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FOREWORD

To ensure the required high quality of parts used in the
desi gns of space and | aunch vehicles, stringent in-process
controls are inposed and a conprehensive test programis
conducted on the conpleted parts. A key ingredient of the test
programis the assessnment of part | ot guality based on the
destructive exam nation of sanples randomy selected from each
production lot. The destructive physical analysis (DPA) is used
to inspect and verify the internal design, materials,
construction, and workmanship of the part. It can also be used
to nonitor processes, for failure analysis, or to suggest
coréective actions. The information derived fromthe DPA may be
used:

a. To preclude installation of parts having patent or
| atent defects;

b. To aid in dispositioning parts that exhibit
anomal i es;

C. To aid in defining inprovement changes in design
materials, or processes;

d. To evaluate supplier production trends.
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SECTION 1
SCCOPE

1.1 PURPOSE

This standard describes the general requirenents for
performane of destructive physical analysis (DPA) on sanples of
parts. In addition to the requirenents for the analysis
procedures, the general criteria for interpreting results, such
as for the acceptance or rejection of associated production
lots, is included for typical electronic, electronmagnetic, and
el ectronechani cal parts.

1.2 APPLI CATI ON OF THE STANDARD

This standard is intended to be referenced in detailed part
specifications, or in other docunments where DPA requirenents are
i nposed, to assure that the practices, procedures, and criteria
contained herein are uniformy applied. The requirenments are
i ntended to provide the general framework and basis for detailed
DPA procedures for specific part types.
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SECTION 2
REFERENCED DOCUMENTS

2.1 GOVERNMENT DOCUMENTS

~The follow ng documents, of the issue in effect on the date
of invitation for bids or request for proposal, forma part of
this standard to the extent specified herein.

SPECI FI CATI ONS

Mlitary
M L-C 20

M L-T-27

ML-C 123

M L- C- 3098

M L-R-6106

M L-S-8805

M L-H 10056
M L- C- 14409
M L-F-15733

M L-S- 19500

Capacitor, Fixed, Ceramic D electric
(Tenperature Conpensating), Established and
Non-established Reliability, General
Specification for

Transforners and Inductors, Ceneral
Specification for

C%pacitors, Fi xed, Ceramic Dielectric
(Tenperature Stable and General Purpose),
H gh Reliability, General Specification for

?rystal Unit, Quartz, General Specification
or

Rel ays, El ectromagnetic Elncluding
Establ i shed Reliability (ER) Types), GCeneral
Specification for

Switches and Switch Assenblies, Sensitive and
Push (Snap Action), Ceneral Specification for

Hol der (Enclosures) Crystal, Ceneral
Specification for

Capacitors, Variable (Piston Type, Tubul ar
Tri nmer)

Filter and Capacitors, Radi o Frequency
Interference, General Specification for

Mlitary Specification. Seni conductor
Devices, Ceneral Specification for



M L-C- 19978

M L-T-21038

M L-C- 23269

M L-T-23648

M L-S-24236

M L-H- 28719
M L- F- 28861

M L- M 38510

M L- G 38999

M L- C- 39001

M L- G 39003

M L- R-39005

M L-C- 39006

M L- R- 39007
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Capacitor, Fixed, Plastic (or Paper Plastic),
Dielectric (Hernetically Sealed, in Metal,
Ceramic, or @ ass CasesR Establ i shed and
Non-est abli shed Reliability, GCeneral
Specification for

Transformer Pul se, Low Power, GCeneral
Specification for

Capacitor, Fixed, Gass Dielectric,
Established Reliability, General
Specification for

Therm stor (Thernal Ig Sensitive Resistor)
I nsul ated, General Specification for

Switches, Thernostatic, (Metalljic and
Binetallic), General Specification for

Header, Hernetically Sealed

Filters and Capacitors, Radio
Frequency/ El ectronagnetic |Interference
Suppression, Ceneral Specification for

Mcrocircuits, General Specification for

Connector, Electrical, Grcular, Mniature,
Hi gh Density, Quick Disconnect (Bayonet,
Threaded, and Breach Coupling), Environment
Resi stant, Renobvable Crinp and Hernetic

Sol der Contacts, General Specification for

Capacitor, Fixed Mca Dielectric, Established
Reliability, General Specification for

Capacitor, Fixed, Electrolytic (Solid
El ectrolyte), Tantalum Established
Reliability, General Specification for

Resi stors, Fixed, Wrewound (Accurate),
Established Reliability, GCeneral
Specification for

Capacitors, Fixed, Electrolytic (Nonsolid
Electrolyte), Tantalum Establish
Reliability, General Specification for

Resistors, Fixed, Wrewound (Power Type),
Established Reliability, General
Specification for

4



M L- R-39008

M L- R-39009

M L-C- 39010

M L-C 39012

M L-C 39014

M L- R-39015

M L- R-39016

M L- R-39017

M L- G 39029

M L- R- 39035

M L- R- 55182

M L- G 55302

M L- R- 55342

M L- C- 55681
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Resistor, Fixed, Conposition (Insulated)
Established Reliability, GCeneral
Specification for

Resistor, Fixed Wrewound (Power Type,
Chassis Munted), Established Reliability,
Ceneral Specification for

Coi |, Fixed, Radio Frequency, Ml ded,
Established Reliability, ner al
Specification for

Connector, Coaxial, Radio Frequency, General
Specification for

Capacitor, Fixed, Ceranmic Dielectric (Ceneral
Purpose), Established Reliability General
Specification for

Resistor, Variable, Wrewund, (Lead Screw
Actuated) Established Reliability General
Specification for

Rel ays El ectromagnetic, Established
Reliability, General Specification for

Resistors, Fixed Film (Insulated),
Established Reliability, General
Specification for

Contact, Electrical Connector, General
Specification for

Resistors, Variable, Nonw rewound,
ééﬁ\dj ustnment Type), Established Reliability,
neral Specification for

Resistors, Fixed, Film Established
Reliability, General Specification for

Connector, Printed Circuit Subassenbly and
Accessories, General Specification for

Resistors, Fixed, Film Chip, Established
Reliability, General Specification for

Capacitor, Chips, Miltiple Layer, Fixed
Encapsul ated, Ceranic Dielectric, Established
Reliability, General Specification for
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M L- W 81044 Wre, Electric, Crosslinked Polyalkene,
Crosslinked Al kane-imde Polyner, or
Pol yaryl ene Insul ated, Copper or Copper
Al oy, General Specifications for

M L-W 81381 Wre, Electric, Polyimde-Insulated, Copper
and Copper Alloy, Ceneral Specification for

M L- R- 83401 Resistors, Networks, Fixed, Film Copper or
Copper Alloy, Ceneral Specification for

M L—C- 83421 Capacitor, Fixed, Supernetallized, Plastic
Film D electric, (DC, AC, or DC and AC).
Hermetically Sealed in Metal Cases, ER
Ceneral Specification for

M L- C- 83500 Capacitors, Fixed, Electrolytic (Non-Solid
El ectrol yte), Tantalum Anode and Cathode,
Style CRL, Ceneral Specification for

M L- C- 87164 Capacitor, Fixed, Mca Delectric, Hgh

fRe lability, Style CM5, General Specification
or

M L-C 87217 Capacitors, Fixed, Supernetallized Plastic
FilmD electric, Direct Current for Low
Energy, Hi gh I|npedance Applications,
Hermetically Sealed in Mtal Cases,
Established Reliability, General
Specification for

STANDARDS
Eederal
FED- STD- H28 Screw Thread Standard for Federal Services

FED- STD- 209 Federal Standard Clean Room and Wrk Station
Requi rements, Controlled Environnent

QRS- 571 Solder, Tin Alloy: Tin-Lead and Lead Alloys

Mlitary

M L- STD- 202 Mlitary Standard. Test Methods for
El ectronic and Electrical Conponent Parts

M L- STD- 750 Mlitary Standard. Test Methods for
Sem conduct or Devi ces
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M L- STD- 883 Test Methods and Procedures for
M croel ectronics

M L- STD- 981 Desi gn, Manufacturing, and Quality Standards
for Custom El ectromagnetic Devices for Space
Appl i cations

M L- STD- 1285 Marking of Electric and Electronic Parts

HER
NATI ONAL BUREAU OF STANDARDS
NBS Speci al Notes on SEM Exami nation of
Publ i cati on 400-35 M croel ectroni ¢ Devi ces

Copi es of specifications, standards, draw ngs, and publications
requi red by contractors In connection with specific procurement
functions shoul d be obtained fromthe procuring activity or as

directed by the contracting officer

2.2 ORDER OF PRECEDENCE

In the event of a conflict between the text of this standard
and the references cited herein, the text of this standard shall
take precedence. However, nothing in this standard shall
supersede applicable laws and regul ati ons unless a specific
exenption has been obtai ned.
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SECTION 3
DEFI NI TI ONS

3.1 CONTRACTING OFFI CER

A contracting officer is a person with the authority to
enter into, admnister, or termnate contracts and naeke related
determ nations and findings. The termincludes authorized
representatives of the contracting officer acting within the
I;Pjts of their authority as del egated by the contracting
of ficer.

3.2 DEFECT

~ A defect is any nonconfornmance from specified requirenents
which affects form fit, or function

3.3 DESTRUCTIVE PHYS|ICAL ANALYSIS (DPA

A destructive physical analysis (DPA) is a systematic,
| ogical, detailed exam nation of parts during various stages of
physi cal disassenbh%, conducted on a sanple of conpleted parts
froma given |ot, erein parts are examned for a wide variety
of design, workmanship, and processing problens that may not
show up during normal screening tests. The purpose of these
analyses is to determne those lots of parts, delivered by a
vendor, which have anomalies or defects such that the¥ coul d, at
sonme | ater date, cause a degradation or catastrophic failure of
a system

3.4 LOI- RELATED DEFECT

Alot-related defect is an anonmaly attributable to a
variance in the design, manufacturing, test, or inspection
process that is repetitive throughout a production |ot.

3.5 PRODUCTION LOT (ELECTRONI C PARTS).

A production lot is a group of parts defined by the part
specification or drawing, and identified with a |lot date code.

3.6 SCREENABLE DEFECT.

A screenable defect is one for which an effective,
nondestructive screening test or inspection can be reasonably
devel oped and applied to elimnate wth confidence the
nonconformng itens fromthe |ot.
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SECTION 4
GENERAL REQUI REMENTS

4.1 SAWPLE SIZE

4.1.1 DPA for a Lot Confornmance Test. \Wen a destructive
physi cal anal ysis (DPA? Is conducted to verify lot conformance of a
Bartlcular production |l ot of parts, the m nimum sanple size shal

e two (22 gercent or five 5§ units, whichever is larger, to a
maxi mum of 30 units per production l[ot, except variable capacitors,
variable resistors, conplex mcrocircuits, and crystals where a
m ni mum of one (1) percent or two (2) devices, whichever is |arger,
to a maxi num of 10 units, shall be analyzed. |In the case of high-
cost parts or parts wth very limted availability, a reduced
sanpl e size may be inposed wth the approval of the Parts,
Materials, and Processes Control Board or other designated
representative of the procurln% activity. The DPA shall be
performed by an agency other than the manufacturer of the part.

4.1.1.1 DPA Sanple Criteria. Units in the DPA sanple nmay
ei ther be randomy selected or selected as nost revealing based
upon sone characteristic known to be associated with certain
problens for that part type.

4.1.1.2 Parallel tests \Wen a DPAis not conducted to
verify lot conformance, but for some other reason, the various
units in a DPA sanple need not follow the same test sequence.
Different tests may be performed on different units in a paralle
test sequence to save tine or to allow greater flexibility in test
procedures. \Wen a parallel test sequence is used for a particular
part type, additional DPA units may be required above the maxi num
nunber specified to assure that all tests and inspections are
conpl et ed.

4.1.1.3 conbined Sanples Conmbi ned DPA sanples are
acceptable for simlar items manufactured using the sanme |ots of
materials, the sane processes, and the same controls, if they have
the same | ot date code and vary only in sone |imted
characteristics. Exanples are resistors with different resistance
val ues or capacitors wth different capacitance values. Pprjor
approval fromthe procuring activity is required when using
combi ned sanpl es.

4.1.1.4 UWilization of Rejects Electrical reject devices
froma production ot may be used as DPA sanples provided that the
devices were only rejected due to out-of-tol erance paraneters.
These devices may consist of parts rejected during previous
screening inspections.

11
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4.1.2 Qher. \Wen a DPAis not being conducted as a Lot
Conf ormance Test but for some other purpose, a sanple is
selected that is appropriate for the purpose. A daily or weekly
DPA sanple of a single unit nay be adeguate If the DPAis
| ooking for long term in-process trends in worknmanship,
contam nation, strength, or performance. Conversely, a DPA
sanpl e every hour mght be required for bonding control or for
other critical process nonitoring. \Wen a DPAis used to
determ ne the cause of a part fallure, the single sanple that
failed may be all that is available.

4,.1.3 Resanpling. [ f equipnment failures, procedura
errors, or other events independent of the parts thenselves
resulted in the initial DPA sanple being inconclusive, a second
DPA sanple may be selected. However, the original sanples shal
be retained for review by appropriate agencies. The resanple
sanpl e size naK be determ ned on the basis of any partia
results fromthe initial sanple, and the type of defects that
are being investigated.

4.2 DPA PROCEDURES

DPAs shal|l be conducted in accordance w th documented

?rocedures_p(epared for the specific part. The DPA procedures
or a specific part shall be based on the requirenments stated in
this standard, the part procurenent specification, and the
configuration information for that part provided by the
particular manufacturer. The critical test sequences and
possi bl e test branches to allow parallel testing shall be
Indicated in the procedures. Al sanples shall be serialized
and all pre-DPA test data shall be recorded for reference at
post-DPA evaluation. As a mninum the procedure shall include
applicable instructions for initial external inspections,

el ectrical tests, radiography, disassenbly, sanple preparation,
m croscope or scanning electron mcroscope (SEM exam nations,
and data recording. Al DPA shall be done in a clean area. The
procedure shall contain a baseline drawi ng or sketch and, where
practicable, a photograph of the part for conparison. The
procedure shall indicate the pass-fail criteria applicable to
that part type. The procedure shall include a checklist,
generally simlar to the exanple shown in Figure 4-1 to be used
In recording attributes data. All defects during DPA

exam nation shall be photographed. A data sheet generally
simlar to the exanple shown Iin Figure 4-2 shall be included to
be used in recording electrical or other variables data.

4.2.1 Baseline Sketch. The general configuration of the
device that is to be exam ned is shown on the baseline sketch or
drawing. This sketch or draw ng should include critical
di mensions, locations of constituent parts, and a list of the

12
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DPA CHECK SHEET

DPA NO
FI XED SOLI D TANTALUM ELECTROLYTE
CAPACI TOR SHEET NO.
Part Type Suppl i er P/ N
Date Started Lot/ Date Code
Sanmpl e No.
SepPaI No.

EXTERNAL EXAM NATI ON RESULTS SAFACTCRY?

TERM NAL STRENGTH TEST results satisfact.?

SEAL TEST results satisfactory?

Slug alignment satisfactory?

Solder and welds satisfactory?

Cathode lead firmly attached?

Loose particles in void area?

COWMMENTS :

Anal yst :

Super vi sor:

Dat e

Figure 4-1. Sanpl e DPA Check Sheet, Fixed Solid
Tantal um El ectrol yti ¢ Capacitor

13
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| |
Date Start Date Corrp_1 TEST Page No.

Speci men Descrip: Mgr: Date Code Proj. # | Test QOper.

Ceneral Test Description: Request or: Engr. :

Cond.
Per
Fi xt .

Uni t
No.

Figure 4-2. Sanple DPA Test Data Sheet

14
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pertinent materials and processes. Adequate baseline draw ngs
may be obtained fromthe part manufacturer, produced as the
result of a configuration analysis, or nade fromthe first
received lot. The baseline sketch shall be used as a conparison
standard during the disassenbly process. Typical draw ngs of
basel i ne sketches are shown in Section 5.

4.2.2 DPA Data Records Each DPA shall be assigned a
uni que nunber for identification purposes. Al markings on each
part shall be recorded. Measurenents shall be made and data
recorded to substantiate the DPA findings in accordance with the
apPIicabIe DPA procedures. Each data page and item shal
reference the assigned DPA nunber. The DPA data records woul d
typically include:

a. Qutline of DPA procedure used;

b. The DPA Summary Sheet (Figure 4-3);

C. The DPA Check List (Figure 4-1);

d. The DPA Data Sheets (Figure 4-2);

e. Original x-rays, Nrays, and photographs,
individually serialized and referenced, as
required,;

f. Ot her data or analysis results which support
findings.

4.2.3 Test and Inspection Methods Test and inspection
met hods shall be consistent with the requirenents of the
applicable part specification or drawing. \Wen test and
i nspection methods other than those specified in the part
specification or draw ng are used, they shall be selected from
or Pase& on ML-STD-202, M L-STD-750, or M L-STD-883, where
appl i cabl e.

4.2.3.1 External Visual. Record all markings on each
part, check for configuration conpliance, and inspect for any
external defects that may affect reliability in accordance wth
the detailed requirements for each applicable section

4.2.4 Evaluation Criteria. Criteria for evaluation of
DPA variables and attributes data shall be defined in the
applicable DPA procedure for the particular part. The criteria
shall be based on the requirenents of the detailed part
specification or drawing or on other aﬁplicable basel i ne
docunmentation. Defects described on the DPA Summary Sheets
shall reference the criteria used to establish the defects.

15
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DPA SUWARY SHEET
DPA Report No.

Conponent Type P/'N SIN
Suppl i er P.O No.

Lot/ Dat e Code Qy. Procured Sanple Size
Speci fication No.

RESULTS OF ANALYSI S Test Activity Analyst

DPA Fi ndi ngs:

Reconmendat i ons:

Test Activity Dat e
Responsi bl e Engi neer
DI SPOSI TI ONN
Contains a Defect: Yes ._No
Recommend Use: Yes . No

Overall Comments

Test Activity Quality Dat e Contractor Dat e
Assurance Representative Techni cal Designate

Figure 4-3. Sanple DPA Summary Sheet

16
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Each defect shall be described and photoPraphed for inclusion in
the DPA report. The resolution of anomalies shall also be

annotated I n the report.
4.3 RALOGRAPHY .

X-ray or N-ray exam nation shall be required, as dictated by
devi ce/ package technologr, before delidding to exam ne cavity
devi ces for |oose particles and to determ ne internal
clearances. It is also useful as an aid in locating delidding
and sectioning cuts and to nondestructively investigate
suspected defects. Wien X-ray or N-ray radi ographs are included
as part of the DPA, suitable image quality indicators shall be
used on each radi ograph.

4.4  DISASSEMBLY AND SAMPLE PREPARATI ON

Assure that all DPA requirenents that cannot be satisfied
after disassenbly are satisfied prior to the start of
di sassenbly, for exanple, neasurenents of entrapped water vapor
or volatile contamnants within cavity devices. In all cases,
care shall be exercised during disassenbly and sanple
preparation to prevent damage that would introduce anonalies or
the generation of contam nation that would nask valid DPA data
for the device being examned. The follow ng requirenents are
appl i cabl e where appropriate:

4.4.1 Delidding Delidding shall be as described in the
detailed requirement section for the specific part type. An
exanple of a delidding tool is shown in Figure 4-4. In all
i nstances, when openi ng devices for DPA, all reasonable
precautions shall be taken to avoid introducing fluid or
particulate contam nation into the device or damaging its
Internal structure. Al delidding shall be perforned under
| am nar flow bench or clean room environments. During and after
delidding all portions of a device shall be identifiable with
the parent device. Sanples that have been delidded shall be
stored in a clean, nmoisture-free environment such as a nitrogen
purged dry box or desiccator prior to potting and sectioning.

4.4.2 Section Sanpl es Techniques simlar to those

used to prepare sectioned netallurgical and m neral ogi ca
speci mens for optical exam nation are generally applicable to
the preparation of DPA sanples. The device to be examned is
first potted in a suitable | ow shrinkage, roomtenperature
resin. The resin is advisable to renove bubbles prior to

curing. It is then cut or rough ground to the desired section
pl ane, followed by fine grinding, polishing, and sonetines
etching to bring out the necessary detail. The process by which

sanpl es are nmounted, sectioned, and polished can readily induce

17
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Figure 4-4. Exanple of Flat-pack Delidding Vise
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high stresses in the materials. Such stresses can, and often
do, result in damage which mght be interpreted as product
defects, but which never existed in the undisturbed specinmen.
This is particularly true for brittle materials wth relatively
| ow mechanical strength such as ceramc dielectric materials

As an aid to those involved in Destructive Physical Analysis,
El A standard RS-469 describes abnormalities resulting from
faulty sanple preparation for ceramc capacitors. This sane
information may be useful for other device types.

4.4.3 Scanning Electron Mcroscopy (SEM Sanples
Transi stor and integrated circuit chips shall be prepared for
SEM exam nation in accordance with Method 2018 of M L- STD-883.
Addi tional guidelines are provided in NBS Special Publication
400-35. Oher types of parts shall be prepared for SEM by using
standard | aboratory techniques for mounting and coating, taking
care that anomalies are not introduced by the process.

