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RELIABILITY PREDICTION OF ELECTRONIC EQUIPMENT
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I his standardization handbook was dsvslopsd by the Depantment of Detenss
with the assistance of the military depantments, federal agencies, and industry

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

Beneficial comments (recommendations, additions, deietions) and any pertinent
data which may be of use in improving this document should be addressed to:

f o Y R P Mecea | alhaccidawm: AEFSA ATTA.. COCOCC Nollian H'd »,
Commander, Rome Laboratory, AFSC, ATTN: ERSS, Griffiss Air Force Bass,
New York 13441-5700, by using the self-addressed Standardization Document

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 modeis are provided tor the following nine major classes of
microcircuits:

= Monofithic Bipolar Digital and Linear Gate/Logic Array Devices

+  Monolithic MOS Digital and Linear Gate/Logic Array Devices

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

= Monolithic GaAs Digital Devices

= Monolithic 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 miltion 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 surface mount packages using the same model as hermetic, solder-sealed
dual in-line packages. New values have been included for the quality factor (rq), the learning factor (),

and the environmental factor (rg). 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
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1.0 SCOPE

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 reiiability of a mature design) of military electronic
equipment and systems. npfwbesacommnbaslsformuabnypmdictbnswﬁnoaoquislbnpmgrams

for military electronic systems and equipment. it also establishes a common basis for comparing and
evaluating reliability predictions of related or competitive designs. The handbook is imended to be used

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

1.2  Application - This handbook contains two methods of reliability prediction - "Pan Stress
Analysis® in Sections 5 through 23 and "Parts Count” in Appendix A. These methods vary in degree of
information needed to apply them. The Part Stress Analysns Method requires a greater amoum of detailed
information and ls appncable during the later design phase when actual hardware and circults are bolno
dgesigned. The Parts Count Method requires iess information, generally part quaniities, quality levei, and
the application environment. This method is applicable during the earty 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 refiability than the Parts Stress Method.

1.3 COmputerlzod Rellablilty 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 systern configuration, the program caicuiaies piece part, assembiy and subassembily failure rates. It

also flags overstressed parts, allows the user to perform tradeoff analyses and provides system mean-
tlme-to-falme and avallabchty The ORACLE computer program software (availabie in both VAX and IBM
compatible PC versions) is available at replacemem tape/disc cost to all DoD organizations, and to
contractors for appiication on speciiic DoD coniracis as govemmem fumished property (GFP). A

statement of terms and condhtions may be obtained upon written request to:  Rome Laboratory/ERSR,

Griffiss AFB, NY 13441-5700. i

11
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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

L e
MIL-R-11
MIL-R-19

MiL-C-20

MIL-R-22
MIL-C-25

MIL-C-92
MIL-R-93
MIL-R-94
MiL-v-95
W14

W-C-375

W-F-1726
Wi
MIL-C-3098
MIL-C-3607

[
-
"

MIL-C-3643

MIL-C-3650

SECTION #

10.7
9.1
2.11

10.11

10.15

10.18
95
9.14
23.1

L]

20.1
14.5
221
2.1
19.1

16.1

15.1

15.1

TIMLE

w’s, Fgﬁ, Mica- mv%uu. Gengra! SWIMM—I {or

Resistor, Fixed, Compostition (insulated) General Specification for

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

Capecitor, 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

et S At P REC_ L PN

l lll"blull"l lllll muw (m. I"WUI’ ﬂg“ rm, "vﬂ m

Pulse), General Specification for

Capacitor, Fixed Electrolytic (DC, Aluminum, Dry Electrolyte,
Polarized), General Specification for

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

Capacitor, Variable, Air Dielectric (Trimmer), General Specification for
Resistor. Fixed, Wirawound (Accurate), Genaeral Spacification for
Rasistor, Variable, Composition, General Specification for

Vibrator, interrupter and Self-Rectifying, General Specification for

Lamp, Incandescent Miniatuie, Tungsien Fiament

Cisouit Breaker, Moided Case, Branch Circult and Service

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

Crystal Unit, Quartz, General Specification for

.Connocwr Coaxial.,Radoo Frequency, Series Puisse, General

Spechications

Connector, Coaxial, Radio Frequency, Series NH, Associated Fittings,
General Specification for

