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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:
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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
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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

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
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<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
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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 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
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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
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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



—_—

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.
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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
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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
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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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6.0 DISCRETE SEMICONDUCTORS, INTRODUCTION

The semiconductor transistor, diode and opm-eledronlc device sections present the failure rates on
the basis of device type and construction. An analytical modei of the failure rate is aiso presented for each
device category. The various types of discrete semiconductor devices require different fallure rate
models that vary to some degree. The models apply 1o single devices unless otherwise noted. For
rmlhpledewcesmasmlepackagethehybndmodolmSoctm55shwldbeused

..-I-l- llll t PNy S snan and and Lantem
The applicable ication for transistors, and optoelectronic

miL
quality levels (JAN, ANTX JANTXV) are as defined in MIL-S-19500.

The temperature tactor (xT) is based on the device junction temperature. Junction temperature
shouid be oormuted based on worse case power (or maximum power dissipation) and the device junction

= o anas [ o P PR Fiy PUSOUNY I RISy Py PSS PN PN P R N PP PYY -1

10 case thermai resistance. Determination of junction temperaiures s axXpiainéa in odCuon ©. 14.

Reference 28 should be consulted for further detailed information on the models appearing in this
section.
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6.1 DIODES, LOW FREQUENCY

SPECIFICATION
Ml _S.10500

VIR S W W W

DESCRIPTION

| rany Erarmanmmr Nindae: NRanaral Dniirmaesa Analna Quridtahine
AT | IVWYUUIAYY WU WIUTIGIGE ulwov nlﬂw U"lll‘lllv'

Fast Recovery. Power Rectifier, Transient Suppressor. Current
Regulator, Voltaoe Regutator, Voltage Reference

Ay = n.n.%.n. Failures/106 Hours
b 'T S"CTQE
Base Failure Raie - Ay, Temperature Factor - np
Diode Type/Application Ay (Voltage Regulator, Vohage Reference,
and Current Reaulatnr)
- . - - - PO Tlf‘G‘ A T.{'Q\
Generai Purpose Anaiog 0038 Jr i Jr i
Switching 0010
Power Recliﬁer Fast Recovery .069 25 1.0 105 3.9
Power Rectifier/Schottky .0030 30 1.1 110 4.2
Power Diode 35 1.2 115 4.5
Power Recltitier with 0059/ 40 1.4 120 4.8
High Voitage Stacks Junction 45 1.5 125 5.1
Transient Suppressor/Varistor .0013 50 1.6 130 5.4
Current Regulator .0034 55 1.8 135 5.7
Veoktage Regulater and Voltage 0020 60 2.0 140 6.0
Reference (Avalanche 65 2.1 145 6.4
and Zener) 70 23 150 6.7
75 2.5 155 7.1
) 80 2.7 160 7.5
. TemperawreFactor - =y 85 3.0 165 7.9
(Generai Irfurpose AnRalog, owiching, rast Hecovery, 90 3'2 170 83
Power Rectifier, Transient Suppressor) ar noa ae a -
hd b I J.% 17O o./7
T,(°C) nr T.00) Ry 100 3.7
—————
25 1.0 105 8.0
30 1. 11C 1 i i
35 ¥ 115 i np = oxp (- 1025 ( ﬁe"e'@\\
40 1.6 120 12 \ N )
45 1.9 125 14 . .
50 22 130 18 Ty = Junction Temperature (°C)
g8 2.6 135 16
60 3.0 140 18
65 3.4 145 20
70 3.9 150 21
75 4.4 155 23
80 5.0 160 25
85 5.7 165 28
90 6.4 170 30
85 7.2 175 32
100 8.0
z Vd 1I 1| LAY
*r = oxp[-3091  +557 - 508 ) |
: \ \ v JJ
T; = Junction Temperature (°C)
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6.1 DIODES, LOW FREQUENCY

Elantrical Strage Factor - v 1alitv Factor - m~
e W WA NPGAT WL Wied | BAVWARW IUS wRLsLavs y SANSINS uu
Stress Rg Quality RQ
Transient Suppressor, JANTXV 0.7
Voltage Regulator, Voltage
Retference, Current JANTX 1.0
Reguiator 1.0
JAN 2.4
All Others: Lower 5.5
Vg < .30 0.054
., . " Plastic RO
3<Vgs 40 0.11 et T
4<Vg<.50 0.19
5<Vg<.60 0.29
B6<Vg<.70 0.42
.7<Vgs<.80 0.58 Environment Factor - ng
8<Vg=<.90 0.77 Environment ng
8 <Vg<1.00 1.0 ~ P
UB 1.
Gp 6.0
For All Except Transient Suppressor, Voltage Gpm 9.0
Regulator, Voltage Reference, or Current Ng 9.0
Regulator Ny 19
ng = .054 (Vg < .3) Ac 13
g = Vg243 (3 <Vgs1) Ag 29
Ayc 20
V. = Voltage Stress Ratic = Voltage Applied A 43
s i Voltage Rated UF
ARW 24
Voltage is Diode Reverse Voltage
Sk .50
Mg 14
l'IL 32
Contact Construction Factor - ~ A
- = CL 320
Contact Construction nc
Metallurgically Bonded 1.0
iNon-Metaiiurgicaily Bonded and 2.0
Spring Loaded Contacts
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MIL-HDBK-217F

6.2 DIODES, HIGH FREQUENCY (MICROWAVE, RF)

SPECIFICATION

AAIl _Q_4 gnnn

VI " WV

DESCRIPTION

Qi IMDATT: Ry EHard Muinn: Tiimnal Ranl, - ivar Natartar
PR 3 ¥ L4~ 1) ]

NP IVIT SV T, RJURN iU, AT, FUIIIw,

PIN. Schottky: Varactor, Step Recovery

— ; 6
lp = xbnTn AT Qe Failures/10° Hours

Base Failure Rate - 7‘1:

Temperature Factor- =y

Diode Type Ay (IMPATT)
Ty °C) s T,0) *r
Si IMPATT (< 35 GHz) .22
Gunn/Bulk Effect .18 25 1.0 108 42
Tunnel and Back (Including 30 1.3 110 50
Mixers, Detectors) .0023 35 1.8 115 60
PIN .0081 40 2.3 120 71
Schottky Barrier (Including 45 3.0 126 84
Detectors) and Point Contact 50 3.9 130 99
{200 Mz s Frequency s 35 GHz) .027 55 5.0 135 120
Varactor and Step Recovery .0025 60 6.4 140 140
65 8.1 145 160
70 10 150 180
75 13 155 210
80 16 160 250
Tempeiaiuie racior - miy 85 i9 i65 280
{All Typss Except IMPATT) 90 24 170 320
. 95 29 175 370
Ty (°C) ny T,(0) 7 100 35
30 1.1 110 4.8
as 13 115 5.1 xy = exp[- 5260 T—12—.,§ . 2}3\ 3
40 1.4 120 5.5 \ ( Tu+ ))
45 1.6 125 5.9
SC 1.7 130 8.3 Ty = Junciion Temperaiure {°C)
55 1.9 135 6.7
60 2.1 140 7.1
&5 2.3 145 7.8
70 25 150 8.0
75 2.8 155 8.5 Application Factor - np
oV 9.V 10V J.V T " r
85 33 165 9.5 Diodes Application TA
90 3.5 170 10
85 3.8 175 i1 Varactor, Voltage Control .50
100 4.1
— ] Varactor, Multiplier 2.5
i 3 All Othsr Dicdss 1.0
ny = exp{- 2100(—~TJ*273 - __‘299\ \
\ /)
T j = Junction Temperature (°C)




MI-HDBK-217F

6.2 DIODES, HIGH FREQUENCY (MICROWAVE, RF)

Power Rating Factor - ng Quality Factor - e
Rated Power, Py (Watts) ng — {Schottky)
Quality* nQ
PiIN Diodes
Pr < 90 50 JANTXV .50
10 < Pr < 100 1.3 JANTX 1.0
100 < Pr < 1000 2.0
T JAN 1.8
1000 < Py < 3000 2.4
— Lower 2.5
All Other Diodes 1.0 Piasiic -
NN
PIN Diodes ng = .326 [(Py) - .25 * For high frequency part classes not specified to
MIL-S-19500 equipment quaiity ciasses are
T T TN . defined as devices meeting the same
Aii Other Diodes ng = 1.0 requirements as MIL-S-19500.

Quality Factor - nQ Environment Factor - nE

(All Types Except Schottky) __Environment e
Quality * T Gg 1.0
Gg 2.0
JANTXV .50
5.0
JANTX 1.0 =
Ng 4.0
JAN 5.0 Ny 11
Lower 25 Ac 4.0
Plastic 50 ArF 5.0
Auc 7.0
* For high trequency part classes not specified to Aur 12
MIL-S-19500 equipment quality classes are
defined as devices meeting the same Agw 16
requirements as MIiL-S-19500. Q £0
Mg 9.0
Mg 24
CL 250




MIL-HDBK-217F

6.3 _TRANSISTORS, LOW FREQUENCY, BIPOLAR

NPN (Freauency < 200 MHz)

PNP (Frequency < 200 MHz)
Ap = A o, mpncnn, Failures/t 08 Hours
Base Faiure Rate - A, Application Factor - na
Type lb Appilication LY
NPN and PNP 00074 Linear Amplification 1.5
Switching .70
Temrature Fm B WT [ = VYY) Datimm Camtae -
T (°C) 1[ T (°C) ” rowgol nauiy ravivi - nR
J L J T Rated Power (Py, Wafls) ™R
25 1.0 105 4.5
30 i.1 110 4.8 Prs.d 43
35 1.3 115 5.2
40 1.4 120 5.6 P =5 77
45 1.6 125 5.9
50 1.7 130 8.3 P. =10 1.0
55 1.9 135 6.8
60 2.1 140 7.2
65 2.3 145 7.7 Pr= 50 1.8
70 25 150 8.1
80 3.0 180 9.1
85 33 165 9.7 Pr= 50.0 4.3
90 3.6 170 10
g5 3.3 175 11 Pr = 100.0 55
100 4.2
P, =500.0 10
[ mesa 1 _1_\ \ —— S
L °"p["”“[TJ—+2—73‘298] ]
\ \ 7 7/ g = .43 Rated Power < .1W
T; = Junction Temperature (°C) g = P37 Rated Power > .1W
6-6
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MIL-HDBK-217F

[ E—

6.3 TRANSISTORS, LOW FREQUENCY, BIPOLAR
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MIL-HDBK-217F

6.4 TRANSISTORS, LOW FREQUENCY, SiI FET

SPECIFICATION DESCRIPTION
MIL-S-19500 N-Channet and P-Channel Si FET (Frequency < 400 MHz)

Ap=A mom,non. Failures/1 0% Hours

Base Failure Rate - Ay Application Factor - tp
Transistor Type Ay Appilication
(Pr, Rated Output Power) %A
FET .01 T
MOSFE 012 Linear Amplification 1.5
JFET .0045 (P, < 2W)
Small Signal Switching .70
Temperature Factor - T
o o Power FETs
Ty00 T 7,0 T (Non-linear, P, = 2W)
25 1.0 105 3.9
30 1.1 110 4.2 2<Pr< S5W 2.0
35 1.2 115 4.5
40 1.4 120 4.8 5 < Pr< 50W 4.0
45 1.5 125 5.1
50 1.6 130 5.4
60 2.0 140 6.0
65 2.1 145 6.4 Pr > 250W 10
70 2.3 150 6.7
75 25 155 7.1
80 2.7 160 7.5
as 3.0 165 7.9 ; }
% 32 170 83 Environment Factor L
95 3.4 175 8.7 Environment e
100 3.7
Gg 1.0
Gp 6.0
1 1
Ty = exp (-1925(7"—*273- 'Eéi)) Gp 9.0
Ng 9.0
Ty = Junction Temperature (°C) NU 19
Ac 13
Quality Factor - e Ap 29
Quality nq
AUC 20
JANTXV .70 AUF 43
JANTX 1.0 ARw 24
JAN 2.4 Sg ‘ .50
Lower 55 Mg 14
Plastic 8.0 ML 32
CL 320
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MIL-HDBK-217F

6.5 TRANSISTORS, UNiIJUNCTION
SPECIFICATION DESCRIPTION
MIL-S-19500 Unijunction Transistors
= H 6
Ap = kb"T“o"E Failures/10° Hours
Base Faiiure Rate - A, Quality Factor - nq
Type Ay Quality L7e)
All Unijunction .0083 JANTXV .70
JANTX 1.0
JAN 2.4
Temperature Factor - ny Lower 5.5
T ,(°C) bi¢ T,(°C) b3
J I J 1 Plastic 8.0
25 1.0 105 5.8
30 1.1 110 6.4
35 1.3 115 6.9 Envi t Fact
40 15 120 7’5 nvironment Factor - ng
45 1.7 125 8.1 Environment ng
50 i.9 130 8.8
55 2.1 135 9.5 Gg 0
60 2.4 140 10 Ge 6.0
65 2.7 145 11 r i
70 3.0 150 i2 G 8.0
75 3.3 155 13 M
80 3.7 160 13 Ng 9.0
85 4.0 165 14 Ny | 19
90 4.4 170 15 Y
95 4.9 175 16 Aic 13
100 5.3 . A
A": <Y
——————— h
Auc 20
i i
Ty =  exp (— 2483 {TJ T 273 ° ._29_8\ \ Al_lF 43
\ \ JJ Acrns 04
nvy
Ty = Junction Temperature (°C) Sg 50
Mg 14
My 32
CL 320

M ] 1.
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MIL-HDBK-217F

6.6 TRANSISTORS, LOW NOISE, HIGH FREQUENCY, BIPOLAR

SPECIFICATION DESCRIPTION
MIL-S-19500 Rinolar. Microwave RF Transistor

— T e = SRS

(Frequency > 200 MHz, Power < 1W)
— ; 8
),p = lbnTanannE Failures/10° Hours

Appiicmion Note. The model appiies to a singie die (for muitipie die use the hybrid modei). The modei does
ned doarmaniotoarns Aarn A ninmsla Aia

w, IU wlw varpidivio vira r.mug!v GiG.

Power Rating Factor - xg
Base Failure Rate - A, Ratad Power (P, Watts)

iaeaq t 7, yvats) !!R
Type Ay
O Pr < 1 .43
Jd<iPr<.2 .55
All Types 18 2<Prsa 64
3<Ps 4 .71
4 <Pr< 5 .77
Temperature Faclor - =y S5 <Prs.6 83
T.C T o 6 <Ppr<? .88
NA i 40 il 7<Pr<8 92
25 1.0 108 45 8 <Pr<.9 .96
30 1.1 110 4.8 — o
35 i.3 ii5 5.2 iy = .43 Pr <.1W
40 1.4 120 5.6
45 1.6 125 5.9 a7 L
50 1.7 130 6.3 =) Fr>.aw
85 1.9 138 6.8
60 2.1 140 7.2
65 2.3 145 7.7
70 25 150 81 Voltage Stress Factor - ng
75 2.8 155 8.6 Applied VcE/Rated VCEO r_
80 3.0 160 9.1 5
8s 3.3 188 Q.7
90 3.6 170 10 0<Vg< .3 1
95 3.9 175 1 3<Vgs 4 16
100 4.2 4 < Vs <5 21
5 <Vgs .6 29
nr = exp(- 2114(;————;-;1—\\ 6 <Vgs.7 .39
: L (R A B 7 < Vgs 8 54
8 <Vgs .9 73
T. = .unction Temparatura (°C)
J " A 9 < Vs < 1.0 1.0
e e st e et e ——
ng = .045exp(3.i(Vs)) (0<Vg<i.0)
Vg = Applied Vo / Rated VoED
Vcg = Votage, Collector to Emitter
Vceo = Voltage, Collector to Emitter, Base
vpen
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MIL-HDBK-217F

6.6 TRANSISTORS, LOW NOISE, HIGH FREQUENCY, BIPOLAR

Quality Factor - =y Environment Factor - ng
Quality no Environment e
Cq 1.0
JANTXV 50 B )
Gg 2.0
JANITA 1.v GM 5 ] 0
JAN 2.0 N 4.0
Ng 4.0
Lower 5.0 Ny i1
Ac 4.0
NOTE: For these devices, JANTXV quaiity class must
include IR Scan for dig attach and screen for barrier A 5.0
layer pinhotes on gold metallized devices. A —
r‘\UC 7.V
AUF 12
Se .50
r
Mg 5.0
M 24
C. 250
6-11



MIL-HDBK-217F

6.7 TRANSISTORS, HIGH POWER, HIGH FREQUENCY, BIPOLAR

SPECIFICATION DESCRIPTION
MIL-S-19500 Power, Microwave, RF Bipolar Transistors
(Average Power 2 1W)
= H 6
kp = kbnTn ATMEQ™E Failures/10°® Hours
Base Failure Rate - &,
Frequency Outpul Power (Watts)
(GHz) 1.0 5.0 10 100 200 300 400 500 600
$05 .038 .039 .040 .050 .067 12 .20 .36 .62 1.1
1 .046 .047 .048 .060 .080 .14 .24 .42 .74 1.3
2 .065 .067 .06S .086 A1 .20 .35
3 .093 .095 .098 A2 .16 .28
4 13 14 14 A7 .23
5 .19 .19 .20 .25
Ay = .032 exp(.354(F) + .00558(P)) F = Frequency (GHi) P = Output Power (W)

NOTE: Output power refers to the power level for the overall packaged device and not to individual transistors within the
package (if more than one transistor is ganged together). The output power represents the power output from the active

device and should not account for any duty cycle in pulsed applications. Duty cycle is accounted for when determining x4 .

T erature Factor - =
( Matalliratinn

Aluminum Metallization)

Temperature Factor - n
(Goid Metaiiization)

V¢ (VCE/BVCES) Vs (VCE/BVCES)
T;(°C) < .40 .45 .50 .85 T;(°C) < .40 .45 .50 .55
<100 .10 .20 .30 .40 <100 .38 75 1.1 1.5
110 .12 .25 .37 .49 110 .57 i1 1.7 23
120 .15 .30 .45 .59 120 .84 1.7 2.5 3.3
130 .18 .38 .54 .71 130 1.2 2.4 3.6 4.8
140 .21 .43 .64 .85 140 1.7 3.4 5.1 6.8
150 .25 .50 .75 i.0 i50 2.4 4.7 7.1 9.5
160 .29 .59 .88 1.2 160 3.3 6.5 9.7 13
170 .34 .68 1.0 1.4 170 4.4 8.8 13 18
180 .40 .79 1.2 1.6 180 5.9 12 18 23
190 .45 .91 1.4 1.8 190 7.8 15 23 31
200 .52 1.0 1.6 2.1 200 10 20 30 40
1 __1_\\
xp = dexp(- 2003 [——e . =L T 38"""(' 5794 (T 273 373))-
T= p( (T J+273 373 )
N /. (Vg < 40)

Vs 40 X7 =7.55 (V. - .35) oxp [ - 5794 === - =)
e = 2(V_- ney avn /. 2007 (et 1 T= s - p[ (TJ+273 373 }'
T Vs o "“"k evEe UJ + 273 373)) \ \ 7/

(.4 < Vg =.55)
(4 < Vg <.55)
v - Vop/BVoEs Vg = VCg/BVCES
s VcE = Operating Voltage (Volts)
v = Operating Voltage (Volts
CE pe 9 ge (Volts) BVces = Collector-Emitter Breakdown
BVCges = Collector-Emitter Breakdown Voltage with Base Shorted 10
Voitage with Base Shorted to Emitier (Voiis)
Emitter (Volts) -+ Baak linetan T o0
\ T, = Peak Junction Temperature (°C)
TJ. = Peak Junction Temperature (°C)
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MIL-HDBK-217F

S wl

6.7 TRANSISTORS, HIGH POWER, HIGH FREQUENCY, BIPOLAR
Application Factor - na Quality Factor - nn
Application Duty Factor A Quality o
i A < N\t
Cw N/A 7.6
JANTXV 50
Pulsed 1% 46
5% .70 JANTX 1.0
10% 1.0
15% 1.3 JAN 2.0
20% 1.6
25% 1.8 Lowsr 5.0
2 30% 2.2
L
— — NCTE: For thess davices, JANTXV guality class
na = 7.6 CW must inciude IR Scan for die attach and screen for
A ! barner layer pinholes on goid metallized devices.
np = .06 (Duty Factor %) + .40 , Pulsed
Environment Factor - ng
Matching Network Factor - mps Environment e
Malching M Cg 1.0
Gg 2.0
Input and Qutput 1.0
GM 5.0
Input 2.0 Na 4.0
None 4.0 N, 11
— Ac 4.0
AFF 5.0
AL.‘Q 7.0
A 12
L2
ARW 16
Sg .50
Mg 9.0
M, 24
CL 250
6-13
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" MIL-HDBK-217F

6.8 TRANSISTORS, HIGH FREQUENCY, GaAs FET

SPECIFICATION DESCRIPTION
MIL-S-19500 GaAs Low Noise, Driver and Power FETs (> 1GHz)
- H 6
lp = ?«.bu.rx A*MTa™E Failures/10° Hours
Base Failure Rate -2,
Operating Average Output Power (Watts)
Frequency (GH2) <.l .1 .5 1 2 4 6
1 .052 - - - - -- --
4 .052 .054 066 .084 14 .36 .96
5 .082 .083 10 .13 21 .58 15
6 .052 13 .16 .20 32 .85 2.3
7 .052 .20 .24 .30 .50 1.3 35
8 .052 .30 37 A7 .76 2.0
] .052 .46 56 72 1.2
10 .052 71 87 1.1 1.8
Ab = 052 1sFs<s10, P<.1
A, = .0093 exp(.429(F) + .486(P)) 4<F<10, .1sPc<6

F =

Frequency (GHz)

P = Average Output Power (Watts)

The average output power represents the power output from the active device and should not account for any duty
cycle in puised applications.

Temperature Factor - L3

Application Factor - mp

T (°C) nr T~ (°C) fr Abpplication (P < 6W) a
o 4 H v 7 H b ol o 4 A
25 1.0 105 24 All Low Power and Pulsed 1
30 1.3 110 28
35 1.6 118 33
40 2.1 120 38 cw 4
45 2.6 125 44
50 3.2 130 50
55 4.0 135 58 P = Average Output Power (Watts)
60 4.9 140 66
65 5.9 145 75
70 7.2 150 85
75 8.7 185 97
80 10 160 110
85 12 165 120
90 15 170 140
95 18 175 150
100 21
PR i
7 4 1 1 N\
e ( 4485 (702273 - 299) )
Tc = Channel Temperature (°C)




MIL-HDBK-217F

6.8 TRANSISTORS, HIGH FREQUENCY, GaAs FET

Matching Network Faclor - my4 Environment Factor - ng
Matching M Environment -
-------- d Output i o Gg 1.0
NpUt ang WUuiput {.0 GF o0
Input Only 2.0 Gy 50
None 4.0 NS 20
Ny 11
Ac 40
Quaiity Facior - nq A 5.0
Quality nq ALc 70
JANTXV 50 AuF 12
Anw 16
JANTX 1.0 » —
JAN 2.0 Mg S
Lower 50 M o4
T CL 250

o0
'

—a

an




MIL-HDBK-217F

6.9 TRANSISTORS, HIGH FREQUENCY, Si_FET

SPECIFICATION
MIL-S-19500

DESCRIPTION

Si FETs (Avg. Power < 300 mW, Freq. > 400 MHz)

= ; 6
xp = xbnTnQnE Failures/10° Hours
Base Failure Rate - A Quality Factor - nq
Transistor Type Ap Quality nQ
MOSFET 060 JANTXV 50
JFET .023 JANTX 1.0
JAN 2.0
Lower 5.0
Temperature Factor - ny
TJ (°C) ﬂT TJ (°C) nT
25 1.0 105 3.9
30 1.1 110 4.2 )
35 1.2 115 45 Environment Factor - ng
40 1.4 120 4.8 Environment % 1
a5 15 125 5.1 E J
50 1.6 130 5.4 Gg 1.0
55 1.8 135 5.7
60 2.0 140 6.0 Gg 2.0
65 2.1 145 6.4 )
70 2.3 150 6.7 Gm 5.0
75 2.5 155 7.1 " -
80 2.7 160 7.5 NS v
85 3.0 165 7.9
90 3.2 170 8.3 _ Ny "
95 3.4 175 8.7
100 3.7 Ac 4.0
A 5.0
, ) 1y Ayyc 7.0
nr o= exp (1925 (5553 - 555 | “ue )
\ Y JJ AUF 12
TJ = Junction Temperature (°C) ARW 16
SF .50
Mg 9.0
ML 24
CL 250




MIL-HDBK-217F

6.10 THYRISTORS AND SCRS

SPECIFICATION DESCRIPTION
MIL-§-18500 Thyristors
SCRs, Triacs
= H 6
kp = )"bﬂTnRuSnQnE Failures/10° Hours
Base Failure Rate - A, Current Rating Factor - ng
Device Type Ay Rated Forward Current
( Yems (Amps)) TR
All Types .0022
.05 .30
.10 .40
.50 .78
Temperature Factor - ny 1.0 1.0
T  foM) - T . o) - 50 19
IJ‘U’ IT IJ\V, ILT 10 2.5
20 3.3
25 1.0 105 8.9 30 3.9
30 1.2 110 9.9 40 4.4
35 1.4 115 11 50 4.8
40 i.6 120 i2 60 5.1
45 1.9 125 13 70 5.5
50 2.2 130 15 80 5.8
55 2.6 135 16 0 6.0
60 3.0 140 i8 100 6.3
65 3.4 145 19 110 6.6
70 3.9 150 21 120 6.8
75 4.4 155 23 130 7.0
80 5.0 160 25 140 7.2
85 5.7 165 27 150 7.4
90 6.4 170 30 160 7.6
95 7.2 175 32 170 7.8
100 8.0 175 7.9
.40
mr = exp(-3082 [+——1oes - 5=} ) "R = i)
T "k kTJ+273 293)}
l'rms = RMS Rated Forward Current (Amps)
T J = Junciion Temperaiure {°C})




6.10 THYRISTORS AND SCRS

Voltage Stress Factor - ng

Environment Factor - e

Vg (Blocking Voltage Applied/ Environment ne
Dinnlionea Vabama Datad) - -~ - =
Dll.Mlllu VU"GUU nalw’ ".S bB ‘, .U

V. < .30 10 Gr 6.0
3<Vgs 4 18 Gm 9.0
a V. < § 27 N an
5 's = xS "S 7.
B v/ < & 28 . P
S<Vgs 8 .38 Ny i9
8<Vg< 7 .51
T7<Vgs 8 .65 Ac 13
a _ \7 - O on Alr 29
.0 Vs = T 0L i
S <«<V. <10 1.0 A 20
s uc
AUE 43
ARw 24
Nie = .10 (V. £ 0.3)

s Vs S¢ .50
an nr \1-9 VAV RN o Je ) (V] 44
IS- ‘vs’ \Vs)U.J’ IVIF L 4

M 32

CL 320

Quality Factor - nq
Quality T
’ \4
JANTXV 0.7
JANTX 1.0
JAN 2.4
Lower 5.5
Plastic 8.0
6-18
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6.11 OPTOELECTRONICS, DETECTORS, ISOLATORS, EMITTERS
SPECIFICATION DESCRIPTION
MIL-S-19500 Photodetectors, Opto-isoiaiors, Emiiiers
A=A AT i 6
Ay = A R Failures/10°® Hours
""“JF&:'.ure Rate - A, Quality Factor - e~
Opioeiecironic Type Ap Quality %q
Photodetectors JANTXV
Photo-Transistor 0055 b -70
Photo-Diode 0040 JANTX 1.0
Opto-lsolators JAN 24
Photodiode Output, Single Device 0025
Phototransistor Output, Single Device .013 Lower 55
Photodariington Output, Single Device .013 Dlaetin an
Light Sensitive Resistor, Single Device .0064
Photodiode Output, Dual Device 0033
Phototransistor Output, Dual Device .017 e
cnvin mweinra
Photodarlington Outout, Dual Davice .017 T -
Environment ng
Light Sensitive Resistor, Dual Davice .0086
Gg
Emitters -
infrared Light Emitiing Diode (iRLD) 5013 Ge 2.0
Light Emitting Diode (LED) .00023 Gm
- Ng 5.0
Temperature Facior - ny
Ny 12
TJ (°C) ﬂL TJ (°C) ﬂT = 20
25 1.0 75 3.8 AE 8.0
30 1.2 8¢ 4.3
35 1.4 85 4.8 Auc 6.0
45 1.8 95 5.9 UF '
50 2.1 100 6.6 Ao 17
55 2.4 105 7.3 W —
60 2.7 110 8.0 Sk 50
§§ ?(‘) 115 8.8 Mg 9.0
AV J3.9
M, 24
1“ [ .
~ AN
ny = expf-2790 [ =1oms - 52) ) L
IJ + &1 c:o) )
T, = Junction Temperature (°C)
- ] 6-19



6.12 OPTOELECTRONICS, ALPHANUMERIC DISPLAYS

SPECIFICATION DESCRIPTION
MiL-S-19500 Alphanumeric Dispiay

Raca Faihira Rata . 2 amnarahire Fardar . w_
AP V SAIRST T WALW 'b . Ullwl“!u'v 1 RV "
- - - [T 7o T 7o) poy
Number Ab Ab AN nT N AN "T
of Segment Diode Array
Characters Display Display 25 1.0 75 3.8
30 1.2 80 4.3
1 onnda 13 4 a oc AQ
' oot PTTSET o9 L 09 4.0
1 w/Logic Chip .00047 .00030 40 1.8 90 5.3
2 .00086 .00043 - Q QL £ Q
2 w/lLogic Chip .00090 .00047 gg ; ? 1 gg gg
S oic Chip ota ooee 55 2.4 105 73
4 w/Logic Chip .0018 .00081 65 3.0 115 8.8
5 0022 .00094 70 3.4
6 .0026 .0011
7 .0030 .0013 . - 18
8 0034 -0015 np = exp(-2790 (7553 - 5ag) |
9 .0039 .0016 L Y JJ
10 .0043 .0018
1 .0047 .0020 ; o
12 0052 0021 Ty = Junction Temperature (°C)
13 0058 0023
14 .0060 0025
113 .0065 .0026
Environment Factor - e
A, = .00043(C) + M, for Segment Displays Environment e
A, = .00009 + .00017(C) + A5, Diode Array Displays Gg 1.0
(o] = Number of Characters GF 2.0
Mc = .000043 for Displays with a Logic Chip G’M 8.0
= 0.0 for Displays without Logic Chip Ns .0
NOTE: The number of characiers in a display is the Ny 12
number of characters contained in a singia seaied A 4.0
package. For exampie, a 4 character display iIC
comprising 4 separately packaged single characters A 6.0
mounted together would be 4-one character displays, "
net 1_fnnr sharamar dienlay A an
IV 1TIVW VIIG awlw)l lell’. r‘UC V.V
a actor - xy
Gualiy q AW LA
SF 50
JA 0 ’ 7 Wi 9 . 0
JANTX 1.0 M" vy
JAN 2.4 L
Lower 55 CL 450
Plastic 8.0
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6.13 OPTOELECTRONICS,

SPECIFICATION DESCRIPTION 7
MIL-S-19500 Laser Diodes with Optical Flux Densities

< 3 MW/cm? and Foward Current < 25 amps

= ; 6
kp = ).buTnQn|1t ARpRE Failures/10° Hours

Base Failure Rate - Ay, Forward Current Factor, x
Laser Diode Type Ap Forward Peak Current (Amps) m
050 0.13
GaAs/Al GaAs 3.23 075 0.17
.1 0.21
In GaAs/In GaAsP 5.65 .5 0.62
1.0 1.0
2.0 1.6
3.0 2.1
Temperature Factor - 4.0 2.6
= - 5.0 3.0
Ty €0 7 10 48
15 6.3
25 1.0 20 7.7
30 1.3 25 8.9
#
35 1.7
40 2.1 n = (%8
45 2.7
50 3.3 | =« Forward Peak Current (Amps), | < 25
55 4.1
60 51 NOTE: For Variable Current Sources, use the Initial
65 6.3 Current Vaiue.
70 7.7
75 9.3 Al g e
Appiication r F®p
m— ’ o o _Appncmion Duty Cycle xp
ny = exp(- 4635 (=—>5= - 3o _ow 44
T ( (TJ +273 299) ) ~ Pulsed 3 37
.2 .45
T, = Junction Temperature (°C) 3 22
5 71
.6 77
7 .84
Quality Factor - zq -8 -89
— - .9 .95
Quality ) 1.0 1.00
e S T ——k———c]
Hermetic Package 1.0 np =44, CW
0.5
Nonhermetic with Facet Coating 1.0 ®a = Duty Cycle ™7, Puised
. NOTE: A duty cycie of one in puised appication
Nonhermetic without Facet Coating 3.3 represents the maximum amount it can be driven in
a pulsed mode. This is different from continuous
wave application which will not withstand pulsed
operating levels on a continuous basis.
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MIL-HDBK-217F

Power Degradation Factor - np

Environment Factor - ng

Ratic P/Pg o Environment g
Ge 1.0
0.00 .50 B

.05 53 G 2.0

.10 .58 - ~

A5 .59 Gm 8.0

.20 .63 —

25 57 Ng 5.0

.30 71

.35 77 Ny 12

an 21 A

45 91 Y 40

.50 1.0 A 6.0

.55 1.1

.60 1.3 Auc 6.0

.65 1.4

70 1.7 AuE 8.0

75 2.0

80 25 Apw 17

.85 3.3 S 50

.90 5.0 F

.95 10 MF 9.0
M 24

1 Pr
xn = c =— 4
"p = Pr 0<pg <95 Cy S0
2 (1 - Ps

Ps = Rated Optical Power Output (mW)

P, = Required Optical Power Output (MW)

NOTE: Each laser diode must be replaced when power
cutput falls 10 Pr for tailure rate prediction to be valid.
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6.14 DISCRETE SEMICONDUCTORS, T; DETE RMINATION

ideally, device case temperatures should be determined from a detailed thermal analysis of the

_ 2k AL o M Bl Cem e DA B

empmem Device an lenpetalura is then caicuiaied wiih ihe TOWOWII lﬂldlnllblllp

TJ"TG"‘OJC-P

i where:
Ty = Junction Temperature (°C)

Bbun adabmcdh mmma

TC - wa IBIIWIWB ( \J) II no Uﬂlllldl wlalyw Um, uie OBiaun Caso

temperatures shown in Table 6-1 should be assumed.

