Resisting
measurementi sha!lbe made using amiltiohm meter inanjuntion
with aspecial four-point probe test fxture. (~sfixture
mnbemade
ofanaWtic
material tithfour spring-loadti wntads.
The contacts must be set into the acrylic so that the current contacts are 2 inches apart, the voltage contacts are between
the Wocumnt Wnti&,
andthevoltage wntatis aresepamted fmmeati
cumntmntati
by O.5inti.)
The four-point
probe fixture shall be placed on the strip of condutiie
polymer and contact between each probe and the material shall be
ensured. rnemeasumd
=sistan=
shall be~mtied
inohms, andtheresistiviQ shall bedetemined fmmthefollow"ng
formula

Where
P=

resistivity, ohm-m

R=

measured resistance, ohms

w.

width, (100 mil = 2.54 mm)

t=

thickness, (micrometer reading of the material plus glass side) minus (micrometer reading
of the glass slide)

1=

length between inner pair of probes, (1 inch= 25.4 mm)

A minimum of three specimens shall be tested at 25”C, at 6~C, at 150”C, and at 2SC after 1,000 hems at 150”C in an air
or nitrogen ambient. Thesame specimens may beusedfor each test.
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3.8.11.2 Tvpe II Dolvmer materials. Type II materials shall be tested in accordance with ASTM D257 at temperatures of
27C and 125”C.
3.8.12 Dielectric constant. Thedeledric
material speciWationi naccordan-withASTM
3.8.13 Dksivationfactor.
specification inaccordance

mnstant oftypell materials shall bedetemined asrequimd intheusefs
D150atfrequentiesof
1 kHz and 1 MHzat mom temperature.

~etissipation
fatioroftype
llmaterials shall bedetemined asrequired
with ASTM D150at frequencies of 1 kHz and 1 MHzat room temperature.

3.8.14 Sequential test environment.

Testing shall bepedomed

intheusefs

material

using either 3.8.14.1 or3.8.l4.2.

3.8.14.1 Seauentialt estenvironment.
Aminimum of five test specimens shall besubjetied tothe environmental
canditione specified below. Specimens shall bepepamd using thelaqest mmponenUsubstmtelpatige
mmMnations
representative ofend-use applications in baddng material, attacfsurfac=e, and size. Component types incfude resistor,
~patitor, integrated cixuit, andtisuete
semiwndutior elements. Twocomponents ofeachtype shall reattached to the
substrate tihtheadhesive
(Vpelor ll)proposed forusetith
that mmponent type. Thetest specimens shall be subjected
to the follow”ng environmental mndition$ in the sequence given:
a.

Tlermal shock (M IL-STO-683, method 1011, candition C, 15 cycles).

b.

Temperature cycling (MIL-STD4383, method 1010, condition C, 100 cycles).

c,

Mechanical shock (MIL-STO-S83, method 2002, condition B, Y1 only).

d.

Variable frequency vibration (MIL-STD-S83, melhcd 2007, condition A, YI only).

e.

Constant acceleration (MI L-STO-883, methcd 2001, rendition B, YI only).

3.8.14.2 Alternate sequential testinq. Alternatively, testing in accordance with Qualification Testing (QML sequences in
accordance with MIL-PRF.38534, using maximum basefine limits may be performed. The user is still required to satisfy the
requirements of 3.8,14.1 by completing the necessary supplemental testing, i.e., thermal shock and vibration.
Following the environmental exposures of 3.8.14.1 or 3.8.14.2, the test specimens shall be examined for possible
degradation in accordance with MI L-STO-BB3, method 2017. For adhesives, one of each type of component from each
sample shall be evaluated for die shear strength in accordance with MI L-STO-S83, methmt 2019 and shall meet the
strength requirements of figure 20194.
3.8.15 -.
The density of materials used as RF or mi-ve
absorbers shall be determine in accordance with
principles outfined in ASTM D1564, paragraphs 69-74. Those RF abaorbers that are foamed in-place are to be foamed,
cured, and cut to form the free standing material for thk amlysis.
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3.8.16 Mechanical intearity.
3.8.16.1 Getter inteqritv - short term. Samples shall be prepared using hermetically sealed packages representative of
the maximum size and type which will incorporate the use of getter material. These samples w’11contain only “salted
particles and getter material. The getter material shall be applied to the package in the location and approximate volume as
specified for a normal production part. The getter material coverage area shall be measured and recorded. The particles to
be salted shall consist of the following unless otherwise agreed upon by the user and the qualifying activity.
(1)

Solder balls

3-8 roils in diameter -2 pieces required

(2)

Aluminum ribbom Approximate dimensions of 2 mil thick by 5 mil wide by 10 roils long -1
required. A piece of aluminum w“re 2-8 roils in diameter may be substituted for the ribbon.

(3)

Gold wire: 1 mil diameter by 15-20 roils in length -1 piece required. Getter material
application and cure shall take place in the sequence normally followed for production parts.
The samples shall be processed through the same environmental conditioning steps as a
qualified production part. The samples shall be subjected to PIND test in accordance with
MIL-STD-883, method 2020, condition A or B, which shall be repeated three time for a total
of five cycfes to verify the integrity of the getter material. During all PIND testing the
samples shall be mounted on the tester such that the shock pulses integral with the test
shall be in the dhetilon mod fikely to dislodge the particfes fmm the getter material. A
minimum of three samples shall be evaluated and all shall pass the defined PIND criteria.

