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RELIABILITY PREDICTION OF ELECTRONIC EQUIPMENT
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I his standardization handbook was devsloped by the Department of Dslenss
with the assistance of the military departments, federal agencies, and industry

Every effort has been made to reflect the latest information on reliability
prediction procedures. It is the intent to review this handbook periodically to
ensure its compieteness and currency.

Beneficial comments (recommendations, additions, deletions) and any pertinent
data which may be of use in |mprovmg thns document should be addressed to:

[ o P PR P - o~ Nt rCavna Da

vommanaer, Rome l.duGrdlUTy. r\rou, ATTN: l:noo. Griffiss Air Force Bass,
New York 132441-5700 by using the calf.addraccod Qtandardizatinn nnm1mnm
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Improvement Proposal (DD Form 1426) appearing at the end of this document
or by letter.
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FOREWORD

This revision to MIL-HDBK-217 provides the following changes based upon recently completed studies
(see Ref. 30 and 32 listed in Appendix C):

1. New failure rate prediction models are provided for the following nine major classes of
microcircuits:

+  Monolithic Bipolar Digital and Linear Gate/Logic Array Devices

»  Monolithic MOS Digital and Linear Gate/Logic Array Devices

= Monotithic Bipolar and MOS Digital Microprocessor Devices (Including Controllers)
+  Monolithic Bipolar and MOS Memory Devices

« Monolithic GaAs Digital Devices

»  Monotithic GaAs MMIC Devices

»  Hybrid Microcircuits

- Magnetic Bubble Memories

» Surface Acoustic Wave Devices

This revision provides new prediction models for bipolar and MOS microcircuits with gate counts up to
60,000, linear microcircuits with up to 3000 transistors, bipolar and MOS digital microprocessor and co-
processors up to 32 bits, memory devices with up to 1 million bits, GaAs monolithic microwave integrated

circuits (MMICs) with up to 1,000 active elements, and GaAs digital ICs with up to 10,000 transistors. The
C, tactors have been extensively revised to reflect new technology devices with improved reliability, and

the activation energies representing the temperature sensitivity of the dice (ny) have been changed for
MOS devices and for memories. The C, factor remains unchanged from the previous Handbook version,

but includes pin grid arrays and surtace mount packages using the same model as hermetic, solder-sealed
dual in-line packages. New values have been included for the quality factor (). the learning factor (x; ),

and the environmental factor (xg). The model for hybrid microcircuits has been revised to be simpler to

use, to delete the temperature dependence of the seal and interconnect failure rate contributions, and to
provide a method of calculating chip junction temperatures.

2. A new model for Very High Speed Integrated Circuits (VHSIC/VHSIC Like) and Very Large
Scale Integration (VLSI) devices (gate counts above 60,000).

3. The reformatting of the entire handbook to make it easier to use.

4. A reduction in the number of environmental factors (ng) from 27 to 14.

5. A revised failure rate model for Network Resistors.

6. Revised models for TWTs and Klystrons based on data supplied by the Electronic Industries
Association Microwave Tube Division.

vii






1.1 Purpose - The purpose of this handbook is to establish and maintain consistent and uniform
methods for estimating the inherent reliability (i.e., the reliability of a mature design) of mﬂltary electronic
equipment and systems. npmvldesacommnbaslsbrmuabnyprodiabnsmﬁmacquislbnpmgram

manin Sas

for military electronic systems and squipment. it also establishes a common basis for comp nparnng and
evaluating reliability predictions of related or competitive designs. The handbook is imended to t_)e used

as a tool to increase the reliability of the equpment being desngned

1.2 Application - This handbook contains two methods of reliability prediction - "Pant Stress
Analysis® in Sections 5§ through 23 and "Parts Count® in Appendix A, These methode vary in degree of
information needed to apply them. The Part Stress Analysus Me&hod requires a greater amoum of detaalod
information and is applicable during the later design phase when actual hardware and circults are being
gssigned. The Parts Count Method requires iess information, generaiiy pari quaniiiies, quaiity ievei, and
the application environment. This method is applicable during the early design phase and during proposal
formulation. In general, the Parts Count Method will usually result in a more conservative estimate (i.e.,
higher failure rate) of system refiabitity than the Parts Stress Method.

1.3 Computerlzod Rellabliity Prediction - Rome Laboratory - ORACLE is a computer program
developed to aid in applying the part stress analysis procedure of MIL-HDBK-217. Based on
environmental use characteristics, piece part count, thermal and electrical stresses, subsystem repair rates
and system configuration, the program caicuiates piece part, assembly and subassembly Iauure rates. It

aiso flags overstressed parts, allows the user to perform tradeoff analyses and provides system mean-

SIS SRRy PV Ot CRssud, Smsrw RV B o

ume-to»failure and availability. The ORACLE computer program software (available in both VAX and IBM
compatible PC versions) is available at feplacemem tape/disc cost to all DoD organizations, and to
contraciors for appiication on specifiic DoD coniracis as government fumished property (GFP). A

statemeant of terms and conditions may bea obtained upon written reques tto: Romela Mfatu:y/ERspx,

Gritfiss AFB, NY 13441-5700.

1-1



B e



MIL-HDBK-217F

2.0 REFERENCE DOCUMENTS

This handbook cites some specifications which have been cancelled or which describe devices that are
not to be used for new design. This information is necessary because some of these devices are used in
so-called “off-the-shell” equipment which the Department of Defense purchases. The documents cited
in this section are for guidance and information.

SPECIFICATION

un .Cc8
MIL-R-11
MIL-R-19

MiL-C-20

MIL-R-22
MIL-C-25

MiL-C-ai

MIL-C-82
MIL-R-93
MIL-R-94
MiL-V-95

w111

SECTION #

107
9.1
9.11

10.11

9.12

10.1

©
o

-l
-
-

10.15

10.18
9.5
9.14
23.1

S0 4

L4 R

14.5
22.1
2.1
19.1

15.1

15.1

15.1

TLE

Capacitors, Fixed, Mica-Dislectric, General Specification o7

Resistor, Fixed, Composition (Insulated) General Specilication for

Resistor, Variable, Wirewound (Low Operating Temperature) General
Speciiication for

Capaciior, Fixed, Ceramic Dislectric (Temperature Compensating)
Established and Nonestablished Reliability, General Specification for

Raesistor, Wirewound, Power Type, General Specification for

Capacitor, Fixed, Paper-Dielectric, Direct Current (Hermetically Sealed
in Metal Cases), General Specification for

Resistor, Fixed, Wirewound (Power Type), General Specification for

UGNy WU L VUG [ [ W, W

l lﬂlbl(.lll-l Hll.l lﬂw u‘u.nn. I'UWUI' ﬂgﬂ r'owvr, "gﬂ f‘m

Pulse), General Specification for

Capacitor, Fixed Electrolytic (DC, Alumlnum Dry Electrolyte,
Polarized), General Specification fo

Capacitor, Variable, Ceramic Dielectric (Trimmer), General Specification
for

Capacitor, Variable, Air Dielectric (Trimmer), General Specification for
Raesistor, Fixed, Wirewound (Accurate), Genaral Specification for
Raesistor, Variable, Composition, General Specification for

Vibrator, interrupter and Self-Rectifying, General Specification for

fomcmdooaot A2 cuo
Lamp, Incandsscent Miniaturs, Tungsten Fament

Cirouit Breaker, Moided Case, Branch Circult and Service

Fuse, Cartridge, Class H (This covers renewable and nonrenewable)
Fuse, Cartridge, High Interrupting Capacity

Crystal Unit, Quartz, General Specitication for

- Connector, Coaxial, Radio Frequency, Series Puise, General

So.dﬁc-hnmn for

D — T ———

Connector, Coaxial, Radto Frequency, Series NH, Associated Fittings,
General Specification fo

Connector, Coaxial, Radio Frequency, Series LC

| LUYWTI

2-1

<O 1 40



MIL-HDBK-217F

2.0 REFERCENCE DOC TS
SPECIFICATION SECTION # TILE

ALl O ARKRR 161 Connactor _Dlun and Racantania Flactrical tf‘mmal Sarias Twin) and
Associated Fm:ngs General Spodﬁeaﬁon for

AN P A7eT PY K1 Poanmmnmdonr Dhim arnd Dansrtanin Dawar Riadad Tuna fRanarml

L] S = alv F AW Y J.4 w-m., L[] - NS lw \} VIwen , iaUew | Y pow) el el
Specification for

MiL-5-3786 14.3 Swiich, Rotary (Circuit Selecior, Low-Current (Capacity)), General
Specification for

MiL-C-3950 i4.i Swiich, Toggie, Environmentaily Seaied, Generai Specification for

MIL-C-3965 10.13 Capacitor, Fixed, Electrotytic (Nonsolid Electrolyte), Tantalum, General
Speciiication for

MIL-C-5015 15.1 Connector, Electrical, Circular Threaded, AN Type, General
Speciication for

MIL-F-5372 22.1 Fuse, Current Limiter Type, Aircraft

MIL-R-5757 13.1 Relay, Electrical (For Electronic and Communication Type Equipment),
Cenaral Spacification for

MIL-R-6106 13.1 Relay, Electromagnetic (Including Established Reliability (ER) Types),
Gsnsral Spscification for

MIL-L-6363 20.1 Lamp, incandescent, Aviation Service, General Requirement for

MIL-S-8805 14.1, 14.2 Switches and Switch Assembilies, Sensitive and Push, (Snap Action)
General Specification for

MIL-S-8834 14.1 Switches, Toggle, Positive Break, General Specification for

MiL-M-10304 18.1 Meier, Eieciricai indicaiing, Panei Type, Ruggedized, Generai
Snacification for

MIL-R-10509 9.2 Resistor, Fixed Film (High Stabiiity), Generai Specification ior

MIL-C-10950 10.8 Capacitor, Fixed, Mica Dielectric, Button Style, General Specification
for

MIL-C-11015 10.10 Capacitor, Fixed, Ceramic Dielectric (General Purpose), General
Specification for

MIL-C-11272 10.9 Capacitor. Fixed, Glass Dielectric. General Specification for

Mil-C-11693 0.2 Capacitor, Feed Through, Radio interierence Heduciion AC and DC,
(Hermatically Sealed in Matal Cases) Established and Nonestabiished
Reliability, General Specification for