] = Junction-to-Case Thermal Resistance (°C/W). This parameter shouki be

determined from vendor, military specification sheets or Table 6-2, whichever is
greater. it may also be estimated by taking the reciprocal of the recommended

derating level. For example, a device derating recommendation of .16 W/*C would
mculnnnJCanQRW‘.l\N HAJCMMMMnmln;enQJC\!gy_AQQI

T wRsrs W T mewr wewsRAss v vey wre

70°C AN

W NIV,

P = Device Worse Case Power Dissipation (W)

The models are not applicable to devices at overstress conditions. If the calculated junction temperature
is greater than the maximum rated junction temperature on the MIL slash sheets or the vendor's
specifications, whichever is smaiier, then the device is oversiressed and inese modeis ARE NOT
APPLICABLE.

Tahla A.1- Nafalt ‘e amnaratuirne (T .\ far All EnviFnnmanta
.- wOlEL wmes rSrnpermeree (G W o L=t Crrse
Environment T (°C)
Gg 3s
Gg 45
Gaa 50
Ng 45
Ny 50
Ac 60
A.. [14]
SiF SV
A. . 78
f‘U d 7 -
A __ ’E
"IUF 7
Apw 60
SF 35
Mg 50
M 60
CL 45
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6.14 DISCRETE SEMICONDUCTORS, T; DETERMINATION

Tabie 6-2: Approximate Junction-to-Case Thermai Hesistance (6;c) for Semiconducior
Devices In Various Package Sizes*

Package Type 0JC ((CW) Package Type 8C (CCW)
TO-1 70 TO-205AD 70
TO-3 10 TO-205AF 70
TO-5 70 T0-220 5
TO-8 70 DO-4 5
TO-9 70 DO-5 5
TO-i2 70 DO-7 10
TO-18 70 DO-8 5
TO-28 5 DO-9 5
TO-33 70 DO-13 10
70-39 70 DO-14 5
TO-41 10 DO-29 10
TO-44 70 DO-35 10
TO-46 70 DO-41 10
70-52 70 DO-45 5
TO-53 5 DO-204MB 70
TO-57 5 DO-205AB 5
TO-59 5 PA-42A,B 70
T0O-60 5 PD-36C 70
TO-61 5 PD-50 70
T0-63 5 PD-77 70
T0-66 10 PD-180 70
TO-71 70 PD-319 70
TO-72 70 PD-262 70
TO-83 5 PD-975 70
T0-89 22 PD-280 70
70-92 70 PD-216 70
TO-94 5 PT-2G 70
T0-99 70 PT-6B 70
TO-126 5 PH-13 70
7O-127 5 PH-16 70
T0O-204 10 PH-56 70
TO-204AA 10 PY-58 70

PY-373 70

‘When available, estimates must be based on military specification sheet or vendor values, whichever 6 Ao}
is higher.
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6.15 DISCRETE SEMICONDUCTORS, EXAMPLE

Given: Silicon dual transistor (complementary), JAN grade, rated for 0.25 W at 25°C, one side
only, and 0.35 W at 25°C, both sides, with Tmax = 200°C, operating in linear service at
55°C case temperature in a sheltered naval envnronment Side one, NPN, operating at
0.1 W and 50 perceni of rated voitage and side two, PNP, operating at 0.05 W and 30

percent of rated voltage. The device operates at less than 200 MHz.
Since the device is a bipolar dual transistor operating at low frequency (<200 MHz), it talis into the
Transistor, Low Frequency, Bipolar Group and me appmpnate model is gwen in Sectnon 6.3. Since the

device is a dualdevice, Rt is necessary 1o compute the faikire rate of each side separately and sum them

togethef Also since 0 iC is unknown, e Ic = 70°C/W will be assumed.

Based on the given information, the foliowing model factors are determined from the appropriate tables
shown in Section 6.3.

A, = .00074
Ty = 2.2 Side 1, Tj=Tg+6;c P=55+70(1)=62C
Ty = 2.1 Side 2, T = 55 + 70(.05) = 59°C
”. - 1 8
A 1.5
g = .68 Using equation shown with n, table, P, = 35 W
gy = .21 Side 1, 50% Voltage Stress
ngy = .11 Side 2, 30% Voltage Stress
':TO = 2.4
-— - o
ILE = 3
SIDE 1 SIDE 2
Yo = MpRTyTATR S mQ ME + Ay "7z ™A R Rgp TQ M

Ap = (.00074)(2.2)(1.5)(.68)(.21)(2.4)(9) + (.00074)(2.1)(1.5)(.68)(.11)(2.4)(9)
= .011 Failures/10% Hours
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DESCRIPTION

Al Types Except Traveling Wave Tubes and Magnetrons.
inciudes Receivers, CRT, Thyratron, Crossed Fieid Ampiifier,
Pulead Griddad Tmncmufhnn Vidicons, Twystron, Pulsed

U MIOUU WATISUUW) v T

Kiystron, CW Klystron

)‘p = lp’i“g Failures/10°® Hours

Base Failure Rate - Ap
(Includes Both Random and Wearout Fallures)

IS

Tube Type A 11 Tube Type Ap
Receiver H Kiysiron, Low Power,
Tricde, Tetrode, Pentode 5.0 {e.g. Local Oscillator) 30
Power Rectifier 10 I
CRT 9.6 Kiystron, Continuous Wave*
Thyratr 50 3K3000LQ 9.0
AAAAA pr} = o) A L o IKeENNNN! F 8A
b(OSSBG Q Ampimer VINJVV VY ~T
QK681 260 3K210000LQ 150
SFD261 150 3KM300LA 64
Pulsed Gridded 3KM3000LA 19
2041 140 | 3KM50000PA 110
6952 a0 || 3KM50000PA1 120
7835 140 || 3KMS50000PA2 150
Transmitting II ansuL o1y
. 4K3SK 29
Triode, Peak Pwr. £ 200 KW, Avg. 75
Pwr. < 2KW, Freq. < 200 MHz 4K50000LQ 30
Tetrode & Pentode, Peak Pwr. 100 " ‘}5&5‘9,‘-9 ?E
< 200 KW, Avg. Power < 2KW, n z;mga"éj ég
Freq. s 200 KW o
If any of the above limits exceeded 250 4KMS0SK 37
Vidicon 4KM3000LR 140
: I 4KM50000LQ 79
ikt o | ssooonts 57
Silicon Diode / Array Photoconductive II 32?41 70000LA 1%3
Matorial 48 8825 120
Twystron L H 8826 280
VAl144 SOV
VA145H 490 VAB856B 65
VA913A 230 1l VABSSE 230
Klystron, Pulsed" it
4KMP10000LF 43 s
8568 230 || * tfthe CW Kiystron of interest is not listed above,
tgggg gg use the Alternate CW Kiystron Ap Table on the
L3403 93 followmg page.
SAC42A 100
VA842 18
Z5010A 150
ZM3038A 190
* If the pulsed Klystron of interest is not listed above,
use the Alternate Pulsed Klystron Ap Table on
the following page.

~
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7.1 TUBES, ALL TYPES EXCEPT TWT AND MAGNETRON
Alternate* Base Failure Rate for Puised Klystrons - A, Learning Factor - my_
F(GH2) T (vears) n,
PMW) | .2 .4 .6 .8 10 20 4.0 6.0 L
01 |16 16 16 16 16 16 16 16 <1 10
30 16 16 17 17 17 18 20 21
.80 i 17 17 i8 i8 2i 25 30 2 2.3
1.0 17 17 i8 18 19 22 28 34
3.0 18 20 21 23 25 34 51 >3 1.0
5.0 is 22 25 28 3i 45 75
8.0 21 25 30 35 40 63 110
10 22 28 34 40 45 75 o4
25 31 45 80 75 50 160 m = 10M=21,1<T<3
. e o = -‘O' T S 1
- A Aa e an - 1 > 2
Ay = 294 (F)(F)+ 10 = h i ee
F = Operating Frequency in GHz, 0.2<F <6 T = Number of Years since Introduction
P = Peak Output Powerin MW, .01 < P < 25 and 1o Fieig Use
P < 490 F-2-85
*See previous page for other Klystron Base Failure Environment Factor - ng
Rates.
Environment e
GB .50
GF 1.0
Alternate” Base Failure Rate for CW Klystrons - A,
FIMHzZ) Gy 14
P(KW) | 300 500 800 1000 2000 4000 6000 8000 Nea 8.0
~J
0.1 30 31 232 24 38 47 57 88 Ny 24
1.0 31 32 33 34 39 48 57 66
3.0 32 33 34 35 40 49 58 A 5.0
5.0 33 34 38 36 41 80
80 |34 a5 37 38 42 A 8.0
10 35 36 38 39 43 A 6.0
30 45 46 48 49 uc ’
50 55 56 58 59 A 12
80 70 71 73 UF
100 ’0O a1 A_ .. AN
Ve ~w ~ I‘\Hw v
r = SF 20
A 0.5P + 00046F + 29
® Mg 22
P Average Output Power in KW, 0.1 < P < 100
i b < aramBie1.7 M 57
aild r S o.u{1v} ()
[ oed P Vm o mnbimae [T omoms smommes Som AAL S Cl 1000
i wpuiauily risyuuoiicy i wineg, [
300 < F < 8000
“See previous page for other Klystron Base Failure
Rates.
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7.2 TUBES, TRAVELING WAVE

Failures/10® Hours

Environment Factor - ng

DESC
Travelin
Ap = ApTg
Base Failure Rate - A,
Frequency (GHz)
PowerW)[ .1 1 2 4 6 8 10 14 18

10000 14 15 16 20 24 29 35 51
15000 i5 16 18 22 26 32 39 56
20000 17 18 20 24 29 35 43 62 9N
30000 20 22 24 29 36 43 52 76 110
40000 25 27 30 36 43 53 64 93 140

100 11 12 13 16 20 24 29 42 61
500 it j2 i3 16 20 24 29 42 @82
1000 11 12 14 16 20 24 29 43
3000 12 13 14 17 21 25 30 44
5000 12 13 15 18 22 26 32 46
8000 13 14 16 19 23 28 33 49

BINBAE

Ay = 11(1.00002)F (1.)F

P = Rated Power in Watts (Peak, if Pulsed),
.001 < P < 40,000

F - Oneratinn Fraguency in GH2
L = peraliing rrequency in Rz, .

It the operating frequency is a band, or two different
values, use the geometric mean of the i
trequencies when using table.

“Environment Re

Gg 1.0
GF 3.0
Gm 14
NS 6.0
N. . 21
NU 2
AIC iD
AUQ 11
Aic 18

U
A___. AN
Sg 10
Mg 22
ML 66
C, 1000

|
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7.3  TUBES, MAGNETRON —

DESCRIPTION
Magnetrons, Pulsed and Continuous Wave (CW)

xp = xannCnE Failures/10® Hours

Base Failure Rate - Ab

j ) Frequency (GHz)

P{MW) 1 .5 1 S 10 20 30 40 50 60 70 80 90 100
.01 1.4 4.6 7.6 24 41 67 91 110 130 150 170 180 200 220
.05 1.8 6.3 10 34 56 93 120 150 180 210 230 260 280 300
1 2.2 7.2 12 39 64 110 140 180 210 240 270 290 320 350
.3 2.8 S0 15 48 8¢ 130 180 220 260 300 330 370 400 430
.5 3.1 10 17 54 89 150 200 240 290 330 370 410 440 480
1 35 11 19 62 100 170 230 280 330 380 420 470 510 550
3 44 14 24 77 13c 210 280 350 410 470 530  58¢ 830 680
- 5 4.9 16 26 85 140 230 310 390 460 520 580 640 700 760

Puised Magnetrons: CW Magnetrons (Rated Power < 5 KWj:
Ay - 19(;:).73 (P).ic‘) A= 18
F = Operating Frequency in GHz, .1<F <100
P = Output Powerin MW, .01<P<5

Utillization Factor - Environment Factor - ng
Utilization (Radiate Hours/ Environment ng
Filament Hours) T — P
19 (_-jB 1.0
0.0 44 G 50
0.1 .50 F
0.2 .55 Gm 4.0
0.3 .61
0.4 66 Ng 15
0.5 .72 n 47
0.6 78 Ny 47
0.7 .83 A 10
0.8 89 IC
0.9 94 Afr 16
1.0 1.0 ) Al 12
— e —— — NSNS
) . Ao 23
ny = 0.44 + 0.56R ur
ARw 80
R = Radiate Hours/Filament Hours
S¢ 50
~ . Mg 43
Construction Factor - nq '
Construction nc ML 133
CL 2000

CW (Rated Power < 5 KW) 1.0

Coaxial Pulsed 1.0

Conventional Pulsed 5.4
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8.0 LASERS, INTRODUCTION

The models and failure rates presented in this section apply to |aser pecyliar items only, i.e., those items
wherein the lasing action is generated and controlled. In addition to laser peculiar tems, there are other
assemblies used with lasers that contain electronic parts and mechanical devices (pumps, valves, hoses,
etc.). The failure rates for these parts should be determined with the same procedures as used for other
elecironic and mechanical devices in the equipment of Sysieim of which the iaser is a pan.

The laser failure rate models have been developed at the “functional,” rather than “piece part” level
because the available data were not sufficient for "piece part™ model development. Nevertheless, the
iaser funciionai modeis are inciuded in this Handbook in the inierest of compieieness. These iaser
models will be revised 10 inclide niace nart madels and ather lacer tynes when the data become availahle,

Because each laser family can be designed using a variety of approaches, the failure rate models have
been siruciured on three basic iaser functions which are common to most iaser famiiies, but may differ in
the hardware imnlementation of a given function. These functions are the lasing media, the laser pumning

mechanism (or pump), and the coupling method. e

Examples of media-related hardware and reliability infltuencing factors are the solid state rod, gas, gas

nraceciira varnmm inmtanrity Aae miv rotaaceina and hiha diamatar  Tha alactrical diecrharma tha
MITUOOUIT, TAUUUIIT BIUYINY,; YHU 1IIHA,; VUI@ouiiiyg, @i v tuwv wiariiivios. VIV WIU WLV WO TR YV, S Tw

flashlamp, and energy level are examples of pump-related hardware and reliability influencing tactors. The
coupling function reliability influencing factors are the "Q" switch, mirrors, windows, crystals, substrates,
coatings, and ievel of dust proiection provided.

Some of the laser models require the number of active optical surtaces as an input parameter. An active
optical surface is one with which the laser energy (or beam) interacts. internally reflecting surfaces are not
counted. Figure B-1 beiow iliustraies exampies of active opiicai suriaces and count.

One Aciive Tplicai Suriace

j Two Active Optical Surtaces

*_—__*{-—‘ Two Active Optical Surtaces

L}
Priam
NOTE: The Two Active Optical
W Surtaces Prism has only 2 active
_ / /-\ / ane not sudject to extemal particuiate
AL O
Laser Baam

Figure 8-1: Examples of Active Optical Surfaces
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DESCRIPTION
Helium Neon Lasers
Helium Cadmium Lasers
Arnon L asers

TMYUT LGOUTS

Lasing Media i:ailure Rate - A

.n- Failures/108 Hours

Environment Factor - ng

MEDIA :
Type X.M.ED! A Environment ng
Gpn .30
He/Ne 84 - 10
\J-‘F e
He/Cd 228 Gm 4.0
Argon 457 Ng 3.0
Ny 4.0
A 4.0
[A9%
AE 6.0
Coupling Failure Rate - AcoupLNG Auc 7.0
Types ACOUPLING AuF 9.0
N _ Apw 5.0
Heiium 0
SF 10
Argon 6
Mg 3.0
M 8.0
NOTE: The predominant argon laser failure
p g CL N/A
~ e m ~ 0 ‘l —- —n A‘—- e Af'ﬁn‘o\d

an
in lMED however when the tube is refille
penodlcally (preventive maintenance) the mirrors
(as part of AcOUPLING) €an be expected to
deteriorate after approximately 104 hours of

ACOUPLING is negligible for helium lasers.

[o o]

)
Ny

PR
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XY

DESCRIPTION
CO, Sealed Continuous Wave Lasers

50 9900

_ — e P _6 P
Z.p )‘MEDIA o™ e * 10 Tos™E Faiiures/10° Hours
Lasing Media Failure Rate - 7‘u:n Optical Surface Factor - xyg
Tube Current (mA) "‘...‘ED!H Active Optical Surtaces nos
10 240 1 1
20 930
30 1620 2 2
40 2310
50 3000 - "« /7]
100 6450 nog = Number of Active Optical Surfaces
150 9900

AuEDIA = 89()) - 450

| = Tube Current (mA), 10<1< 150

Gas Overfill Factor = np

CO,, Overtill Percent (%) Lo}
0 i.0
25 .75
50 .50

7 = 1 -.01 (% Overfill)

Owverlill percent is based on the percent increase
over the optimum CO2 partial pressure which is

= .l Ak e M4 A NT 14 T 4
norm nme GTMiowa gy \} lon-l
enme Lin Doanatival far mant asaatad NN lnsare
TN My T 1o03UIY ] 1U1 11IUST SBaIeU W/ kasSura

Ballast Factor - ng

Percent of Ballast
Voluimetnic increase ng
0 1.0
50 .58
100 .33
150 .18
200 .11

ng = (173) (% Vol. Inc./100)

NOTE: Oniy active ogtical surfaces are
counted. An active optxnl surtace is one with
which the iaser energy or beam interacis.
Iinternally reflecting surtaces are not counted.
See Fguro 8-1 for examples on determining the

Y R S

number of OPUCII sSunaces.

Environment Factor - ng

Environment e
Gg .30
Ge 0
Gaa 4.0
Al
l‘s .V
Ny 4.0
A’C 4.0
A 6.0
Auc 7.0
A an
HUF .V
Agw 50
Sk 10
Mg
M 8.0
CL N/A

J
\
g
f
b
A
X
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8.3 LASERS, CARBON DIOXIDE, FLOWING

7‘9 = kCOUPLING

Coupiing Failure Rate - A, 0, \\~

Power (KW) ACouPLING
.01 3
1 30
1.0 300
ACOUPLING = 300P

P = Average Power Output in KW, .01 <P < 1.0

Beyond ihe iKW range other giass failure mechanisms
begin to predominate and alter the ;‘COUPLlNG values.
It should also be noted that 002 flowing laser opticai
devices are the primary source of faiiure occurrence.

A taiiored opticai cieaning preveniive maintenance
program on optic devices greatly extends laser life.

Optical Surface Factor - nog

Active Optical Surfaces A
v \JO

1 1

2 2

nog = Number of Active Optical Surfaces

P N PN

NU I [ = Ullly acuve upucdl bundl..tlb are WUIIIUU
An active optical surface is one with which the laser
energy or beam mtoracts Imomally roﬂocﬂng
surfaces are not counted. See rig‘u‘fa 8-1 for
examples on determining the number of optical

surfaces.

Tos

n Failures/1 0% Hours

Environment Factor - ne

“Environment e
Gg .30
Ge 1.0
Cu 4.0
Ng 3.0
Nu 4.0
Ac 4.0
Afr 6.0
Auc 7.0
AUF 3.0
Apw 5.0
Sg .10
Mg 3.0
M 8.0
CL N/A

84
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Aa=(A_ . _+A.__  +183n~n~c) T_ Failures/108 Hours
P Y PUMP + "MEDIA + 1S RCROS! I~
Pump Pulse Failire P\;‘ﬁe - ;"PUMP Pump Pulse Failure Rate - I\.PUMPO

{Xenon Flashlamps)

(Krypton Flashiamps)

The empirical formula used to determine ).m UMP

{Fadures/‘l()6 Hours) for Xenon lamps is:

QUi

Ass 12 2cs = (3600) (PP 5\rgggg (—Ei \B-S8] Mooy ]
‘puip = (3500) L lawve) | 7eooL

APUMP is the failure rate contribution of the Xenon

[ { PRy iy P,

flashlamp or flashtube. The flashlamps

evaluated herein are linear types used for
military solid state laser systems. Typical
defauit model parameters are given beiow.

PPS is the repetition pulse rate in pulses per
second. Typicai vaiues range beiween i
and 20 pulses per second.

Ei is the fiashiamp or fiashtube input energy
per puise, in joules. lts value is determined
from the actual or design input energy . For
values less than 30 joules, use Ej = 30.

Default vaiue: E] = 40,

d is the flashlamp or flashtube inside
diameter, in millimeters.
Deiauii vaiue: 6 = 4.

L is the flashiamp or flashtube arc length in
inches. Defauit vaive: L = 2.

t is the truncated pulse width in
microseconds. Use t = 100 microseconds

for any truncated pulse width exceeding 100

microseconds. For shorter duration pulses,
pulse width is to be measured at 10 percent

of the maximum current amplitude. Default

value: t= 100.

"COOL s the cooling factor due to various cooling
media immediately surrounding the
~i = 1.0for

PR
“COOL

any aircrinent gas ccclmg. RcooL = 1ior

all hqud coolnd des:gns Detault valus

The empirical formula used to determine kp. UMP for
Krypton lamp is:

Ao = [625] [m‘” ]["c ]Falluroa/ 05 Hours

i = Ao ihao P T Yy e
I\-PUMP 1S Tn@ raniure raie wmnmmcn Ul ne Rry

valulod herecn are the contmuo us wave
{(CW) type and are most widely used for
commerciai soiid state appiications. They
are approx-imately 7mm in diameter and 5 to
6 inches long.

P is the average input power in kilowatts.
Default value: P = 4,

™~

TcooL s the cooling factor due to various cooling

Media Fallure R “ AMEDIA
Laser Type XM EDIA
ND:YAG 0
Ruby _ 1 (3600) (PPS) [43.5 F2-52)
PPS is the number of puises per second
F is the energy density in Joules per cm.2/pulse
over the cross-sectional area of the Iaser
bsam, which is uuummuy GQUW&’GIH to the

cross-sectional area of the laser rod, and its
value is determined from the actual design

PRIy Py SN Sy [,

parameier Ol ine iaser TO(J UHIIZBO

NOTE: }“ME_D!A, is negligible for ND:YAG lasers.
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ASERS,

OLID STATE, ND:YAG_AND RUBY ROD

Coupiing Cieaniiness Factor - no

Cleaniiness Level xe
Rigorous cleaniiness procedures 1

and trained maintenance

persor ‘l‘lﬁ. Bum" _____ I‘N_'Wb W over

optical train.

Minimal precautions during opening, 30

maintenance, repair, and testing.
Bellows provided over optical train.

Minimal precautions during opening, 60
maintenance, repair, and testing. No
bellows provided over optical train,

NOTE: Although sealed sysiems tend 10 be reliable
once compatible materials have been selected and

nravan awviverna rara rmoaet et ha talvan ' nravant
PFOvVET], SRUTTIO CQrs 1ius: Sun OF w@mneit iV proverie

the entrance of particulates during manufacturing,
field flashlamp replacement, or routine maintenance/
rapair, Contamination s the major cause of solid

state laser maffunction, and spedal provisions and
vigilance must continually be provided to maintain the
deanliness lavel required.

Optical Surface Factor - g

Active Optical Surfaces noS

1 1

2 2

nog = Number of Active Optical Surfaces

NOTE: Only active optical surfaces are counted.
An active optical surface is one with which the laser
energy or beam interacts. Internally reflecting
surfaces are not counted. See Figure 8-1 for
exampiles on determining the number of optical
surfaces.

Environment Factor - ng

Environment xg
GB .30
Gp 1.0
Gy 4.0
Ns 3.0
Ny 4.0
Aic
AiF
Avc
Aur
Arw 5.0
Sk 10
Mg 3.0
ML 8.0
cL N/A

8-6
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MIL-HDBK-217F

9.0 RESISTORS, INTRODUCTION

Zaimmn oo ider/inactive specifications

udes the activ , , :
included because of the large number of equibments still in field use which contain these parts.

The Established Reliability (ER) resistor family generalty has four qualification failure rate levels when
tested per the requirements of the applicable specification. These qualification failure rate ievels differ by

tactor of ten (from one level to the next). Howavaer, field data has shown that these failure rate levels

a
differ by a factor of about only three, hence the n values have been set accordingly.