3.8,16.2 Getter inteqritv - Ionq ferm. All of the conditions and requirements of 3.6.16.1 apply, except that the samples
either newty prepared or as remived fmm the shorf term test, shall be stored at 150”C for 1,000 hours.
The samples shall then be subjected to mechanical shock in acwrdance with MIL-STD-S83, method 2002, condition B,
in the Y, direction. Following mechanical shock the samples shall be PIND tested as specified above.
Following PIND, the samples shall be delidded and a visual inspection shall be performed to verify the following:
a.

Determine if particles have separated from the getter material or have fallen into the package.

b.

Determine if getter coverage has spread or bled out.

c.

Check far any evfdence of peeling from inside andlor getter becoming separated from package.

3.8.16.3 _.
Samples shall be prepared as in 3.8.16.1 except that the lid shall be attached in such a manner that it
may be removed for visual inspection. After particle salting and immobilization as in 3.8.16.1, visual inspection shall be
done to verify entrapment of the salted particles. Location of the parlides in the getter material shall be recorded for future
reference.
The lid shall then be reattached to the package securely enough to tithstand the testing that follows. After PIND
testing in accordance with MIL-STO-B83, method 2020, the samples shall be subjected to vibration in accordance with
MI L-STO-S83, methcd 2007, condition A or B. At the end of this test, the hds shall be removed from the package by
whatever method is required. Location of the “salted patilcles in the getter material shall be noted and compared with
the location prior to vibration. Particles other than the original “salted” particles shall be ignored. A minimum of three
samples shall be eubmitted for evaluation and all shall pass the defined PIND criteria initially and after vibration.
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3,8.17 Operatina fife test. Ten electrically functioning samples shall be fabricated using hermetically sealed devices
which have been processed through the same steps as a normally qualified pmducthn Part as specified by the usefs
assembly drawing. If agreed upon by the user and the qualifying activity, standard evaluation circuits may be substituted.
AU the samples shall meet {he PIND test requirements in accordance with MIL-STD-883, method 2020, rendition A or B.
The samples shall be subjected to the hfe test in accordance with MIL-STD-E83, method 1005, condition A, for 1,000 hours
at 12VC. Electrical parameters shall be measured and retarded for the units initially and at the completion of the life test.
Data taken from the samples shall be reviewed for evidence of device degradation due to the presence of getter material.
NOTE: Qualification test data may be used to satisfy this requirement with qualifying afiky
.

approval.

3.9 Test deviation. Additional, reduced or alternate testing, as may be dictated by the uniqueness of particular materia!
and manufacturing constnmtion techniques can be requi~d or authorized by the qualifying activity provided the
manufacturer submits data to support lest deviation.
4. SUMMARY.

As a minimum, acquisition documents shall specify the following infonnatiom

a.

Title, number, and revision letter of acquisition specification.

b.

?Jze and number of containem required.

c.

Manufacturers

d.

Request for test data.

product designation.
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METHOO 5012.1
FAULT COVERAGE MEASUREMENT FOR DIGITAL MICROCIRCUITS
1. PURPOSE. This test procedure specifies the methods by which faull coverage is reported for a test program applied
to a m~herein
referred to as the device under test (DUT). This proc=dure describes requirements governing the
development of the logic model of the OUT, the assumed fault model and fault universe, fault classing, fauh simulation, and
fault coverage reporting. This procedure provides a consistent means of reporting fault coverage regardless of the specific
logic and fault simulator used. Three procedures for fault simulation are described in this procedure: Full fault simulation
and two fault sampfing procedures. The applicable acquisition document shall specify a minimum requied level of fault
coverage and, optionally, specify the procedure to be used to determine the fault coverage. A fault simulation report shall be
provided that states the fault coverage obtained, ae well as documenting assumptions, approximations, and procedures
used. Where any technique detailed in this procedu= is inapplicable to some aspect of the logic model, or inconsistent with
the funtibanality of the available fault simulator and simulation postprocessing tools, it is sufficient that the user of this
procedure employ an equivalent or Wmparable technique and note the discrepancy in the fault simulation report.
Microcircuits may be tested by nontraditional methods of control or observation, such as power supply current monitoring or
the addition of test points that are available by means of special test modes. Fault coverage based on such techniques shall
be considered valid if substantiating analysis or references are provided in the fault simulation report.
1.1 m.

Terms and abbreviations not defined elsewhere in the text of this test procedure are defined in this section.

a.

Automatic test eauioment lATE1. The apparatus with which the actual DUT will be Iested. ATE includes the
ability to apply a test vector sequen= (see 1.1l).

b.

Broadside application. A metfwd of applying a test vector sequence where input stimuli change only at the
beginn!ng of a simulation cycfe or ATE cycle and all changes on primary inputs of the OUT are assumed to be
simultaneous. Nonbroadside application occurs when test vectors are conditioned by additional timing information
such as delay (with respect to other primary inputs), retum-tc-zero, retum-tmne, and surround-by- complement.

c.

of a logic model caused by the existence of a logic fault. A
~.
An error at an observable primary output
hard detection is where an observable output value in the fault-free logic model is distinctly different from the
corresponti!ng output value in the faulty Iwic model. An example of a hard detection is where the fault-free l~ic
modef’s output value is O and the faulty Iqic model’s output value is 1, or where the fault-free logic moders output
value is 1 and the faulty Icgic modef’s output value is O. If the high-impedance state (Z) can be sensed by the
ATE, then a hard detection can involve the Z state as well. A potential detection is an error where the fault-free
output is O or 1 and the faulty output value is unknown {X), or Z if Z cannot be sensed by the ATE.

d.