4.5 PHOTOGRAPHS,

A m ni mum of two photonmacrographs are normally required to
docunment baseline characteristics of an opened part prior to
performance of further destructive tests. These shall be
suppl emented w th ot her photomacrographs or photom crographs as
required to record observed defects or anomalies. M croscopy
techni ques such as color, dark field, phase contrast, and
interference contrasts shall be used as necessary to enhance
i mage clarity. \Wen scann|n? el ectron mcroscope exam nation
(SEM is perforned, an overall view of the die, a photograph of
the worst case oxide steg, and awﬁhotograph of the worst case
metal lization shall be obtained ere applicable. Each
phot ograph shall be | abeled or otherwise identified with the
appl i cabl e DPA nunber, part type, part serial nunber, part |ot
date code, accelerating voltage, tilt, and the nagnification
used. Results of SEM energy dispersive spectronetric analysis
shall also be supplied when appropriate.

4.6 RETENTION OF SAMPLES

Al'l DPA sanples, original photographs, and related paperwork
shall be identified and stored in a nondegradi ng environnent for
a mnimm of twelve (12) years, or programlife plus three (3)
years, whichever is longer, and shall be available to the
procuring activity for independent exam nation

19
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SECTION 5
DETAI LED REQUI REMENTS FOR CAPACI TORS

This section describes detailed requirenents for a destructive
physi cal anal ysis (DPA) of connnnly used capacitors. These
requirenents supplenment the general requirenents in Section 4.
Exanpl es of typical configuration sketches are included.
Specification nunbers are referenced to assist in identification.
Pre-DPA tests, such as functional tests and solderability tests,
are assuned to have been satisfied by normal inspection and
testing and are therefore not addressed.

5.1 CAPACITORS, FIXED CERAMC (ML-C-20. ML-C 123, & M1-C-39014).

A t%pical radi al | eaded device is shown in Figure 5-1 and

Figure 5-2, and a typical axial |eaded device is shown in
Fi gure 5-3.
5.1.1 Method.
5.1.1.1 External Visual. Visually inspect each part for
physical size and at 20X m ni rum magni fication for cracks,
pi nholes, or chips in the case material. Inspect the |eads for

evi dence of physical damage (cuts, nicks, crushing, or exposure
of the base nmetal not allowed by the specification).

5.1.1.2 Termnal Strength Performa lead pull strength

test on all parts (two parts mninunm) in accordance with the
appl i cabl e specification.

5.1.1.3 Renoval of Encapsulatio. Strip plastic coating
or case from encapsul ated varieties. Chem cal solvents or
plasma etch specified in ElA-469 are recommended.

5.1.1.4 Capacitor or Elenent Visual. Examne |ead
attachnent for evidence of inadequate sol dering, or cracked or
cold solder joints in accordance with ElA-469. Verify use of
hi gh tenperature solder, SN1O or equival ent, through scanning
el ectron m croscope (SENL energy dispersive spectronetric
analysis, differential thermal analysis, thermal gal vanonmetric
anal ysis, or other equivalent nmeans of verification. Exam ne
capacitor elenent for cracks, chips, delam nations, and exposed
el ectrodes at 50x mninum magnification. Hgh reliability,
Cass S, radial |ead epoxy case capacitors shall have a
rectangul ar cross section for the lead wire attachment.
Established reliability mlitary specification radial |ead epoxy
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| TEM | TEM NAME MATERIALS QF  CONSTRUCTI ON
1 Lead Wre ég\ aé PI_ %gged\“ C&%Rf?r
| emperature A'l g
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Figure 5-1. Typical Radial Leaded Ceram c Capacitor
Mol ded Case
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| TEM NAMEt R
LU;N Lead Wre -Plafed Ni¢ eT or |
0l der- Coated Cop
2, 5 | der H gh- Tenperature
ctric . Proprietary Cera end
nd Termnation asng |0{ lC}) s0 ndoy)-
Conf ornml Coat ncapsul ating H|a
Metal  Electroqde Proprietary
8 Weafor Lea
re Attachnent

Figure 5-2. Typical Radial Leaded Ceram c Capacitor
Epoxy Case
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| TEM 1 TEM NAME OF _CONSTRUCTI ON
1 Lead Wre g Pl at ed |c e| or

2, 6 IFer . (ég’g E[re 6'etrea e Yg
2 @O ctric . Proprie a f Yend
8erermnat|on leer t 0 0y)-
5 En (t} e[gEg} ate ect rodep05| t Met al
i y Encapsul ating Media
8 l\/btal Else((ftmde roprietary

Figure 5-3. Typical Axial Leaded Ceram c Capacitor
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case capacitors shall have either a rectangular cross section or

a semcircular cutaway (fromdrilling) for the lead wire
attachnent .
5.1.1.5 Sectioned Sanple Preparation. Parts shall be

cl eaned, nounted, and polished in accordance with EI A 469.

5.1.1.6 Mcroscopic Exanination The sectioned and
pol i shed sanples shall be exam ned mcroscopically at 50X
m ni mum magni fication in accordance with ElA-469.

5.1.2 Data Records DPA findings that deviate from the
specification configuration or other requirenents shall be
docunented as defects. DPA findings shall be docunented in a
format equivalent to that given in ElA-469.

5.1.3 Evaluation Criteria Wien the DPA is being
conducted as a Lot Conformance Test, the associated production
ot shall be rejected if one or nore of the DPA sanples does not
nmeet any of the mcroscopic examnation and the capacitor
el ement visual requirenments specified herein.

5.2 CAPACITORS, FIXED, CERAMC CHP (ML-C 123 & ML-C-55681)

7

The configuration of these capacitors is simlar to the
radi al |eaded capacitor illustrated in Figure 5-1 except that
they are not enclosed in plastic and do not have | eads.

5.2.1 Method.

5.2.1.1 External Vi sual Visually inspect each part at
20X m ni mum magni fi cation for chips, cracks, solder or
netal lization splatter or smnear, exposed electrodes, end
term nation netallization configuration, warpage, and physical
di mensi ons. It is reconmended that parts also be examned wth
a fluorescent penetrant that meets the requirenents of
M L-1-25135, Goup VI, for fine cracks and other surface defects
not resolvable at 50X magnification. A suitable part—cleaning
procedure nust also be devel oped and used with any penetrant
exam nation to ensure that a harnful residue is not left on part
sur f aces.

~5.2.1.2 Sanple Premaration Parts shall be cleaned,
oriented, nounted, and polished in accordance with ElA-469.

0 5.2.1.3 Mcroscopic Examnation. The sectioned and
pol i shed sanples shall be exam ned microscopically at 50x
m ni mum magni fication in accordance with ElA-469.
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5.2.2 Data Records PA findings that deviate from the
specified configuration or other requirenents shall be
documented as defects on a formsimlar to that given in El A 469

5.2.3 Evaluation Criteria. Wen the DPA is being
conducted as a Lot Conformance Test, the associated production
lot shall be rejected if one or nore of the DPA sanples does not

geet_any of the mcroscopic exam nation requirenents specified
erein.

5,3 CAPACITOR FIXFED MCA (ML-C 87164 & M L-CG-39001)

A typical fixed mca capacitor is illustrated in Figure
5-41 ML-GC 87164 capacitors have soldered foil-to-clanp
connecti ons.

5.3.1 Method.

5.3.1.1 External Visual. Visually inspect each part at
20x m ni mum magni fication in accordance wth applicable
procurement specification to exam ne |eads, markings,
di mensi ons, and case

5.3.1.2 Terminal Strength Conduct termnal strength

test (pull test only) on all sanples in accordance with the
applicabl e procurenent specification.

5.3.1.3 Chenmical Rempval of Encapsulation. Chemically
strip the encapsulation from one-half of the sanples.

5.3.1.4 Capacitor Elenent Visual. Examine decapsulated
sanpl es at 20X m ni num magni fication for configuration
conpl i ance, uniforni&y of stacking, |ead attachment, clanp,
sol der coverage, hand cracked or cold sol der connections.
Di sassenble units to permt evaluation of stacking workmanship
intrusion of inpregnant into clanp contact area? and cracks on
the mca plates.

.3.1.5 Secti oned Sanple Preparation. Cast remaining
hal f of sanples in clear epoxy and cross section in a plane

perFenchuIar to the |ead plane to permt evaluation of the
dielectric stacking, lead-to-clanp or foil-to-clanmp connections,

and the degree of inpregnant intrusion.

5.3.2 Data Records. DPA findings that deviate from the
specified configuration or other requirenents shall be
docunented as defects.

5.3.3 Evaluation Criteria. Wth nmica capacitors,
particular attention should be given to ascertaining that the
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Figure 5-4. Typical Mca Capacitor (CMR style)
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devices are solidly and uniformy constructed and that the end
cl anps nmake good netal lurgical contact with the el ectrode

foils. Mcroscopic exam nation shall be perfornmed at 20X

m ni num magni fication. \Wen the DPA is being conducted as a Lot
Conf or mance Test, the associated production [ot shall be
rejected if one or nore of the DPA sanple parts exhibit any of
the follow ng defects:

a. Failure to neet external visual requirenents or
configuration requirenents.

b. Excessive voids, thin spots, or cracks in the
dielectric.

C. I nadequat e stack clanping.

d. Excessive intrusion of inpregnant into the foil/
clanp interface.

e. Cracks in the case or encapsulating plastic
extending through to the capacitor elenent.

f. I nadequate lead to clanp attachnent.

0. Sol der used is not a high-tenperature alloy.

Verify this through scanning electron m croscope

éSENb eneygy di spersive spectronetric analysis,
ifferential thermal analysis, thernal

gal vanonetric analysis, or other equival ent

met hods.

h. | nadequat e sol der between foil and clanmp and
between clanp and |ead, when applicable.

I Failure to pass lead pull tests.
i Any defect that reduces part reliability.
5.4 CAPACITOR FIXED, SQID TANTALUM (M L-C-39003)

A typical solid tantalum capacitor is illustrated in Figure
5-5.

5.4.1 Method.

5.4.1.1 External Visual. Examne seal area at a mni mum

of 20X magnification for defects in the glass seal or tubulet-
to-1ead solder joint, and for marking and configuration
conpl i ance.
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Figure 5-5. Typical Solid Tantal um Capacitor
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5.4.1.2 HerneticitY Conduct seal tests on all sanples
of hernetically-sealed styles in accordance with the
requi renents of the procurenent specification. Sleeving should
be renoved prior to conducting this test.

5.4.1.3 Sectioned Sanmples One half of sanples shall be
potted in clear plastic sectioned axially to a depth that
exposes the anode lead in the header tubulet. Caution should
be exercised to ensure cracks are not induced during
sectioning. Exam ne using 30X mnimum magnification for
configuration conpliance, and for defects in |ead bond, tubul et
sol der, slug orientation and slug-to-case solder joint.

5.4.1.4 Delidded Sanple. Qpen remmining half of sanples
b% cutting and peeling the netal can in such a way that the cavity
above the tantalum slug can be observed. Examine for |oose solder
particles, configuration conpliance, slug orientation, slug-to-
case attachnment, and adequate anode riser-to-lead weld joint.
Unl ess otherw se specified, the capacitors shall neet the
requi rements of ML-C 39003, Figures 2, 3, and 4.

5.4.2 Data Records. DPA findings that deviate fromthe
specified configuration”or other requirenents shall be
docunmented as defects.

5.4.3 Evaluation Criteria. Wen the DPA is being
conducted as a Lot Confornmance Test, the associ ated Production
| ot shall be rejected if one or nore of the DPA sanple parts
exhibit any of the follow ng defects:

a. Cracks extending through the glass header. Note:
Care nmust be taken to avoid inducing cracks during
sectioning. Mnor chips or flaking at the tip of
the gl ass neniscus shall not be considered an
anonmal y.

b. Tubulet filled wth solder less than 25 percent of
its length when solder-coated |eads are used and
| ess than SO(Percent of its length when gol d-pl ated
| eads are used.

C. Voids in tubulet solder or solder separation from
the |leads that reduces the solder fi
requirements nentioned in “b”.

d. Anode (tantalumslug) not parallel to case within
15 degrees. Voids In tubulet solder or sol der
separation fromlead or tubulet that reduces the
fill to less than 25 percent of tubulet height for
sol der-coated leads or to less than 50 percent for
gol d-pl ated | eads.
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e. Sol der spikes inside unit or eyelet solder
ext endi ng beyond bottom of tubulet.
f. Broken or cracked anode |ead wel d.
g. Anode imersed in solder that is |less than one-

third of its height (See Figure 2 of ML-C 39003).

h. Anchor sol der cracked or pulled away from anode
slug, except as noted in Figure 3 of ML-C 39003.

i Sol der buildup on inside of can w th height
greater than 0.50 mllineters (0.020 inches)
resulting from solder rundown during sealing
process.

i Anode totally inmmersed in sol der

k. Anode broken, cracked, or distorted

1. Loose material 0.25 mllinmeters (0.010 inches) or
| arge enough to bridge the shortest distance
beameen | ead and can, or between tantal um pell et
and can.

m Seal |eakage in excess of specification
requirements.

n. Any defect that reduces part reliability (e.g.
bul ge or dents on the case).

0. Failure to meet external visual requirenents:
L Cracks on the glass sea
2. Cracked or cold solder joint around seal area
3. Flux or foreign material on anode |ead and

around seal area.

5.5, CAPACITOR. FIXED. TANTALUM FOL (M L-C 39006) |

~ Atypical tantalumfoil capacitor is illustrated in
Figure 5-6.

5.5.1 Method.

5.5.1.1 External Visual. Perform external visual

inspection at a mininum of 20X magnification. Check condition
of glass seal and the nickel-to-tantalum lead weld. Check for
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MATERIAL OF CONSTRUCTION

ITEM ITEM NAME
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Figure 5-6. Typical Tantalum Foil Capacitor
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Physical damage to weld area that coul d be evidence of bending
eads too sharply in the critical weld zone.

_ 5.5.1.2 Herneticity Conduct seal tests on each sanple
in accordance with the rEquirenents of the procurement
specification. Renove sleeving before conducting the tests.

5.5.1.3 Rempval of Encapulati on. Renove cases to pernmt
internal visual inspection at 30X m ni mum magnification. Two
met hods have Proven satisfactory. Crcunferential cuts (one at
each end) followed by two |ongitudinal cuts allows the case to
be removed in two pieces. The other nethod uses a | athe or
grinder to cut away the circunferential weld to the header at
each end of the part. After de-burring, it is often possible to
slide the capacitor core intact out of the case. If not, it nay
be necessary to make a |ongitudinal cut and spring the case
slightly to release the core. After examination of the core,
the capacitor elenent shall be unw apped for exam nation of the
| ead-to-foil welds and the foils. Inspect for configuration
conpliance during each step.

5.5.2 _Data Records. DPA findings that deviate fromthe

docunented as defects.

5.5.3 Evaluation Criteria. Wien the DPA is being
conducted as a Lot Conformance Test, the associated production
| ot shall be rejected if the DPA sanple parts exhibit any of the
fol l ow ng defects:

a. Cracks, chips, or breaks extending t hrough the end
seal. Broken or inconpletely welded end seals.
Mnor chips or flaking at the tip of the glass
meni scus shall not be considered an anomaly.

b. Cracks or breaks in |ead weld goints, or greater
than 30-percent msalignment of butt welds.

C. Anode | ead uninsulated and positioned such that it
can touch case or cathode |ead during shock or
vi bration.

d. Unanchored el ements or insufficient inpregnant or

filler to prevent nmovenent of elenents.

€. Absence of spacer material between foils, or
unwetted spacer naterial

f. Anode foil color not uniformor not indicative of
the dc voltage rating of the capacitor.
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0. Less than three weld spots, cracked wel ds on
}Q?d—tO-fOl| connection, or |ead broken away from
oil.
h. Scratches or cracks in leads or foil which

penetrate the dielectric.
i Contam nation or foreign material inside capacitor
L Abnormal telescoping of the capacitor elenent.

K. Seal |eakage in excess of specification
requirements.

1, Any ot her defect that reduces part reliability.
5.6 CAPACITOR, FIXED, PAPER OR PLASTIC FILM (ML-C 19978).

A typical paper or plastic filmcapacitor is illustrated in
Figure 5-7.
5.6.1 Method.

5.6.1.1  External Visual Conduct visual inspection, at
20X mini num magni fication, for defects in case seal, eyelet
sol der, glass headers, |eads and narkings.

5.6.1.2 Hernmeticity Conduct seal tests on each sanple
of hermetically-sealed parts in accordance with the requirements
of the procurement specification. These tests are not required
i f they have previously been conducted as part of receiving
i nspecti on.

5.6.1.3 sanple Preparation. Renove case from all sanples
by making two circunferential cuts just inside each header plus
longitudinal cut to pernmit renmoval. Carefully renove cutting
debris before opening case. Section headers, after conpleting
visual inspection, through eyelet |ongitudinal center line to
verify eyelet solder integrity.

5.6.1.4 Internal Visual. Exanine the parts at a mninum
of 30X magnification for configuration conpliance and for
tubul et solder fill, contam nation, insulation, spacers,
inFregnation, el ement stability, and | ead spiral to end spray
sol der connection. Note that this connection is critical and
shoul d be subjected to a pull test to ensure that it is not a
cold solder or “low strength” joint. |If necessary, renove the
encapsul ation from the capacitor element. Unwap the capacitor
elenent of all sanples to examne foil and dielectric condition.
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5.6.2 Data Records DPA findings that deviate fromthe
specified configuration; or other requirements shall be
docunmented as defects.

5.6.3 Evaluation Criteria. \Wwen the DPA is being
conducted as a Lot Conformance Test, the associated production
lot shall be rejected if the one or nore DPA sanple parts
exhibit any of the defects listed below. Note that the defects
in this list are based on the typical part shown in Figure 5-7.
gefect criteria should be adjusted as applicable for other

esi gns.

a. Cracked or broken glass in end seal

b. Sol der rundown inside case in area of rolled-foi
or end spray.

C. Loose (or noveabl e) el ement due to insufficient
I npregnant or inadequate restraint. \Wen
I npregnant is not used, other physical restraints
may be provided to restrict elenent novenment. The
DPA shall be conducted so that the existence and
suitability of these restraints are verified.
When inpregnant is used to stabilize the el enent,
it must be free of voids that would permt the
el ement to nove during shock or vibration

d. Absence of insulator caps over end of elenent.

e. Loose |ead wire or broken sol der where |ead
attaches to the extended foil end spray.

f. Broken or danmaged lead wire (internal or external).

0. Contam nation and foreign nmaterial enbedded
bet ween w ndings of the capacitor elenent.

h. Burned or charred regions in the capacitor el enent
area.

I Less than 25-percent eyelet solder fill (from

outer end of eyelet).

j. Eyel et sol der separation fromlead or inside
diameter of eyelet.

K. Voids or holes through the outer end seal

l. Scratches or cracks in the foil which penetrate
the dielectric.
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Figure 5-7. Typical Extended Foil (Paper/Film Capacitor
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me Folds, blisters, or winkles in the dielectric

wi ndi ng.
n. End spray coverage of less than 100 percent.  Poor
adhesi on between end spray and foil, or between

end spray and external |ead connection.

0. Seal |eakage in excess of specification
requi renents.

P. Any other defect that reduces part reliability.
5.7 CAPACITOR, FIXED, METALLIZED FiLM (M L-C- 87217 & ML-C-83421) .

A metallized filmcapacitor is shown in Figure 5-8. The
part in this illustration has the conventional |ead attached to
the element end spray. Parts may also utilize other neans,
e.g., awre braid or several flexible |eads to make this
connection.

5.7.1 METHOD

5.7.1.1 External Visual. Conduct visual exam nation, at
20X m ni mum magni fication, for defects in case seal, eyelet
sol der, glass headers, |eads, and narking.

5.7.1.2 Herneticity Conduct seal tests on each sanple
In accordance with the requirements of the procurenent
specification. These tests are not required if seal tests have
al ready been conducted as a part of receiving inspection

5.7.1.3 Sanple Preparation. Renpbve case fromall sanples
by making two circunferential cuts just inside each header plus
a longitudinal cut to permt renoval. After internal visual has
been conpleted (5.7.4), section each header through the eyelet,
pi nhol e, or other longitudinal center line to verify tubul et

Integrity.

5.7.1.4 Internal Visual. Exanmine the parts at a m ninum
of 30X magnification for configuration conpliance and for
ext er nal Flast|c waps, tubulet solder fill, contam nation,
sol der splatter, insulation spacers and washers, inpregnation,

elenent stability, and |ead-to-end spray termnation (babbitt)
integrity. Note that the |ead-to-end spray termnation is
critical and should be pull tested to ensure that it is not a
cold solder or “lowstrength” joint. Unwap the netallized
plastic of all sanples and exam ne them for workmanship defects
such as winkled film evidence of charring, nonuniformty of
film conductor end margin, pinholes, or other defects.
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5.7.2 Data Records DPA findings that deviate fromthe
specified configuration or other requirenents shall be
docunented as defects.