MiL-R-11804 8.3 Rssistor, Fixed, Film {Power Typs), Gensral Specification for

MIL-C-12889 10.1 Capacor, | By-Pass! Radio - Interference Reduction, Paper Dielectric.
AT and DC, (Hermetically Sealed in Maetaliic Cases), General
Specification for

MiL-R-12934 9.10 Hesistor, Variabie, Wirewound, Precision, Generai Speciiicaiion for

2-2
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2.0 REFERENCE DOCUMENTS
SPECIFICATION SECTION # TIMLE

MiL-C-14157 10.3 Pq)or Plastic) or Plastic Dielectric, Direct
Current (!".e!‘.'!‘-e""w., in Mgtal Cases) Establishad Ralighility,
General! Specification lor

MIL-C-14403 10.17 Capaciior, Variabie {(Pision Type, Tubuiar Trimmer), Generai
Speciication for

MIL-F-15160 22.1 Fuse, Instrument, Power and Telephone

MIL-C-15305 1.2 Col,, Fixed and Variable, Radio Frequency, General Specification for

MILF-15733 21.1 Fiter, Radio "‘iﬁéf‘iﬁﬁi. General Specification for

MIL-C-18312 10.4 Capecitor, Fixed, Mutan!zod (Paper, Paper Plastic or Plastic Film)
Dieiectric, Direct Current {Hermeticaily Sealed in Metai Cases), Generai
Soaclification for

MIL-F-18327 211 Filter, High Pass, Low Pass, Band Pass, Band Suppression and Dual
Eiinadinaios N IQA.-J"M - B
L[ ] UIM"IIIU. Y TOY - wl“l"’l lVl

MIL-R-18546 9.7 Resistor, Fixed, Wirewound (Power Type, Chassis Mounted), General
Specification for

MIL-S-19500 6.0 Semiconductor Device, General Specification for

Mi -R-19523 13.1 Relay, Control, Naval Shinboard

MIL-R-10648 13.1 Relay, Time, Delay, Thermal, General Specification for

MIL-C-19978 10.3 Capu:iwf Fixed Plastic (or Paper-Plastic) Dielectric (Hermetically
Sealed in Metal, Coramic or Glass Cases). Establzshod and
Nohestablished Pﬁﬁﬁbliny. General opecmullnn for

MIL-T-21038 11.1 Transformer, Pulse, Low Power, General Specification for

MIL-C-21097 18.2 Connector, Electrical, Printed Wiring Board, General Purpase, Genaral
Specification for

MIL-R-22097 9.13 Resistor, Variable, Nonwirewound (Adjustment Types), General
Specification for

ME -R.29884 8.2 Resistor, Fixed, Fiim, Insulated, General Spacification for

MIL-S-22710 14.4 Switch, Rotary (Printed Circuit), (Thumbwheel, in-line and Pushbunon)
Geneial Specification for

MIL-S-22885 14.1 Switches, Pushbutton, llluminated, General Specification for

MIL-C-22992 15.1 Connector, Mnddml Haaw anv Genera! smw&ﬂ for

MiL-C-23183 10.19 - Capadcitor, Fixed or,'Variable. Vacuum Dielectric, Genera! Specification
Py
1%}

MIL-C-23269 10.9 Capadtor Fixed, Glass Dielectric, Established Reliabllity, General
Speciiication for

MIL-R-23285 9.15 Resistor, Variable, Nonwirewound, General Specification for

N
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SPECIFICATION SECTION # TITLE

MIL-F-23419 22.1 Fuse, instrument Type, General Specification for

MIL-T-23648 9.8 Themistor, (Thermally Sensitive Resistor), insulated, General
Spediiication for

MIL-C-24308 15.1 Connector, Electric, Rectangular, Miniature Polarized Shell, Rack and
Panel, General Specification for

MIL-C-25516 15.1 Connector, Electrical, Miniature, Coaxial, Environment Resistant Type,
General Specification for

MiL-C-26482 15.1 Connector, Electrical (Circular, Miniature, Quick Disconnect,
Environment Resisting) Receptacies and Plugs, General Specification
for

MIL-R-27208 9.9 Resistor, Variable, Wirewound, (Lead Screw Activated) General
Specification for

MIL-C-28748 15.1 Connector, Electrical, Rectangular, Rack and Panel, Solder Type and
Crimp Type Contacts, General Specification for

MIL-R-28750 13.2 Relay, Solid State, General Specification for

MIL-C-28804 15.1 Connector, Electric Rectangular, High Density, Polarized Central
Jackscrew, General Specification for, Inactive for New Designs

MIL-C-28840 i5.1 Connedlor, Electiical, Clicular Tiveaded, High Densily, High Shock
Shipboard, Class D, General Specification f

MIL-M-38510 5.0 mMicrocircuiis, General Specification for

MIL-H-38534 5.0 Hybrid Microcircuits, General Specification for

MIL-1-38535 5.0 integrated Circuits (Microcircuits) Manufacturing, General
Specification for

Ml -C-38999 15.1 Connsctor, Electrical, Circular, Miniaturs, High Density, Quick
Disconnect, (Bayonet, Threaded, and Bmech Coupling) Environment
Resistant, Removable Crimp and Hermetic Solder Contacts, General
Specification for

MIL-C-39001 10.7 Capacitor, Fixed, Mica Dielectric, Established Reliablility, General
Speciiicaiion for

MIL-R-39002 9.1 Resistor, Variable, Wirewound, Semi-Precision, General Specification
for

MIL-C-39003 10.12 Capadtor Fixed, Electrolytic, (Solid Electrolyte), Tantalum,

Rowmy General Specification for

MIL-R-39005 - 9.5 _ Raesistor, Fixed, Wirewound, (Accurate) Established Reliability, General
Specification for '

MIL-C-39006 10.13 Capacitor, Fixed, Elowomtc (Nonsolid Electrolyte) Tantalum
Established Reliability, General Specification for

MIL-R-39007 9.6 Resistor, Fixed, Wirewound (Power Type) Established Reliability,

General Specification for

N
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MiL-R-39016

MIL-R-39017

MIL-C-39018

MIL-C-39019

MIL-C-39022

MIL-R-39023
MIL-R-39035

10.14

145

10.4

9.15
9.13

-~ -—h -dh - - -—h
o u u »u v u n
PO RS VRN S

tn

-

o
[4,]

1.1

Rustor Fixed, Oomposibon (Insulated) Established Reliability,

I-"Fvvvv-—wv'-v

Resistor, Fixed, Wirewound (Power Type, Chassis Mounted)

Catable Cranifi~at
calnwall‘lﬁd R%". %“r@:’&' W"wlkn or

Col, Fixed, Ruﬂo Frequency, Molded, Established Reliability, General

Speciiicaiion for
Connector, Coaxial, Radio Frequency, General Specification for

Capacitor, Fixed, Ceramic Dislectric (General Purpose) Established
Reliability, General Specification for

Nt WS Al ARl A ol Coonaa, A P
tof, V , W { ¢ uat ; ot abBatbndd
or

Reliability, General Specification
Relay, Electromagnetic, Established Reliability, General Specification

for

Raesistor, Fixed, Film (insuiated), Estabiished Reiiabiity, Generai
Sneacification § for

Capadtor Fixed, Electrolytic (Aluminum Oxide) Established Reiiability

rnbalion bomrd D-ﬂ-—kn.&: Ranaral Cannificatinn fnr

POYE PN
ano I‘Ullﬂslﬂ)lul LY, \JFOI IT1 QI IO RGNS IV

Circuit Breakers, Magnetic, Low Power, Sealed, Trip-Free, General
Speciication for

Capedtor Fixed, Metallized Paper Paper-Plasuc Film, or Plasnc Flm

st

Dielectric, Direct and Akernating Current {Hermaeticaily Seaied in Metai
Casaes) Established Reliability, General Specification for

Resistor, Variable, Nonwirewound, Precision, General Specification for

Resistor, Variable, Nonwirewound, (Adjustment Type) Established
Reliability, General Specification for

Connector, Triaxial, RF, General Specification for

Printed Wising Boards

Resistor, Fixed, Film, Established Reliability, General Specification for
Connector, Coaxial, RF, General Specification for

2 s U T NP ' (PP gy

bonnoc:or Printed Ulﬂ'.‘i."l auoassemoly and Accessories

Adapter, Coaxial, RF, General Specification for

-. Capacitor, Fixed, Plastic (or Metallized Plastic) Dielectric, Direct

Current, In Non-Métal Cases, General Specification for

Transformer, intermediate Frequency, Radio Frequency, and
Discriminator, Genera! Specification for

r):»
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SPECIFICATION SECTION # TITLE

MIL-C-55681 10.11 Capacitor, Chip, Multiple Layer, Fixed, Ceramic Dielectric, Established
Reliability, General Specification for

MIL-C-81511 15.1 Connector, Electrical, Circutar, High Density, Quick Disconnect,
Environment Resisting, and Accassories, General Specification for

MIL-C-83383 14.5 Circuit Breaker, Remote Control, Thermal, Trip-Free, General
Specilication for

M#i -R-83401 Q4 Resistor Networks. Fixed, Film. General Specification for

MiL-C-83421 10.6 Capacitor, Fixed Supermetatiized Piastic Fim Dielectric (DC, AC or DC
utdAC)HomMSoabthaalCam Established Refiability,

General Specification for

MIL-C-83513 15.1 Connector, Electrical, Rectangular, Microminiature, Polarized Shell,
General Specification for

MIL-C-83723 15.1 Conneclor, Electrical (Circular Environment Resisting), Receptacies
and Plugs, General Specification for

MiL-R-837 13.1 Relay, Vacuum, General Specilication for

MIL-R-83726 13.1, 13.2, Relay, Time Delay, Electric and Electronic, General Specification for

13.3

MIL-S-83731 14.1 Switch, Toggle, Unsealed and Sealed Toggle, General Specification for

MIL-C-83733 15.1 Connaector, Electrical, Minlature, Rectangular Type, Rack to Panel,
Environment Rasisting, 200 Degrees C Total Continuous Operating
Temperature, Generai Specification for

MIL-S-83734 153 Socket, Plug-in Electronic Components, General Specification for

STANDARD TITLE
MIL-STD-756 Reliability Modeling and Prediction
MIL-STD-883 Test Methods and Procedures for Microelectronics

ALl _CTIN_OQ7C
WMD" TI I

MIL-8TD-1547

MIL-STD-1772

NACA CQiandand Elastnical Cla~tmanic and Electromechanical Parte | ot

TR RIGH Y Eatt! oty St § LN S0 TN B PEPS T LS § vuuet Sums U semns .