Connector, Coaxial, Radio Frequency, Series LC

) LuUWWoI

2-1
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2 N DECCDOAINC NACcIIAAEMTE
- s W Bl bl BEelV Wi e W W WS T8 §W B &P
SPECIFICATION SECTION # TIME
Adf O 2888 161 Connactor, Pl.n and Racantania Eloctrical ll‘mnﬂl Sariea Twin) and
Associated Hmnos General Spodﬁamon for
MIL-C-3767 15.1 Connecior, Phug and Receptacis (Power, Bladed Typs) Cenera!
Specification for
MIL-5-3786 4.3 Swiich, Rotary (Cicuit Selecior, Low-Ciirrent (Capacity)), General
Speciiication for
MiIL-C-3950 id.i Swich, Toggie, Environmentaily Seaied, Generai Specificsiion for
MIL-C-3965 10.13 Capacitor, Fixed, Electrolytic (Nonsolid Electroiyte), Tantalum, General
Speciiication for
MIL-C-5015 15.1 Connector, Electrical, Circular Threaded, AN Type, Genaral
Specilication for
MIL-F-5372 22.1 Fuse, Current Limiter Type, Aircraft
MIL-R-5757 131 Relay, Electrical (For Electronic and Communication Type Equipment),
Goneral Snnnjfgcat“nrv\n for
MIL-R-6106 13.1 Relay, Electromagnetic (Including Established Reliability (ER) Types),
Gsnsral Specification for
MIL-L-6363 20.1 Lamp, incandescent, Aviation Service, General Requirement for
MIL-S-8805 14.1, 14.2 Switches and Switch Assemblies, 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 Meter, Eiectricai indicating, Panei Type, Ruggedized, Generai
Snacllicstion for
MIL-R-10509 9.2 Resistor, Fixed Film (High Stability), Generai Specification for
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 Capachor. Fixed, Glass Dielectric, General Specification for
MIlL-C-11693 i0.2 Capacitor, Feed Through, Radio interierence Reduciion AC and DC,
{Harmatically Sealed in Matal Cases) Establizshed and Nonestabliched
Reliabiity, General Specification for
MIL-R-11804 8.3 Resistor, Fixed, Fim {(Power Typs), Gensral Spscification for
MIL-C-12889 10.1 ’ Capachtor, | By-Pm Radio - Interference Reduction, Paper Dielectric,
AC and DT, (Hermetcally Seaied in Metaliic Cases), General
Specification for
Mil-R-12934 9.10 Resistor, Variabie, Wirewound, Precision, Generai Specification ior
2-2
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MIL-F-18327

MIL-R-18546

MIL-S-19500
MHL-R-19523

MIL-R-19648
MIL-C-19978

MIL-T-21038

MIL-C-21097

MIL-R-22097

MN Q92684

T e P

MIL-S-22710

MIL-5-22885
MIL-C-22992

MiL-C-23183

MIL-CG-23269

MIL-R-23285

N

-
»
&

14.1

15.1

10.19

109

9.15

NenTere ¢ w-um:, ST B rvios e

General Specification for

wa e o

Capacitor, Variabie {(Piston Type, Tubutar Trimmer), Generai
Specification for

Fuse, Instrument, Power and Telephone
Coll, Fixed and Variable, Radio Frequency, General Specification for

e e B _____ _ PP N SR Y -3

r“, TIRUKD ITRGNTSTeNCe, Leneral wmﬂ W(

Cepecitor, Fixed, Meatattized (Paper, Paper Plastic or Plastic Film)
Dielectric, Direct Current (Hermeticaily Sealed in Metal Cases), General
Soacification for

Filter, High Pass, Low Pass, Band Pass, Band Suppression and Dual

F“'M_A'-‘a' l!‘"anall e-;-.ﬂ.'..u-g?’n ga'.

Raesistor, Fixed, Wirewound (Power Type, Chassis Mounted), General

Specwicaton for
Semiconductor Device, General Specification for

Relay, Control, Naval Shinhoard

TR, T, RSV &

Relay, Time, Delay, Tharmal, General Specification for

Capacitor, Fixed Plastic (or Paper-Plastic) Dielectric (Hermetically
Sealed in Metal, Ceramic or Glass Cases), Established and
Nonestablished Reliability, General Specification for

Transformer, Pulse, Low Power, General Specification for

Connector, Electrical, Printed Wiring Board, General Pumase, General

Spedﬂmﬁonfor I

Resistor, Variable, Nonwirewound (Adjustment Typas), General
Specification for

RAsslistor, Fixed, Fiim, Insulated, General Specification for

Swltch Flotary (Prntod Circuit), (Thumbwheel, In-line and Pushbunon),

General Specification for
Switches, Pushbutton, llluminated, General Specification for

