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

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

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

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

Improvement Proposal (DD Form 1426) appearing at the end of this document
or by letter.
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FOREWORD

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

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

= Monofithic Bipolar Digital and Linear Gate/Logic Array Devices

+  Monolithic MOS Digital and Linear Gate/Logic Array Devices

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

= Monolithic GaAs Digital Devices

= Monolithic GaAs MMIC Devices

»  Hybrid Microcircuits

- Magnetic Bubble Memories

» Surface Acoustic Wave Devices

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

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

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

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

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

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

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

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

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

5. A revised failure rate model for Network Resistors.

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

vii



Downloaded from http://www.everyspec.com

1.0 SCOPE

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

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

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

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

1.3 COmputerlzod Rellablilty Prediction - Rome Laboratory - ORACLE is a computer program
developed to aid in applying the part stress analysis procedure of MIL-HDBK-217. Based on
environmental use characteristics, piece part count, thermal and electrical stresses, subsystem repair rates
and systern configuration, the program caicuiaies piece part, assembiy and subassembily failure rates. It

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

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

Griffiss AFB, NY 13441-5700. i

11
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2.0 REFERENCE DOCUMENTS

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

SPECIFICATION

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

MiL-C-20

MIL-R-22
MIL-C-25

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

W-C-375

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

[
-
"

MIL-C-3643

MIL-C-3650

SECTION #

10.7
9.1
2.11

10.11

10.15

10.18
95
9.14
23.1

L]

20.1
14.5
221
2.1
19.1

16.1

15.1

15.1

TIMLE

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

Resistor, Fixed, Compostition (insulated) General Specification for

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

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

Raesistor, Wirewound, Power Type, General Specification for

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

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

et S At P REC_ L PN

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

Pulse), General Specification for

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

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

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

Vibrator, interrupter and Self-Rectifying, General Specification for

Lamp, Incandescent Miniatuie, Tungsien Fiament

Cisouit Breaker, Moided Case, Branch Circult and Service

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

Crystal Unit, Quartz, General Specification for

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

Spechications

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

Connector, Coaxial, Radio Frequency, Series LC

) LuUWWoI

2-1
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2 N DECCDOAINC NACcIIAAEMTE
- s W Bl bl BEelV Wi e W W WS T8 §W B &P
SPECIFICATION SECTION # TIME
Adf O 2888 161 Connactor, Pl.n and Racantania Eloctrical ll‘mnﬂl Sariea Twin) and
Associated Hmnos General Spodﬁamon for
MIL-C-3767 15.1 Connecior, Phug and Receptacis (Power, Bladed Typs) Cenera!
Specification for
MIL-5-3786 4.3 Swiich, Rotary (Cicuit Selecior, Low-Ciirrent (Capacity)), General
Speciiication for
MiIL-C-3950 id.i Swich, Toggie, Environmentaily Seaied, Generai Specificsiion for
MIL-C-3965 10.13 Capacitor, Fixed, Electrolytic (Nonsolid Electroiyte), Tantalum, General
Speciiication for
MIL-C-5015 15.1 Connector, Electrical, Circular Threaded, AN Type, Genaral
Specilication for
MIL-F-5372 22.1 Fuse, Current Limiter Type, Aircraft
MIL-R-5757 131 Relay, Electrical (For Electronic and Communication Type Equipment),
Goneral Snnnjfgcat“nrv\n for
MIL-R-6106 13.1 Relay, Electromagnetic (Including Established Reliability (ER) Types),
Gsnsral Specification for
MIL-L-6363 20.1 Lamp, incandescent, Aviation Service, General Requirement for
MIL-S-8805 14.1, 14.2 Switches and Switch Assemblies, Sensitive and Push, (Snap Action)
General Specification for
MIL-S-8834 14.1 Switches, Toggle, Positive Break, General Specification for
MiL-M-10304 18.1 Meter, Eiectricai indicating, Panei Type, Ruggedized, Generai
Snacllicstion for
MIL-R-10509 9.2 Resistor, Fixed Film (High Stability), Generai Specification for
MIL-C-10950 10.8 Capacitor, Fixed, Mica Dielectric, Button Style, General Specification
for
MIL-C-11015 10.10 Capacitor, Fixed, Ceramic Dielectric (General Purpose), General
Specification for
MIL-C-11272 10.9 Capachor. Fixed, Glass Dielectric, General Specification for
MIlL-C-11693 i0.2 Capacitor, Feed Through, Radio interierence Reduciion AC and DC,
{Harmatically Sealed in Matal Cases) Establizshed and Nonestabliched
Reliabiity, General Specification for
MIL-R-11804 8.3 Resistor, Fixed, Fim {(Power Typs), Gensral Spscification for
MIL-C-12889 10.1 ’ Capachtor, | By-Pm Radio - Interference Reduction, Paper Dielectric,
AC and DT, (Hermetcally Seaied in Metaliic Cases), General
Specification for
Mil-R-12934 9.10 Resistor, Variabie, Wirewound, Precision, Generai Specification ior
2-2
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MIL-F-18327

MIL-R-18546

MIL-S-19500
MHL-R-19523

MIL-R-19648
MIL-C-19978

MIL-T-21038

MIL-C-21097

MIL-R-22097

MN Q92684

T e P

MIL-S-22710

MIL-5-22885
MIL-C-22992

MiL-C-23183

MIL-CG-23269

MIL-R-23285

N

-
»
&

14.1

15.1

10.19

109

9.15

NenTere ¢ w-um:, ST B rvios e

General Specification for

wa e o

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

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

e e B _____ _ PP N SR Y -3

r“, TIRUKD ITRGNTSTeNCe, Leneral wmﬂ W(

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

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

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

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

Specwicaton for
Semiconductor Device, General Specification for

Relay, Control, Naval Shinhoard

TR, T, RSV &

Relay, Time, Delay, Tharmal, General Specification for

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

Transformer, Pulse, Low Power, General Specification for

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

Spedﬂmﬁonfor I

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

RAsslistor, Fixed, Fiim, Insulated, General Specification for

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

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

Connector, Cylindrical, Haavy Duty, General Specification for

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

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

Resistor, Variable, Nonwirewound, General Specification for

ro
(")



Downloaded from http://www.everyspec.com

MIL-HDBK-217F

2.0 REFERENCE DOCUMENTS
SPECIFICATION SECTION # TITLE

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

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

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

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

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

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

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

MIL-R-28750 13.2 Relay, Solid State, Genera! Specification for

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

MIL-C-28840 15.1 Connector, Electrical, Circular Threaded, High Density, High Shock
Shipboard, Class D, General Specification for

MIL-M-38510 5.0 Miciocircuits, General Speciiication Tor

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

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

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

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

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

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

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

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

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

General Specification for
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SPECIFICATION

MIL-R-39008

MIL-R-39009

MIL-C-39010

MIL-C-39012
MIL-C-39014

MRL-C-39015

MIL-R-39016

MiL-R-39017

MIL-C-39018

MNR-C-39019

MIL-C-33022

MIL-R-39023
MIL-R-39035

MIL-C-55629

MIL-T-55631

SECTION #
9.1

9.7

11.2

15.1

10.10

9.9

13.1

9.2

10.14

145

10.4

9.15
9.13

-
0
h

-

- - -—db - -
o 0 un o © 0
- N s NN

(2]

TITLE

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

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

Col, Fkod. Rdlanquoncy Molded, Established Reliability, General

Connector, Coaxial, Radio Frequency, General Specification for

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

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

Relay, Electromagnetic, Established Reliability, General Specification

for

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

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

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

, Fixed, Metallized Paper, Paper-Plastic Film, or Plastic Film
Dielectric, Direct and ARernating Current (Hermetically Sealed in Metal
Casaes) Established Reliability, General Specification for

Resistor, Variable, Nonwirewound, Precision, General Specification for

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

Connector, Triaxial, RF, General Specification for

Printed Wiing Boards

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

Connecior, Printed Circuit, Subassembly and Accessories

Adapter, Coaxial, RF, General Specification for

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

Currant, In Non-Matal Cases, General Specification for

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

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

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

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

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

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

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

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

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

MIL-R-83725 13.1 Relay, Vacuum, General Specification for

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

13.3

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

MIL-C-83733 15.1 Connector, Electrical, Miniature, Rectangular Type, Rack to Panel,
Environment Resisting, 200 Degrees C Total Continuous Operating
Temperature, Generai Specification for

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

MIL-STD-756 Reliability Modeling and Prediction

MIL-STD-883 Test Methods and Procedures for Microelectronics

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

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

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

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

Standardization Document Order Desk
700 Robins Ave.

Building 4, Section D

Philadelphia, PA 19111-5094

(215) 697-2667
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3.1 Reliabliity Engineering - Reliabllity is currently recognized as an essential need in military
electronic systems. It is looked upon as a means for reducing costs from the factory, where rework of
defective componens adds a non-productive overhead expense, to the field, where repair costs include
not only parts and labor but also transportation and storage. More importantly. reliability directly impacts
force etfectiveness, measured in terms of availability or sortie rates, and determines the skze of the
*logistics tail" inhibiting force utilization.

The achievement of rellabiilty is the function of reliabliiity engineering. Every aspect ot an electronic
system, from the purity of materials used in its component devices to the operator's Interface, has an
impact on roliability Reliability engineering must, therefore, be applled throughout the system's
development in a diligent and timely fashion, and integrated with other engineering disciplines.

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

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

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

Once a design is seiecied, ihe reiiabiiily prediction may be used as a guide 10 improvement by showing
the highest contributors to failure. if the part stress analysis method is used, it may aiso reveal other fruittul
areas for change (e.g., over stressed pans).

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

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

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

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

The prediction will also help evaluate the significance of reported fallures. For example, i several falures
of one type or component occur in a system, the predicied faillure rate can be used to determine whether
the number of failures is commensurate with the number of components used in the system, or, that it
indicates a problem area.

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

3-1
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3.3 Limitations of Rellabllity Predictions - This handbook provides a common basis for
reliability predictions; based on analysis of the best available data at tha time of issue. It is intended to
make reliability prediction as good a tool as possbile. However, like any tool, reliability prediction must be
used intelligently, with due consideration of its limitations.

The first limitation is that the failure rate models are point estimates which are based on available data.
Hence, they are valid for the conditions under which the data was obtained, and for the devices covered.
Some extrapolation during model development is possible, but the inherently empirical nature of the
modeis can be severely resirictive. For exampie, none of the modeis in this handbook predict nuciear
survivability or the effscts of lonizing radiation.

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

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

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

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

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

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

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

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

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

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

3.4 Part Stress Analysis Prediction

3.4.1 Appiicabiiity - This method is appiicabie wihen most oi ihe design is compieied and a detaiied
p:ﬁc llef inhlu'ﬂm nnr’ ctraccac le gunnnhln H can nlm ha nend durinn ln'nr dnclnn nhgena {Ar rnﬂghdn\,:

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

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

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

The tailure rates presented apply to equipment under normal operating conditions, i.e., with power on and
performing its intended functions in its intended environment. Extrapolation of any of the base failure rate
models beyvond the tabulated values such as high or sub-zero temperature, electrical stress values above

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

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

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

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

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

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

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

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

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

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

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

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

Reliability (ER)
Relays, Estabiished R P ML

Reliabilty (ER)

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

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

The foregoing discussion involves the "as procured” part quality. Poor equipment design, production,
and testing facilities can degrade part quality. The use of the higher quality parts requires a total
equipment design and quality control process commensurate with the high part quality. It would make little
sense o procure high quality parie only 1o have the equinment production procedures damage the parts
or introduce latent defects. Total equipment program descriptions as they might vary with different part
quality mixes is beyond the scope of this Handbook. Reliability management and quality control
procedures are described in other DoD standards and publications. Nevertheless, when a proposed
equipment development is pushing the state-of-the-at and has a high reliability requirement
necessitating high quality parts, the total equipment program should be given careful scrutiny and not just

3-3
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the parts quality. Otherwise, the low failure rates as predicted by the models for high quality parts will not
ha raalizar

3.4.3 Use Environment - All part reliability models include the effects of environmental stresses
through the environmentai factor, xg, except for the eifecis oi ionizing radiation. The descripiions of
these environments are shown in Table 3-2. The xg factor is quantified within each part failure rate model.
These environments oncompass lhe major areas of empmem use Some oqupmem will experience

Y e In o Anh ~ s

moTe than one environiment dunng iks Normal use, &.g., eGuipment in spacecrall. In such a cass, the
reliability analysis should be seamented, namely, missile launch (M, ) conditions during boost into and

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

Table 3-2: Environmental Symbol and Description

Equivatent
MIL-HDBK-217E,
Notice 1
Environment =g Symbol ng Syl Description
Ground, Benign Gg Gg Nonmobile, temperature and humidity
G controlled environments readily accessible to
o mainienance; inciudes iaboraiory insirumenis
and test equioment, madical electronic
equipment, business and scientific computer
compiexes, and missiies and support
equipment in ground silos.
Ground, Fixed Gr €S Modaratsly controlied environments such as

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

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

34
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Table 3-2:

Environmental Symbo! and Description (cont'd)

Environment

_ [ PPN SN |
IE Sy nwA

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

Airhomae, Inhabited,

g.

Airborne, Inhabitad,
Fighter

Airborne, Uninhabited,

I e

D o

Airbarna,
Uninhabited,
Fighter

Airborne, Rotary

AL
Vi gou

An
o

ir

£

Typical conditions in cargo compartments
whiehmnboocwpndbyanalm

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

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

nhn annliaa tn inhahiand arana in haear
BT Sy

VA WY SIS W SR W RS vYw

performance smaller aircraft such as the T38.

Same as A~ but installed on high performance

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

and Ai0 aircraft.

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

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

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

Same as A. ;C but instalied on high parformance

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

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

vqupluulu

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

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

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

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

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

Ap = Ap 7T RA TR ®S T C RQ TE

where:
is the par failure rate,

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

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

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

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

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

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

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

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

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

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

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

environmental contro! systems, etc. References 17 and 34 listed in Appendix C may be used as guides in
determining component temperatures.
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a o —at

Tabie 4-1 provides amwmaﬂnw for evaiuating a reiiab

Caw amsvmmladarmaens Aankliod inabidan antamarian tar raliahilihne madalina and Illu- han  wihinh arn
Ul VWWIHIpIUIGHIGOD, lllv VITULNIOL NTRIUUGO WRBIIUYUVIIUO 1V ToRAawnily IIWUIII’U uuu CRAINWEAIIVIY, VI s w

somatimes delivered as part of a prediction report. It should be noted that the scobe of any reliability
analysis depends on the speciﬂc requiroments called out in a statement-of-work {SOW) or system
specification. The inclusion of this checklist is not iMended to change the scope of these requirements.

Table 4-1: Rellabliity Analysis Checklist

Major Concerns

Comments

MODELS
Are all functional elements included in the

reliability block diagram /model?
Are all modes of operation considered in the
math model?

Do the math model results show that the design
achieves ihe reilabiiity requiremeni?

System design drawings/diagrams must be reviewed to
be sure that the reliability model/diagram agrees with the

[N Y.
nBIvwe e.

Duty cycles, akernate paths, degraded conditions and
redundant units must be defined and modeied.

Unit failure rates and redundancy oquahons are used

irom ihe deiaiied pari prediciions in ihe sysiem main
model (See MIL-STD-756. Reliability Prediction and

Modeling).

Are system reliability requirements allocated
(subdivided) to useful levels?

Does the allocation process consider
compiexity, design fiexiiiity, and saiety
margins?

Useful levels are defined as: equipment for
subcomraciors assamblves for sub-subcontractors,

G";Ull WHIUS IUI UBSQHBIS

Conservative values are needed to prevent reallocation
ai every design change.

PREDICTION
Does the sum of the parts equal the value of

the module or unit?

Are environmental conditions and part quality
representative of the requirements?

Are the circuit and part temperatures defined
and do they represent the design?

Are equipment, assembly, subassembly and
part reliability drivers identified?

Are afternate (Non MIL-HDBK-217) failure rates
highiighted aiong with the rationaie for their
usan?

le the laval of detail for tha nart failure rata
12 VS OF C8an o7 InS pan ianure rae

models sufficient to reconstruct the result?

Ara nrtinal Anen. nits such as (V137
~re CrakCa) COMPoNSNS SUlH &8 Vo,

Monolithic Microwave Integrated Circuits
(MMIC) Applncaﬂon Spocmc Imegralod

Many predictions neglect to include all the parts producing
optimistic results (check for solder connections,
connectors, circuit boards).

Optimistic quality levels and favorable environmental
conditions are often assumed causing optimistic resuits.

Temperature is the biggest driver of part failure rates;
low temporature assumptions will cause optimistic

fesults.

kdentification is needed so that corrective actions for
reliability improvement can be considered.

Use of altemate failure rates, if deemed necessary,
require submission of backup data to provide credence in
the vahiae,

Each component type should be sampled and tfailure

ratae nnmnlatahs rasnneotritad far anciirass
TaiSS TOMP:Siay reCOnNSITuCied Or alluraly.