Established test aloorithm. An algorithm, procedure, or test vector sequence, that when applied to a logic
component or logic partition has a known fault coverage or test effectiveness. This fault mverage or test
effectiveness is denoted herein as the established fault mverage or established test effectiveness for the
established test algorithm. For example, an established test algorithm for a RAM may be a published memory
test algorithm, such as GALPAT, that has been shown by experience to detect essentially all RAM failures and
therefors is assessed an established test effectiveness of 100 percent. An ALU maybe tested by meane of a
precamputed test vector sequence for which fault coverage has been previously determined. More than one
established test algorithm may exist for a logic component or logic Partition, each w“th a different established fault
coverage or test effectiveness.
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e.

Failure hierarchw Failura mechanism, DhWiCd failure, Ioqical fault, error. The failure hierarc$y relates physical
defects and their causes to fault simulators and observable effects. A failure mechanism is the actual cause of
physical failurw an example is electmmigration of aluminum in a microcircuit. A physical failure (or simply failure)
is the actual physical defect caused by a failure mechanism; an example is an open metal fine. A logical fault (or
simply faull) is a logical abstracOon of the immediate effect of a failure: an example is “stuck- at-one” behavior of a
logic gate input in the presence of an open metal line. An error is a differenu between the behavior of a fault-free
and faulty OUT at one or more observable primary outputs of the DUT.

f.

Fault coveraae. For a logic model of a DUT, a fault universe for the logic model of the DUT, and a given test
vector sequence, fault coverage is the fraction obtained by dividing the number of faults contained in the fault
universe that are detected by the test vector sequenc9 by the total number of faults Contained in the fault
universe. Fault coverage is also stated as a percentage. In this test procedure, fault coverage is understood to be
based on the detectable fault equivalence classas (see 3.3). Rounding of fault coverage fractions or percentages
shall be “towad zero,” not “to nearest.” For example, if 9,499 faults are detected out of 10,000 faults simulated,
the fault coverage is 94.99 percent if this value is to be rounded to two significant digits, the rasult shall be
reported as 94 percmt, not 95 percent.

9.

Loqic fine, node. Logic tines are the connections between components in a logic model, through which logic
signals flow. Logic lines are the idealized “wires” in a logic model. A set of connected logic lines ia a node.

h.

Lwic Combinational and Seauenfial. Combinational digital l~ic mntains only components that do not possess
memory, and in wfich there are no feedback paths. Sequential digital logic contains at least one component that
contains memory, or at least one feedbacA path, or both. For example, a iliF-tloP is a component that mntains
memory, and cross-couplad logic gates introduce feedback patha.

i.

-.
A logic modeling convention representing a model contained within another model. A macro boundary
does not necessarily imply the existen= of a physical boundaw in the logic model. A main model is a logic model
that is not cantained within a larger mudel. Macros may be nasted (that is, a macro may mntain submacros).

i.

Primary inputs. mimarv outPuts. Primary inputs to a logic model represent the logic lines of a DUT that are driven
by the ATEs drivers and thus are directly controllable test points. Primary outputs from a logic model represent
the logic lines of the DUT that are sensed by the ATEs comparators and thus are directly obsemable test points.
me inputs to the “main model” of the logic model of the DUT are the primary inputs, and the outpuis from the
main model are the primary outputs. Internal nodes that can be driven or sensed by means of special test mcdes
shall be mnsidered to be control or observation test points.

k,

Test effectiveness. A measure similar to fault cnverage, but used in fieu of fault coverage in cases where physical
failures cannot be modeled accurately as logical faults. For example, many f7AM and PfA failures cannot be
idealized conveniently in the same way as gate-level failuras. However, established test algorithms may be used
to detect essentially all likely physical failures in such structures.

1.

Test vector sequence. The (ordered) sequenm of stimuti (applied to a logic model of a DUTI or
stimulusfresponse values (applied to, and compared for, the actual DUT by the ATE).

m.

Undetectable and detectable faults. An undetectable fault Is defined herein as a logical fault for With no test
vector sequence exists that can cause at least one hard detection or potential detection (see 1.It). Otherwise
(that is, same test vector sequence exists that causrs at least one hard detection, or potential detection, or both),
the fault is defined herein to be a detectable fault (see 3.3.3).
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2. APPARATUS.
2.1 Loqic simulator. Implementation of thk test procedure requires the use of a facility capable of simulating the behavior
of fault-free digital logic in response to a test vector sequen~ this capability is herein referred to as logic simulation.
In order to simulate sequential digital logic, the simulator must support simulation of a minimum of four logic states zero (0).
one (1), high-impedance (Z), and unknown (X). In order to simulate combinational digital logic only, the simulator must
support simulation of a minimum of two logic state% O and 1.
At the ?sati of logic simulation of a logic model of a DUT containing sequential logic, the state of every logic line and
component containing memory shall be X any other initial condition, including explicit inifiafization of any line or memory
element to O or 1, shall be documented and justified in the fault simulation report.
In order to simulate wired connections or bus structures, the simulator must be capable of resolving signal conflicts
introduced by such structures. Otherwise, modefing workarounds shall be permitted to eliminate such structures from the
logic model (see 3.1.2).
In order to simulate sequential digital logic, the simulator must support event- directed simulation.
logic components must be supp0rt8d.