Parts, Materials and Processes for Space Launch Vehicles, Technical

| = YHPrRR SURSTr YNy e
nuqu“mvnw o

Certitication Requirements for Hybrid Microcircult Faciities and Lines

Copies of specifications and standards required by contractors in connection with specific acquisition

functions should be obtained from the contracting acﬂvity or as directed by the oontracting officer. Single
copies are also available (without charge) upon wiitten feq':est to:

Standardization Document Order Desk

700 Robins Ave.

Building 4, Section D
Phitadelphia, PA 19111-5094
(215) 697-2667




—~—y -

MIL-HDBK-217F

3.0 INTRODUCTION

3.1 Reliabliity Engineering - Reliabllity is currently recognized as an essential need in military
electronic systems. It is looked upon as a means for reducing costs from the tactory, where rework of
defective components adds a non-productive overhead expense, to the field, where repair costs include
not only parts and labor but also transportation and storage. More importantly. reliability directly impacts
force effectiveness, measured in terms of availability or sorlie rates, and determines the size of the
"logistics tail” inhibiting force utilization.

The achievement of reliabillty Is the function of reliabliity engineering. Every aspect of an electronic
system, from the purity of materials used in its component devices to the operator's Interface, has an

impact on reliability. ~ Reliability engineering must, therefore, be applied throughout the system's
development in a diligent and timely fashion, and integrated with other engineering disciplines.

A variety of reliability engineering tools have been developed. This handbook provides the models
supporting a basic tool, reliability prediction.

3.2 The Role of Reliabliity Prediction - Reliability prediction provides the quantitative baseline
needed 10 assess progress in reliability engineering. A prediction made of a proposed designh may be
used in several ways.

A characteristic of Computer Aided Design is the ability to rapidly generate alternative solutions to a
particular problem. Reliability predictions for each design altemative provide one measure of relative worth
which, combined with other considerations, will aid in selecting the best of the available options.

Once a design is seiecied, the reiiabiiily prediction may De used as a guide 10 improvement by showing
the highest contributors to failure. Iif the part stress analysis method is used, it may also reveal other fruitful
areas for change (e.g., over stressed parts).

The impact of proposed design changes on reliability can be determined only by comparing the reliability

predictions of the existing and proposed designs.

The ability of the design to maintain an acceptable reliability level under environmental extremes may be
assessed through reliability predictions. The predictiongs may be used to evaluate the need for

environmental control systems.

The effects of complexity on the probability of mission success can be evaluated through reliability
predictions. The need for redundant or back-up systems may be determined with the aid of reliability
predictions. A tradeoff of redundancy against other reliability enhancing techniques (e.g.: more cooling,
higher part quality, etc.) must be based on reliability predictions coupled with other pertinent
considerations such as cost, space limitations, etc.

The prediction will also help evaluate the significance of reported tallures. For exampie, if several failures
of one type or component occur In a system, the predicted fallure rate can be used to determine whether
the number of failures is commensurate with the number of components used in the system, or, that it
indicates a problem area.

Finally, reliability predictions are usetul to various other engineering analyses. As examples, the location
of built-in-test circuitry should be influenced by the predicted failure rates of the circultry monitored, and
maintenance strategy planners can make use of the relative probability of a failure's location, based on
predictions, to minimize downtime. Reliability predictions are also used to evaluate the probabilities of
Taiilure evenis described in a failure modes, effects and criticality analysis (FMECAs).

3-1
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3.3 Limhkations of Rellabllity Predictions - This handbook provides a common basis for
reliahility predictions, bhased on analysis of the best available data at the time of issue. It ig intended to

make reluabilny pmdacuon as good a tool as possbile. However, like any tool, reliability prediction must be
used intelligently, with due consideration of its limitations.

The first limitation is that the failure rate models are point estimates which are based on available data.
Hence, they are valid for the conditions under which the data was obtained, and for the devices covered.
Some extrapolation during model development is possible, but the inherently empirical nature of the
modeis can be severely resirictive. For exampie, none of the modeis in this handbook predict nuciear
ar nn':=":abnllh,: or gh.e gﬁas n! lﬁnblng mﬂinﬂnn

Even when used in similar enwironments, the differences between system applications can be significant.
Predicted and achiavod rellabll'ly have aiways been closer for gmund aioctronic systems than for avionic

srsebarna hansacsan ¢ al ok -~ S snsd Aanad ha
LY ITNIO, VOLAUDU urv vll'"vl'l"vlw Duwma 'w’ mw llvlll §,°Ivlll W °,°lulll Ull I"U Ulwl" ﬂlu uvlw

the field conditions are in aeneral closer 1o the environment undar which thae data was collected for the
prediction model. However, failure rates are also impacted by operational scenarios, operator
characteristics, maintenance practices, measurement techniques and mnerences in detinition of tallure.

Uarn~n e ll hllll- rneandictian sahaiilrd naar ha assirmad ¢a ranvasant tha avaantiad fiald sallahilithhe an
1H1CI1 VG, a VVIIGUIIII’ MIouRrIT a"vuvu 1ITOvOl VO ﬂ°wllw W 1OpIToUrit ‘l’v CUANUWITUU 1HIUN TUnRQURIy Ao

measured by the user (i.e., Mean-Time-Between-Maintenance, Mean-Time-Between-Removals, etc.).
This does not negate its value as a reliability engineering tool; note that none of the applications
discussed above requires the predicted reliability to match the fieid measurement.

Electronic technology is noted for its dynamic nature. New types of devices and new processes are
continually introduced, compounding the difficutties of predicting reliability. Evolutionary changes may be
handied by extrapolation from the existing models; revoiutionary changes may defy analysis.

Another limitation of refiability predictions is the mechanics of the process. The part stress analysis
method requires a significant amount of design detail. This naturafty imposes a time and cost penalty.
More significantly, many of the detailis are not avaitable in the early design stages. For this reason this
handbock contains both the pant stress analysis methed (Sections § through 23) and a simpler parts count

method (Appendix A) which can be used in early design and bid formulation stages.

Finally, a basic limitation of reliability prediction is its dependence on correct application by the user.

Thaea whn anrmanthy annh: tha madale and oa tha infAarmatinn in a Anneniandiage raliahilitu Nensram weill
TINOU Wi WVIWII, uw" BIVO ITRJUTIO GrRJ UOU 110 vl nr a WIICUIUOIIIUUG 'vl'w'.", V'vu'“l" Aadlll

find the prediction a useful tool. Those who view the prediction only as a number which must exceed a
specified value can usually find a way to achieve their goal without any impact on the system.

3.4 Part Stress Analysis Prediction

3.4.1 Appiicabiiity - This method is appiicabie wihen most oi ihe design is compieted and a detaiied
parts list inchuding part stresses is avallable. !t can also be used during latar dgslgn phases for reliability
trade-offs vs. part selection and stresses. Sections 5 through 23 contain failure rate modeis for a broad
variety of parts used in efectronic equipment. The parts are grouped by major categories and, where
appropriate, are subgrouped within categories. For mechanicai and eiectromechanicai parts not covered

s thio Landhanl, eadarta Dikiiasaranbag Bame 9N and 20 1 Arnnandh, O
MYy WO I 1Iai RIMVWUVN, 1TI0! IV UIIIIWIG'JI " 'lv".o —\J Ill'\.l (VAV} \w HA V’

The failure rates presented apply to equipment under nonmal operating conditions, i.e., with power on and
performing its intended functions in its intended environment. Extrapolation of any of the base failure rate
models beyond the tahulated values such as high or sub-zero temnerature, electrical strass values above

1.0, or extrapolation of any associated model modifiers is completely invalid. Base failure rates can be
interpolated between electrical stress values from 0 to 1 using the underlying equations.

The general procedure for determining a board level (or system level) failure rate is to sum individually
cakeulated failure rates for each component. This summation is then added to a failure rate for the circuit
board (which includes the effects of soldering parts to it) using Section 16, Interconnection Assemblies.
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For parts or wires soldered together (e.g., a jumper wire between two parts), the connections model
appearing in Section 17 is used. Finally, the effects of connecting circuit boards together is accounted for
by adding in a failure rate for each connector (Section 15, Connectors). The wire between connectors is

assumad to hava a zom failuira rata. For varioue cnp'lit‘we use pggﬁlﬁg dutv Ve a8 and :ggunt_]a_m_:igs th@

GQOIUNHITU IV 1MAVUY & &VIV IRV 1UWW. W VR RTWT ww TwAPy wemsy Wywtee =

procedures described in MIL-STD-756, Reliability Modeling and Prediction, should be used to determine
an effective system level failure rate.

3.4.2 Part Quality - The quallty of a part has a direct effect on the part fallure rate and appears in the
part models as a factor, nq. Many parts are covered by specifications that have several quality levels,

hence, the part models have values of xq that are keyed to these quality levels. Such parts with their

quality designators are shown in Table 3-1. The detailed requirements for these levels are clearly defined
in the applicable specification, except for microcircuits. Microcircuits have quality Ieve‘li which are

dépé__:-ﬁi on ﬁ-‘e ﬁU.'."L-i (‘ﬁ M;L‘STH 833 s8cie6ns (Of P .wnlnng) ic whi'c'h. H\'e-’: are suhlnmw.

Table 3-1: Parts With Multi-Level Quality Specifications

i 3 13
e

Part Quality Designators

S, B, B-1, Other: Quality Judged by

Microcircuits
Discraete Semiconductors

Capacitors, Established

Screening Level
JANTXV, JANTX, JAN
D,C,S,R,B,P,M, L

Reliability (ER)

Resistors, Established S.R,P.M
Reliabfity (ER)

Coils, Molded, R.F., S,R P.M
Reliability (ER)

Reiays, Estabiished R P ML

Refiabillty (ER)

Some parts are covered by older specifications, usually referred to as Nonestablished Reliability (Non-ER),
that do not have multi-levels of quality. These part modeis generaily have two quaiity ieveis designaied as
"MIL-SPEC.", and "Lower". !f the part is procured in complete accordance with the applicable

specification, the n value for MIL-SPEC should be used. If any requirements are waived, or if a
commercial part is procured, the n, value for Lower should be used.