Productnon methods for advancad tachnology parts should

baon vemmenda s enbs senbonsd bome o cmamad
wvo wtuluuy SVAILEBU 15T llllpu,l on ulu luwulv anv

system.
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This section presents tailure rate prediction models for the following ten major classes of microelectronic

devices:

~

£ e Limnalithin Dinalar Nindal and | inaar Matall Anin Arrav Navicace
. ! YW RJTIININ lelal IJUMI GRS LITTUG WAL VYl TNy v vivwo
5.1 Monolithic MOS Digital and Linear Gate/Logic Array Devices
5.1 ivionoiiihic Bipoiar and MOS Digitai Microprocessor Devices
5.2 Monolithic Bipolar and MOS Memory Devices
5.3 Very High Speed integraied Circuii {VIHSIC/VIHSIC-Like and VLSij CMGS Devices (> 80K
NRatoc)
Uﬂ!v-”
5.4 Monolithic GaAs Digital Devices
I ~| Admrmalidhin MaAa AALANN
. VIV RJIIRT IR, \JAFDO VIV I
5.5 Hybrid Microcircuits
e~ C.cofmnmn Amosimbiom WAFmion Miacsioas
2.0 SUNave Al UDIIL ¥YVAVYE UJCVILES
57 Magnetic Bubble Memories
Bm Al o A0 e a2 e o f el e e B2t dmi i A mme MMmalan ccmaan o mia ol TTY AOTTI ™ = ral ¥ 1}
e yie uie gosul 101 2alUll NOINUTLIIK UBYEKY lYypu, Dipuial 1 TeSCINO all | 1L, MOl 1L, VIL, CWwi, WiVIL,
ALSTTL, HTTL, FTIL, F, LTTL, STTL, BICMOS, LSTTL, iiL, i3L and iSL devices. MOS represens aii
metal-o yldn mlr-rnrirmmc which includes NMOS, PMOS, CMOS and MNOS fn_l-_\rigm d on various

substrates such as sapphlre polycrystalline or smgle crystal silicon. The hybrid mod str'uctured (o)
accommodate all of the monolithic chip device types and various complexity levels.

Monolithic memory comnlexity factors are exnresced in the number of bits in accordance with I[EDEC STD

TVIVI IV IV 1TV T IV ) W IPIUAILY TRV LD ST U WA WAL HIT PG AT TS W RS

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 express: sed as K bits, where 1K = 1024
pits. For exampie, a 16K memory nas 16,384 biis, a 64K memory nas 65,536 biis and a iM memory nas
1,048 578 bits, Exact numbare of hitc are not used for memaries of 1024 hite and greater,

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

hu BEN AL DOE4AN Ar AMH 1 QAENE 1108 tho trancictar Asuint feam tha anhamatin Adinmaram Af tha davian A
My IWHLIIVISOUOD 1V VT WHLTITOUOUY, UOT HITT UHAQIIDIDIVI VWUIIIL NVITT BT JLIIGIHIALV uiayrGiin vl ulw VOV W

determine circuit compiexity.

For digital devices nol covered by MlL-M-38510 or MIL-i-38535, use the gate count as determlned from
I.l IU w;b u;ayl dlll l“\ U l'\ Ul r\'o Il;p |Mp ;a B\.'.Ilvdlulll lU D yalca WI L UWU as pdll L’l an LOI bilWIl rU' IIIU
purpose of this Handbook, a gate is considered to be any one of the following functions; AND, OR,

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

Tachnalaav Gato Annraximatinn

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 modal is includad as Apbendix B to allow mora
detalled trade-ofis 10 be performed. Reterence 30 should be consulted for more information about this
model.

Rafaranra 22 ehniilrt hn mrnenitar fnr mara infnarmatinn ahrat tha marale annasarinn in Cantinne 81 § 92
v v & W SPIPUGRI I T WUV RS Do 5y Wiy

VIO O e v NN WWTIIURUL IV ITTVTYU WIS T URVUL LT TY 17 RV

,5.5,and 5.6. Heference 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 Arays
2. MOS Devices, Digital and Linear Gate/Logic Arrays
3. Field Programmable Logic Array (PLA) and
4

Programmable Aray Logic (PAL)
Microprocessors

Ap= (Cyny + Cong) xqm Faikures/106 Hours

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

Digital _ Linear PLA/PAL
No. Gates C4 No. Transistors C4 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 Amay Die Complextty Failure Rate - C4*
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 Reler to
Bipolar MOS
Upto 8 .060 14 Ca Section 5.9
Upto 16 12 .28 RE, R T Section 5.10
Upto 32 .24 .56

5-3
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5.2  MICROCIRCUITS, MEMORIES

DESCRIPTION

ABWN -

Dand Mok Anvmsian /DML N
Read Only Memories (ROM)

Programmabile Read Only Memories (PROM)
Ultraviolet Eraseable PROMs (UVEPROM)
"Flash,” MNOS and Floating Gate Eledricaly

DA .

Erasaabie PROMs (EEPROM).

includes both

floating gate tunne!l oxide (FLOTOX) and textured

polysilbcon type EEPROMS

Static Random Access Memories (SRAM)
Dynamic Random Access Memories (DRAM)

Die Complexity Failure Rate - C4

—____MOS Bipolar
PROM, SRAM
UVEPROM, (MOS & ROM,

Memory Size, B (Bits) ROM EAP DRAM BiIMOS) PROM SRAM
Upto 16K .000865 .00085 .0013 .0078 .0094 0052
16K < B £ 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 "cyc Calculation A, Factor for Acyc Calculation
Total No. of Total No. of Programming
Programming Textured- Cycles Over EEPROM | Textured-Poly A,
Cycies Over 1 2 iiie, C
EEPROM Life. G | F'01o% Poly®
Up to 300K 0
Up to 100 .00070 .0087
100 < C <200 .0014 .014 300K < C 5 400K 1.1
200<C <500 .0034 .023
500<C<1K .0068 .033 400K < C < 500K 2.3
1K< Cs3K .020 .061
3K<C<7K .049 .14 All Other Model Parameters
7K < C s 16K .10 .30 Parameter Refer to
15K < C < 20K .14 .30
20K < C £ 30K .20 .30 r Section 5.8
30K < C < 100K .68 .30 !
200K < C < 400K | 2.7 .30 2
400K < C < 500K | 3.4 .30 RE, Q. Ty Section 5.10
1. A;=6817x108(C) Acyc (EEPROMS Page 5-5
2. No underlying equation for Textured- only)
Poly.

9 A

Aove =0 For all other devices

5-4
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5.2 MICROCIRCUITS, MEMORIES

EEPR&IA ﬁéﬁ‘..#é c _ Bt i_.l_ o _A Fa"fé Hale
..... e anwmd Plabdac: mensd 1 — N
All Memoiy Devices Ex FIOWX and *eyc =0
Textured-Polv EEPROMS
r A2 821
Fiotox and Textured Poly EEPROMS Aovc=| A1 By + =——=|ngcc
Y L %Q
C - e
A1 Pags 54 Pags 5-4
31 Page 5-6 Page 5-6
f‘\2 A2 =0 Pags 5-5
62 32 =0 Fage 55
nQq Section 5.10 Section 5.10
Cuvme Navenndinm Narda IO Nedioane
LIV VUITTOWIRITT WUUO | LWV ) WpPuvnNiio
1. No On-Chip ECC Ke~n = 1.0 Re~~r =10
v [ =\ L ) =\
2. On-Chip Hammina Code Ne~An = 72 e~~ = .72
| =\ WLV [ S 4 )
3. Two-Needs-One Nem~~ = 68 fi-~~ = 68
cCC =CC

Rachindant Call Annmach
wequncant Lell ApDroach

__

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

2. |f EEPROM type is unknown, assume Flotox.

—————

Ermror Correciion Code WIDI'IS Some EEFPROM manuiaciurers nave anOprl’aleO
onchin armnr cormactinn cinuitry intn thair EEDROM davinas Thie ie ronracantad rw

WIS VIIV UV TULATYI WITWRS I J PR M TW I Lelel § SRS WV Y RWL VI TV I VT WOV RTWW Ry

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

w

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

ssgnmcamly longer or shorter expected lifetimes the A4 and A, factors should be
muttiplied by:

0,000

System Litetime Operating Hours

n
1
6]
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DESCRIPTION
ANBAINES e b e A A APRN s
CmOS greater than 60,000

=2 _w a1 )  _w_w_w__ ) _.__ Failraoc/ N6 e
A = ABDRMFGTTRCD * *BPRERQRPT + AMeog Failures/10° Hours
Die Base Faliure Rata - Aoy _ All Other Model Paramaters
Part Tvna e ___Parameter Refer to
Part Tyne 25D
Logic and Custom 0.16 T Section 5.8
xg, XQ Section 5.10
Cate Arran 0.24
Package Type Correction Factor - npt
Manulaclunng Piocess Conmection Facwi - dad
nate '_9 = MFG | Package Type Hermetic | Nonhermetic
Maracturing °rocess ™FG
oip 1.0 1.3
QML or QPL 55 Pin Grid Arrav 2.2 2-9
N o Chip Carrier 4.7 6.1
NON WML or Non QL 2.0 (Surface Mount
T EChnoIogy)
Die Complexity Correction Factor - xon
f_fseature Size Mie Aoem free2)
wUve o (LT )
(Microns) A<.4 4<A<7 7<A<1.0 10<A<20 20<A<30
.80 8.0 14 19 38 58
1.00 5.2 8.9 13 25 37
i.25 3.5 5.8 8.2 i 24
. A .n D —
*cp= { t37) (3) (-64))+.36 A =Total Scrbed Chip Die Areaincm? X, = Feature Size {microns)
\s) /

Die Area Convers;on cm?

- MILZ+ 155,000

Package Base Faiiure Rate - Agp

Eilectrical Overstress Failure Rate - ;‘EOS

Number of Pins Agp V1H (ESD Susceptibility (Volts))* Ag0OS
'''' 24 .0026
28 .0027 0- 1000 .065
40 .002¢
44 .0030 > 1000 - 2000 .083
48 .0030
52 .0031 > 2000 - 4000 .044
64 .0033
84 .0038 > 4000 - 18000 029
120 0043
124 .0043 > 16000 .0027
144 .0047
22(_) NORND
ALl . Agog = (-in (1 - .00057 exp(- .0002 V1)) /.008
b — nnon Ild 7N w4 n'5\ lun\\ \YA — ECN Cuinanmdikilite, fusabbal
ILB P = Uveaes \\ 1.7« A YV ’ \|‘l' ), VTH = v QUDWPIIUIIII’ \V IlD}
NP = Number of Packane Ping * Voltaga ranges which will cauge the nart to
} fail. If unknown, use 0 - 1000 volts.
5-7
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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 Circuls using
MESFET Transistors and Gold Based Metallization

A =IC.v-m. o Cn—1x. m~ Fallurec/1 Q6 Hours
P ELEIitT SZTEILTQ ST i
MMIC: Die Complexity Failure Rates - C, Device Application Factor - x5
"Complexity C, Application %A
(No. of Elements)
1tc 100 4.8 "ﬂf&"é‘&‘?m Power (< 100 mW) | 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! Devices
All Digital Applications 1.0
Digital: Die Complexity Failure Rates - C4
(Ne o B S) C1 Al Other Mods! Parameters
~— Parameter Refer to
1 to 1000 25
1,001 to 10,000 51 L3 1 Section 5.8
i. T4 accounis ior the foilowing aciive Co Secition 5.5
elements: transistors, diodes.
oL WL G Section 5.10
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5.5 _MICROCIRCUITS, HYBRIDS

DESCRIPTION

AL a_caa

HyDIid MICTOCITCUIS
Ap=[ENA ] (14 2ng ) mp ngmy Failures/108 Hours

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

The general procedure for developing an overall hybrid tallure rate is to calculate an individual failure rate
for each component type used in the hybﬂd and then sum them. This summation is then moditied to

SCCOUTR 107 1ive Overall ybiii funcGiion (xg), screening ievei u:Q;, and maiurity (xy). The hybrid package
tallure vate is a lunction of the aciive COmMPpOISII lailure Modilied Dy ihe environmeniai factor (e, (i + .2

xg) ). Only the component types listed in the following table are considered to contribute significantly to
the overall failure rate of most hybrids. All other comnonant types (e.g., resigtors, inductors, etc, ) are

considered to contribute InslgnMcamly to the overall hybﬂd fallure rate, and are assumed to have a faillure
rate of zero. 'ﬂ'us simprmcatson is valid for most hybrids however, if the hybrid consists of mostly passive
Components then a faiiure raie shouid be caicuiaied for inese devices. if tacronng in other component

types, assume nq = 1, =g =1 and T4 = Hybrid Case Temperature for these calculations.

Determination of JL,.

Determine A‘C for These Handbook Section Makn These Assumntions When Datermining
Component Types Ac

Microcircuits 5 Cy=0,nq=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,
np=1.

Capacttors 10 =1, Tp = Hybrid Case Temperature,
rg=1.

NOTE: If maximum rated stress for a die is unknows wnown, assume the sams as o7 a discs Crotoly packags

die of the same type. n the same die has several ratings based on the discrete packaged
type, assume the lowest rating. Power rating used shoukd be based on case temperature
for giscreie semiconaduciors.

Circuit Function Factor - ne All Othar Hvhrid Made! Paramatare
Circuit T
ype i "L, Q. Mg Refer to Section 5.10
Digital 1.0
Video, 10 MiHz <i < i 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

Quality Factor - xq

MIL-HDBK-217F

DESCRIPTION
Surtace Acoustic Wave Devices

Ap = 2.1 ny =g Failures/108 Hours

Environmental Factor - xE

Screening Level xQ Environment xE
Gg 5

10 Temperature Cycles (-55°C to 10

+125°C) with end point electrical Ge 2.0

tests at temperature extremes. Gy 4.0

None beyond best commerical 1.0 Ng 4.0

practices.
Ny 6.0
A‘C 4.0
Ar 5.0
AUC 50
AUF 8.0
Apw 8.0
Sk .50
Mg 5.0
ML 12
CL 220
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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

wing two ulaﬁn' structural segments:

1. A basic bubble chip or die consisting of memory or a storage area (e.g., an array of minor
loops), and required comtrol and detection elements (e.g., generators, various gates and

& an sod o o |

S1GCioT o)

2. A magnetic structure to provide controlled magnetic fields consisting of pem\anent magnets,
coils, 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 form of ihe faiiure rate

model is:

CI.

Ap =M1 +Ap Failres/1 08 Hours

where:
L! = Failure Rate of the Control and Detection Structure

Ay =1q INcCqyynrT W + (NcCoy +Colnglnpr

A, = Failure Rate of the Memory Storage Area

Chips Per Package - Nc Device Complexity Failure Rates for Control and
Detection Structure - C44 and Coq

NC = Number of Bubble Chips per
Packaged Device Cyq = .00095(N4)40

Temperature Factor - ny Cpy = .0001(N4)-<<®

Ny = Number of Dissipative Elements

nr=(1)exp o[ —£a 3 /T ! 55 ) ] onaChip ('gaies deteciors,
'.8 63 x 10° L J + 273 298 ) _, aratare ata ' [ .\ annn
\ # sUllvlulvl°| Viw. ’, l‘1 2 lV\IU

Use:
Ep, = .8toCalulate nyq

Ea = 55 to Calculate RTo

T, = Junction Temperature (°C),
25<T;<175
TJ = TCASE + 10°C
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5.7 MICROCIRCUIT, MAGNETIC BUBBLE MEMORIES

Write Duty Cycle Factor - mar

10D
w = nAan-3
\frvvyj
w = 1 torD < .30orRW 22154
D - Avg. Device Data Rate <1
Mfg. Max. Rated Data Rate
RW = No. of Reads per Write
NOTE:
For seed-bubble generators, divide
nyy Dy 4, or use 1, whichever is greater.

Device Complexity Failure Rates for Memory

Storage Structure - C45 and Cop

Cyp = .00007(Np)-3

.00001(Np)-3

N, = Numberof Bits, Ny <9x 106

Ali Other Modei Parameters

A
(@)
|

Q
|

~ Mfg. Max. Rated Data Rate

__Avg. Device Data Rate

P
>

Parameter Section
Co 5.9
e, Qe Rt 5.10
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5.8 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 ol | Weld Seal, Pin | DIPs with Glass | Flatpacks with Cans? DIPs, PGA,
Functional Grid Amay a2 Axial Leads on SMT (Leaded
. 4 SUdl . N
Pins, Np, (PGA)1, SMT 50 Mil Centers> and
{Leaded and Nonleaded)®
Nonieaded)
3 .00092 .00047 .00022 .00027 .0012
4 0013 .00073 .00037 .00049 .0016
6 .0019 .0013 .00078 .0011 .0025
8 0026 .0021 .0013 .0020 .0034
10 0034 0028 .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 .068
180 076 .098
224 097 12
A _oa v 1nd () 1.08 " ~ an v 105 11.51
7. (;2-:2.8 x 10 (Np) 2. b2=9.0 x 10 (Np)
3. Cp=30x 105(Ny182 4. Cp=30 x 105 Ny>201

S

5. Cp=36x 104Ny’

NOTES:

1. SMT: Surtace Mount Technology

2. DIP: Dual In-Line Package

3. It DIP Seal type is unknown, assume glass

4. The package failure rate (C,) accounts for failures associated only with the package itsell.

Fallures associated with mounting the package to a circuit board are accounted for in

Sartinn 18 IMarcannantinn Accamhliae
DUVLIWVIT TU) TIRUI VI IIVWIIWVI T T 00U RVITOO .
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5.10 MICROCIRCUITS, xg, A, AND xq TABLES FOR ALL

Environment Factor - xg

Quality Factors - x

[ Environment xg Description xQ
Gp .50 ]
Ge 2.0 Class S Categories:
Gy 4.0 1. Procured in full accordance
N 3.0 with MIL-M-38510, Class S
S : requirements.
Nu 6.0
— — 2. Procured in full accordance .25
~iIC b with MIL-1-38535 and
Ar 5.0 Appendix B thereto (Class U).
Auc 5.0 3. Hybrids: (Procured to Class
Ayr 8.0 S requirements (Quality Level
A o A K) of MiL-H-38534,
ARW 8.0
Sk .50
Nloas D Natamavias -
Mg 50
M 12 1. Procured in full accordance
c 220 with MiL-M-38510, Ciass B
L requirements.
Leaming Factor - x| 2. F‘!t;'cx‘rled in full accordance 1.0
Years in Production, Y . with MIL-1-38535, (Class Q).
< 1 2.0 3. Hybrids: Procured to Class B
5 i.8 requirements (Quality Levs!
i 0 1'5 H) of MIL-H-38534.
1.5 1.2
SRR+ = KN S N Class B-1 Catagony;
n = .01 exp( - .35Y) Fully compliant with all
requirements of paragraph 1.2.1
Y = Years generic device type has been z’LM"’L'STD'BSZ ’gd d""".“"‘" toa 20
in production prrapie rf.‘ﬂf?.'_-f 2 Crawing of
AN W"llllll'l!l wuvw
documentation. (Does not include
hybrids). For hybrids use custom
screening section below.