Connector, Cylindrical, Haavy Duty, General Specification for

. ‘Clpadtor. Fixed or,'Vnriable. Vacuum Dielectric, Genera! Specification
oF

Capactior, Fixed, Glass Dielectric, Established Reliability, General
Speciiication for

Resistor, Variable, Nonwirewound, General Specification for

ro
(")
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2.0 REFERENCE DOCUMENTS
SPECIFICATION SECTION # TITLE

MIL-F-23419 2.1 Fuse, instrument Type, General Specification for

MIL-T-23648 9.8 Thermistor, (Thermally Sensitive Resistor), insulated, General
Spediiicaiion 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, Envionment Resistant Type,
General Specification for

MIL-C-26482 15.1 Connaecior, 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
Spaecification for

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

MIL-R-28750 13.2 Relay, Solid State, Genera! 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 15.1 Connector, Electrical, Circular Threaded, High Density, High Shock
Shipboard, Class D, General Specification for

MIL-M-38510 5.0 Miciocircuits, General Speciiication Tor

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

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

MIL-C-38999 15.1 Connector, Electrical, Circular, Miniature, High Density, Quick
Disconnect, (Bayonet, Threaded, and Breech Coupling) Environment
Resistant, Removable Crimp and Hermetic Solder Contacts, General
Specification for

MIL-C-39001 10.7 Capacitor, Fixed, Mica Dielectric, Established Reliability, Genera!
Specification for

MIL-R-39002 9.11 Rasistor, Variable, Wirewound, Semi-Precision, General Specification
for

MIL-C-39003 10.12 Capacitor, Fixed, Electrolytic, (Solid Electrolyte), Tantalum,
Established Reliabliiity, General Specification for

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

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

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

General Specification for
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SPECIFICATION

MIL-R-39008

MIL-R-39009

MIL-C-39010

MIL-C-39012
MIL-C-39014

MRL-C-39015

MIL-R-39016

MiL-R-39017

MIL-C-39018

MNR-C-39019

MIL-C-33022

MIL-R-39023
MIL-R-39035

MIL-C-55629

MIL-T-55631

SECTION #
9.1

9.7

11.2

15.1

10.10

9.9

13.1

9.2

10.14

145

10.4

9.15
9.13

-
0
h

-

- - -—db - -
o 0 un o © 0
- N s NN

(2]

TITLE

Resistor, Fixed, composiuon (insulated) Established Reliability,
General .,..Qn-eﬁcmvm

Resistor, Fixed, Wirewound (Povnnypo Chassis Mounted)
Established Refiability, General Specification for

Col, Fkod. Rdlanquoncy Molded, Established Reliability, General

Connector, Coaxial, Radio Frequency, General Specification for

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

Resistor, Varisble, Wirewound (Lead Screw Actuated) Established
Reliability, General Specification for

Relay, Electromagnetic, Established Reliability, General Specification

for

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

Capacitor, Fixed, Electrolytic (Aluminum Oxide) Established Refiability
and Nonsstablished Rsefabllity, Gensra! Spscification for

Circult Breakers, Magnetic, Low Power, Seated, Trip-Free, General
Speciication for

, Fixed, Metallized Paper, Paper-Plastic Film, or Plastic Film
Dielectric, Direct and ARernating Current (Hermetically Sealed in Metal
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 Wiing Boards

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

Connecior, Printed Circuit, Subassembly and Accessories

Adapter, Coaxial, RF, General Specification for

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

Currant, In Non-Matal Cases, General Specification for

Circuit Breaker, Magnetic, Unsealed, Trip-Free, Genaral Specification ‘
for

Transformer, imtermediate Frequency, Radio Frequency, and
Discriminator, General Specification for
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SPECIFICATION SECTION # TiLE

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

MHA-C-81511 15.1 Connector, Electrical, Circular, High Density, Quick Disconnect,
Environment Resisting, and Accessories, General Specification for

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

MIL-R-83401 9.4 Resistor Networks, Fixed, Film, General Specification for

MIL-C-83421 10.6 Capacitor, Fixed Supermetaliized Plastic Fiim Dielectric (DC, AC or DC
and AC) Hermetically Sealed in Metal Cases, Established Refiability,
General Specification for

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

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

MIL-R-83725 13.1 Relay, Vacuum, General Specification 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 Connector, Electrical, Miniature, Rectangular Type, Rack to Panel,
Environment Resisting, 200 Degrees C Total Continuous Operating
Temperature, Generai Specification for