The foregoing discussion involves the "as procured® part quality. Poor equipment design, production,
and testing facilities can degrade part quality. The use of the higher quality parts requires a total
equipment design and quality control process commensurate with the high part quality. it would make little
sense to procure high quality parts only to have the equipment production procedures damage the parts
or introduce latent defects. Total equipment program descriptions as they might vary with different part
quality mixes is beyond the scope of this Handbook. Reliability management and quality control
procedures are described in other DoD siandards and pubiications. Neveriheiess, when a proposed
equipment development is pushing the state-of-the-art and has a high reliability requirement
necessitating high quality parts, the total equipment program should be given careful scrutiny and not just
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the parts quality. Otherwise, the low tallure rates as predicted by the modeis for high quality parts will not
ho raalizar

3.4.3 Use Environment - All part reliability models include the effects of environmental stresses
through the environmentai factor, xg, except for the eifecis of ionizing radiation. The descriptions of
these environments are shown in Table 3-2. The xg factor is quantified within each pan tailure rate model.
These environments encompass the major areas of equipment use. Some equipment will experience

more than one environiment dunng s Normal uss, e.g., equipment in spatecrall. In such a cass, the
reliability analysis should be segmented, namely, missile launch (M, ) conditions during boost into and

return from orbit, and space flight (Sg) while in orbit.

Table 3-2: Environmental Symbol and Description

Equivatent
MIL-HDBK-217E,

Notice 1
[ <Ryt gy =~ Svmbol - o Naarrintinn
CHvUVIRIein [ ~aikd "E DYMoOI -

Ground, Benign Gg Gg Nonmobile, temperature and humidity
Guie controlled environments readily accessible to
o maintenance; inciudes iaboratory insirumenis

and test equipment, medical elactronic
equipmen, business and scientific computer
compiexes, and missiies and support
equipment in ground silos.

ixsd Ge Ge Modgratsly controlied environments such as
installation in permanent racks with adequate

cooling air and possible installation in unheated

buildings; includes permanent instaltation of air

traffic control radar and communications

tacilities.
Ground, Mobile Gu Gm Equipment instalied on wheeled or tracked
M vehicles and equipment manually transported;
P includes tactical missile ground support

equipment, mobile communication equipment,
taciicai fire direction systems, nandneid
eommunications equinment, lasar designations

and range finders.

Naval, Sheltered Ng Ng Includes sheltered or below deck conditions on
N Ne surface ships and equipment instalied in
sB submarines,
Naval, Unsheltered Ny Ny Unprotscisd suttacs shishorns sgquipment
o exposed to weather conditions and equipment
W immersed in sah water. Includes sonar
Ny equipment and equipment instaied on hydrolol!
vessaels.
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Table 3-2: Environmental Symbol and Description {(cont'd)
3 quivaieni
MIL-HDBK-217E,
Notice 1 _ o
Environment xe Symbol Description
. [P N}
HE g ALl
Airbarmna, Inhabited, A A Tvoical conditions in carao compartments
Carpo A which can be occupied by an alrcrew.
" Environment exiremes of pressure,
A:e tamnaratura, shack and vibration are minimal,
Exampl.s include fong mission aircraft such as
the C130, C5, B52, and C141. This category
nhn Mh- (72 nn'e‘-“nd arana ;na %
porformanoo smaller aircraft such as the T38.

Airborne, Inhabitad, _A_;,-: ASF Same as A:c but instalied on high performance

Fighter Aa aircraft such as fighters and interceptors.
Examples include the F15, F16, F111, F/A 18
and Ai0 aircraii.

Airborne, Uninhabited, Ayc Auc Environmentally uncontrolied areas which

Carge A cannct be inhabited by an sircrew during fliah

T Environmental extremes of pressure,

Aus temperature a and shock may be severe.
unlupl'a induds uninhabited arsas Gt b?@
mission aircraft such as the C130, C5, B52
C141. This category also applies to
uninhabiied area of iower periormance smaiier
aircraft such as the T38.

Airharne, A, — A, — Same as A. iC but inatalied on hich parformance

inhabhted T

Uni , Aa aircraft such as fighters and interceptors.

Fighter Examples include the F15, F16, F111 and A10
aircrait.

Airborne, Rotary Apw Apw Equipment instailed on helicopters. Applies 10

Winoad both intarnall and externally mountsd
equipment such as laser designators, fire
control systems, and communications
squpmeni.

Space, Fiighi Sg Sg Carih orbiiai. Approaches benign ground
conditions. Vehicle neither under powered
fiight nor in atmospheric reentry; includes
sateiiiles and shutties.

(:D
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MIL-HDBK-217F

Tabie 3-2: Environmenial Symbol and Description {(cont'd)
~Equivalent
MIL-HDBK-217E,
Notice 1
Environment n Symbol Description
ng Symbol =
Missile, Flight MF Mg Conditions reiated io powered fiight of air
MF breathing missiles, cruise missiles, and
A missiles in unpowered free flight.
Missile, Launch M, M, Severe conditions related to missile launch (air,
- Ua ground and sea), space vehicie boost into
SL orbit, and vehicle re-entry and landing by
parachute. Also applies to solh rockst motor
propu!sbn pow‘erod fiig torpedo and
missiie launch from submafr
Cannon, Launch CL CL Exiremeiy severe conditions related to cannon
launching of 155 mm. and 5 inch guided
projectiles. Conditions apply to the projectile
from launch to target impact.

where:

Ap is the

x

m

ire BData Adndal
M!e TUUC

dl-ﬁe;'ent trom those for other parts and are pre
type of model used for most other p is

base laiiuie 1

is the pan failure rate,

({: V]
temperature stresses on

Suaﬂ‘y GX;‘:-’GSS&‘G by‘ af
the part,

and the other n factors modify the base failure rate for the category of environmental

application and other parameters that affect the part reliability.

2

e f

2

n— a
ng ar
icahil

P Tveas e

g

fx

-

W|ve =

ZFa

3

e used in most all models and other r factors apply only to specific models. The

ore
stors is identified in each section.

’

The base failure rate (A,) models are presented in each part section along with identification of the
applicable model factors. Tables of calculated Ab values are also provided for use in manual calculations.
The model equations can, of course, be incorporated into computer programs for machine processmg

The tabuiated vaiues of }‘b are cut off at the part ratings with regard to temperature and stress, hence, use
of parts beyond these cut oft points will overstress the part. The use of the A, models in a computer

Part tailure rate models for microelectronic parts are significantly
esented entirely in Section 5.0. A typical example of the
types is the following one for discrete semiconduct
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program should take the part rating limits into account. The Ay, equations are mathematically continuous
beyond the part ratings but such failure rate values are invalid in the oversiressed regions.

Al the part models include failure data from both catastrophic and permanent drift failures (e.g., a resistor
permanently falling out of rated tolerance bounds) and are based upon a constant failure rate, except for
motors which show an increasing failure rate over time. Failures associated with connection of pans into
circuit assemblies are not included within the part failure rate models. Information on connection reliability

is provided in Sections 16 and i7.

3.4.5 Thermal Aspects - The use of this predidlon method raquires the determination of the
temperaiures io which the parts are subjecied. Since paris reiiabiiity is sensiiive io iemperaiure, ihe
al gngluen any daelnn chnl 1t fairhs acourat ratohs nmundn fhn amhiant tamnaratiiree r mndnd in neinn

tharm nf
A TAT I O ILAS AT FUAL 9.\’ Y Ay , L4 21— l“lll l“lv', | NSVIR LW R

the part models Of course, lower temperatures produce better reliability but also can produce incmased
penatlties in terms of added loads on the environmental control system, unless achieved through
improved thermal design of the equipment. The thermai anaiysis shouid be part of the design process
aﬂd hwlud% lll a” lhe :l’adv‘uﬁ °lud‘es w'vlllls U\QUIPIIIUIII wllvlll.ﬂllw, lu’éabéﬁ‘:‘,‘, weégh:, vch}me,
environmental control systems, etc. References 17 and 34 listed in Appendix C may be used as guides in
determining component temperatures.
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4.0 RELIABILITY ANALYSIS EVALUATION

oA

Tabie 4-i PfOV'OeS a Wm for evaiuaiin

ga
[ =% tha sahankliet inabhdeas antamnriae fnr rakahilithe madalins a
r\.n WIHMUIWIIV“. HITU VITOLNIOL N RIUUG O w‘UWIIUO Wi ITURQGWHILY TRV ulI\J [ =1

someatimes delivered as part of a prediction reporl. it should be noted that the scope of any reliability

analysis depends on the specmc requiremeMs called out in a statement-of-work (SOW) or system
specification. The inclusion of this checklist is not imtended to change the scope of these requirements.

Table 4-1: Rellablliity Analysis Checklist

3

finnatinn wihinh arn
INIWEALIWVIS, TVIINAA! arw

Major Concerns Comments
MODELS
Are all functional elements included in the System design drawings/diagrams must be reviewed to
reliability block diagram /model? be sure that the reliability model/diagram agrees with the
Naroware.
Are all modes of operation considered in the Duty cycles, atemnate paths, degraded conditions and
math modei? redundant units must be defined and modeled.
Do the math model results show that the design Unit failure rates and redundancy oquatlons are used
achieves ihe reiiabiiity requirement? irom ihe deiaiied pari prediciions in ithe sysiem main
model (See MIL-STD-756. Reliabllity Prediction and
Modeli Qg)
ALLCCATICN
Are system reliability requirements allocated Useful levels are defined as: equipment for
(subdivided) to useful levels? subcontractors assemblies for sub-subcontractors,
GifGiin boaios 107 designers.
Does the allocation process consider Conservative values are needed to prevent reallocation
compiexity, gesign fiexiiity, and saiety &l every design change.
margins?
PREDICTION
Does the sum of the parts equal the value of Many predictions neglect to include all the parts producing
the module or unit? optimistic results (check for solder connections,
connectors, circuit boards).
Are environmental conditions and part quality Optimistic quality levels and favorable environmental
representative of the requirements? conditions are often assumed causing optimistic results.
Are the circuit and part temperatures defined Temperature is the biggest driver of part failure rates;
and do they represent the design? low temporature assumptions will cause optimistic
fesults.
Are equipment, assembly, subassembly and identification is needed so that corrective actions for
part reliability drivers identified? reliability improvement can be considered.
Are alternate (Non MIL-HDBK-217) failure rates Use of alterate failure rates, if deemed necessary,
nighiighted aiong wiih the rationaie for their require submission oi backup data to provide credence in
usa? the vahies,

Each component type should be sampled and tailure

Ie the level of datail for the nnr’ tailiire rata ratoe nramnlatahs racanetriicvtad far anciirass
2 2Ve: O Celat ANUTe TS &8s COMPSSry TeCOnNSIruCies OF alluiacly.

models sufficient to reconstruct the result?
Prodncnon methods for advanced tachnology parts should

Ar- artinal Anen u\h as \V/¥1-17o oo vempendes nsenlssenboncd $our Y PR
Iall BRI V1] wlllwlwl uu au\d W IVIN, o w"lull’ OVaIUaIou vl IIHPGI'I Ull u IU IIIWUIU ﬂllU

Monolithic Microwave lntegratad Circuits system.