The use of the resistor models requires the caliculation of the electrical power stress ratio, Stress =
operating power/rated power, or per Section 9.16 for variable resistors. The modeis have been structured
sunh that daratinn mirvace da net hava ta ha 11ead tn find “‘-‘v‘ haca !a:-‘u-"e rats. The 'ra:% W""e" !GI' ﬂ‘ﬁ

AT LS RS vvluulvu WA TUD WUV IIVL 1TGaTY IV WU BOGTU W 1R U

stress ratio is equal to the full nominal rated power of the resistor. For example, a MIL-R-39008 resistor has
the following derating curve:

-~

D LOAD
®
o
/’ (=]
/7

100

—_ A N
T 60 AN
occ
40
g _ \
g_-' 20 A
130
o 2.
0 40 80 120
AMBIENT TEMPERATURE IN
DEGREES CELSIUS
Finura Q.1- Adll _LR.AANNA Daratina Ciiruva
L I,-Iv - L3 TEPIEe FE WWWVWY 4 1] “l'.l' A4 1B A

This particular resistor has a rating of 1 watt at 70°C ambient, or below. If it were being used in an ambient
temperature of 100°C, the rated power for the stress calculation would still bs 1 watt, ot 45% of 1 watt (as
read off the curve for 100°C). Ol course, while the derating curve is not needed to determine the base
failure rate, it must still be observed as the maximum opemlng condition. To aid in determining if a resistor
is being used within raied conditions, the base faiiure rate tables show entries up to certain combinations
of stress and temperature. If a given operating stress and temperature point falls in the blank portion of
the base failure rate table, the resistor is overstressed. Such misapplication would require an analysls ot
the circuit and operating conditions to bring the resistor within rated conditions.
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9.1 RESISTORS, FIXED, COMPOSITION
SPECIFICATION STYLE DESCRIPTION
MIL-R-339008 RCR Resistors, Fixed, Composition {Insulated), Established Rsliability
MIL-R-11 RC Resistors, Fixed, Composition (Insulated)
- H 6
Xp = lbanQnE Failures/10° Hours
Base Failure Rate - Ay, Quality Factor - npy
Stress Quality nq
Tp(C) i 3 .5 .7 .5
S .03
(o} .00007 .00010 .00015 .00020 .00028
10 .00011 .00015 .00021 .00030 .00043 R 0.1
20 .00015 .00022 .00031 .00045 .00064 :
30 .00022 .00031 .00046 .00066 .00096 - .
40 .00031 .00045 .00067 .00098 .0014 P 0.5
50 .00044 00066 .00098 .00i4 .0021
60 .00063 .00095 .0014 .0021 .0032 M 1.0
70 .00090 .0014 0021 .0032 .0048
80 .0013 0020 0031 .0047 MIL-R-11 5.0
90 .0018 .0029 .0045
100 0026  .0041 0065 Lower 15
110 0038 0060
120 .0054
Environment Factor - nc
A =45x107° exp (12{Tf2?3\ \exp (élTl’g?a\\ Environment e
b \\343}) k.6\273/}
Gg 1.0
T = Ambient Temperature (°C)
Pe v~/ GF 3.0
S = Ratio of Operating Power to Rated Power Gy 8.0
Ng 5.0
NU i3
Resistance Factor - ng Ac 4.0
Resistance Range (ohms) TR A 50
A~ 7.0
<.1M 1.0 v
AUF i1
RW
>1.0Mto10M 1.6 Se 50
>10M 2.5 Mg 11
M 27
CL 490

9-2




MIL-HDBK-217F

8.2 RESISTORS, FIXED, FILM

MIL-R-22684
MIL-R-55182
MIL-R-10509

IIHJU:
0 -«

rr

RN (R, C,orN)
RN

-2
’bp - blelUQ"E

Fixed, Film, Established ed Reliability
Fixed, Film, High Stability

Base Failure Rate - l‘b

(MIL-R-22684 and MIL-R-38017) (MiL-R-10509 and MiL-R-55182)
(3 Qtrmace
WU WO ~ U O
Ta (°C) 1 .3 .5 .7 .9 TA (°C) )| .3 5 7 .9
(o} 00059 00073 00089 0011 .0013 0 .00061 .00074 00091 .0011 .0014
10 00063 00078 00096 0012 .0014 10 .00067 .00082 .0010 .0012 .0015
20 .00073 .00091 .0011 .0014 0017
20 000867 00084 0010 .0013 .00i86 30 00080 0010 0013 0016 0019
30 00072 00090 .0011 .0014 .0018 40 .00088 .0011% .0014 .0017 .0022
40 00078 .00098 0012 0016 0019 50 .00096 .0012 .0015 .0020 .0025
60 .0011 .0013 .0017 .0022 .0028
50 00084 .0011  .0014  .0017 .0022 70 | .0012 .0015 .0019 .0025 .0032
60 00092 0012 0015 .0019 0024 80 .0013 .0016 .0021 .0028 II .0036
70 0010 0013 0017 0021 0027 90 .0014 .0018 .0024 .0031 .0040
100 .0015 .0020 .0026 .0035 .0045
80 | .0011  .0014  .0018  .0024 110 | .0017 0022 [.0029  .0039 .0051
90 .0012 0016 .0021 0027 120 .0018 .0024 .0033 .0043 .0058
nn AneA An1Q Anna 130 .0020 .0027 .0036 .0049 0065
v NMUITO LU T UULO
140 .0022 .0030 .0040 .0054
110 | .0015  .0020  .0026 150 | D024 .0033  .0045
120 .0017 0023 160 .0026 .0036
ann A 170 .0029
13V UV 1Y
_—
140 | .0022 5 714273\ /o { T+ 273\
A= 5x10 sxplas(‘ 398 )/)exp(\s (‘ 573 )/}
. 47T ATAL N\ - .
Ay = 3.25 x 10°4 exp( 1+273 O) p(s( ;7 :; ) T = Ambient Temperature (°C)
S = Ratio of Operating Power 1o Rated Power
T = Ambient Temperature (°C)
S = Ratio of Operating Power 1o Rated Power NOTE: Do not use MIL-R-10509 (Characteristic B)
below the line. Points below are overstressed.




9.2 RESISTORS, FIXED, FILM

MIL-HDBK-217F

Resistance Factor - R

- — Environment Factor - xg
Resistance Range (ohms n
sista nge ( ) R Environment R
<.1M 1.0 GB 1.0
>0.1Mto 1M 1.1 G 2.0
8.0
>1.0Mto 10 M 1.6 Gm
Ng 4.0
>10M 2.5
NU 14
P T T A N
Wudiity r or - TCQ lalls .V
Quaiity nq Auc io
A 18
S 03 UF
ARW 19
R 0.1 o o0
Sk .20
P 0.3 Mg 10
M 1.0 ML 28
wall O _4NnCNAA cn Cl 510 l
WVHL-M -1 VOoVYT .V — -
MIL-R-22684 50
Lower 15




MIL-HDBK-217F

9.3 RESISTORS, FIXED, FILM, POWER

SPECIFICATION STYLE DESCRIPTIO
MIL-R-11804 RD Fixed, Film, Power Type
6
lp = xb R*a™E Failures/10° Hours
Base Failure Rate - A, Quality Factor - n~
Stress Quality RQ
TACC)| .1 3 5 7 9
0 0088 .0088 .011 .013  .015 MIL-SPEC 1.0
10 .0090  .010 .011 013 015 Lower 3.0
20 .0092  .010 .012  .014  .016
30 0084  .010 012 .0i4 017
40 .0096  .011 012 015 .017
50 .0098 011 .013  .015
60 .010 011 .013 .016 Environment Factor - xg
70 .010 .012 014 016 —
80 .010 012 014 .017 Environment g
90 .011 012 015 G o
100 .011 .013 .015 B
110 011 .013 .016 ~ "0
120 012 014 .016 “F eV
12N n1o2 n1iA4a nt7 ~ - -
oV B ay+4 T VA '|U
140 012 014 =M
150 .013 .015 Ng 5.0
160 .013 .016
170 .014 .016 Ny 17
180 .014 —
180 .015 Ac 6.0
200 .015 ,
210 016 AF 8.0
7 T+273)\ 2.6 AUC 14
Ay = 7.33x10 exp( 202( 298 ) x Ajic
98 ) ) s
exp(( ) ( T+273) -89 )1'3 Apw 25
1.45 273
Sg .50
T = Ambient Temperature (°C) Mg 14
S = Ratio of Operating Power to Rated Power M 36
CL 660

Resistance Range (ohms) R
1010 100 1.0
> 100 to 100K 1.2
> 100K to 1M 1.3
> 1M 3.5

9-5
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MIL-HDBK-217F

9.4 RESISTORS, NETWORK, FIXED, FILM
SPECIFICATION STYLE DESCRIPTION
MIL-B-83401 =¥ 4 Resistor Networks, Fix

A.=.00006 n. .. n_n_ Failures/108 Hours
[ 4 I NN Q E

Vi
Cu,

Temperature Factor - nr Quality Factor - n~
T (°C ~ Quality RE
Ic(C) Y Tc (°C) nT Q
MIL-SPEC 1
25 1.0 80 8.3
30 1.3 85 9.8 Lower 3
3s 1.8 a9 11
40 1.9 85 13
45 2.4 100 15
50 2.9 105 18
s$ 3.5 110 21 Environment Factor - ng
60 4.2 15 24 Environmeni Tt
65 5.0 120 27 E
70 6.0 125 31 GB 1.
75 7.1
B Gg
GM 8.0
Ty = axp(—4056(.. 1-.... -:-j:\ N 4.5
klc+£ld d:’d) I‘JS U
= Caca Tamnaratiira 00\ o NU 14,,,
Te = Case Temperature [°C)
Aic 4
A 8.0
NOTE: H TC is unknown, it can be estimated as !
follows: AUC 9.0
A 18
Te = Tp+55(S) UF
Tao = Ambient Temperature (°C)
A Sk .50
s Operating Fower MF i4
® Package Ratad Power
g M, 28
Any device operating at TC > 125°C is overstressed. CL 510
Number of Resistors Facior - anR
7. .~ = Niimhar nf Film Racictare in | lea
nnR = Number of Film Resistors in Use
NOTE: Do not include resistors that are not used.

S BT BT

9-6
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MIL-HDBK-217F

9.5 RESISTORS. FIXED, WIREWOUND

SPECIFICATION STYLE DESCRIPTION B
MIL-R-39005 RBR Fixed, Wirewound, Accurate, Established Reliability
MIL-R-83 RB Fixed, Wirewound, Accurate

Ap = A pRoTe Failures/10® Hours

Base Failure Rate - Ay, Quality Factor - =g
Stress Quality nQ
TA(C) 1 3 5 7 9
s 030
(4] .0033 .0037 .0045 .0057 .0075
10 .0033 .0038 .0047 .0059 .0079 R 10
20 .0034 0038 0048 .0082 .0084
30 .0034 .0040 .0050 .0066 .0090 o] 30
40 .0035 .0042 .0052 .0070 .0097 )
50 .0037 .0043 0055 .0075 011 M 1.0
60 .0038 .0046 .0059 .0081 .012 :
70 .0041 .0049 .0064 .0089 .013 M D.aa £ n
80 | .0044 .0053  .0070 .0099  .015 MIL-R-83 °.0
90 .0048 .0059 .0079 .011 .017
100 .0055 .0068 .0092 .013 .020 Lower 15
110 .0065 .0080 .011 .016 .025
120 | 0079 0098 014 021 .033
130 .010 .013 .018 .028
140 | .014 Environment Factor - x¢
- Environment ne
10 1.5 =
o {T4273\ (AT +273\\ " Gn 1.0
A, = .0031 exp\ 308 ) exp kb \———273 }) B8
Gr 2.0
T = Ambient Temperature (°C) GM 11
S = Ratio of Operating Power to Rated Power Ng 5.0
Ny 18
Resistance Factor - ng Ac 15
Resistance Range (ohms) R A 18
Up to 10K 1.0 Auc 28
Aur a5
> 10K 10 100K 1.7
F .
My 38
CL 610

0
'
N



MIL-HDBK-217F

8.6 RESISTORS, FIXED, WIREWDOUND, POWER
» 2 sl
SPECIFICATION STYLE DESCRIPTION
MIL-R-39007 RWR Fixed, Wirewound, Power Type, Established Reliability
MiL-R-26 RW Fixed, Wirewound, Power Type
LY A o . - CalliiomaieanB 1i...._
I\.p = I\.bRR‘KOnE ranuies/ i1v- nours
Base Failure Rate - kb Resistance Factor - xR
Stress (MIL-R- 39@
TALS .1 .2 5 7 .S Resistance Range {ohims)
MIL-R- Up >500 | »1K 8 | »75 ] »10K | »>15K
0 .0042 .0062 .0093 .014 .021 3009 | ©S0O 1 to to 10 K1 o m
10 .0045 .0068 .010 .016 .024 Style 1K SK | 75K | 10K ] 15K | 20K | >20K
20 0048 .0074 011 017 027
30 .0052 .0081 .013 .020 .031 RWR 1.0 101121121161 161 1.61 NA
40 .0056 .0089 .014 .022 .035 71
50 | .0061  .0087  .016 025 RWR| 10 l10l1o0l12l16l16lNalnNa
60 .0066 011 017 .028 74
70 0072 012 .020 .032
80 0078 .013 022 037 RVR!l 10 l10l10l10l12l12112] 156
g0 .0085 .014 .025 042 78
100 .0093 .016 .028 .048
110 010 018 031 055 AWR ! 10 l12016l 16l Nalnalnalna
120 011 .020 .036 .063 80
130 .012 .022 .040
140 1 014 025 046 RWR D 101161 Na T NaAT NAT NA D NAT NA
150 015 .028 .052 81
160 | 017 .032 1 .060 par ]l 1o f1elrelNalnalNalnal A
170 .019 .036 .068 82 ) ’ :
180 o021 040 078
190 | 023 .046 BWR T 10 101111127 1.2] 161 NA | NA
200 .026 .052 4 ’ ’ ’ ' '
210 .029 .059
220 .033 .068 RWR | 1.0 | 1.0 1.4 NA | NA T NA | NAJ NA
230 .037 .077 89
240 .042 .088
250 .047 0
260 .054
270 .061 '
280 .06 Quality Factor - nq
290 .079 -
300 .091 Quality Q
310 .10
= i S 03
R i0
A = 00148 exp [T2283Y2 . [ (S) [ T2\
© "\ 298 ) "k\ .5) \ 273 /) P .30
T =  Ambient Temperature (°C) M 0
) _ ) MIL-R-26 5.0
S = Ratio of Operating Power to Rated Power
Lower i5
NOTE: Do not use MIL-R-39007 Resistors below the
line. Points below are overstressed.
9-8




MIL-HDBK-217F

9.6 RESISTORS, FIXED, WIREWOUND, POWER

wm
(@)

wl e < e
Rl v Ol ©
- -
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I & & &2
8
2
o
Hofl P3333333933593355555530358355555558
7| Bl Yo835833593353935355553°°933335335555
£
o
B Hafl 227337 BATITRINIINE383 2858
\WR
n_mm ..w.m 0020024622004642000220004200. 42.046
I,_“a 111!11.]1111111l11|‘l4|11-11..1.1|1l1<l14|.m M
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<e
m Mwwk 00000020.0000020600000000000062000_2_2
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9.7 RESISTORS,

MIL-HDBK-217F

FIXED, WIREWOUND, POWER, CHASSIS MOUNTED

SPECIFICATION STYLE
Mil-R-39009 RER
MIL-R-18546 RE
An = A R AT
A = ApR™
Base Failure Rate - Ab
Stress
TA(°C) i .3 5 7 9
0 0021 0032 0048 0076 .012
10 .0023 .0036  .0056 .0087 .014

NATD n4anD

20 .0025 .0040 .0064 .0100 .016

N0

T =

S =

Ambient Temperature (°C)

IV .WUUL£o GG“QS MLV iy B R YA NI
40 .0031 .0050 .0082 .013 .022
50 .0034 .0056 .0093 .016 .026
60 .0037 .0063 011 018
70 .0041 .0070 012 .021
80 .0045 .0079 .014 .024
30 0050 .0088 .0isé 028

100 .0055 .0098 .018 .032

110 .0060 .01 .020

120 .0066 .012 .023

130 .0073 .014 .026

140 .0081 .015 .030

150 .0089 .017 .034

160 .0098 010

170 .011 .022

180 .012 .024

15C .013 .027

200 .014 .030

210 016

220 17

230 .019

240 .021

250 .023

_’777 - — -
T+273 S T+273
)‘b‘ .00015 exp(2.64( 208 ))ex 266 ( 273 ))

[ P 2 o~ a* o 8 A P a1 ™ —
Hatio o1 Uperating rower to naieag rower

DESCRIPTION
Fixed, Wirawound, Power Type, Chassis Mounted,
Estabiished Reliability

Fixed, Wirewound, Power Type, Chassis Mounted

| P4

Failures/

Resistance Factor - ng
(Characteristic G (inductive Winding) of MIL-R-18546 and

Inductively Wound Styles of Ml -R-30009)

Resistance Range (ohms)
Rated Up >200 >1K >BK | »>10K
Stvia Powear o o o to 20K

m (o] | ]
w) | soo 1K 5 1ok | 20x

RE 60 5 1.0 1.2 1.2 1.6 NA NA

RE 65 10 1.0 1.0 1.2 1.6 NA NA

RE 70 20 1.0 1.0 1.2 1.2 1.6 NA
RER70
RE 75 30 1.0 1.0 1.0 1.1 1.2 1.6
RER75
RE77 75 1.0 1.0 1.0 1.0 1.2 1.8

1.0 | 1.0 12 ] 16

M
o
o
-
]
-
o
-
o

Resistance Factor - ng

(Characteristic N (Noninductive Winding) of MIL-R-18546
and Noninductively Wound Styles of MIL-R-39009)

Resistance Range (ohms)

Rated | Up 3500 ] >1K ]| >5K | >10K

Syle Power to to to " to 20K
W) 500 1K 5K 10K 20K

RE 60 5 1.0 1.2 1.6 NA NA NA
RER40

RE 65 10 1.0 1.2 1.6 NA NA NA
RER4S

RE 70 20 1.0 1.0 1.2 1.6 NA NA
RERS0

RE 75 111121141 Na

RERSS

(D
(=]
-]
-
o

RE 77 75 1.0 1.0 1.0 1.2 1.6 NA

RE 80 120 | 1.0 1.0 1.0 1.1 1.4 NA

9-10



MIL-HDBK-217F

9.7 RESISTORS, FIXED, WIREWOUND, POWER, CHASSIS MOUNTED

Quality Factor - x

Environment Factor - ng

Quality ®q Environment g
S .030 %8 10
G 2.0
R 10 Gy 10
P .30 Ng 5.0
M 1.0 Ny 16
MIL-R-18546 5.0 Ac 4.0
Lower 15 A 8.0
Auc 9.0
Ayur 18
ARW 23
Sg 50
Mg 13
M, 34
CL 610
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MIL-HDBK-217F

9.8 RESISTORS, THERMISTOR

SPECIFICATION STYLE DESCRIPTICN
MIL-T-23648 RTH Thermally Sensitive Resistor, Iinsulated, Bead, Disk
and Rod Types
Ap = M mRg Failures/10® Hours
Base Failure Rate - A.b Environment Factor - ng
Teisman Cruwiranmant -_
1ypoe l\b EHIVHWVIHIIGIN uE
1
Bead 021 Gs 0
(Styles 24, 26, 28, 30, 32, GF 5.0
34, 36, 38, 40) GM 21
Nick NRs " P
gl i I‘JS "
(Styles 6, 8, 10)
Ny 24
Rod .105
(Styles 12, 14, 18, 18, Aic 1
20, 22, 42) _A_iF 30
Auc 16
AUF 42
Apw 37
Quality Factor -
: Y Q S¢ 50
Quality TQ
— I‘V‘IF 20
MIL-SPEC 1 M 53
Lower 15 CL 950
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MIL-HDBK-217F

9.9 RESISTORS, VARIABLE, WIREWOUND

SPECIFICATION STYLE
MIL-R-39015 RTR
MIL-R-27208 RT
Base Failure Hate - Ay,
Stress
Ta(C)} 3 .5 .7 .9
0 .0089 .011 .013 .018 .020
10 .0094 .012 .014 .017 .021
20 010 .012 .015 .019 .024
30 011 .013 .017 .021 .026
40 .012 .015 .018 .023 .029
50 .013 .016 .020 .026 .033
60 .014 .018 .023 .02¢ .037
70 .016 .020 .026 .033 .043
80 .018 .023 .03 .039 .050
90 .021 .027 .035 .046 .060
100 .024 .032 .042 .055
110 .029 .038 .051
120 035 .647
130 .044 .059
140 .056
—_— -
] T+273\ 5 (o £ T+273\
)‘b = .0062 exp\ 358 ) exp[ S \ 273 ) ,
- N - - 7/
T = Ambient Temperature (°C)
S = Ratio of Operating Power to Rated Power.
See Section 9.16 for Calculation of S.
Resistance Factor - TtR
Resistance Range (ohms) S
10 1o 2K 1.0
>2K to 5K 1.4
>5K to 20K 2.0

DESCRIPTION
Variahla, Wirewound, |
Established Reliability
Variable, Wirewound, Lead Screw Actuated

ew Actuated,

Lead Screw

x. Failures/10® Hours

b"TAPS™R™"Q™E

Potentiometer 1aps Factor - “TAPS
N x N x N
TAPS TAPS TAPS TAPS TAPS | TAPS
3 1.0 13 2.7 23 5.2
4 1.1 14 2.9 24 5.5
5 1.2 15 3.1 25 5.8
6 1.4 16 3.4 26 6.1
7 1.5 17 3.8 27 6.4
8 1.7 18 3.8 28 6.7
9 1.9 19 4.1 29 7.0
i0 2.1 20 4.4 30 7.4
1 2.3 21 4.6 31 7.7
12 2.5 22 4.9 32 8.0
3
\Y4
(Ntaps)®
ﬂTAPS - 25 +0.792
N = Number of Potantiomstar Taps
TAPS ‘ -

Voltage Factor - &

\Y%

Applied Volitage* -

Rated Voltage "v
0to 0.1 1.10
>0.110 0.2 1.05
>0.216 0.6 1.00
>0.6 to 0.7 1.10
>0.7t0 0.8 1.22
>0.8 10 0.9 1.40
>091t0 1.0 2.00

. — —

Vapplies = VRPapplied

R = Nominal Total Potentiometer
Resistance
Papplied = Power Dissipation
V -
Rated 40 Volts for RT 26 and 27
V. ., = 90 Volts for RTR 12, 22 and 24; R
naiea

and 22

T12
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TRE-a ke 3 SN2 D.

¥F ' AR LS .



e

E

(=]}
©w

Environment Factor - «

Environment

n
2

MIL-HDBK-217F

Quality Factor - &

Quality

5.0
33
.50

Ac
Auc
Aur
Agw
Sk

Ap

MIL-R-27208

Lower
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MIL-HDBK-217F

9.0 RESISTORS, VARIABLE, WIREWOUND, PRECISION
SPECIFICATION STYLE DESCRIPTION
MIL-R-12934 RR Variable, Wirewound, Precision
= ; 6
Ap = 7‘b"T APSTcPRMTqRe Failures/10° Hours
Base Failure Rate - A;, Resistance Factor - e
Stress acictan~ra Ranna (Ahme) -
TIGOIOLGI RAC T IS T \VIHITD) [
To(C)| A 3 5 7 .9 Z R
0 10 A1 12 i3 .14 100 to 10K 1.0
10 1 12 .13 .14 .18
20 12 .13 .14 .16 17 >10K to 20K 1.1
30 .i3 .14 .16 A7 .19
40 .14 .15 17 .20 .22 >20K to 50K 1.4
50 15 17 20 22 .26
50 S )9 22 26 .30 >50K to 100K 2.0
80 21 25 .30 36 .43 100 K tn 2N -
90 .24 .30 .36 .44 54 >1UU R 10 cUUR €9
100 .28 .35 .44 .64
110 .33 42 54 >200K to 500K 3.5
120 .40 .52
130 .49 .65
140 .60
N ____,E,J] Potentiometer Taps Factor - 7, oe
Pl f o mme v A AL N g N 4 N 4
A = 0735 exp{1.03 ( I::nr Yo 45 \x TAPS [ TAPS TAPS TAPS TAPS | “1aPS
; ‘T ” '3 51 / 3 | 10 13 2.7 23 | 5.2
+273 4 1.1 14 2.9 24 558
°xp( (2-74) ( 273 ) ) 5 | 12 15 3.1 25 | 58
6 1.4 16 3.4 26 6.1
T = Ambient Temperature (°C) Z ]-5. ]Z EE EZ 6.4
-3 1./ 18 3.8 p<-] 0./
S = Ratio of Operating Power to Rated Power. 1% ;? ;g :; gg ;2
See Section 9.16 for Calcuating S. 4a sa o i e P 75
11 2.3 P4 4.6 37 [/
12 2.5 22 4.9 32 8.0
Construction Class Factor - n A——-—J#
c 3
Construction Class n >
G (Nraps)?
Taps = a5 +0.792
RROS00AZ2ASJ103" 2.0 R =
3 1.0 NTAPS = Number of Potentiometer Taps,
including the Wiper and Terminations.
4 3.0
5 1.5
;4=======

* Sampie type designation to show how
construction class can be found, In this example
the construction class is 2. Construction class
shouid aiways appear in the eighth position.




MIL-HDBK-217F

At

y
J

9.90 RESISTORS, VARIABLE, WIREWOUND, PRECISION
Vohage Factor - ; Quality Factor - T
Annliad \/altana* yralihy -
NGO VWG S n uainy no
Rated Voltage \'d
MIL-SPEC 2.5
0to 0.1 1.10
Lower 5.0
>0.110 0.2 1.05
>0.210 0.6 1.00
Environment Factor - &
>0.6 10 0.7 1.10 — E
Environment g
>0.7t0 0.8 1.22 GB 1.0
>0.8t6 0.9 1.40 Gp 2.0
>0.91t0 1.0 2.00 Gm 18
Ng 8.0
Applied = VPP Applied A —_
AIC 8.0
Rp = Nominal Total Potentiometer A 12
Resistance 1F
it Auc 13
PAppliod = Powar Dissipation a ‘n
AUF 18
VRated = 250 Volts for RR0900, RR1100, ARW 53
RR1300, RR2000, RR3000, S 50
RR3100, RR3200, RR3300, F :
RR3400, RR3500 Me 29
Rated = 423 Volts for RR3600, RR3700 ML 76
C 1400
Vagted = 500 Volts for RR1000, RR1400, L
RR2100, RR3800, RR3900
9-16
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MIL-HDBK-217F

9.11 RESISTORS, VARIABLE, WIREWOUND, SEMIPRECISION

SPECIFICATION STYLE DESCRIPTION

MIL-R-19 RA Variable, Wirewound, Semibrecision
Temperature)

MIL-R-39002 RK Variable, Wirewound, Semiprecision

Low Operating
L o -4

Base Failure Rate - A
Stress
T (°C) 1 3 5 7 9
A A\l ’

0 .055 .063 .072 .083 .095
10 .058 .069 .081 .095 11
20 .063 .076 .092 11 .13
30 .069 .086 11 .13 17
40 .076 .098 .13 .16 .21
50 .085 A1 .15 .20 .27
60 .096 .13 .19 .26 I .37
70 11 .16 .24 | .35 .52
80 .13 .20 II .31 .48 .75
90 .16 .26 .42 .69 1.1

100 .19 .34 .59 1.0
110 24 .45 .85
120 .31
130 42
f T+273\ 5.28 ~
A= oagaexp(51 ( +273) ) x
b 313 / )
T+273\ 4.46 \
exp | T aa 577
L% 4 4 \ [“Y A~ , j
T = Ambient Temperature (°C)
S = Ratio of Operating Power to Rated Power,
See Section 9.16 for S Calculation.
EE— = _ ______
NOTE: Do not use MIL-R-18 below the line. Points
below are overstressed.

Resistance Factor - n
Resistance Range (ohms) T
10 to 2K 1.0
>2K to 5K 1.4
>5K to 10K 2.0
P?tirztlometer Tﬂaps Factor nT APS
N X N x N x
TAPS TAPS TAPS TAPS TAPS | TAPS
3 1.0 13 2.7 23 52
4 1.1 14 2.9 24 55
5 1.2 15 3.1 25 5.8
6 1.4 16 3.4 26 6.1
7 1.5 17 3.6 27 6.4
8 i.7 i8 3.8 28 6.7
9 1.9 19 41 29 7.0
10 2.1 20 44 30 7.4
11 2.3 21 4.6 31 7.7
12 2.5 22 4.9 32 8.0
————
3
2
(Ntaps)
nTAPS = “‘——"—25 +0.792
NTAPS = Number of Polentiometer Taps,

including the Wiper and Terminations.




MIL-HDBK-217F

E

Environment Factor - _

\4

Voltage Factor - n.,

=)
e © e Q wn
- N OIN Ol N € €« ©]  «
- N - 3 S o “
Z 2 Z
] O wuw =
I I R S ™ B I vl TR -
O 0O U2 Z2|d € € < <ty =2
©C 0 O O N O O
> - © o - o Ay o
- | od - - - L N
[«
9
®
o a
a 8 8
< & O
o Y 2 3
(7]
© x [+] W
- Pd aa a
S N @ N o o o
- O O O o o - u L]
-
g 5 & 2 2 g 2 ¢
© - N ® N 0O O b
[e) X . d : ? ) v
r < o o o o o o 2 K]
©o A A A A A A 2 a
2 Q
> N

= 50 Volts for RA10

vRated

75 Volts for RA20X-XC, F

175 Volts for RA20X-XA

275 Volts for RK09

o

o
[

x

Voits for

o
N
[52]

el

(] (@]

Quaiity Factor - Tq

Quality

Lower




MIL-HDBK-217F

9.12

RESISTORS, VARIABLE, WIREWOUND, POWER

ol V7]

H 6
A’p = x’b"TAPSanV"C“QnE Failures/10° Hours

Base Failure Rate - A,

Resistance Factor - x,
LA

Stress
TA(C) 1 3 5 7 9
0 .064 074 084 097 i
10 067 .078 091 11 12
20 071 084 099 12 14
30 076 091 AR .13 .16
40 081 .099 12 15
50 087 11 i4 17
60 095 12 15
70 .10 .14 .18
80 12 i5
90 .13 18
100 15
110 .17
120 .20
‘ f T+273) 4-66
Xb-.0481 exp{\334 ( 208 I) )x
oxp (1_55 (T;z;a)z 83 )

T = Ambient Temperature (°C)

S = Ratio of Operating Power to Rated Power.
See Section 9.16 for S Calculation.