As a minimum, unitdelay

Simulation of combinational-only Icgic, or simulation of sequential Iogfc in special cases (such as combinational logic
extracted from a scannable sequential logic mcdel) can be based on noneventdhected simulation, such as Ievelized,
zem-de!ay, or compiled-mde methods. The fauii simulation report shall desuibe why the selected methcd is equivalent to
the more general event-directed method.
2.2 Fault simulator. In addition to the capability to simulate the fault-free digital logic, the capability is also required to
simulate the effect of single, permanent, stuck-at-zero and stuck-at-one faults on the behavior of the Iogiq this capability is
herein referred to as fault simulation. Fault simulation shall reflect the limitations of the target ATE (see 3.4.1). It is not
ne=ssav
that the fault simula~or dkectly support the requirements of this test procedure in the areas of hard versus
potential detections, fault universe eelection, and fault classing. However, the capability must exist, at least indirectly, to
report fault coverage in accordance with thh procedure. Where approximations arise (for example, where fault classing
compensates for a different method of fault universe selection) such differences shall be documented in the fault simulation
report, and it shall be shown that the approximations do not increase the fault coverage obtained.
3. PROCEOURE.
3, t Loqic model.
3.1.1 Level of modelinq. The OUT shall be descdbed in terms of a logic model camposed of components and
connections between components. Primary inputs to the logic model are assumed to be outputs of an imaginary component
(representing the ATEs drivers), and primmy outputs of the logic model are assumed to be inputs to an imaginary
component (representing the ATEs rnmparatom). Some logic simulatom require that the ATE drivers and camparatom be
modeled explicitly; however, these components shall not be considered to be part of the logic model of the OUT.
3.1.2 Loqic lines and nodes (see 1.lq). All fan-out from a node in a logic model is ideal, that is, fan-out branches
associated with a node emanate from a single point driven by a fan-out origin. All fan-in to a node in a Iagic model is ideak
that is, multiple fan-in branches in a ncde drive a single fine. Figure 1 shows a node that includes fan-in branches, a fan-out
origin, and fan-out branches. Because fan-in and fan-out generally are not ideal in actual circuit layout, the actual topology
of the circuit should be mcdeled, if it is known, by appropriately adding single-input noninvefiing buffers to the logic model.
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Modeling warkarounds maybe used to etimina!e fan-in to a node. This may be required if the simulator does not directly
model wired connections or bus structures. Some Simulatom may permit internal fan-in, but require that bidkactional pins to
a DUT be mcdeled as separate input and output fUnCtiOnS.
3.1.3 G-10QiCand B-10qiCPaIiitiOns. Simple .aJmpOnentSof the logic model (logic primitiiea such as AND, OR, NAND,
NOR, XOR, buffers or fliF-flop? generally the indivisible primitives underakmd by a simulator) are herein referred to as gate
logic (G-logic). Complex components of the lWic model (such as RAM, ROM, or PLA primitive components, and behavioral
models - relatively complex functions that are treated as ‘“black boxes” far the purpose of fault simulation) are referred to
herein as block logic (&logic).
For the purpose of fault simulation, the logic model shall be divided into nonoverfapping logic partition% however, the entire
logic model may consist of a single logic partition. The Icgic paflitions contain components and their associated fine%
although lines may span partitions, no component is contained in mora than one partition. A G-logic partition contains only
G-logiq any other logic partition is a B-logic partition.
A Icgic pwtition consisting of G-logic, or B-logic, or G-logic and @-lcgic that, as a unit, is testable using an established
testing algorithm, with known fault coverage or test effectiveness, maybe treated as a single B-logic patition.
3.1.4 Model hierarchy. The logic model may be hierarchical (that is, consisting of macm building blocks), or flat (that is, a
single level of hierarchy with no macro building blocks). Hierarchy does not impose stmcturea on lines for example, there is
no implied fan-out origin at a macm input or ou~ut. Macros thal correspond to physical parthions in a model shall use
additional buffem (or an equivalent method) to enforcx adherence to the actual OUTS fan-out.
3.1.5 Fractions of transistoffi. The fraction of transistor comprising each G-logic and B-1ogic parlition, with respect to the
total count of transisto= in the DUT, shall be determined or closely estimated the total sum of the transistor fractions shall
equal 1. Where the actual transistor counts me not available, estimates may be made on the basis of gate counts or
microcircuit area the assumption and calculations supporting such estimates shall be documented in the fault simulation
report. The transistor fractions shall be used in order to weight the fault coverage measured for each individual logic
partition (see 3.5).
3.2 Fault mcdel.
3.2.1 m.
The fault model for G-lwic shall be permanent stuck-at-zero and stuck-at-ane faults on logic fines. Only
single stuck-at faults are considered in calculating fault coverage.
3.2.2 -.
No explicit fault model is assumed for B-lcgic components. However, an established test algorithm shall