(MMIC) Apphcatlon Spocmc Imegratod

P inmssiba JADKAN [ WQICON PRy Wy PR B | SN WO s |
WICWILD (MO} Ut nyunu:s mygngiieu Y
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This section prasents faiture rate prediction models for the following ten major classes of microelectronic
devices:

~

£ e AAnrnalithin DIMIQ- n-n al and | inaar Matall anin Arrav Novicace

. ! TR IR Ulml I RS LIT T e ay wwvivuo

5.1 Monolithic MOS Digital and Linear Gate/l.ogic Array Devices

5.1 onoiiihic Bipoiar and MOS Digitai Microprocessor Devices

5.2 Monolithic Bipolar and MOS Memory Devices

5.3 Very High Speed integraied Circuit (VHSIC/VHSIC-Like and VLSij CMOS Devices (> 60K

Gates)

5.4 Monolithic GaAs Digital Devices

C A Adarmalithin MaAs LILANA

~ .t VIV RJIIT IR, \3QMD IWVIIVIING

55 Hybrid Microcircuits

| < = [a 3T 2. V.S s smbim VAP i oo TN msciomom

9.0 SUHALGT ACGUUDLIV YVdave LJTVILES

5.7 Magnetic Bubble Memories
in the titie descripiion of each MONOIRNIIC JBVICE type, Bipolar represents all T1L, ASTTL, OTL, ECL, CML,
ALSTTL, HTTL, FTIL, F, LTTL, STTL, BICMOS, LSTTL, iiL, i3L and ISL devices. MOS represems aii
metal-o ylriq mir-rnrirmnite which includes N_MOQ PMOS CMOS and MNOS fahricated on various

substrates such as sapphnre polycrystalline or single crystal silicon. The hybrid model is structured to
accommodate all of the monolithic chip device types and various complexity levels.

Manalithic memory mrnp!nynu factore are amroeeorl in the nuimber of hite in acoordance with IEDEC STD

21A. This standard, which is used by all government and industry agencies that deal with microcircuit
memories, states that memories of 1024 bits and greater shall be expressed as K bits, where 1K = 1024

R —L., _

pits. For example, a idK II'IB"'DTY nas 1b 364 Dﬂs a b‘"\ memory nas DD Ddb fisand a iM memory nas
1 MR B78 bite, Exact numhere of hitc are not uigad for memaries of 1024 hits and a nn'nr.

For devices having both linear and digital functions not covered by MIL-M-38510 or MIL-I-38535, use the
iinear modei. Line drivers and iine receivers are considered iinear devices. For iinear devices not covered

Moy REKD _AA_ ’lﬂ=1ﬂ or l‘ll l RAARME 11ea tha trancictnr rriint feam tha enhamatin diamaram Af tha davieaa ta
Uy WL TIWVISOUD JUSUS, USS e WansSiSiCr COUN oI WIS SCheimac WIQYI QI Vi LIV UGYIVG WV

determine circuit oomplexlty.

For dightal devices not covered by MlL-M-38510 or MlL-i-38535, use the gate count as determlned from
ll IU lw;b U;dul ﬂlll I“ U‘l"\ Ul n-o ll;‘J lMP ia BL'.IIVGIUI n lU 0 udlb'b Wl lUll UWU d& Pd-ll Ul dll LQI b‘ilw;l l'Ql llw
purpose of this Handbook. a gate is considered to be any ane of the following functions; AND, OR,

exclusive OR, NAND, NOR and inverter. When a logic dlagram is unavailable, use » device transistor count
to determine gate count using the following expressions:

Tachnalnav Gate Annmyimatinn

Bipolar No. Gates = No. Transistors/3.0
CMOs No. Gates = No. Transistors/4.0
All other MOS except CMOS No. Gates = No. Transistors/3.0
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A detailed form of the Saction 5.3 VHSIC/VHSIC-Like model is inciuded as Appendix B to alow more
detalled trade-ofis to be performed. Reference 30 should be consulted for more information about this

afaranra 29 e ilrt ha rnnentard far mara infarmatinn ahvut tha mardale annaaring in Qatinne 81 892
v WEe WP LA 4 Al SR IT AR WUWL LF T 1YV IVUV W W‘ll"'y Y WUV W LAl g

VIV WY WV T ISRV FWT TTTWT Y § L= vy silmy

=]
5.4,5.5, and 5.6. Reference 13 should be consulted for additional information on Section 5.7.

o
ro
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5.1 MICROCIRCUITS, GATE/LOGIC ARRAYS AND MICROPROCESSORS

DESCRIPTION

1. Bipolar Devices, Digital and Linear Gate/Logic Arrays

2. MOS Devices, Digital and Linear Gate/Logic Arrays

3. Field Programmable Logic Amay (PLA) and
Programmabile Array Logic (PAL)

4. Microprocessors

= (Cyx + Cong) Failures/108 Hours
17T + L2tE) XY

Bipolar Digital and Linear Gate/Logic Array Die Complexiy Failure Rate - C4

Digital Linear PLA/PAL
No. Gates Cy No. Transistors Cq No. Gates Cy
1 to 100 .0025 1 to 100 .010 Up to 200 .010
101 to 1,000 .0050 101 to 300 .020 201 to 1,000 .021
1,001 to 3,000 .010 301 to 1,000 .040 1,001 to 5,000 .042
3,001 to 10,000 .020 1,001 to 10,000 .060
10,001 to 30,000 .040
30,001 to 60,000 .080

MOS Digital and Linear Gate/Logic Array Die Complexlty Failure Rate - Cq*

Digital - Linear PLA/PAL
No. Gates C, No. Transistors Cq No. Gates C4
1 to 100 .010 1 to 100 .010 Up to 500 .00085
101 to 1,000 .020 101 to 300 .020 501 to 1,000 .0017
1,001 to 3,000 .040 301 to 1,000 .040 2,001 to 5,000 .0034
3,001 to 10,000 -080 1,001 to 10,000 .060 5,001 to 20,000 .0068
10,001 to 30,000 .16
30,001 to 60,000 .29

*NOTE: For CMOS gate counts above 60,000 use the VHSIC/VHSIC-Like model in Section 5.3

Microprocessor All Other Model Parameters
Die Complexity Failure Rate - C4 Parameter Refer to
Bipolar MOS
No. Bits C, C, ny Section 5.8
Upto 8 060 14 C2 Section 5.9
Upto 16 12 .28 TE, Koy T Section 5.10
Up to 32 .24 .56

5-3



5.2  MICROCIRCUITS, MEMORIES

DESCHIPTION

nvw %y mvllum ‘HO‘W%)

Programmable Read Only Memories (PROM)
Uttraviolet Eraseable PROMs (UVEPROM)
"Flash,” MNOS and Floating Gate Electrically

Comnanmbhis DRIMLIa (EEDDMAAEA levabkcdan bhoad
CiddUAAT FrTIWJUMIO (LT W ). NICIGBS Do

floating gate tunnel oxide (FLOTOX) and textured
povysilneon type EEPROMs

5. Static Random Access Memories (SRAM)

6. Dynamic Random Access Memories (DRAM)

AWK -

1 . we s Com e & Ve~ e Failzrec/108 Houre
’\p ‘v1 i v VZ l.t v Iw Ilu - SRITST WV B
Die Complexity Failure Rate - C
—______MOS Bipolar
PROM, SRAM
%P"M’“‘. (MOS & ROM,

Memory Size, B (Bits) ROM EAPHOM' DRAM BIMOS) PROM SRAM
Upto 168K .00065 .00085 .0013 .0078 .0094 .0052
16K< < 64K .0013 .0017 .0025 .016 .019 .011
64K < B £ 256K .0026 .0034 .0050 .031 .038 .021
256K <B< 1M .0052 .0068 .010 .062 .075 .042

A4 Factor for lgyg Calculation A, Factor for kgyg Calculation
Total No. of Total No. of Programming

Programming Textured- Cycles Over EEPROM | Textured-Poly A,

Cycies Over i 2 iite, C
EEPROM Lite C | FoX Poly®

Up to 300K 0
Up to 100 .00070 .0097
100 < C 5200 .0014 .014 300K < C < 400K 1.1
200 < C <500 .0034 .023
500 <C<1K .0068 .033 400K < C < 500K 2.3
1K< C<3K .020 .061
IK<C<7K .049 .14 All Other Model Parameters
7K <C s 15K 10 -30 Parameter Refer to
15K < C £20K .14 .30
20K < C < 30K -20 -30 nr Section 5.8
30K < C £ 100K .68 .30 :
1NNK - C < 200K 141 20 ~ Cmmaia o
TVVIN ™ W a &=VVIN LA A A4 b2 bec"on b 3
200K < C<400K | 2.7 .30
400K < C < 500K | 3.4 .30 e, A T Section 5.10
1. A;=6817x108(C) Acyc (EEPROMS Page 5-5
2. No underlying equation for Textured- only)
Poly.
Acyc =0 For all other devices

5-4
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5.2 MICROCIRCUITS, MEMORIES

EEPROM Read/VWiite Cyciing induced raikire Raie - "A.Wc
AN AD e . 2l on e mwnd ladacs susnsd b — N
All MEiToly DevVICES EXCEA FIotox and “cyc =Y
Textured-Polv EEPROMS
r Asz'l
Flotox and Textured Poly EEPROMS heye .LA, By + = J] neCe
- a . - - —a_ . "A____‘-H-L
A Damas RB_4 Darma £ _4
~g ¥ = o v
(=] Daven E & Dama £E o
Dy rago o-o r v-o
a A ~ Do E
Aos Ag=U r o0
Ea 32 = ﬁ pﬂﬂ"‘A 5'6
nQ Secition 5.10 Seciion 5.10
Covne Naveartinm Nada IO Nredlane-
SNVl VUITOUIUITT WOUT \Cuw) wpPuuUiio.
1. No On-Chip ECC Re~ar = 1.0 Rer~ =10
M e =\
2. On-Chip Hamming Code Nenm = .72 Re~n~ = .72
cuL 219
3. Two-Neads-One Meemnn~ = B8 -~~ = 68
hd coL cLU

Radundarnt Cell Annrnahh

TLANAD TSR TR s E

NOTES: 1. See Reference 24 for modeling off-chip error detection and correction
schemes at ine memory sysiem ievei.

g

Iif EEPROM type is unknown, assume Flotox.