Resistance Range (ohms) L
1to 2K 1.0
>2K to 5K 1.4
>5K to 10K 2.0
Potentiometer Taps Factor - TrAPS
N x N 3 N x
TAPS | "TAPS TAPS TAPS TAPS | TAPS
3 1.0 13 2.7 23 5.2
4 1.1 14 2.9 24 5.5
5 1.2 15 3.1 25 58
6 1.4 16 3.4 26 6.1
7 1.5 17 3.6 27 6.4
8 1.7 18 3.8 28 6.7
9 1.9 19 4.1 29 7.0
10 2.1 20 4.4 30 7.4
11 2.3 21 4.6 31 7.7
12 2.5 22 4.9 32 8.0
—-
3
(Nraps)?
raps < 25 +0792
NT APS " Number of Potentiometar Taps,

including the Wiper and Terminations




MIL-HDBK-217F

9.12 RESISTORS, VARIABLE, WIREWOUND, POWER
Voltage Factor - T, Quality Factor - L2
Applied Voltage® x Quality nQ
Rated Voltage Vv
MIL-SPEC 2.0
0to 0.1 1.10
Lower 4.0
>0.110 0.2 1.05
>0.210 0.6 1.00
>061 0.7 1.10 Environment Factor - n
>0.7t0 0.8 1.22 Environment ng
>0.810 0.9 1.40 Gs
Ge 3.0
>0.910 1.0 2.00 - o
\JM 10
Ng 7.0
Y = =
¥ Applied VRpF Applied Ny 28
~ [P R SR I, Y ST S A~ ’R 0N
Hp = NOamindil 1 owdl roenuoimeter O dd
Resistance A 12
Panniieq = Power Dissipation Auc N/A
L ddi
Ayr N/A
VRated 250 Voits for RP06, RP10 AW 38
= 500 Votts for Others Sg .50
Mg N/A
M N/A
~ s PP C; N/A
Construction Ciass Factor - n ~L

Construction
Class

Styie RC

Enclosed

Unenclosed

RPO7, RP11, RP16 | 2.0

All Other Styles are 1.0

Unenciosed

[N SR AV W IV ¥

~amesa



MIL-HDBK-217F

9.13 RESISTORS, VARIABLE, NONWIREWOUND
SPECIFICATION STYLE DESCRIPTION
MIL-R-22097 RJ Variable, Nonwirewound (Adjustment Types)
MIL-R-39035 RJR Variable, Nonwirewound (Adjustment Types),
Established Reliability
Ap = A mpApsTRTy QR Failures/10® Hours
Base Failure Rate - A‘b Resistance Factor - "o
. Stress - Resistance Range (ohms) T
TA(C) 1 .3 5 .7 .S A
0 021 .023 024  .026 .028 10 to 50K 1.0
10 .021 .023 .025 .027 .030
20 .022 .024 .026 .029 .031 >50K to 100K 1.1
30 .023 .025 .028 .030 .033
40 .024 .026 .029 .032 .036 >100K to 200K 1.2
50 .025 .028 .031 .035 .039
60 .026 030 .033 .038 .043 >200K to 500K 1.4
70 .028 .032 .036 .042 047 '
80 .030 .035 .040 .046 .053
a0 034 039 045 053 .061 >500K to 1M 1.8
100 .038 .044 .052 .061
110 043 .051 .060
120 .050 060 Potentiometer Taps Factor - IAPS
130 060 .073 v v "
140 .074 1aps | "raps taps | "raps 1aps | *raps
— |
3 1.0 13 2.7 23 5.2
R ea (..o {T+273\7-3 \
A, = 019 exp L.aao \ 358 } } b 4 1.1 14 2.9 24 55
S [ T+273\ 2.46 s 1.2 15 3.1 25 5.8
exp | 5 =g
(\2.59 \ 273) J 6 1.4 18 3.4 26 6.1
T = Ambient Temperature (°C) 7 15 17 3.6 27 6.4
S = Ratio of Operating Power to Rated Power. 8 1.7 18 38 28 6.7
See Section 9.16 for S Caiculation.
S 1.8 iS 4.1 29 7.0
10 2.1 20 4.4 30 7.4
11 23 21 4.6 31 7.7
i2 2.5 22 4.9 32 8.0
e = ]
3
Iag \2
! NTAPS!
n = +0.792
“TAPS 25 .
NTAPS = Number of Potentiometer Taps.

including the Wiper and Terminations.
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MIL-HDBK-217F

9.13 RESISTORS, VARIABLE, NONWIREWOUND

Environment Factor - x_

Voltage Factor - =, , t
Applied Voltage* x Environment T
Rated Vol \Y;
ated Voltage Gg 10
010 0.8 1.00 Gg 3.0
>0.810 0.9 1.05 G 14
>0.910 1.0 1.20 Ng 6.0
NU 24
W NE: Ac 5.0
Applied P Applied
pp AlE 7.0
Rp = Nominal Total Potentiomater Auc 12
Daciatanan
P P Di AUF °
; = ower Dissipation
Applied p ARpw 39
VRated = 200 Volis for RJ and RJR2S; Sk 50
RJ and RJRS0 Mg 22
= 300 Vohs for All Others My 57
CL 1000
Quality Factor - Tq
Quallty T~
S .020
R .060
P 20
M .60
MIL-R-22097 3.0
Lower 10

(e}
)

N

N




MIL-HDBK-217F

3.14 RESISTORS, VARIABLE, COMPOSITION
SPECIFICATION STYLE DESCRIPTION
MIL-R-94 RV Variable, Composition, Low Precision
- a — s PP . Y
= -al ° r
: ?Lp ;‘b"TAPSuRnVRQKE Failures/10° Hours
Base Failure Rate - A, Resistance Factor - n,
Stress Resistance Range (ohms) n,
TA(°C) .1 3 .5 7 .9 A
o | 027 .03 .32 035 .038 50 to 50K 1.0
10 .028 .031 .034 .038 .042 >50K to 100K 1.1
20 .029 .033 .037 .042 .048 >100K to 200K 1.2
30 .031 .036 .041 .048 .056 >200K to 500K 1.4
40 .033 .039 .047 .056 .067 >500K to 1M 1.8
50 .036 .044 .054 .067 .082
60 .039 .050 .065 .083 .11
Potentiometer Taps Factor - np, oo
70 .045 060 .08 11 14 - -
N x N x N .
TAPS | TAPS TAPS TAPS TAPS | TAPS
80 .053 .074 .10 .15
3 1.0 13 2.7 23 52
90 .065 .096 .14
100 084 .13 4 1.1 14 2.9 24 | 55
A 5 1.2 15 3.1 25 58
110 ii
6 1.4 16 3.4 26 8.1
9.3 7 1.5 17 3.6 27 6.4
Ab = .0246 exp (.459 (%@ ) X
8 1.7 18 3.8 28 6.7
oxo (=S { Tx273) 5-3 )
hdeld k2'32 \ 273 l ) 9 i.9 i9 4.7 29 7.0
10 2.1 20 4.4 30 7.4
T = Ambient Temperature (°C)
_ . 11 23 21 4.6 31 7.7
S = Ratio of Operating Power to Rated Power.
See Section 9.16 for S Calculation. 12 25 22 4.9 32 8.0
ﬁ
3
£as \2
\"TAPS)
n = +0.792
“TAPS 25
NTAPS = Number of Potentiometer Taps,
including the Wiper and Terminations.

('f.)
[\
W



9.14 RESISTORS, VARIABLE, COMPOSITION

MIL-HDBK-217F

Volitage Factor - T

Environment Factor - "E

Environment Rg
Gg 1.0
Gg 20
Gia 19
Ng 8.0
Ny 29
Ac 40
A 85
AUC 48
AUF 78
ARW 46
S¢ .50
Mg 25
M| 66
CL 1200

Amumlind \/aldmaunt
Appucu vuilayo
Rated Voltage Ty
0to 0.8 1.00
>081c 05 1.05
>09to 1.0 1.20
Applied V BpF applied
RP = Nominal Total Potentiometer
Rasistancs
P Applied = Power Dissipation
VvV = 500 Volts for RV4X--XA&XB
Rated
= 500 Volts for 2RV7X--XA&XB
= 350 Voiis for RVZX-XA&XB
= 350 Volts for RV4X--XA&XB
= 350 Volts for RVSX--XA&XB
= 350 Voits for RV6X--XA&XB
= 250 Volts for RV1X--XA&XB
— NN \ImnHe éAnr All Nthar Tunace
= 200 Volts for All Other Typeas
Quality Factor -
Q
Quality L1o)}
MIL-SPEC 2.5
Lower 5.0

9-24
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MIL-HDBK-217F

9.15 RESISTORS, VARIABLE, NONWIREWOUND, FILM AND PRECISION
SPECIFICATION STYLE DESCRIPTION
MIL-R-39023 RQ Variable Nonwirewound, Film, Precision
MIL-R-23285 RVC Variable, Nonwirewound, Film
= i 6
lp = kb"‘r APS™R™ Q™ E Failures/10° Hours
Base Failure Rate - A, Base Failure Rate - A
(RQ Style Only) (RVC Style Only)
Stress Stress
T. ) 1 3 5 7 .Q Ta[°C) 1 a 5 7 .9
. A Lt 4 . b -~ -~ A 7 A i hd
0 .023 .024 .026 .028 .031 o] .028 .031 .033 .036 .039
10 .024 .026 .029 .031 .034 10 .029 .032 .035 .038 .042
20 .026 .029 .032 .035 .039 20 .030 .033 .037 .04 1 .046
30 .028 .032 .036 .040 .045 30 .031 .035 .040 .045 .051
40 .032 .036 .041 .047 .053 40 .032 .037 .043 .050 .058
50 037 042 .04S .057 .065 50 .034 .040 047 056 066
60 .044 .051 .060 .070 .083 60 .036 .044 .053 .064 .078
70 .063 .064 .076 .091 A1 70 .039 .049 .060 .075 .093
80 .068 .083 .10 12 80 .043 .055 .070 .09 11
90 .092 1 .14 90 .048 .063 .083 A1 15
100 .13 17 100 .055 .075 10 .14 .19
ii0 .20 ii0 .064 .091 i3 .18 .26
120 .077 1 A7 .28 .37
130 .096 .15 .23 .36 .55
140 12 .20 .33 .53
3 018 expf L2713\ 74 150 | 17 20 50
» ~ P\73437) 1860 | 24 a4
(S \ [ Te273) 3.6 7o | a7
*P k\Z.SS} \ 273 } J -
R nney o fT+#273\ 79
T = Ambient Temperature (°C) o = Ueds exp\ 398 } x
S = Ratio of Operating Power to Rated Power. exp[/—i l I@é\ 4.3 \
See Section 9.16 for S Calculation. \\2-45/ \ 273 ) }
T = Ambient Temperature (°C)
Resistance Factor - T S = Ratio of Operating Power to Rated Power.
Resistance Range (Ohms) - See Section 9.16 for S Caiculation.
R
Up to 10K 1.0
>10K to 50K 1.1
>50K to 200K 1.2
>200K to 1M 1.4
>1M 1.8
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9.15 RESISTORS, VARIABLE, NONWIREWOQUND, FILM AND PRECISION
Potentiometer Taps Fadcior - = Quality Faclor - =
"TAPS Q
taps | “taps | Mraps | "raes | Mraps | maes Quality Q
3 1.0 13 2.7 23 5.2 MIL-SPEC >
4 1.1 14 2.9 24 55
Lower 4
5 1.2 15 3.1 25 5.8
6 1.4 16 3.4 26 6.1
Environment Factor - nr__
7 1.5 17 3.6 27 6.4 [=
Environment e
8 1.7 18 3.8 28 6.7 — —
GB 1.0
9 1.9 19 4.1 29 7.0 GF 3.0
10 2.1 20 4.4 30 74 e 14
11 2.3 21 4.6 31 7.7 Ng 7.0
12 2.5 22 4.9 32 8.0 NU 24
e ——————-
3 Ac 6.0
{NTAPS\z AIF 12
“rAPs " 25 +0792 Auc 20
- i A 30
N.r APS Number of Potentiometer Taps, UF 30
including the Wiper and Terminations. ARW 39
SF .50
Vohage Factor - r,, Mo po
v l'-’, ——
Applied Voltage® N 57
Rated Voltage "v L
CL 1000
0to 0.8 1.00
>0.8t0 0.9 1.05
>09t0 1.0 1.20
'vAr\nlioﬁ - RPPADDIied
Applisd \ Df
Rp = Nominal Total Potentiomster
Resistance
P Annliad = Power Dissipation
Applied
= 250 Volts for RQ090, 110, 150, 200,
Rated

300
500 Volts for RQ100, 160, 210

350 Volts for RVCS5, 6
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MiL-HDBK-217F
9.1 CALCULATION OF STRESS RATIO FOR POTENTIOMETERS

Stress Ratio (S) Calculation for Rheostats
i \2
< \ ‘°Pmax )
O = 2
GANGED( 'max;zioa)
\ ﬂlUU,

iOP = Maximum current which wiii
be passed through the rheostat
in ihe circul.

'max;g_g od ™ Current rating of the
potentiometer. If current
rating is not given, use:

[] = ‘ D n
‘maxrated N ' rated” 'p

wasant = Power Rating of Potentiometer
Rp = Nominal Total Potentiometer

Resistance

Factor to correct tor the

reduction in effective rating

of the potentiometer due to

the close proximity of two or
more notantiomatars whan they
are ganged together on a
common shaft. See below.

Stress Ratio (S) Cakulation for Potentiometers
Connected Conventionaily

P APPLIED

S-

P.__l‘._.l -
Vin -
RP -
PratTED -
TGANGED ~
*EFF -

XeFF X ®"GANGED X PRATED

Eaquivalent power input to the
potentiometer when it is not

Power Rating of Potentiometer

Factor to correct for the reduction
in effective rating of the

potantiomster dus to the close
proximity of two or more

potentiometers when they are
ganged iogsther on & Sommon

shatt. See below.

Correction factor for the electrical
loading effect on the wiper
contact of the potentiometer. lts
value is a function of the type of
potentiometer, its resistance,

and ths load rasistancs. Sss
next page.
Ganged-Potentiometer Factor - n asinen
bl AN U
First
Number of Potentiometer Second in Third in Gang | Fourth in Gang | Fifth in Gang | Sixth in Gang
Sections Next to Mount Gang
Single 1.0 Nct Applicable
Two 0.75 0.60 Not Applicable
Three 0.75 0.50 0.60 Not Applicable
Four 0.75 0.50 0.50 0.60 Not Applicable
Five 0.75 0.50 0.40 0.50 0.60 Noi Applicable
Six 0.75 0.50 0.40 0.40 0.50 0.60
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Loaded Potentiometer Derating Factor - rgpp
Ki
RLIRP 0.2 0.3 0.5 1.0
0.1 .04 .03 .02 .01
0.2 13 09 .05 .03
0.3 22 16 .10 .05
0.4 .31 23 .15 .08
05 .38 29 .20 11
0.8 .45 35 .25 .14
0.7 51 40 .28 A7
0.8 .55 .45 .33 .20
0.9 .59 .49 37 22
1.0 .63 53 .40 .25
1.5 .74 65 .53 .36
2.0 .80 73 .62 .44
3.0 .87 81 .72 .58
4.0 .90 86 .78 .64
5.0 .92 88 .82 .69
10.0 .96 94 .90 .83
100.0 1.00 99 .99 .98
2
R
TEFF T T2 o o2 o o)
HL + F\H \HP + 4HPHL)

FlL - Load resistance (}f RL is variable,
use lowest value). R, is the total
resistance between the wiper arm
and one end of the poientiometer.

RP - Nominal Total Potentiometer
Resistance

Kiy - Style Constant. See K Table

[a YY)

b aed
n

S')

oty nSiant - "y
Potentiometer
MLL-SPEC Style Type Ky
MIL-R-19 RA 0.5
MiL-R-22 RP i.0
MIL-R-94 RV 0.5
MIL-R-12934 RR1000, 1001,
1003, 1400,
2100, 2101,
2102, 2103
MIL-R-12934 Ali Other Types 0.2
MiL-R-22097 RJ11, RJ12
MIL-R-22097 All Other Types 0.2
MIL-R-23285 RvVC 0.5
MIL-R-27208 RT22, 24, 26, 27 0.2
MIL-R-27208 Al Other Types
MIL-R-39002 RK 0.5
MIL-R-39015 RTR 22, 24 0.2
MIL-R-39015 RTR12 0.3
MIL-R-39023 RQ 0.3
MIL-R-39035 RJR 0.3
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9.17 RESISTORS, EXAMPLE

Example

" Aa __a_

——— o ans

Given: Type RVISAYSAS05A variabie 500K ohm resistor procured per MilL-R-94, raied at 0.2

1inard in o fivard armuand amuviernnmaoant  Tho rneiefnr amhlnn' temnorature !Q

waus S UGIIY UDTU 111 @ HATU YIVUITRI GITVRUIRITUIN. 110 100DV QIivin ivingpror s v oo

40°C and is dissipating 0.06 watts. The resistance connected to the wiper contact varies
between 1 megohm and 3 megohms. The potentiometer is connected conventionally
without ganging.

The appropriate model for RV style variable resistors is given in Section 9.14. Based on the given
information the following model factors are determined from the tables shown in Section 9.14 and by
following the procedure for determining electrical stress for potentiometers as described in Section 9.16.

From Section 9.16
PAPPLIED
TEFF
TGANGED

TRATED

S

From Section 9.14
Ay
TR
TTAPS
ny

Q
TE

<

.06W

.62 Kyy = .5 for MIL-R-94 (Section 9.16 Table)

1.0 Not Ganged (Section 9.16 Table, Single Section,

First Potentiometer)
2W
PAPPLIED . .06 - 48

TEFF X "GANGED X "RATED  (:62)(1.0)(.2) -

.047 Tp = 40°C, S Rounded to .5

1.4 500K ohms

1.0 3 Taps, Basic Single Potentiometer

1.0 VRATED = 250 Volts for RV1 prefix
VappLIED = V (500,000)(.06) = 173 volts
. ., 173
VAPPLIED/YRATED ™ 2509 = %

2.5

2.0

* *TAPS PR ™V "Q "E

(.047)(1.0)(1.4)(1.0)(2.5){2.0) = .33 Failures/10% Hours
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MIL-HDBK-217F

SPECIFICATION
MIL-C-25
MiL-C-12889

10.1  CAPACITORS, FIXED, PAPER, BY-PASS
STYLE DESCRIPTION
cp Paper, By-pass, Filter, Blocking, DC
CA Paper, By-pass, Radio interference Reduction AC
and DC
A=A n. xn_ Failures/108 Hours

Base Failure Rate - l‘b

T n:oc AMav Datad \

\' FoU

(All MIL-C-12889; M L-C-25 Styles CPZS 26, 27, 28, 29,
40, 41, 67, 69, 70, 72, 75, 76, 77 78 80, 81, 82;
Charactsristics £, F)

Stress

TAC0)| 3 5 .7 9
0 .00088 .0011 0036 .015 051
10 00089 0011 0036 .016 052
20 00052 0011 0037 .016 054
30 00097 0012 0039 .017 057
40 0011 0013 .0044 .019 .063
50 .0013 .0016 .0052 .022 .075

60 .0017 .0021 .0069 .030 .10

70 .0027 .0034 .011 .048 .16

80 .0060 .0074 .024 .10 .35

S = Ratio of Operating to Rated Voltage

Operating voltage is the
and peak A.C. voltage.

sum of applied D.C. voltage

Base Failure Rate - Ab

(T = 125°C Max Rated)

(MIL-C-25 Styles CP 4, 5,8, 9, 10, 11, 12 13;
Characteristic K)

Siress
TpA(C)| 1 3 5 7 9
0 00086 .0011 0035 015 051
10 00087 .0011 0035 015 .051
20 00087 .0011 0035 015 051
30 .00088 .0011  .0035 015 051
40 00089 .0011  .0036 015  .052
50 00091 .0011  .0037 016 053
60 00095 .0012 0039 017 056
70 0010  .0013 0041 018 060
80 .0011 0014 0046 .020 067
50 0014  .0017 0056 .024 081
100 0019  .0023 0076 033 11
110 0030  .0037 012 052 18
120 0063  .0078 026 A1 .37
e

Lb- 00086!_\4) +1Jex ( \3687} I\J

N

T = Ambient Temperature (°C)
Q

na nnal’(

A
ﬂ' N pua lal

70-1



10.1

MIL-HDBK-217F

CAPACITORS, FIXED, PAPER, BY-PASS

Capacitance Factor - e~y

Environment Factor - "E

v
»an. .:_amﬂ C (uF) M Crnuirnnmaoant -_
SO OLRalT P e S oV VIVITUNINIIG T “E
MIL-C-25* G 1.0
0034 0.7 Gp 2.0
.15 i.0
23 1.3 G 9.0
16. 1.6 N A
I‘S .V
MIL-C-12889 Ny 15
All 1.0
Ac 6.0
.095
oy = 1.2C Auc 17
AUF 32
ARW 22
Quality Factor - n, Sg .50
Quaiity fe) llV‘IF 12
ML 32
MIL-SPEC 3.0
cL 570
Lower 7.0
10-2
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MIL-HDBK-217F

1G.2 CAPACITORS, FIXED, PAPER, FEED-THROUGH
SPECIFICATION STYLE DESCRIPTION
MIL-C-11693 CZR and CZ Paper, Metallized Paper, Metallized Plastic, RFI
Feed-Through Established Reliability and
Non-Established Reliability
An = A, .. xT Failures/10% Hours
I\p l\-bucvl»QuE
Base Failure Rate - Ay, Base Failure Rate - A,
(T = 85°C Max Rated ) (T = 150°C Max Rated)
(Characteristics E, W) ~_(Characteristic P)
Stress Stress
TA(C)| 1 3 5 7 2 TA(C)} 1 .3 5 7 -9
0 0012 .0014 .0047 020 068
10 0012 .0015 .0048 021 070 (o] 0012 0014 0047 020 .068
20 0012 .0018 0050 021 072 10 0012 0014 0047 020 .068
30 .0013 .0016 .0083 .023 .076 20 .0012 .0014 .0047 .020 .068
40 0014 .0018 .0058 025 084 30 0012 .0014 .0047 .020 .068
50 0017 .0021 0069 030 10 40 .0012 .0014 .0047 .020 .068
60 0023 0028 0092 039 i3 50 0012 .0018 .0048 .020 .068
70 0037 .0045 015 064 21 60 .0012 .0015 .0048 .021 .070
80 0080 0099 032 14 47 70 .0012 .0015 .0049 .021 .071
— 80 .0013 .00186 .0051 .022 .074
Foiasg - . PR Y- TN o0 0013 0017 0055 .023 .079
S\° +273 10 2% VS LY UYa2 Ve
A= .00115] {—4\ + 1|exp(25( 258 )y ) 100 .0015  .0018 .0060 .026  .087
LN/ \ N 7 110 0017  .0022 .0071 .03 .10
T - Ambient Temperature (°C 120 0022  .0028 .0091 039 .13
S = Ratio of Operating to réa:;d Voltage 130 0033 .0040 013 .057 19
140 .0058 .0072 .024 .10 .34
Operating voltage is the sum of applied D.C. voltage 150 014 017 057 24 82
and peak A.C. VOﬁagG. e EmEEE

(t = - Rat
Characteristic K)
Stress -
Ta(C)| 1 .3 5 7 .9
0 0012 .0014 _ .0047 .020  .068
iG .6612 .0014 .0047 .020 088
20 .0012 .0014 .0047 .020 .068
30 .0012 .0014 .0047 .020 .069
40 .0012 0015 .0048 .021 .070
50 .0012 001§ .0048 .021 .072
60 0013 0016 .0052 .022 .075
70 0014 0017 .0055 .024 .08
8C 0015 0019 .00862 027 .09
90 .0019 0023 .0075 .032 11
100 .0025 .0031 .010 .044 15
1i0 .0040 .005 .018 .07 .24
120 .0084 .010 .034 .15 .49
L
oorts[ (5)° + 1]ee (25(Te25) "* )
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voitage
Operating voltage is the sum of applied D.C. voitage

and peak A.C. voltage.

Frsrevs 7 1 T.272\
[=4 ~ VYV IO
=.00115) § — + 1|exp| 2.5
*y l_ (‘ 4) _! [\ (7423)
T = Ambient Temperature (°C)
S = Ratic of Operating to Rated Vohage

Operating voltage is the sum of applied D.C. vohage
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MIL-HDBK-217F

10.2 CAPACITORS, FIXED, PAPER, FEED-THROUGH
Capacitance Factor - xcy Environment Factor - x_
Capacitancs, C (uF) o Environment ne
0.0031 70 Cg 1.0
Gg 2.0
0.061 1.0
G 5.0
1.8 1.5 Ng 7.0
————
Nl_J 15
0.12
nC\l = 1.4C ,A,ic 50
Ap 8.0
AUC 17
1ality Factor - Ayr 28
Quality Factor - A o
Quality Tq RW
Sg 50
0 .
M 1.0 Mg 12
Non-Established Reliability 3.0 ML 32
Lower 10 CL 570
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MIL-HDBK-217F

10.3 CAPACITORS, FIXED, PAPER AND PLASTIC FILM
SPECIFICATION STYLE DESCRIPTION
MIL-C-14157 CPV Paper and Plastic Film, Est. Rel.
MIL-C-19978 CQR and CQ Paper and Plastic Film, Est. Rel. and Non-Est. Rel.
; 6
lp = lanV Q™ Fallures/1 0® Hours
Base Failure Rate - & Base Fainire Rate - Ap
(T = 65°C Max Rated ) {T = 85°C Max Raied)
(MIL-C-14157 Style CPV07; (MlL -C-14157 Style CPV1 7;
MIL-C-19978 Characteristics P L) MIL-C-19978 Characteristics E, F, G, M)
Siraess Stress
Tac0)| 3 5 7 .9 Tl 1 .3 5 7 .9
0 | .00053 00065 .0021 .0002 .031 0 | .00051 00063 0021 .0088 .030
10 .00055 00069 0022 0096 .032 10 00052 .00064 .0021 .0090 .030
20 .00061 00075 0025 011 .036 20 .00054 .00066 .0022 .0093 .031
30 00071 .00088 0028 .012 042 32 00657 00070 .0623 .008% .033
40 .00094 0012 0038 .016 .055 40 00083 .00077 .0025 .011 .037
50 .0015 0019 .0061 .026 .088 50 .00074 .00092 0030 .013 .043
50 .0034 0042 014 058 20 60 .00099 0012 .0040 017 .058
70 .0016 0020 .0064 .028 .093
80 .0035 0043 .01 4 .061 .20
r ls\ s =1 Vs IT+273\ 18 N
homo0os (3) 1 foe(25(%e) ) ry--oos] (5)° + 1 J,ip(zs(T+2n\‘8 )
b 4 358
T = Ambieni Temperature (°C) . .
S = Ratio of Operating to Rated Voltage T = Ambient Temperature (°C)
S = Ratioof Oporatmg to Rated Voltago
Operating voltage is the sum of applied D.C. voltage Operaiing voliage is the sum of appiied D.C. voliage
and peak A.C. VO"&}QO and peak A.C. voltage.
Base Failure Rate - Ap Base Failure Rate - Ap
(T = 125°C Max Rated) (T = 170°C Max Rated)
(MIL-C-14157 Style CPV09 and MIL-C-19978 (MIL-C-19978 Characteristic T)
Characteristics K, Q, S) Stress
Ciomon T. (°C) 1 ] 3 7 Q
eSS 'A\ ~J o o 4 od -~
TA(®C) A -3 .5 7 -9 0 .00050 .00062 .0020 .0087 .029
0 00050 .00062 .0020 0087 .029 10 .00050 .00062 .0020 0087 .029
10 .00050 .00062 .0020 .0088 .029 20 -00050 .00062  .0020 .0087 .029
20 .006051 .00062 .0020 .0088 .030 30 -60050 .00062  .0020 .0087 .028
30 .00051 .00063 .0021 .008% .030 40 .00050 .00062 .0020 .0087 .029
40 .00052 .00064 .0021 009 030 50 .00050 .00062 .0020 .0088 .030
50 .00053 .00066 .0021 .0092 .031 60 -00051 .00063  .0021 .0088 .030
60 .00055 .00068 .0022 0006 .032 70 .00051 .00063 .0021 0089 .030
70 .00059 .00073 .0024 .010 .035 80 -00052 .00065  .0021 .0091 .031
80 00067 .00083 .0027 012 .039 S50 .00054 .00086 0022 .0093 .03i
90 00081 .0010 .0033 014 .047 100 .00056 .00069 0023 .0097 .033
100 0011 0013 0044 .019 .064 110 .00060 .00074 .0024 .010 035
110 .0018 .0022 .0071 .030 .10 120 .00067 .00083 .0027 .012 .039
120 0037 0045 018 0R4 21 130 .00079 .00098 .0032 014 .046
N— 140 .0010 .0013 0041 .018 .060
F i50 .0015 0018 006 .026 .087
x = .0005| (£)° 4 1]exp (25 (123} '8 160 | 0026 .0032 011 .046 .15
b L\-4/ 1 \see ) ) |_170 | 0061 .0075 025 .11 .36
T = A ° P y
S - n’::g:ef?ftg m n'lrllﬂar}li:\enn(';lr( Alarna N --- r I T+?73\ 1 8 \
2 L4 wp ratir Y W NIRISY vUlayo Ab = 0005 l- \ 4) + 1_, expl 2 5\ 243 )
Operating voltage is the sum of applied D.C. voltage !
and peak A.C. voltage T = Ambient Temperature (°C)
— S = Ratio of Operating to Rated Voltage
Operating voltage is the sum of applied D.C. voltage
and peak A.C. voltage.
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MIL-HDBK-217F

10.3 CAPACITORS, FIiXED, PAPER AND PLASTIC FIiLM
Capacitance Factor - xcy, Environment Factor - n
Canacitance C (aF) o F I ————t
capacrnance, ¢ (ur) LT oAV chvitonment xE
MIL-C-14157: * Gg 1.0
.0017 .70 Ge
.027 1.0 !
.20 1.3 GM 8.0
1.0 1.6
Ng 5.0
MIL-C-19978: **
.00032 .70 Ny 14
.033 1.0 A~ 1.0
1.0 1.3 iC
15.0 i.6 AIF 6.
— Auc 11.
ﬂcv =1 SCU']J AUF 20
0.077 ARw 20
* nov = 1.3C™ SF .50
Mg 11
ML 29
Quality Factor - ™q cL 530
Qualny N
S .03
R .10
P .30
M 1.0
L 3.0
MIL-C-19978, Non-Est. Rel 10
Lower 30
10-6
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MIL-HDBK-217F

10.4 CAPACITORS, FIXED, METALLIZED PAPER, PAPER-PLASTIC AND PLASTIC

SPECIFICATION STYLE
MIL-C-18312 CH
MIL-C-39022 CHR

Ap =X

Base Failure Rate - A.b
(T = 85°C Max Rated )

(MIL-C-39022 Characteristic 9 and 12 (50 Volts rated),
Charactaristic 49: and MIlL -C-18312 Characteristic R)

SISTENSWNISUC S,

IO AT T I T )

Stress

TA(C) A .3 .5 7 .9
¢ 00070 .00087 0026 012  .041
10 00072 .00089 0029 012 .042
20 00074 .00091 0030 013 .043
30 .00078 .00097 .0032 .014 046
40 .00086 .0011 .0035 .015 .051

50 .0010 .0013 .0041 .018 .06

60 .0014 .0017 .0055 .024 .08

70 .0022  .0027 .0089 .038 .13

80 0048 0059 019 084 .28

o[ (2)° + Joo(es (3)")

T = Ambient Temperature (°C)

= Ratio of Operating to Rated Voltage

DESCRIPTION

Metallized Paper , Paper-Plastic, Plastic

Maetallized Paper, Pamr-Pla stic, Plastic,

Established Rellabﬂlty

Fanures/1 0% Hours

Base Failure Rate - Ab

(T = 125°C Max Rated)
(MIL-C-39022 Characteristic 9 and 12 (above 50 Volts

ratard) Charamarietine 1 10 1]9. 29’ 59. and

TRV, WIIGGWMEIIDLIR-o 1, IV,
MIL-C-18312 C_haracgeyshc N)
Stress
TA (°C) .1 .3 .5 7 .9
0 00069 .00086 0028 012 041
10 00069 00086 0028 012 041
20 00070 00086 0028 012 041
30 00070 00087 0028 012 041
40 00071 00088 0029 012 042
50 00073 .00090 003 013 .043
60 .00076 .00094 .0031 013 045
70 00082 0010 0033 014 048
80 00092 0011 0037 .016 054
90 0011 0014 .0045 019 065
100 0015 0019 0061 026 088
110 0024 0030 .0098 .042 .14
120 .0051 .0063 .020 .088 .30
. 089 I /S\5 ; { T+273\ 18\
o= 0009 a) J"*"L“\ 38 ) )
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage
Oparating voltage is the sum of applied D.C. voltage
and peak A.C. voltage.
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MIL-HDBK-217F

10.4 CAPACITORS, FIXED, METALLIZED PAPER, PAPER-PLASTIC AND PLASTIC

Capacitance, C (uF) oV
C.0023 .70
0.14 1.0
2.4 1.3

Quaiiiy Facior - n

Quality nQq
S 0.03
R 10
P .30
M 1.0
L 3.0
MIL-C-18312, Non-Est. Rel. 7.0
Lower 20

Environ i Facior - T
Environment ng
Gp 1.0
J.: 2.0
Gwm 8.0
Ns
N;, 14
A; 4.0
AF 6.0
AUC 11.0
Aur 20
Apw 20
Sk 50
MF 11
M| 29
o 530
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MIL-HDBK-217F

10.5 CAPACITORS, FIXED, PLASTIC AND METALLIZED PLASTIC

SPECIFICATION STYLE DESCRIPTION
MIL-C-55514 CFR Plastic, Metallized Plastic, Est. Rel.