5-15
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5.10 MICROCIRCUITS, ng, x; AND ng TABLES FOR ALL

Quality Factors (cont'd): xq Calculation for Custom Screening Programs
Group MIL-STD-883 Screen/Test (Note 3) Point Valuation
T™ 1010 (Temperature Cyde CondB Minimum) and TM 2001
(Constant Acceleration, Cond B Minimum) and TM 5004 (or 5008
1 for Hybrids) (Final Eledruis@Terrp Emam‘)andﬂl‘ 1014 50
{(Seal Test, Cond A, B, or C) and TM 20038 (Extemal Visual)
T™ 1010 {(Temperature Cycie, Cond B Minimum) or TM 2001
(constam Acceleration Cond B Minimum)
2* TM 5004 (or 5008 for Hybrids) (Final Electricals @ Temp Extremes) 37
and TM 1014 (Seal Test, Cond A, B, or C) and TM 2009 (External
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) 36 (Slevel
4° T™ 2020 Pind (Particle impact Noise Detection) 11
5 T™M 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 T™M 2012 (Radiography) 7
S T™M 2008 (External Visual) 7 (Note 2)
10 T™ 5007/5013 (GaAs) (Wafer Acceptance) 1
11 TM 2023 (Non-Destructive Bond Pull) 1
1CQ =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 valuation only assigned if used mdependem of Groups 1 or 2.
3. Sequencing of tests within groups 1, 2 and 3 must be foliowed.
4. TM refers to the MIL-STD-883 Test Method.
5. Nonhermetic parts should be used only in controlled environments (i.e., Gg and other
temperature/humidity controlied environments).
EXAMPLES:
1. Mig. performs Group 1 test and Class B bum-in: ny=2 + z-0—= 50 30 =31
2. Mtg. performs intemal visual test, seal test and final electrical test: my =2+ 7+gz1 P 55
Other Commercial or Unknown Screening Levels ng =10




Downloaded from http://www.everyspec.com

MIL-HDBK-217F

5.11  MICROCIRCUITS, T; DETERMINATION, (ALL EXCEPT HYBRIDS)

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

equipment. Device junction temperature is then caiculated with the following relationship:
T J= TC + eucP

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

M et son il mbuba o~ tham SaMacsdenem ddabn. 08 bal
i Y OOWBUN 1

;
El
§
§F

Default Case Temperature (Tg) for all Environments
Envionment [ Gg G Gul Ng Nyl Ac Ar Auc Aur Apwl] Sg Mg M

L ~ [ Lo ¥

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

8 c = Junction-to-case thermal resistance (°C/watt) for a device sokdered into a printed circuit
board. Hif 6 is not available, use a value contained in a specification for the closest
equivalent device or use the foliowing table.

backace T Die Area > 14,400 mil 6 Die Area < 14,400 mil?
ackage Type (CCW)
(Ceramic Only) 8,c CCW)
Dual-In-Line 11 28
Flat Package 10 22
Chip Carrier 10 20
Pin Grid Aray 10 20
Can - 70
P = The maximum power dissipation realized in a system appiication. ! the applied power is
not available, use the maximum r 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 J) for integrated circuit dice

mounted in a hybrid package. A hybrid is normally made up of one or more substrate assemblies mounted
within a sealed package. Each substrate assembly consists of active and passive chips with thick or-thin
film metallization mounted on the substrate, which in turn 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

— o ? 2al PR Y Npap—

“““““ ithin the h of various materials with difierent thermal

hé layers within the hybrid are mads up
characteristics. The table following Figure 5-1 provides a list of commonly used hybrid materials with
typical thicknesses and comresponding thermal conductivities (K). If the hybrid internal structure cannot be

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

CHIP (A)

K LD

CHIP ATTACH (B) _

N

INSULATING
LAYER (C)

SUBSTRATE (D) /
/ MATERIAL
/7

THICKNESS, L ; PACKAGE
EPOXY (E) LEAD

CASE (F)

Figure 5-1: Cross-sectional View of a Hybrid with a Single Muiti-Layered Substrate
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5.12 MICROCIRCUITS, T, DETERMINATION, (FOR HYBRIDS)

Typical Hybrid Characteristics

Thermal
Conduciivity,
Twvnical Feature K; 1N - o
Material Typical Usage Thickness, | From Figure ” (-,-(‘) (4)
L; (in) 51 (Wan=) § N
\ v Lin© °C/W)
Silicon Chip Device 0.010 A 2.20 .0045
GaAs Chip Device 0.0070 A .76 .0092
Au Eutectic Chip Attach 0.0001 B 6.9 .000014
Soidsi Chip/Subsirats Altach $.003¢ B/E 1.3 .0023
Epoxy (Dieiectric) Chip/Subsirate Attach 0.0035 B/E .0060 .58
Epoxy (Conductive) Chip Attach 0.0035 B .15 .023
Thick Film Dielectric Glass Insulating Layer 0.0030 C .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 F .42 048
Aluminum Case, MHP 0.020 F 4.6 0043
Copper Case, PHP 0.020 F 9.9 .0020

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

r =
"

> I
"

GJC-

Number of Material L avers

™S

X

N
I—l
N

Win2
Win

A = [ .00278 (No. of Die Active Wire Terminals) + .0417]°

Estimate T Jgas Follows:

Te =
C

= Ty

Byc =

Hvbrid Ca

IJ=Tc+.

= Thickness of i Material (in) (User Provided or From Tabile)
Die Area ('in2‘). if Die Area cannot be readily determined, estimate as follows:

co Tamnaratira (°C) If unknawn niea tha T~ Nafanl Tahla ehawn
S OIMPOIAlUIS (7). 5 UNKNOWN, USE 1NC 1 ¢ L0:aun a8 Snown

Junction-to-Case Thermal Resistance (°C/W) (As determined above)
Die Power Dissipation (W)

e / \
Thermal Conductivity of i''' Material (W J (User Provided or From Table)

in Cantinn £ 11
A g g .0 V.

B AU

)]

-19
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5.13__ MICROCIRCWTS, EXAMPLES

.. ryrs AR Miataal -
Exampie 1: CTMCS Digital Gate Ar

Given: A CMOS digital timing chip (4046) in an airbome inhabited cargo apblication, case temperature
48°C, 75mW power dissipation. The device is procured with normal manufacturer's screening
consisting of temperamre cycling, constam acceleration, electrical Iesting, seal test and external
visual inspection, in the sequence given. The coimponsent manufacturer also performs a B-ievel
bum-in followed by electrical testing. All screens and tests are performed to the anblicable MIL -

STD-883 screenlng method. The packaoe is & 24 pin ceramic DIP with a glass seal. The device

has been manufactured for several years and has 1000 transistors.

Ap = {Cq=7 + Comg) "R Section 5.1
cy = .020 1000 Transistors ~ 250 Gates, MOS C, Table, Digital Column
Ty = .29 Determine T ; from Section 5.11

T = 48°C + (28°C/W)(.075W) = 50°C

Determine = from Section 5.8, Digital MOS Column.

Section 5.9

A C
N
[l

(o]

-

-

m
/]
N
©
S

oS
')
[ ]
[A)
s
-
»n
>

Group 1 Tests 50 Points
Group 3 Tests (B-level) 30 Points
TOTAL 80 Points

lp = [ (.020)(.29) + (.011) (4) j (3.1)(1) = .15 Faiiure/10° Hours

Example 2: EEPROM

Given: A
read/write cycle
Da

A QTN 002 Nlasnas O anvanninae laval sam: ileaceame

A 128K Fiotox EEPROM that is expected to have a T g of 80°C and experience 10,000
e s over the life of the system. The part is procured to all requiremems of

hamen fon

' umvraph 1.2.1, MIL-STD-883, Class B scresning leve! requireimenis 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.
= (CynrT+ Cong+ ch) QR Section 5.2

C; = .0034 Section 5.2
n = 3.8 Section 5.8
C, = .014 Section 5.9

1
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5.13 _MICROCIRCUITS, EXAMPLES

g = 5.0 Section 5.10
g = 2.0 Section 5.10
xn = 10 Section 5.10
7‘-cyc = .38 Section 5.2:

[ AsB5]
J‘c:yc'l_”ﬂ By + Tq J Tece
Ay = st 0 for Flotox

Assums No ECC

- 4 W
=.j,inNS

0 >»

1
1 =38
A

{ i
)'cyc =AqBy=(1)(3.8) = .38

Ap = [ (.0034)(3.8) + (.014)(5.0) + .38] (2.0)(1) = .93 Failures/106 Hours

Example 3: GaAs MMIC

Given: A MA4GM212 Single Pole Double Throw Switch, DC - 12 GHz, 4 transistors, 4 inductors, 8
resistors, maximum input Pp = 30 dbm, 16 pin hermetic flatpack, maximum ToH=145Cina
ground benign environment The part has been manutactured for 1 vear and is screened to
Paragraph 1.2.10f MIL-STD-883, Class B equivalent screen.

Ap =[ Cynynp + Cong | n ng Section 5.4
Cy = 45 Section 5.4, MMIC Table, 4 Active Elements (See Footnote to
Table)
T = .061 Section 5.8, TJ = TCH = 145°C
np = 3.0 Section 5.4, Unknown Application
Cr = .0047 Section 5.9
"g = .50 Section 5.10
x = 15 Section 5.10
rq = 2.0 Section 5.10
A.p- [(4 5)(.061)(3.0) + (.0047)(. 5)] (1.5)(2.0) = 2.5 Failures/10® Hours
NOTE: The passive slements are assumed {o contiibute negligibly to the overali device faiiure rate.

Example 4: Hybrid

Given;

A linear multichip hybrid driver in a hermetically sealed Kovar package. The substrate is alumina
and there are two thick fitm dielectric Iayerg Thn die and substrate attach materials are

conductive epoxy and solder, respect { ively. The application environment is naval unsheitered,
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

'y

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

The hybrid contains the following componemnts:

- LM106 Bipolar Comparator/Buffer Die (13 Transistors)

- LM741A Bipolar Operational Amplifier Die (24 Transistors)
- SiNPN Transistor

- Si PNP Transistor

- Si General Purpose Diodes

- Ceramic Chip Capacitors
- Thick Fiim Reslstors

Ap = [INcAJ(V + 2ng) npxg®y  Section 5.5

Active Components:

Passive Components:

NN DV - -

-

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 detaiied information becomes availabie the foliowing Section 5.12 procedure

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

each component.

.r.'., l_ \ .. )
&k )
8,c = ————l—A—J——— (Equation 1)
(%))
Layer Figure 5-1 Feature
(in? °crw)
Silicon Chip A .0045
Conductive Epoxy B .023
Two Dielectric Layers C (2)(.0045) = .009
Alumina Substrate D .039
Soider Substrate Attachment E .0023
Kovar Case F 048
)R \{L = .1258
NAJAN
A = Die Area = [ .00278 (No. Die Active Wire Terminals) + .0417]2 (Equation 2)

(Equation 3)
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5.13  MICROCIRCUITS, EXAMPLES

LM106 | LM741A] SINPN | SIPNP | SiDiode Source
No. of Pins 8 14 3 3 2 Vendor Spec. Sheet
Power Dissipation, 33 35 ) (3 42 Cirauit Analysis
Py W)
eJC (°CW) 30.8 19.4 50.3 50.3 56.3 Equ. 1 Above
T.(°C) 78 72 [- 13 [+ 13 RQ Em: 3 Ahnueo
J\ ~y LA 4 - - L od A AN A o A4~
2. Calculate Failure Rates for Each Component:
A) LM106 Die, 13 Transistors (from Vendor Spec. Sheet)
7\.p=[01 nT+C2 RE]RQﬂL Section 5.1
Because C, =0;
.Ap = C1 nT 1!0 T ‘RT: Section 5.8; RQ, 1tL Deiauitto i.0
= (.01){(3.8)(1)(1) = .038 Failures/w(:3 Hours
B} LM741 Die, 23 Transislors. Use Same Procedure as Above.
Ap = Cqmymgm =(.01)(3.1)(1)(1) = .031 Failures/108 Hours
C) Silicon NPN Transistor, Rated Power = 5W (From Vendor Spec. Sheet), VeeVceo = -6
Linear Application
kp = Ay T WA TR Bg RQ RE Section 6.3; nq, ng Defauli to 1.0
= (.00074)(3.9)(1.5)(1.8)(.29)(1)(1)
= .0023 Failures/108 Hours
D) Silicon PNP Transistor, Same as C.
Ap = .0023 Failures/108 Hours
E) Siiicon Gen ral Purpose Diode (Analog), Voltage Siress = 60%, Metaliurgically Bonded

lp = ARy RgRC nQ g Section 6.1; nq. ng Default to 1.0
(.0038)(6.3)(.29)(1)(1)(1)
.0069 Failures/108 Hours

5-23
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5.13 MICROCIRCUITS, EXAMPLES

F) Ceramic Chip Capacnor Voltage Stress = 50%,
T T .. f~ar? Livdawiod 424N nEC 4L Dadtasd T-.....
IA- ] ASE 119 ] l ylllu, IOV P, 19 v aicu {1} .

lp = }'b"CV nQ g Section 10.11;1|:Q. ng Detfault to 1.0
2

@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.

l’p = [ZNcAJ(1+.2ng)rprqm

g = 6.0 Section 5.10
ng = 58 Section 5.5
g = i Section 5.10
g = Section 5.10
2 = [14Y DA L {11 D24\ L (D) [ QN2 . (D) | NN
va l \ l'\~U\IU’ - \ "‘-U\J l’ - \(-' \-UUSU' e \" \vUU‘-U’
L IO\ ANSOY 1oVt nnany e . nie n\\ IE 0L 14V
+{2j{.0063) + (2)(.0U39) j{1 + .2(8.0)) {5.8) (1){7)
lp = 1.3 Failures/108 Hours

5-24
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6.0 DISCRETE SEMICONDUCTORS, INTRODUCTION

The semiconductor transistor, diode and opto-electronic device sections present the tallure rates on
the basis of device type and construction. An anaiyticai modei of the iaiiure raie is aiso presented for each
device category. The various types of discrete semiconductor devices require different failure rate
models that vary to some degree. The models apply o single devices unless otherwise noted. For
rmlnpledevncesmasmlepockagelhehybndnndelmSoctonSSsrnuldbeused

The awmenbl;abula amanillantion Sas Aantanlontennl

The applicable MiL specilication for transisiors, and optoslectronic

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

The temperature factor (x1) is based on the device junction temperature. Junction temperature
should be computed based on worse case power (or maximum power dissipation) and the device junction

A A A B _a_ [ PV SN FHHY'Y PRy S5 SIS ¢ Uy Uy membmlona d i Qammbiome O @A

1o case themmai resisiance. Deierminaiion of jinction temperallires IS expiained in Secilion 6.14.