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

MIL-STD-756 Reliability Modeling and Prediction

MIL-STD-883 Test Methods and Procedures for Microelectronics

MIL-STD-975 NASA Standard Electrical, Electronic and Electromechanical Parts List

MIL-8TD-1547 Parts, Materials and Processes for Space Launch Vehicles, Technical

Requirements for
MIL-STD-1772 Certification Requirements tor Hybrid Microcircut Faciiities and Lines

Copies of specifications and standards required by contractors in connection with specific acquisition
functions should be obtained from the contracting activity or as directed by the contracting officer. Single
copies are also available (without charge) upon written reql'xest to:

Standardization Document Order Desk
700 Robins Ave.

Building 4, Section D

Philadelphia, PA 19111-5094

(215) 697-2667
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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 factory, where rework of
defective componens 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 etfectiveness, measured in terms of availability or sortie rates, and determines the skze of the
*logistics tail" inhibiting force utilization.

The achievement of rellabiilty is the function of reliabliiity engineering. Every aspect ot an electronic
system, from the purity of materials used in its component devices to the operator's Interface, has an
impact on roliability Reliability engineering must, therefore, be applled 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 Rellabliity Prediction - Reliability prediction provides the quantitative baseline
needed to assess progress in reliability engineering. A prediction made of a proposed desigh 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, ihe reiiabiiily prediction may be used as a guide 10 improvement by showing
the highest contributors to failure. if the part stress analysis method is used, it may aiso reveal other fruittul
areas for change (e.g., over stressed pans).

The lmpacl of proposed desngn changes on reliabulny can be determined only by comparing the rekiability

P’UUK«IK)ID Ul lllﬂ HXISIII‘Q d"u propuseu WSIQ"S

The ability of the design to maintain an acceptable reliability level under environmental extremes may be
assessed through reliability predictions. The predictions may be used !0 evaluate the need for
environmental control systems.

The effects of compiexity 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 parnt 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 fallures. For example, i several falures
of one type or component occur in a system, the predicied faillure 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 circuitry monitored, and
maintenance strategy planners can make use of the relative probability of a fallure's location, based on
predictions to minimize downtime. Reliability predictions are also used to evaluate the probabilities of
failure events described in a failure modes, effects and criticality analysis (FMECAS).

3-1
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3.3 Limitations of Rellabllity Predictions - This handbook provides a common basis for
reliability predictions; based on analysis of the best available data at tha time of issue. It is intended to
make reliability prediction 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
survivability or the effscts of lonizing radiation.

Even when used in similar environments, the differences between system applications can be significant.
F’rediaed and achievod roiiabiity have a'uvays been doser for gmund eioctronic systems than for avionic
wams lasn

systems, bsCauss the shvirommenial stiessss vaiy ©3S fom system io system oni the Ulwuu and hence

the fieid conditions are in aeneral closer 1o the environment undar which the data was collacted for the
prediction model. However, tailure rates are also impacted by operational scenarios, operator
characteristics, maintenance practbes. measurement techniques and dinerences in deﬁnmon of taliure

(PN FEVIEY N S n P Loed Lo n 207 b an rARCan A P . eallabs
llclw, ﬂ vvlvau"uy Plvu&lﬂlll 8'"\"\] ’w'ﬂl o ﬂmllw lU lwlv@v'll um Ulw\flw llv” ’v"ﬂullll’ G°

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 applicatlons
discussed above requires the predicted reliability to match the fieid measurememnt.

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

Another limitation of reliability predictions is the mechanics of the process. The part stress analysis
method requires a significant amount of design detail. This naturafly imposes a time and cost penalty.
More significantly, many of the details are not avaitable in the early design stages. For this reason this
handbock contains both the part stress analysis msthog {Sections § through 23) and a simpler pants count

method (Appendix A) which can be used in early desian and bid formulation stages.
Finally, a basic limitation of reliability predlctlon is its dependence on correct applncatnon by the user.