Ap = A mo QT Failures/10® Hours

Base Failure Rate - A, Base Failure Rate - A,
(T = 85°C Max Rated ) (T = 125°C Max Rated)
(Characteristics M, N) (Characteristics Q, R, S)
Stress Stress
TA(“C) | .3 .5 .7 .9 TA(°C) A .3 .5 .7 .9
0 .0010 .0012 .0041 .018 .059 o] .00099 .0012 .0040 .017 .058
10 .0010 .0013 .0042 .018 .060 10 .0010 .0012 .0040 .017 .058
20 .0011 .0013 .0043 .018 .062 20 .0010 .0012 .0041 .017 .059
30 .0011 .0014 .0045 .020 .066 30 .0010 .0012 .0041 .018 .059
40 .0012 .0015 .0050 .022 .073 40 .0010 .0013 .0041 .018 .060
S0 .0015 .0018 .0059 .026 .086 50 .0011 .0013 .0043 .018 .062
60 .0020 .0024 .0079 .034 11 60 .0011 .0014 .0044 .019 .064
70 .0032 .0039 .013 .055 .18 70 .0012 .0015 .0048 .020 .069
80 .0069 .0085 .028 .12 .40 80 .0013 .0016 .0054 .023 .077
- 90 | .0016 .0020 .0065  .028 .094
5 18
A, = 00099 [ (%) + 1] exp(2.5 ( I;—g—?) ) 100 | .0022 .0027 .0087 .038 .13
110 .0035 .0043 .014 .06 .20
T = Ambient Temperature (°C) 120 | .0073 .0090 .029 13 43
S = Ratio of Operating to Rated Voltage
Operating voltage is the sum of applied D.C. voltage S 5 T+273\ 18
and peak A.C. voltage. lb = .00099 4 + 1]expi2.5 398
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage
Operating voltage is the sum of applied D.C. voltage
and peak A.C. voltage.
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MIL-HDBK-217F

10.5 CAPACITORS, FIXED, PLASTIC AND METALLIZED PLASTIC

Capacitance Fadtor - w~.. Environment Factor - n_
vV | =3
Ca;‘aaﬁ"m, ] (puc} TCV Environiment EE
0.0049 .70 Gg 1.0
Gp 2.0
0.33 1.0 )
(cp 10
7.1 1.3 Ng 5.0
38. 1.5 Nu 16
A 6
| 100-085 i
ﬂ’.CV =, A'F 11
AUC id
Quality Factor - nq ARw 23
Quality e S 50
Q Sr 50
s .030 ME i3
R 10 ML 34
C 610
P .30 =
M 1.0
Lower 10
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MIL-HDBK-217F

10.6 CAPACITORS, FIXED, SUPER-METALLIZED PLASTIC

SPECIFICATION STYLE DESCRIPTION
MIL-C-83421 CRH Super-Metallized Plastic, Est. Rel.
- ; 6
| Xp = anCVnQnE Failures/10° Hours
Base Failure Rate - A, Capacitance Factor - ngy
(T = 125°C Max Rated) Capacitance, C (uF) LIoYY,
Stress
TA (%) -1 .3 .5 .7 .9 .001 -64
0 .00055 .00068 .0022 .0096 .032 0.14 1.0
10 .00055 .00068 .0022 .0096 .032
20 .00056 .00069 .0023 .0097 .033 2.4 1.3
30 .00056 .00069 .0023 .0098 .033 ) )
40 .00057 .00070 .0023 .0099 .033 03 1.6
50 .00058 .00072  .0024 .010 .034 :
60 .00061 .00075  .0025 .01 .036 S — e —
70 .00065 .00081 .0026 .01 .038
80 .00073 .00091 .0030 .013 .043 —— 2(:0.0!-)2
90 .00089 .0011 .0036 .015  .052 cv="
100 .0012 .0015 .0049 .021 .07
110 .0019  .0024 .0078 .033 A1
120 .0040  .0050 .0186 .070 .24
Environment Factor - ne
A= 00055[ . 1] exp(z 5 (T;';"S/B ) Environment RE
Gg 1.0
T = Ambient Temperature (°C) Gg 4.0
S = Ratio of Operating to Rated Voltage G'M 8.0
Operating voltage is the sum of applied D.C. voltage Ns 5.0
and peak A.C. voltage. NU 14
Ac 4.0
Quality Factor - q AlF 6.0
Quality a Auc 13.0
A 20
UF
S .020 A
RW 20
R 10 SF 50
P .30 MF 11
M 1.0 ML 29
CL 530
Lower 10
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MIL-HDBK-217F

10.7 CAPACITORS, FIXED, MICA
SPECIFICATION STYLE DESCRIPTION
MILC-5 cM MICA (Dippsd or Molded)
MIL-C-39001 CMR MICA (Dipped), Established Reliability
= iltures/108
l lb"CV Q™ Failures/10° Hours
Base Failure Rate - An Base Failure Rate - An
(T=70°C Max Rated) (T=85°C Max Rated)
(MIL-C-5, Temp. Range M) (MIL-C-5. Temp. Range N)
Stress Stress
TA *C) .1 3 .5 7 .9 Ta(°C) A .3 .5 7 .9
0 .00030 .00041 00086 .0019 .0036 (¢} 00017 .00024 .00051 0011  .0021
10 .00047 .00066 .0014 .0030 .0058 10 .00027 .00038 .00079 .0017 .0033
20 .00075 .0011 .0022 .0047 .0092 20 .00042 00059 .0012 .0027 .0052
30 .0012 .0017 .0035 .0075 .01§ 30 00066 .00083 .0019 0042 .0081
40 .0019 0027 .0056 .012 .023 40 .0010 .0015 .003 .0065 .013
50 .0031 0043 .0089 .019 .037 50 .00i6 .0023 .0047 0i0 .020
60 .0049 0068 .014 .030 .059 60 .0025 .0036 .0074 .016 .031
70 .0078 011 .023 .049 .095 70 .0040 .0056 .012 025 .048
80 0062 .0087 .018 039 .076
afl 78\ 3 | 7 7 T+273% = e
hp = 86x10 U\T‘) +1JOXP{16(\ 343) ) x = 86x1010] (EY2 | 1]exp(16 {T22) )
A g o™ % L\e) * 1 ]2P (P Tese)
T = Ambient Temperature (°C)
S = Ratio of Opaerating to Rated Voltage T = Ambient Temperature (°C)
S = Ratio of Opearating to Rated Voltage
Operating yo_[tageA is the sum of applied D.C. voltage Operating voltage is the sum of applied D.C. vokage
and peak A.C. voitage. and peak A.C. voltage.

Base Failure Rate - Ap

(T=125°C Max Rated)
{MiL-C-5, Temp. Range O; MiL-C-35001 Temp. Range O)
Strass
TA (°C) A 3 .5 7 .9
0 .00005 .00007 .00015 00032 .00062
10 .00008 .00011 .00022 .00048 .00093
20 00011 00016 .00033 00071 ,0014
30 .00017 .00024 .00050 0011 .0021
40 .00025 .00036 .00074 .0016 .0031
50 .00038 .00053 .0011 0024 .0046
60 .00057 .0008 0017 0036 .0069
70 .00085 .0012 0025 0053 .010
80 .0013 .0018 0037 0C8 .016
90 .0019 0027 0055 .012 .023
100 .0028 0040 .0083 .018 035
110 0042 0059 .012 .027 052
120 0063 .0089 .018 .040 .077
4ol £5)\3 1 /£ T+273\
A.b=8.8x10 L(‘4) +1Jexp(\16(‘ 398 |
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage
Operating voltage is the sum of applied D.C. voltage
and peak A.C. voltage.

Base Failure Rate - Ap

[T_1EN0N AMav Datad)
(I =I1JV Vv IVIAA 11a1ou)

(MIL-C-5, Temp. Range P; MIL-C-39001, Temp. Range P)

Stress
TA(C) .1 .3 .5 7 S
0 .00003 .00004 .00008 .00017 00033
10 .00004 .00005 .00011 .00024 .00047
20 .00006 .00008 .00017 .00036 .00069
30 00008 .00012 .00024 .00052 .0010
40 .00012 00017 .00035 .00076 0015
50 .00018 .00025 00051 .0011 0022
60 .00026 .00036 00075 .0016 0031
70 00038 00053 0011 0024 0046
80 .00055 .00077 .0016 .0034 .0067
90 .0008 .0011 0023 .00S0 .0098
100 .0012  .0016 .0034 .0073 .014
110 0017 0024 0050 .011 .021
120 .0025 .0035 .0073 .016 030
130 .0036 .0051 RO AR .023 044
140 .0053 0074 .015 .033 .065
150 0078 .011 .023 .049 .095
. 3 T+273
lb= 8.6x101o[(%) + 1Jexp(15 (%23—') )
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage
Operaiing voitage is the sum of appiied D.C. voitage |
and peak A.C. voltage. I
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MIL-HDBK-217F

10.7 CAPACITORS, FIXED, MICA

Capacitance Factor - oV

Capacitance, C (pF) LT3V,
2 50
38 .75
300 1.0
2000 1.3
8600 1.6
29000 1.9
84000 2.2
zcy = 0.45C 1%
Quaiity Facior - Tq
Quality nq
H 030
S .030
R .10
P .30
M i.0
L 1.5
MiL-C-5, Non-Est. Rel. Dipped 3.0
MIL-C-5, Non-Est. Rel. Moided 6.0
iower i5

Envircnment Factor - =

_ E

Environment g
Gg -
GF 2.0
G 10
Ng 6.0
NU 16
A. . ENn
nlU .V
AE 7.0
AUC 22
Ay 28
Ace 23
An
Sk .50
Mg 13
M 34
CL 610
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MIL-HDBK-217F

10.8 CAPACITORS, FIXED, MICA, BUTTON

SPECIFICATION STYLE DESCRIPTION
MIL-C-109850 CB MICA, Button Style

Ap = A, . n~n Failures/106 Hours
r (¥ 4 ol [ .

Base Failure Rate - A, Base Failure Rate - An
(T = 85°C Max Rated) (T = 150°C Max Rated)
(Style CB50) (All Types E)fcept CB50)
Stress Stress

Tao(C)| -1 .3 5 .7 .9 TA(C) A -3 .5 7 -9
0 0087 .0094 019 042 0R2 (4] 0058 0081 017 036 071
10 0071 0099 021 044 086 i0 0059 0083 017 037 072
20 0076 011 022 047 092 20 0061 0085 018 038 074
30 .0082 o1t 024 .051 10 30 0082 0087 018 039 076
40 009 013 026 056 11 40 0064 009 019 040 079
50 010 014 029 063 12 50 0067 0094 019 042 082
~e Anan ~a o AnA ~vn a4 AN nn7n nnag n20 N4aa NRA
ouv vic Uil UaJ U/ e A b A A i hdind hdadd
70 013 019 039 084 16 70 0074 010 022 046 090
80 016 .023 .047 .10 20 80 .0079 .011 .023 .049 .096

SC 0085 c12 025 053 .10

100 0093 013 027 058 M

110 010 014 .03 064 12

T =  Ambient Temperature (°C) 120 o1 016 033 072 14

S = Ratio of Operating to Rated Voltage 130 013 018 038 082 16

Operating voltage is the sum of applied D.C. voltage 140 015 021 044 095 18

and peak A.C. voltage. B o S
150 .018 .025 .052 1 .22
o _==-=l=ﬁ
[r8\3 B / / T+273\ 6.3 \
Z.b= ,0053!_(‘3) + 1J exp[\1.2 (‘ 423 ) /]

T = Ambient Temperature (°C)

= Raiio of Operaiing io Raied Voiitage

2]

Operating voltage is the sum of applied D.C. voltage
and peak A.C. voitage.
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MIL-HDBK-217F

10.8 CAPACITORS, FIXED, MICA, BUTTON

Environment Factor - "e
Environment e
Gg
- 20
G 2.0
G i0
Ng 5.0
N 16
Ac 5.0
AlF
ALJC_: 22
Aur 28
Apw 23
Sg .50
Mg 13
M, 34
CL 610

Quality Faclor - T
Quality nQ
MIL-C-10950 5.0
Lower 15
Capacitance Factor - ney
Capacitance, C (DF) LIV,
8 .50
50 76
160 1.0
500 1.3
1200 1.6
2600 1.9
5000 2.2
noy = 31602

" S e TN e T D
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MIL-HDBK-217F

10.9 CAPACITORS, FiXED, GLAS
SPECIFICATION STYLE DESCRIPTION
MIL-C-11272 CcY Glass
MIL-C-23269 CYR Glass, Established Reliability
A, =) Faiiures/10% Hour
)Lp )'b"CV”QnE Falures/10 ours
Base Failure Rate - A Base Failure Rate - Ap
(T=125°C Max Rated) (T =200°C Max Rated)
(All MIL-C-23296 and MIL-C-11272 Temp. Range C) (MIL-L-T1c/c 1€Mp. Hange v)
Stress Stress
Ta (°C) 1 3 5 7 Q Ta(C)} .1 .3 .5 .7 .9
ﬂ\ ’ - ~~
0 00001 .00007 .0000Z .DOOD4 .000I0
0 .00005 .00005 .00010 .00023 .00055 D
10 00001 .00001 0000 .000Ub 00014
10 -00007 .00008 .00014 .00035 .00083 20 .00002 .00002 .00003 .00008 .00019
20 .00011  .00012 .00022 .00052 .0012 30 .00002 .00003 .00005 .0001%1 .00027
40 .00003 .00004 .00007 .00016 .00038
30 .00016 .00018 .00032 .00078 .0018
50 .00005 .00005 .00009 .00022 .00053
40 .00024 .00027 .00048 .0012  .0028 60 .00006 .00007 .00013 .00031 .00074
50 .00036 .00041 .00072 .0017 .0041 70 .00009 .00010 .00018 .00044 .0010
. .0001 . . .
60 .00054 00061 0011 0026  .0062 8o 00013 ~.00014 00025 .00061 .0015
90 .00018 .00020 .00035 .00086 .0020
70 -0008  .00091 .0016  .0039  .0092 100 00025 .00028 .00050 .0012  .0029
80 .0012  .0014  .0024 0058 .014 110 .00035 .00039 .00070 .0017 0040
a0 0018 0020 0036 0087 021 120 .00049 .00055 .00098 .0024  .0056
130 .00069 .00078 .0014  .0033  .0079
100 0027  .0030  .0054 .013 031 140 00096 .0011  .0019  .0047 .01
110 .0040 .0045 .0080 019 .046 150 .0014 .0015 .0027 .0065 .016
160 0019  .0021 .0038 .0092  .022
120 cose 0088 c12 028 068
170 .0027 0030 .0053 .013 .031
— ] "~ 180 .0037 .0042 .0075 .018 .043
4
A = 825x10710] (£Y* 4 1]exp(16 (222) ) 190 | 0052 o0ose 010 025  .060
o L\->/ J \ \2*%® 7 )
200 .0073 .0083 .015 .035 .084
T = Ambient Temperature (°C)
101 7o\ 4 | Ve 7 T.273%
S = Ratio of Operating to Rated Voltage A =825x10 [ (Z) + 1|ew[16(Z557) )
[ Y r - \ N I 4 /
Opaerating voltage is the sum of applied D.C. voltage
and peak A.C. voitage. T = Ambient Temperature (°C)
S = Ratio of Oparating to Rated Voltage
Operating voltage is the sum of applied D.C. voltage
and peak A.C. vohags.
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MIL-HDBK-217F

Capacitance Factor -

Capacitance, C (pF) oy
1 .62
4 .75

30 1.0

200 1.3

900 1.6

3000 1.9

8500 2.2

noy = 0.62¢%-14

N =
o olm

10

(=]

-—b
N 0l o
O o

22
28
23

Quality Factor - T

.50
13
34
610

Quality Q
S 030
R 10
P .30
M 1.0

L 3.0
MIL-C-11272, Non-Est. Rel. 3.0
Lower 10
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10.10 CAPACITORS,

MIL-HDBK-217F

FIXED, CERAMIC, GENERAL PURPOSE

SPECIFICATION STYLE
MIL-C-11018 CK
MIL-C-39014 CKR
Ap = ancvn
Base Failure Rate - An
(T = 85°C Max Rated)
(MIL-C-39014 Styles CKR13, 48, 64, 72;
MIL-C-11015 Type A Rated Temperature)
Stress
Ta(°C) 1 .3 .5 7 .9
0 00087 .0013 0036 0088 .018
10 .00069 .0013 .0037 0091 .019
20 .80071 .0014 .0038 0083 019
30 00073 .0014 .0039 0096 .020
40 00075 .0014 .004 0088 .020
50 00077 0015 0042 010 .02i
60 00079 .0015 0043 010 .021
70 00081 .0016 .0044 011 .022
80 00083 .0016 .0045 011 .023
A = .0003 [ {—S:\ + 1,] axp TT?ZS \
° L\-2/ AN
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage

w

perating voltage is the sum of applied D.C. voltage
nd % ~

d peak A.C. voltage.

(MiL-C- 39014 Style

(Tw=12

MIL-C-11015 Type B Ra ted Temgoraturo)
Stress
Ta (°C) A .3 .5 .7 9
o 00062 .0012 .0033 .0082 .017
10 00063 .0012 0034 .0084 017
20 00065 .0013 .0035 .0086 .018
30 .00087 0013 0036 0088 .o18
40 00068 0013 .0037 .0090 .018
50 00070 .0014 .0038 .0093 .019
60 00072 0014 0039 0085 .018
70 00074 .0014 0040 .0097 .020
80 00076 .0015 .0041 010 .020
S0 600677 0015 06042 .010 .021
100 00079 .0015 .0043 .010 .021
110 00081 .0016 .0044 .0om .022
120 00084 .0016 0045 .011 .023
A = .0o03] (£ d+1| o (T222)
b L\-3/ T\ 398 )
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage
Operating voltage is the sum of applied D.C. voltage
and peak A.C. voltags.

e
Base Failure Rate - Ap
(T =150°C Max Rated)
(MIL-C-11015 Type C Rated Temperature)
Stress
TA(C)| .1 3 .5 7 .8
o] 00059 .0011 0032 .0078 016
10 00061 .0012 0033 .008 016
20 00062 .0012 0034 .0082 017
30 00064 .0012 .0035 .0084 017
40 00085 .0013 0035 008§ .018
50 00067 .0013 .0036 0088 .018
60 00068 .0013 0037 .009 .018
70 00070 .0013 0038 .0082 .01%5
80 00072 .0014 0039 .0085 .019
90 .00073  .0014 .0040 .0097 020
100 00075 .0014 .0041 0099 .020
110 00077 .0015 .0042 .010 .021
120 00079 .001S .0043 .010 021
130 00081 .0016 0044 011 .022
140 00083 .0016 0045 .011 .022
50 .00085 .0016 .0046 .011 .023
1 nnnn r li\ 3 N 4‘] —aca Ing\
I\b - UUUOL\.SI -+ I-J pr\ 23 }
T = Ambient Temperaiure (°C)
S = Ratio of Operating to Rated Voltage
ﬂpg;atmn voltage is the sum of app!ned D.C. voltage
and peak A.C. voltage
— ——
NOTE: The rated temperature designation (type A
B, or C) is shown in the part number, e.g.,
CKG1AW22M).

DESCRIPTION

naral D imaae
Ceramic, Genera! rulposse

Ceramic, General Purpose, Est. Rel.

Failures/10® Hours




MIL-HDBK-217F

10.10  CAPACITORS, FIXED, CERAMIC, GENERAL PURPOSE

Capacitance Faclor - oy Environment Factou'-ﬁE
Capacitance, C (pF) noy Environment nE
6.0 .50 -
Gg 2.0
240 .75 .
LJM §.0
3360 1.0 Ng 50
36,000 1.3 N 15
240,000 1.6 Aic 4.0
1,100,000 1.9 AIF 4.0
AUC 8.0
4,300,000 2.2
— ] Ay 12
0.11 ARw 20
Mg 13
Ouialiny Fatnr -« Ml 34
WELAdATILY ¢ LAww IDO -
Qualrty 7:0 CL 610
S .030
R .10
P .30
M 1.0
L 3.0
MIL-C-11015, Non-Est. Rel. 3.0
Lower 10
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MIL-HDBK-217F

10.11  CAPACITORS, FIXED, CERAMIC, TEMPERATURE COMPENSATING AND CHIP
SPECIFICATION STYLE DESCRIPTION
MIL-C-20 CCRandCC Ceramic, Temnerature Compensating, Est.
and Non Est. Rel.
MIL-C-55681 CDR Ceramic, Chip, Est. Rel
a " — 14 mB 10
A’p = A'anV“QnE ranures/10% Hours
Base Failure Rate - A, Capacitance Factor - noy
e o (T= 8.5:0.5“,’.‘.“3‘.?")., o Capacitance, C (pF) noy
(MIL-L~ZU DXYWS UL ZU, £9, 3U, 3£, D, 40, B, YO-Y/)
Straee 1 .59
Tpt0 | 9 3 5 7 9 7 75
— ol 1.V
0 | .00015 00028 .00080 .0019 0040 720 13
10 .00022 .00042 .0012 .0029 .0059 )
Lo 72 MAANDTD [aTalal 4] MR O MNAAD nNoo 4,100 1 '6
r4~4 UNUOD LUV MV IO NIV O B d=-1-] 17 000 1 9
30 .00049 .00094 .0026 .0064 013 READOOY ~n
40 .00073 .0014  .0039 .0096 .020 28, UUU Lol
50 .0011 .0021 .00585 .04 .028 i2
60 0016 .0031  .0088 .021  .044 oV = 59
70 .0024 .0046 .013 .032 .065
80 00356 .0089 .018 047 .087 p .
Quality Factor L
}\b-zsno'9”§\3, 1]expf14.3 (222 ) ) Qualty e
VY A R G WU S 030
T = Ambient Temperature (°C) 5 19
S = Ratio of Operating to Rated Voltage :“ ; -g“
Operating voltage is the sum of applied D.C. voltage Kllon-Est. Rel. 36
and peak A.C. voltage. Lower 10
Base Failure Rate - Ap Environment Factor - x
(T = 125°C Max Rated) E
(MiL-C-20 Styies CC 5-9,13-19, 21, 22, 26, 27, 31, 33, Environmeni nE
36, 37, 47, 50-57, 75-79, 81-83, CCH 05-09,13-19, 54-
57, 75-79, 81-83, 90; MIL-C—55681 All CDR Styles) GB 1.0
- o St
T for™\ 4 2 ress; 7 [0} Gl: 2.0
TAVY) . 1 -9 . o 4 v
) 00005 0000° 00027 00085 0013 G. & 10
B iV g 7 NVIC T VYOO vV \"M
10 .00007 00014 00038 .00093 .0019
20 .00010 .00019 .00055 .0013 .0027 Ng 5.0
30 .00014 .00028 .00078 .001S 0039 N 17
40 .00021 .00040 .0011 .0027 .0056 U
50 .00030 .00057 .0016 .0039 .008 A 4.0
60 | .00042 .00082 .0023 .0056 .01 Ic :
70 .00061 .0012 .0033 .008 .016 A 8.0
80 | .00087 .0017 .0047 .011  .023 IF
90 .0012 .0024 .0068 .06 .034 AUC 16
100 .0018 .0034 .0097 .024 .048
110 .0026  .0049  .014 .034 069 AUF 35
120 .0037 .0071 .020 .048 .099
==m= ARW 24
A, = 28 xic'g[(§\3 . 1]8)(;114.3 (T+273 ) Sg .50
= e .3 ’ 398
L\ \ Mg 13
T = Ambiant Tnmnarafnrn o)
T = Ambient Temperaturs (°C)
S =« Ratioof Operatmgt o Rated Voltage ML 34
Operating voltage is the sum of applied D.C. voltage C, 610
and peak A.C. voltage. =
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MIL-HDBK-217F

10.12 CAPACITORS, FIXED, ELECTROLYTIC, TANTALUM, SOLID

SPECIFICATION STYLE DESCRIPTION
MIL-C-39003 CSR Tantalum Electrolytic (Solid), Est. Rel.
A=A n. n..n-T. Failures/108 Hours
54 DUV SH Q E
Raca Faihira Rata - 1. Qariae Racictanra Eamar _ e _
WEADW T QAT P ALY '\b WOINTVUO 11UoIoial ey | Qwilwl 0 R
[ TV P U Y MNimens oid Daniataman N fabusre oo B\
2NITDD st n ngoidlanve, vin (UIhis/vunj KSR
Ta (°C) 91 .3 .5 7 .9
0 .0042 .0058 .012 .026 .051 >0.8 .066
10 .0043 .0080 .012 .027 .052
20 .0045 .0063 .013 .028 .055
30 | 0048 0067 014 030  .058 >0.61008 10
40 0051 .0072 .015 .032  .083 ChAmnE o
50 .0057 .0079 .016 .035 .069 it il
60 .0064 .009 .019 .040 .078
70 0075 011 022 .047  .092 >0.210 0.4 .20
80 .0092 .013 .027 .058 11
80 .012 017 .034 .074 .14 >0.110 0.2 .27
100 .016 .023 .047 .10
110 .024 .034 .07 15 O0to 0.1 .33
120 .039 .054 .11 .24
—_—— —
A = 003.’,5[[_3_\3 + 1-! axpfg_s (T2273 ) 9 CR E#f. Res. Botween Cap. and Pwr. Supply
b L\-4/ J \ \ 308 ) } = Voltage Applied to Capacitor
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage
Operating voltage is the sum of applied D.C. voltage
and peak A.C. voitage. Environment Factor - ’tp
Capacitance Factor - ngy/ Environment TE
S mmmn b PN £ PV — ~_ 4.Nn
Ldapdciiance, © {jir) Tov s} .U
.003 0.5 GF 2.0
.091 .75
1.0 1.0 8.0
89 1.3 Ne 5.0
50 i.6 o
210 1.9 "“‘U 14
t 70 | 2.2 .
[ e e e e T S e e A A'C 4.0
noy = 1.0¢%12 Al 5.0
Auc 12
Qua’n_y FaOQOf - 7:,-\ ~A
2 "‘UF r49)
Quality nQ
A 24
D 0.0010 AW —
c 0.010 S 40
S 0.030 M 11
B 0.030 r
R 0.10 M{ 29
P 0.30
M 1.0 CL 530
L 1.5
Lower i0
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MIL-HDBK-217F

10.13 CAPACITORS, FIXED, ELECTROLYTIC, TANTALUM, NON-SOLID

SPECIFICATION STYLE
MIiL -C-3985 CcL
MIL-C-39006 CLR
Ap = Aproymon
Base Failure Rate - J\b
= 85°C Max Rated)
(MIL-C-3965 Styles ClL24-27, 34-37)
Stress
Ta (°C) 1 .3 .5 7 Q9
0 0021 0029 0061 013 .026
i0 .0023 .0032 .0067 .014 .028
20 .0026 .0036 .0075 .016 .031
30 .0030 .0042 .0087 018 .03€6
40 .0036 .0051 011 .023 .044
50 .0047 .0066 .014 .029 .057
80 0065 0081 018 .041 079
70 .0098 014 .029 .062 12
80 017 .023 .048 .10 .20

55r1_§\3 + 1-|pr{2_6 IIﬁE \ 9.0 \
L\e) 7 175"\ 3se ) )

T = Ambient Temperature (°C)

S = Ratio of Operating to Rated Voltage

Operating voltage is the sum of applied D.C. voltage
and peak A.C. voitage.