5.7.3 Evaluation Criteria This inspection should be
adjusted as necessary to accommmpdate variations in desi%n. When
the DPA is being conducted as a Lot Conformance Test, the
associ ated production lot shall be rejected if one or nore of
the DPA sanples exhibit any of the follow ng defects:

a. Cracked or broken glass end sea

b. Sol der rundown or splatter inside case in area of
rolled film

C. Loose (or noveable) element due to insufficient
potting or inadequate restraint when potting is
not used, (other physical restraints nay be
provided to restrict elenent novenent). The DPA
shall be conducted so that the existence and
suitability of these restraints are verified.
When Bott|ng is used to stabilize the elenent it
must be free of voids that would permt the
el ement to nove during shock and vibration

d. Absence of insulator caps over ends of el ement

e. Loose wire or broken solder joint where |ead
attaches to elenent end spray (babbitt).

f. Broken or danaged lead wire (internal or external).

0. Contam nation or foreign material enbedded between
wi ndi ngs.

h. Less than 25-percent eyelet solder fill (from

outer end of eyelet).

I Eyel et sol der separation fromlead or frominside
dianeter of eyelet

j. Voi ds or holes through the outer end seal

k. Scratches in the netallization which penetrate the
dielectric. Note that it is characteristic of
these parts to have burned-out areas in the
metal || zation caused by the high voltage
"clearing” process. These spots should not be
classified as defects unless there is obvious
damage to the dielectric.
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1. Fol ds, blisters, or winkles in the dielectric
wi ndi ng.
m End spray coverage of less than 100 percent. Poor

adhesi on between end spray and el enent, or between
end spray and external |ead connection.

n. Seal |eakage in excess of specification
requirements.

0. Any other defect that may reduce part reliability.

8 CAPACITORS, FIXED. TANTALUM SLUG VT ELECTROLYTE
M L-C 39006/ 22 & M L-C 83500/01) .

5.
(

Three typical capacitor designs are shown in Figures 5-9
t hrough 5-11.

5.8.1 Method.

5.8.1.1 External Visual. Perform external visual o
inspection at a mninmm of 20X magnification. Check condition
of glass seal and the nickel-to-tantalum lead weld. Check for
PhyS|caI damage to wel d area that coul d be evidence of bending

eads too sharply in the critical weld zone. Check for any
bul ges or dents In the case.

5.8.1.2 Hernmeticity Conduct seal tests on each sanple
in accordance with the requirenents of the procurenent
speci fication. Renobve sleeving before conducting the tests.

5.8.1.3 _Decapulation. CAUTION. Capacitor electrolyte
is an acid solution and nust be handled wth extreme care. cut
case around anode end to a depth equivalent to the case
t hi ckness being careful not to cut into the anode. Sone
capacitors have a groove in the case on the anode end. The cut
nust be between the groove and the cathode end, and as near to
the groove as possible. Separate the two sections and renove
the spacer by cutting with an Exacto blade (or equivalent)
| ongitudinall'y along the |ead.

5.8.2 Data Reco I'ds DPA findings that deviate from the
specified configuration or other requirenments shall be
documented as defects.

5.8.3 Visual FEvaluation Criteria. \Wen the DPA is being
conducted as a Lot Conformance Test, the associated production
lot shall be rejected if one or nore of the DPA sanple parts
exhibit any of the follow ng defects.
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Figure 5-9. Capacitor, fixed, tantalum wet slug.
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Figure 5-10. Capacitor, fixed, tantalum wet slug.
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Figure 5-11. Capacitor, fixed, tantalum wet slug.
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5.8.3.1 Visual Exanmination. All exposed inner surfaces
of each capacitor shall be exam ned for the follow ng
characteristics at 30X m nimum nagnification:

a. Space between the anode bushing and the anode.

b. Broken | ead or defective |ead welds.

C. Conpl et e absence or insufficient |level of liquid
or gel

d. | nproper seating (fit) of the Teflon, rubber, or

equi val ent -t ype boot between the outside diameter
of anode and 1 nside dianeter of case, and between
anode and bottom of case.

e. Scratches or cracks that are not oxidized, or
broken or distorted anode.

f. Col or of anode and riser indicative of incorrect
formation voltage for the dc voltage rating of the
capacitor. Any secondary col or or spot graying

suggests abusive conditions and may be cause for
| of rejection. The col or shade of the oxide nay
differ slightly for different lots of capacitors
or may even vary slightly for units within the
sane lot. This is normal and is not cause for
rejection.

g. The external portions of glass seal and around
cathode weld area shall be free of acid. A useful
test technique is to apply a 0.01 percent thynol
blue, which turns red in the presence of acid.

h. Cracked or broken glass in seal assenbly.

I Seal | eakage in excess of specification
requirenments

i Any other defect that may reduce part reliability.
5.9 CAPACITOR, FIXED. G ASS (ML-GC-23269).
A typical glass capacitor construction is shown in Figure 5-12.
5.9.1 Method.
5.9.1.1 External Visual Record all narkings and

identification on each part and package, and check for
configuration conpliance. [Inspect each sanple, at 20X m ninmum
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Figure 5-12. Typical dass Capacitor
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magni fication, for surface cracks, voids, chip-outs, and defects
on the seal and |eads.

5.9.1.2 Herneticity Conduct seal test on each sanple in
accordance with the applicable procurenent specification

5.9.1.3 Sanple Preparation. Parts shall be cleaned,
oriented, mounted, and polished in accordance with ElA-469
Pol i sh each sanple so that edges of the capacitor plates are
clearly visible.

5.9.2 Data Records DPA findings that deviate from the
specified configuration or other requirements shall be
docunented as defects.

5.9.3 Evaluation Criteria. Wen the DPA is conducted as
a Lot Conformance Test, the associated production |ot shall be
rejected if one or nore of the DPA sanples exhibit any of the
following defects. Al exposed inner surfaces of each capacitor
shall be exam ned for the follow ng characteristics at m ni mum
magni fication of 30X

a. Cracked, chipped, or discolored glass
b. Holes in glass extending into the conductor area

C. Al r bubbl e bridging plates

d. Any contam nation or foreign material trapped in
the gl ass

e. Nonuni formty of dielectric thickness

f. Any defect, |ike cracks, on plate-to-lead weld,

| ead-to-glass seal, and ceramc disc fused into
glass at |ead egress point.

g. Anx condition that is an obvi ous nmanufacturing
det ect.

5.10 CAPACITOR VARIABIE. Pl STON TYPE, SEALED AND UNSEALED
(M L-C 14409) .

A typical rotating piston, nonrotating piston, and a
vertically nounted, sealed, variable capacitor design are
illustrated in Figure 5-13 through 5-15.

5.10.1 Method.

5.10.1.1 External Visual Record all markings and
identification on each part, and inspect for configuration
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Figure 5-13. Typical Rotating Piston Style
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(stainless stesl) .
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Figure 5-14. Nonrotating Piston Design
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]
A

Figure 5-15. Vertically Munted Printed Crcuit Board
Sealed Style (sealed)

conpl i ance. Perform external visual inspection at 20X m ni mum
magni fi cation. Check condition of seal. I nspect for physical

damage to body and leads. The piston shall be checked for ease
of rotation (conpletely in and out) ten tines.

5.10.1.2 Herneticitv Conduct seal tests, if applicable,
on each sanple in accordance with the requirenents of the
procurenment specification.

5.10.1.3 Exanmination. Examnation and disassenbly should
be done under a mcroscope with 30X magnification and on a d ass
1000 cl ean bench per FED- STD 209.

5.10.1.4 Disassenbly.

a. The air dielectric units are opened by rotating
their rotor screw counter-clockw se until the
rotor assenbly is conpletely disengaged.
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NOTE 1: Two types of friction |ocks are comonly
used, and the presence of the type used nust be
assessed. One type is a gland or plastic that
binds the threads, and the alternate is a screw
thread of different pitch fromthe min body. The
“two-pitched” style probably introduces galling of
the threads and may result in some mnor particle
generation which is normal: however, excessive
particles are not allowed. No particles are
permtted within the inner threads under any

ci rcunst ances.

NOTE 2. In sone devices it may be necessary to
unsol der the end cap containing the adj ustnent
screw to permt renoval of internal parts.

h. Nonr emovabl e rotor capacitors shall be opened by
| at he-cutting of the rolled end of the bushing and
by unsol dering the ceram c insulator fromthe
bushing and stator,

C. G ass dielectric variable capacitors require
unsol dering of the “rotor” plate. Internal
inspection of this device is simlar to the others.

5.10.1.5 Sanple Sectioning. One sanple shall be
encapsul ated and sectioned axially through the center of the
device. A photograph shall be taken of a typical sanple and
attached to the DPA data sheets. The magnification of the
photograﬁh shall be such that the sectioned device fills the
entire photograph. Any anonulies noted shall also be
phot ogr aphed.

a. Prior to encapsulation, the protective seal cap
if any, shall be renoved and the | ead screw
rotated cl ockwi se until the pistonis fully
engaged.

b. The device shall be vacuuminpregnated with
encapsul ating media such that the entire interna
cavity is filled.

5.10.2 Data Records DPA findings that deviate fromthe
specified configuration or other requirements shall be

docunented as defects.

5.10.3 Evaluation Criteria. Wen the DPA is being
conducted as a Lot Conformance Test, the associ ated production
l ot shall be rejected if one or nore of the DPA saine parts
exhibit any of the follow ng defects.
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Vi sual Examination Al exposed inner surfaces

of each capacitor shall be exam ned for the follow ng
characteristics at a mninum nagnification of 30X

a.

co

Scratches or abrasions on any parts or surfaces
where novenent occurs with respect to other parts
or surfaces within the assenbly.

Loose netallic particles (or any other particles)
or péher types of contam nation, such as flux
residue

Cﬂnrosion on piston surface, screw, or cylinder
wal | s.

Cracked or warped parts.
Burrs, gouges, or particles in the threaded areas.

Blistering, flaking, bubbles, pits, cracks,
foreign material, or peeling of plated surfaces.

Nonconcentric, bent, distorted, or msaligned
rotors and stators (or piston and bore); or
irregularities, such as bunps and nicks on
surfaces.

| mproper seating and solder joints of the tubes.
Lack of Apiezon H (where applicable) from threads.
Cracks in glass dielectric (where applicable).

I nsul ator (where applicable) damaged or m ssing
fromstator.

Solder joints (as applicable) that show voids,
insufficient filleting, or signs of a cold joint.

Not i ceabl e amobunts of |ubricant.
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SECTION 6
DETAI LED REQUI REMENTS FOR CONNECTORS

This section describes detailed requirenents for a destructive
physi cal analysis (DPA) of commonly used connectors. These
requi rements supplement the general requirements in Section 4,
Exanpl es of typical configuration sketches are included. \Wen
appl i cabl e, specification nunbers or types are referenced to
assist in identification. Pre-DPA tests such as functional tests,
mating, and solderability tests, are assumed to have been
satisfied by normal inspection and testing and are therefore not
addressed.

6.1 CONNECTORS. MULTIPIN, EXCLUDING  CONTACT

~ Typical multipin connectors are shown in Figure 6-1 and
Figure 6-2. Connectors are illustrated with contacts.

6.1.1 Methods.

6.1.1.1 External Visual. I nspect each sanple at 7X to
10X magni fication for the follow ng defects which may be
consi dered risks:

a. Item marking and identification conpliance to
appl i cabl e specification.

b. Di mensi onal check against applicable specification.

co Foreign material contam nation

d. Chi ps, cracks, or other defects in the inserts.
e. Check hermetic connectors for inadequate glass wetting.
f. Pl ating defects such as porosity, burrs, bl ow
hol es, cracks, peeling, and flaking.
h. Cl ocki ng.

i Keys and keyways.
j. Retai ners (an otoscope or simlar device may be used).
k. Free running threads.

1. Lubri cants.
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RETAINING

:CONTACT
TINES

CONTACTS

CLOSED-ENTRY
SOCKET INSULATOR

STANDARD =
SHELLS

SPRING FINGER CONTACT

Typical Rectangular Multipin Connectors
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6.1.1.2 Photographs. =~ Wen required by the contract or
the contractor’s docunentation, black and white photographs of
t he sanpl e connector style or type shall be a part of the DPA
package. They shall be of sufficient size, sharpness, and
claritylﬁo nmeet all identification requirements Inposed by the
|

controlling document. As a mninmum these should show
a. Part nunber
b. Lot date code
C. Manuf act ur er

d. Part type

6.1.1.3 X=ray Exanmination. Nondestructive interna

exam nation is acconplished by X-ray to check for msaligned or
mssing parts, cracks, breaks, and other defects which are

considered failure mechani sns.

6.1.1.4 Physical Tests The requirenents of the
controlling document and the following test shall apply.
a. Each cavity shall be checked for insertion force.
b. Each cavity shall be checked for contact retention
C. Pl ating thickness of the shell and other plated

parts may be checked with a beta back-scatter
Instrument or sectioned and exam ned under 500X
magni fi cation.

d. Plating adhesion test shall be perfornmed on all
sanples. This test may induce mnor cracks in the
plating or base netal and shall not be considered
defects, unless acconpanied by fl aking,
blistering, or peeling.

e. Test for insulator retention by applying a 30
Newt on (7-pound) force perpendicular to the
insulator face. Any displacenent visible to the
eye is considered a failure.

6.2 CONNECTORS., MULTIPIN. W TH CONTACTS.

Al connector sanples shall be subjected to the inspections

and tests detailed in 6.1. In addition, they shall be tested
per 6.2.1 and sectioned and inspected per 6.2.1.2. Figures 6-1
and 6-2 illustrate typical multipin connectors.
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6.2.1 Methods.

6.2.1.1 Electrical Test Each connector sanple shall
neet the insulation resistance (IR) and H Pot requirenents of

the applicable specification.

6.2.1.2 Sect i oni ng. Pot each connector sanple in clear
epoxy. Pull a vacuum on each sanple during the potting

procedure.

6.2.1.2.1 Fixed contact connect ors. Cut each sanple
along the longitudinal axis on the center of the connector and
one contact. Polish and exanine both halves under 10X

magni fication to verify that:

a. The insulator is formed and installed per the
applicable specification.

b. The elastoner and plastic nmenbers are not nolded
or confornming to each other.

C. There is proper bonding between the shell and insert.

In addition, section and inspect at |east one contact for
required plating thickness at a suitable magnification.

6.2-1.2.2 Contact Connecters. Sampl es maybe
exam ned by one of two nethods.
a. Cut the shell in half along the [ ongitudinal
axi s. Do not cut the insulator. Renmove shell

hal ves, polish and check geonetry for dinensional
accuracy and for any defects or damage to the
gromets and seals. Renove the rear gromet seal
and check for possible bonding defects. Make a
cut through a grommet cavity in the insert. Check
the cross-section for correct nunber of seals and
proper seat geonetry. I nspect each insert -cavity
with an otoscope or sinmlar device for presence
and orientation of |ocking devices, and for

m ssing tangs. Gang type devices may be renoved
for wvisual inspection.

b. Cut the connector through along the | ongitudinal
axis on the center of the connector and a
contact. Polish each half and perform the visual
exam nation and contact plating inspection
identified in 6.2.1.2. 1. Then inspect the contact
retention for proper installation and for possible

broken or nissing tangs.
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C. Next, cut each half perpendicular to the
longitudinal axis at a point where the rear insert
gromret and the contact retaining insert meet.
Repeat the inspection required for the first cut
noted above.

6.2.1.3 Scannhing Electron M croscope (SEM. Connect or
sanples with known defects or suspected of containing defects
shal | be examined further with a SEM  The sanples shall be
scanned and phot ographed at sufficient nmagnification to obtain
clear, sharp imges of the suspect area. Al SEMresults are to
be a pernmanent part of the DPA records.

6. 3 RE_CONNECTORS

Typi cal RF connector shown in Figure 6-3.

6.3.1 Methods.
6.3.1.1 External Exanination. Exam ne each sanple for

the possible defects identified in6.1.1.14a, b, ¢, i, j, k, and
L n addition, conduct the follow ng tests:
a. Contact stress test. A maximum di ameter test pin

shall be inserted 100 times. The socket shall not
show evi dence of cracks at the bottom of the slots.

b. Separating force test. Use a mnimm di aneter
test pin.

C. Axial contact retention.

d. Rotational contact retention.

e. Pl ating thickness of shell coupling shall conmply

to the applicable specification
f. Plating adhesion. See 6.1.1.4d.

6.3.1.2 Internal Exam nation. Pot the connector sanple
in clear epoxy. Pull a vacuum during the gottlng process.
Whenever possible, connector pairs should be sectioned
t oget her. Cut along the longitudinal axis through the center of

the connector(s) and the center pin. [Inspect for
a. Integrity of the epoxy staking.
b. Wor kmanship in areas such as brazed, soldered, and

conductive epoxy joints, and the lock ring area.

56



10309uUu0) gy 1eotdLl °g-9 Linbtg

Downloaded from http://www.everyspec.com
22 DEC 89

M L- STD- 1580A ( USAF)

INL TVOIdAL ONE TVIIdAL

413371310 NO43L

—

WNITIAY38 — \
@Ivd a00— ” m JA M
N300 any STIHS

03LVid G109
1NN ONITdN09 | SN ¥3dd0D WNITIAL3E
4388NY NODVIS

57



Downloaded from http://www.everyspec.com

M L- STD- 1580A ( USAF)

22 DEC 89
C. The mating surfaces of the ring, body, and
coupling nut cannot be rounded, chantered, or

sl oped.
6.4 CONTACTS.

Test contact sanples to the applicable specification
requi renents and the follow ng.

6.4.1 Methods.

6.4.1.1 Visual Exam nation, Test a random selection of
one-half the contact sanple for:

a. D mensi onal accuracy and narking.
b. Pl ati ng adhesion. See 6.1.1.4d.

C. Plating thickness. A beta back-scatter may be
used, or pot the samples with a clear epoxy,
section in half longitudinally, and neasure under
500X nagni fication.

6.4.1.2 solder contacts. A mninum of 4 contacts shall
be soldered with a length of wire 0.15 neters to 0.30 neters (6
to 12 inches) long, conplying to ML-W81044 or ML-W81381
I nspect for proper wetting, solder flow, and general appearance.

6.4.1.3 Cinp Contacts Crinp a mninum of 4 contacts to
the m nimum al  owabl e wire gauge, and 2 contacts to the maxi num
al lowable wire gauge. Examne all crinps under 20X
magni fication for cracks or crazing of the plating or base
metal. Four sanples should then be tested tor tensile strength
per the applicable contact specification
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SECTION 7
DETAI LED REQUI REMENTS FOR QUARTZ CRYSTALS

This section describes detailed requirenents for a destructive
physi cal anal ysis (DPA) of connnnly used quartz crystals. These
requi rements supplement the general requirenents in Section 4.
Exanpl es of typical configuration sketches are included. \When
applicable, specification nunmbers or types are referenced to assi st
in identification. Pre-DPA tests, such as functional tests and
sol derability tests, are assuned to have been satisfied by norma
I nspection and testing and are therefore not addressed.

7.1 CRYSTAL UNITS. QUARIZ (M L-C 3098).

A typical crystal is shown in Figure 7-1
7.1.1 Method.

. 7.1.1.1 Exterpal Visual. Visual inspection at 30X _
n1?|nun1nagn|f|cat|on shall be conducted with the crystal being
t

ilTumnated with a light source of at |east 300 foot-candle
intensity and a grazing angle of about 20 degrees. Unjts
exhlblténg one or nore of the follow ng anomalies shall be
rej ect ed.

a. Adhering weld splatter exceeding 0.80 mllinmeters
(0.031 inches) dinension in any plane.

b. Crack or holes in any welded joint.

co | ndi cations of corrosion or discoloration on any
metal surface.

d. Any dents or protrusions into the case.

e. Cracks, fractures, msalignnents, or bends in

case-to-lead or case-to-stud joints.

~7.1.1.2 Herneticity. Verify hernetic seal in accordance
with the requirements of part specification

7.1.1.3 Sanple Preparation. During the process of
opening the crystal enclosure, care nust be exercised to assure
that external |iquid, gaseous, particulate, or other types of
contam nation do not enter the interior areas. Enclosures
simlar to the TO5 type and other round-t 8e quartz crystal
hol ders such as M L-H 10056/21, /24, and / shoul d be opened by
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Figure 7-1. Typical Quartz Crystal Unit
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using a speci al can opener device designed specifically for that
purpose. The TO-5 can opener device (also called Head Renover
Silicon) is commercially available. For other types of
hernetically seal ed cold weld holders, a flat grinding wheel may
be used to grind off the flange where the cover is joined by
cold weld to the base. During each application of grinding the
encl osure, %recautlons shall be taken to prevent penetration of
the case. he grinding operation should only renove sufficient
material to allow the can to be readily cut through with a sharp
cutting instrument such as an Exacto knife blade. To avoid
damage, the crystal enclosure and inner assenbly should be firnmly
hel d by hand during each step of the opening procedure. Devices
such as vises, clanps, pliers, or simlar instruments should not
be used. After conpletion of the grinding operation, and just
prior to penetration or opening of the crystal enclosure, al
external surfaces shall be cleaned to renpbve any particulate or
other contam nants from the case. The hands and instruments
used in the final opening step should also be thoroughly cleaned
and free of any contam nants. The final opening step should be
done over a clean white contam nant-free bench or paper surface.