Thasa wiha anrmanth: annk: tha madale and aoa tha indAarrmadin adiog raliakil weill
1 IOSS Wi uvnwu, QY Iro ITVUGIO arrJg USS IS ImSTnauoh i a wuo\.'lullllvua lvllﬂUll“, lelﬂlll Wi

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 compieied and a detaiied
p:ﬁc llef inhlu'ﬂm nnr’ ctraccac le gunnnhln H can nlm ha nend durinn ln'nr dnclnn nhgena {Ar rnﬂghdn\,:

trade-offs vs. pan salechon and stresses Secuons 5 through 23 comam fanura rate models tor a broad

variety of parts used in efectronic equipment. The parts are grouped by major categories and, where
appropriate, are subgrouped within caiegon‘es For mechanicai and electromechanical parts not covered

s thio Lia MM rodar tn Diliisaes me AN and 2C [ Arnmandh, N
WY URO K RIMUUN, 1G10T WV Lnuuusluyu’ uvu!a 20 anG 35 \TWYWPGIRHA U ).

The tailure rates presented apply to equipment under normal 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 beyvond the tabulated values such as high or sub-zero temperature, electrical stress values above

1.0, or extrapolation of any associated model modifiers is completely invalid. Base fallure rates can be
interpolated between electrical stress vaiues 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
calculated 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 fallure rate for each connector (Section 15, Connectors). The wire between connectors is
assumed o have a zero failure rate. For various service use profiles, duty cycles and redundancies the

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 Quallty - The quality of a part has a direct effect on the part failure rate and appears In the
part models as a factor, xy. Many parts are covered by specifications that have several quality levels,

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

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 levels which are

dependent on the number of MIL-STD-883 screens (oF equivatont) to which they are subjected.

Table 3-1: Parts With Mutti-Level Quality Specitications

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

Microcircuits Screening Level
Discrete Semiconductors JANTXV, JANTX, JAN
Capacitors, Established D,C.S.R,B,P,M, L

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

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

Reliability (ER)
Relays, Estabiished R P ML

Reliabilty (ER)

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

specification, the nc value for MIL-SPEC should be used. If any requirements are waived, or if a
commercial part Is procured, the nqy 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 o procure high quality parie only 1o have the equinment 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 standards and publications. Nevertheless, when a proposed
equipment development is pushing the state-of-the-at 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 failure rates as predicted by the models for high quality parts will not
ha 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 oi ionizing radiation. The descripiions of
these environments are shown in Table 3-2. The xg factor is quantified within each part failure rate model.
These environments oncompass lhe major areas of empmem use Some oqupmem will experience

Y e In o Anh ~ s

moTe than one environiment dunng iks Normal use, &.g., eGuipment in spacecrall. In such a cass, the
reliability analysis should be seamented, 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
Environment =g Symbol ng Syl Description
Ground, Benign Gg Gg Nonmobile, temperature and humidity
G controlled environments readily accessible to
o mainienance; inciudes iaboraiory insirumenis
and test equioment, madical electronic
equipment, business and scientific computer
compiexes, and missiies and support
equipment in ground silos.
Ground, Fixed Gr €S Modaratsly controlied environments such as

installation in permanent racks with adequate
cooling air and possible installation in unheated
buildings; includes permanent instafiation of air
traffic control radar and communications

tacilities.
Ground, Mobile Gy Gm Equipment instalied on wheeled or tracked
vehicles and equipment manually transported;
M
P includes tactical missile ground support
equipment, mobile communication equipment,
tacticai fire direction sysiems, handneid
eommunications equinment, lasar designations
and range finders.
Naval, Sheltered Ng Ng Includes sheltered or below deck conditions on
- Ne surface ships and equipment instailad in
sB submarines,
Naval, Unsheliered Ny Ny Unprotectad surtaces shipborns squipment
N exposed to weather conditions and equipment
U immersed in salt water. Includes sonar
Ny equipmeni and equipment inslaled on hyoioton
vessaels.

34
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Table 3-2:

Environmental Symbo! and Description (cont'd)

Environment

_ [ PPN SN |
IE Sy nwA

Equivaieni
MiL-HDBK-217E,
Notice 1
g Symbol

Airhomae, Inhabited,

g.

Airborne, Inhabitad,
Fighter

Airborne, Uninhabited,

I e

D o

Airbarna,
Uninhabited,
Fighter

Airborne, Rotary

AL
Vi gou

An
o

ir

£

Typical conditions in cargo compartments
whiehmnboocwpndbyanalm

Environment exiremes of pressure,
tempersture, shock and vibration sra minimal,

Examphs include long mission alrcraft such as
the C130, CS5, B52, and C141. Thuswogoty

nhn annliaa tn inhahiand arana in haear
BT Sy

VA WY SIS W SR W RS vYw

performance smaller aircraft such as the T38.

Same as A~ but installed on high performance

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

and Ai0 aircraft.