Error Comrection Code WIDHS Some EEFROM manuiaciurers have lnoorpomeo
anrhin armar cormactinn cimnitry ingn thair EEDROM davirae Thie ie romennlnrl w

WOV NIRRT VI IV VAT IWLWATI WIIWRTIT ) ST RW BTV R Ledel § WY WV Y N VIS VW 8 W TRV sy

the on-chip hamming code entry. Other manufacturers have taken a redundam cell
approach which incorporates an extra storage transistor in every memory cell. This
is represented by the iwo-needs-one redundant ceii eniry.

(A

4. The A. and An factors shown in Section 5.2 were developed based on an assumed
svstam life of 10 000 operating hours. For EEPROMSs used in systems with

sognmcant!y longer or shorter expedod lifetimes the A4 and A factors should be
muitiplied by:

System Lifetime Operating Hours

('Jl"l
cn
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5.3 MICROCIRCUITS, VHSIC/VHSIC-LIKE AND VLSI CMOS

DESCRIPTION
CmMOS greater than 60,000 gaies
2 - A e . py P SRS, P - ailirac/1 ns e
lp IE .Mr. ”n "‘LIU v l.t“ | , v ”wb ? GAITLEI AN W L g S LN 4
Die Base Fatiure Rate - Agry _ All Other Model Parameters
Port Tuno — Parameter Reter to
SnbiS {2t ~BD
Logic and Custom 0.16 T Section 23 o
Gate Array 0.24 ETQ n>
Package Type Correclion Facior - xpt
Admo. of Domanmnn Moaveonmdloan Canda nPT
u““‘llﬂg [ g 2%, % _ _ 3 lw’ rm - W“FG pm*m TYPQ Hefmc mm'c
Manuiaciuring Process ™FG
miD “+ N a
'™ 15 L.V 1.9
QML or QPL 55 Pin Grid Array 2.2 2.9
o - Nt Chip Carmrier 4.7 6.1
NON WML Or NON WIrFL <.U (Surface Mount
Technology)
Die Complexity Correction Factor - nop
Feature Size A free2)
U ot (WA
(Microns) A< .4 A4cA<7? 7<A<1.0 10<A<20 20<A<3.0
.80 8.0 14 19 38 58
1.00 5.2 8.9 13 25 37
i.25 3.5 5.8 8.2 i6 _24
. A LD N _
rop={t37) [5%) (-64))+.36 A = Total Scribed Chip Die Areaincm? X = Feature Size (microns)
\ \SJ J

Die Area Convers;on cm

- MIL2+155 000

Package Base Faiiure Rate - Agp

Eiectnical Overstress Failure Rate - XEOS

Number of Pins ABP V11 (ESD Susceptibility (Volts))* | Agos
o 24 .0026 —
28 .0027 0- 1000 .065
40 .002¢8
44 .0030 > 1000 - 2000 .053
48 .0030
52 .0031 > 2000 - 4000 .044
o4 .G033
84 .0038 > 4000 - 18000 029
120 .0043
124 .0043 > 16000 .0027
i44 .0047
220 NN&O )
“ Agpg = (0 (1 - .00/ exp(- .0002 V1)) 1.00876
b - [aYale 2o Ild 70 v 4 n'5\ lun\\ A7/ — ECN Cuinnnanmtilnilitg: fuala)
’LBP Uveaeea T \\ 1.7« A VWV ’ “‘r " VTH = =W QUDWPIIUII“’ \VU"Q’
NP = Number of Package Ping * Voltage ranges which will cause the part to

fail. f unknown, use 0 - 1000 volts.

(¢4
’

~l
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5.4 MICROCIRCUITS, GaAs MMIC AND DIGITAL DEVICES

DESCRIPTION

Gallium Arsenide Microwave Monolithic Integrated Circuit
(GaAs MMIC) and GaAs Digital integrated Circuks using
MESFET Transistors and Gold Based Metallization

A =l[C.rma + Con= 17 m~ Fallures/108 Hours
b Il Lid | Z7E I LNQ i
MMIC: Die Complexity Failure Rates - C, Device Application Factor - xp
"Complexity C, Application XA
(No. of Elements) _
110 100 4.5 Mlgfwouse&wwrower(s‘iﬁ mwW) | 1.0
101 to 1000 7.2 Driver & High Power (> 100 mW) 3.0
_ o . Unknown 3.0
1. C4 accounts for the following active
elements: transistors, diodes.
Digha!l Devices
All Digital Applications 1.0
Digital: Die Complexity Failure Rates - C4
(N;: %’,—'gi:’ggms) C1 All Other Mode! Paramaters
- Parameter Refer to
1 10 1000 25
1,001 to 10,000 51 T Section 5.8
C4 accounis for the foilowing aciive Co Section 5.8
elements: transistors, diodes.

5-8
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5.5 MICROCIRCUITS, HYBRIDS

DESCRIPTION

AR A 2 RAY ot .%a_

HyLId MICTOGITQUITS
Ap=[ENGA 1 (1 +.2ng ) xprgm Faikures/106 Hours

N. = Number of Each Particular Component
A, = Failure Rate of Each Particular Component

The general procedure for developing an overall hybrid failure rate is to calculate an individual failure rate
for each component type used in the hybrid and then sum them. This summation is then modified to
aCooUT for the overall hybiid funciion (xg), screening levei (xq), and maiurity (x). The hybrid paciage
{aliure vats is a function of thé active component failure Moditied by the environmeniai facior (i.e., (1 + .2
ng) ). Only the component types listed in the following table are considered to contribute significantly to
the overall tailure rate of most hybride.  All other comnonant tynes (e.g., resistors, inductare otc) are
considered to contribute insignificantly to the overall hybrid tallure rate, and are assumed to have a failure
rate of zero. This simplification is valid for most hybrids; however, if the hybrid consists of mostly passive
Componeis then a faiiuie raie shouid be caicuiaied ior ihese devices. ii iacioring in other componeni
types, assume ny = 1, i =1 and T, = Hybrid Case Temperature for these calculations.

Determination of A,
Determine A for These Handbook Section | Make These Assumntions When Determining
Component Types A

Microcircuits 5 Co=0,nn=1,m =1,T; as Determined from
Section 5.12, Agp = 0 (for VHSIC).

Discreie Semiconduciors 6 nq =1, T; as Determined from Section 6.14,
RE =1.

Capacitors 10 xq = 1. Tp = Hybrid Case Temperature,
Rg=1.

T Iy sy ————y— L ———————
NOTE: if maximum rated stress for a dis Is unknown, assums the sams as o7 a discretely packags

die of the same type. If the same die has several ratings based on the discrete packaged
type, assume the lowest rating. Power rating used should be based on case temperature
for discreie semiconduciors.

Circuit Function Factor - e All Other Hvhrid Madel Parametars
Circult Type °F xL, Q. Mg Refer to Section 5.10
Digital 1.0
Video, 10 MiHz < i < 1 GHz 1.2
Microwave, f > 1 GHz 2.6
Linear, f < 10 MHz 5.8
Power 21
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5.6 _ MICROCIRCUITS, SAW_DEVICES

DESCRIPTION
Surtace Acoustic Wave Devices

Ap =21 TQRE Failures/w6 Hours

Quality Factor - npy Environmental Factor - xg

Screening Level xQ Environment L3
Gg .5

10 Temperature Cycles (-55°C to .10

+125°C) with end point electrical Ge 2.0

tests at temperature extremes. Guy 4.0

None beyond best commericat 1.0 Ng 4.0

practices.
Ny 6.0
A 4.0
Auc 5.0
AUF 8.0
ARw 8.0
Sg .50
Mg 5.0
ML 12
CL 220

5-10
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5.7 MICROCIRCUITS, MAGNETIC BUBBLE MEMORIES

The magnetic bubble memory device in its present form is a non-hermetic assembly consisting of the

!I.fnu’M harn Maine QM-M wal &nmrma

CiOWING WG Maiorh uCiuras awluvula
1 A basic bubble chip or die consisting of memory or a storage area (e.g., an array of minor
loops), and required control and detection elements (e.g., generators, various gates and
dst cﬁors)
2. magnetic structure to provide controlled magnetic fiekds consisting of permanent magnets,
ls and a housing. )

These two structural segments of the device are imterconnected by a mechanical substrate and lead
frame. The interconnect substrate in the present technology is normally a printed circuit board. It should
be noted that this model does not include extemal support microelectronic devices required for magnetic
bubbie memory operation. The modei is based on Reference 33. The generai iorm of the failure rate

model is:

where:
xl = Failure Rate of the Control and Detection Structure

Ay =1q INCCqymrimyy + (NCC2q+Colnglnpry.