be applied to each &logic component or logic pmlition, If a B-logic partition contains logic lines or G-logic components, or
both, justification shall be provided in the fault simulation report as to how the established test algorithm that is appfied to the
B-logic partition detects faults associated with the logic lines and G-logic components.
3.2.2.1 Built-in self-test. A special case of B-logic is a parlition that includes a Knear-feedback shift register (LFSR) that
performs signature analysis for compression of output error data. Table I lists penalty values for different LFSR degrees. If
the LFSR implements a primitive GF(2) polynomial of degree “k”, where there is at least one flipflop stage between inputs to
a multiple-input LFSR, then the following procedure shall be used in order to determine a lower bound on the established
fault coverage of the l~ic partitiorr
Step 1: Excluding the LFSR, but including any stimulus generation logic considered to be parl of the logic partition,
determine the fault coverage of the bgic partition by fault simulation without signature analysis denote this fault
coverage by C.
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Step Z Reference table 1. For a given degree ‘%” obtain the penalty value “P”. The established fault mverage of the
Ingic partition using a LFSR of degree “k” shall be reported as (1-P)C. That is, a penalty of (IOOP) percent is incurred
in assessing the effectiveness of signatura analysis if the actual effectiveness is not determined.
3.3 Fault universe selection and fault equivalence Cfassinq. Fault caverage shall be reported in terms of equivalence
classes of the detectable faults. This section destibes the selection of the initial fault universe, the partitioning or collapsing
of the initial fault universe into fault equivalence CJasses, and the removal of undetectable faults in order to form the
detectable fault universe. These three stages constitute the fault simulation reporting requirement% however, it is generally
more efficient to obtain the set of faults that rapresent the fault equivalen= cfasaes directly without expficit~y generating the
initial fault universe.
3.3.1 Initial fault universe. The initial fault universe shall consist of single, permanent, stuck-at-zero and stuck-atae
faults on every logic line (not simply on every logic ncde) in the G-logic partitions of the logic model. A bus, which is a node
with multiple driving fines, shall be considered, for the purpose of fault universe generation, to be a multiple-input,
single-output l~ic gate. The initial fault universe shall include stuck-at-zero and stuck-at-one faults on each fan-in and
fan-out branch and the fan-out origin of the bus (see figure 1).
The fault universe does not explicitly contain any faults within B-logic partitions. However, all faults assotialed with inputs
and outputs of B-logic components either are contained in a G-logic partition or shall ba shown to be considered by
established test algorithm that ma applied to the &logic partitions.
No faults shall be added or removed by considering or not considering logic mcdel hierarchy. No extra faults shall be
associated with any primary input or output line, mawo input or output line, or Iwic line that spans logic partkions where the
logic partitions do not correspond to a physical boundaw. No mora than one stuck-at-zero and one stuck-at+ne fault per
logic line shall be mntained in the initial fault universe.
3.3,2 Fault eauivalenca Classes. The initiil fault universe shall be partitioned or WIlaps.ed into fault equivalence cfasses
for reporting purposes. The fault equivalence classes shall be chosen such that all faults in a fault equivalence class cause
apparently identical erroneous behavior with respect to the obsewable outputs of the Icgic model. One fault from each fault
equivalence class shall be selected to represent the fault cfass for reporting purposes these faults shall be called the
representative faults.
For the purpose of implementing this test procedure it is suficient to apply simple rules to identify structurallydependent
equivalence cfasses. An acceptable method for selecting the representative faults for the initial fault universe consists of
listing all single, permanent, stuck-at faults as specified in table Il. Any other fau!t equivalencing procedura used shall be
documented in the fault simulation report. If a bus ncde exhibits wired-AND or wirad-OR behavior in the applicable circuit
technology. then faults associated with that bus shall be collapsed in accordance with the AND or OR fault equivalencing
rules, respectively. Othe~”se, no collapsing of faults associated w“th a bus shall be performed.
3.3,3 Detectable fault universe. Fault coverage shall be based on the detectable fault universe. Undetectable faults shall
be permittad to be dropped from the set of reprasen!ative fault.3 the remaining set of represenb3tive faults comprises the
detectable fault universe. In order for a fault to be dedared as undetectable, documentation shall be provided in the fault
simulation report as to why there does not exist any test vector sequence capable of guaranteeing that the fault will cause
an error at an observable primary output (see 1.Ire.). Any fault not documented in the fault simulation report as being
undetectable shall be mnsidered detectable for the purpose of calculating fault coverage.
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3.4 Fault simulation.
3.4,1 Automatic test equiument timitations. Fault coverage reported for the Iagic model of a DUT shall reflect the
limitations of the target ATE. Two common cases are:
a,