7.1.1. 4 | nt er nal Wsum. Al'l exposed inner surfaces of
the device shall be examned at a m ni mum nagni fication of 30X
and per the procedure in Paragraph 7.1.1.1 for configuration
conpliance and existence of anonalies.

7 1_& Dat a Records. DPA findings that deviate fromthe
speci fied confrguration or other requirenments or exhibit
anomal i es shall be documented as defects.

7.1.3 Evaluation Criteria. \Wen the DPA is being
conducted as a Lot Conformance Test, the associated production
| ot shall be rejected if the DPA sanple parts exhibit any of the
foll ow ng defects:

a. Cracks or holes in the weld contact area where
crystal support nenbers are welded to the hol der
base term nal pins.

b. Loose, distorted, or broken termnal pins or
crystal nounting supports.

C. Cracks or separation in silver-epoxy electrically
conductive bondi ng cement between quartz crystal
and support nenber.

d. Fractures of any size in any location in the
crystal quartz resonator, cracked or flaked edges
and fractures, cracks, peeling, or voids in
el ectrodes.
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Loose weld spatter, bonding cenent, extraneous
epoxy, or other foreign matter found on the
header, the crystal and support structure, or

I nside the cover.

Less than 0.125 mllimeters (0.005 inches)
cl earance between the quartz crystal hol der cover
and the quartz crystal with its nmounting support.

Cracks or visible bubbles in glass headers.

Chem cal corrosion of any netallic surfaces in
crystal can or associated support structure.

Quartz crystal resonator not Eerpendicular or
parallel to the base within the requirenents of
the procurenent specification

Seal | eakage in excess of specification
requi renents.

Joining of packages by interface that reduces part
reliabrlity.

Any surface, including cover, exhibiting
contam nation (adhering particulate, film flux
residue, or other type).

Nonuni form quantities of bonding cenment at
mounting points or bonding cenent in areas other
than nounting points.

Adhering weld splatter with a di mension exceedi ng
0.80 mllineters (0.031 inches) through any

plane. \Weld splatter shall be considered adherent
when it cannot be renoved with a gas blow of dry
oil-free nitrogen froma 150 kil opascal (22 psi)
gauge pressure source.

Base termnal and crystal nounting support
exhibiting nicks, msalignment cuts, cracks, or
di stortion.

Quartz crystal not centered within £ 0.80
mllimeters (0.031 inches) inits mounting with
respect to the quartz crystal holder base.

Any other defect that reduces part reliability,
such as evidence of peeling plateback
netal | i zation, voids, or mssing netallization on
either side of the crystal

62



Downloaded from http://www.everyspec.com

M L- STD- 1580A ( USAF)
22 DEC 89

SECTION 8
DETAI LED REQUI REMENTS FOR DI ODES

This section describes detailed requirenents for a
destructive physical analysis (DPA) of commonly used di odes.
These requirenents supPIenent the general requirements in
Section 4. Exanples of typical configuration sketches are
included. Wen applicable, specification nunbers or types are
referenced to assist in identification. Pre-DPA tests, such as
functional tests and solderability tests, are assunmed to have
been satisfied by normal inspection and testing and are
therefore not addressed.

8.1 DLODES (M L-S 19500),

8.1.1 Mthod. Typical devices are shown in Figures 8-1
t hrough 8-5.

- 8.1.1.1 X-rav Exanvnation. X-ray conplete sanple in two
views 90 degrees apart and note any anonalies.

8.1.1.2 External Vi sual Exam hation. Perform an external
vi sual exam nation on all parts wth magnification sufficient to
adequately resolve the area being exam ned. Note any change
from baseline dinensions. Note any discrepancies. Take one
representative and record photomacrograph of the sample prior to
sectioni ng. Look for:

1. Evi dence of danage, corrosion, or contam nation

2. Defects in seal, encapsulant, chips, bubbles in
the di ode body, or dents.

3. Defects in plating such as flaking, peeling, or
blistering.

8.1.1.3 Electrical Testing. Performthe appropriate
Goup A electrical test per the diode slash sheet or source
control drawing. As a mnimum the follow ng tests shall be
per formed.

Signal Rectifying D odes

I . reverse | eakage
VF forward vol tage
Zener D

Vz zener voltage)
| F forward current)
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Figure 8-1. Stud Munt Diode (typical)
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8.1.1.4 Hernetic Seal. Each part shall be subjected to
fine leak testing in accordance with ML-STD 750, Method 1071,
Condition Gor H Followng fine | eak, each part shall be
tested for gross |leak according to ML-STD 750, Method 1071
Condition C_ D, or EE No bubbles or fluorescent residue should
be present.

8.1.1.5 _Sample Preparation.

1. Diodes. (dass Encapsul ate diode in clear epoxy
and section half the lot (mnimmof 2) in an axis
whi ch can reveal the characteristics specified
bel ow as determ ned fromthe nmanufacturer’s photo
expositional drawi ngs or from previous
radi ographi ¢ exam nati on. (See Figures 8-1
through 8-5 for typical sectioning along
| ongi tudi nal axis.) As soon as penetrated, the
internal cavity shall be filled with clear epoxy
to prevent novement of internal elenments during
bal ance of sectioning and subsequent exam nation
A ass-bodi ed di odes shall have the paint renoved
and shall be visually examned prior to sectioning.

2. D odes. Can Type. Prior to opening, the interna
construction should be determned fromthe
manuf acturer’s photo expositional draw ngs or from
ﬁreV|ous radi ographi c examination. |f the diode

as crinped leads (see Figure 8-1), the |ead(s)

shall be sawn with a dianond-bladed |ewelers saw,
or equivalent, prior to delidding. th the diode
| ead(s) parallel to the work bench, carefully saw
each |lead between the cap and the crinp area.
Care nmust be exercised to prevent introduction of
external contam nants into the internal enclosure
area, and to inhibit induced vibration and shock
to the leads. The lid should be carefully cut
with a can opener device designed specifically for
that purpose (also called Head Renover, Silicon).
The cut 1n the lid should be at a point
sufficiently above the header éstud base) so that
the cover can be easily renmoved by hand. During
cutting and renoval of the lid, care nust be
exercised to avoid damage to internal elenents or
introduction of external contam nants into the
i nternal enclosure area.

8.1.1.6 Internal Visual Examnation. Al exposed inner
surfaces of each diode shall be examned for the follow ng
characteristics at a 20X m ni mum magnification. One
representative photonacrograph of a sanple device shall be
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taken. The following visual criteria, in addition to the |atest
suppl ement to ML-STD-750, Method 2074, shall constitute

criteria for internal visual inspection for diodes. The |ot

shall be rejected if one or nore of the DPA sanple contains

di odes which exhibit any of the follow ng anonalies:

a. Seal s

L. Di ode bodies constructed in part or wholly of
glass that exhibit cracks, chips, or
abrasions with the exception of stress relief
cracks which are confined wthin the outline
radius on the shoulder and are |less than 0.25
mllimeters (0.01 inches) in length or depth

2. Any body deformation that is 0.25 mllinmeters
(0.01 inches) greater than the normal
configuration.

3. Any gl ass-to-glass or glass-to-netal seal
that is less than 0.25 mllineters (0.01
inches) in its snallest dinension

o
-

Surface cracks greater than 0.05 mllineters
(0.002 inches) in length that extend into or
toward the junction area.

2. Any lifting, cracking, or peeling of the
netal | i zed area or any di e whose
metallization is reduced by 25 percent or
nmore of the designed surface.

C. Cont am nati on

1. Any di scerni bl e conductive unattached
particles greater than 0.025 mllineters
(0.001 inches) in any dinmension

2. Anr attached material |arger than 0.025
mllineters (0.001 inches) in any dinension
of such configuration that it could break
away.

d. Di e Munting

L. Sol der bridges that go from the connection
below the die to the top of the die or that
overflow to the side of the die.
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2. Lead-to-di e sol der connections which cover
| ess than 50 percent of the die periphery.
3. Die tilted nore than 15 degrees fromthe
mount i ng pl ane.
4. Voids that reduce the die attach area under
the active area by nore than 50 percent.
e. Connect i on. Wl ded, cenented, crinped, and

sol dered interfaces shall be clean and firm and
indicate fusion on a mninmmof 50 percent of the
avail able area including the follow ng:

1,

1.
8.

Die to stud post.

Stud to |ead.

Die to die.

Wi sker to post or stud.

Case to base (100-percent fusion on can-type
devi ces).

Die to solder disc.
Ramrod to die.

Sol der disc to post or stud.

f. \Wiskers

1.

VWi sker whi ch does not conpletely cover the
contact ball (ball-ribbon construction).

Di stance fromthe whisker to the die which is
| ess than 50 percent of the ball height
(bal | -ribbon construction).

Whi sker foot which is not flush with the top
disc for its entire wwdth and at |east 30
percent of its |ength (whisker-disc
construction).

Any die contact m saligned such that it
extends over the outside edge of the oxide
ring and nmakes contact with the scribe noat.
Bend opening which is | ess than 30 percent of
t he whi sker height.
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6. Ei ther S bend opening that is |less than 30
percent of half the whisker height.

8.1.1.7 Scannina Electron Mcroscope (SEM Exaninat ion.
When visual inspection in Paragraph 8.1.1.6 discloses
nmetal lization defects, voids, contam nation, or particle
contam nation, a scanning electron m croscope exam nation shal
be performed. A quantity of devices, either one device or 20
percent of the DPA sanples, whichever is |arger, fromeach DPA
sanpl e shall be inspected on a scanning el ectron m croscope
(SEM equypped_mnth_x-ray analysis instrunentation. If a
fraction of devices is obtained when calculating the percentage,
then the sanple size shall be equal to the next higher integer.
Particular attention shall be directed to the itens nentioned or
referenced in the above paragraphs. The SEM exam nation shal
be in accordance with ML-STD 750, Method 2077. In addition
the followng itens shall be inspected before bond pull

a. Attached foreign material shall be X-ray anal yzed
for elemental content. Material suspected of
belnﬁ chemcally reactive within the exPected life
of the conponent, and hence a | atent defect, shal
be cause for rejection of the lot.

b. Metal l'ization corrosion which is defined as
chem cal or contamnant interaction wth the netal
shall be inspected at 500X m ni mum magnification
Particular attention should be nade around wire
bonds where contam nation may be drawn by surface
tensi on during precap cleaning or by intrusion
through a leak on the hernmetic seal. The
corrosion shall be X-ray anal yzed for el enental
content. Metallization corrosion is cause for
rejection of the |ot.

co Wre bonds, both on the chip and package posts,

shoul d be inspected at a m ni num of 1000X

magni fication 0.0125 mllimeters (0.0005 inches)
from bond, when applicable, for the presence of
m crocracks or internetallic conpounds. The
condi tion of the bonds should be noted and
recorded by photographs if a defect exists, and
conpared to subsequent bond pull infornation

do The chip die attach area shall be inspected at a
m ni mum magni fi cati on of 400X for the presence of
m crocracks. The presence of a perineter
m crocrack, which is a fracture separation in the
bonding material along the attachment interface,
I's not acceptable, and shall be a cause for
rejection of the lot.
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e. If the die is not glassivated, then the contact
cuts and oxide steps shall be inspected according
to the wafer SEM inspection criteria referenced I n
the applicable screening specification.

In addition, if any bonds pull at less than their specified
pul | strength, then the pads, posts, and bonds shall be exam ned
on a SEMto determ ne the causes of their weaknesses. I|f
defects are observed, SEM photographs shall be supplied with an
explanation in the DPA

8.1.1.8 Bond Pull. Each device in the DPA sanple shal
under?o a destructive bond pull. Al internal wre bonds or
clip tasteners for each device shall be pulled to destruction

according to ML-STD 750, Method 2037, Condition D. The maxi mum
al l owabl e pull rate shall be 0.05 Newtons (5 grams) per second.
The m ni mum bond pull strength criteria shall be as specified in
M L- STD- 750, Method 2037, Table I; results of the bond pull

tests shall be recorded in the lot history records.

8.1.1.9 Die Bond Shear Test A die shear test is the
final DPA stepland shall be conducted on twenty percent of the
devices in each DPA sample, rounded to the next highest _
integer. Die shear testing shall be conducted as specified in
M L-STD- 750, Method 2017. The maxi mum force aﬁplied, t he
| ocation of the shear, and the percentage of the die still
attached shall be recorded and entered in the DPA report. In
addition, the results of the die bond shear test performed in
screening and a conparison, nmade between the shears recorded in
screening and DPA, shall Dbe presented in the DPA report. The
i nspection ot shall be rejected if any die shears at a force
| ess than specified in (acceptance criteria) ML-STD 750, Method
2017. A photograph of each device tested by this nmethod shal
be included in the DPA report. The photo shall be taken of the
headeﬁ Jn such a nmanner as to evidence the amount of die stil
attached.
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SECTION 9
DETAI LED REQUI REMENTS FOR FEED- THROUGH FI LTERS

This section describes detailed requirenents for a destructive
physi cal analysis (DPA) of comonly used filters. These
requi rements supplement the general requirenents in Section 4.
Exanmpl es of typical configuration sketches are included. Wen
applicabl e, specification nunbers or types are referenced to assi st
in identification. Pre-DPA tests such as functional tests and
sol derability tests are assunmed to have been satisfied by normal
I nspection and testing and are therefore not addressed.

9.1 FILTERS, EM. LOWPASS. FEED- THROUGH (M L-F-28861 AND

ML-F-15733).
Typical configurations are illustrated in Figures 9-1, 9-2,
and 9-3. These devices are typically installed in a metal can

with a glass-to-nmetal (hernmetic) seal either with or w thout
internal potting resin.

9.1.1 Method.

9.1.1.1 External Visual. Conduct visual exam nation at
20X m ni mum nagni fication. Record variances in configuration
and defects in end seals, termnals, and |eads.

9.1.1.2 Hermeticity [If not acconplished during _
receiving inspection, verify seal integrity in accordance wth

the requirenents of the procurenment specification

_ 9.1.1.3 Sanple Preparation. Sanple preparation shall be
In accordance with Paragraph 30.3 of Appendix D in M L-F-28861.
Review X-ray negatives prior to sanple preparation, for interna
conponent |ocation and/or anomalies that can be highlighted
during cross-sectioning.

9.1.1.4 Internal Visual. Examne sectioned parts under
30X n]nlnun1naﬁn|f|cat;on for configuration conpliance and
conpliance with specification requirenents and good
wor kmanshi p.  Exam ne ceram c capacitors for conpliance with
parairaph 5.1 herein. Take special care with insulation
t hi ckness and pl acenent, and wire crossovers to guard agai nst
internal short circuits.

9.1.2 Data Records DPA findings that deviate fromthe
specified configuration; or other requirenents shall be
docunmented as defects.
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9.1.3 Evaluation Criteria. \Wen the DPA is being

conducted as a Lot Conformance Test, the associated production
lot shall be rejected if one or nore of the DPA sanple parts
exhibit any of the defects |isted below (as applicable to the
type of part being exam ned).

a.

Seal |eakage in excess of specification
requi rements.

Cracks or chips on the glass seal that are
not polishing artifacts.

Voids in potting that permt novement of
internal components or that exceed
specification requirenents.

Cracks or voids in ceramc capacitors that
exceed the requirenents described in
Paragraph 5. 1.

There shall be no solder balls or other
foreign material |odged internally.

Ceram c discoi dal capacitors that do not have
a mninum of 240 degrees of their
circunferential surface area sol dered
uniformy to the inner surface of the case,

as can be seen on the_X—ra¥ negati ves, or
voids (or the cunulative effect of voids) in
t he sol der that exceed 50 percent of the

di scoi dal height.

M sal i gnnent of the capacitive or inductive
element with the case that is greater than 10
degr ees.

Sol der used for internal connections does not
meet the nelting tenperature requirenents of
the procurenent specification

Any cracked or cold solder connection
internally or externally.

For filters with wound inductors, the wire

and core used do not neet the requirements of
the procurenent specification
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I nductor cores that are chined or cracked;
also inductor wire that is broken, nicked,
necked down, or does not neet specification
requirenments, including cracked or broken
ferrite elenents.

Wring junction splices, if any, do not have
joint integrity and insulation.

Egress of leads through the eyelet or tubulet
not soldered for a mnimm of 50 percent of
the tube length, or the solder is cracked
aﬁay fromthe inside of the eyelet or from
the wire.

External tab termnals not coated in _
accordance with the procurenment specification

| nductor wire not insulated from the case and
the core

Resin filler shows separation fromthe case
or fromthe lead wres

Any defect that reduces part reliability.
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SECTION 10

DETAI LED REQUI REMENTS FOR MAGNETI C DEVI CES
(I'nductors, Transforners, and Coils)

This section describes detailed requirenments for a destructive
physi cal analysis (DPA) of commonly used inductors, transformers,
and coils. These requirements supplement the general requirenents
in Section 4 and are based upon the requirenents of M L-STD-981.
Exanpl es of typical configuration sketches are included. Wen
appl i cable, specification nunbers or types are referenced to assist
in identification. Pre-DPA tests, such as functional tests and
solderability tests, are assuned to have been satisfied by normal
i nspection and testing and are therefore not addressed.

10.1 MAGNETI C DEVI CES. | NDUCTORS. TRANSFORMERS (M L—-STD-981)

Typi cal devices are shown in Figures 10-1 and 10-2

10. 1.1 Method.

10.1.1.1 External  \Visul. Perform vi sual inspection at
20X m nimum magni fication on all parts. Check for defects in
| eads, header, feed-throughs, and seal. Exam ne | eads,

surfaces, markings configuration, and dinensions. One _
phot ograph of one typical device show ng all external markings
shal | be taken.

~10.1.1.2 Hernmeticity. Verify hernetic seal in accordance
with the requirements of the part specification

10.1.1.3 Radioaraphic |nspection Radi ographs shal | be
t aken of each device in each of three axes ﬁer Appendi x D of
M L- STD-981, unless radiographs that neet the quality
requi rements of Paragraph 30.1 of ML-STD-981 are avail able from
Goup A testing. The radiographic exanmination shall include
but not be limted to, inspection for foreign or extraneous
materials, alignment, dinmensions and clearances, configuration,
and processing damage. Accept/reject criteria shall be per
Appendix D in M L-STD 981.

10.1.1.4 Sanple Preparation. During the process of
openi ng the enclosure, care nmust be exercised to assure externa
|1 quid, gaseous, particulate, or other contanmination types do
not enter the interior areas. Al netal-cased inductors and
transforners shall be decapped with a special can opener
device. Do not unsol der devices as part of sanple preparation.
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Figure 10-1. Inductor, Power (typical).
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Figure 10-2. Transformer (typical)
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Encapsul ated i nductors and transforners shall be fully
submerged in a suitable stripping solution to renove the
encapsul ating material. The stripping solution may be used
either hot or cold, as applicable, provided that it does not
damage the internal structure. When possible, renove
encapsul ation materials in two steps. First, expose
termnations at the termnal leads or termnals; secondly,
expose the termnations of the wound wire (magnet wire) to the
I nterconnect lead (termnal |ead).

Carefully renove device fromthe potting cup and exam ne
termnations, if any.

Renove insulating cushion material from coil. Examne wre
for nicks, scratches, etc., and exam ne internal solder joints.

Renmove wi ndings and exam ne core.

10.1.2 Data Records DPA findings that deviate from the
speci fied configuration or other requirenments or exhibit
anonal i es shall be docunented as defects.

10.1.3 Visual Examinat ion. Al exposed inner surfaces of
each inductor shall be exam ned for the follow ng
characteristics at a mnimum nmagni fication of 30X (see Figure
10-1 and 10-2). Wen the DPA is being conducted as a Lot
Conf ormance Test, the associated production [ot shall be
rejected if one or nore of the DPA sanples exhibit any of the
follow ng anonalies:

a. Wre size not in accordance with M L-STD-981 and
applicable specification or draw ng.

b. | nt erconnect ribbon not in accordance with
applicable specification or draw ng.

C. Internal wire |eads attached only by sol dering
with no evidence of nechanical anchori ng.

d. Wre w ndings that cross over other turns in going
from one wound segment to adjacent segment.

e. Nipks, ki nks, reducﬁion in wire cross-section, or
evi dence of other wre damage.

f. Evi dence of flux or other types of residues.

0. Tefl on tape.
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h. Charred, crushed, discolored, or damaged wire
i nsul ation.

i Repaired or spliced coil wre.

j. Wre-to-lead termnation connections that do not
show a sufficient stress relief |oop

k. Col d solder joints, or solder joints with no
fillet around wire or termnation

I No evidence of weld tip indentation in wel ded
joints.

m Cracks in wel ded joints.
n. Loose or splattered weld.

0. Lack of three (3) full nonoverlapping waps of
W re at each post termnation.

P. Stranded conductor wire at termnations that does
not show pretinning or that shows |arge gl obul es
of sol der that obscure the wire contour, or wire
swelling due to excess w cking.

. Sol der that is not chemcally Type Sn 60, Sn 62,
or Sn 63 in accordance with QQ S-571 or (for wre
auges smaller than size No. 38) Sn 10 for Class S

evi ces.

r. Coil's or other electronic conponents that show
evi dence of overheating.