A, = Failure Rate of the Memory Storage Area

Az = ngNc(Ciamrz + Coonplm.
Chips Per Package - N Device Complexity Failure Rates for Control and
Detection Structure - C44 and C,4
NC = Number of Bubble Chips per
Packaged Device Cyq = .00095(N4)-40
Temperature Factor — ny Cay = .0001(Ny)-<<®
N = Number of Dissipative Elements
"T=(-‘)v!"r Ee 5 f‘r 1273 ) _51)'8' )] ! on a Chip ('gaie;pageiedors
leeax1o® {Tu+ 2% ) generators, etc.), Ny < 1000
Use:
Ey = .8toCakulate ny,
E;, = .55to Calculate L2 2
T, = Junction Temperature (°C),
25<T;<175
Ty = Tcasg+10°C
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5.7 MICROCIRCUIT, MAGNETIC BUBBLE MEMORIES

Write Duty Cycle Factor - my,

10D

w = aaan.3

\Tvvy)
Ty = 1 forD < .30orRW 22154
D - Avg. Device Data Rate

Mig. Max. Rated Daia Raie
RW = No. of Reads per Write
NOTE:

Device Complexity Failure Rates for Memory
Storage Structure - 012 and 022

.00007(N,)3

Cq2

.00001(N,)-3

N, = Numberof Bits, N <9 x 106

Ali Other Model Parameters

A
Q

O

Avg. Device Data Rate <1

~ Mtg. Max. Rated Data Rate

Parameter Section
Co 5.9
ﬁe. RQ, 1tL 5.10
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58 MICROCIRCUITS, xy TABLE FOR ALL
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5.9 MICROCIRCUITS, C, TABLE FOR ALL

Package Failure Rate for all Microcircuits - Co

Package Type
Hermetic: DiPs
w/Solder or Nonhermetic:
Number of Weld Ssal, Pin | DiPs with Glass | Flatpacks with Cans® DiPs, PGA,
unctional Grid Aray Saal? Axial Leads on SMT (Leaded
. ’ oudl . N
Pins, N, (PGA)!, sSMT 50 Mil CentersS and
{Leaded and Nonleaded)®
Nonleaded)
3 .00082 .00047 .00022 .00027 0012
4 .0013 .00073 .00037 .00049 .0016
6 .0019 .0013 .00078 .0011 .0025
8 .0026 .0021 .0013 .0020 .0034
10 0034 .00z .0020 .0021 .0043
12 .0041 .0038 .0028 .0044 .0053
14 .0048 .0048 .0037 .0060 .0062
16 .0056 .0059 .0047 .0079 .0072
18 .0064 .0071 .0058 .0082
22 .0079 .0096 .0083 .010
24 .0087 011 .0098 .011
28 .010 014 .013
36 .013 .020 017
40 .015 .024 .019
64 .025 .048 .032
80 .032 .041
128 .053 .0e8
180 .076 .098
224 .097 12
S R RS B R e S e e R )
. A a .-,_A as o« 108 - Py a ~-5 ... . 1581
1. Cp=28x 107" (N % 2. Sp=9.0 x 107 (Np) "~
3. C€,=30x 10° (Np1:82 4. Cp=3.0 x 107 (Np)2-°1
4 1.08
5. C5=36x 107" (Ny)
NOTES:
1. SMT: Surface Mount Technology
2.  DIP: DualIn-Line Package
3. It DIP Seal type is unknown, assume glass
4. The package failure rate (Co) acoounts for failures associated only with the package itself.
Fallures associated with mounting the package to a circuit board are accounted for in
Section 16, Interconnection Assemblies.




5.10 MICROCIRCUITS, xg, A) AND xq TABLES FOR ALL

Environment Factor - xg

Quality Factors - =

Environment xe
GB .50
GF 2.0
G, 4.0
G s
NS 4.0
NU 6.0
AIC 4.0
A 5.0
AUC 5.0
AUF 8.0
ARW 8.0
S¢ 50
MF 50
ML 12
C,_ 220

Learning Factor - x|
Years in Production, Y n
< .1 2.0
5 1.8
1.0 1.5
1.5 1.2
%
m = .01 exp(5.35 - .35Y)
VY = Yaare naonar~ wvico hvnoe hae haan
1 VAl W svllvl'\' A A" A, vV, ~] I,'IU THAD GO
in production

of MIL-STD-883 and procured to a
MIL drawing, DESC drawing or

Zay susussonswn o aoud movsusos s o)

“l“"l Yyuverninben wuvw

documentation. (Does not include
hybrids). For hybrids use custom
screening section below.

Description X0
Class S Categories:
1. Pmcured in full accordance
with MIL-M-38510, Class S
requirements.
2. Procured in full accordance .25
with MlL-iaems and
Appendix B thersio (Class U).
3. Hybrids: (Procured to Class
S requirements (Quality Level
K) of MIL-H-38534.
Nlace D Natamavicas:
1. Procured in full accordance
with MiL-M-38510, Class B
ranunraments
2. Procured in full accordance i.0
with MIL-1-38535, (Class Q).
3. Hybrids: Procured to Class B
requirements (Quality Levs!
H) of MIL-H-38534.
Clase BR-1 Catanorv-
Fully compliant with all
requirements of paragraph 1.2.1 20
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510 MICROCIRCUITS, xg, n; AND g TABLES FOR ALL

Quality Factors (cont'd): x~ Calculation for Custom Screening Programs

lity | d): xg Calulatio
Group M!L-STD—RRM’* Screen/Test (Note 3) Point Valuation
T™ 1010 (Temperature Cycle, Cond B Minimum) and TM 2001
, (Constant Acceleration, Cond B Minimum) and TM 5004 (or 5008
1 for Hybrids) (Flnal Elednals@TerrpExtmms)andvau 50
10l Tnnd Nt ~e M\ Aarndd TAE ANNNA IEwbdnrnnal Voo al)
{o8dl | 851, LUIW r\, D OFf L) @l I M aUUY (CXI6ITial viSudl)
T™ 1010 (Temperature Cycla, Cond B Minimum) or TM 2001
(Gonstam Acceleration, Cond B Minimum)
2* T™M 5004 (or 5008 for Hybdds) (Final Electricals @ Temp Extremes) 37
and TM 1014 (Seai Tesi, Cond A, B, or Cj and TM 2005 {Externai
Viguah
Pre-Bum in Electricals
3 T™ 1015 (Bum-in B-Level/S-Level) and TM 5004 (or 5008 for 30 (B Level)
Hybrids) (Post Bum-in Electricals @ Temp Extremes) 38 (S lLevel
4° TM 2020 Pind {Particle impact Noise Detection) 11
5 TM 5004 (or 5008 for Hybrids) (Final Electricals @ Temperature 11 (Note 1)
Extremes)
6 TM 2010/17 (Intemal Visual) 7
7* TM 1014 (Seal Test, Cond A, B, or C) 7 {(Note 2)
8 TM 2012 (Radiography) 7
S TmM 2005 (Extemal Visual) 7  (Note 2)
10 TM 5007/5013 (GaAs) (Wafer Acceptance) 1
11 T 2023 {Non-Destructive Bond Pull) 1
Q= 2+ 87
Z Point Valuations
*NOT APPROPRIATE FOR PLASTIC PARTS.
NOTES:
1. Point valuation only assigned if used independent of Groups 1, 2 or 3.
2. Point vaiuation onty asslgned if used mdependem of Groups for2.
3. Sequencing of tests within groups 1, 2 and 3 must be foliowed.
4  TM referc to the ML .STD-883 Tast l_‘_e!h'('\d_
5. Nonhermetic parts should be used only in controlied environments (i.e., Gg and other
temperature/humidity controllied environments).
EXAMPLES:
1. Mig. performs Group 1 test and Class B bum-in: nq =2 + zo== 50 30 =3.1
2. Mtg. performs internal visual test, seal test and final electrical test: nq =2+ -h—é}ﬁ =55

Other Commercial or Unknown Screening Levels ng =10
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5.11 MICROCIRCUITS, T; DETERMINATION, (ALL EXCEPT HYBRIDS)

Ideally devnce case temperaturos should be determined from a detailed thermal analysis of the

ol PSPy PNy v o PN SN ) il ad soZ8he Al R

wv‘l”"’l va N'Wll lu"w’a‘u'u l:i u"" CaKua16a wan ne lom)mng rBlaln'B"'p
Ty=Tc+8,cP

T, = Worst Case Junction Temperature (°C).

_§F

L Y M et H P NP o SaMansdmmen sdaba. I8 &l
). W TR GVaRGaNG, USS 1S rOWOWN Iy OOwWaUR 1

Default Case Temperature (T¢) for all Environments
Envionment | Gg é_r: Gul Ng Nyl Ac A Auc Aur Apw! Sg Mg M

ywu =4 Lo sV L

Tc (°C) 35 45 50| 45 50} 60 60 75 75 60 35 50 60 45

0 Jc = Junction-to-case thermal resistance (°C/watt) for a device soldered into a printed circuit
board. if 6 . is not available, use a value contained in a specification for the closest
equivalent device or use the following table.

Die Area > 14,400 mil 6 - Die Area < 14,400 mif?
Package Type (CCA) 0 w~ (CA
(Ceramic Only) uc CCW)
Dual-In-Line 11 28
Flat Package 10 22
Chip Carrier 10 20
Pin Grid Array 10 20
Can - 70
P = The maximum power dissipation realized in a system application. If the applied power is
not available, use the maximum power dissipation from the specification for the closest

equivalent device.

5-17




5.12 MICROCIRCUITS, T; DETERMINATION, (FOR HYBRIDS)

This section describes a method for estimating junction temperature (T ) for integrated circuit dice

mounted in a hybrid package. A hybrid is normally made up of one or more substrate assemblies mourted
within a sealed package. Each substrate assembly consists of active and passive chips with thick or-thin
film metaliization mounted on the substrate, which in turhn may have multiple layers of metallization and
dielectric on the surface. Figure 5-1 is a cross-sectional view of a hybrid with a single multi-layered
subsirate. The layers within the hybrid are made up of various materiais with different thermai
characteristics. The table following Figure 5-1 provides a list of commonly used hybrid materials with
typical thicknesses and comesponding thermal conductivities (K). If the hybrid internal structure cannot be

determined, use the following detault values for the temperature rise from case 10 junction: microcircuits,
10°C; transistors, 25°C; diodes, 20°C. Assume capacitors are at Tp.