Fault detection during fault simulation shall occur only at times where the ATE will be capable of sensing the
primary outputs of the DUT there must be a one-tc-one correspondence between simulator compares and ATE
compares. For example, if fault coverage for a test vector sequence is obtahed using broadside fault simulation
(where fault detection occurs after every change of input stimuli, incfuding doch signals), then it is not correct to
claim the same fault coverage on the ATE if the test vectors are reformatted into cyctes where a clock signal is
pulsed during each cycle and compares occur only at the end of each cycle.

b.

lfthe ATE-nnot
sense the Zoutput state (either d~tilyorby
multiple passea), then therepofied fault mvemge
shall notinclude detedions involving the Zstate. That is, anoutput value of Zshallbe considered to be
equivalent to an output value of X.
Any differences in format or timing of the test vector sequence, between that used by the fault simulator and that
applied by the ATE, shall be documented in the fault simulation report and it shall be shown that fadt coverage
atileved on the ATE is not lower than the reported fault coverage.

3.4.2 =.
3.4.2.1 Hard detections andrmtemtidd etedions.
Fault wverage for G-logic shall indudeonly
detections. Potential deletions shall not bewnsidemd ti~tily in~!culating the fault avemge.
detectkans of a fault shall imply that the fault would be detected.

faults detetiedby hati
Nonumber of potential

Somepotential deteti!ons =nbewnvetied
intohati deletions forthepuvose
ofmlculating fault wvemge. Ifitcanbe
shown that a fault is only potentially detected by fault simulation but is in fact detectable by the ATE by a difference not
involving an X value, then upon documenting those conditions in the fault simulation report that fault shall be considered to
be detected as a hard detection and the fault mverage shall be adjusted accordingly.
Faults associated with three-etate buffer enable signal tines can cause X states to occur on nodes with fan-in branches, or
emoneous ZstatSto
oEuronthee-state
primaVoutputs that may beuntestable on some ATE. These faults may then be
detectable onlyaspotential
deletions, butmaybe unmnvetible intohatidetetions.
Insuchcases, itis permissible for
the fault simulation report to state separately the fraction of the undetected faults that are due to such faults.
3.4,2.2 Fault simulation Drceedums. ~epmfemd
method of fault simulation for G-logic istosimu!ate theeffetiofeach
representative fault inthe G-logic, Howver, this maynotbe pmtimlin
some =sesdue lothelaqe
number of
rep=sentitive
faults, or beWuseof imitations of thelWic mtielsor
simulation tools. Insuchcasee fault sampfing
procedures maybe used. Men fault sampling isused, either thea~uisition
document shall speciVthemethMof
obtaining amndom Smpleof faultier the faul!simulation mpodshall describe themethti
used. Ineithercaae, the
complete random sample of faults shall be obtained before beginning the fault simulation procedure involving a random
sample of faults.
Use of any fault simulation procedure other than fault simulation procedure 1 (see 3.4.2.2.1) shall be documented and
justified in the fault simulation report.
In this section, it is assumed that the representative faults declared to be undetectable have been removed from the set of
faults to be simulated.
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3.4.2.2.1 Fault simulation DrOcedure 1. Simulate each represerdative fault in a G-logic partition. The procedure used
shall be equivalent to the following
Step 1: Denote by “n” the total number of representative faulta in the G-logic partition.
Step 2: Fault simulate each representative fault. Denote by “d” the number of hard detections.
Step 3 Fault coverage for the Glogic partition is given by din.
3.4.2.2.2 Fault simulation omcedure 2. Obtain lower bound on actual fault coverage in a G-logic Partition using fixed
sample size (see table III). The procedure used shall be equivalent to the following
Step 1: Select a value for the penalty parameter “r (r = 0.01 to 0.05). The corresponding value of “n” in table [11is the
size of the random sample of representative faults.
Step 2. Fault simulate each of the “n” representative faults. Denote by “d the number of hard detections.
Step 3 The lower bound on the fault coverage is given by “’dIn-r.
3.4.2.2.3 Fault simulation omcedure 3. Acceptfreject lower bound on fault coverage in a G-logic partition using fixed
sample size (see table IV). The procedure used shall be equivalent to the following:
Step 1: Denote by ‘“P the minimum required value for fault average.
sample size, denoted by “n”.

From table IV obtain the minimum required

Step 2 Fault-simulate each of the “n” representative faults, and denote by “d” the number of hard detections.
Step 3 If “d is less than “n” (that is, any faults are undetected), then mnclude that the fault coverage is less than “F.”
Othenviae (that is, all sampled faults are detected), conclude that the fault coverage is greater than or equal to “F”.
3.4.3 =.
Fault coverage shall be measurad indirectly for each B-1ogic partition. For a given B-logic partition, the
established fault mverage or test effectiveness shall be reported for that B-logic partition only if it is shown that (a) the test
vector sequence appfied to the DUT applies the established test algorithm to the B-logic partkion, and (b) the resulting
m“tical output values fmm the B-logic partition are made observable at the primary outputs. Othervdse, the fault coverage
for that B-logic partition shall be reported as O percent. For each &logic partition tested in this way, the established test
atgorithm, proof of iis successful application, and the established fault coverage or test effectiveness shall be documented in
the fault simulation report.
3.5 Fault covers.ae calculation. Let “m” denote the number of l~ic partitions in the logic model for the DUT. For the iti
logic partition, let ‘“FT denote its fault coverage (measumd in accordance w“th 3.4), and let ‘T? denote its transistor fraction
(measured in accordance with 3. 1.5). The fault average “F for the logic model for the DUT shall be calculated as

F=

F,T* + FIT? + .

+Fm Tm

If fault simulation procedura 1 is performed for each G-logic partition in the logic model of a DUT, then the fault coverage for
the logic model of a DUT shall be reported as
“F of all detectable equivalence classes of single, permanent, stuck-at-zero and stuck-at-one faults on the Ibgic lines of
the logic model as measured by MIL-STD- 883, test method 5012.”
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If fault simulation procedure 2 or 3 is performed for any G-logic partition, then the fault coverage for the logic model of a
DUT shall be reported as
‘“No less than F of all detectable equivalent? cfasses of single, permanent, Stuck-at-zero and stuck-at-one faults on the
logic lines of the logic model, with 95 percant confidence, as measured by MIL-STO-S83, test method 5012:
The confidence level of 95 percent shall be identified if any fault simulation procedure other than pro=dure
for any G-lcgic partition.
4. SUMMARY.