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 DESCRIPTION
Ml .Q.1Q80N | ranr Erarmianms Nindae: Nanaral Dumaesa Analam QuritAhine
L Sl B o M UYY CIUUGI A WRIUGO. WOV G T U pASOU TUIGRAY, IV R I8 R,

A =2 mw wwrx
Ap = MR RgRRaTE

Base Failure Raie - Ay,

Fast Recovery. Power Rectifier. Transient Supprassor. Current
Regulator, Voktage Regulator, Voltage Reference

Failures/108 Hours

7 v LAV L)

Temperature Factor - oy

Diode Type/Application Ay (Vohtage Regulator, Vohage Referencs,
— T and Currant Rasulator)
~ P = Al P T, (°C) .2 T, C) x
Generai Purpose Anaiog .0038 Ji 7 i J i
Switching .0010
Power Rectifier, Fast Recovery .069 25 1.0 105 3.9
Power Rectlifier/Schottky .0030 30 1.1 110 4.2
Power Diode 35 1.2 115 4.5
Power Rectifier with .0050/ 40 1.4 120 4.8
High Voltage 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
Veltage Regulator and Voltage .0020 60 2.0 140 6.0
Reference (Avalanche 65 2.1 145 6.4
and Zener) 70 2.3 150 6.7
75 2.5 i55 7.1
A 80 2.7 160 7.5
. Temperature Faclor - ny 85 3.0 165 7.9
{(Gaeneral Furpose ANaINg, SWIlChing, rast Hecovery, 90 3.2 170 8.3
Power Rectifier, Transient Suppressor) ar ~ s PR a
Ad b IO J.% 170 O./
T,(°C) nr T.00) ry 100 3.7
25 1.0 105 9.0
0 . 1 1 1
as hy s | 38 wr = o (-1925 ( s - ) )
40 1.6 120 12 \ )
gg ;g : gg 1 g Ty = Junction Temperature (°C)
g8 2.6 135 1S
60 3.0 140 18
65 3.4 145 20
70 3.9 150 21
75 4.4 1586 23
80 5.0 180 25
85 5.7 165 28
90 6.4 170 30
S5 7.2 175 32
100 8.0
rd yd 1' 1' N~ N
*rom o exe[- 3091 F5T5 98 |
. \ \ Vv JJ
Ty = Junction Temperature (°C)

6-2
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Electrical Stress Factor - ng Quality Factor - npy
[T P pu— Mol -
QUHETOO ‘Ils Wuaiy nQ
Transient Suppressor, JANTXV 0.7
Voltage Regulator, Voltage
Reference, Current JANTX 1.0
Reguiaior i.0
JAN 2.4
All Others: Lower 55
Vg <.30 0.054
s A . Plastic 8.0
3<Vgs .40 0.11 o -
4<Vg<.50 0.19
5<Vg<.60 0.29
B<Vg<.70 0.42
.7<Vg<.80 0.58 Environment Factor - ng
8<Vg<.90 0.77 Environment g
8<Vg<1.00 1.0 ~ " n
G 1.0
Gp 6.0
For All Except Transient Suppressor, Voltage Gy 9.0
Regulator, Voltage Reference, or Current Ng 9.0
Regulator Ny 19
ng = .054 (Vg < .3) Ac 13
g = Vg2r43 (3<Vgs1) Ap 29
V_ = Voltage Stress Ratio = ~-2.2d@ Applied Ayr 43
s b Voltage Rated UF
ARW 24
Voltage is Diode Reverse Voltage
Sg .50
Mg 14
M 32
Contact Construction Factor - A - m A
- = CL 320
Contact Construction ne
Metallurgically Bonded 1.0

n
o

Non-Metaiiurgicaily Bonded and
Spring Loaded Contacts

6-3




Downloaded from http://www.everyspec.com

MIL-HDBK-217F

6.2 DIODES, HIGH FREQUENCY (MICROWAVE, RF)

SPECIFICATION

Al _Q_41QENN
VI W WV

DESCRIPTION
Ci IuDATT Dnllc EHardt Conn: Tunnal Rasl: Mivar NDatartar
AL L BN el N} el iUV, WA, FUITIIW) AU, IFPILALE ) ULUWRW

PIN. Schonky, Varac(or, Step Recovery

Ap = kbnTn AT E Failures/10% Hours

Base Failure Rate - Ay

Temperature Factor- T

Diode Type Ay (IMPATT)
Ty °C) ny T, (0) s
Sl IMPATT (s 35 GHz) .22
\ZUIIHIDU"\ Ell“l .1 8 bxhl 1l -c ’.95 42
Tunnel and Back (Including 30 1.3 110 50
Mixers, Detectors) .0023 35 1.8 115 60
PIN .0081 40 23 120 71
Schottky Barrier (Including 45 3.0 125 84
Detadors) and Point Contact 50 3.9 130 99
(200 MiHz s Frequency < 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
Temperature Facior - np 85 i9 i85 280
{Ali Types Except IMPATT) o0 2 N K
Ty (°C) nr T,(0) x7 100 35
25 1.0 105 4.4
30 1.1 110 4.8 1 1
3s 1.3 115 5.1 =y = sxpl- 5260 3573 " 598
40 1.4 120 55 \ ( o+ ) )
45 1.6 125 5.9
=n 4 7 472N n s — . L. — - aa—~
oV Vod touv v.9 1 - Juncaion |l emperature {(“C
55 1.9 135 6.7 J pe i
60 2.1 140 7.1
65 2.3 145 7.6
70 28 150 8.0
75 2.8 155 8.5 Application Factor - np
oV 9.V tov J.V n ry n
85 3.3 165 9.5 Diodes Application TA
90 3.5 170 10
$5 3.8 i75 i Varactor, Voltage Controf .50
100 4.1
Varactor, Multiplier 25
i i All Othsr Dicdss 1.0
nr = exp(-2100 (5o - g5 )
\ J )

T; = Junction Temperatura (°C)

6-4
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MI-HDBK-217F

6.2 DIODES, HIGH FREQUENCY (MICROWAVE, RF)

Power Rating Factor - nn

Quality Factor - xq

Rated Power, Py (Watts) nn
PIN Diodes
Pr <10 .50
10 < Py £ 100 1.3
100 < Py s 1000 2.0
1000 < Pr s 3000 2.4
Al Other Diodes 1.0
PIN Diodes ng = .326 (Py) - .25

All Other Diodes  mg

0

_ ) (Schottky)
Quality* Q
JANTXV .50
JANTX 1.0
JAN 1.8
Lower 2.5
Piasiic -

Quality Factor - nq
(All Types Except Schottky)

For high frequency part classes not specified to
MIL-S-19500 equipment quality classes are
defined as devices meeting the same

requirements as MIL-S-19500.

Environment Factor - e

em—

Quality * nQ
JANTXV .50
JANTX 1.0
JAN 5.0
Lower 25
Plastic 50

For high frequency part classes not spectfied to

MIL-S-19500 equipment quality classes are
defined as devices meeting the same

requirements as MIL-S-19500.

Environment e
Gg 1.0
Gg 2.0
Gm 5.0
Ng
NU 11
Ap 4.0
Ae 5.0
Auc 7.0
Aur 12
Apw 16
s 50
Mg §.0
M 24
C 250

o)}
(84




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

2 =1 w w w
l\.p = l\.bu.Tn.An.Ru.sn.QuE

Base Failure Rate - A,

L

Type A

NPN and PNP 00074
Temperature Factor - =y

TJ ("C) T‘T TJ (’C) 'KT
25 1.0 105 4.5
30 i3 110 4.8
35 1.3 115 5.2
40 1.4 120 5.6
45 1.6 125 5.9
50 1.7 130 6.3
55 1.9 135 6.8
60 2.1 140 7.2
65 2.3 145 7.7
70 25 150 8.1
75 2.8 155 8.6
8o 3.0 160 2.1
85 3.3 165 9.7

90 3.6 170 10

95 3.9 175 1

100 4.2

n ex /-"115/——1 -5\ )
T = OP[-eN% T,5273 " 208 | |
\ N\ /s 7/

TJ-

Junction Temperature (°C)

neesnDin
UCO\'"II"I‘!OI“I

NPN (Freaquency < 200 MHz)
PNP (Frequency < 200 MHz)

Application Factor - =y
Application LT
Linear Amnlification 1.5
Switching .70
Power Rating Factor - g
Rated Power (Py, Watts) nR
Pr<.1 .43
Pr=5 77
P; =10 1.0
Pr= 5.0 1.8
P, = 10.0 2.3
Pr= 50.0 4.3
Py = 100.0 55
P; =500.0 10
ng =43 Rated Power < .1W
ng = (P37 Rated Power > .1W

@
()]
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MIL-HDBK-217F

6.3 TRANSISTORS, LOW FREQUENCY,

BIPOLAR

Environment Factor - xre

A
2]

Environ
onf

o

o NOndW

=
©

N =t —a
- O =

0 O -
o o o|m

o

w
©w ©

©
o

-h
© N 0
@ b

2

0 / <10\
v <0

<V
S

Applied VCE / Rated VCEO
Voltage, Collector to Emitter

Voltage, Coliector to Emitter, Base

Q

~J
(=}

ro
EES

o]
(o]

~
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6.4 TRANSISTORS, LOW FREQUENCY, SiI FET

SPECIFICATION DESCRIPTION
MiL-S-18500 N-Channel and P-Channel Si FET (Frequency < 400 MHz)

Ap=A R AT e Failures/10% Hours

Base Failure Rate - Ay Application Factor - mp
Transistor Type Application
lb (P, Rated Output Power) A
MOSFET .012
0 Linear Amplification 1.5
JFET .0045 (Pr< 2W)
Small Signal Switching .70
Temperature Factor - T
Power FETs
-7 T {7
Ty€0 T 4 ) T (Non-linear, P, = 2W)
25 1.0 105 3.9
30 1.1 110 4.2 2sPr< SW 2.0
35 1.2 115 45
40 1.4 120 4.8 5 < Pr< 50W 4.0
45 1.5 125 5.1
s e 12 22 50 < Pr < 250W 8.0
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
gg gg :?g g-g Environment Factor - n¢
95 3.4 175 8.7 Environment e
100 3.7
Gg 1.0
Gg 6.0
1925 ([ =—— . L
Toeoep ( ( T, +273 ° 298) ) Gm 9.0
Ng 9.0
Ty = Junction Temperature (°C) NU 19
Ac 13
' Quality Factor - nq Ap 29
Quality o
JANTXV .70 AuF 43
JANTX 1.0 Apw 24
JAN 2.4 SF ) .50
Lower 55 Mg 14
Plastic 8.0 ML 32
CL 320

— i - = ~10 1
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6.5 THANSISTORS, UNiIJUNCTION

SPECIFICATION
MIL-5-19500

. W, W,
l\-p = ILDTCTKQKE

Base Failure Rate - A,

DESCRIPTION
Unijunction Transistors

Type Ay Quality L7e)
All Unijunction .0083 JANTXV .70
JANTX 1.0
JAN 2.4
Temperature Factor - ny Lower 5.5
T ,(°C n T,(°C b2
2 (%) I 20 il Piasiic 8.0
25 1.0 105 5.8
30 1.1 110 6.4
35 1.3 115 6.9 . = )
40 1.5 120 75 Environment Factor - ng
45 1.7 125 8.1 Environment ®g
50 i.9 130 8.8
55 2.1 135 9.5 Gg -0
60 2.4 140 10 G 6.0
65 2.7 145 11 r
70 3.0 150 i2 Gm 8.0
75 3.3 155 13 N
80 3.7 160 13 S 8.0
85 4.0 165 14 Ny 19
90 4.4 170 i5 U
95 4.9 175 16 Aic 13
100 53 a 5G
A": 29
. ; Auc 20
1
"y = exp (- 2483 {m - Eé\ ‘\ AUF 43
\ Y JJ A 24
RW
T, = Junction Temperature (°C) Sg 50
Mg 14
ML 32
CL 320
6-9
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MIL-HDBK-217F

6.6 TRANSISTORS, LOW NOISE, HIGH FREQUENCY, BIPOLAR

SPECIFICATION DESCRIPTION
MIL-S-19500 Binolar, Microwave RF Transistor

(Frequency > 200 MHz, Power < 1W)
- ; 8
kp = lbnTananxE Failures/10° Hours

Appiication Note: The model applies to a single die (for muitipie die use the hybrid modei). The model does
ek b marimnsd tonmaiatorn Aar A mimsela Ala

ANy (U YA RJOU LAl IDIDIVID Uil a SITYro Ure.
Power Rating Factor - xg

Base Failure Rate - A, Rated Power (P;, Watis) s
Type A
L Pr < .1 .43
1<Pr<.2 .55
All Types 18 2<Prs.3 64
<P 4 .71
4 <Pr< 5 77
Temperature Factor - mp 5<Prs 6 83
T.C TG 6 <Pr<.7 .88
y (0 i 40 s 7<Pr< 8 82
25 1.0 105 45 B <Prs239 96
30 1.1 110 4.8
35 i3 115 5.2 R =43 Pr <.1W
40 1.4 120 5.6
45 1.6 125 5.9 a7 - s
50 1.7 130 6.3 rr=Fr )y Pr>.iW
85 1.0 138 &8
60 2.1 140 7.2
65 2.3 145 7.7
70 >5 150 8 1 Voltage Stress Factor - xg
75 2.8 155 8.6 Applied VcE/Rated VCEO .
80 3.0 160 9.1 5
es 3.3 188 2.7
90 3.6 170 10 0<Vg< 3 11
95 39 175 11 3 <Vs < 4 16
100 4.
2 4<V s 5 21
5« Vs < .6 .29
i i
n'r - exp(- 2114(1-_%-5\\ 6<vsS.7 .39
L LY J ) 7 < Vgs 8 .54
. 8 < Vs < .9 .73
T, = Junction Tamparature [°C)
v " v 9 < Vs < 1.0 1.0
g = .045exp (3.1(Vs)) (0<Vgs1.0)
Ve = Applied VoE / Rated VoEO
Vcg = Voltage, Collector to Emitter
Vceo = Voltage, Collector to Emitter, Base
Open

6-10
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MIL-HDBK-217F

6.6 TRANSISTORS, LOW NOISE, HIGH FREQUENCY, BIPOLAR

i —————— e

Quality Factor - n Environment Factor - ng
Quality o Environment ng
Cp 1.0
JANTXV 50 8 ,
GF 2.0
JANTX [RY GM 5.0
JAN 2.0 Na 4.0
Ng 4.0
Lower 5.0 Ny ii
AlC 4.0
NOTE: For these devices, JANTXV quality class must
include IR Scan for die attach and screen for barrier A 5.0
layer pinholes on goid metallized devices. A ue 70
AUF 12
ARpw 16
S¢ .50
MEp 5.0
ML 24
Cy 250
044
=11
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6.7 TRANSISTORS, HIGH POWER, HIGH FREQUENCY, BIPOLAR

SPECIFICATION DESCRIPTION
MIL-S-19500 Power, Microwave, RF Bipolar Transistors
(Average Power 2 1W)
= H 6
Xp = Ab"‘r"A“M”Q“E Failures/10° Hours
Base Failure Rate - A,
Frequency Output Power (Watts)
GH2) 1.0 5.0 10 50 100 200 300 400 500 600
<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 .08S .086 1 .20 .35
3 .093 .095 .098 12 .16 .28
4 .13 14 14 A7 .23
5 .19 .19 .20 .25
kb = .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 .

Temperature Factor - n
(Gold Metallization)

Ao
i

i
{Aluminum Meiaiiization)
Vv

Vs (VCE/BVCES) s (VCE/BVCES)

T,(C) | =40 45 50 55 T;°C) 1 <.40 45 -50 55

=100 10 20 30 20 100 38 75 T 15
110 12 25 37 49 110 57 1.1 1.7 2.3
120 15 .30 45 59 120 .84 1.7 2.5 3.3
130 .18 36 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 1.0 150 2.4 4.7 7.1 9.5
160 29 59 88 1.2 160 33 6.5 9.7 13
170 34 .68 1.0 1.4 170 44 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 21 200 10 20 30 40

9 1
np = 1 exp(— 2903 (TJ + 273 373))'

(Vg < .40)
w_ = 20/ _ 2K\ avn /- 2007 /—-—-—1———— - -L-\\
nT = 2{V.-.35)exp{- 2903 ,
T s k UJ + 273 373})
(-4 < Vg .55)
\/ = AV Nl = \VI NP
Vs = VvCE/oviEeSsS
VCE = Operating Vohage (Volts)
BVCcgs = Collector-Emitter Breakdown
Voltage with Base Shorted to
Eminer (Volts)
T. = Paak Junction Temnparature (°C)
J bk G i ab b W

Vg 7 1
nr = .38exp(- 5794 (T—-——J T 373

(V, < .40)
(Vg )
] VA 1 1\
%1 = 7.55 (Vg - .35) exp [ - 5794( T 1273 373 }
\ \ J 77
(.4 < Vg <.55)
Vg = VCg/BVCESs
VCE = Operating Voltage (Volis)
BVces = Collector-Emitter Breakdown
Vohage with Base Shored to
Emitter {Voiis)
T, = Peak Junction Temperature (°C)
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6.7 TRANSISTORS, HiGH POWER, HIGH FREQUENCY, BIPOLAR
Application Factor - na Quality Factor - n
Application Duty Factor A Quality nQ
cw N/A 7.6
JANTXV .50
Pulsed S 1% .46
5% .70 JANTX 1.0
10% 1.0
15% 1.3 JAN 2.0
20% 1.6
25% 1.9 LowsT 5.0
2 0% 22
NOTE: For thess devices, JANTXV guality class
na = 7.6.CW must include IR Scan for die attach and screen for
A A barrier layer pinholes on gold metaltzed devices.
np = .06(Duty Factor %) + .40 , Pulsed
Environment Factor - ng
Matching Network Factor - maa Environment e
Matching M Gg 1.0
Gg 2.0
Input and Output 1.0
Gm 5.0
Input 2.0 Ne 4.0
None 4.0 Ny 11
— Ac 4.0
A 5.0
AUC 7.0
SRW 16
Sg .50
Mg 9.0
My 24
CL 250
6-13
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" MIL-HDBK-217F

6.8 TRANSISTORS, HIGH FREQUENCY, GaAs FET

ORENAIEIA A TIALM [aY A T ate Il - R dVaY V]
OFEVITIVA NIV UvEOSLRIFIIVUN
MIL-S-19500 GaAs Low Noise, Driver and Power FETs (> 1GHz)

kp = xbnTn A"MTa™E Failures/10® Hours

Base Failure Rate - l-b

Operating Average Output Power (Watts)
Frequency (GH2) <.l .1 .5 1 2 4 6
1 .052 - - - - - -
4 .052 .054 .066 .084 14 .36 .98
5 .052 .083 .10 .13 21 .56 15
6 .052 13 16 .20 .32 .85 23
7 .052 .20 .24 .30 .50 1.3 35
e 052 .30 37 47 .78 2.0
9 .052 .46 .56 .72 1.2
10 .052 .71 .87 1.1 1.8
Ab = .052 1sF<10, Pc<.1
A, = .0093 exp(.429(F) + .486(P)) 45sF<10, .1sP<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 pulsed applications.