S. Fractures, cracks, or pinholes in solder joint.

t. Sol der joints with sharp tips or peaks or with a
protruding, bare wire-end or bare strands of a
conduct or.

u. Foreign or extraneous matter enbedded in or

adherent to wire joints, between w ndings, or
cores, or thin inpregnation.

10. 2 MAGNETI C DEVICES. RF CO LS

Typical devices are shown in Figure 10-3.
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1 | NTEROONNECT AND LEAD W RE
(POTTING MATER AL)

6 ADHESI VE (LEAD TO CORE JOINT)

W/

Figure 10-3., RF Coil (typical)
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10. 2.1 Method.

10.2.1.1 External Visual. Record all marking and
identification that appears on the coil and its container and
i nspect for configuration conpliance. Visually inspect each
part at 20X m ni num magni fication for cracks, pinholes, or chips
In the case material. Inspect the leads for evidence of
physi cal damage (cuts, nicks, crushing), corrosion, or exposure
of the base netal.

10.2.1.2 _Terminal Strength Performa lead pull strength
test on two devices in accordance with applicable specification

requi renents.

10.2.1.3 Decapsulat ion, Strip coating or case from one
hal f of the nunmber of sanples in accordance with 10.1.1.4.

10.2.1.4 Coil Exam nation Exam ne depotted coil under
20X mininmum nmagni fication. Care shall be exercised when view ng
the area where the nmagnet wire | eaves the bobbin and goes to the
solder joint at the lead wre.

10.2.1.5 Sectioning Samples cast remajning half of
sanples in a suitable encapsul ation nmedia sel ected per ElI A RS469
and cross-section in a plane perpendicular to the |ead plane to
permt evaluation of material, internal design, construction,
and workmanship. Extreme attention shall be paid to the area
where the lead wire exits from the encapsul ant.

10.2.2 Data Records DPA findings that deviate fromthe
specified configuration or other requirenents or exhibit
anonal i es shall be docunented as defects.

10.2.3 Evaluation Criteria. Wen the DPA is being _
conducted as a Lot Conformance Test, the associated production
| ot shall be rejected if one or nore of the DPA sanple parts
exhibit any of the defects listed below Each defect shall be
descri bed and photographed for inclusion in the DPA report.

- 10.2.3.1 Visual Examination Al inner surfaces of each
coil shall be examned for the characteristics given in
paragraph 10.1.3 at a mninum magnification of 30X

a. Evi dence of contam nation, including flux and
cl eansi ng agents.

b. Evi dence of poor sol der connection (no sol der
fillet or dewetting around wire or ribbon).
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Evi dence of |oose, cracked, or cold solder, or
voids in the sol der

| nadequate stress relief, bend or kink in wire, or
I mproper interconnect wire to external lead (i.e.
W re under tension).

Ni cks or reduction in wire dianmeter greater than
25 percent along the length of the wre and at the
sol der joint.

Bobbin with cracks, chips, voids, discoloration,
or distortion.

Evi dence of unprotected magnet wire or splicing of
the wire

Evi dence of poor w nding on the bobbin or crossed
Wi re turns.

| mproper shielding connections (if applicable).

Low insul ation resistance across bobbin. If the
resistance is |ow (below specification) conpared
to the inpedance at operating frequencies, the
bobbi n shoul d have an insulation barrier
protecting the magnet wire. Also, if the voltage
that can appear across the coil is high at the
operating frequency, insulation should be used
between the nagnet wire and the bobbin.

Wre size not in accordance with applicable
procurement specification.

No evidence of weld tip indentation on wel ded
ternminations.

Term nal strength not neeting specification
requirenents.
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SECTION 11
DETAI LED REQUI REMENTS FOR M CROCI RCUI TS

This section describes detailed requirenments for a destructive
physi cal analysis (DPA) of commonly used microcircuits. These
requi rements supplement the general requirements in Section 4.
When applicable, specification nunbers or types are referenced to
assist in identification. Pre-DPA tests such as functional tests
and solderability tests are assuned to have been satisfied by
normal inspection and testing and are therefore not addressed.

11.1 MCROCIRCUI TS. MONOLITHIC (M L-M 38510, MONCLITHI C,
MLTICHP, AND HYBRI DS)

Configuration photographs and draw ngs or diagrans as
supplied by the manufacturer.

11.1.1 Method. DPA examination shall be perfornmed in
accordance wth ML-STD- 883, Mthod 5009.
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SECTION 12
DETAI LED REQUI REMENTS FOR RELAYS

This section describes detailed requirenents for a destructive
physi cal analysis (DPA) of commonly used relays. These
requi renents supplement the general requirements in Section 4.
Exanpl es of typical configuration sketches are included. Wen
applicabl e, specification nunbers or types are referenced to assi st
in identification. Pre-DPA tests, such as functional tests and
solderability tests, are assuned to have been satisfied by nornal
i nspection and testing and are therefore not addressed.

12.1 RELAYS (M L-R-6106, M L-R-39016)

12.1.1 Method

12.1.1.1 External Exanmination. Exam nations shall be
performed using a mcroscope with 10X magnification, except when

an abnormality is suspected and then 30X nagnification (maxinmum
may be used to verify product integrity on the follow ng:

a. Header glass seals. The glass seals of the header
shall be in conpliance with M L-H 28719.

b. Protective finish and Plating.

1. There shall be no unplated areas or
discontinuities of protective finishes.

2. The finish shall be smooth and free from
chips, blisters, or rough spots.

3. Tpfre shal |l be no evidence of plating flaking
of f.

4. There shall be no evidence of chipping,
peeling, or blistering of the finish.

5. There shall be no evidence of inadequate
protection against corrosion

6. The case shall be free fromdistortion and
dents.

C. Part Marking. Shall be per ML-STD 1285.
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d. Terminals, studs, and nounting.
1. There shall be no bent or broken term nals.
2. Relay termnals shall be in accordance with

the detailed specification, and shall be free
from burrs and nal f or mati ons.

3. Screw threads, tapped holes, and threaded
inserts shall be of the size shown on the
detail ed specification, and shall be in
accordance with FED STD-H28, unless otherw se
specified. No malfornmed threads shall be
accepted. A mninum of three full threads of
engagenent shall be provided.

4. C earance holes and hardware such as nuts,
washers, etc. shall be of the size shown on
the detail ed speci fication, and shall be free
of burrs and mal formations.

5. Studs, flanges, brackets, etc. shall be
securely fastened to the relay case.
12.1.1.2 Hernetic Seal | Perform seal |eakage test per
M L- R-61060

12.1.1.3 Residual Gas Analysis. The relay(s) shall be
submtted for residual gas analysis (RGA) to a |aboratory
approved by the guallfy|n? activity of the detail
specif|cat|on el ay shall be preheated for 15 mnutes
(mninum at 100 degrees C |nnEd|ateIg prior to being punctured
a

for RGA.  The nmethod of sanpling the backfill gas fromthe relay
(i.e., puncturing the relay can) shall not cause damage to the
Internal parts of the relay nor shall it introduce contam nants
into the relay. |Immediately after renoval from the test

chanber, the puncture hole shall be covered with a
noncontan1nat|ng adhesive tape to prevent the introduction of
foreign particles. The conp05|t|on of gases found shall be in
agreement with the supplier’s baseline (approved) processes and
gases for backfilling the relays. The noisture (ﬁb) cont ent
detected shall not exceed 1000 ppm

12.1.1.4 Suagested Opening. CAUTION.  The introduction
of foreign particles during opening can result in unacceptable
conditions during the micro-clean inspection of 12.1.1.5. en
possi bl e, the m cro-clean inspection should be perforned through
the RGA puncture hole prior to openln%]the relay can. T0 avo
damage or deformation of the relay e use of holdlng devi ces
such as wire, clanps, or pliers |s prohibited. Renpove all
adj unct seal ant s fromrelay headers prior to opening.
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12.1.1.4.1 TO5 Type Enclosures. D agonal cutters may be
used to mnimze the possibility of the introduction of netal
flakes inside the device. Alternatively, a nodified or
equi val ent easy-vi ew can opener device designed specifically for
t he purpose of opening the TO5 type encl osures can be used
(al so called Head Renover, Silicon). The nodification includes
enl arging the clearance hole for the TO-5 [id so the device can
acconmodate the various TO-5 lid heights and allow the side of
the cutting wheel to touch the lid side of the TO-5 encl osure
during the cutting operation. In addition, a metal guide bar is
added over the cutting wheel to maintain the m ni mum possible
cl earance between the TO-5 flange and the flat surface of the
devi ce cuttln%)mheel to prevent cocking and to assure cutting
through the TO-5 enclosure as close as possible to the flange.
The adj ustnment of pressure between the cutting wheel edge and
the TO-5 enclosure should be set for the mnimumrequired to
allow cutting wthout deformation of TO 5 enclosure. (See
Figures 12-1 and 12-2.)

12.1.1.4.2 Rectanqgul ar Tvpe Encl osure - Mthod #1.

a) Securely mount the relay in a vice-like fixture.
The fixture should not deformthe relay nor
di sturb internal dinensions and settings which may
require neasurenment in latter parts of the DPA

b) Oient the relay so that the header-to-can weld
can be end-mlled. This may be done as shown in
Fi gure 12-3.

C) Both the height and depth of the material to be
end-mlled away nust be closely controlled. This
may be done by using a drill press which has
vernier calibration of the table's novenment in
three axes. \WWen possible, the specific header
di nensi ons and can-wal | thickness should be
obtained fromthe relay supplier or by examning a
nonDPA test sanple.

d) G adual |y nmachine away the weld area. TY?lcaIIy,
removal of 0.025 mllineters to 0.050 mllimeters
(0.001 inches to 0.002 inches) of the relay wall
t hi ckness per pass with the end-mll is suggested.

NOTE: If rotational speed of the end-mlIl is too
fast, overheating and other problems can occur

If rotational speed is too slow, unacceptable
vibration of the relay assenbly may be induced.

93



Downloaded from http://www.everyspec.com

M L- STD- 1580A ( USAF)
22 DEC 89

—, Cf\TERIAL
LTING CUT
JVAY

Figure 12-1

TO-5 relay enclosure opening tool. Allows
preci se opening of enclosure wthout causing
I nternal damage. Also known as the can
opener.

Figure 12-2

Second view of opener. This tool is also
utilized for opening quartz crystals,

transistors, and other devices packaged in
TO-5 encl osures.
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Figure 12-3 End-m | 1ing of header-to-can weld.

¢)

During the nachinin?, vacuum of f the nmachi ned area
continually or as often as possible so as to
renove | oose netallic particles that could disrupt
| at er exam nati ons.

| deal |y, the weld is machined to a depth which
reveals a seamaround the relay in place of the
weld. This should be a closed seam i.e., the
mlling should not be so deep that any actual
openings into the cavity exist.

NOTE : DO NOT ATTEMPT TO SEPARATE THE RELAY
ASSEMBLY FROM THE HEADER IN A SHOP AREA.

Take the relay to the clean roomwhere the final
m cro-clean inspection (12.1.1.5) is to occur

NOTE : A specially cleaned area should be
dedicated to the mcro-clean inspection

Personnel traffic shall be limted to those
involved in the inspection. An enclosed (ass 100
| am nar flow bench is tXPicaIIy required to

mai ntai n cl eanliness. | equi prent and nateri al
such as mcroscopes, filters, containers,

tweezers, etc. shall be thoroughly cleaned prior
to entering the area.
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h) Usi ng adhesive tape and a vacuum renove all | oose

(or potentially loose) particles from around the
machi ned surfaces. amne the weld area at 30X

magni fication to verify that no | oose particles
are present.

NOTE : If adjunct sealants were not conpletely
renoved, their presence on the header nmay be
visible at this point, as evidenced by silicone
particles around the periphery of the header

) Once it has been verified at 30X magnification
that the relay exterior is free of particles, do
not handle it w thout wearing finger cots or
l'int-free rubber gloves.

12.1.1.4.3 Rectangular Type Enclosure - Method #2.
NOTE: Method #1 is preferred and shoul d be used whenever
possible. Method #2 is an alternate approach to be used when
t he eguipnent of Method #1 is not available or the procedures of
Met hod #1 are inconpatible with the relay being dissected.

a) A cut is nmade around the periphery of the
encl osure approximately 2.5 mllimeters go.lo
inch) above the base of the header. Depth of cut
Is not to exceed 90 percent of the thickness of
the enclosure wall utilizing a cutting wheel
(al um num oxide) nounted in table saw fashion.
After conPIet|pn of the peripheral cut, the entire
relay surface is vacuum cleaned. A sharp knife
edge is then used to cut through the renuinder of
the wall enclosure. (See Figures 12-4, 12-5, and
12-6.)

12.1.1.5 Mcro-clean Inspection. Al netal shavings and
foreign particles shall be removed fromthe relay exterior prior
to the initiation of mcro-clean inspection

a. Prior to separating the relay assembly fromthe
can, the materials and equi pnment necessary to
perform the mcro-clean inspection should be set
up |

L A “particle free” source of freonis
required. This may be achieved by obtaining
t he highest—-grade—purity freon available and
then cycling it several tines through 1.2-
mcron filters. A quantity of this freon
shoul d be placed in a pressure-rinser that is
al so equipped with its own 1.2-mcron filter
(use a 25 mllineter dianeter filter).
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AL

Figure 12-4 Relay with 90 percent of wall thickness cut away
in grove around outer perlpher%/ a&aprom mately 2.5
mllimeters (0.10 inch) above header.

Figure 12-5 Cutting through 10 percent renaining wall
thickness with Exacto knife around grove.
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Figure 12-6 Qpened relay.

NOTE :  Cel man Model No. 7074 and David J.
Tripp Associates Mdel No. 4743 are typica
pressure-rinsers.

The pressure-rinser with its freon shall be
pressurized froma clean, dry air (or
ni trogen) source.

Gotain a clean 1.2-mcron filter (use a 47
mllimeter diameter filter). \Verify its
initial cleanliness by examning it at 30X
magni fi cation.

Place the clean filter across the orifice of
a flask through which a vacuum can be pul | ed
(see Figure 12-7).

Spray a snmall anount of freon fromthe
pressure-rinser through the filter with the
vacuum punp on.

Re-examne the filter at 30X magnification to
verify cleanliness of the freon. If

particles are observed, repeat step (a) above
to obtain clean freon.
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‘]'T'\SPRAY WITH FREON

[deYaV V] o Teadefe)

FROM PRESSURE-RINSER HAVING
CLEAN TWEEZERS\ H E12M

IN-LINE 1.2 MICRON FILTER

\ P } l ~HNACE TN \/ACLIHIAA DIIAA
JL 1V \V] r

‘RUBBER GLOVES OR : HO VACUUM
FINGER COTS MUST / §\\<
BE WORN

/ N D))

/ N\«
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Figure 12-7 Mcro-clean Inspection of Relay Assenbly
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The relay, whose external cleanliness has been
verified, may now be opened in the specially
cleaned area where the pressure-rinser, filter
and vacuum assenbly have been set up. If the
relay assenbly cannot be pulled from the can, the
wel d may not have been conpletely elimnated. It
may be possible to cut through the final weld
areas wth an Exacto knife. This operation should
be done at 30X magnification with observance for
the creation of particles. [t may even be
necessary to do additional end-mlling. However,
any cutting or grindin% which is done after the
exterior of the relay had been cleaned requires
that the cleaning procedures be repeated.

NOTE: To this point all activity has been
performed to open the relay w thout introducing
particles, to ensure that there are no | oose
particles on the relay’'s exterior and to provide
an inspection system which is in itself
“particle-free” . The inportance of not

i ntroducing erroneous results cannot be

over - enphasi zed.

Wth the relag assenbly separated, place the enpty
can on the table with 1ts opening facing up so
that particles (if present) are not dropped out.

Be sure that nothing falls into the can after it
has been separated.

Exam ne the edge of the header and the edge of the
can at 30X magnification for |oose shavings or
ot her particles.

NOTE: It is best to handle the relay assenbly and
can with a clean pair of tweezers.

Use the freon fromthe pressure-rinser and wash
the relay assenbly through the filter with the
vacuum on as illustrated in Figure 12-7.

Exam ne the filter at 30X nagnification
Characterize any particles seen, e.g., nmetallic or
nonmetal l'ic; spherical, thread-like, or oblong;
glass-like or plastic; and size such as dianeter
or mnor dinmension and major dinmension

Nonnmetal lic particles greater than 0.025
mllineters (0.001 inches) in any dinension and
metallic particles greater than 0.125 mllineters
(0.005 inches) in any dinmension are unacceptabl e.
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Use the pressure-rinser to flush the inside of the
relay can and pass this freon through a clean
filter with the vacuumon. Examne the filter
paper at 30X magnification for particles and
characterize any particles seen as in (f) above.

___Internal Examination Figure 12-8 shows a
Al'l exposed inner surfaces of each relay shal

be exam ned for the follow ng characteristics at a m nimm
magni fication of 20X

a.

Cont am nat i ono. Loose particles of netallic or
nonnetal lic type or | oose Teflon insulation or
other fibrous material within the relay or cover
whi ch was not previously detected in 12.1.1.51is
unaccept abl e.

|nt erpal _Adj ust nent Usi ng appropriate gauges in
conjunction with the appropriate contact nonitoring
equl pnent, the follow ng internal adjustnent of

the contacts shall be neasured and shall conply
with supplier’s baseline (approved) settings.

1. Cont act Gap. Measure the gap bet ween t he
N. O contact and the novable gap by opti cal
or nechani cal neans.

2. Overtr avel Utilizing feeler gauges (in
I ncreasing sizes) placed between the arnature
and pol e face, energize the relay by
activating the Universal Tester. The proper
overtravel neasurenent is obtained when the
first feeler gauge is inserted that does not
permt transfer of contacts, as indicated by
contact position |ights.

3. Cont act Pressure. Measure contact pressure
with force gauges while nonitoring the
contact position. Measure the force
necessary to open the mated contacts.

NOTE :  When using the force gauge, the arm of
the gauge is to remain parallel to the noving
contact and in the sane plane.

Contacts and Term nals.

1. Burrs, cracking, or peeling of plating
detectabl e at 20X magnification is unacceptable,
i f novabl e when probed with a force of 1.2
Newt ons (125 grams) at 10X magnification
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(CAN)
TOP PLATE
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ACTUATCR DRI VER
ARMATURE
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CONTACTS L VELD SHM
CO L LEAD WIRE
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TERM NALS ——
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Figure 12-8. Typical Latching Relay.
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Contacts not in alignment with their mating
contact and parallel (equal contact gap) wth
each other are unacceptable.

Contact termnals with flash and ball type
wel d splatter or expulsion detectable at 20X
magni fication is unacceptable, if novable
when probed with a force of 1.2 Newtons (125
grams) at 10X nmgnification.

d. Armature and Pol e Piece

1

Armature and pole piece gaps for burrs,
cracking, or peeling of plating detectable at
20X magni fication is unacceptable, if novable
when probed with a force of 1.2 Newtons (125
grans) at 10X magnification. (Reduction in
magni fication facilitates discernment of
movenent . )

Rust detectable at 20X nagnification between
gaps or in armature or pole piece surfaces is
unaccept abl e.

Cracked or eroded gl ass on contact pusher
bead detectable at 20X magnification is
unaccept abl e.

e. Coil Assenbly.

1.

f. Coil

Ensure coil does not rotate nor exhibit
| ooseness upon its core.

Coil |ead between coil and the coil term nal
does not exhibit uninsulated portions where
possibility of shorting exists, interference
with nmoving parts, kinks, or tension
(stretched tight).

Assenbly Franme. Mst neet the follow ng weld

pul |

1.

test:

Gind or peel excess can naterial to provide
frame tab clearance for pull test.

Renove coil assenbly (frame) from header by
use of small hand grinder and cut-off dianmond-
I mpregnated wheel approximately 25 mllinmeters
1 inch) in dianeter and 0.5 mllineters
0.02 inches) thick.
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3. Each weld tab shall have a mnimmof 1.5
mllineters (0.06 inches) protruding above
the header after cut-off operation.

4, Gip protruding end of tab and peel away from
header. Take note and neasure force to
separate weld. Examne weld remants. |f
ei ther observation arouses suspicion of weld
integrity, investigate other welds nore
t horoughly as directed by the responsible
relay parts engineer. A good weld should
wi thstand a pull force of 85 Newtons (20
pounds) m ni num

5. Relags are consi dered margi nal when they
exhibit coil assenbly frane spot weld
m sal i gnment or spot weld area partially
penetrating franme-to-header. (Pull fortce
m ni mum requi renment specified herein shall be
adhered to).

g. If a leadless inverted device (LID) is
used, it shall pass die shear and adhesive bond
tests, and al so-bond strength of small
interconnect wires per mcrocircuit specification
M L-STD-883. Die shear requirenments are based on
area or adhesion. Wre bond strength is based on
diameter of wire to chip on the LID

12.1.1.7 Naterials Al materials shall be per the
approved supplier’s baseline material list. Verification can
normal |y be acconplished by visual exam nation and conparison
with previous DPA sanples or qualification sanples. It a
material’s conposition is questionable, scanning electron
m croscope (SEM, X-ray analysis, chemcal analysis, or other

anal ytical neans may be used to determne material conposition.
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SECTION 13
DETAI LED REQUI REMENTS FOR RESI STORS

This section describes detailed requirenents for a
destructive physical analysis (DPA) of conmonly used resistors.
These requirenents supPIenent the general requirenments in
Section 4. Exanples of typical configuration sketches are
included. \Wen applicable, specification nunmbers or types are
referenced to assist in identification. Pre-DPA tests, such as
functional tests and solderability tests, are assunmed to have
been satisfied by normal inspection and testing and are
therefore not addressed.