1 was performed

The following details shall be specified in the applicable acquisition document

a.

Minimum requirad level of fault coverage and method of obtaining fault caverage.

b.

If a fault sampling method is permitted, guidance on selection of the random sample of faults.

c.

Guidelines, restrictions, or requirements for test algorithms for S-Logic typas.

The fault simulation report shall provide
a.

Statement of the overall fault coverage. If there are undetectable faults due to three-state enable signal tines,
then, optionally, fault coverage based on those potential detections maybe reporled separately.

b.

Description of logic patiltions.

c.

Description of test algorithms applied to B-1ogic. For each S-lc9ic partition tested in this way the established test
algorithm, proof of iks successful applidion, and desm”ption of its established fault coverage or test effectiveness
(including classes of faults detected) shall ba documented.

d.

Justification for any initial candition, other than X, for any logic line or memory element.

e.

Justification for any approximations used, including estimates of fault coverages, transistor fractkms, and counts
of undetectable faults.

f.

Description of any fault equivalerwing procadure used in tieu of the procedure defined by table II

g,

Justification for declaring any fault to be undetectable

h.

In the event that the tast vector sequenca is formatted differently between the ATE and the fault simulator,
justification that fault coverage achieved on the ATE is not lower than the reported fault coverage.

i.

Justification of the use of fault simulation procedure 2 or 3 rather than fault simulation procedure 1.

i.

When fault sampling ie used, desuiption

k.

In the event that the fault simulation procedure used is not obviously equivalent to fault simulation procadure 1,2,
or 3, justification as to why it yields equivalent results.

1.

In the event that a test technique or design-for-testability approach is used that provides additional control or
observation test points beyond those provided by the DUTS primary inputs and primary outputs (see 1.lj),
justification that the stated fault coverage is valid.
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FIGURE 1. Node consist;nq of fan-in branches. a fan-out on’qin, and fan-out branches

TABLE L Penaltq values, P, for LFSR siqnature analvzers implementing Drimitive Polynomial of dearee k.

IKIP

w
TABLE Il. Representative faults for the fault equivalence classes.
Type of logic tine in I@ic model
Every input of multiple-input AND or NAND gates
Every input of multiple-input OR or NOR gates
Every Input of multrple-mput components
that are not AND, OR, NAND, or NOR gates
Every logic fine that is a fan.out origin
Every logic line that is a primary output

r
Note “s-a~

is stuck-at-zero and “s-a-1” is stuck-at-one.
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TABLE Ill. Sample sizes used to obtain lower bound on fault coverale usinq fault simulation Procedure 2.

I

‘1”

E__E_

NOTE “n” is the minimum sample size required for a chosen penalty “t’.

TABLE IV. Sample sizes used to acceptfreiect lower bound on fault ccweraae usinq fault simulation procedure 3
F

F
50.0%
55.0%
60.0%
65.0%
70.0%
75.0%
76.0%
77.0%
76.0%
79.0%
60.0%
61.0%
62.0%
83,0%
s-lo%
65.0%
66.0%
67.0%
66.0%
69.0%
90.0%
91.0%
92.0%
93.0%
94.0%
95.0%
96.0%
97.0%
96,0%
99.O”A

5
6
6
7
9
11
11
12
13
13
14
15
16
17
16
19
20
22
24
26
29
32
36
42
49
59
74
99
149
299

87.1%
89.1%
69. 1%
90.6%
92.6%
93.9%
93.9%
94.4%
94.8%
94.8%
95.2%
95.5%
95.6%
96.0%
96.2%
96,4%
96.6%
96.9%
97.2%
97.4%
97.6%
97.9%
96.1%
96.4%
96.6%
96,6%
99.1%
99.3%
99.5%
99,6%