Temperature Factor - wy Application Factor - mtp
Te (°C) T Te (°C) P Appiication (P < 6W) T
o | LA i halal N 4 fa)
25 1.0 105 24 All Low Power and Pulsed 1
30 1.3 110 28
35 1.6 115 33
40 21 120 38 cw 4
45 2.6 125 44
S0 3.2 13¢ 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
a48s (—1—— _ L
o= e ( (TC +273 ° 298) )
Tc = Channel Temperature (°C)
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6.8 TRANSISTORS, HIGH FREQUENCY, GaAs FET

Environment Factor - T

Matchin Y Th
Maiching M Environment ng
Gg i.0
input and Output 1.0 Ge 2.0
input Only 2.0 G 5.0
None 4.0 Ng 40
Ny 11
Ag Y
Quaiity Facior - nq A 5.0
Quality nQ Auc 7.0
JIANTXV 50 AUF 12
JAN 50 ARW T8
JANTX 1.0 5 =
JAN 2.0 Mg 7.5
Lower 5.0 My 24
— C, 250

N
1
an
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SPECIFICATION DESCRIPTION
MIL-S-19500 Si FETs (Ava. Power < 300 mW, Freq. > 400 MHz)
= ; 6
xp = xbnTnQnE Failures/10° Hours
Base Failure Rate - & Quality Factor - ny
[ Transistor Type Ap Quality g
MOSFET .060 JANTXV .50
JFET .023 JANTX 1.0
JAN 2.0
Lower 5.0
Temperature Factor - ny
T,(°C) ny T, (°C) o
25 1.0 105 3.9
30 1.1 110 4.2 .
3 12 115 45 Environment Factor - T
40 1.4 120 4.8 Environment R ]
45 15 125 5.1 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 Gpm 5.0
75 2.5 155 7.1 " —
80 2.7 160 7.5 NS *-Y
8s KXo 165 7.9 N 11
90 3.2 170 8.3 - Y
9s 3.4 175 8.7
100 3.7 Ac 4.0
A 5.0
, i 13 Auc 7.0
mp o= exp (- 1925 (F—5n - 5ag) ) ) _
\ Y JJ Aur 12
T; = Junction Temperature (°C) ARW 16
SF 50
Mg 8.0
ML 24
CL 250
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6.10 THYRISTORS AND SCRS

Pt Yl e e -

SPECIFICATION DESCRIPTION
AMH _Q_10RNN Thurictare
WAL T 1 IWVUWY LS A R4 4 K4

SCRs, Triacs

Base Failure Rate - A, Current Rating Factor - ng
Device Type x,_, Rated Forward Current
( Iy ms (Amps)) TR
All Types .0022
.05 .30
.10 .40
.50 .78
Temperature Factor - n— 1.0 1.0
T . 1o - T . (o - 50 19
‘J\ s T ‘J\ v T 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 55
50 2.2 130 15 80 5.8
55 2.6 135 16 20 6.0
60 3.0 140 i8 i00 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 57 165 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 (= - 51i-) ) = iy
T "k LTJ+273 298))
Ifrms = RMS Rated Forward Current (Amps)
T, = Junction Temperature (°C)
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6.10 THYRISTORS AND SCRS

Voltage Stress Factor - ng

Environment Factor - ne

Vg (Blocking Voltage Applied/
Blocking Vohlage Rated) Rg
V.< .30 .10
3 < Vs < 4 18
4cVg< 5 .27
E -V ¢ & 2K
S<Vgs 6 .38
R -\ < 7 £E1
N EES 's T 4 R
7 < VS <8 .65
a . \7 - 0O on
.0 < Vs P-4 Ner-4
8 < Vg < 1.0 1.0
ng=.10 (Vg<0.3)
- ny \1'9 N o N2
”S- \Vs, \VS)V.G]
Quality Factor - nq
Quality nQ
JANTXV 0.7
JANTX 1.0
JAN 2.4
Lower 55
Plastic 8.0

Environment

g

Gp 1.0
GF 6.0
GM 9.0
NS 9.0
Ny i9
AlC 13
Ase 29

\F
A an
Aur 43
Apw 24
Sc .50

F
'l""F 14
ML 32
CL 320
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OPTOELECTRONICS, DETECTORS, ISOLATORS, EMITTERS

SPECIFICATION
MIL-S-19500

DESCRIPTION

Photodetectors, Opto-isoiators, Emitiers

A=A nn-n. Failures/10® Hours
p =M a"E

Bass Failurs Rate - Ay Quality Factor - nq
Opioeiecironic Type Ap Quality Tq
Photodetectors IANTXV
Photo-Transistor 0055 e 70
Photo-Diode 0040 JANTX 1.0
Opto-isolators JAN 2.4
Photodiode Output, Single Device 0025
Phototransistor Qutput, Single Device .013 Lower 55
Photodarlington Output, Single Device .013 Dlactin an
I IAoLlw - e
Light Sensitive Resistor, Single Device .0064
Photodiode Output, Dual Device .0033
Phototransistor Output, Dual Device 017 T =S
snvin g raciul - 7 E
Photodarlington Qutput, Dual Device 017 —_— :
? i Environment g
Light Sensitive Ragistor, Dual Davice .0086
Gg 1.0
Emitters G*
infrared Light Emitiing Diode {(iRLD) 06013 s
Light Emitting Diode (LED) 00023 Cm S
- Ng 5.0
Temperature Facior - ny
Ny 12
T, ¢0) nr T, () ny = —
T "iU v .
25 1.0 75 3.8 A 6.0
3¢ 1.2 80 43
35 1.4 85 4.8 Auc 6.0
40 1.6 90 5.3 A e 8.0
45 1.8 95 5.9 bl
50 2.9 100 §.6 Ao 17
55 2.4 105 7.3 Sl —
60 2.7 110 8.0 Sk 50
§§ ?(‘) 115 8.8 Mg 9.0
AY) 3.9
M 24
AEN
2y = oxp(-2790 [ =555 - 52z) ) L —
' \ \ 'J + &£/9 cao) }
T, = Junction Temperature (°C)
- o 6-19

REUCONNEIIULIIY, adaLLeT P LQlivs v

L R R N . . P
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6.12 OPTOELECTRONICS, ALPHANUMERIC DISPLAYS

S o o olm Mhiccmfoae

< nn [N
10UV ARNIAIUITRTG LUSEAay

zo

PECIFICATION DESCRIPTION

" o
-9

A, = A mon. Failures/1 08 Hours

Raecna Eaihira RData _ 1
PV ¥ ARSIV ALY % . uw-uuuuv L= ) "
— —
of Segment Diode Array
Characters Display Display 25 1.0 75 3.8
30 1.2 80 4.3
1 .00043 .00026 as 1.4 es 48
(> 254 1. 1 %4 .0
1 w/Logic Chip .00047 .00030 40 1.6 g0 53
2 .00086 .00043 = a QL £ q
2 wiLogic Chip .00090 .00047 gg ;? 1 gg g'g
3 on 9013 o 55 2.4 105 7.3
3 wiogi Chvp pedt poeisal 60 2.7 110 8.0
4 wiLogic Chip .0018 .00081 65 3.0 115 8.8
5 .0022 .00094 70 3.4
6 .0026 0011
7 .0030 0013 ;o 1% 3
8 -0034 0015 np o= exp(-2790 (v 555 - 755 |
) .0039 0016 Y )
10 .0043 .0018
: ; ggg; ggg? Ty = Junction Temperature (°C)
13 .0058 0023
14 0060 0025
15 0065 0026 )
Environmen Factor - np
Ay, = .00043(C) + M¢, for Segment Displays Environment RE
A, = .00009 + .00017(C) + Ay, Diode Array Displays Gg 1.0
(o} = Number of Characters GF 2.0
Mc = .000043 for Displays with a Logic Chip Gy 8.0
=  0.0for Displays without Logic Chip Ns 5.0
NOTE: The number of characters in a display is the NU 12
number of characiers contained in a singie seaied A 4.0
package. For example, a 4 character display iC ’
comprising 4 separately packaged single characters Aic 6.0
mounted together would be 4-one character displays, "
noat 1 40ir sharamar dionlay . an
VL 1TIVWA Vial awviwl leﬂ’. r\UC v.v
F Ayr 8.0
Quality Factor - ny A 17
o 1T’ p= RW
wruariy rQ
e Sg .50
JANTXV 0.7
MF 9.0
JANTX 1.0 M o4
JAN 2.4 L
Lower 5.5 CL 450
Plastic 8.0
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6.13 OPTOELECTRONICS, LASER DIODE

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

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

Ap = A R T M T AR T Failures/10® Hours

T QTI1"A"PTE
Base Failure Rate - Ay, Forward Curmreni Facior,
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 - ny 4.0 2.6
~ 5.0 3.0
T3 (°C) T 10 4.8
15 6.3
25 1.0 20 7.7
30 1.3 25 8.8
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
78 9.3 Application Factor =
- ] o L _Appucanon Duty Cycle N
nr = eoxp(-4635 (+—>== - 5za ~OW 4.4
T ( (TJ +273 299) ) : Pulsed X 32
2 45
T, = Junction Temperature (°C) f" 22
5 7
.6 77
7 .84
_._.alggy Factor - m~ .8 .89
.9 .95
Quality 7 1.0 1.00
i ®
Hermetic Package 1.0 mp = 4.4, CW
0. 5
Nonhermetic with Facet Coating 1.0 np = Duty Cycle Pulsed
. NOTE: A duty cycie of ona in puised applicalion
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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6.13 OPTOELECTRONICS, LASER DIODE

Power Degradation Factor - np

Environment Factor - nig

Ratic P/Pg no Environment g
Ge 1.0
0.00 50 o
.05 .53 GF 2.0
.10 .58 - =
15 59 Gm 8.0
.20 .63
25 87 Ng 5.0
.30 71
.35 77 Ny 12
.40 .83 a AN
45 91 ~ic -~
50 1.0 6.0
55 11 MF oY
.60 1.3 AUC 6.0
.65 1.4
70 17 Aye 8.0
75 2.0
80 25 ARw 17
.85 3.3 s 80
.90 5.0 F
95 10 Mg 9.0
M 24
1 Pr
e = < = 4
Ap = Br 0<gpg S 95 CL 50
2 (1 - Ps

Ps = Rated Optical Power Output (mW)
P, = Reaquired Optical Power Output (MW)

NOTE: Each laser diode must be replaced when power
sutpwt falls 1o Pr for tallure rate pradiction to be valid.
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ETERMINATION

6.14 DISCRETE SEMICONDUCTORS, T,

ideally, device case temperatures should be determined from a detailed thermal analysis of the
equipmenti. Device junciion iemperaiure is then caiCuiaied wiii ine IoIWINg Teiationship:

i where:

Junction Temperature (°C)
P oY P, oy eapnay -V 2. 1Y M aoe o ceeal amak.ale awicbe Aus adabo. .l ocso
LdSU 1 UITPSTIAUNE ("), 1T uUwmIn aldlySi SARID, UV UDiauill Lade

temperatures shown in Table 6-1 should be assumed.

Junction-to-Case Thermal Resistance (°C/W). This parameter shouid 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 .18 W/°C would
resull in 2 8 ;- of 6.25 °C/W. H# 8 ;= cannot be determined assume a 8 j~ value of

T AT T

TOCC AN

Iv Nsivv.

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 ihese modeis ARE NOT

APPLICABLE.
ahla £.1 Nafalt LV VY amnaraturne /T_\ far All EnviFrnnmanta
FeTe Ve MTIEUI weev ISIHIipvIiaiuIee (] Wi NI v wiuiieise
Environment To (°C)

Gg 35
GF 45

V) 50
Ng 45
Ny 50
Ac 60
A. [{4]
SNiFE <V
A. .. 78
~UC A
A _ 7E
"‘UF L4
Agw 60
S¢ 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 (0 ;c) for Semiconductor
Devices in Various Package Sizes®

Package Type 0J4C (°CW) Package Type 0Jc (°CW)
TO-1 70 TO-205AD 70
TO-3 10 TO-205AF 70
TOQ-8 70 TO-220 5
TO-8 70 DO-4 5
TO-9 70 DO-5 5
TO-12 70 DO-7 i0
TO-18 70 DO-8 5
TO-28 5 DO-9 5
TO-33 70 DO-13 10
TO-39 70 DO-14 5
TO-41 10 DO-20 10
TO-44 70 DO-35 10
TO-46 70 DO-41 10
TO-52 70 DO-45 5
TO-83 L DQO-204MB 70
TO-57 5 DO-205A8B 5
TO-59 5 PA-42A.B 70
TO-60 5 PD-36C 70
TO-81 s PD-50 70
TO-63 5 PD-77 70
TO-66 10 PD-180 70
TO-74 70 PD-319 70
TO-72 70 PD-262 70
TO-83 5 PD-975 70
TO-89 22 PD-280 70
T0-92 70 PD-2i6 70
TO-94 5 PT-2G 70
TO-99 70 PT-6B 70
TO-126 5 PH-13 70
TO-327 5 PH-16 70
TO-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 1c
is higher.
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6.15 DISCRETE SEMICONDUCTORS, EXAMPLE

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 envuronmem Side one, NPN, operating at
0.7 W and 50 percent of raied voltage and side two, PNP, operating at 0.05 W and 30

percent of rated vnn:rm The device operates at less than 200 MHz.

Since the device is a bipolar dual transistor operating at low frequency (<200 MHz), it falls into the
Transistor, Low Frequency, Bipolar Group and the appropriate model is gwen in Sechon 6.3. Since the

PRy NP | AL ___

davice ic a rhial davira i e naracean: ta AraMmRIta tha fnikiva rata ~f anab sida oo on tely and sum them

Ve S

@ wual UWOVRLY, n o roLiSSaly 10 COMPUIS 1S /ailile Taitd O1 gadn Siae Separ;

together. Also, since 6 ) Is unknown, 6 G = 70°C/W will be assumed.

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

*p
*p

Ap, = .00074

mry = 2.2 Side 1, Ty=To + 8,0 P =55+70(.1) = 62°C
Ty = 2.1 Side 2, T j = 55 + 70(.05) = 59°C

A = 15

R = .68 Using equation shown with g table, P, = .35 W
ngq = .21 Side 1, 50% Voltage Stress

ngy = .11 Side 2, 30% Vohage Stress

RO = 2.4

nEg = 9

SIDE 1 SIDE 2

= Ap T7q A TR Mgy TQ T + Ay T, MA MR Mg T RE

= (.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
All Types Except Traveling Wave Tubes and Magnetrons.

inciudes Receivers, CRT,

Thyratron, Crossed Fieid Ampiifier,

Pulsed r‘nrldnd Tmnamﬂhnn Vidicons T\‘uvch-nn Pulsed

LRE-E- Lt

Klystron, CW Klystron

xp = ;‘g"L“E Failures/10° Hours

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

Tube Type Ap Tube Type Ap
Receiver Kiysiron, Low Power,
Triode, Tetrode, Pentode 5.0 {e.g. Local Oscillator) 30
Power Rectifier 10
CRT 9.6 Klystron, Continuous Wave*
Thyratron 50 3K3000LQ 9.0
N ool b A e aennnn! F 8A
Crossed Fieid mplmer ERE;BSSBLQ 1‘5’6
QK681 260
SFD261 150 3KM300LA 64
; 3KM3000LA 19
Puised Gndded 140 3KM50000PA 110
6952 390 3KM50000PA1 120
7835 140 3KM50000PA2 150
~ Transmitting o i anJuL oY
. 4K3SK 29
Triode, Peak Pwr. < 200 KW, Avg. 75
Pwr. < 2KW, Freq. < 200 MHz 4K50000LQ 30
Tetrode & Pentode, Peak Pwr. 100 ‘},’fMES,LE ?E
< 200 KW, Avg. Power < 2KW, z;mga"éj é;
Freq. < 200 KW
If any of the above limits exceeded 250 iﬁ:ﬂ”gg&iﬂ 133
Vidicon _— 4KM50000LQ 79
Antimony Trisulfide (Sb2S3) 4KM§5566LE 5:,’
Photoconductive Materiai 51
Silicon Diode Array Photoconductive ggg:‘ 70000LA 7133
Materiad 48 8825 120
Twystron . 8826 280
VAI144 8oV
VA145H 490 VAB856B 65
VA913A 230 VABSSE 230
Kiystron, Pulsed®
4KMP10000LF 43
8568 230 * it the CW Kiystron of interest is not listed above,
!-2222 22 use the Alternate CW Kiystron Ap Table on the
Lo IV A -4 .
L3403 93 foliowing page.
SAC42A 100
VA842 18
Z5010A 150
ZM3038A 180
It the pulsed Klystron of interest is not listed above
use the Alternate Pulsed Klystron Ap Table on

~
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7.1 TUBES, ALL_TYPES EXCEPT TWT AND MAGNETRON

Ahernate® Base Failure Rate for Pulsed Kiystrons - x,_,

Learning Factor - LR

F(GHz)

PMMW) | .2 .4 .6 .8 1.0 20 4.0 6.0
.01 16 16 16 16 16 16 16 16
.30 16 16 17 17 17 18 20 21
.80 i 7 i7 8 i8 2i 25 30

1.0 17 17 18 18 19 22 28 34

3.0 18 20 21 23 25 34 51

5.0 i9 22 25 28 3i 45 75
8.0 21 25 30 35 40 63 110
10 22 28 34 40 45 75
25 37 45 80 75 80 160
Ay = 294 (F){P) + 16
F = Operating Frequency in GHz, 0.2<sF <6
P = Peak Output Powerin MW, .01 <P <25 and

P < 490 F-2-85

“See previous page for other Klystron Base Fallure

Rates.