13.1 RESISTORS VARIBLE WRE WOUND (ML - R 39015)

Typical resistors are shown in Figures 13-1 and 13-2. It is
recormended that variable resistors not be used in space
applications.

13.1.1 ©Method.
13.1.1.1 External Visual Conduct visual exam nation at

20X mni mum magni fication, and exam ne terninals, |eads,
mar ki ng, case, and adjustment screw.

13.1.1.2 Sanple Preparation, During the process of
opening the enclosure, care nust be exercised to assure that
external liquid, gaseous, particulate, or other types of
contam nation do not enter the interior areas. The three basic
types should be opened as follows:

a. Resistor with a round lid seal in a square plastic
encl osure (see Figure 13-1). I nsert probe under
edge of Iid and pry lid off. Renbve gear and
actuator screw, then chemcally strip Per El A- 469
the remainder of assenbly to expose al
term nations.

b. Resi stor assenbly with an oblong plastic case with
solid nolded ends and base (see Figure 13-2).
Scribe a notch along t he bond between case and
bhody . Insert a probe into the notch and pry cover
from body. This separates the worm screw drive
and wi per arm from the resistance winding. The
base containing the resistance wire shall be
careful ly broken bK means of a vise or simlar
device to expose the wire and |lead term nations.
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COVER
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FIGURE 12.28A RESISTOR, VARIABLE,

F| EMENT EPOXY PREFORM WIREWOUND (TYPICAL)

Figure 13-1. Variable Wre Wund Resistor (typical)
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C. Single-turn type. This resistor consists of an
extended shaft, nmetal case, and a plastic
insulated end containing the termnals.

D sassenbl e b% strai ghtening the case roll-over
e

whi ch hol ds t plastic end and renoving the
internal rotor assenbly.
13.1.2 Data Records DPA findings that deviate fromthe

specified configuration or other requirenents shall be
docunented as defects.

13.1.3 Evaluation Criteria. Wen the DPA is being
conducted as a Lot Confornmance Test, the associ ated Production
| ot shall be rejected if one or nore of the DPA sanple parts
exhibit any of the defects listed bel ow (as applicable to the
type of part being exanmined). Al exposed inner surfaces of
each resistor shall be examned at a m ni num nagnification of
30X during each phase of the opening procedure for the follow ng
characteristics:

a. Loose wi ndings on active portion of resistor

b. Wre kinks, abrupt bends, or overlaps.

C. Loose wire ends or waps capable of touching each
ot her or other conductive parts.

d. Any |ubricant, contam nation, or flux residue on
resi stance el ement.

e. Resi stance el ement not secure to body.

f. Body and w per stops cracked, danmmged, or
di storted.

0. Loose or cracked welds.

h. Burning at weld greater than |/5th of tab wdth.

I Loose, cracked, or broken termnals.

i Foreign or extraneous material, such as weld or
fractures, solder splatter, flux residue, particle
slivers, etc.

K. Internal connections that are soldered, not wel ded.

L. Reductions in dianeter of resistance wire to
5/6ths or less of initial dianeter.
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13.2 RESISTORS. VARIABLE. NONW REWOUND (M L- R- 390 35)

Variabl e resistors are not reconmended for critical space
applications.

13.2.1 Method

13.2.1.1 External Visual Conduct visual exam nation at
20X mini mum magni fication, and examne the termnals, |eads,
marking, case, and adjustnment screw for defects. Also, check
for configuration conpliance.

13.2.1.2 Sanple Preparationl Follow the same procedure
as in paragraph 13.1.1.2.

13. 2.2 Data Records. DPA findings that deviate from
gopfiguration and ot her requirenents shall be docunented as
ef ects.

13.2.3 Evaluation Criteria. \Wen the DPA is being
conducted as a Lot Conformance Test, the associated production
| ot shall be rejected if one or nore of the DPA sanples exhibit
any of the following defects listed below Al inner surfaces
shal | be exam ned at 30X m ni num magni fication during each phase
of the opening procedure for the follow ng characteristics:

a. Foreign or extraneous nmaterial, such as fibers,
wear debris, etc., on the resistor elenment or body.

b. Any scratch, lifting or blistering, or
discoloration of the resistor element.

co Cracks or chip-outs on ceramc substrate in and
around the resistor elenent.

d. Contam nation, such as flux residue, |ubricant not
I ntended by design, etc., on the resistor elenent.

e. W per arm cracked, damaged, or distorted.

f. Loose or cracked welds.

g. Burning at weld greater than 1/5 of tab w dth
h. Cracks on the outer casing.
13. 3 RESI STOR. METALLIZED FILM (M L-R-55182 and M L-R-39017)

Typi cal configurations are shown on Figures 13-3 and 13-4.
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Figure 13-3. Typical Hernetically Sealed Metal-Film
Resistor, RNR Style

Laser trim
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Weld joint
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Resi stive fiim protective coat and

Coating may not have 100% noi sture barrier. This coating nay
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| ead.

Figure 13-4. Nonhernetically Sealed Metal-film
Resistor, RNC Style
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DPA shal |l not be required when a precap visual inspection
has been performed on 100 percent of the lot using the criteria
|isted herein. Qherwi se, resistors shall be examined using the
foll ow ng procedures:

13. 3.1 Method

~13.3.1.1 External Visual Exam ne resistors at 30X

m ni mum magni fication for cracks on the epoxy coating or glass
seal, flaws on the leads (nicks, cuts, crushing, or exposure of
the base metal) and marking, and nonconfornmance with
configuration requirenents.

13.3.1.2 ﬁiﬁLﬂELLQLHM Conduct seal test on each sanple,
when applicable, after all other tests have been perforned and
just prior to sanple preparation for internal inspection. Seg|
test shall be performed in accordance with the requirenents oP

the procurenent specification

13.3.1.3 Sanple Preparation

13.3.1.3.1 Conformably Coated Resjstors Conf or mal
coating can be mechanically or chemcally removed. \Men
mechani cal means are eanoKed, potential physical and nmechanica
damage could be induced; therefore, extreme care nust be taken
in order not to introduce defects to the resistor itself that
could cause the [ot to be rejected. Wien chenically stripping
the coating, use a process and nmaterial which dlssoyves the
coating and exposes, but not attacks, the nmetal film core, and
termnations, |eads, and welded connections, and which does not
discolor or stain any surface As required, perform scanning
el ectron mcroscope (SEM inspection and check for corrosion

13.3.1.3.2 Hermeticallyl Sealed Resistors

a. Conformably Coated, Ceranmic Body _ Strip resistor’s
conformal coating per paragraph 13.3.1.3.1, then
exam ne the hernmetic packaging for any signs of
contam nation, cracks on the ceramc sleeve, and
pits or voids on the solder seal. (pen the
ceram c outer packaging by using a small |athe
machi ne to expose the netallized resistor, being
careful not to introduce any contam nation
Prepare the | athe by cleaning both jaws and tool
bit with alcohol to renove the oils. Car ef ul
pl ace the resistor between the jaws so that ong
end protrudes. (NOTE: Do not close the jaws too
t|ghtly8 ~cut the nmetal end cap, keeping the |ead
attached, just beyond the corner radius. Repeat
this procedure for the other end, then slide the
ceram c sleeve out to expose the internal resistor
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b. d ass Body Scribe the glass sleeve with a
di amond wre saw, then place the resistor on a
lint-free tissue, and fold the tissue over.
Lightly taB the device with a small hammer until
the glass breaks and the glass chips can be
renoved. Care nust Dbe exercised in performng
this procedure in order not to induce danage to
the internal resistor.

13.3.1.4 Renoval of Internal End Caps. The end caps
shall be renoved to inspect for any sign of corrosion
blistering, or peeling away of the plating naterial or netal
filmunder the caps. This procedure shall be perfornmed after
the internal visual inspection has been conpleted.

Roll the internal resistor between two clean, flat, hard
surfaces. Al um num pads and a gl ass sheets have been used wth
success. After rolling several tinmes, the end caps shoul d fal
off fromthe resistor core. Typically, the caps come off one at
atinme. Wiuen rolling the remaining cap, care nust be taken to
ensure that damage is not induced to the exposed end. Inspect
caps and ends of resistor element at 30X m ninum magnification.
Any corrosion, peeling, or blistering of the plating or netal
filmunder the end caps shall be cause for rejection.

13.3.2 Data Records

13.3.3 Evaluation Criteria. Wen the DPA is conducted as
a Lot Conformance Test, the production lot shall be rejected if
one or nore of the DPA sanples exhibit any of the defects |isted
below. All exposed inner surfaces of each resistor shall be
exam ned at 30X m ni num magni fication for the follow ng
characteristics:

a. Cracked or chipped core
b. End cap msalignment greater than 10 degrees
C. Vel d splatter at |ead-to-end cap term nation, or

cracks in weld joint

d. Cracks, splits, or holes (from welding operation)
on end caps

e. Corrosion |ifted, blistered or mssing plating
material on the end cap; discoloration due to
wel ding is not cause for rejection

f. Foreign material or contamnation on the nmetal film
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0. Any particle seated on the spiral cut

h. Feathering of the netal film due to laser trimmng
that extends to nore than 50 percent of the width
of the trim

I Danmage to resistance el enent which reduces the
width (fromovertrinmng) of any of the netallized
turns to less than 50 percent of the origina
design val ue

j. Nunber of spiral turns different between sanples
having simlar resistance values up to 5 percent
or 1 turn, whichever is greater.

k. Evi dence of heavy stain or corrosion on resistance
el enent . Di scol oration of tantalum based
resistors due to thernmal stabilization or |aser
trinmng shall not be cause for rejection. \Water
mar ks are not i ncluded.

Metal filmlifting, peeling, or blistering as
observed visually or determ ned by a cell ophane
tape test.

m Intermedi ate coating, when used, that does not
extend to 1/2 the length of the skirt of the end
caps

n. Di scol oration, foreign material, bubbles or

pi nhol es on the internediate coating, or coating
that is peeling away

0. Di scol ored or hollow core

P. Excessively deep cuts during |aser trimmng.
Laser trimcuts of nore than 0.18 mllineters
(0. 007 |nchesg deep for thick films or 0.0125
mllimeters (0.0005 inches) deep for thin films.

q. Uncut material remaining after a |aser scribe due
to "skipping” of the laser beam

13. 4 RESI STORS _ FIXED, METAL-FO L (ML-R-55182, RNC90 Style
13. 4.1 Met hod.

13.4.1.1 _External Visual. Conduct external visua
examnation as in 13.3.1.1.
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13.4.1.3 Terminal Strength., A termnal strength test

shall be perforned on 1/3 of the sanples in accordance with the
procurenment specification.

13.4.1.4 Sanple Preparation. Either of the follow ng
met hods may be used in opening (exposing) resistor for internal
exam nation

a. Chem cal Decapsulation. The case may be
chemcally renoved using a process and materia
whi ch di ssol ves the case and the underlying
coatings and exposes, but not attacks, the
resistor element, substrate, termnations, |eads,
and wel ded connections, and which does not
di scol or or stain any surface. The solvent used
shall be identified and recorded in the report.

b. Mechani cal Decapsul ation.
1. Gently hold the sanple at the two narrow

sides parallel to the leads. Slowy grind
off the flat (wide) side of the case with a
180, or finer, grit paper until the plastic
Is thin enough to break off wth pointed
tweezers or when the rubber coating starts to
show t hrough

2. Repeat Step 1 for the other flat side. Wen
only the four narrow sides have the plastic

case material still attached to them gently
break these off with a pair of pointed
t weezers.

3. The rubber film surrounding the substrate

package can be easily removed with the
tweezers. However, the moisture barrier
coating (varnish) under the rubber nay not be
as easy to take out. Carefully and slowy
scrape the varnish with the toothpick and
tweezers, making sure that no rejectable
defects are introduced to the resistor

el enent.

13. 4.2 Data Records DPA findings that deviate from
gopfiguration and other requirenents shall be docunented as
efects.

13.4.3 Evaluation Criteria. Wen the DPA is conducted as
a Lot Conformance Test, the production |ot shall be rejected if
one or nore of the DPA sanples exhibit any of the defects |isted
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exposed i nner surfaces of each resistor shall be

m ni mum magni fication for the foll owi ng

characteristics:

a.

Cracked or chipped substrate or film  However,
smal | cths on the edges of the substrate are
pﬁrn}sfib e as long as they do not extend under
the film

Substandard wel di ng, such as:

L Wl d print mssing the filmpads by nore than

20 percent

2. Hal f of each weld print is outside the |ead
outline.

3. Lead is over active grid |ines.

4, Wl d splatter.

5. Cracked paddle or the flat welded portion of
| ead termnal.

6. Torn ribbon connecti on.

1. Epoxy dot material running under or into weld
connecti ons.

Cracked, nicked, or dented lead ternina
Resi stor images which indicate hot spot

possibility by a 20-percent reduction of
pat h- netal .

Lifting or blistering of resistor netal

Heavy scratches or gouges in active area of
resistor elenent.

fny particle |large enough to bridge active grid
i nes.

Three or nore particles of any size that are
detectabl e under 30X nagnification

13.5 RESISTORS. FIXED. CHP. STYLE RM (ML-R-55342)

13.5.1 Method
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13.5.1.1 External Visual. Perform visual exam nation on
all sanples at 30X nmininum magnification. ( NOJE Due to the
nature of the design and open construction of these parts, DPA
Is not nornmally perforned on chip resistors.)

13.5.2 Data Records. DPA findings that deviate from

configuration and other requirenents shall be docunented as
def ects.

13.5.3 _FEvaluation criteria. Wen the DPA is conducted as
a Lot Conformance Test, the production lot shall be rejected if
one or nore of the DPA sanples exhibit any of the defects |isted
below. Al exposed surfaces of each resistor shall be exam ned
at 30X mninum magnification for the follow ng characteristics:

a. Cracked or chipped parts

b. Foreign material or discoloration on the
substrate, resistive film or termnal bands

C. Lifting, blistering, or peeling of the resistive
film termnal bands, or protective coating (when
appl i ed).

d. Any one rejection node described in Figure 13.5.

13.6 RESLSTOR NETWORKS, (M L- R 83401)
13.6.1 Method.

13.6.1.1 External Visual. Conduct visual examnation at
20X m ni num magni fication of termnals, |eads, markings, al
surfaces, and dinmensions. One representative photograph of one
device showing all narkings shall be taken and provided.

13.6.1.2 Hernetic Seal Test As applicable, hernmetic
seal testing shall be performed in accordance with ML-R- 83401

13.6.1.3. Pull test One-third of the sanples shall be
tested in accordance with the specification requirenents.

13.6.1.4. Delid. The follow ng techniques are
recommended for delidding sanples. Qher techniques nmay be

used, providing appropriate prior approval has been obtained.

a. solder and Brazed Sealed Lids. Using a sharp
carbide scribing tool carefully scratch the sol der

(or braze) down and inward (toward the package
center) on all four sides. Continue scribing

using noderate pressure until there is sufficient
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REJECT Void, nick, bubble or cut in active resistor
area that is greater than 25 percent of the
resistor width, except calibration cut. The
usabl e resistance width Shall not be |ess than
60 percent of the active resistor elenent.

FIGURE 13.5a. Chip Resistor Visual Exam nation

O ARV LA
oaa v o Sha o v
\‘ A3

RINRLLS s
-
Cntve s n Ve Yat

L /
REJECT : Term nation bandwidth that is |ess than 0.25
mllimeters (0.01 inches), but not nore than
0.40 mllinmeters (0.015 1nches).

FI GURE 13.5b. Chip Resistor Visual Examination
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REJECT : Any crack, chip-out, or void in the substrate
that is greater than 0.08 mllimeters (0.003
i nches) in any dinension

FIGURE 13.5c. Chip Resistor Visual Exam nation

I

I j L 0.003 1NC
] (0.08 mm)

REJECT : Excessive build-up of termnation that is
greater than 0.08 mllimeters (0.003 inches)
and 0.20 mllimeters (0.008 inches) for
sol derabl e and wel dable finishes, respectively.

FIGURE 13.5d. Chip Resistor Visual Exam nation
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MIN/Q_H ON

REJECT : Termnation material splattered on the active
resistor area.

FIGURE 13.5e. Chip Resistor Visual Exam nation

REJECT: Foreign particles that are enbedded in either
the resistive filmor termnation bands.
(NOTE: Foreign particles are those other than
the materials used as resistive film or
termnation band.)

FIGURE 13.5f. Chip Resistor Visual Exam nation
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clearance under the lid to insert an Exacto knife
blade. Carefully insert the blade and pry up the
top at one corner of the lid. Carefully 7nsert
the Exacto knife further into the package (hol ding
the bl ade Farallel to the package surface) and
work the blade outward fromthe corner along the
joint until the lid separates.

b. VéLLEgL_Eagkgg¥gi Using a fine Swss file
(equivalent file Nunber 1 or 2), carefully file a
chafer approximately 30° around all four sides of
the_Fackage at the well seam Continue filing
until mcroscopic exam nation at 20X magnification
reveals mnute cracks formng between the top and
case edge on all four sides. Renmove all neta
filings using an artist brush. Carefully insert a
sharp Exacto blade in the crack at one corner and

ryhihe top of the package off in a can opener
ashi on.

o Frit-seal ed Packages Using a sharp carbide
scribing tool, carefully scribe the glass frit on
four sides. Scribe the package evenly on all four
sides. Using only noderate pressure, grasp the

package between thunb and forefinger, top to bottom

NOTE: BE CAREFUL NOT TO TOUCH THE LEADS W TH THE
SCRI BI NG TOQOL.

Continue scribing this area until a crack appear s
between the top and the remainder of the frit he
frit nmust show signs of cracking on all four

sides. At this point, the operator should be
hol di ng the package together W th his thumb and
forefinger. Lay the package down and carefully pry
up the Tid at one corner; do not touch the Ieads.

NOTE: Once the lid has been renoved, handle the
device only by the sides.

d. Mol ded. Packages. The device shall be submerged in
a suitable stripping solution to renove the
encapsul ating material and expose the substrate.
The stripping solution may be used either hot or
cold, as applicable, provided that it does not
damage or discolor the internal structure.

13.6.1.5 Lnternal Visual. Al exposed surfaces of each

resistor network and substrate shall be exam ned at 30X m ni num
magni fication. Al anomalies shall be noted and documented.
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0 13.6.2 Data Records. DPA findings that indicate
deviation fromspecified configuration or other requirenents, or
the existence of defects, shall be docunented.

13.6.3 Evaluation Criteria. Wen the DPA is being
conducted as a Lot Confornmance Test, the associ ated Production
| ot shall be rejected if one or nore of the DPA sanple parts
exhibit any of the defects |isted bel ow.

13.6.3.1 Particles.

a. Metallic Particle.

1. Unattached - There shall be no unattached
metal lic particles.

2. Attached - Attached netallic particles shal
not exceed 0.125 millineters (0.005 inches)
in the major dinension. Particles shall not
touch nor extend over the netal film
Particles shall be considered attached when
t hey cannot be removed with a gas blow of dry
oil-free nitrogen froma 150 kil opascal (22
psi) gauge pressure source.

b. Nonmetallic Particles. @ ass, fibers, and other
nonmetallic materials within the enclosure shal
not exceed 0.125 mllineters (0.005 inches) in
their major dinension.

0 13.6.3.2 Residue There shall be no visible laser trim
residue at 50X nagnification within the enclosure.

13.6.3.3 Metallization Defects. Any of the follow ng
anomal ies in the active circuit netallization shall be cause for
rejection.

a. Metallization Scratches. A scratch is defined as
any tearing defect that disturbs the original
surface of the netallization.

L. Any scratch in netallization through which
the underlying resistor nmaterial also appears
to be scratched.

2. Any scratch in the interconnecting
metal | ization which exposes resistive
material or oxide anyhere along its length
and reduces the wdth of the scratch-free
metal lization strip to less than 50 percent
of its original wdth.
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b. Metallizat ion Voids Any void in the

i nterconnecting nmetallization which |eaves |ess

than 50 percent of the original wdth

undi st ur bed. A void is defined as any region in

the interconnecting netallization where the

underlying resistive nmaterial or oxide is visible
which is not caused by a scratch.

C. izat ion Adherence. Any evidence of
netallization [lifting, peeling, or Dblistering.

d. Met allizat ion Probing. Probe marks on the

i nterconnecting netallization other than the

bonding pads that violate the scratch or void

criteria.
e. Metallization Bridging.

1. Metal lization defect that reduces the
di stance between any two netallization areas
to less than 0.008 nmillinmeters (0.0003
i nches).