CHIP (A)

CHIP ATTACH (B) _ \ % mt
\ N

INSULATING

_
¥y S i

LAYER (C) A A
— i

SUBSTRATE (D) 7 I
/ MATERIAL  __ |

THICKNESS, L ; PACKAGE

/ LEAD

CASE (F)

m.\

Figure 5-i: Cross-sectionai View of a Hybrid with a Singie Muiti-Layered Substrate
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5.12 MICROCIRCUITS, T, DETERMINATION, (FOR HYBRIDS)

Typical Hybrid Characteristics

~ Thormal
Conauctivity,
Tvnical Faature K;
Material Typical Usage Thickness, | From Figure 2 (K ) (4)
L in) 5-1 (W~
\ ) (m‘ °C/W)
Silicon Chip Device 0.010 A 2.20 .0045
GaAs Chip Device 0.0070 A 76 .0092
Au Eutectic Chin Attach 0.0001 B 6.9 .000014
Soider Chip/Substrate Attach £.003¢C B/E 1.3 .0023
Epoxy (Dielectric) Chip/Substraie Atiach 0.0035 B/E .0060 .58
Epoxy (Conductive) Chip Attach 0.0035 B .15 .023
Thick Film Dielectric Glass Insulating Layer 0.0030 o] 66 .0045
Alumina Substrate, MHP 0.025 D .64 .039
Beryllium Oxide Substrate, PHP 0.025 D 6.6 0038
Kovar Case, MHP 0.020 r .42 .048
Aluminum Case, MHP 0.020 F 4.6 .0043
Copper Case, PHP 0.020 F 9.9 0020

NOTE: MHP: Multichip Hybrid Package, PHP: Power Hybrid Package (Pwr: = 2W, Typically)

QJC'

Number of Material | avers

[{CE

X

TN

'-.A

|
PN
r

Thermal Conductivity of i Material [

Thickness of ith Material (in) (User Provided or From Table)
Die Area ('inz). it Die Area cannot be readily determined, estimate as follows:

A = [ .00278 (No. of Die Active Wire Terminals) + ()417]2

Estimate T Jgas Follows:

TA
¢

-

v AT v

T n 0N 1Y
IJ= IC?.U(V‘K;)\

"D

Y

If nnl{nh\un ueo tha TC Dafault Tal

J (User Provided or From Table)

!J’
)
c»

0 Jc = Junction-to-Case Thermal Resistance (°C/W) (As determined above)

Pp

= Die Power Dissipation (W)
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5.13 _ MICROCIRCUITS, EXAMPLES

Example 1: CMOS Digiial Gate Array
Given: A CMOS digital timing chip (4046) in an airborne inhabited cargo application, case temperature

48°C, 75mW power dbsbation The device is procured with normal manufacturer's screening
consisting of temperature cyciing, eonstam acceleration, electrical Iesting, seal test and external
visual inspection, in the sequence given. The component manufacturer also performs a B-level
bum-in followed by electrical testing. All screens and tests are performed to the applicable MIL -
STD-883 screenlng method. The packaoe is a 24 pin ceramic DIP with a glass seal. The device

has been manufactured for several years and has 1000 transistors.

kp = {Cqy=1 + Comg) o™ Section 5.1

cy = .020 1000 Transistors ~ 250 Gates, MOS C, Table, Digital Column
nr = .29 Determine T j from Section 5.11

T = 48°C + (28°C/W)(.075W) = 50°C

Determine ny from Section 5.8, Digital MOS Column.
C, = .011 Section 5.9
- _ = AN Cartinmn £ 4N
lIE - .V IOWEIIVII J. TV
ny = 3.1 Section 5.10

Group 1 Tests 50 Points

Group 3 Tests (B-level) 30 Points

TOTAL 80 Points

.Y

Q= 2+ 6'6 = 3.1

o= 1 Section 5.i0

lp = [ (.020)(.29) + (.011) (4) ] (3.1)(1) = .15 Failure/10% Hours

Example 2: EEPROM

Given:

A 128K Fiotox EEPROM that is expected to have a T J of 80°C and experience 10,000
read/write cycies over the iife of the system. The part is procured to all requuremems of

Paragraph 1.2.1, MIL-STD-883, Class B scresning levsl requirements and has been in

production for three years. It is packaged in a 28 pin DIP with a glass seal and will be used in an
airborne uninhabited cargo application.

- ToW _ar__ a2 ) | W Cantinn E N
l\p V l 2 E g l\vwc’ 7 ¥ L WVWOUVINJIY J. o
C, = .0034 Section 5.2
np = 3.8 Section 5.8
C, = .014 Section 5.9

7l

Q
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5.13 _MICROCIRCUITS, EXAMPLES

g = 5.0 Section 5.10

g = 2.0 Section 5.10

xn =« 1.0 Section 5.10

lcyc = .38 Section 5.2:
) - AsB5T]
hoyo=| A1 B1 + 07| mecc
A2=82=01or Flotox

Ap = [ (.0034)(3.8) + (.014)(5.0) + .38] (2.0)(1) = .93 Failures/10® Hours

Example 3: GaAs MMIC

Given: A MA4GM212 Single Pole Double Throw Switch, DC - 12 GHz, 4 transistors, 4 lnduct ors, 8
resistors, maximum input Pp = 30 dbm, 16 pin hermetic flatpack, maximum ToH=145Cina
ground benign envimnmem The part has been manutactured for 1 year and is screened to
Paragraph 1.2.1 of MIL-STD-883, Class B equivalent screen.

l.p =[ Cynymp + Cong I m 1 Section 5.4
Cy = 45 Section 5.4, MMIC Table, 4 Active Elements (See Footnote to
Table)
RT = .061 Section 58, TJ = TCH = 145°C
xtp = 3.0 Section 5.4, Unknown Application
C, = .0047 Section 5.9
g = .50 Section 5.10
X = 15 Section 5.10
rq = 2.0 Section 5.10

Ay = [(4.5)(.061)(3.0) + (.0047)(.5)] (1.5)(2.0) = 2.5 Failures/10® Hours

NOTE: The passive slamants are a

TE: The passt iigibly io the overaii device faiiure rate.

Example 4: Hybrid

Given: A linear multichip hybrid driver in a hermetically seaied Kovar package. The substrate is ailumina
and there are two thick film dielectric layers. The die and substrate attach materials are

Tt TT T ~7

conductive epoxy and solder, respectively. The application environment is naval unsheltered,
65°C case temperature and the device has been in production for over two years. The device is

5-21
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5.13 MICROCIRCUITS, EXAMPLES

-

screened to MIL-STD-883, Method 5008, in accordance with Table VIH, Class B requirements.

The hybrid contains the following components:

- LM106 Bipolar Comparator/Butfer Die (13 Transistors)

- LM741A Bipolar Operational Amplifier Die (24 Transistors)
Si NPN Transistor

- Si PNP Transistor

- Si General Purpose Diodes

Active Components:

NV ==
'

P P S VS I R T

- Ceramic Chip Capaciiors
Thick Fiim Resistors

Ap = [ENcAL](1 + 2nE) mpxqm  Section 5.5

-l
NN
[

Estimate Active Device Junction Temperatures

It limited information is available on the specific hybrid materials and construction characteristics
the detault case-to-junction temperature rises shown in the introduction to Section 5.12 can be
used. When detailed information becomes available the following Section 5.12 procedure

should be used to determine the junction-to-case (8 ;) thermal resistance and T values for

each component.

D 1N,
2 [ ](L )
=1
8yc = —;AL—- (Equation 1)
JARN 1\ i
Layer Figure 5-1 Feature L } N
(m2 °C/w)
Silicon Chip A .0045
Conductive Epoxy B .023
Two Dielectric Layers C (2)(.0045) = .009
Alumina Substrate D .03
Soider Substrate Attachment E .0023
Kovar Case F 048
ARV 1258
(NN
A = Die Area =[.00278 (No. Die Active Wire Terminals) + .0417]2 (Equation 2)

5-22



MIL-HDBK-217F

5.13  MICROCIRCUITS, EXAMPLES

LM10§ | LM741A 1 SiNDN Si PNP | SiDicds Source
No. of Pins 8 14 3 3 2 Vendor Spec. Sheet
Power Dissipation .33 .35 .6 .6 .42 Circuit Analysis
Pp W)
- X 0041 0065 0025 0025 0022 | Eaqu 2 Abova
Area of Chip (in.<) b B A veeo veel o Vhes =i & AURS
0)c (°CW) 30.8 19.4 50.3 50.3 56.3 Equ. 1 Above
T;(°C) 75 72 95 o5 89 Equ. 3 Above
2. Calculate Failure Rates for Each Component:
A) LM106 Die, 13 Transistors (from Vendor Spec. Sheet)
Ap=[C1 nr+Conplngm Section 5.1
Because C, =0;
Ap = Cymyngm ny: Section 5.8; nq, x Defauit to 1.0
= (.01)(3.8)(1)(1) = .038 Failures/10° Hours
B) LM741 Die, 23 Transistors. Use Same Procedure as Above.
A, = Cqmymsm =(.01)(3.1)(1)(1) = .031 Failures/10® Hours
134 1 ¥ \d L M 4
C) Silicon NPN Transistor, Rated Power = 5W (From Vendor Spec. Sheet), VeeNeceo = -6
Linear Application
}‘p = Ay T Rp R g XQ RE Section 6.3; Q. Mg Defauti i0 1.0
= (.00074)(3.9)(1.5)(1.8)(.29)(1)(1)
= .0023 Faitures/10° Hours
D) Silicon PNP Transistor, Same as C.
Ap = .0023 Failures/10 Hours
E) Siiicon Generai Purpose Diode (Anaiog), Voitage Stress = 60%, Metailurgically Bonded
Constnio tion

Section 6.1; nq. ®g Defaultto 1.0

’:p Ay 7T Rg R RQ RE
(.0038)(6.3)(.29)(1)(1)(1)

.0069 Failures/108 Hours

- 5-23
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5.13 _ MICROCIRCUITS, EXAMPLES

F (.eramnc Chip Capacitor, Voltage Stress = 50%,

T = Tcask for the Hybrid, 1340 pF, 125°C Rated Temp.
Xp = }tb RCV 1!0 RE Section 10.11; RQ, TCE Default to 1.0
= (.0028)(1.4)(1)(1

G Thick Film Resistors, per instructions in Section 5.5, the contribution of these devices is
considered insignificant relative to the overall hybrid failure rate and they may be ignored.

;—p = IZNCAC]““'ZRE)RFRQKL

g = 6.0 Section 5.10
ng = 58 Section 5.5
g = 1 Section 5.10
m o= i Section 5.10
Ap = [(1){.038) + (1)(.031) + (2) (.0023) + {2) (.0023)
+ (2)(.0069) + (2)(.003%) }(1 + .2(6.0)) (5.8) (1)(1)

A. = 1.3 Failures/10® Hours
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