Base Failure Rate - J\b
(T = 125°C Max Rated)

(Mii_-C 3965 Styiles CL20-23, 30-33, 40-43, 46-56, 64-

7. 70-73; and all MIL-C-38006 Styles)

Stress
Ta(C)] 1 .3 5 7 .8
0 .0018 .0026 0053 .011 .022
i0 .0019 .0026 .0055 .012 .023
20 .0020 .0028  .0057 .012 .024
30 .0021 .0029 .0061 .013 .026
40 .0023 .0032  .0066 014 .028
50 .0025 .0035 .0072 .016 .030
60 .0028 .0040 .0082 .018 .034
70 .0033 .00486 .0096 021 .040
80 .0041 .0057 .012 .025 .049
80 .0052 .0073 .015 .033 .064
100 .0071 .010 .021 .045
110 011 .015 .031 .066
120 017 .024 .050 .11

_____ £ T+273 1\ 9.0

Ay = uuwa\d) + 1J9XPL4 \ 308

T = Ambient Temperature (°C)

S = Ratioof Operatlng to Rated Voltage

Operating voltage is the sum of applied D.C. voltage
and peak A.C. voltage.

DESCRIPTION
Tantalum, Electrolytic (Non-Solid)
Tantalum, Electrolytic (Non-Solid), Est. Rel.

n. Failures/1 0% Hours

Base Failure Rate - kb

(T = 175°C Max Rated)
MIL-C-3965 Styles CL10, 13, 14, 16-18)

T4 (°C) 1 .3 .5 7 9
(o] 0017 0024 .0050 011 021
10 0017 0024 0051 011 021
20 0018 0025 0052 o1 022
30 0018 0025 0053 011 022
40 0018 0028 0054 012 023
50 0019 0027 .0056 012 .023
60 002 0028 .0058 013 024
70 0021 0030 0062 013 02v
80 0023 0032 0066 014 028
90 .0025 .0035 .0072 .016 .030
100 .0028 .0039 .0080 .017 .034
110 .0032 .0044 .0092 .020 .039
120 .0037 .0052 .011 .023
130 .0046 .0064 .013 .029
140 .0059 .0082 .017 .037
150 .0079 .011 .023 .049
160 oM .016 .033 .07
170 018 .025 051
9.0
A = omss[(%)s + 1}pr(2.6 (Tﬁgs ) )
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage
Operating voltage is the sum of applied D.C. voltage
and peak A.C. voltage
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Capacitance Factor - nsy Quality Factor -
Capacitance, C (uF) oV Quality nq
.091 .70 S .030
20 1.0
1100 1.3 R .10
o M
P 30
0.066
L 1.5
Construction Factor - xg MIL-C-3965, Non-Est. Rel. 3.0
Construction Type T~
— Lower 10
Slug, All Tantalum .30
Foil, Hermetic * 1.0
Slug, Hermetic * 2.0
Foil, Non-Hermetic * 2.5 Environment Factor - =
Slug, Non-Hermetic * 3.0 E
. Environment e
*Tuna nf Qaal lIdantifiad ae Faliawe GR
Type of Seal ldentified as Foliows B
Ge 2.0
1) MIL-C-3965 (CL) - Note Last Letter in Part Number: r
G - Hermetic E - Non-Hermetic Gm 10
Example: CL10BC700TPG is Hermetic NS 6.0
2) MIL-C-39006 (CLR) - Consult Individual Part Ny, 16
Specification Sheset {slash sheet)
AIC 4.0
NOTE: A R
Foil Types - CL 20-25, 30-33, 40, 41, 51-54, 70-73 IF 8.u
CLR 25, 27,35,37,53,71. 73 Auc 14
Slug Types - CL 10, 13, 14, 16, 17, 18, 55, 56, AUF 30
64-66, 67
CLR 10, 14, 17, 65, 69, 89 Anwy 23
v ST ES ES [aldd
All Tantalum - CL 26, 27, 34-37, 42, 43, 46-49 3;: .50
CILR 7?7
CLR 79 Mg 13
M 34
C, 610
L
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MIL-HDBK-217F

10.14 CAPACITORS, FIXED, ELECTROLYTIC, ALUMINUM
SPECIFICATION STYLE DESCRIPTION
MIL-C-338018 CURand CU Electirolytic, Aluminum Oxide, Est. Rel. and Non-Est. Rel
= Failures/106 Hour
lp )'b"cv“Q”E ailures/10° Hours
Base Failure Rate - A4 Base Failure Rate - A..
) e REC %
(T = 85°C Max Rated) (T = 125°C Max Rated)
(MIL-C-39018 Style 71) (Al MIL-C-39018 Styles Except 71, 16 and 17)
Stress Stress
Ta (°C) 1 .3 .5 7 .9 Ta (°C) 1 .3 .5 7 .9
0 | .0095 011 019 .035 064 T
i0 012 018 .024 .046 .084 0 0055 0067 KR .o21 038
20 .017 .020 .033 .062 11
30 .023 .028 .046 .087 .16 10 0065 0078 .013 .024 .044
40 .034 042 .068 .13 .23
50 054 .085 11 .20 .36 20 0077 0093 .015 .029 .052
60 .089 11 .18 .33 .60
70 .16 19 .31 .58 1.1 30 0094 011 .019 .035 .064
80 .29 35 .58 1.1 2.0
=1 40 .012 014 023 .044 .080
[/S)\3 T+273\ 5
A = 00254[1—.\ + 11exp(5 09 Prrs \ \ 50 015 019 030 057 .10
b L\-5/ L 358 ) ) =Y v wtd SaSU R <Y
60 .021 .025 .041 077 .14
T = Ambient Temperature (°C)
~ o ) _ ) 70 .029 .035 .057 RE .20
S = Ratio of Operating to Rated Voitage
Operating voltage is the sum of applied D.C. voltage 80 042 ese 083 16 28
k A.C. volt .
and peak A.C. voltage 90 | 064 077 .13 24 .43
o CmL oo Mmim A 100 .10 12 .20 .38
Base Faiure Rate - Ay
(T = 105°C Max Rated) 110 A7 .21 .34 .63
(MIL-C-39018 Styles 16 and 17)
Stress 120 .30 .37 .60 1.1
Ta (°C) 1 .3 .5 7 .9
o .0070 0084 014 .026 .047 - A - , s
10 .0085 030 017 .031 .0587 (S\° 4 T4273\ ° )
20 | ‘011 013 021 040  .072 A = 00254 I_ (5) + ‘J °"p(5'°9 ( 398 ) )
30 .014 017 .027 .051 .094
40 .018 022 037 .069 .13 .
50 | 026 031 052 097 .18 T = Ambient Temperature (°C)
60 .038 .046 .076 .14 .26 .
70 059 071 12 ‘22 40 S <= Ratic of Operating 1 Rated Voltage
. 11 . . . . .
gg ?25 20 ;g 2? 1'?4 9.?3’3'29 Xorl\ta" f,,’f .}29 sum of applied D.C. voltage
100 .30 .36 .59 1.1 2.0 i puan A.L. YNG9S
m —
[/7s\3 1 /o 4T+273\ 5\
Ab - .00254[‘3) + 1J expLS.OQ \ 378 ) )
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage
Operating voltage is the sum of applied D.C. voitage
and peak A.C. voltage.
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MIL-HDBK-217F

10.14 CAPACITORS, FIXED, ELECTROLYTIC, ALUMINUM

Envirnnmont Farinr _ =«
B FIVITRII IV R INs P IR 7 AW "

Environment L3
Gg 1.0
Gr 2.0
Gm i2
Ng 6.0
Ny 17
A: 10
AlF 12
Auc 28
AuE 35
Agw 27
Sg .50
Mg 14
My 38
CL 690

Cav"aaiance Factor - ngy
Capaciiance, C (uF) =
25 0
> .70
. 1.0
1700 1.3
5500 .
14,000 ‘e
32,000 2.2
65,000 ”e
120,000 2.8
noy = 346018
Quality Factor - x
Quality -
° .030
) 10
’ .30
iy 1.0
iNon-Est. Hei. a0
Lower ‘o
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MIL-HDBK-217F

10.15 CAPACITORS, FIXED, ELECTROLYTIC (DRY), ALUMINUM

SPECIFICATION STYLE DESCRIPTION
MIL-C-62 CE Aluminum, Dry Electrolvte, Polarized

A = A~ x %o Failures/10® Hours
r v W Nl —

Base Failure Rate - Ay

(T = 85°C Max Rated) Quality Factor - KQ
Stress Quality A
Ta (°C) 1 .3 .5 7 .9 =
~ . e . o o MIL-SPEC 3.0
(4] .0064 L0074 011 .020 .034
10 .0078 .009 .014 .024 .042 o an
20 .0099 011 017 .030 .053 Lower v
30 .013 .015 .023 .040 .070
40 .018 .021 .031 .055 .0968
50 .026 .030 .046 .08 .14
60 .041 .047 .071 .12 .22
70 .068 .078 12 .21 .3¢ Environment Facter -
80 .120 14 21 37 .65 — E
- Environment ne
3 5.9
kk-.OOZBI—(—f—E) + 1-]exp{4.09 (%3‘) 1 Gg 1.0
o L\=°/ 4 L \ YRy J -
GF 2.0
T = Ambient Temperature (°C) GM 12
S « Ratio of Operating to Rated Voltage NS 6.0
Operating voltage is the sum of applied D.C. voltage Ny 17
and peak A.C. voitagae. =
Alh 1 0
~
S 12
A 28
Capacitance Factor - t~., uc
' \>AJ
Capacitance C (uF) Ty AUF 35
hda i diiel e L) UV
Apw 27
3.2 .40 c_ £n
62 .70 “F ~r
400 i.0 Mg 14
1600 1.3
4800 1.6 ML 38
12,000 1.9 C, 690
26,000 2.2 =
50,000 2.5
91,000 2.8
0.18
noy = .32C7°
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MIL-HDBK-217F

10.16 _CAPACITORS, VARIABLE, CERAMIC

SPE ICATION

Al _
Wi

-3

o)

w =

- TN

STYLE DESCRIPTION
cv Variable, Ceramic

A. =A. n_m_ Failures/10® Hours
44 DWE

Base Failure Rate - ).-D
{T = 85°C Max P-a!ﬁ) Quality Factor - TtQ
(MIL-C-81 Styles CV 11, 14, 2 1, 32, 34, 40, 41) Ohialihy P
Quality 7o)
[TACO| 1 -3 S 7 0 MIL-SPEC 4
0 .0030 016 .086 .18 .37
iC 0031 017 .063 .18 .35
20 | 0033 018 073 20 .41 Lower 20
30 .0036 .020 .080 .21 .45
40 .0041 .022 .089 .24 .50
50 .0047 026 .10 .28 .59 .
60 .0058 .031 13 .34 .72 Environment Factor - n
70 .0076 .041 a7 .45 .94 - —
a0 | 011 058 .24 63 1.3 Environment ne
ﬁ
G 1.0
10.1 B
A, = 00224 !—( Sy, 1-]exo (150 {Tt??3\ ) _ o
L \ A // J ' \ 358 ) (;F 3.0
T = Ambient Temperature (°C) Gm 13
S = Ratio of Operating to Rated Voltage N 8.0
Operating voltage is the sum of applied D.C. voltage S )
anr‘ naak A unlbano [N] A
M pTOAn S vuniays. Ny 4
Base Fallure Rate - A A 6.0
(T = 125°C Max Rated) AF 10
Stress A o~ b ¥
IA(‘°C) i | .3 .5 7 .9 ~UF rv
0 .0028 .015 .061 .16 .35 Apw 36
10 .0028 .015 .062 A7 .35
20 .0029 .016 .064 A7 .36 Sg .40
30 .0030 .016 .066 .18 .37 '
40 .0031 017 088 18 .28 Mg 20
50 .0033 .018 .072 .19 .41 v £a
60 .0035 .019 .077 .21 .44 YL o<
70 .0038 .021 .084 .23 .48
80 0043  .023  .095 25 54 G 950
90 .0050 .027 A1 .30 63
100 .0062 .033 .14 .36 76
110 .0079 .043 A7 47 .98
120 .011 .059 .24 .64 1.4
[/78\3 /7 T.272\ 101
xb-.ooazcal ( 7) + 1|exp(1 59 ( 398 ) /]
T im s T PRI T-¥ o XN
i = oent i pu alure ("v)
S = Ratno of Opera g to Ratad Voltage
Operating voltage is the sum of applied D.C. voltage
and peak A.C. voltage.
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10.17 CAPACITORS, VARIABLE, PISTON TYPE

SPECIFICATION STYLE DESCRIPTION
MIL-C-14409 PC Variahle Pigtan Tvne Tuhular Trimmaer

Ll ] 1202, 1 YRS, L

An=A R T Fallures/106 Hours

P o]
Base Failure Rate - Ay Quality Factor - q
- 125°C Max Rated) Ciality 7
(MIL- £ 14409 Styles G, H,J.L, T) Q
B Stress
TAPC) .1 .3 .5 . . MIL-SPEC 3
¢ .0G30 .0G51 013 .031 .083
10 .0041 .0070  .018 .042 085 Lower 10
20 .0055 .0094 .024 .057 11
30 .0075 .0i3 .033 077 .16
40 .010 .017 .044 .10 .21
50 .014 .024 .060 14 .29 Environment Factor - no
60 .018 .032 .082 .19 .39 =
70 .025 .043 11 .26 .53 Environment ne
80 .034 .059 .15 .35 .71 P —
90 .047 .079 .20 .48 .96 g 1.V
100 .063 11 .27 .65 1.3 G 30
110 .086 .15 37 .88 1.8 F
120 .12 .20 .51 1.2 2.4 GM 12
3
A -73x10'7[-( \ . 1-Inxn(121 (Tf??a\\ \ Na 7.0
\ 398 J } S
T = Amblent Ternperature (°C) Nu 18
S = Ratio of Onarating to Ratad Voltage
Opaerating voltage is the sum of applied D.C. voltage AIC 3.0
and peak A.C. voitage. A!F 4.0
Base Failure Rate - Ay AUC 20
(T = 150°C Max Rated)
{MIL-C-14405_Characterisiic Q) AUF 30
Stress
T™C 1 3 5 7 .9 Apw 32
0 0018 0032  .0081 .019  .038 S 50
10 .0025  .0042 011 025  .051 F .
20 .0033 .0056 .014 .034 .068 M~ 18
30 .0044 0074  .019 .045 .09 r
40 .0058 00SS .025 .00 12 M 48
: L
50 .0077 .013 .034 .079 .16 )
60 .010 .018 .045 1 .21 CL 830
70 .014 .023 .060 .14 .28
80 .018 .031 .079 .19 .38
90 .024 .041 .11 .25 .50
100 .032 .055 .i4 .33 .67
110 .043 .073 .19 .44 .A9
120 .057 .097 .25 .59 1.2
1.6
2.1
2.8
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage
Neraratime unknn in thoa ciimn af Aamaliad N D el
UPUIG"IIB A4l |a)5v 19 LI DUl Ul GW"UU .\, VUlldyU
| and peak A.C. voltage.
10-28
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MIL-HDBK-217F

10.18 CAPACITORS, VARIABLE, AIR TRIMMER

SPECIFICATION STYLE DESCRIPTION
MIL-C-92 CcT Variable Air Trimmer
A, = A, n.%_ Failures/108 Hours
L d D W
Base Failure Rate - Ay, Environment Factor - n
T = RR°C May Ratorl) - T ——
1 bt A a0 ] covironment 1|'.E
Stress
TA(C) 1 .3 .5 .7 .9 Gg 1.0
- Ge 3.0
o} .0074 013 .032 .076 .15 '
G 13
10 .010 017 .044 .10 .21 -
Ng 8.0
20 .014 .023 .059 14 .28
Ny 24
30 .018 .031 .08 18 .38 Ac 6.0
40 .025 .042 A1 .26 .52 A an
I“\lF v
50 .034 .057 .15 .35 .70 Auc 37
60 .046 .078 .20 A7 .04 AUE 70
70 | 062 .10 27 63 1.3 Agw 36
go | .083 .14 36 85 1.7 Sg -50
_— Mg 20
n =102x108[ (SY2 1] axp(10.8 (222 M >2
"b [\-33) ] k \ 358 }) cL 950
T = Ambient Temperature {°C)
S = Ratio of Operating to Rated Voltage
Operating voltage is the sum of applied D.C. voitage
and peak A.C. voltage.

Quality Factor -

Q
Quality nQ
MiL-SPEC 5
Lower 20
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MIL-HDBK-217F

10.19 CAPACITORS, VARIABLE AND FIXED, GAS OR VACUUM

SPECIFICATION STYLE DESCRIPTION

MiL-C-23183 cG Gas or Vacuum Dielectric, Fixed and Variable, Ceramic or

Glass Envelope

- H 6
xp = kanFnQnE Failures/10° Hours
Base Failure Rate - A, Base Failure Rate - A,
(T = 85°C Max Rated) (T = 125°C Max Rated)
(Styles CG 20, 21, 30, 31, 32, 40-44, 51, 60-64, (Style CG 50)
67) Stress
oo n Tar~ ] ~ r - ~
HITOO [ Y] .} xe] izl %4 .
T°C .1 .3 .5 .9
ol 015  .om 23 88 19 o o4 075 .3 82 17
10 .016 .084 .34 .92 1.9
20 017 090 ‘37 ‘28 21 10 .014 .077 .31 .83 1.8
20 .018 .pog 40 11 2.2 20 014 078 32 85 1.8
40 .020 11 .45 1.2 25 ’ ' ‘ ’ )
50 .024 13 .52 1.4 2.9
so | o2e 18 s4 17 as s [ 015 .08 33 88 18
70 .038 .20 83 2.2 4.7
: . ) .34 . .
80 | 054 .29 1.2 32 66 401 016 084 3 19
— = 50 .016 .088 .36 .96 2.0
x =012 [ (Y2 4 1 ]exp(1.50 (L23Y 101
p= 02 (57) + ] °"pl\ 39 {7358 ) /J 60 | 018 095 .39 1.0 2.2
T = Ambient Temperature (°C) 70 .019 .10 42 1.1 2.4
S = Ratic of Opsrating 1o Ratsd Voltage
¥ 4 b 80 .022 12 .48 1.3 2.7
e 208 12 ho sum of applied D.C. voliage o | o5 14 55 15 ag
. 100 .031 17 .68 1.8 3.8
Base Failure Rate - A,
(T = 100°C Max Rated) 110 .04 .21 .87 2.3 49
(Styles CAG 65, 66) 120 055 29 1.2 3.2 6.8
Stress ==
T°C 1 .3 .5 .7 .9
n Nn1A noa an o 414 O | R - . - — _ . -
v BA R XA DI OO 1.0 S ™3 T 273
10 | .015 080 .33 87 1.8 A= 0112 | (25)7 + 1]exp[1.59 (%gg‘yo'q
20 .015 .084 .34 .91 1.9 v LNty 4\ \ TRy /
3¢ .018 .088 .36 .86 20
40 .018 .095 .39 1.0 2.2 T = Ambient Temperature (°C)
50 .020 11 .43 1.2 2.4 S = Ratio of Operating to Rated Voltage
80 .22 .12 .49 i.3 2.8
70 .027 14 .59 1.6 33 Operating voltage is the sum of applied D.C. voltage
80 .034 .18 .74 2.0 4.2 and peak A.C. voltage.
90 .045 .24 .99 2.7 5.6
100 .066 .36 1.5 3.9 8.2
A = 0112 [/S\3 ] x'/i 59 £T+273\ 10.1)
L & VED AR bt G WETEI) A
T « Ambient Temperature (°C)
Q - DRatin nf Nnaratine tn Datad \/labamna
~7 - T I WU V'Jvlﬂllllu W orialvew vuuagu
Operating volttage is the sum of applied D.C. vohage
and peak A.C. voliage.
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MIL-HDBK-217F

10.19  CAPACITORS, VARIABLE AND FIXED, GAS OR VACUUM

Configuration Factor - LIS Environment Factor - e
Configuration noF Environment ng
Fixed .10 ®s 10

Gr 3.0
Variable 1.0 G 14
NS 8.0
Ny 27
Quality Factor - T Ac 10
Quality nQ AF 18
MIL-SPEC 3.0 Auc 70
Lower 20 AuF 108
Apw 40
Sk .50
Mg N/A
M| N/A
C, N/A

10-31




MIL-HDBK-217F

Given: A 400 VDC rated capacitor type CQO9A1KE153K3 is being used in a fixed ground
environment, 55°C component ambient temperature, and 200 VDC appiied with 50 Vims
@ 60 Hz. The capacitor is being procured in full accordance with the applicable
specification.

The letters "CQ" in the type designatlon indicate that the specification is MIL-C-19978 and that it is a Non-
Estabiished Reiiabiiity quaiity ievei. The 1st "K" in the designation indicaies charactenistic K. The "E” in
the designation corresponds to a 400 volt DC rating. The "153" in the designation expresses the

capacitance in picofarads. The first two digits are significant and the third is the number of zeros to foliow.
Therefore, this capacitor has a capacitance of 15,000 picofarads. (NOTE: Pico = 10712, 1 = 1076)

The appropriate model for CQ style capacitors is given in Section 10.3. Based on the given information
the following model factors are determined from the tables shown in Section 10.3. Voltage stress ratio

must account for both the applied DC volts and the peak AC voltage, hence,
S - 68 s . _DC Voits Applied + V2 (AC Voits Appiied) _
' DC Rated Voltage

200 + V2 (50) _ .,
400 =

(=]

A, = .0082 Substitute S = .68 and T4 = 55°C into equation shown
with Characteristic K Ay, Table.

noy = 94 Use Table Equation (Note 15,000 pF = .015 puF)

TLQ = 10

ﬂE = 2.0

Ay = Ay Ry T T = (:0082)(.94)(10)(2) = .15 Failures/108 Hours




MIL-HDBK-217F

11,1 INDUCTIVE DEVICES, TRANSFORMERS

N
b
N
8
]
—

400 ,
5 4] HS * 273\ 38
l.b =.00125 exp ( 3B8 ) MIL-T-27 Insulation Class T and MIL-T-21038 Insulation Class U.*
B \ i r'4
s / THS + 273\ 84
2y, = 00158 exp 277 ) MIL-T-27 Insulation Class U and MIL-T-21038 Insulation Class V.°
TH‘S = Hot Spot Temparature (°C), See Section 11.3. ‘Refer to Transformer Application Note for Determination of Insulation Class

SPECIFICATION STYLE DESCRIPTION
MIL-T-27 TF Audio, Power and High Power Pulse
MIL-T-21038 TP Low Power Pulse
MIL-T-55631 - IF, RF and Discriminator
A _ A = o= s 6 a8
J\.p = angng Failures/10°® Hours
Base Failure Rate - Ay,
_ Maximum Rated Operating Temperature (°C) i ]
Thg (°C) 85’ 1052 1303 1554 170° >1708
30 .0024 .0023 .0022 .0021 .0018 .0016
35 .0026 .0023 .0023 .0022 .0018 .0018
40 .0028 .0024 .0024 .0022 .0019 .0018
45 .0032 .0025 .0025 .0022 .0019 .0016
50 .0038 .0027 .0026 .0023 .0020 .0017
55 .0047 .0025 .0027 .0023 G020 007
60 .0060 .0032 .0029 .0023 .0021 .0017
65 .0083 .0035 .0030 .0024 .0021 .0017
70 012 .0040 .0033 .0025 .0022 .0017
75 .020 .0047 .0038 .0026 .0023 .0017
80 .036 .0057 .0039 .0027 .0024 .0017
85 .075 .0071 .0043 .0028 .0024 .0017
90 .0093 .0048 .0029 .0025 .0018
95 .013 .0054 .0031 .0026 .0018
100 .019 .0062 .0033 .0027 .0018
105 o3¢ .0072 .0035 .0028 .0018
110 .0085 .0038 .0030 .0019
115 .010 .0042 .0031 .0019
120 .013 .G048 .6032 .06015
125 .016 .0052 .0034 .0020
130 .020 .0059 .0036 .0020
135 .00868 .0038 .002i
140 .0079 .0040 .0021
145 .0095 .0042 .0022
150 .011 .0044 .0023
155 .014 .0047 .0024
160 0050 0025
165 0053 0026
170 0056 0027
175 0029
180 0030
185 .0032
NOTE: The models are valid only if T, is not above the teinperature rating for a given insulation class

MIL-T-27 Insulabon Class Q, MIL-T-21038 insulation Class Q, and MIL-T-55631 insulation Class O.°
MIL-T-27 Insulation Class R, MIL-T-21038 Insulation Class R, and MIL-T-55631 Insulation Class A.*

MiL-T-27 insuiaton Ciass S, Mii-T-21038 insuiation Ciass S, and MiL-T-55631 insuiation Ciass B.*

MIL-T-27 insulation Class V, MIL-T-21038 Insulation Class T, and MiL-T-558631 Insutation Class C *




MIL-HDBK-217F

11.1  INDUCTIVE DEVICES, TRANSFORMERS

Quality Factor - nn
Family Type*® MIL-SPEC ] Lower
Puise Transformers i.5 5.0
Audio Transformers 3.0 7.5
Power Transformers and Filters 8.0 30
RF Transiormers 12 30
e —— T ——— v ——— e re—

* Refer to Transformer Application Note for
Determination of Family Type

TRANSFORMER APPLICATION NOTE:
insuiation Ciass and Family Type
Determination

A8l T N7 FCuwamamia [ o Y Y POty prgey
MiL-1-</ EXaimpis wvesSignhauon
TF 4 R o|1 GIA 576
MIL-T27  Grade  insulstion Familty  Case
Class Symbol

Family Type Codes Ara:

Power Transformer and Filter: 01 thru 09, 37 thru 41
Audio Transformer: 10 thru 21, 50 thru 53

nefarmar: 22 thri 28 §A
Siormer. &< 1nfu 590, 54

xampie Designation

gl
=
L]
N
N
-li
(=]
)
@
m

TP 4 Q X1100BC001
[] ]

MIL-T-21038 Grade Insulation

Claee
wviass

Environment Factor - e
Environment nE
Gg 1
Gg 6.0
G 12
Ng 5.0
Ny 16
Af 8.0
Auc
AuF
A'R“vv' 24
Sg 50
Mg 13
ML 34
CL 610

MIL-T-55631. The Transformers are Designated

with the fnllnu'nnn Tvnne Grades and Classes.

JTPES, A ATES QN0 WUIaSSes

Type | - Intermediate Frequency Transformer

Type Il - Radio Frequency Transformer

Type Il - Discriminator Transformer

Grade 1 - For Uss Whan Immersion and
Moisture Resistance Tests are
Required

Grade 2 - For Use When Moisture Resistance
Test is Required

Grade3 - For Use in Sealed Assemblies

Class O - 85°C Maximum Operating
Temperature

CiassA - 105°C Maximum Operating
Temperature

ClassB - 125°C Maximum Operating
Tamperature

ClassC - > 125°C Maximum Operating

Temperature

The class denotes the maximum operating
temperature (temparature rise plus maximum
ambient temperaturs).
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MIL-HDBK-217F

ii.2 INDUCTIVE DEVICES, COiLS
SPECIFICATION STYLE DESCRIPTION
MIL-C-15305 - Fixed and Variable, RF
MIL-C-39010 - Moided, RF, Est. Rel.
- ; 6
xp = kannQnE Failures/10° Hours
Bass Failure Rate - A, Construction Factor - nc
Maximum Operating Temperature (°C) Construction L1o}
Ts C) g5’ 1052 1253 1504
30 .00044 00043 .0003% 00037 Fixed |
35 .00048 .00044 0004 .00037
40 .00053 00046 .00042 00037 Variable 2
45 .0006 00048 00043 00038
50 .00071 00051 .00045 00038
55 .00087 .00055 .00048 00039
60 .0011 .0006 .00051 .0004
65 0015 .00067 .00054 .00041
70 0023 00076 00058 00042
75 .0037 .00089 00063 00043 Quality Factor - L%
80 .0067 .0011 00069 00044 -
85 .014 0013 00076 00046 Quality nQ
90 .0018 00085 00047
95 0024 .00056 00605 S 03
100 0036 .0011 00052
105 0057 .0013 00055 R 10
110 .0015 00059 :
115 .0018 .00063
120 0022 00068 P .30
125 0028 .00075
130 .00083 M 1.0
135 .00093
140 .0011 MIL-C-15305 4.0
145 0012
150 .0014 | ower 20
NOTE: The models are valid only if Tq is not above

the temperature rating for a given insulation class.

1.

/T

%-.0003350 (

T

A-b- 000319 exp \

HS * 273‘) 158
329
/

+ 273\ 87
64

Mt -C-15308

VS

Iinsulation Class A and
MIL-C-35010

Insuhnon Class A*

MIL-C-15305
insulation Class B and
MIL-C-39010
insulation Class B.*

MIL-C-15305

Insulation Class C and
MIL-C-38010

Insulation Class F.*

*Refer to Coil Application Note tor Determination of
insulation Ciass.




11.2 INDUCTIVE DEVICES, COILS —
Environment Factor-« COIL APPLICATION NOTE: Insulation Class
- E Determination From Part Designation
Environment e
— MiL-C-15305. All paris in this specilicaiion are
GB 1.0 R.F. coils. An example type designation is:
Gr 4.0 - i R
r i 4 K 001
q‘ 12
N 5.0 MIL-C-15305 insulation Family
S Class Code
Ny 16
AlC 5.0 The codes used for the Insulation Class are:
o - ClassC: 1,23
A /.U Class B: 4,56
MNlace M- ryaao
widSS . 51,0, 9
Auc 6.0 Class A1 10, 11,12
AUF 8. orrerrrr— ST T
Apw 24 MIL-C-39010. An example type designation per
= — this specification is:
DF QU
M 39010/01 A
MF 13
M 34 ) .
L Military Document Insulation
C. 610 Designator Sheet Class
= Number




MIL-HDBK-217F

where:

T .n = Nt Snnt Tamnaratiira (o)

le " W vy\.u lUl'Vvlﬂlu|v \ v’

Ta = Inductive Device Ambient Operating Temperature (°C)
Dicnn Alavin Acmabisasmd 10

AT = Average Temperature Rise Above Ambient (°C)

AT can either be determined by the appropriate "Temperature Rise” Test Method paragraph in the device base
specification (e.g., paragraph 4.8.12 for MIL-T-27E), or by approximation using one of the procedures

Py P Nt NN I N P

UesSOrniovu DBiOw.