T (vears) LY
<1 10
2 2.3
>3 1.0
I - A
mo= 1W0(M)=',1sT<3
= 10, T<1
= 1,T23

—
"

to Field Use

Number of Years since Introduction

Environment Factor - g

Alternate” Base Failure Rate for CW Kilystrons - &

PKW)

FiMHzZ)
300 500 800 1000 2000 4000 6000 8000

DW=
OO0OOO-»

30 31 23 34 38 47 57 &6
31 32 33 34 39 48 57 66
32 33 34 35 40 49 58

33 34 35 36 41 50

34 35 37 38 42

10 35 36 38 39 43
30 45 46 48 49
50 55 56 58 59
80 70 71 73
100 80 81
2 0.5P . O0D0ABF . 29
X 0.5P + .00046F + 29
P Average Output Power in KW, 0.1 < P < 100

nl

PO PPPAY - rcs
alu r > o.viivy (r)

300 < F < 8000

“See previous page for other Klystron Base Failure

Rates.

Environment e
Gg .50
Gg 1.0
Gm 14
Ng 8.0
Ny 24
Aic 50
Ap 8.0
Ayc 6.0
AUF 12
Agw 40
Sg 20
Mg 22
M 57
Ci 1000
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7.2 TUBES, TRAVELING WAVE

DESCRIPTION
Traveling Wave Tubes
Ap=A m Failures/1 0% Hours
Environment Factor - g
Base Failure Rate - A, Environment ~ g
Frequency (GHz)

PowerwW)| 1 1 2 4 6 8 10 14 18 Cg 1.0
100 |11 12 13 16 20 24 29 42 61 Gg 3.0
500 |11 12 13 16 20 24 29 42 62 G 14
1000 | 11 12 14 16 20 24 29 43 62 M
3000 12 13 14 17 21 25 30 44 65 N 6.0
5000 12 13 15 18 22 26 32 46 68 S
8000 13 14 16 19 23 28 33 49 72 Ny 21
10000 14 15 16 20 24 29 35 51 75
15000 15 16 18 22 26 32 39 56 83 AIC 10
20000 17 18 20 24 29 35 43 62 91
30000 20 22 24 29 36 43 52 76 110 AE 14
40000 25 27 30 36 43 53 64 93 140 A

uc 11
A 18
Ay = 11(1.00002)P (1.1)F UF
P = Rated Power in Watts (Peak, if Puised), S 10
.001 < P < 40,000 F :
. Mg 22
F = Operating Frequency in GHz, 3s F < 18.
M 66
It the operating frequency is a band, or two different L
values, use the geometric mean of the end point CL 1000
frequencies when using table.
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DESCRIPTION
Magnetrons, Pulsed and Continuous Wave (CW)
= H 6
Ap = A myncn Failures/10° Hours
Base Failure Rate - A,,
Frequency (GHz)

P(MW) .1 .5 1 5 10 20 30 40 50 60 70 80 90 100
.01 1.4 46 76 24 41 67 91 110 130 150 170 190 200 220
.05 1.9 6.3 10 34 56 93 120 150 180 210 230 260 280 300
A 2.2 7.2 12 39 64 110 140 180 210 240 270 290 320 350
.3 2.8 5.0 15 48 80 130 180 220 280 300 330 370 400 430
.5 3.1 10 17 54 89 150 200 240 290 330 370 410 440 480

1 3.5 11 19 62 100 170 230 280 330 380 420 470 510 550
3 4.4 14 24 77 130 210 280 350 410 470 530 580 630 680
5 4.9 16 26 85 140 230 310 390 460 520 580 640 700 760

Pulsed Magnetrons: CW Magnetrons (Rated Power < 5 KW):

Ay = 19(F)73(p)20 Ay =18
F = Operating Frequency in GHz, .1<F <100
P = Output Powerin MW, .01<P<5

Utitlization Factor - Yy

Utilization (Radiate Hours/
Filtament Hours)

Ty

©
o

S O000QCO0O0O0O00C0
CQOWONOWUN B WN —

.44
.50
.55
.61
.66
.72
.78
.83
.89
.94
1.0

ny = 0.44 + 0.56R

R = Radiate Hours/Filament Hours

Construction Factor - e

Construction

c

Coaxial Pulean

MUGQAIG T wisTuU

CW (Rated Power < 5 KW)

Conventional Pulsed

Environment Factor -ng

Environment e
Gg 1.0
Gg 2.0
Gm 4.0
Ng 15
Ny 47
Ac 10
AIF 16
Auc 12
AyUF 23
Agw 80
S¢ .50
Mg 43
ML 133
CL 2000
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8.0 LASERS, INTRODUCTION

The models and failure rates presented in this section apply to laser peculiar iterns only, i.e., those items
wherein the lasing action is generated and controlled. In addition to laser peculiar items, there are other
assemblies used with lasers that contain electronic parts and mechanical devices (pumps, valves, hoses,
etc. ) The failure rates for these pans should be determined with the same ptooedures as used for other

eleclromc anu "Wld.llul UBVWb lll l."U MMIUIII or byb“’lll Ul Wi Iul l"ﬂ’ Iabel lb a pdll

The laser failure rate models have been developed at the “functional,” rather than “piece part” level
because the available data were not sufficient for pieca pan" model developmem Nevertheless, the

o 8a

iaser funciionai modeis are inciuded n this Handbook in ine inierest oi compieieness. These iaser
madalc will ha rovicad tn inohida niana nart madale and athar lacar tynes whan tha data haconma awvailahla,

TITV WMWY TN W TV Y AWM W NI (TS RS L I RSt SAT R WS P ey P~ wee e

Because each laser family can be designed using a variety of approaches, the tailure rate models have
been siructured on ihree basic iaser functions which are common to Mosi iaser famiiies, but may difier in
tha harrhaa mantatinn af a aiven hinctinn. Theee functione ara the Iaeinn meadia tha lacar mnrn_g'\nr%

ra irmnla
NS nargware impiemematon of a grven luncien. VoY e

mechanism (or pump}, and the coupling method.

Examples of media-related hardware and reliability influencing tactors are the solid state rod, gas, gas

prassure, vacuum intearity  aas mix. putgassing and tube diametaer. The electrical dischame, the
PIeSour vauvuuing lll\Gslll, YGRS 1HA,;, VUIYyRooriy, @i tUuv Wi oo ARIYo, siv

flashlamp, and energy level are examples of pump-related hardware and rel:abmty inﬂuenclng factors. The
coupling function rehablmy mﬂuencmg factors are the "Q" switch, mirrors, windows, crystals, substrates,
coatings, and ievei of dust protection 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 8-1 beiow iliustrates exampies of active opiicai suriaces and count.

Totalty Reflective Mirror
F One Active Uplicei Suriace
P —
|
Lene/WAndow
Two Active Optical Suitaces
Partially Refisctive
{PR) Mo
)
_,} Two Active Optical Surfaces
LLJ
Priam
NOTE: The Two Active Optical
Surtaces Prism has only 2 active
e . a .".m’ i,
—-17 /'\ Vi are not subject to extemal particulate
A3
—_—
Laser Beam

Figure 8-1: Examples of Active Optical Surfaces
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DESCRIPTION
Helium Neon Lasers
Heiium Cadmium Lasers
Arnon | acare

AP LaSTorS

)'D = ;‘ucnmn: + )'f‘,f\l 1Dl 1IN
g Cui A4V g W

wi A\ LA g

Lasing Media 'Failure Rate - A

~T Failures/10® Hours

Environment Factor - nE

MEDIA
Type AMEDIA Environment R
Ggp .30
He/Ne 84 o
GF 1.0
He/Cd 228 G 4.0
Argon 457 Ng 3.0
Ny 4.0
A‘iC 4.0
AF 6.0
Types ACOUPLING AUF 9.0
" _ Apw 50
Helium 0 RV
-SF 10
A 6
roon Mg 3.0
M 8.0
NOTE: The predominant argon !aser failure
o y ‘ CL N/A
mechanism is related to the gas media (as reflected

in AMEDIA; however, when the tube is refilled
periodically (preventive maintenance) the mirrors
(as part of AcoOUPLING) can be expected to
deteriorate after approximately 104 hours of

A eabiaa i bt caiibbe by dimabe o oy i
uperauurn i curnact witl e Ulbblldlgc reyiouin.

ACOUPLING 'S negligible for helium tasers.

(o 4]

1
N

P A A
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8.2

LASERS CARBON mnmns: SEALED

I ad a0 FRTLGr W B B S P = B TN e B B

Ap = AyepIATo™B8™E

Lasing Media Failure Rate - km:mA

DESCRIPTION

CO,, Sealed Continuous Wave Lasers

+ 10 Tos™e Failures/10° Hours

Optical Surtace Factor - Tos

Active Optical Surfaces nos
1 1
2 2

nos - Number of Active Optical Surfaces

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

Tube Current (mA) Aacoia
10 240
20 930
30 1620
40 2310
50 3000
100 6450
150 9900
AEDIA = 69(1) - 450
| = Tube Current (mA), 10<1< 150
Gas Owverfill Factor = ney
CO,, Overtill Percent (%) %0
] 1.0
25 .75
50 .50

Environment Factor - ng

g = 1-.01 (% Overtil)

Ovetfill percent is based on the percent increase
over the optimum CO»2 partial pressure which i ls

PR T SV R e

nommaiy m me ranges U1 1.0 o
L

o Lim Doanarival fas
ey TOODUIT ] VI 1TIUSL DU

<
not analad NMe lnaare
AP WA 1IGIOUT 3.

' Tor

BauastFaaor g

Percent of Ballast

Voimetric increase rg
0 1.0
50 .58
100 .33
150 .19
200 .11
R

Environment g
Gg 30
Gr
Gaa 4.
Al _

l‘s ~ .
Ny 4.0
Ac 4.0
A 6.0
Auc 7.0
AuF 9.0
Aaw 5.0
Sk 10
Mg 3.0
ML 8.0
c, N/A

ng = (1/3) (% Vol. Inc./100)

,
b
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Ao = *coupLing™os

n Failures/1 0% Hours

Coupiing Faiiure Raie - XCOUPLING Environment Factor - ng
Power (KW) ACOUPLING - Environment ne
G .30
.01 3 8
1 30 GF‘ 1.0
1.0 300 . A
\ZM .V
ACouPLING = 300P Ns 3.0
P = Average Power Output in KW, .01 < P< 1.0 Ny 40
o i N L A 4.0
Beyond the iKW range other giass failure mechanisms d
begin to predominate and alter the xCOUPLING values. A": 6.0
It should also be noted that CO, flowing laser optical Ayc 7.0
devices are the primary source of failure occurrence. AUF 9.0
A taiiored opticai cieaning preventive maintenance ARW 5.0
program on optic devices greatly extends laser life. S 0
= .
Mg 3.0
F
M 8.0
tical Surtace Factor -
o Tos cL N/A
Active Optical Surfaces o
1 1
2 2

nog = Number of Active Optical Surtaces

AT . PN Ve gy e el A o e

NUIE: Only aciive opucai surfaces are coumed.
An active optical surface is one with which the laser
energy or beam interacts. internally refiecting
surfaces are not counted. See Figure 8-1 for
examples on determining the number of optical
surfaces.
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8.4 LASERS, SOLID STATE, ND:YAG AND RUBY ROD
DESCRIPTION
Neodymium-Yttrium-Aluminum-Gamet (ND:YAG) Rod Lasers
Ruby Rod Lasers
Ap = (Apump * *mepia + 163 icmog) T Failures/10® Hours
Pump Pulse Failure Rate - Apup Pump Pulse Failure Rate - Ap yp3

(Krygon Flashiamps)

The empirical formula used to determine AP UMp
(Failures7108 Hours) for Xenon lamps is:

APUMP s the failure rate contribution of the Xenon

Heacobloo o oo B abdiboe  Tho £l el e
ll“llld"lp oI IIHSIIIUUU ine Ilub"ld"lp}

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

PPS is the repetition pulse rate in pulses per
second. Typicai vaiues range beiween 1
and 20 pulses per second.

Ej is the flashiamp or fiashtube input energy
per pulse, in joules. lts vaiue is determined
from the actual or design input energy . For
values less than 30 joules, use Ej = 30
Detauit vaiue: b] = 40.

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

L is the flashlamp 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 excseding 100

mlcroseconds For shorter duration pulses,
pulse width is to be measured at 10 percent
of the maximum current amplitude. Dsfault

value: t = 100.

RCOOL s ihe cooiing facior due io various cooiing
media immediately surrounding the

flashlamp or flashtube. ReoOL = 1.0 for

[
-

nv air ar inart aae annli
ainr o S

n rinern gas cooling. oo =1 tor
all liquid cooled designs. Default value:
TcooL = -1, liquid cooled.

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

uwuamp ol "d&”luuﬂ. ined le
evaluted herein are the oontlnuous wave
(CW) type and are most widely used for
commerciai solid staie appiicaiions. 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 cool mg tactor due to various cooling

gas cooling TcooL = -1 for all liquid
designs. Detault value: TCOOL ™ .1, liquid

cooled
Media Fallure Rate - A\epja
Laser Type lM EDIA
ND:YAG 0
Ruby (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 laser
bsam, which is nominally squivalent to the

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

NOTE: ApeD)a is negligible for ND:YAG lasers.
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8.4 LASERS, SOLID STATE, ND:YAG AND RUBY HOD

Coupling Cleaniiness Factor -

Cleanliness Level xc

Rigorous cleanliness procedures 1

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

nrovan awivema rara miet et ha takean 1o nravant
POveT, SXU oo Care MuSt Sun OF &nsit 10 preveni

the entrance of particulates during manufacturing,
field flashlamp replacement, or routine maintenance/
rapair, Contamination s the major cause of solid
state laser malfunction, and special provisions and
vigilance must continuaiiy be provided to maintain the
deanliness level required.

Optical Surtace Factor - nyg

Active Optical Surfaces nos
1 1
2 2

L Number of Active Optical Surfaces

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

Environment Factor - xg

Environment g
Gg .30
Gp 1.0
e 4.0
Ng 3.0
NU 4.V
Ac
A
Auc
AurF
Aqw 5.0
SF .10
Mg 3.0
ML 8.0
cL N/A

0
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9.0 RESISTORS, INTRODUCTION

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

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

differby a factor of about only three, hence the xq values have been set accordingly.

The use of the resistor models requires the calculation of the electrical power stress ratio, Stress =
operating power/rated power, or per Section 9.16 for variable resistors. The modeis have been structured

such that dnrah% curves do not have to he ueed to find tha haecg faihira rata, Tha rated powsr for the

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

70
100 N
O
<C
& e N
3 \
< 60 A
ac
40
e \
g_J 20 K
130
4] 4
(o] 40 80 120

AMBIENT TEMPERATURE IN
DEGREES CELSIUS

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 gtrese calculation wnuld still he 1 watt, not 45% of 1 watt {as

gl ot LR 1L- 0 TV O Uwer wean e OV WO

read off the curve for 100°C). Of 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 rated conditions, the base failure rate tables show entries up to certain combinations
of stress and temperature. If a given operatmg stress and temperature point falis in the blank portion of
the base failure rate table, the resistor is overstressed. Such misapplication would require an analysls of
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-39008 RCR Resistors, Fixed, Composition {Insulated), Established Rsliability
MIL-R-11 RC Resistors, Fixed, Composition (Insulated)
= ; 6
lp = xbanQnE Failures/10° Hours
Base Failure Rate - Ay, Quaiity Factor - nq
Stress Quality nQ
TA(C) .3 3 5 .7 .8
S .03
0 .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 _ o
40 00031 .00045 .00067 .00098 .0014 P 0.3
50 .00044 00066 .00098 .0014 .0021
60 .000683 .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
1_0 -45x 109 exp (12(T'f'2?3\ \exp (ngfg?a\\ Environment T
"\ 343 /7T (6\ 273 ] )
Gg 1.0
T = Ambient Temperature (°C)
i v G 3.0
S = Ratio of Operating Power to Rated Power Gy 8.0
Ng 5.0
Ny i3
Resistance Factor - ng Aic 4.0
Resistance Range (ohms) R A 5.0
A~ 7.0
<.1M 1.0 uC
AUF ii
Apw 19
>1.0Mto10M 1.6 Sc 50
> 10M 2.5 MF 11
== = — ML 27
CL 490
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9.2 RESISTORS, FIXED, FILM
SPECIFICATION STYLE DESCRIPTION
MIL-R-39017 RLR Fixed, Film, Insulated, Established Reliability
MIL-R-22684 RL Fixed, Film, Insulat
MIL-R-55182 RN (R, C,orN) Fixed, Film, Established Reliability
MIL-R-10509 RN Fixed, Film, High Stability
A, = A n_nn. Failures/10% Hours
P b " R"Q"E
Base Failur e - Ab Base Failure Rate - Ab
{MIL-R-22684 and MiL-R-38017) {Mii-R-10509 and MiL-R-55182)
TA () 1 3 .5 7 9 TA(C)| 1 .3 .5 .7 .9
) 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
ZU (00]0]. 74 vulusbsa QUL U013 00706 30 00080 .0010 0013 0016 0019
30 00072 .00090 .0011  .0014 .0018 40 00088 .0011 .0014  .0017 .0022
40 | ooo78 .000e8 0012 0016 0019 50 | 00096 .0012  .0015  .0020 .0025
B 7 60 .0011  .0013  .0017 .0022 .0028
50 0cos4 0011  .0014  .0017 .0022 70 | 0012 0015 .0019 .0025 .0032
60 00092 .0012  .0015 0019 .0024 80 .0013  .0016  .0021  .0028 lI 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 [0025  .0039 .00S1
90 .0012  .0016  .0021 0027 120 .0018 0024 |.0033 .0043 .0058
100 0013 0018 10023 130 .0020 0027 .0036 .0049 .0065
140 0022 0030 .0040  .0054
110 | .0015  .0020  .0026 150 | 0024  .0033  .0045
120 .0017  .0023 160 0026  .0036
qmn Aman 170 .0029
1oV VuI1y
140 | .0022 5 714273\ (. {T+273\)
A= 5x10 exp[35( 398 )]exp(S( 573 )}
A r / \ N r /
.4 sl Vd IT_'_n-IrS\ N T A . T o,
’b =3.25x 107 exp ( ) p( ( oa )) - mbient Temperature (°C)
S = Ratio of Operating Power 1o Rated Power
T = Ambient Temperature (°C)
S = Ratio of Oparating Powaer to Rated Power NQTE: Do not use MIL-R-10509 (Characteristic B)
below the line. Points below are overstressed.
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9.2 RESISTORS, FIXED, FILM
Resistance Factor - R Environment Factor - ne
Resistance Range (ohms n
esistance Range | ) R Environment ng
<.IM 1.0 Gg 1.0
201 Mi01M 1.1 G 2.0
8.0
>1.0MI010M 1.6 Gm
Ng 4.0
>10M 2.5
NU 14
Ac 4.0
A~ A A 0
udiny rdor - KQ ~NiF .V
Quality ng Auc i
A 18
S .03 UF
ARW 19
R 0.1 o 20
Sf .20
P 0.3 Mg 10
M 1.0 ML 28
MIL-R-10508 5.0 o 510
MIL-R-22684 5.0
Lower 15
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9.3 RESISTORS, FIXED, FILM, POWER