NOTE: For a given minimum required fault coverage “F” simulate “n” faults. If all faults are detected, then conclude that the
actual fault coverage is greater than or equal to “F’. Otherwise, conclude that the actual Fault coverage is less than “F? The
column labeled”~
$hovm the actual fault coverage that hae a 50 percent probability of acceptance.
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METHOD 5013
WAFER FABRICATION CONTROL AND WAFER ACCEPTANCE
PROCEDURES FOR PROCESSED GaAs WAFERS
1. PURPOSE. This method specifies wafer fabrication control and wafer acceptanm requirements for GaAs monolithic
micm-application
in class level B or class level S miwodrcuits. It shall be used in conjunction with other
documents such as MIL-PRF-38535, MIL-PRF-38534 and an applicable device Specification or drawing to establish the
design, material, performance, cantrol, and documentation requirements.
2. APPARATUS. The apparatus requim?d for this test method includes metal!uwical microscopes capable of up to 1,000X
magnification, a scanning eleclron microscope (SEMI, electrical test equipment suitable for the measurement of process
monitor (PM) test structures and other apparatus as required to determine con fomwnce to the requirements of this test
method.
3. PROCEDURE. The procedures defined herein specify the wafer fabrication controls and wafer acceptance tests
necessary for the production of GaAs wafers campliant to the requirements of thk test method.
3.1 Precedence?. Unless othew”se specified in the device specification or drawing, the test requirements and conditions
shall b-erein.
3.2 Wafer fabrication line controls.
3.2.1 Process basefine. The use of this test method is restricted to a well characterized (controlled) and basefined
process. By “characterized” it is meant that the fabrication line has been adequately documented in relation to the
capabilities of the process. “Baselined refers to the existence of a well defined process parameter target value with
associated variances (based on characterization data) against which the actual wafer to wBfef process data is measured to
determine acceptability. The manufacturer shall submit process basefine documentation as specified herein to the acquiring
aclivity for approval.
3.2.2 Statistical process control. The manufacture.m shall have implemented statistical process control (SPC) for the
wafer fabrication fine in acmrdance with the requi=ments of EIA-557-A.
3.2.2.1 Alternate visual inspection DrO~dUre for class level B microcircuits. A sample plan for visual inspection in
accmdance with 3.1 of test method 2010 may be implemented in fieu of 100 percent visual inspection for Pmc==ssea
controlled by the SPC program. The sample size for inspection shall be identified in the baseline process documentation.
3.2.3 Inrnmina material evaluation. Incaming material evaluation shall be performed as documented in the process
baseline to assure compatibility with wafer fabrication specifications and manufacturing procedures.
3.2,4 Electrostatic dischame sensitivity.
wafer fabrication area.

The manufacturer shall develop and implement an ESD control program for the

3.2.5 Failure anslvsis. Wlen required by the applicable device specification or drawing, failure analysis shall be
performed on wafers rejected at in-process or a.xeptance testing.
3.3 Wafer acceptanm tests.
3.3.1 -.
This wafer lot acceptance procedure is based on wafer visual inspection and electrical testing of suitable
process momtors (PMs), see table 1. The performance of each wafer shall be evaluated individually. Process monitor
measurements, verifyhg that the identified baseline par’ametem an? wfthin process limits, will be raquired from each wafer
lot in accordance with 3.3.2 herein.
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3.3.1.1 Process monitor (PM). A process monitor (PM) is a collection of test structures which provide data for the
purposes of process control and determining wafer acceptability. PMs maybe either stepped into every wafer in dedimted
drop-in locations, incorporated into kerf locations, located on each die, or mmbinations of these, such that they can be
probed at the rnndusion of processing up to and including final front-side metallization and passivation (glassivation) where
applicable. PM structures, tests and acceptance limits shall be recorded in the baseline document, A suggested list is
shown in table 1.
3.3.2 PM evaluation. Wafer acceptance will be made on a wafar by wafer basis upon the information derived from PM
room temperature testing, ti!ch may be performed at any time during the manufacturing cycfe. If drop-in PMs are utilized
each wafer shall have a sufficient number of PMs stepped in the center of eati of the quadrants to aasure the integrity of
the wafer acceptance procedure and the baseline SPC program. For kerf PMs and for PMs on individual die, the probed
PMs shall be located in the center of the wafer and in each of the quadrants. Quadrant PMs shall lie at Ieaat one-half of the
distancs to the wafer edge away fmm the wafer center.
3.3.3 WsuallSEM inspection. Inspection via visual microscopy or SEM shall be performed at critical process steps during
wafer fabrication. When the process flow includes substrate via processing, the backside features shall be visually
inspected to the criteria specified in test method 2010. Inspection may include patterns, alignment verniers, and critical
dimension measurements
Defective wafers shall be removed from the lot for sc$ap or for rework. Inspection operations,
sampling plans and acceptan= m“teria shall be documented in the process base fine.
3.3.4 Test results. When required by the device specification or drawing or for qualification, the following test results
shall be ~able
for each wafer lot submitted
a.

Results of each test cnnducted

initial and any resubmissions.

b.

Number of wafers acceptetirejected

c.

Number of reworked wafers and reason for rework

d.

Measurements and records of the data for all specified PM electrical parametem.

per lot.

3.3.5 Defective wafers All wafers that feil any test titeria shall be removed at the time of observation or immediately at
the conclusion of the test in whkh the failure was observed. Rejected wafers may be subjected to approved rework
operations as detailed in the baseline document. Once rejected and verified aa an unreworkable failure, no wafer may be
retested for acceptance. Rejected wafers processed in accmdanca with approved rework procedures shall be resubmitted
to all applicable inspections at the point of rejection and must be found acceptable prior to continuing proceeding.
3.3.6 Element evaluation. When specified, upon completion of wafer acceptance based on the baseline SPC program
and PM measurement results, 100 percent static/RF testing at 25°C shall be performed on each individual die. Failures
shall be identified and removed from the lot tien the die ara separated fmm the wafer.
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TABLE I Test structures for use in a PM.
I

1.

I N-hanneltra"sistom

I

3.

I Sheet resistance.

formeas.ringtransistorparametem

I

4.

E-mode transistor parametem.

5.

O-mode transistor parametem.

6.

Isolation.

I 8.

I

I

I

Stepcoveraw.
Alignment verniers.

9.

Line width,

10.
I
11.

I

12.

D@le parameters.

I

I

&i*gaing.

I 13.

I Doping Profile structure.

I 14.

I FATFET.

I
I

15.

Thin film resistor characteristics,

16,

Capacitance value measurements.
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