AT Approximation

information Known AT Approximation
1 MIL-C-39010 Slash Sheet Number
MIL-C-39010/1C-3C, 5C, 7C, 9A, 10A, 13, 14 AT =15°C
MIL-C-39010/4C, 6C, 8A, 11,12 AT = 35°C
2. Power Loss AT = 125 W /A

Case Radiating Surface Area

3. Power Loss - .6766
Transtormer Weight AT =11.5 W/(Wt)

4. Input Power _ 6766
Transformer Weight AT = 2.1 W/(Wt.)

{Assumes 80% Efficiency)
= —— S—— ——————

W_ = PowerLoss (W)

A = Radiating Surtace Area of Case (in2). See below for MIL-T-27 Case Areas
Wt. = Transformer Weight (Ibs.)
W, = Input Power (W)

NOTE: Methods are listed in preferred order (i.e., most to least accurate). MIL-C-38010 are micro-
miniature devices with surface areas less than 1 in2. Equations 2-4 are applicable to devices with
surface areas from 3 in< to 150 in€. Do not include the mounting surface when determining radiating
surface area.

MIL-T-27 Case Radiating Areas (Excludes Mounting Surface)

Case Area (in®) Case T Area (in?) Case Area (in2)

AF a GB 33 ) 82
AG 7 GA 43 LA 98
AH 11 HB . 42 MB 98
AJ 18 HA 53 MA 115
EB 21 JB 58 NB 117
EA 23 JA 71 NA 139
FB 25 KB 72 OA 146
FA 31 KA g4

-
e
L}
(8]



MIL-HDBK-217F

12.1 ROTATING DEVICES, MOTORS

The following failure-rate model applies to motors with power ratings beilow one horsepower. This model is applicable to

nolvnhase canacitor start and run and shaded pole motors. It's :nnlmngga may be extended 1o other gyws of fractional

polyphase, capacitor start and run and shaded pole motors.
horsepower motors utilizing rolling element grease packed bearings. Tho model is dictated by two failure modes, bearing
tailures and winding failures. Application of the model to D.C. brush motors assumes that brushes are inspected and
replaced and are not a failure mode. Typical applications include fans and blowers as well as various other motor
applications. The model is based on Reference 4, which contains a more comprehensive treatment of motor life prediction
methods. The reference should be reviewed when boarlng loads exceed 10 percent of rated load, speeds exceed 24,000

fpm of moior ioads inciude moior speed siip of greaier ihan 25 percent.

The instantaneous failure rates, or hazard rates, experienced by motors are not constant but increase with time. The

failure rate model in this section is an average failure rate for the motor operating over time period "1". The motor operating
time mrmd ll hnnrl:\ is sslectad hv the nn.lvqt Each motor must he ranlahad when it reaches the end of 'h-c narind 1o

make the calculated )‘p valid. Tho average fmluro rate, l‘p has been obtamod by dividing the cumulative hazard rate by t,
and can be treated as a constant failure rate and added to other part tailure rates trom this Handbook.

'— + -lx 106 Fallures/10® Hours
P leg®  ow |
Bearing & Winding Characteristic Life - ag and oy
T4 (°C) ag (Hr) ayy (Hr) T, (C) ag (Hr) oy (Hr)
-40 310 1.96+08 55 44000 2.36+05
-35 310 1.20+08 60 35000 1.80+05
-30 330 7.40+07 65 27000 1.40+05
-25 370 4.70+07 70 22000 1.1e+05
-20 460 3.1e+07 75 17000 8.80+04
-1§ 660 2.06+07 80 14000 7.0e+04
-10 1100 1.40+07 85 11000 5.76+04
-5 1900 9.26406 90 9100 4.60+04
(] 3600 6.4e+00 95 7400 3.8e+04
5 6700 4.50+06 100 6100 3.1e+04
10 13000 3.20406 105 5000 2.50+04
i5 23000 2.3e+06 ii0 4200 2.1e+404
20 39000 1.60+06 115 3500 1.8e+04
25 60000 1.2406 120 2900 1.50+04
30 78000 8.9e+05 125 2400 1.2e4+04
35 86000 6.6e405 130 2100 1.06+04
40 80000 5.0e+05 135 1700 8.96+03
as 68000 3.8e+05 140 1500 7.56+03
50 55000 2.96+-5
2357\ BE
[ (25 Tavem) 1 I
a = U N 7 &
° I 129 T ‘50373 I
+
L 10\ A2} | 300 J
2357
7557 - 1.89]
oy = 10 A

ag = Waibull Characteristic Life for the Motor Bearing
Waeibull Characteristic Life for the Motor Windings
Ambient Temperature (°C)

Motor Operating Time Period (Hours)

2

o

<
L}

»
[ ] [ ]

NOTE: See next page for method to calculate ag and ayy when temperature is not constant.
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MIL-HDBK-217F

12.1 ROTATING DEVICES, MOTORS

o~ s fnr
“Caiculation 'V'

The following equation can be used to calculate a weighted charac

(e.g., for bearings substitute ag for all a’s in equation).

(h 1 +h 2 + h3 S h m )
a=—— £
hy ha, ha h ..
) (4 o mne
a twte.t a
1 2 3 m
where
a = either ag or ayy
hy = Time at Temperature T4
h, = Time io Cycie From Temperature 7410 T3
hy; = Time at Temperature T3
hm = Time at Temperature Ty,
a4y = Bearing (or Winding) Life at T,
o, = Bearing (or Winding) Life ai T,
NOTE: Tp =—%— ., Tg=—"5—
Ts N
S / \
S T2 / \ T4
8 / A\
8 | Ty \
5 hg
= ha ha hq |
1 2 © l
Hours (h)

[ Vg B o TNy i
hermal Cycle

12-2



MIL-HDBK-217F -

12.2 ROTATING DEVICES, SYNCHROS AND RESOLVERS

DESCRIPTION
Rotating Synchros and Resolvers

Ay = A memy Mo Failures/10% Hours
Lo [ S~
NOTE: Synchros and resolvers are predominately used in service requiring only slow and infrequent motion.
Mechanical wearout problems are infrequent so that the electrical failure mode dominates, and no
mechanical mode failure rate is required in the model above.
Base Failure Rate - A, Number of Brushes Factor - np
Te (°0) o T (°C) b Number of Brushes N
30 .0083 85 .032 2 1.4
35 .0088 90 .041
40 .0085 §5 .052 3 2.5
45 .010 100 .069
50 .011 105 .094 4 3.2
55 .013 110 .13
60 .014 115 19
65 .016 120 .29
70 .019 125 .45 Environment Factor - n_
75 .022 130 .74 = E
80 .027 135 1.3 Environment TE
Gg 1.0
) 00535 /T 2, 3 \8 Ge 2.0
o o= exP {733 ) Gy 12
Te = Frame Temperature (°C) Ns 7.0
Ny 18
if Frame Temperature is Unknown Assume — —
Tg = 40 °C + Ambient Temperature Aic 4.0
Aue 16
Size Factor - ng AUF 2>
7 ARw 26
DEVICE | Size8or Size 10-16 Size 18 or Sr 50
TYPE Smaller Larger Y 14
e IVIF [
Synchro 2 1.5 1 M 36
Resolver 3 2.25 1.5 CL 680
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12.3 ROTATING DEVICES, ELAPSED TIME METERS

Base Failure Rate - A,

Ap = xbnTnE Failures/108® Hours

DESCRIPTION
Elapsed Time Meters

Environment Factor - T

Type Ap Environment nE
Gn 1.0
AC. 20 B '
Gp 2.0
Inverter Driven 30
GM 12
Commutator D.C. 80 Ne 7.0
S o
Ny 18
Ac >
Temperature Stress Factor - ny A
Operating T (°C)/Rated T (°C) T A1~ 16
e e—— uw
-~ - - A 3
0to 5 .5 “UF o
I & Apw 26
Sg .50
.8 .8
MF 14
1.0 1.0 ML 38
CL N/A

12-2
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12.4 ROTATING DEVICES, EXAMPLE

Example
|
i Given Fractionai Horsepower Mcior operating at a thermal duty cycle of: 2 hours at 100°C, 8
hours at 20°C, 0.5 hours from 100°C to 20°C, and 0.5 hours from 20°C back 10 100°C
Find the average failure rate for 4000 hours operating time.

The basic procedure is to first determing goperating temperature at each time interval (or averge

temperature when traversing from one temperature to another, e.g. T, = (100 + 20)/2 = 60°C. Determme
ag and ayy at each temperature and then use these values to determine a weighted average ag and ayy

to use in the ).__ equation.

UusSo uid

hy = 2hr T, = 100°C; ag = 6100 hours; ay = 31000 hours
hy = hy = 0.5hr T, = 80°C; ag = 35000 hours; oy = 180000 hours
hy = 8hr Ta = 20°C: ag = 39000 hours; aw, = 1600000 hours
2+ 0.5+84+ 0.5
ag = > N 05 N 8 N 05 19600 hours
6100 * 35000 T 35000 * 35000
(X\'A': = 2 26+50 5+ 8 ; 0.5 0.5 = 146000 hours
31000 * 180000 * 7600000 * 180000
2
A A + L\x,gs
l\ags aW)
. . (1400002 1) .06
P \(19600)3 ~ 146000 |~
A = 9.0 Failures/108 Hours

©
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13.1 RELAYS, MECHANICAL

SPECIFICATION DESCRIPTION
MIL-R-5757 MIL-R-19648 Mechanical Relay
MIL-R-6106 MIL-R-83725
MIL-R-19523 MIL-R-83726 (Except Class C, Solid State Type)
MIL-R-39016
}‘p = }\.bﬁLr‘fCTtCYCTcFTtQﬁE Failures/10€ Hours
Base Failure Rate - A, Load Stress Factor - n
Rated "l"emperature Load 'T'yp‘
T o™\ 4 L) Q 4 ”~ ~
ALV 85°C' 125°C~< > Resistive ' Inductive< Lamp*
25 .0060 .0059% .05 1.00 1.02 1.06
30 .0061 .0060 .10 1.02 1.06 1.28
35 .0063 .0061 .20 1.06 1.28 2.72
40 0065 .0082 30 1.18 i.78 9.49
45 .0068 .0064 .40 1.28 2.72 54.6
50 0072 .0066 .50 1.48 4.77
55 0077 .0068 .60 1.76 9.49
60 0084 .0071 .70 2.15 21.4
65 0094 .0074 .80 2.72
70 011 .0079 .90 3.55
75 013 .0083 1.00 4.77
80 016 .0089 -
85 020 .0097
90 .011 . ¢ -ex (—) *om o= exp (—)
a5 012 L=®P\’8 L 2
100 .013 "
105 015 fS\ 2 Operating Load Current
110 .018 2. T =exp (4) S = Rated Resistive Load Current
115 .021
158 et For single devices which switch two different load types,
=~ e ————] evajuate . for each possible stress load type

1. —_—
7“0 = 00555 exp( 350

Tp+ 273) 15.7

combination and use the worse case (largest )

Ta =  Ambient Temperature (°C)
Contact Form Factor - ns
(Appiies to Active Conducting Contacis)
Contact Form ufs)
SPST 7.00
DPST 1.50
SPDT 1.75
3PST 2.00
4PST 2.50
DPDT 3.00
3PDT 4.25
4PDT 5.50
6PDT 8.00

Cycie Rate
(Cycles per Hour) cyc
(MIL-SPEC)
21.0 10
<1.0 0.1 _
Cycie Raie feve
Cycl
(Cycles per Hour) (Lower Quality)
I oo 8. _\D
LyCies per rmoury <
> 1000 \ - 1_%g )
Cycles per Hour
10 - 1000 10
<10 1.0

NOTE:Values of n~\,~ for cycling rates bavond the
CYC IS ’

basic design limitations of the relay are not valid.
Design specifications should be consulted prior to

evaluation of ToYe:
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MIL-HDBK-217F
13.1 RELAYS, MECHANICAL
Qualty Factor - X Agolication and Construction Factor - xc
Qualiy xq e
Contact | Application 1 Construction Type M- Lower
R 10 | Rating | Type _} . SPEC | Ouakiy |
P .30 Sgnal Dry Circutt Armature (Long) 4 8
X A8 Curren Dry Raad 6 18
V) .80 (Low mv Mercury Wetted 1 3
M 1.0 and ma) Magnestic Latching 4 8
L 15 Balanced Armature 7 14
Non-Est. Rel. 3.0 - - Solenoid 7 14
6-5 y o _ _ & A e ___ “A“_) 3 a
Purpose Balanced Armature s 10
Solenoid & 12
Environment F.ctor-xE Sensiive Armature (Long and 5 10
{0 - 100 mw) | Short)
ne Meroury Wetted 2 8
" e eeeeed Mannetic | stehinn [} 12
Environment MIL-SPEC Lower Quality Meter Movement 100 100
Gg 1.0 20 Baianced Armature 0 20
Polarized | Armature (Short) 10 20
Ge 2.0 5.0 Meter Movement 100 100
Vibrating Dry Heeo [ i2
Gm 15 44 Roed Mercury Wetted 1 3
Ne 8.0 24 High Speed An:\atgn (Balanced 25 NA
S and Short)
Ny 27 78 Dry Reed 6 | NA
Thermal Bimetal - 10 20
R o~ —— Electronic 9 12
A 9.0 2 Time Delay,
Auc 1 28 ““"“' ;
A 12 38 [ Latching. | Dry Reed 10 | 20
Magonetic Mercury Wetted 5 10
Agw 46 140 Balanced Aramture 5 10
5-20 Hgh Vacuum (Giass) 20 40
S¢ 50 10 Amp | Voltage Vacuum (Ceramic) 5 10
Me 25 72 Medum | Armature (Long and | 3 ®
= FoweF SNON)
M &8 200 Mercury Wetted 1 3
T Magnetic Laiching 2 6
S N/A N/A Machanical Latching
Balanced Armature 3 6
Solenoid 2 6
2 6
25800 | Contactors | Armature (Short 7 14
Amp {High Mechanicai Laiching i2 24
Current) Balanced Armature 10 20
Solenoid 5 10
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MIL-HDBK-217F

13.2 RELAYS, SOLID STATE AND TIME DELAY

SPECIFICATION DESCRIPTION
MIL-R-28750 Relay, Solid State
MIL-R-83726 Relay, Time Delay, Hybrid and Solid State

The most accurate method for predicting the failure rate of solid state (and solid state time delay) relays is to sum
the failure rates for the individual components which make up the relay The individual component failure rates

can either be caiculated from the models provided in the main body of this Handbook (Pans Stress Method) or

from the Parnts Coumt Method shown in Appendix A, depending upon the depth of k w eoge the anaiyst has
! detault mode! can be

about the components being used. If insufficient mfnrm;nnn is available, the following det mods! can ba

used:

Ap = Apngrg Failures/108 Hours

Base Failure Rate - Ay Environment Factor - n
Relay Type Ap Environment nE
Solid State .40 Cg
GF 3.0
Solid State Time Delay 50 _ -
L:M 12
NU 17
1aitv Eardar . -
wmuQiy 17 auvivs II.Q AIF 1 9
Ouaiity L7e} AU(‘ 21
MIL-SPEC 1.0 AuF 32
A 23
Lower 4.0 RW
Se .40
M.F 12
M, 3
L 33
CL 580

-
(:.)
w




e e a e

MIL-HDBK-217F

) SWITCHES, TOGGLE OR PUSHBUTTON

SPECIFICATION

MiL-S-3950 MIL-S-228
MIL-S-8805 MIL-S-837
MIL-S-8834

A

Base Failure Rate - lb

=AT r, M Failu
A = MpTovc™L™c'E

Description MIL-SPEC | Lower Quality
Commem mmbiomes AANALC N2 A
Kiiaptacvlivii (VAVAV L 29 Vst
Non-snap Action 0027 .040
Cvuclinn Fartor -« ..~
Cycling Factor - neve
Crartnbrins Nunias -~
AN2VVILLE IR |9 \J’\alUQ ILCYC
per Hour
<1 Cycle/Hour 1.0

> 1 Cycle/Hour

38 ra V- TL
Siress Load Type
S Resistive Inductive Lamp
0.05 1.00 1.02 1.06
0.1 1.02 1.06 1.28
0.2 1.06 1.28 2.72
0.3 1.15 1.76 S.49
0.4 1.28 2.72 54.6
0.5 1.48 4.77
0.6 1.76 9.49
0.7 2.15 21.4
0.8 2.72
0.9 3.55
1.0 4.77
Nnaratinn | Anad Cuirrant
S = e A BIII:H ‘l-v(tl\-l N AV I
Rated Resistive Load Current

M = exp (S/.a)2
n, = axn(S/4)2
T expP (=/.4)
rem s e 2
m. = exp(Si2)
ANTE: \WWhan tha awitah ia ratand by
NV T . YYIIGHT UIC SWIGHT 10 Tat8U UY i

for Resistive Load

for inductive L oad

for Lamp Load

DESCRIPTION

Cnan antinn TAannl
WG AUV, T VY

Single Body

Contact Form and Quantity Factor - e

o
[+]
-
Y
0
b 4

Z

3

]
]

Contact Form e
SPST 1.0
DPST 1.5
SPDT 1.7
3PST 2.0
4PST 2.5
DPDT 3.0
3PDT 4.2
4PDT 55
6PDT 8.0
Environment Factor - RE
Environment RE
GB i.0
GF 3.0
GM 18
"“'S 8.0
N‘U 2
Aic
A 1
A. . 13
Aiic 3
ARw 46
SF .50
Mg 28
ML 67
CL 1200
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MIL-HDBK-217F

i i4.2 SWITCHES, BASIC SENSITIVE
' SPECIFICATION DESCRIPTION
MIL-S-8805 Basic Sensitive
a ]
A.p b cYC LKE Faiiures/i0° Hours
Base Failure Rate - A Cycling Factor - oy
Switching Cycles Tove
My =Apg + NApc  (if Actuation Differential is _per Hour
> 0.002 inches)
< 1 Cycle/Hour 1.0
e = 2. - a N - {if 1atinn Differential ic
“D=DE~ D0 (i
< N NNY inchac)
= Vevve nRares) > 1 Cycle/Hour Number of
n = Number of Active Contacts Cycles/Hour
Description MIL-SPEC Lower Quality
le 10 10 Environment Factor - e
)\bC 00045 23 Environment ne
N o . GB 1.0
A ULy b3
b0 GF 3.0
| nard Qitrace Fantar _ Ca. . 1R
=AW WIIIGoo | Awlw] IIrL '-'M LA
Stiess Load Type Ng 8.0
S Resistive Inductive Lamn
0.05 1.00 1.02 1.06 Ny 29
0.1 1.02 1.06 1.28 A~ 10
0.2 1.06 i1.28 2.72 ~
0.3 1.18 1.78 9. 49 A 18
0.4 1.28 .72 54.6 . .
0.5 1.48 4.77 Auc 13
0.6 1.76 9.49
0.7 215 21.4 AuF 22
0.8 2.72 Apw 46
0.9 3.55 S =0
i.0 4.77 SF v
Mg 25
s QOperating L oad Current
= "Rated Resistive Load Current ML 67
- CL 1200
m = exp(S/.8)*° for Resistive Load
m = exp(S/.4)%  for Inductive Load
M = exp (Si.2)2 for Lamp Load
NOTE: When the Switch is Rated by Inductive
Load, then use Resistive .
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MIL-HDBK-217F

14.3 SWITCHES, ROTARY

SPECIFICATION DESCRIPTION
Al Q. a708 Ratan: Caramin ar Glace Wafar Qilvar Allav Candacte
WHLTW W7 0OV FJiary, Wwoiaininmn Ul UiKAoo FYQITH, VUl IRJy UV RTORAD

Base Faikire Rate - }\«b C'yv ing - RCY
Switching Cycles n
Raco failiira rata madal /2. nor Har CYC
Base failure rate mode! (A} ner Hour
Ap=Apg +MAgp  (for Ceramic RF Wafers) < 1 Cycle/Mour 1.0
Ap=Apg + NApg  (for Rotary Switch Medium > 1 Cycle/Hour Number of Cycles/Hour
Power Waters)
n = Number of Active Contacts
Description MIL-SPEC Lower Quality Environment Factor - e
le 0067 10 Environment ftE
Gg
A 00003 02
bF G.
A ononR (8]} G. . 1
MG 00003 08 M
NS 8.0
Load Stress Factor - m,
= N 29
Stress Load Type v
S Resistive inductive Lamp A~ 10
0.05 1.00 1.02 1.06 ca
0.1 1.02 1.06 1.28 MR Vo
0.2 1.06 1.28 2.72 A 1
0.3 1.15 1.76 9.49 uc 3
0.4 1.28 2.72 54.6 AUF 22
0.5 1.48 4.77 46
0.6 1.76 5.45 RW
0.7 2.15 21.4 S 50
0.8 2.72 F '
0.9 3.55 Mg 25
1.0 4.77
0 4.77 M, 67
Onaratinn | nad Ciirrant C. 1200
S = vyvluull)’.l..vuu ha AR A ALY ~L -V
Rated Resistive Load Current
m = exp(S/.8)2  for Resistive Load
. = exp(S/4)2 for Inductive Load
L exp (S or Inductive Load
n_ = exp(S/.2)¢ for Lamp Load
NOTE: When the Switch is Rated by inductive Load,
then use Resistive n; .




MIL-HDBK-217F

14.4 SWITCHES, THUMBWHEEL

SPECIFICATION DESCRIPTICN
MIL-S-22710 Switches, Rotary (Printed Circuit) (Thumbwheel, In-
Line and Pushbutton)

Ap = Ay + Ty Mpo) Moy T Failures/108 Hours

CAUTION:  This model applies to the switching function only. The model does not consider the contribution of any
discrete components (e.g., resistors, diodes, lamp) which may be mounted on the switch. Ii significant
(relative to the switch failure rate), the failure rate of these devices must be calculated using the
appropriate section of this Handbook and added to the failure rate of the switch.

This model applies to a single switch section. This type of switch is frequently ganged to provide the
required function. The model must be applied to each section individually.

Base Failure Rate - A; and A5 Cycling Factor - noye
Description MiL-SPEC Lower Guality Switching Cycles TCYC
‘per Hour
M1 .0067 086
<1 Cycle/Hour 1.0
Ap2 .062 .089
> 1 Cycle/Hour Number of Cycles/Hour
Number of Active Contacts Factor - my
TN = Number of Active Contacts Environment Factor - T
Environment g
Load Stress Factor - i Gg 1.0
Stress Load Type Gg 3.0
S Resistive Inductive Lamp G' 18
0.05 1.00 1.02 1.06 M
0.1 1.02 1.06 1.28 o PP
0.2 1.06 1.28 2.72 NS °-v
0.3 1.15 1.76 9.49
0.4 1.28 2.72 54.6 Nu 29
0.5 1.48 4.77 Ac 10
0.6 1.76 9.49
0.7 2.15 21.4 A 18
0.8 2.72 . i
0.9 3.55 Auc 1o
1.0 4.77
AUF 22
S Operating Load Current Apw 46
Rated Resistive Load Current o 50
®m = exp(S/.872 forResistive Load -r o
n_ = exp(S/4) for Inductive Load
5 ML 67
n = exp(S/.2)¢ for Lamp Load
L piSie) P c, 1200
NOTE: When the Switch is Rated by Inductive
Load, then use Resistive x| .
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MIL-HDBK-217F

14.5

SWITCHES, CIRCUIT BREAKERS

SPECIFICATION
MIL-C-55629
MIL-C-83383
MIL-C-39019
W-G-375

DESCRIPTION

Circuit Breakers, Magnetic, Unsealed, Trip-Free
Circuit Breakers, Remote Control, Thermal, Trip-Free
Circuit Breakers, Magnetic, Low Power, Sealed Trip-Free Service
Circuit Breakers, Moided Case, Branch Circuit and Service

= s/10% Hour
?»p lannU Q™ Failure o
Base Failure Rate - Ab Quality Factor - nQq
Description Ap Quality nQ
Magnetic .020 MIL-SPEC 1.0
Thermal .038 Lower 8.4
Thermal-Magnetic .038
Environment Factor - “E
Environment e
Configuration Factor - TG Gg i.0
Configuration 7o) Gr 20
SPST 1.0 G 15
OPST 2.0
3PST 3.0 Ns 8.0
Ac 7.0
Alp 9.0
Use Factor - 7Yy AUC 11
Use Ty AUF 12
Not Used as a Power 1.0 ARw 46
On/Off Switch Sg .50
Also Used as a Power 10 Mg 25
Onv/Oft Switch ML 66
CL N/A
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MIL-HDBK-217F

i5.1 CONNECTORS, GENERAL (EXCEPT PRINTED CIiRCUIT BOARD)
SPECIFICATION" DESCRIPTION SPECIFICATION® DESCRIPTION
MIL-C-24308 Rack and Panel MIL-C-3607 Coanxial, RF
MIL-C-28748 MIL-C-3643
MiL-C-28804 MiL-C-3650
MIL-C-83513 MIL-C-3655
MLCE8373 MIL-C-25516
MIL-C-5015 Circular MIL-C-39012
MIL-C-26482 MIL-C-55235
MRC-28840 MIL-C-55339
MIL-C-38998 MIL-C-3767 Power
MIL-C-81511 MIL-C-22992
MIL-C-83723
* NOTE: See foliowing page for connector configurations. MIL-C-49142 Triaxial, RF

Ap = A mmpne Failures/10° Hours

APPLICATION NOTE: Thes failure rate mods! is for a mated pair of connsclors. |t is somstimes desirable to assign
half of the overall mated pair connector (i.e., single connector) failure rate to the line replaceable unit and half to the

chassis (or backplane). An example of when this would be beneficial is for input to maintainability prediction to allow a
failure rate weighted repair time to be estimated for both the RU and chassis. This accounting procedure could be

annrfl{'nnl if ranair times for the two halves of the connector are he':nhallu different. Fora ennnln connactor divide ) hu
icar 1@ COf are sta i p°

Fepan IV AWW GiVes Ul

two,
Base Failure Rate - Ay, Base Failure Rate - A, (cont'd)
Insert Material*
TO(OC) A' B‘ CJ l)4 1. n e e (/ -1592.0 \ (T +273\535
0 100006 00025  .0021 0038 L (UTEC) M B
10 .00008 .00033 .0026 .0048
20 .00009 .00044 .0032 .0062
mo| o s | ere((2as , () )
50 00016  .00093  .0059  .013 ' |To+273)* (T4 ) /l
60 .00020 .0012 .0071 .016
70 .00023 .0015 .0087 .020
80 00027  .0019 011 .026 3. (r-1298.0 \ (To +273)4.25Y
90 00032  .0023 013 033 Ap=-190exp| (+573 |+ (a7
100 .00037 .0029 .016 .043 \\ ~ J » ’
110 .00043 .0036 .020 .0586
120 .00050 .0045 .024 .074 T +273\4.72
130 00059  .0056 4. A =770 6xp (( -1528.8 )+ ( o ) \)
140 00069  .0070 ' To+273 )7\ 358
150 .00080 .0087 \ / /
160 .00094 .011
170 0011 .014 .
180 0013 ‘018 To = Internal Contact Operating Temperature (°C)
180 .0016 .022
200 .0018 .028 To = Connector Ambient Temperature + inser
g;g gggg Temperature Rise
230 0034 See following page for Insert Temperature Rise
ggg gggg Determination.
° it a mating pair of connectors uses two types of
insert materials, use the average of the base failure
rates for the two inseri maieriai types. See foilowing
page for insert material determination.




15.1

MIL-HDBK-217F

CONNECTORS, GENERAL (EXCEPT PRINTED CIRCUIT BOARD)

Insert Material Determination

Insert Temperature Rise (AT °C) Determination

Possible Insen Amperss Contact Gauge
Materiais Per Contact 22 20 16 12
Contiguration Specificaton | A B| C 1} D 2 4 2 1 0
Rack and Panel | MIL-C-28748 X 3 8 5 2 1
MIL-C-83733 X 4 13 8 4 1
MIL-C-24308 1 X I X 5 19 13 S 2
MIL-C-28804 | X | X 6 27 18 8 3
MIL-C-83513 | X | X 7 36 23 10 4
8 46 30 13 5
Circular MIL-C-5015 X X 9 57 37 16 6
MIL-C-26482 X1 X X 10 70 45 19 7
MIL-C-28840 | X | X 15 96 41 15
MiL-C-38999 | X | X 20 70 26
MIL-C-81511 X 25 108 38
MIL-C-83723 X 30 54
35 72
Power MiIL-C-3767 X X 40 92
MiL-C-228352 X X
Coaxial MIL-C-3607 X AT = 0.989 (0)1' -85 22 Gauge Contacts
MIL-C-3643 X AT = 0.640 (i)1-85 20 Gauge Contacts
A _A_2cEN v 4 o
a;t_z_;g;g § AT = 0.274 (n)‘I :: 16 Gauge Contacts
MIL-C-25516 % AT = 0.100 (i) '-©° 12 Gauge Contacts
MIL-C-39012 X .
MIL-C-55235 X AT = Insert Temperature Rise
MIL-C-55339 X | X i = Amperes per Contact
Triaxial MIL-C-49142 X ] X
inseri RF Coaxial Connectors AT =5°C
Material Temperature
Type Common Insert Materials | Range (°C)* RF Coaxial Connectors

A Vitreous Glass, Alumina -55 to 250 (High Power Applications) AT = 50°C
Ceramic, Poiyimide

B Diallylohtalate Melamine, -85 10 200
Fluorosilicione, Silicone
Rubber, Polysulfone,

Epoxy Resin Mating/Unmaiing Facior - my

c Pglytetratiuorethylene -551tc 125 Mating/Unmating Cycles®
(Teflon), Imar 1NNN A iea) -
Chiorotrifluorethylene e oo °K
(Kel-f)

D Polyamide (Nylon), -55 10 125 0to 05 1.0
Polychloroprene >.05t0.5 1.5
(Neoprene), Polyethylene >51t5 2.0

I—'——————— >51t050 3.V
*These temperature ranges indicate maximum 220 4.0
capability of the insent material only. Connectors
using these materials generally have a reduced *One cycle includes both connect and disconnec!.
temperature range caused by other considerations of
connecior design. Appiicabie connector
specifications contain connector operating
temperature range.
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MIL-HDBK-217F

15.1 CONNECTORS, GENERAL (EXCEPT PRINTED CIRCUIT BOARD)

Active Pins Factor-

Environment Factor - n_

7 alsll p .-E
Number of Number of n
Active Active . E -
Contacts p Contacts Tp Environment MIL-SPEC Lower Quality
G 1.0 2.0
1 1.0 65 13 G 0 2.0
2 1.4 70 15 GF 1.0 50.
3 i.6 75 i6 )
4 1.7 80 18 Gm 8.0 21
5 1.9 85 19 — — —~
6 2.0 90 21 Ng 5.0 10
7 2.2 a5 23
8 2.3 100 2 Ny 13 27
9 2.4 105 27
10 2.6 110 30 Ac 12
11 2.7 115 32 A 5.0 18
12 2.9 120 35 w
42 2N 4 N 77 A " a™y
[ 2¢) 3.V 1£0 37 A Oo.U V7
14 3.1 130 40 uc
15 3.3 135 43 AuF 12 25
16 3.4 140 46
17 3.6 145 50 Apw 19 37
18 3.7 150 53 Se 50 80
19 3.9 195 Y4 ~r i it
20 4.0 160 61 ' 10 20
25 4.8 165 65 F
30 5.6 170 69 ML 27 54
35 85 175 74
40 7.4 180 78 (o7} 480 870
45 8.4 185 83 —
50 95 190 89
55 11 195 94
60 12 200 100
N-1\9

7IP = exp (_1'0—)

q = 0.51064

N = Number of Active Contacts

An active contacti is the conductive eiement in a
connector which mates with another element for
the purpose of transferring electrical energy. For
coaxial and triaxial connectors, the shield

contact is counted as an active contact.