Environmentally uncontrolied areas which
cannat ha inhahitad he an sincnew dorina ﬂnh'

ATV TAss AW T ETICEASTSWLS AC) St SAeiwet WYV st ey ¢

Environmental extremes of pressure,
temporature and shock may be severe.
mump_ indude uninhabited areas Gf IONg
mission aircraft such as the C130. CS. B52 and
C141. This category also applies to
uninhabiied area of iower periormance smaiier
aircraft such as the T38.

Same as A. ;C but instalied on high parformance

aircraft such as fighters and interceoptors.
Examples include the F15, F16, F111 and A10
aircraii.

Equipment instalied on helicopters. Applies 10
both internally and extemally mounted
equipment such as laser designators, fire
control systoms and communications

vqupluulu

Earin orbiiai. Approaches benign ground
conditions. Vehicle neither under powered
flight nor in atmospheric reentry; includes
sateiiiles and shutties.

nj
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Tabie 3-2: Environmental Symbol and Description (cont'd)
‘Equivalent
MIL-HDBK-217E,
Notice 1
Environment n Symbol Description
ng Symbol =
Missile, Flight M M Conditions reiaied io powered fiight of air
My breathing missiles, cruise missiles, and
A missiles in unpowered free flight.
Missile, Launch ML M Severe conditions related to missile launch (air,
u ground and sea), space vehicle boost into
SL orbit, and vehicie re-entry and landing by
parachute. Also applies to solid rocket motor
propulsion powered flight, and torpedo and
missiie launch from submarines.

Cannon, Launch CL CL Exiremely severe conditions related to cannon
launching of 155 mm. and 5 inch guided
projectiles. Conditions apply to the projectile
trom iaunch o target impact.

[ Snod _ . . . o .gs
3.4.4 Pant Fallure Rate Models - Pant failure rate models for microelectronic parts are significantly

different from those for other parts and are presented entirely in Section 5.0. A typical example of the
type of model used for most other part types is the following one for discrete semiconductors:

Ap = Ap 7T RA TR ®S T C RQ TE

where:
is the par failure rate,

ng  and the other n factors modify the base failure rate for the category of environmental
appiication and other parameters that affect the par reliability.

The base failure rate (A,) modeis are presented in each part section along with identification of the
applicable model factors. Tables of calculated Ay, values are also provided for use in manual calculations.

The model equations can, of course, be incorporated into computer programs for machine processing.
The tabulated values of Ay, are cut off at the pant ratings with regard to temperature and stress, hence, use

of parts beyond these cut oft points will overstress the part. The use of the Ay, models in a computer

3-6
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program should take the part rating limits into account. The A, equations are mathematically continuous
beyond the part ratings but such failure rate values are invalid in the overstressed regions.

Al the part models include failure data from both catastrophic and permanent drift failures (e.g., a resistor
nermanently falling out of rated tolarance bounds) and are based upon a constant tailure rate, except for

motors which show an increasing failure rate over time. Failures associated with connection of parts into
circuit assemblies are not included within the part failure rate models. Information on connection reliability
is provided in Seciions 16 and 7.

3.4.5 Thermal Aspects - The use of this prediction method requires the determination of the
temperatures 10 which ihe paris are subjecied. Since paris reiiability is sensiiive io iemperaiure, ine
tha al anakeie daehn ahn. 1l fairhs arnemm s nravida tha aMem ge_rpnnm‘h_l'res mAAM‘_ 'lﬂ us'i.n_g

VeVete] nf a et
LR R A7) m'ﬂl,“l“ A 4] ull, 'vll L l‘l-lll m-ulv-, MPIVYRAV uTW

the part models. Of course, lower temperatures produce better reliability but also can produce increased
penatties in terms of added loads on the environmental contro! system, unless achieved through
improved thermal design of the equipment The thermal anaiysis shouid be pari of the design process

And inabaNad all thn tenrdn ~H rlin, aliakhility mnnnh. wnliima
ainJg nIuuou "l all IllU uvauwocun DI"\"UQ W'v'l'ly wul"l'lﬂlll Wllvllllﬂllw lwuuuuuy vigin, vuiuwiirg,

environmental contro! systems, etc. References 17 and 34 listed in Appendix C may be used as guides in
determining component temperatures.
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Tabie 4-1 provides amwmaﬂnw for evaiuating a reiiab

Caw amsvmmladarmaens Aankliod inabidan antamarian tar raliahilihne madalina and Illu- han  wihinh arn