SPECIFICATION STYLE DESCRIPTION
MIL-R-11804 RD Fixed, Film, Power Type
6
x A,b R*a™E Failures/10° Hours
Base Failure Rate - Ay, Quality Factor - nq
Stress Quality zQ
TaO)l .3 5 7 9
0 .0089 .0098 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 .07
40 .0096 .011 .012 .015 .017
50 .0098 .011 .013 .015
80 .010 011 .0i3 .016 Environment Factor - xg
70 .010 .012 .014 018
80 010 012  .014 .017 Environment T
90 .011 .012 .015 G
100 .011 .013 .015 B
110 .011 .013 .016 ~ 50
120 .012 014 .016 -F =
120 n1o ni4 ni17 ~ - -~
oV AR Y- ST e U 50
140 012 014 =M
150 .013 .015 Ng 5.0
160 .013 .016
170 .014 .016 Ny, 17
180 .014
150 .015 Ac 6.0
200 .015
210 016 AlE
_3 7 IT+27 Ay 2.6 N AUC
Ap, = 7.33x10 " exp [ .202( 208 ) ] x Alic
N V4 / (W
exp(( ) ( T+273)\-8° ‘)"3 ARwW 25
1.45 273 Sk 50
T = Ambient Temperature (°C) Mg 14
S = Ratio of Operating Power to Rated Power M 36
CL 660
Resistance Facior - TR
Resisiance Range (ohms) nR
10t 100 1.0
> 100 to 100K 1.2
> 100K to 1M 1.3
> 1M 3.5
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he AL BEY

9.4 RESISTORS, NETWORK, FIXED, FILM
SPECIFICATION STYLE DESCRIPTION
MIL-BR-83401 Rz Resistor Networks, Fixed, Film
A, = .00006 n_n....%x_ Failures/108 Hours
[ i NRQE
Temperature Fadtor - ny Quality Factor - n~
— _ MNe1alityg -
TC (OC) nT TC (oC) nT AJCariy llvo
MIL-SPEC 1
25 1.0 80 8.3
30 1.3 85 9.8 Lower 3
as 1.6 =1y 11
40 1.9 85 13
45 2.4 100 15
50 2.9 105 18
58 35 110 21 Environment Factor - ng
60 4.2 15 24 Environment n
65 5.0 120 27 E
70 6.0 125 31 GB 1.0
75 71
B G_;: 2.0
GM 8.0
Ty = ©Xp (-405(-3(-r 1-..... - :71::\ a S
' N KIC+ ragel ZSU} NS 9.V
'c = CassTempsraturs {°C) Ny b
Ac
A 8.0
NOTE: K TC is unknown, it can be estimated as s
follows: Auc 9.0
T = Ta+55(S) Aur 18
. ARw 19
To = Ambient Temperature (°C) SF 50
3 Operaiing Power MF i4
® Package Rated Powar
i ML 28
Any device operating at T» > 125°C is overstressed. CL 510
Number of Resistors Facior - iR
T = Number of Film Resistors in Use
NOTE: Do not include resistors that are not used.
9-6
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9.5 RESISTORS, FIXED, WIREWOUND

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

Ap = A Mpr T Failures/10® Hours

Base Failure Rate - Ay, Quality Factor - nq
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 .003% .0048 .0062 .0084
30 | .0034 0040 .0050 .0066  .0090 P 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
80 | .0044 0053 .0070 .0099 .015 MIL-R-93 5.0
90 .0048  .0059 .0079 .01 .017
100 .0055  .0068 .0092 .013 .020 Lower 15
110 .0065 .0080 011 .016 .025
120 .0079 .0099 .014 .021 .033
130 .010 .013 .018 .028
140 | .04 Environment Factor - n¢
Environment g
Te273\ '° T+ 273\\'° 3
A, = .0031 exp( ;98 ) exp (S (—ﬁ'—) ) Gp 1.0
GF 2.0
T = Ambient Temperature (°C) Gm 11
S = Ratio of Operating Power to Rated Power NS 5.0
Ny 18
Resistance Facior - ng Ag i5
Resistance Range (ohms) nR AE 18
Up to 10K 1.0 Auc 28
Ay IF 35
> 10K to 100K 1.7
100K to 1M 3.0 “Rw 2
> to .
Sg .80
> 1M 5.0 Mg 14
M 38
CL 610

9-7
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8.6 RESISTORS, FIXED, WIREWOUND, POWER
SPECIFICATION STYLE DESCRIPTION
MIL-R-39007 RWR Fixed, Wirewound, Power Type, Established Reliability
MIL-R-26 RW Fixed, Wirewound, Power Type
LY L Y. = Cailiiomaid4nB tia...
Ap = ApRpRaT FANUTES/T1U® Hours
Base Faiiure Rate - "b Resistance Factor - xg
Stress (MIL-R-39007)
T A(°C} 1 .3 5 7 S Resistance Range {ohms)
MIL-R- Up >500 | >1K | >8K | »75 | »10K | >15K
0 .0042 .0062 .0093 .014 .021 30009 | 5001 10 to 10 Ko n m
10 .0045 .0068 .010 .016 .024 Style K SK ] 75K | 10K | 15K | 20K | »20K
20 .0048 0074 0 017 027
30 .0052 .0081 .013 .020 .031 RWR 1.0 101121121161 161 1.61 NA
40 .0056 .0089 .014 .022 .035 71
S0 | .0061  .0097  .016 025} .040 AWR! 10 l10l10l12016l16lNalna
60 .0066 .011 017 .028 74
70 0072 012 .020 .032
80 | .0o78 .013  .022  .037 RVR | 10 l10l10l10l12l12l121156
90 .0085 .014 .025 .042 78
100 .0093 .016 .028 .048
110 010 .018 031 058 RWRI 10112116l 18l Nalnadnal na
120 011 .020 .036 .063 80
130 .012 .022 .040
140 | 014 025  .046 PAWR I 101161 NA I NATNAT NA I NAT NA
150 .015 .028 .052 81
160 I 017 .032 | .060 PR 10 116l e Na T NA T NA T NA L NA
170 .019 .036 .068 82 : :
180 .021% 040 .078
190 .023 046 RAD 4 N 4 N 4 4 4 n 4 N +« £ AiA AlA
200 .026 .052 LRI AL [ V) 1.v .t 1.c .« 1.0 nes s
210 .029 .059
220 | .033 | .088 RWR | 1.0 | 1.0 1.4 NA I NA | NA | NA | NA
230 .037 077 89
240 042 088
250 .047 i0
260 .054
270 .061 ]
280 .06 Quality Factor - n
290 .079 p
300 091 Quality nq
310 10
— S 03
R i0
A = 00148 axn (Tf??a\zeyrfl-s—\ IT+273\\
O r \ 298 / T \5[ \ 273 ,) P 30
T = Ambient Temperature (°C} M 1.0
) 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
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9.7 RESISTORS, FIXED, WIREWOUND, POWER, CHASSIS MOUNTED

SPECIFICATION STYLE DESCRIPTION
MIL -R-38009 RER Fixed, Wirewound, Power Type, Chassis Mounted,
Established Reliability
MIL-R-18546 RE Fixed, Wirewound, Power Type, Chassis Mounted
- A — a-'_n.‘...‘._u AB L iae
Ap = ApTigitg T Faiiures/1u= nours
Base Failure Rate - kb Resistance Factor - n
Stress (Characteristic G (inductive Winding) of MIL-R-18546 and
T (°C) R 3 5 7 9 inductively Wound Styles of Ml -R-39000)
Resistance Range (ohms)
Rated Up >500 >IK SBK | »>i0K
[ 0021 .0032 .0040 .0078 012 Snie | Power ! m 0 10 ) 10 20K
10 .0023 .0036 .0056 .0087 .014 w) 500 b8 Ea 10K 20K
20 .0025 .0040 .0064 .0100 .016
36 | .0028 .0045 0072 012 019 REGO | 5 | 10 |12 }112 )16 | NA | NA
40 0031 .0050 .0082 .013  .022 RERE0
50 .0034 .0056  .0093 .016 .026
60 0037 0063 o1 18 RE 65 10 1.0 1.0 1.2 1.6 NA NA
70 .0041  .0070  .012 .021 RERB5
. . . .024
80| 04> 0078 Ola e re7o | 20 1o b1ol12 12116 ma
100 0055  .0098 .018 032 RER70
ol s o o e | oo [0 o fro [or ]2 f s
130 | .0073 014 .026 RER?75
150 0089 '312 094 pe77 L s tioliotlio 1ol 12118
1e0 | ooes o1
170 011 022 RE 80 120 1.0 1.0 1.0 1.0 1.2 1.6
180 .012 .024
18C 013 027
200 .014 .030
210 .016 Resistance Factor - ng
;;3 ;‘;é (Characteristic N (Noninductive Winding) of MIL-R-18546
240 .021 and Noninductively Wound Styles of MIL-R-39009)
250 '023 Resistance Range (ohms)
: Rated [ Up >500 | >1K | >5K | >1
- Style Power to 10 to © to 20K
(W) 500 hLS K 10K 20K
T+27 T
Ag = 00015 exp(Z.Bd(%gg))ex = ( 1273 ) RE6o | 5 [10 ] 12|16 | NA [ NA| NA
’ RER40
T = Ambient Temperature (°C) RE 65 10 1.0 | 1.2 1.6 NA NA | NA
. RER45
S = Raiio of Operaiing Power io Raied Fower
RE 70 20 | toj10o | 12| 16 | NA | NA
RERSO
RE7s | 30 1o l1ol 11 1121141 NA
RERSS
RE 77 75 {10 | to |10 ] 1216 | NA
RE 80 120 1.0 1.0 1.0 1.1 1.4 NA
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9.7 RESISTORS, FIXED, WIREWOUND, POWER, CHASSIS MOUNTED

Quality Factor - nq

Environment Factor - ne

Quality rQ Environment ng
G 1.0
S .030 B
Gp 2.0
R 10 Gy 10
P .30 Ng 5.0
M 1.0 Ny 16
MIL-R-18546 5.0 Ac 4.0
Ap 8.0
Lower 15
Auc 9.0
ARwW 23
Sg 50
Mg 13
M, 34
CL 610

911
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9.8 RESISTORS, THERMISTOR

SPECIFICATIO STYLE DESCRIPTICON
MIL-T-23648 RTH Thermally Sensitive Resistor, Insulated, Bead, Disk
and Rod Types
Ap = d mqRg Failures/10% Hours
Base Failure Rate - A, Environment Factor - ng
T osemao b Crmuiranmand -_
] ypu I\b LIV HIVIHIIGEN '.E
1.
Bead 021 Gs 0
(Styles 24, 26, 28, 30, 32, Gg 5.0
34, 36, 38, 40)
M 21
DNick 085 Y] P
bt A I‘S LI ]
(Styles 6, 8, 10)
NU 24
Rod .105
(Styles 12, 14, 18, 18, Ag 11
20, 22, 42) A 30
AUC i6
AUF 42
Apw 37
Quality Factor - «t —
. y Q Sk .50
Quahty 7[0
Mg 20
MIL-SPEC 1 M, 53
Lower 15 CL 950
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9.9 RESISTORS, VARIABLE, WIREWOUND

SPECIFICATION STYLE DESCRIPTION
MIL-R-39015 RTR Variahla, Wirewound, | ead Screw Actuated,
Established Reliability
MIL-R-27208 RT Variable, Wirewound, Lead Screw Actuated
- i 6
Ap = anT APS®R™™Q™E Failures/10° Hours
Base raiure Rate - Ab o Potentiometer Tﬁaﬁpsﬁiigctor -ﬂ"T APS
Stress N . N, x. N
TA (oc) 1 3 5 7 9 TAPS TAPS TAPS TAPS TAPS TAPS
| 3 1.0 13 2.7 23 5.2
| 0 .0089 .011 .013 .016 .020 A 1.1 14 2.0 24 £5
| 10 .0094 .012 .014 .017 .021 5 1.2 15 31 25 58
20 .010 .012 .015 .019 .024 6 1.4 16 3.4 26 6.1
30 011 .013 .017 .021 .026 7 1.5 17 3.6 27 6.4
40 .012 .015 .018 .023 .029 8 1.7 18 3.8 28 6.7
i 50 .013 .016 .020 .026 .033 9 1.9 19 4.1 29 7.0
&N nta n1a no212 no2a n7 an "~ a ~n a4 a ~ -
Sv DS B e oS el 10 2.1 20 4.4 30 /.4
70 .016 .020 .026 .033 .043 11 23 21 4.6 31 7.7
80 .018 .023 .03 .039 .050 12 25 22 4.9 32 8.0
90 .021 .027 .035 .046 .060
100 .024 .032 .042 .055
110 | .029  .038 051 3
126 .035 .047 f \2
130 .044 .059 (Ntaps)®
140 .056 1LfAPS - 25 + 0.792
N Numbsr of Potsntiomstsr Taps
xb -  .0062 exp(T;§;3)5 exp ( s ( T;%:*) \J TAPS including the Wiper and Terminations.
- - AN = - d
T = Ambient Temperature (°C) Voltage Factor - Ty
S = Ratio of Operating Power to Rated Power. Applied Volitage® _
See Section 9.16 for Calculation of S. Rated Voltage v
0to 0.1 1.10
>0.110 0.2 1.05
>0.216 0.6 1.60
Resistance Facior - & >0.610 0.7 1.10
R >0.7 10 0.8 1.22
Resistance Range (ohms) T >0.810 0.9 1.40
>0.910 1.0 2.00
ERE—
10 to 2K 1.0
>2K to 5K 1.4 Vappied = VRPapplied
>5K to 20K 2.0 R = Nominal Total Potentiometer
’ Rasistanca
P Applied = Power Dissipation
VFlated = 40 Volts for RT 26 and 27
A = 90 Volts for RTR 12, 22 and 24; RT 12
naiea
and 22
9-13
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9.9 RESISTORS, VARIABLE, WIiREWOUND
Quality Factor - Environment Factor - x_
Quality e Environment ng
n_ 10
S .020 B '
Gg 2.0
R 060
Gm 12
P 20 NS 6.0
M 60 Ny 0
MIL-R-27208 3.0 Ac 5.0
A
Lower 10 IF
A in 9.0
uo
AUF 15
Aqw _ 33
SF .50
Mg 18
M_ 48
CL 870
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9.10__RESISTORS, VARIABLE, WIREWOUND, PR RECISION
SPECIFICATION STYLE DESCRIPTION
MIL-R-12934 RR Variable, Wirewound, Precision
= H 6
7Lp = }‘b“‘r APS*CTR™ Q™ Failures/10° Hours
Base Failure Rate - A4, Resistance Factor - n
Stress Rocictancs Ranns (nhme -
TICOIoWQI LG TIGTHIYT \ViTHTD) [
ToCO)| A 3 5 7 9 z R
) 10 A1 2 i3 74 100 o 10K 1.0
10 A1 12 .13 .14 .15
20 12 13 14 16 17 >10K to 20K 1.1
30 i3 .i4 .ié A7 .19
40 14 15 17 .20 .22 >20K to 50K 1.4
50 .15 17 .20 .22 .26
60 17 19 22 .26 .30
70 19 22 28 30 38 >50K 10 100K 2.0
80 .21 .25 .30 .36 .43 Cann L em AAAL P
80 24 .30 .36 .44 54 >TUU R 10 cUUR <.
100 .28 .35 44 54
110 .33 42 54 >200K to 500K 3.5
120 .40 .52
130 49 .65
140 .60
Potentiometer Taps Factor - RrAPS
Lo e % A AL N k4 N 4 N %
3 \4.45 TAPS | TAPS TAPS TAPS TAPS | “TAPS
A = onSexp{w ( 2= ) )«
4 / 3 1.0 13 2.7 23 | s2
ox T+273\ 3.51 4 1.1 14 2.9 24 55
Pl \274 74 273 5 1.2 15 3.1 25 5.8
6 1.4 16 34 26 6.1
T =  Ambient Temperature (°C) Z ]5 ]Z EE EZ §5
o 1./ 18 3.8 28 ©./
S = Ratio of Operating Power to Rated Power. 1% ;? ;g :1 gg ;2
See Section 9.16 for Calcuating S. It S P DA ety i
17 .3 £1 4.0 31 /7.7
12 2.5 22 4.9 32 8.0
Construction Class Factor - s e
3
Construction Class n >
c (NTA )2
"raps ~ '\TJ— +0.792
RROS00A2A9J103" 2.0 i >
3 10 NTAPS = Number of Potentiometer Taps,
including the Wiper and Terminations.
4 3.0
5 1.5