2. Bridging between netallization and resistor
pattern, not intended by design, that reduces
the distance between the two to less than
0.0025 mllimeters (0.0001 inches).

f. thalli%ation Alignnent . Any msalignnent between
the resistor patter and the netallization such
that nore than 0.0125 millinmeters (0.0005 inches)

of resistor on a side

i s exposed.

g. Metal lization Corrosion. Any evidence of
| ocalized heavy stains, netallization corrosion?

di scoloration or mottled netallization
13.6.3.4 Resistor Defects The active area of a resistor
is that part of the resistance pattern which remains in series
connection between resistor termnals and is not shorted by
metal lizati on. Any of the following anomalies wthin the active
resistor area shall be cause for rejection:
a. Resistor Scratches. Any scratch within the active
resistor area.
b. Resi stor  Voi ds.
1. Any void or neckdown in the active resistor
path which reduces the width of the stripe by
nore than 50 percent of the original wdth.
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2. Any void or necking down in the active
resistor path for a line width design of |ess

than 0.005 mllineters (0.0002 inches) which
reduces its original width by 25 percent or
nor e

3. Any void or chain of voids in the resistor
element at the gold termnation.

Resi staor Adherence Any evidence of resistor film
lifting, peeling, or Dblistering.

Probe Marks. Any probe mark on the resistor
mat eri al .

Resistor Material Corrosion. Any evidence of
| ocalized heavy stains or corrosion of resistor
material in the active resistor path. However,

di scoloration of tantalumbased resistors due to
thermal stabilization is not a cause for rejection.

Resi st or Bridging Defects.

1. continuous Bridging, Any conductive
continuous bridging between active resistance
stripes.

2. Partial bridging defect that reduces the
di stance between adjacent active resistance
stripes to less than 0.0025 nmillinmeters

(0.0001 inches) or 50 percent of the design
separation, whichever is less, when caused by
snears, photolithographic defects, or other
causes.

Exception, For a partial bridge within lines
and spacing of 0.0025 mllinmeters (0.0001
inches) design wdth, visual separation
(evident at 400X magnification) 1is sufficient
for acceptance.

Laser Trim Faults.

A partial cut, or bridged coarse or midrange trim
l'i nk.

Remaining width in fine-trim top hat area after
laser cut is less than the width of the narrowest
line within the sane resistor pattern.
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1. Uncut material is remaining after a |aser
scribe due to “skipping” of |aser beam
2. If laser cut is not in straight lines, the
narrowest remaining width nust be equal to or
greater than the wdth of the narrowest |ines
within the sanme resistor pattern.
C. Laser cut scribed to indicate a reject chip when
the scribe does not neet the requirenents of the
i ndi vi dual mask nodel |ists.
d. Oxi de voids, cracking, or simlar damage caused to

the Si 02 underlayer by |aser beam where such
damage touches active interconnects or resistor
pat h.

e. Laser trim cut where edge of cut touches the
active resistor path.

f. Any discoloration or change in surface finish of a
resistor stripe by the direct |aser beam or by
spurious reflections caused by optics of the
system

Any chip intended to be laser-trimed that is not
| aser-trinmed.

13.6.3.6 Resistor Bonding Pad Defects. Any resistor
containing one or nore bonding pads with one or nore of the
foll owi ng anonalies shall be rejected.

a. A obules. A globule is defined as any materia
wWth a snooth perineter extending out from the
bondi ng pad onto the resistor or substrate
mat eri al . Such globules are usually featurel ess
and of low reflectivity and therefore difficult to
focus upon.

b. Mssing Mtallization. Any indications of mssing
metal lization whether at the perineter or totally
wi thin the bondi ng pad. Resistor material may be
visible in the areas of mssing netallization

C. Metallization Corrosion

1. Any evidence of |ocalized heavy, diffused
stains, discolored material, or |owdensity
material either on the pad s perineter or
totally within the bonding pad.
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2. Any evidence of stains or discoloration
extendi ng out onto the resistor or substrate
mat eri al

13.6.3.7. Oxide Defects. Any resistor having the
follow ng oxide, scribing, or die anomalies shall” be rejected.

a. xide Void. An oxide void is defined as a fault
in the oxide evidenced by localized double- or
triple-colored fringes at the edges of the defect
visible at 100X magnification. The follow ng
shal | be cause for rejection:

1. Any oxi de void that_bridges any two resistor
or metal areas not intended by design.

2. Any oxide void under netallization or
resistor geonetry.

b. Scribing and Die Defects. The foll ow ng shal
be cause for rejection:

L Less than 0.125 mllineters (0.005 inches)
oxi de visible between active nmetallization
and edge of a die. Excluded fromthis are
any inactive netallization |ines.

2, Any chipout or crack in the active resistor
or netal area.

3. Any crack that exceeds 0.125 mllinmeters
(0.005 inches) in length or comes closer than
0.025 mllineters (0.001 inches) to an active
area on the die.

4. AnY crack in a die that exceeds 0.025
mllineters é0.00l i nches) in length and

points towards the active circuit area.

5. A die having an attached portion of an
adj acent die which contains nmetallization or
resistor material.

6. A crack or chip in the backside of a die that
| eaves less than 75 percent of area intact or
a crack or chip under a bonding pad.

13.7 RESISTORS. W REWOUND. ACCURATE (M L- R-390051.

A typical configuration is shown on Figure 13-6
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Figure 13-6 Typical Wrewund Resistor (M L-R-39005)
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13. 7.1 Method.

13.7.1.1 External Visual Conduct visual exam nation at
20X mnimum magni fication of termnals, l|eads, external coating
mar ki ngs, all surfaces, and dinensions.

13.7.1.2 Sanple PreParat ion. Each group of 3 sanples
shal |l be prepared as detail ed bel ow.

13.7.1.2.1 sanple One. One sanple shall be encapsul at ed
and sectioned in a plane parallel to the longitudinal axis to a
depth exposing the core and termnal |eads. The nmanner of
geqtioning shal | be such that mnimal damage is done to the
evi ce.

13.7.1.2.2 Sanples Two _and Three Two sanples shall be
gently subnmerged in a suitable soluti~n that dissolves the
external coating and exposes but not attacks the resistance
wire, core, termnations, and welded connections.

13.7.1.3 Internal Visual Examination. All exposed
surfaces of each resistor shall be exam ned at 30X m ni num
magni fication. Al anomalies shall be noted and photographed.

2 13.7.2 Data Records DPA findings that indicate
deviation from specified configuration or other requirenments or
the existence of defects shall be docunented.

13.7.3 Evaluation Criteria. Wen the DPA is being
conducted as a Lot Conformance Test, the associated production
| ot shall be rejected if one or nore of the DPA sanples exhibit
any of the defects |isted bel ow

a. Wre kinks, abrupt bends, or overlaps

b. Cracks or lifting in tab welds

C. Cracks or distortion in bobbin or core

d. Damage or discolored portion of encapsul ant

e. No evidence of weld tip indentation at welds

f. Burning at weld greater than 1/2 of tab wdth

g. Absence of soft cushion coating over wire w nding

and beneath encapsul ant

h. Less than 0.60 mllinmeters (0.025 inches) gap
bet ween | eads
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13.8 RESISTORS. FIXED, W REWOUND. POWER. (M L-R-39007) AND
W REWOUND POWNER. CHASSI S- MOUNTED (M L—-R-39009)

] 8Typical configurations are shown on Figure 13-7 and Figure
13- 8.

13.8.1 WMethods

13.8.1.1 External Visual. Conduct visual examnation at
20X m ni num nmagni fication, and examne termnals, |eads,

mar ki ng, general dinmensions, and appearance for any evidence of
def ective workmanship.

13.8.1.2 Sanple Preparation. Wen resistors contain
beryl | i um-oxi de ceramic cores, there shall be no nmachining
grinding, filling, or polishing performed on the cores.
Beryl | i um oxide dust is highly toxic.

Preparation of the sanples shall be done as foll ows:
13.8.1.2.1 For ML-R-39007 Resistors

a. Di ssol ve external coating in a suitable solution
whi ch exposes but does not attack the resistance
wre, core, termnals, and caps and wel ded
connections. The solvent shall not discolor or
stain any surface.

b. When the resistor core is the only element left to
be exam ned, cut resistance wire from caps at
| ocations sufficiently distant from weld
connections or termnations such that the
connections are not disturbed. This procedure
facilitates core exam nation.

13.8.1.2.2 Eor ML R-39009 Resistors:

a. Make two saw cuts (180 degrees apart) along the
hori zontal axis, deep enough to just penetrate the
internal potting material.

b. I merse resistor in a suitable solution to
di ssolve the potting material and renove the
housing in order to expose the internal elenent.
Sol vent shall not damage the resistance wre,
core, termnals, end caps and wel ded connections,
or discolor or stain any surface.
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C. When the resistor core is the only elenent left to
be exam ned, cut resistance wire fromcaps at
| ocations sufficiently distant from weld
connections or termnations such that the
connections are not disturbed. This procedure
facilitates core exam nation.

13.8.2 Data Records DPA findings that deviate fromthe
specified configuration or other requirenents shall be
docunmented as defects.

13.8.3 Evaluation Criteria. Wen the DPA is conducted as
a Lot Conformance Test, the associated production |ot shall be
regected if one or nore of the DPA sanples exhibit any of the
defects listed below. Al exposed inner surfaces shall be
exam ned at 30X m ni mum magni fication during each phase of the
DPA for the follow ng characteristics:

a. End cap msalignment greater than 10 degrees
b. End cap show ng corrosion, lifted or m ssing
pl ating

co \eld splatter at |ead-to-cap termnation, or
cracked or partially lifted weld.

d. Split, cracks, or holes on the end caps

€. Sudden kinks, bends, or sharp distortion on the
resistance wire that reduces the wire diameter to
5/6ths or less of the initial value

f. Loose wi ndings on active portion of the resistor
0. Wre not secure at weld on end cap

Nunber of wire turns different between sanples
having simlar resistance values, up to 5 percent
or 1 turn, whichever is greater.

I Space between wire turns nore than 5 tinmes the
wre diameter except for values less than 1 ohm
or space between turns of |less than the wire
di ameter except for high-value resistors using
i nsul ated wires.

i . Cracks, spans, or surface holes on the core that

exceed 0.60 mllineters (0.025 inches) in the
greatest dimension
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13.9 RESISTOR. CARBON COMPOSITION, RCR (M L-R-39008)
DPA is not required.
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SECTION 14
DETAI LED REQUI REMENTS FOR SW TCHES

This section describes detailed requirements for a destructive
physi cal analysis (DPA) of commonly used sw tches. These
reqU|renents suppl enent the general requirements in Section 4.

Exanpl es of typical configuration sketches are included. Wen
appl 1 cabl e, specification nunbers or types are referenced to assist
in identification. Pre-DPA tests, such as functional tests and
sol derability tests, are assuned to have been satisfied by nor mal
I nspection and testlng and are therefore not addressed.

14.4 SWTCH, SNAP ACTI ON
14.1.1 Met hod.

14.1.1. Leakage. Switches shall be tested for seal
| eakage per the followm ng paragraphs as applicable.

a. Hernmetic seal, Hernetically seal ed sw tches shal
be tested the sane as relays (Reference para.
12.1.1.1).

b. Evironnent al _seal Envi ronnental |y seal ed

swi tches shall be tested per the procurenent
speci fication.

C. Nonsmkd. Nonsealed swtches shall not be
subjected to any type of seal test.

14.1.1.2 External Exami nation, Exam nations shall be
performed using a mcroscope W th 10X magnification, except when
an abnormality is suspected and then 30X magnification (naxinum
may be used to verify product integrity.

a. Header glass seals The gl ass seals on the

headers of hernetically seal ed swtches shall be
in conpliance with M L-H 28719.

b. Protect ive finish and plating (as appli cable) |

1. There shall be no unplated areas or
discontinuities of protective finishes

2. The finish shall be smooth and free from
chips, blisters, peeling, or rough spots.
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3. Tpsre shall be no evidence of plating flaking
of f.
4. There shall be no evidence of inadequate
protection against corrosion
5. The case shall be free from distortion and
dents.
C. Part marking (as applicable) Mar ki ng shal | be
per ML-STD 1285.
d. Terminals, studs . and nmounting (as applicabl e)
1. There shall be no bent or broken term nals.
2. Switch termnals shall be in accordance wth

the detailed specification and shall be free
from burrs and mal fornati ons.

3. Screw threads, tapped holes, and threaded
inserts shall be of the size shown on the
detailed specification, and shall be in
accordance w th FED STD-H28, unless otherw se
specified. No nalfornmed threads shall be
accepted. A mninum of three full threads of
engagenent shall be provided.

4, Cl earance holes and hardware such as nuts,
washers, etc. shall be of the size shown on
the detailed specification, and shall be free
of burrs and nal formations.

5. Studs, flanges, brackets, etc. shall be
securely fastened to the switch case.

14.1.1.3 Residual Gas Analysis (hernetically sealed
switches only) The hernetically sealed swtch shall be

submtted for residual gas analysis (RGA) to a | aboratory

approved by the qualifying activity of the detailed

speC|f|cat|on tches shall be preheated for 15 mnutes

(mnimum at 100 degrees C |nned|atelﬁ prior to being punctured
a

for RGA.  The method of sanpling the backfill gas from the
swtch (i.e., puncturing the swtch can) shall not cause damage
to the internal parts of the switch nor shall it introduce
contam nants into the swtch. | mredi ately after renoval from

the test chanber, the puncture hole shall be covered with a
noncont am nati ng adhesive tape to prevent the introduction of
foreign particles. The conp05|t|on of gases found shall be in

agreenent with the supplier’s baseline (approved) processes and
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gases for backfilling the switches. The noisture (HO)
content detected shall not exceed 1000 ppm

0 14.1.1.4 Sectioning The nost comon hernetic,
environnmental, and nonhernetic types of snap action switches are
opened as follows:

a. Metal enclosure (hernetic seal and environnental

seal). _Place one side of switch enclosure on a
flat" grinding (disc) surface and apply a steady
firm pressure by hand until surface is ground to a
poi nt where the remaining side wall thickness
(apﬁrOX|nater 10 percent) permts easy puncture
wth a sharp cutting tool such as an Exacto knife
blade. Prevent the grinding operation from
penetratin? the enclosure by testing the wall

t hi ckness frequently during the grinding with the
point of the Exacto blade.  (The hands,

Instruments used, and all external surfaces of the
swi tch encl osure should be cleaned and free of any
contam nants upon conpletion of the grinding
operation and just prior to penetrating swtch
enclosure). Aiter conpletion of grinding and

cl eaning performthe final openinﬁ step over a

cl ean white contam nant-free bench or paper
surface. Penetrate enclosure with the point of
the Exacto knife blade. Oient the switch

encl osure so that particles generated during
opening do not enter inner areas of the swtch.

b. Plastic enclosure (nonhermetic seal). Place the
poi nt of an Exacto knife blade cutting edge into
t he ?roove where the enclosure sections are joined
and torce cutting ed%e I nto groove around outer
periphery until all bonding material (usually an
epoxy type) has been cut through. Prior to
separating case, orient swtch enclosure with
respect to gravity to mnimze entry of externa
contamnation into the interior areas.

14.1.1.5 1nternal Examnation. NOTE: Figure 14-1 is a
vi sual exanple of a switch assenbly containing two subm niature
nonhermetic-seal -type snap-action switches with plastic
enclosures. Al exposed Inner surfaces of the device shall be
exam ned for the follow ng characteristics at 20x m ni num
magni fi cation:

a. Any detectable | oose particulate matter is
unaccept abl e.
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Figure 14-1 Switch assenbly (typical) .
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b. Loose, broken, or msaligned conmponents not caused
by the opening procedure is unacceptable.

co Corrosion or peeling of plating or finishis
unaccept abl e.

d. Devi ces shall be considered nar%inally accept abl e
if they exhibit the follow ng characteristics:

NOTE: Corrective action to elimnate any
margi nal |y acceptabl e conditions shall be
initiated at the supplier when such conditions
have been detected in DPA

1. Adhering conductive or nonconductive
particles (netal burrs or case flashing).

2. | nconpl et e swaggi ng or staking of assenbly
components (not 360 degrees).

3. Scratches or nicks on contact interface
surface areas.

14.1.1.6 Mat eri al All materials shall be per the

approved supplier’s baseline material list. Verification can
normal |y be acconplished by visual exam nation and conparison
with previous DPA sanples or qualification sanples. I a

material’s conposition is questionable, scanning el ectron
m croscope (SEM, X-ray analysis, chem cal analysis, or other
anal ytical nmeans nmay be used to determne material conposition.

14..2 THERMAL SW TCHES

14.2.1 Method. This section covers several manufac-
turer’'s types of thermal switches. The various types covered
are depicted in Figures 14-2 through 14-5. The type to be
anal yzed should be determ ned before dissection

14.2.1.1 Hernetic Seal  The hernmetic seal of the thernal
swtch shall be tested using the same procedures as defined in
para. 4.7.28 of ML-R-6106J. The seal shall neet the
requi renents of the thermal switch detailed specification.

14.2.1.2 External Examination. Thermal sw tches shall be
examned to verify that the materials, external design and
construction, physical dinensions, weight, marking, termnals,
and wor kmanship are in accordance with the applicable detailed
specification. Exam nation shall be performed using a
m croscope with 10X magnification, except when an abnornality is
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BIMETALLIC DISC

Figure 14-4 Type B thernmal switch exposed view.
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suspected, and then 30X nmgnification (maximum may be used to
verify product integrity for the follow ng:

a. HeadeR glass seals. The glass seals of the header
shall be in conpliance with ML-H 28719.

b. Protective finish and Plating.

1 There shall be no unplated areas or
discontinuities of protective finish

2. The finish shall be smooth and free from
chips, blisters, peeling, or rough spots.

3. TPFre shall be no evidence of plating flaking
of f.

4. There shal |l be no evidence of inadequate
protection against corrosion

5. The case shall be free fromdistortion and
dents.

C. Marking. Marking shall be per ML-STD 1285
d) Term nal s.
L. There shall be no bent or broken termnals.

2. Thermal switch termnals shall be in
accordance with the detailed specification
and shall be free from burrs and
mal f or mat i ons.

3. Screw threads, tapPed hol es, and threaded
inserts shall be of the size shown on the
detail ed specification, and shall be in
accordance with FED STD-H28, unless otherw se
specified. No malforned threads shall be
accepted. A mninmum of three full threads of
engagenent shall be provided.

4, Cl earance holes and hardware such as nuts,
washers, etc. shall be of the size shown on
the detailed specification, and shall be free
of burrs and nal formations.

5. Studs, flanges, brackets, etc. shall be
securely fastened to the thermal switch case.
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14.2.1.3 Residual Gas Analysis. The thermal sw tches

shall be submtted for residual gas analysis (RGA) to a

| aboratory approved by the qualifying activity of the detailed
specification. Thermal swtches shall be preheated for 15

m nut es én1n|nun) at 100 degrees C inmmediately prior to beln?
punctured for RGA. The method of sanpling the backfill gas from
the thermal switch (i.e., puncturing the thermal switch can)
shall not cause danage to the internal parts of the thernal
switch nor shall it introduce contam nants into the thernal

sw tch. | medi ately after renmoval fromthe test chanmber, the
puncture hole shall be covered wth a noncontam nating adhesive
tape to prevent the introduction of foreign particles. The
conposi tion of gases found shall be in agreement with the
supplier’s baseline (approved) processes and gases for
backfilling the thermal swtches. The noisture (HQ0) content
detected shall not exceed 1000 ppm

14.2.1.4 s“gPested Sectioning  CATIOLrruxe. — The introduction
of foreign particCles during opening can result in unacceptable
conditions during the mcro-clean inspection of 14.2.1.5.  \en
possi bl e, the mcro-clean inspection should be performed through
the RGA puncture hole prior to opening the thermal switch can. To
avoi d damage or deformation of the thermal switch, the use of
hol di ng devices such as wire, clanps, or pliers is prohibited.
Renove al | adjunct sealants for thernmal switch headers prior to
opening and then do the follow ng:

a. Pl ace tenperature-sensing side on a flat grinding
surface and apply a steady firm pressure by hand.
The gr|nd|nﬂ oPeratlon must not Penetrate t he
case, but should only renove sufficient wall
material thickness so the renmaining wall thickness
(approximately 10 percent) can be readily cut
through with a sharp cutting instrument such as an
Exacto knife bl ade.

b. During grinding, vacuumoff the affected areas
continually or as often as possible in order to
remove |oose metallic particles that could disrupt
| ater exam nations. To avoid damage to the
thermal switch enclosure, it should be firmy held
by hand during each step of the opening procedure.

NOTE : DO NOT ATTEMPT TO MAKE THE FI NAL OPENI NG CF
THE THERVAL SWTCH IN A SHOP AREA

C. Take the thermal switch to the clean room area
where the final mcro-clean inspection (14.2.1.5)
Is to occur. NOTE: A specially cleaned area
shoul d be dedicated to the mcro-clean inspection
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Personnel traffic shall be limted to those
involved in the inspection. An enclosed Cass 100
| am nar flow bench is txpically required to

mai ntain cl eanliness. | equi pment and nateria
such as mcroscopes, filters, containers,

tweezers, etc. shall be thoroughly cleaned prior
to entering the area.