MIL-HDBK-217F

15.2 CONNECTORS, PRINTED CIRCUIT BOARD
SPECIFICATION DESCRIPTION
MIL-C-21097 One-Piece Connector
MIL-C-55302 Two-Piece Connector
- i 6
Ap = M Ry TpT e Failures/10° Hours
Base Fallure Rate - A.b Connector Te rature Rise (AT °C) Determination
T - oé )\. T °C A Amperes Contact Gua
0 0 b C)_ b Per Contact 26 22 20
0 00012 110 .0018 1 2 1 1
i0 00017 i20 0022
20 .00022 130 .0028 § 1?-, g g
30 00028 140 .0035 4 27 13 8
40 00037 150 .0044 5 41 19 13
50 00047 160 0055
50 00059 170 0069 e
70 00075 180 .0088 A
80 .00093 190 011 AT = 2.100 (i)'-©° 26 Guage Contacts
90 0012 200 015 AT = 0.989 (i)1-85 22 Guage Contacts
100 0015 85
AT = 0.640 (i)1-8° 20 Guage Contacts
- -2073.6 To +27314.66 AT = Contact Temperature Rise
Ap = -216 exp T ~ 273 | + | T4z
/ J

Ta=

Internal Contact Operating Temperature (°C)

i

Amperes per Contact

S

ing/Unmating Factor - K
Maiing/unmaung Cycies’ K
(Per1000 Hours)

0 to .05 1.0

> .05t0 .5 1.5

>.5t05 2.0

>5t050 3.0

> 50 4.0
M
e

* A cycie is defined as the mating and unmating
At A AARNantAr




MIL-HDBK-217F

15.2 CONNECTORS, PRINTED CIRCUIT BOARD
Active Pins Factor - np Environment Factor - T
Number of Number of e
Active Active - L -
Contacts *p Contacts *p Environment MIL-SPEC Lower Quality
Gn 1.0 2.0

1 1.0 65 13 o

2 1.4 70 15 Gg 3.0 7.0
3 1.6 75 16 -

4 1.7 80 18 Gm 17

5 1.9 85 19

6 2.0 90 21 Ng 10

Z .2.2 .9..5.. Eg N, ., 97 26

S 2.3 TO0 <) M ’ =

9 2.4 105 27 N ~ o ;
10 2.6 110 30 Aic 6.0 14
11 2.7 115 32

12 2.9 120 as AF 1 22
13 3.0 125 37 An 6.0

i4 3.1 130 40 b

15 33 135 43 AUF " 22
16 3.4 140 46

17 3.6 145 50 ARw 19 37
18 3.7 150 53

19 3.9 155 57 S .50 -80
20 4.0 160 61

25 4.8 165 65 Mg 10 20
30 5.6 170 69 M 27 54
35 6.5 175 74

40 7.4 180 78 CL 450 §70
45 8.4 185 83

50 95 190 89

55 11 195 94

60 12 200 100

N-1

ﬂp = exp (“"“1 0
q = 051064
N = Numbero ive Pins
An active contact is the conductive element
which mates with another element for the
purpose of transferring electrical energy.
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MIL-HDBK-217F

15.3 CONNECTORS, INTEGRATED CIRCUIT SOCKETS —
SPECIFICATION DESCRIPTION
MIL-S-83734 IC Sockets, Plug-in

Ap =M mpTe Failures/10% Hours

1 Base Failure Rate - Ay, Environment Factor - m
Type Ap Environment ng
1
All MIL-S-83734 .00042 Gg 0
DF 3 0
Gm 14
Active Pins Factor - np Ng 6.0
Number of Active Contacts np 18
*U
6 2.0 Ac 8.0
8 2.3
10 2.6 AiF 12
14 3.1 Al 11
16 3.4 i
18 3.7 AuF 13
20 4.0 A 25
22 4.3 RW
24 4.6 SF .50
28 5.3
386 6.7 Mg
40 7.4 )
48 9.1 L T
50 9.5 CL 650
64 13
_N_
1tp = 10
fe] - 06810684
o] 0.51064
N = Number of Active Contacts
An active contact is the conductive element
which mates with another element for the
purpose of transferring electrical energy.
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16.1  INTERCONNECTION ASSEMBLIES WITH PLATED THROUGH HOLES

DESCR!PTION
Circuit Boards, Printed (PCBs) and Discrete Wiring

=A [N =

A + N, (n~ + 13)] nyn- Failures/10€ Hours
[¢] bL c 0 J WE

1 Y
L4

APPLICATION NOTE: For assemblies not using Plated Through Holes (PTH) use Section 17,
Connections. A discrete wiring assembly with electroless deposit plated through holes is basically a pattern of
insulated wires iaid down on an adhesive coated substrate. The primary cause of faiiure for both pnnted wirnng

s PN RPN
and discrete wiring assemblies is associated with plated through hole problems {e.g., barre! cracking).

Base Failure Rate - A, . Quality Factor - n
Technology Ay Quality nQ
Pﬁmed Wiring Assembly/Printed .000041 MIL-SPEC or Comparable Institute for 1
Circuit Boards with PTHSs interconneciing, and Packaging

Electronic Circuits (IPC) Standards

Discrete Wiring with Electroless .00026
Deposited PTH (< 2 Levels of Circuitry) Lower 2

Number of PTHs Factor - N1 and N2

Environment Factor - n_
B

Factor Quantity
Environment e
N, Quantity of Wave Soldered Functional =
PTHs Gg 1.0
Ny Quantity of Hand Soldered PTHs Gr 2.0
Gpm 7.0
Complexity Factor - e Ng 5.0
Number of Circuit Planes, P 7o} Ny 13
<2 1.0
3 13 AlC 5.0
4 1.6 Al 8.0
> 1.8 Ay 16
Ao <.V ue
7 2.2 A o
8 2.4 “UF °
9 2.6 ARw !
10 2.8
11 2.9 Sg .50
12 3.1 M 10
13 3.3 r
14 3.4 M 27
15 3.6
16 3.7 CL 500
Discrete \ Wifiﬁg w/PTH i
nc = .65 P83 2<P<16

i® A& o oM fn A B oo B m o AR o

JR S SO
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17.1 CONNECTIONS

DESCRIFIION

Coannartinne | lcad on All Accamhliae Evaant Thaeca
le HIGLVIIVIIO WVOoLW VIl 7V Mooviliniviing o l—ﬁ\lv." 11TJOO
Using Plated Through Holes (PTH)

P TP P P R P e o e

ADD) INATIOAM MATE. Tha failiira vata masdal i daio sanatinm amalics 44 conne
ArrLivVAIIVIV ZNWVJVIL. 1VIC 1QliUIT 1att 1ouct 11 UNnS STLUHUTT appilicds (v VoI ieClions U§€U On an asseimuoiieés
except those using plated through holes. Use the Interconnection Assembly Model in Section 16 to account

i 9

for connections to a circuit board using blated through hole technology. The failure rate of the structure which
supports the connections and parts, e.g., non-plated-through hole boards and terminal straps, is considered to

be zero. Solderless wrap connections are characterized by solid wire wrapped under tension around a post,
wharaas hand soldering with wrapping does not debend on a tension induced connection. The following

model is for a single connection.

Ap = ApTQTE Failures/10® Hours

Base Failure Rate - Ay Environment Factor - e

Connection Type Ao (Fr10® hrs) Environment g
Hand Solder, w/o Wrapping .0026 Gg 1.0
Hand Soider, w/Wrapping .006014
Crimp .000286 Gg 2.0
Solderless Wrap .0000035 M i
Clip Termination .060012 Ng 4.0
Reflow Soider .000069

Ny 1
Quality Factor -

: Y Q Ac 4.0
Quality Grade | nq Comments A & n
Crimp Types A " _ .-

o AUC 6.0
Automaied 1.0 § Daily puii tesis
recommended. Aur 8.0
Apnw 16
Manual —
Sk .50
Upner 1.0 | Onilv MIL .SPEC or ‘s ~ ~
Upper 1.0 1 Only MIL-SPEC or M 3.0
equivalent tools and F
terminals, pull test at M 24
beginning and end of each
shift, ce!ogf coded tools and CL 420
termnnatvons.
Standard | 2.0 | MIL-SPEC toois, puli test at
heninnina of each chift
beginning of each shitt.
Lower 20.0 | Anything less than standard
criteria
All Types 1.0
Except Crimp




18.1 METERS, PANEL

SPECIFICATION DESCRIPTION
AR MDA _4MNANA Matar Elastrical | iratinn Panal Tune Riuinnadizad
WIIL"IVIT 1 UOUS WITLIO!, LIGLURAQT T RdTLQuily, § QIS 1 ypPU, Tiuyyouicou

= ; 6
xp = ).bn ATFTQTE Failures/10° Hours

Base Failure Rate - Ay, Quality Factor - n
ﬁpe Ap Quality L7o)
Al .090 MIL-M-10304 1.0
iower 3.4
Application Factor - ntp
Application TA Environment Factor - i
Direct Current 1.0 Environment e
Alternating Current 1.7 Gg 1.0
Gg 4.0
n (o] ~
\JM oJ
Function Factor - ng Ns 12
Function nE Ny 35
'A‘iC 28
Ammeter 1.0 40
H|F S <
Voltmeter 1.0 Auc 58
Other* 2.8 Aur 73
* Meters whose basic meier movement Sg 1.1
construction is an ammeter with associated M 60
conversion elements. F
ML N/A
CL N/A
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19.1 _QUARTZ CRYSTALS

SPECIFICATION DESCRIPTION
MIL-C-3098 Crystal Units, Quantz
A. = A n~n_ Failures/106 Hours
P b "QE
Base Failure Rate - 1'0 Environment Factor - "E
Frequency, f(MHz) Xb Environment =E
0.5 011 Cs 1.0
1.0 .013 Gg 3.0
5.0 .01¢9
10 .022 G 10
15 .024
20 026 Ns 6.0
25 .027 Ny 16
30 .028 -
35 .029 Ac 12
40 .030
45 .031 AlF 17
50 .032 A 50
55 .033 ) uec
60 .033 AUF 28
85 .034
70 035 ARw 23
75 .035 Se .50
80 .036 o .
85 .036 M 13
90 .037 o
95 037 ML 32
100 .037 CL 500
105 .038
m
Ap = .013(f)-23
Quality Factor - nQq
Ouality ®Q
MIL-SPEC 1.0
Lower 2.1

19-1



MIL-HDBK-217F

20.1 LAMPS

SPECIFICATION DESCRIPTION
MIL-L-6363 Lamps, Incandescent, Aviation Service
W-L-111 Lamps, Incandescent, Miniature, Tungsten-Filament

Ap = A mATE Failures/10% Hours

o

APPLICATION NOTE: The data used to develop this model included randomly occurring catastrophic
failures and failures due to tungsten filament wearout.

Base Failure Rate - A, Environment Factor - me
atad \Inkhama \/ (\Inkec) 1. [ NPT PPy
TIAITU YURayS, v \YURS) ~b SNivinonnelit “E
5 .59 Cg
6 .75 Gg 2.0
12 1.8 )
14 2.2 Sm 3.0
24 4.5 N 3.0
28 54 S :
37.5 7.9 Ny 4.0
—_— A“\ 4.0
}‘b - 074(\\,1')1.:29 A"-: 4.@
Auc 5.0
AUF 6.0
Utilization Factor - Agw 5.0
Utilization (luminate Hours/ s' 7o
Equipment Operate Hours) ny F :
'V'F 4.0
< 0.10 0.10 ML
0.10 to 0.90 0.72 CL 27
> 0.850 1.0
Application Factor - rtp
Application A
Aiternating Curreni 1.0
Direct Current 3.3
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DESCRIPTION

Filters, Radio Frequency Interference
Filters, High Pass, Low Pass, Band Pass, Band

_____________ [ IR C RN I Py

Suppression, and Duai Functioning {(Non-tunabie)

SPECIFICATION
MIL-F-15733
MIL-F-18327

The most accuraie way to esiimaie ihe faiiure raie ior eiecironic fiiters is io sum the faiiure raies ior ihe individuai
comnonents which make upt the filter lo .g., 1C" s, diodes resistors etic \ ncmn the annronriate dele nrovided

mo
LU QI I TUI IS TR IR 1RGN W VAT T, P WSS I D, waws WP IGIT SIVGTRS W e

in this Handbook. The Parts Stress models or the Parts Count method grven in Appendix A can be used to
determine individual component failure rates. If insufficient information is available then the foliowing default

modei can be used.

4 =1 e w_ FEailhirae/1 ns Havire
l\p -— I\;b 4 Hv 1 aAnuIcoy 1 v 1 VUil o
Base Failure Rate - A, Environment Factor - x
Type Ay Environment nE
MIL-F-15733, Ceramic-Ferite 022 Gg 1.0
Construction (Styles FL 10-16, 22, Gg 2.0
24, 30-32, 34, 35, 38, 41-43, 45,
4750, 61-65, 70, 81-93, 95, 96) Gm 6.0
MIL-F-15733, Discrete LC 2 Ns 4.0
Components, (Styles FL 37, 53, 74) NU 8.0
MIL-F-18327, Discrete LC 12 Ac 7.0
Components {Composition 1) Ar 9.0
MIL-F-18327, Discrete LC and .27 Auc 11
Crystal Components . .
(Composition 2) “UF i
ARW 11
S¢ 80
Mg 7.0
Quality Factor - n~ M 15
7 J i 19
Quality n
Q CL 7 1 270 ]
MIL-SPEC 1.0
Lower 2.9
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22.1 FUSES

N N Ay YY)

SPECIFICATION DESCRIPTION

W-F-1726 Fuse, Cartridge Class H

W-F-1814 Fuse, Cartridge, High Interrupting Capacity
MIL-F-5372 Fuse, Current Limiter Type, Aircraft
ML-F-23419 Fuse Instmment Type

MiL-F-15160 Fuse, instrument, Power and Telephione

{Nanindicatinn) Stvie F01
(Nonmindicating), >tvie ()

An A F Failures/105 Hours

- e —— B 8 Mo omm e o am Ao iy

APPLICATION NOTE: The reiiabiiity modeiing of iuses presenis a unigue probiei
components, there is very ! little oorralatinon hotwaen the numbar of fuse rpnlarpmpn,c a
Generally when a fuse opens, or "blows,” something else in the circuit has created an overload condmon and
the tuse Is simply tunctioning as designed. This model is based on life test data and represents fuse open and

shomng iaolure modes due primariy to mechanicai iatigue and corrosion. A shori iaiiure mode is mosi commonty

g_-l
3‘5

caised uy BlUblllbdlly conductive material ahvnlny the fuse terminals 3093”‘.3.’ "9"°'"g a tailure to open
condition when rated current is exceeded.
Basc Failure Rate - }“b Environment Faclor - e
gy LY -
type b Environment e
W.F-1726, W-F-1814, MIL-F- 010 - !
5372. MIL-F-23419, ML-F-15160 GF
\JM Qo.v
Ng 5.0
A, Qn
A 9.0
AlF 1<
AUC 15
Ay 18
A.a 18
Agw 18
S¢ 90
Mg 10
ML 21

N
N

-
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23.1 MISCELLANEOUS PARTS

Ap - Failure Rates for Miscellaneous Parts ( Failures/108 Hours)

Part Type Failure Rate

Vibrators (MiL-V-85)

60-cycle 15

120-cycle 20

400-cycle 40
Lamps

Neon Lamps 0.20
Fiber Optic Cables (Single Fiber Types Only) 0.1 (Per Fiber Km)

; . 0.10

Si

nnle Fihor Ontic Cannactnre
NGe TIoSr LRUC LONNoeCors

Microwave Eiements (Coaxial & Waveguide)

Attenuators (Fixed & Variable) See Resistors, Type RD
Fixed Elements (Directiona!l Couplers, Fixed Stubs & Cavities) Negligible
Variable Elements (Tuned Stubs & Cavities) 0.10

Microwave Ferrite Devices

Isolators & Circulators (100W) C.10x =g

Isolators & Circulators (>100W) 0.20 x ng

Phase Shifter {Latching) 0.10x ng
Dummy Loads

< 100W 0.010 x ng

100W to < 1000W 0.030 x ng

> 1000W 0.10 x ng
Temminations {Thin oF Thick Film Loads Used in Siripiine and Thin 0.030 x ng

Film Clrcuts)

“Caution: Excessive Mating-Demating Cycies May Seriousiy Degrade Reiiabiiity
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23.1 MISCELLANEOUS PARTS

MIL-HDBK-217F

Environment Factor - nE

Environment Factor - KE

{Micro Ferrite Devicas)

Environment Environment ng
Gg Gg 1.0
Gg Gg 2.0
Gpm Gy 10
Ng Ng 5.0
Ny Ny i7
Aic 0 Ac 6.0
A .0 A 8.0
AurF AuF 22
ARw Arw 25
Se Se .50
M’F MF 14
M M, 36
CL CL 660

23-2
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A snoussassnaesr a

APPENDIX A: PARTS COUN

Parts Count Reliabliity Prediction - This prediction method is applicable during bid proposal
and early design phases when insufficient information is availabie to use the par stress analysis models
shown in the main body of this Handbook. The information needed to appily the method is (1) generic part
types (including compiexity for microcircuits) and quantities, (2) part quality levels, and (3) equipment
environment. The equipment failure rate is obtained by looking up a generic failure rate in one of the

following tables, rnumptying it by a quality tactor, and then summing it with failure rates obtained for other
components in the equipment. The general mathematical expression for equipment failure rate with this

— Ak

method is:

b=n
*aup = Z N Ogra) Equation 1

for a given equipment environment where:

Apquip = Totai equipment failure rate (Faiiuressno6 Hours)

Ag = Generic failure rate for the i t generic part (Failures/108 Hours)
nQ = Quality factor for the i th generic part

N; = Quantity of i th generic part

n = Number of different generic part categories in the equipment

Equation 1 applies if the entire equipment is being used in one environment. If the equipment
comprises several units operating in different environments (such as avionics systems with units in
airborne inhabited (A;) and uninhabited (A ;) environments), then Equation 1 should be applied to the

pomons of the equlpment in each environmem. These environmem-equipment" failure rates shouid be

added to determine ioiai equipment iaiiure raie. Environmeniai symbois are defined in Section 3.

The quality factors to be used with each part type are shown with the applicable A, tables and are not
k-

necessarily the same values that are used in the Part Stress Analysis. Microcircuits have an additional
multiplying tactor, x; , which accounts for the maturity of the manufacturing process. For devices in

production two years or more, no modification is needed. For those in production less than two years, xg
should be multiplied by the appropriate n;_factor (See page A-4).

it shouid be noted that no generic failure rates are shown for hybrid microcircuits. Each hybrid is a fairly
unique device. Since none of these devices have been standardized, theilr complexity cannot be

determined from their name or function. Identically or similarly named hybrids can have a wide range of
complexity that thwarts categorization for purposes of this prediction method. If hybrids are anticipated for
a design, tnelr use and construction should be thoroughly investigated on an individual basis with
ap"y“'v\:c:nn ofths ﬂ"v‘dkﬂbu mode! In Section 5.

The failure rates shown in this Appendix were calculated by assigning model default values to the
failure rate models of Section 5 through 23. The specmc default values used for the model parameters are

[ S P Tmbulnn Sow senlome olon 228 - Nl - —“ o ol smbbesne o onsmonsmon summen sus s sweowsse ode o -
SHOWTT With th I\.g Tabres for i uuwuwﬁs. Default rs for ali oth it Classes are sumimanzed in

e e a ..

plmnc the

a
® =
g
& 7

be used
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APPENDIX A:
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APPENDIX B: VHSIC/VHSIC-LIKE AND VLS! CMOS (DETAILED MODEL)

This appendix contains the detailed version of the VHSIC/VLSI CMOS mode! contained in Section 5.3. It

is provided to ailow more detaiied device ievei design irade-ofis io be accomplished for predominate
$ailiira madac and marhanieme avhihited in CMOSQ dovices Rﬂfﬂrﬁnﬁﬁ 30 should be an_suugd fg[ a

1GHUIT HTRJUTO QIR HITCUIIAQTINIDIIID TATHUIIVL 111 WITIRU W Uy nueo. CrCr Ut rvey Ww O T e

detailed derivation of this model.

Ml = hox®+ Agrlt)+ Rl + AcoN + dpuc + Aeso + sl
Aplt) = Predicted Failure Rate as a Function of Time
Aox(h = Oxide Failure Rate
At = Metallization Fallure Rate
A = Hot Carrier Failure Rate
Aconll = Contamination Faiiure Raie
Xoac = Package Failure Rate
Assp - EOS/ESD Failure Rate
AM!S(t) = Miscellaneous Failure Rate
The equations for each of the above failure mechanism failure rates are as foliows
OXIDE FAILURE RATE EQUATION
. 6 MYPEOX {"‘uoox \ I' 7.7 10 7.7 AToxt
Agx (in F110°) = = \ By L(.0788 e ')(ATox') (e )

.399 -5
.xp( > (!n (t+1

P
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VHSIC-VHSIC-LIKE AND VLSI CMOS (DETAILED MODEL)

ATox

A
Vox

-

AN AN VN IDE DATIC AL TATIAL /5AAITIANR IEMN)

[
-—h
o

Oxide Defect Density (lf unknown, use

J(‘g-(

\2
)] where Xg = 2 um and X is the feature

TN

size of the device)

e e 2
1 Detec/cm™

Eftective Screening Time
(Actual Time of Test (in 108 hrs.)) * (At (at junction screening temp.) (in K"
. -3 1 1
Temperature Acceleration Factor, = exp —— 5|7 298
8.617x10" J

(W' ere TJ = TC + QJCP ('n Oi(_»

1
Eox 2.5

-192 (

Maximum Power Supply Voltage V. divided by the gate oxide thickness (in
MV/cm)

1.3x1022 (QML) 1 16 1)
ATox AVox

(QML) = 2if on QML, .5if not.
Sigma obtained from test data of oxide failures from the same or similar process. |f
not available, use a ox value of 1.




o~

A A N JRPR
A D -1.18 A
_TYPEMET " OMET | 0102 o™ 1-18 to)(A yo % Aruerty |
AR Dr TMET |
399 o (-5 ..o dst)-int 2
l_(mo)c L 2( 0 50 ) ll

x
(=]

el L

Metai Defect Density (if unknown use (

X

4

the device)
2
1 Defect/cm

Temperature Acceleration Factor

r -.55 (1 L\-) ITJETCI‘\S’ +
"le.617x10°5 (Tu 298] \ c

Effective Screening Time (in 108 hrs.)

e bl o A bl

sigma obtained from test data on electromigration failures from the same or a similar

process. If this data is not available use LA 1.

time {in 1

-3
&
@
g(
]
S
E
g
a
wn
7]
=
(']
g
S
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APPENDIX B: VHSIC-VHSIC-LIKE AND VLSI CMOS (DETAILED MODEL)

IR .

My - (t;i“;zw l- (In (t+10) - Intsg C)Z]

4

(QML)3. 74x10 -> ( )

' =
50HC AT .
’ HC
(WAL D an OML  E i nat
\LWVTL ] = < 11 VI \JVIL, .2 1T TRJL

id = Drain Cument at Operating Temperature. If unknownuse ij=35e
lsub = Substrate Current at Operating Temperature. f unknown use
- O
lgyp = -0058 & 00889 T, (in °K) (mp)

O,c = sigma derived from test data, if not available use 1.
to = ATnc (at Screening Temp.(in °K)) * (Test Duration in 108 hours)
t = time (in 108 hrs)

CONTAMINATION FAILURE BATE EQUATION

-.0028 t -.0028 A t
‘econ = -000022e °Ar e Teon
- CAJN

~

r - o 4 -
-1.V ]
= ex a5 T, whereT,=T~ +0,~P (in
TCON p|_3_617x10-5 (T 298)J‘ 3=Tc+8ycP (in°K)

tg = Effective Screening Time
= ATcon (at screening junction temperature (in °K)) + (actual screening time in 106 hrs.)

t = time (in 108 hrs)

-.00157 T _ (in °K)
Jt 7 (MA

~
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. Aro i 4 BE v 407D (EDINE v 1 4 )
Apac = (.0024 + 1.85 x 10~ (#FIn8)) ng KX KpT + Apy
ng = See Section 5.10
A - See Section 5.10
lbu TN N W e A
Package Type Factor (I1py)
Package Type - Npy
DiP i.0
i it A oem 22
Fin LING AlTay &.&
Chip Camier (Surface Mount Technology) 4.7

-
]

200 r.s ,. o -2 kages
ro— epr —3 (ln(t) - ln(tsoPH)) |tor piastic packag
L] LUPH J
roo2 /1 1 N1 2961
86x10Cexp| ———5 (T, - 298 || ®P| RHger |
LO.DI/IXITIVU \ A j_l L &rrJd

Ambient Temp. (in °K)

1 1 - n 1Y fiew OLA
(DC)(RH) [65230 ('1—'; - ﬁ\u + (1-DC)(RH) where T j=Tg +8,cP (in °K)
(for example, for 50% Relative Humidity, use RH = .50)

.74

time (in 108 hrs.)
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APPENDIX B: VHSIC-VHSIC-LIKE AND VLSI CMOS (DETAILED MODEL)

Aeos

Amis

ENCQ/ECN AN LTIRE RATE ENLIATION
eSSl AWarl A BTSN at WSl Lo /avel s u g

.00876
V= ESD Threshold of the device using a 100 pF, 1500 ohm discharge model

MISCELLANEQUS FAILURE RATE EQUATION

01622 (A (e 22 AThis)
(O1e ) (ATys ) ( )

A = Temperaiure Acceieration acior
TMIS pe ie acio

oxp | —:423 i ]
I.8.631 7x10°5 (TJ 293)_|
where T; = T + 8,cP (in °K)

= Effective Screening Time

= Aty (@ Screening Temp. (in °K)) * Actual Screening Time (in 105 hours)

t = time(in10%hrs)
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"Thermal Resistances of Joint Army Navy (JAN) Certified Microcircuit Packages,” RADC-TR-86-97,
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Errors in Memory Reliability Prediction.”
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"VHSIC Impact on System Reliability,” RADC-TR-88-13, AD B122629.
"Reliability Assessment of Surface Mount Technology,” RADC-TR-88-72, AD A193759.
"Reliability Prediction Models for Discrete Semiconductor Devices,” RADC-TR-88-97, AD A200529.

This study developed new failure rate prediction modeis for GaAs Power FETS, Transient
Suppressor Diodes, inirared LEDs, Diode Array Dispiays and Curreni Reguiaior Diodes.

"Impact of Fiber Optics on System Reliability and Maintainability,” RADC-TR-88-124, AD A201946.
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“ViHSIC/VHSIC Like Reiiabiity Prediciion Modeiing,” RADC-TH-89-171, AD AZ214601.
This study provides the basis for the VHSIC model appearing in MIL-HDBK-217F, Section 5.
"Reliability Assaessment Using Finite Element Techhigues,” RADC-TR-89-281, AD A216807.

This study addresses surtace mounted solder interconnections and microwire board's plated-
thru-hole (PTH) connections. The report gives a detailed account of the factors to be
considered when performing an FEA and the procedure used to transfer the results to a
reliability tigure-of-merit.

"Reliability Analysis/Assessment of Advanced Technologies,” RADC-TR-90-72, ADA 223647.
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"Improved Reliability Prediction Model for Field-Access Magnetic Bubble Devices,” AFWAL-TR-81-

"Reliability/Design Thermal Applications,” MIL-HDBK-251.
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This handbook is a five volume series which discusses a full ranae of efectrical, electronic and
electromechanical component parts. It provides extensive detailed technical information for
each component part such as: definitions, construction details, operating characteristics,
derating, failure mechanisms, screening techniques, standard parts, environmental
considerations, and circuit apbplication.

“Nonelectronic Parts Reliability Data 1991," NPRD-91.
This repont contains fiekd taikure rate data on a variety of slectrical, mechanical,
electromechanical and microwave parts and assemblies (1400 different part types). Rt is
available from the Reliability Analysis Center, PO Box 4700, Rome, NY 13440-8200, Phone:

(315) 337-0900.
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