Usi ng adhesive tape and a vacuumrenove all |oose

(or potentially loose) particles from around the
machi ned surfaces. amne the affected areas at

30X magni fication to verify that no |oose
particles are present.

Once it has been verified at 30X magnification
that the thermal switch exterior is free of
particles, do not handle it w thout using finger
cots or lint-free rubber gloves.

M cro—cl ean | nspect ion.

Prior to opening the thermal switch can, the
materials and equi pment necessary to performthe
m cro-clean inspection should be set up.

1 A “particle free” source of Freon is
required. This may be achieved by obtaining
the highest grade purity Freon available and
then cycling it several times through 1.2-
mcron filters. A quantity of this Freon
shoul d be placed in a pressure-rinser that is
also equipped with its own 1.2-mcron filter
(use a 25 millimeter diameter filter).

NOTE :  Cel man Model No. 7074 and David J.
Tripp Associates Mdel No. 4743 are typica
pressure-rinsers.

2. The pressure-rinser with its Freon shall be
pressurized froma clean, dry air (or
ni trogen) source.

3. otain a clean 1.2-mcron filter (use a 47
mllimeter diameter filter). Verify its
initial cleanliness by examning it at 30X
magni fi cati on.

4, Place the clean filter across the orifice of

a flask through which a vacuum can be pulled
(see Figure 14-6).
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Figure 14-6. Mcro-clean inspection of a thermal swtch.
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5. Spray a snmall amount of Freon from the
pressure-rinser through the filter with the
vacuum punp on.

6. Reexamine the filter at 30X magnification to
verify cleanliness of the Freon. If
particles are observed, repeat step (a) above
to obtain clean Freon

The thermal switch whose external cleanliness has
been verified may now be opened in the specially

cl eaned area where the pressure-rinser, Tilter
and vacuum assenbly have been set u?. It shoul d
be possible to cut through the final wall

thickness with an Exacto knife. This operation
shoul d be done at 30X magnification with
observance for the creation of particles. It my
even be necessary to do additional ?rlndlng. Any
cutting or grinding which is done after the
exterior of the thermal switch has been cleaned
requires that the cleaning procedures be repeated.

NOTE: To this point all activity has been
perforned to open the part wthout introducing
particles, to ensure that there are no |oose
particles on the part’s exterior and to provide an
I nspection system which is itself “particle-free"
The inmportance of not introducing erroneous
resul ts cannot be over-enphasized.

Place the opened thermal switch can on the table
with the opening facing up so that particles (if
present) are not dropped out and the swtch P|ece
parts are not yet disassenbled. Be sure tha
nothing falls into the can after it has been
opened.

Use the Freon fromthe pressure-rinser and wash
the thermal switch assenbly through the filter
with the vacuum on in one of the follow ng ways.

1. Place the thermal switch piece parts into a
cl eaned wire nesh basket and wash the Freon
t hrough the basket over the filter (see
Figure 14-6).

2. Pour the Freon into the thermal swtch and

then enpty the Freon through the filter.
This process should be repeated three times
prior to examning the filter
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e. Examne the filter at 30X magnification
Characterize any particles seen, e.g., netallic or
nonmetal l'ic; spherical, thread-like or oblong;
glass-like or plastic. Nonnetallic particles
greater than 0.025 mllimeters (0.001 inches) in
any dimension and netallic particles greater than
0.125 mllimeters (0.005 inches) in any dimension
are unacceptabl e.
14.2.1.6 Internal Exam nation Refer to Figures 14-2
through 14-5 for illustrations of thermal switch constructions.

Al'l exposed inner surfaces of the device shall be exam ned for
the follow ng characteristics at 20X mni num magnification:

a.

Loose particles (conductive or nonconductive), not
caused by opening, within the switch or cover that
can be detected by 20X magnification, and which
were not detected in 14.2.1.5, are unacceptable.

Loose, broken, or msaligned conponents not caused
by opening are unacceptabl e.

Evi dence of contam nation filmthat can be
detected by 20X nmagnification is unacceptable.

Corrosion or peeling of plating or finishis
unaccept abl e.

For Type C thermal switches only: Loctite on

adj ustment screw area other than adjacent to nut,
where it is nornally applied to secure adjustnent
screw, is unacceptable. (Loctite is not
applicable to Types A and B thermal swtches).

All materials shall be per the approved supplier’s
baseline material list. Verification can normally
be acconplished by visual exam nation and
conmparison wth previous DPA sanples or
qualification sanples. If a material’s
conmposition is questionable, scanning electron

m croscope (SEM, X-ray anal ysis, chem cal

anal ysis, or other analytical neans may be used to
determine material conposition
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SECTION 15
DETAI LED REQUI REMENTS FOR THERM STCORS

This section describes detailed requirenments for a destructive
physi cal analysis (DPA) of conmonly used thermstors. These
requi rements suppl ement the general requirements in Section 4. An
exanple of a typical configuration is depicted in Figure 15-1.
Wien applicable, specification nunbers or types are referenced to
assist 1n identification. Pre-DPA tests, such as functional tests
and sol derability tests, are assuned to have been satisfied by
normal inspection and testing and are therefore not addressed.

15.1 THERM STOR.  GLASS BODIED. HERVETIC (M L-T-23648).
15.1.1 ©Method.
15.1.1.1 Exteral Visual . Exam n<therm stor at 20X

m ni num nmagni fication for defects in the glass, construction,
mar ki ng, |eads, and di nensions.

_ 15.1.1.2 Herneticity Conduct seal tests on all sanples
in accordance with requirenents of the procurement specification.

15.1.1.3 Termnal Strength. Performa lead pull strength
test on all parts (two parts mnimun) in accordance with
appl i cabl e specification.

15.1.1.4 Sanple Prepsration. Parts shall be cleaned,
encapsul ated, and sectioned along the longitudinal axis to a
depth that exposes the center of the |eads.

15.1.1.5 Internal Visual. Exam ne sectioned parts under
30X mi ni mum magni fication for configuration conpliance and
conpliance with specification requirenments and good workmanship.

15.1.2 Data Records. DPA findings that deviate fromthe
specified configuration or other requirements shall be
docunmented as defects.

15.1.3 Evalation Criteria \Wen the DPA is being
conducted as a Lot Conformance Test, the associated production
lot shall be rejected if one or nore of the DPA sanples exhibit
any of the defects listed below (as applicable to the type of
part being exam ned):

a. Cracks in the body
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Figure 15-1. Thermistor, @G ass Body (Typical).
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b. Cracks in the sem conductor naterial

co Discoloration or distortion of body or
sem conductor materi al

d. Cont am nat i on

€. Wre-to-tab wel d showi ng cracks or inadequate weld
I ndentati on

f. Broken wire, or dents in the wire greater than

[/6th the wire dianeter
15.2 THERM STOR. DI SC AND BEAD ENCAPSUATED (M 1 -T—-23648)
15.2.1 Met hod.

15.2.1.1 _External Visual  Performvisual inspection at
20X m ni mum nagni fication as in para. 5.1.1.1.

15.2.1.2 ' Conduct term nal str

erninal Strength, ( trength
test (pull test only) on all sanples in accordance with the

t
h

15.2.1.3 Sanple Preparation. Strip plastic coating or
case fromone-half of the sanples, usinﬁ a suitable solution
whi ch exposes but does not attack the therm stor body and | ead
termnations. The remaining half shall be encapsul ated and
sectioned along the longitudinal axis to a depth that exposes
the center | eads.

15.2.1.4 |nternal Visual. Exam ne depotted and axially
sectioned sanples at 20X m ni mum magni fication for configuration
conpliance, uniformty, cracks in the body, evidence of
metal | ization on body of disc between |ead attachment surfaces,
| ead insulation, and solder connections. Encapsulated units
nmust be sectioned in a plane such that the connections between
the lead and therm stor element are exposed.

15.2.2 Data Records DPA findings that deviate fromthe
specified configuration or other requirements shall be
docunmented as defects.

15.2.3 Evaluation Criteria, Wwen the DPA is being
conducted as a Lot Conformance Test, the associated production
lot shall be rejected if one or nore of the DPA sanples exhibit
any of the follow ng defects:

a. Cracked body.
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Evi dence of netallization on body of disc between
| ead and attachnent surfaces.

g_ol d sol der or | oose solder attachnment of |eads on
i sc.

Lead insulation not mechanically secured to
prevent stress on soldered termnations.

During termnal strength test, |eads shall wthstand
an 11 Newton (2.5 pound) pull test when tested per
M L-STD- 202, Method 211, Test Condition A

Di scol oration or contamnation on body of disc.
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SECTION 16
DETAI LED REQUI REMENTS FOR TRANSI STORS

This section describes detailed requirenments for a destructive
physi cal analysis (DPA) of conmonly used transistors. These
requi rements supplement the general requirements in Section 4.
Exanpl es of typical configuration sketches are included. When
appl 1 cabl e, specification nunbers or type nunbers are referenced to
assist in identification. Pre-DPA tests, such as functional tests
and sol derability tests, are assuned to have been satisfied by
normal inspection and testing and are therefore not addressed.

16.1 TRANSI STORS (M L-S-19500) |
16.1.1 Method.

16.1.1.1 X-ray Exam hation. X-ray undi sturbed sanples in
two views 90 degrees apart (x and y directions) and note any
anonalies.  Stud-nmounted and axi al -1 eaded devices shall also be
X-rayed in both x and y directions.

16.1.1.2 External Visual Examnation, Perform an
external visual exam nation at magnification of 15X or greater
to adequately resolve the area being exam ned. Note any change
from baseline drawi ngs or any discrepancies. Take one
representative photomacrograph of a sanple device prior to
sectioning and record any evidence of:

a. Damage, corrosion, or contam nation.

b. Defects in seal or dents in package.

C. Defects in plating such as flaking, peeling, or
blistering.

16.1.1.3  Electrical Tesing. Perform the appropriate
Goup A electrical tests per the transistor slash sheet or
source control drawing. As a mininum the followi ng tests shall
be perforned:

Bi nol
| cBo/ CBO
| EBO/ BVEBO

He
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| css/ BVGss
Vp (pinch off)
BVDSS

16.1.1.4 _Hermetic Seal The transistors shall be tested
according to ML-TD 750, Method 1071. Fine |eak test|n% shal
be according to Condition Gor H  The |leak rate should be equa
to or less than 10"atmcc/sec. Goss |leak testing shall be
according to Condition C, D, or E. No bubbles or fluorescent
resi due should be present.

16.1.1.5 Package Delidding. Prior to opening,
t he height of the header should be determ ned fromthe
manuf acturer’s photo expositional draw ngs or froanreV|ous _
radi ographi c exam nation. The lid should be carefully cut with
a special can opener device designed specifically for that
purpose (any equival ent available device may be used). The cut
In the I1d should be at a point sufficiently above the header so
that the cover can be easily renoved by hand. During cutting
and renoval of the lid, care nust be exercised to avoid damage
of internal elements or introduction of external contam nants
into the internal enclosure area.

016.1.1.6 Internal Visual (decap visual). Each sanple
device shall be subjected to decap visual al exam nation, which is
in accordance with ML-STD 750, Method 2072 (reference Figures
16-1 through 16-7):

a. Determ nation of “as delivered device condition:
this examnation is a verification that the device
seal ing process and 100-percent screening have not
gontan1nated or otherw se adversely affected the

evi ces.

b. Verification of pre-seal visual: this exam nation
is a verification of the effectiveness of the
pre-seal visual inspection for screening out
rej ectabl e devices. For DPA sanple devices from
I nspection |ots upon which pre-seal visual
I nspection has not previously been perforned, this
exam nation shall serve as a general assessnent of
the quality and internal condition of the devices
in those particular lots.

C. An eval uation should then be nade of the nunber
and types of anomalies to determne if further
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action should be taken and if corrective action is

required. If the lot is suspect, the Parts,
Nhte{]%;s, and Processes Control Board shall be
notified.

16.1.1.7 Scanningel ectron Mcroscope (SsEM Exanination.
A quantity of devices, either 1 device or 20 percent of the DPA
sanpl es, whichever is larger, from each DPA sanple shall be
I nspected on a scanning el ectron niproscope equipPed w th X-ray
analysis instrunentation. The SEMinspection shall be in
accordance with ML-STD-750, Method 2077. If a fraction of
device is calculated using the percentage, then the sanple size
shall be equal to the next higher integer. Particular attention
shall be directed to the itens nentioned or referenced in the
above paragraphs. In addition, the followng items shall be
I nspected before bond pull

a. Attached foreign material shall be X-ray anal yzed
for elenmental content. Material suspected of
beinﬁ chemcally reactive within the exPected life
of the conponent, and hence a | atent defect, shal
be cause for rejection.

b. Metal lization corrosion which is defined as
chem cal or contamnant interaction with the netal
shal | be inspected for at 500X m ni mum
magni fication. Particular attention should be
pard around wire bonds where contam nati on nay be
drawn by surface tension during precap cleaning or
through hernetic seal leak intrusion. The
corrosion shall be X-ray anal yzed for chem ca
content. Metallization corrosion is cause for
rejection.

C. Wre bonds, both on the chip and packa?e post s
shoul d be inspected at a mnimum nmagnification of
| 000X for the presence of mcrocracks or
internetallic conpounds 0.0125 mllimeters (0.0005
I nches) from bond, when applicable. The condition
of the bonds shoul d be noted and recorded by
photographs if a defect exists, and conpared to
subsequent bond pull information

d. The chip die attach area shall be inspected at
400X m ni mum magni fication for the presence of
m crocracks. The presence of a perineter
m crocrack which is a fracture separation in the
bondi ng material along the attachment interface
shal | not be acceptable.
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16.1.1.8 Bond Pull. Each device in the DPA sanple shall
undergo a destructive bond pull. Al internal wre bonds or

clip fasteners for each device shall be pulled to destruction
according to M L-STD-750, Method 2037. he maxi num al | owabl e
pull rate shall be 0.05 Newtons (5 grams) per second. The

m ni mum bond pull strength criteria shall be as specified in

M L- STD- 750, Method 2037, Table I; results of the bond pull test
shall be recorded in the lot history records.

16.1.1.9 Die Bond Shear Test A die bond shear test
shall be the final DPA step and shall be conducted on 20 percent
of the devices in each DPA sanple rounded to the next higher
integer. Die shear testing shall be conducted as specified in
M L-STD- 750, Method 2017. The maxi mum force aﬁplied, t he
| ocation of the shear, and the percentage of the die still
attached shall be recorded and entered in the DPA report. In
addition, the results of the die bond shear test perforned in
screeni ng and conpari son made between the shears recorded in
screening and DPA shall be presented in the DPA report. The
inspection ot shall be rejected if any die shears at a force
specified in (acceptance criteria) ML-STD 750, Method 2017. A
phot ograph of each device tested by this nethod shall be
Included in the DPA report. The photo shall be taken of the
headeﬁ én such a manner as to evidence the anmount of die stil
attached.

NOTE : In figures 16-9 through 16-25, the nunbers in
parent heses represent the applicable paragraph nunbers
In ML-STD 750, Method 2072.
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Figure 16-1. Good Die 225X

Figure 16-2. Cracked Die in Active Region 225X
(Unaccept abl e)
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Figure 16-3. Interrupted Metalization 200X Magnification.
See Enlargenent of Area Depicted by Arrow
Bel ow (unaccept abl e)

Figure 16-4. 500X Magnification of Area Depicted by Arrow
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Figure 16-5. Chipped Die, 173X Magnification, (unacceptable)

Figure 16-6. Bond Lift-off at Die (unacceptable)
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Figure 16-7. Die Fracture (unacceptable)
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Figure 16-8. Base to Collector Short (unacceptable)

- UNAC%TLBLE

ACCEPTABLE — |
O]

ACCEPTABLE _/
W

\umccznm.n

ACCEéTABLE /

Figure 16-9. (Para 3.1.1.1)

161



Downloaded from http://www.everyspec.com

M L- STD- 1580A ( USAF)
22 DEC 89

Fi gure 16-10. (Para. 3.1.1.1)

| UNACCEPTARLE
ACCEPTABLE ®

}
3

\ UNACCEPTABLE

c
N\

Figure 16-11. (Para. 3.1.1.2)
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UNACCEPTABLE
(CORROS ION)

(PARA 3.1.1.3)

(LIFTING PEELING)
(PARA 3,1.1.4)

UNACCEPTABLE .~
FLAKING)
PARA 3.1.1.4)

Figure 16-12. (Para. 3.1.1.3 and 3.1.1.4)

N UNACCEPTABLE
; (< .1MIL)

ACCEPTABLE i

( 2. H]L) \‘Ei

g

ACCEPTABLE —T1 ]

ACCEPTABLE ] iy | UNACCEPTABLE

Figure 16-13 (Para. 3.1.1.5)
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UNACCEPTABLE _

N

/ UNACCEPTABLE

UNACCEPTABLE ——_
—

’\_ UNACCEPTABLE
(< .1MIL)

UNACCEPTABLE

(< dDMIL)

Figure 16-14. (Para. 3.1.1.6)

ACCEPTABLE —__|

ACCEPTABLE _—

\_ UNACCEPTABLE (GATE)

Fi gure 16-15. (Para. 3.4b)
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Accsmm\
/—mccé)nm
ACCEPTAELE

— UHAC%’TABLB

[ ~———— UNACCEPTABLE

~— nuccermaniE

ACCEPTABLE __— |

Figure 16-16. (Para 3.1.2)

A

UNACCE PTABLE
O]

»
:
B

\INACCEPILBLE

(> 2MILS)

Figure 16-17. (Para. 3.1.3)
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r
DIE
< O BONDS
ACCEPTABLE
ACCEPTABLE
ACCEPTABLE

= URACCEPTABLE

Figure 16-20. (Para. 3.2c)

UNACCEPTABLE

k,,//”/'(<.(5m)
AaisrmJ

Figure 16-21. (Para. 3.2bh)
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ACCEPTABLE

[~~~ UNACCEPTABLE
(<.1MIL)

Figure 16-22. (Para. 3.2.6)
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)

(C—3 S
— T AN
N \n_u_A,(,xmvumz } k \
(h\ Q ® C D , \mccarmm
S S |
AN URACGEPTABLE /™ R
N\ NS

Fi gure 16-24. (Para. 3.2.2)
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ACCEPTABLE UNAG%TABLE

ACCEPT
UNACC@P’I‘ABLE

\

Fi gure 16-25. (Para. 3.2.3.2)
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SECTI ON 60
NOTES

This Notes section is not a mandatory part of this standard.
The contents of this section are intended for use by governnent
acqui sition personnel for guidance and information only.

60.1 I NTENDED USE

This standard is intended to be referenced, as applicable, in
acquisition contracts involving the manufacture of parts or
equi pment to be used in space and |aunch vehicles. To ensure the
required high quality of the parts, stringent in-process controls
nmust be inposed and a conprehensive test program conducted on the
conpleted parts. A key ingredient of the test programis the
assessnment of part lot quality based on the destructive
exam nation of sanples rando Y sel ected from each production
lot. This destructive physical analysis (DPA) is used to verifX
the internal design, materials, construction, and worknmanship o
the “as-built” sanple parts to preclude installation of parts
having patent or latent defects. DPAs can also be used to
moni tor processes to eval uate supBIier production trends and for
failure analysis. DPAs can also be used to derive information to
aid in defining inprovenment changes in design, naterials, or
processes or to aid in dispositioning parts that exhibit
anomal i es.

60. 2 TAI LORED APPLI CATI ON

~ The technical requirenents in each contract should be
tailored to the needs of that particular acquisition. Mlitary
speci fications and standards need not be applied in their
entirety. Only the m ninumrequirenents needed to provide the
basis for achieving the ﬁrogran\requirenents shoul d be inposed.
The cost of inposing each requirenent of this standard should be
eval uated against the benefits that should be realized. However,
the risks and potential costs of not inposing requirenments nust
al so be considered. The tailoring should be inplenmented by the
wording used to state the applicable requirenents in the
specifications or in other contractual docunents.

60.3  DOCUMENTATI ON

Docunents, forms, technical nanuals, and data are prepared
and distributed in accordance with the Contract Data Requirenents
List (CDRL) of the applicable contract. The data items discussed
in this standard are not deliverable unless invoked by the CDRL

or the applicable contract.
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60.4 _SUBJECT TERM (KEY WORD) LI STING

Anal ysi s
Capaci tors
Col l's
Connectors
Cont acts
Crystals
Decapsul ation
Delid
Destructive
Di odes
Filters

| nductors

| nspections
Mcrocircuits
Particles
Physi cal

Resi stors
Swi t ches
Transformers
Transi stors
Therm stors

60.5 CHANGES FROM THE PREVI QUS [SSUE .

This issue of ML-STD- 1580 is a revision that incorporates a

| arge nunber of changes.

previous issue are not indicated in the docunent.

The location of these changes from the

Bi dders and

contractors are cautioned to evaluate the requirements of this
docunment based on the entire content irrespective of the
relationship to the last previous issue.

Cust odi ans
Air Force - 19

172

Preparing Activity
Air Force - 19

(Project No. 1820-F009)

Document 2292b Arch 1421b
Docurment 2293b Arch 1422b
Docurment 2294b Arch 1423b
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