* 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.
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MIL-HDBK-217F

9.i0__RESISTORS, VARIABLE, WIREWOUND, PRECISION
Vottage Factor - LY’ Quality Factor - T
Annliad Y altanma* ) raliny -
HEEIIUU 'vuuuv u wﬂlll’ 'bo
Rated Voltage \'
MIL-SPEC 2.5
0to 0.1 1.10
Lower 5.0
>0.110 0.2 1.05
>0.21t0 0.6 1.00
Environment Factor - =
>0.6 10 0.7 1.10 E
Environment g
>0.7t0 0.8 1.22 Gg 1.0
>08t 09 1.40 Gp 2.0
>0.910 1.0 2.00 Gpm 18
NS 8.0
Applied = VHPPapplied : —
AIC 8.0
Rp = Nominal Total Polsntiomster A 12
Resistance 1F
L AUC 13
PAppliod = Powar Dissipation a ‘n
AUF 18
vRated = 250 Vohts for RR0900, RR1100, ARW 53
RR1300, RR2000, RR3000, S 50
RR3100, RR3200, RR3300, F :
RR3400, RR3500 Me 29
vRale d = 423 Volts for RR3600, RR3700 ML 76
C 1400
VRated = 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
Mit -R-19 RA Variable, Wirewound, Semiprecision (Low Obperating
Temperature)
MIL-R-39002 RK Variable, Wirewound, Semiprecision
An = AT, ool R~ Failures/108 Hours
p b TAPS RV QE
Base Failure Rate - &y, Resistance Factor - T
Stress ~Resistance Range (ohms) x
TA0)] 1 3 5 7 9 R
10 to 2K 1.0
0 .055 .063 .072 .083 .095
10 .058 069  .081 005 .11 >2K to 5K 1.4
20 .063 .076 .092 11 .13 >5K 1o 10K 2.0
30 .069 .086 11 .13 17
40 .076 .098 13 .16 .21
50 085 1 15 20 27 .
60 096 43 19 26 [37 Potentiometer Taps Factor - " APS
70 1 16 24 [-35 .52 Nraps | “raps | Mraes | “raps | Mraes |™raes
80 13 .20 II .31 .48 .75
90 .16 .26 .42 .69 1.1 3 1.0 13 27 23 52
100 19 .34 .59 1.0 4 1.1 14 2.9 24 5.5
110 -24 45 -85 5 1.2 15 3.1 25 | 58
120 .31
130 42 6 1.4 16 3.4 26 6.1
7 1.5 17 3.6 27 6.4
A= 03983xp(51 ( :14 Y""\x 8 1.7 i8 3.8 28 8.7
” ’ J 9 1.9 19 4.1 29 | 70
s ( T+273\ 4.46 \
exp | T"aa 273 10 2.1 20 4.4 30 7.4
L} - \ (YA~ , j
11 2.3 21 4.6 31 7.7
T = Ambient Temperature (°C)
12 2.5 2 4 .
S = Ratio of Operating Power to Rated Power. 2 S 32 8.0
See Section 9.16 for S Calculation.
3
' 2
AIATE M comd oo l‘ll [= 30} [ S PRy N [ Db (NTAPS)
NUIC. DU UL UDE mMilL-n-1t DYHIUwW LI INne. runis - P, U S + 0 792
below are overstressed. nTAPS 25 :
NTAPS = Number of Potentiometer Taps,
including the Wiper and Terminations.

9-17
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MIL-HDBK-217F

9.11  RESISTORS, VARIABLE, WIREWOUND, SEMIPRECISION

Voltage Factor - ™ Environment Factor - e
Applied Voltage® x Environment T
Rated Voltage \
1ag Gg 1.0
O0to 0.1 1.10 Ge 20
>0.110 0.2 1.05 Gm 16
>0.2 to 0.6 1.00 Ng 7.0
Ny 28
>0.616 0.7 1.10
Ac 8.0
>0.7t0 0.8 1.22 A 12
>0.810 0.9 1.40 A N/A
uc
>0.910 1.0 2.00 AyUF N/A
ARW 38
v AP Sg 50
Applied = VFPPFApplied .
F N/A
Rp = Nominal Total Potentiometer
P ) M N/A
Resistance
C N/A
P Applied = Power Dissipation —
VRated = 50 Volits for RA10

= 75 Volts for RA20X-XC, F

= vOons
= 175 Volts for RA20X-XA
= 275 Volts for RK09

= 320 Voits for RA30X-XA

Quaiity Factor - T

Quality nQq
MIL-SPEC 2.0
Lower 4.0
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MIL-HDBK-217F

9.12 RESISTORS, VARIABLE, WIREWOUND, POWER

SPECIFICATION STYLE DESCRIPTION
MIL-R-22 RP Variable, Wirewound, Power Type
; 6
Ap = A ng APSTRMVcR g™ Failures/10° Hours
Base Failure Rate - A, Resistance Factor - x,
s LA
Stress Resistance Range (ohms) e
TaCC)| 1 3 5 7 9
1to 2K 1.0
v Ub4 v/4 o4 Ov/ 13 >2K to 5K 1.4
10 067 .078 091 11 12 >5K to 10K 2.0
20 071  .084 099 12 14
30 076 091 1 .13 .16 Potentiometer Taps Factor - T APS
40 081  .099 12 15 Nraps | “raps | Mraps | "raes | Mraps | "raps
56 087 .11 14 17 3 1.0 13 27 23 5.2
60 095 .12 15 4 1.1 14 2.9 24 5.5
70 10 14 18 5 1.2 15 3.1 s | s8
80 12 15 6 1.4 16 3.4 26 6.1
90 13 18 7 1.5 17 3.6 27 | 6.4
100 15 8 1.7 18 3.8 28 | &7
110 A7 9 1.9 19 4.1 29 7.0
120 -20 10 2.1 20 4.4 30 7.4
11 2.3 21 4.6 31 7.7
7 V4 -r+2-,-—.\ _A. se ~
A =.0481 exp(.334 ( 3a2%) ) x 12 | 25 22 4.9 32 | 8o
=~ \ \ T 7 J
S [ T+273\2.83
exp (1. a7 | 273 ) ) 3
T = Ambient Temperature (°C) TAPS = 25 +0.792
S = Ratio of Operating Power to Rated Power. N = Number of Potentiometer Taps,
See Section 9.16 for S Calculation. TAPS o .
including the Wiper and Terminations
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9.12 RESISTORS, VARIABL

E,

MIL-HDBK-217F

WIREWOUND, POWER

Voltage Factor - N

Quality Factor - nt,
Q

Annlied \Icl:ans' aliﬁ’l -O
HEEII v 1 H Qi I
Rated Voitage Ty
MIL-SPEC 2.0
0t0 0.1 1.10
Lower 4.0
>0110 02 1.05
>0.210 0.6 1.00
N Y-R T Y1 4 1 140N ot b P a o
>U.0 W u./ Ll Crvinom nt raciuor - nE
>0.7 10 0.8 1.22 Environment nE
>0.8 10 0.9 1.40 Gg
Gp 3.0
>09t0 1.0 2.00 - e
UM 1o
Ng 7.0
ey s = s
V Applied VHpPF Applied Ny, 28
n Bl ommimml Tomdod P ondl o md i o A~ !N
Hp = NOMmifndal 1 owal rolenpomewe! MO i
Resistance AE 12
Panniied = Power Dissipation Auc N/A
L A
AUF N/A
VRated 250 Volts for RP06, RP10 Arw 38
= 500 Volis for Others Sg .50
MF N/A
M N/A
~ i, = 2 N/A
Construction Ciass Factor - ng ~L

Construction Styie nc

Class

Enclosed RPO07, RP11, RP16 2.0

Unenclosed All Other Styles are 1.0
Unenciosed

SR SITIS ATIAM

~—asa
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MIL-HDBK-217F

9.13 RESISTORS, VARIABLE, NONWIREWOUND
CDENITICATIAM eTvI & NEC/HADIDTINM
T b lil INe AV IN/IY L= 0 R AN =N = A I A2 REE AN A4 )
MiL-R-22097 RJ Variable, Nonwirewound (Adiustment Types)
MIL-R-39035 RJR Variable, Nonwirewound (Adjustment Types),
Established Reliability
Ap = A apsTRTy iR Failures/10% Hours
Base Failure Rate - A, Resistance Factor - o
Stress Resistance Range (ohms) ™
TA(C) A .3 .5 .7 .9
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 .028 .030 .033 .038 .043 >200K 1o 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 - TrAPS
130 .060 .073 = = =
140 .074 TAPS TAPS TAPS TAPS TAPs | "raps
3 1.0 13 2.7 23 5.2
T+273\7-3
)"b = .019 exp (.445 (_ﬁ_) ) X 4 1.1 14 29 24 5.5
/'S [ T+273\ 2.46 \ 5 1.2 15 3.1 25 5.8
exp | 5 g
LZ'GQ \"273) J 6 1.4 18 3.4 2 6.1
T = Ambient Temperature (°C) 7 15 17 3.6 27 6.4
S = Ratioof Operating Power to Rated Power. 8 1.7 18 a8 28 6.7
See Section 9.16 for S Caicuiation.
S 1.9 19 4.1 25 7.0
10 2.1 20 4.4 30 7.4
11 2.3 21 4.6 31 7.7
i2 2.5 22 4.9 32 8.0
3
I \2
S NTAF’S!
"raps - 25 +0.792
NTAPS - Number of Potentiometer Taps.
including the Wiper and Terminations.

9-21
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MIL-HDBK-217F

9.13 RESISTORS, VARIABLE, NONWIREWOUND

Voltage Factor - Ly

Environment Factor -

E
Armmliad \/Ialtamat L oemrsi e v o ey 4 -
Appiied vonage - Chvironment e
Rated Voltage \'
9 Gg 1.0
0to 0.8 1.00 Ge 3.0
>0.810 0.9 1.05 Ghi 14
>0.910 1.0 1.20 Ng 6.0
NU 24
v AP A 5.0
i P" A d
Applied pplie A 7.0
Rp = Nominal Total Potentiomster A 12
Resistance uc
P Power D P -
; = ower Dissipation
Applied ARpw 39
VRated 200 Vols for RJ and RJR2E; Sk 50
RJ and RJR50 Mg 22
= 300 Volts for All Others My 57
C 1000
Quality Factor - LI
Ouality TQ
S .020
R .060
P .20
M .60
MIL-R-22097 3.0
Lower 10
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MIL-HDBK-217F

3.14 RESISTORS, VARIABLE, COMPOSITION
SPECIFICATION STYLE DESCRIPTION
MIL-R-94 RV Variable, Composition, Low Precision
A A [—— PP -
= © r
Z.p xbﬂTAPSanVnQnE Fatures/10° Hours
Base Failure Rate - Ay, Resistance Factor - o
Stress Resistance Range (ohms) n,
TA(°C) .1 .3 .5 7 .9 a
0 027 .030 .032 .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 A1 14 - - -
N x. N . N k.4
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 58
110 11 5 1.2 15 3.1 25 58
8 1.4 18 3.4 26 | 6.1
9.3 7 1.5 17 3.6 27 6.4
lb = .0246 exp (.459 %@) ) X
8 1.7 i8 3.8 28 6.7
oxo (S { 1273\ 5-3
e kg_gg \ 273 / ) 9 i.9 i9 4.1 29 7.0
10 1 20 4.4 30 7.4
T = Ambient Temperature (°C) 2
) . 11 2.3 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
3
Ias A2
! NTAPS!
n = +0.792
"TAPS 25
NTAPS = Number of Potentiometer Taps,
including the Wiper and Terminations.

(P
N
w
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MIL-HDBK-217F

9.14 RESISTORS, VARIABLE, COMPOSITION

Voltage Factor - T

Environment Factor - "E

Amemblinad \aldamamat® EruivAanmmand -
Ia) pllUu vollaye LIIVIVINNITIIL ILE
Rated Voltage Ty
= Gg 1.0
0to 0.8 1.00 Ge 20
>0.815 03 1.05 G 19
>09t0 1.0 1.20 Ns 5.u
NU 29
i | Pepmee— Am 40
vApphed V RPPApplied A /E
A 85
R = Nominal Total Potentiometer
p ocictanca AUC 48
Resistance AUF 78
PApplied = Powaer Dissipation ARW 46
VRated 500 Volts for RV4X--XA&XB Sk .50
iv'|F 25
= 500 Volts for 2RV7X--XA&XB
ML 66
= 350 Voiis ior RVZX--XA&XB
CL 1200
= 350 Voits for RV4X--XA&XB
= 350 Volts for RVSX--XA&XR
= 350 Volits for RV6X--XA&XB
= 250 Volts for RV1X--XA&XB
— NN \Vake dar All MNthar Tunac
= 200 Vgls for All Other Types
Quality Faclor - =
Q
Quality nQ
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 Naonwirewound Film, Precision
MIL-R- 23285 RVC Variable, Nonwirewound, Film
H 6
kp = xbuTApSnRuqunE Failures/10° Hours
Base Failure Rate - A, Base Failure Rate - A,
(RQ Style Only) (RVC Style Only)
Stress Stress
T. (o) 1 3 [ 7 a T. (°0) 1 a 5 7 Q
TAlC) . 3 .5 .7 .9 TAlC) 3 5 Q
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 .041 .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 .06%6
60 .044 .051 .060 .070  .083 60 .036  .044 .053 .064  .078
70 .053 .064 .076 .091 11 70 .039 .049 .060 .075 .093
80 .068 .083 .10 .12 80 .043 .055 .070 .09 .11
90 .002 1 14 90 .048  .063 .083 A1 15
100 .13 17 100 .055 075 10 14 19
iio .20 ii0 .064 .09i i3 .18 .26
120 .077 .11 17 .28 .37
130 .096 .15 .23 .36 .55
140 12 .20 .33 .53
; 018 exof TE2B\74 150 17 29 50
o - p\ » 160 | 24  aa
s / T+273\ 3.6 \ 7o | 97
sxp k\z 55} 273 ) ) =
R e [ T+273\ 7.9
T = Ambient Temperature (°C) b Vears @ \ 398 } x
S = Ratio of Operating Power to Rated Power. expf/—s—\ ( T"'273\ 4. 3
See Section 9.16 for S Calculation. (\245/ \ 273 ) )
T Ambient Temperature (°C)
Resistance Factor - np S Ratio of Operating Power to Rated Power.
Resistance Range (Ohms) p See Section 9.16 for S Calculation.
R
Up to 10K 1.0
>30K to 50K 1.1
>50K to 200K 1.2
>200K 10 1M 1.4
>1M 1.8

9-25
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MIL-HDBK-217F

9.15 RESISTORS, VARIABLE, NONWIREWOUND, FILM AND PRECISION
Potentiometer Taps Fador - n Guality Facior - =
"TAPS Q
Niaps | "taes | Mraps | taps | Mraps | aps Quality TQ
3 1.0 13 27 23 | s.2 MIL-SPEC 2
4 1.1 14 2.9 24 5.5
29 2 55 Lower 4
5 1.2 15 3.1 25 5.8
6 1.4 16 3.4 26 6.1
Environment Factor - x_
7 15 17 3.6 27 6.4 c
Environment nE
8 1.7 18 3.8 28 6.7 — —
(JB 1.0
9 1.9 19 4.1 29 7.0 GF 3.0
10 2.1 20 4.4 30 | 74 Gy 14
11 2.3 21 4.6 31 7.7 NS 7.0
12 2.5 22 4.9 32 8.0 NU 24
3 AIC 6.0
{NTAPS\z A!F 12
"rAaps T 25 +0792 Auc 20
- i A 30
NT APS Number of Potentiometer Taps, UF
including the Wiper and Terminations. ARw 39
SF .50
Voltage Factor - n,, M o
v l'-', -
Anplied Voltage® M 57
Rated Voltage v L
CL 1000
0t0 0.8 1.00
>0.8t0 0.9 1.05
>09101.0 1.20
Vanatiad =  VBRPPAgplied
Applisd Df
Rp = Nominal Total Potentiometar
Resistance
P Annliad = Power Dissipation
\nolied
\ = 250 Volts for RQ090, 110, 150, 200,
Rated

300

500 Volts for RO1

D

0,160, 210

350 Volts for RVCS5, 6

9-26
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MIL-HDBK-217F
9.16 CALCULATION OF STRESS RATIO FOR POTENTIOMETERS
Stress Ratio (S) Calculation for Rheostats Stress Ratio (S) Calculation for Potentiometers
Connected Conventionally
r'{) \2 =
s- \OPmax) o PAPPLIED
GANGED(Imax;zted) *EFF X "GANGED * PRATED

S e P.__._. = Eaquivalent power input to the
lcp = Maximum current which wall APplied
potentiometer when it is not
bo puud through the rheostat loaded (i.e., wiper lead
in the circukt. disconnecied). Caicuiaie as
follows:
'max; ated " Current rating of the
potentiometer. It current \/;“2
rating is not given, use: P!”lied - T\;
! - e 1il
maXrated N ' rated”'p Vi, = Input Voltage
P, =  Power Rating of Potentiometer Fp = MNominal joial Fotentometer
raied Resistance
Rp = Nominal Total Potentiometer PRaTeEp =~ Power Rating of Potentiometer
Resistance
- to ect for the reduction
Kmaaimee = Factor to correct tor the TGANGED Factor to correct for the r °
GANGED X in effective rating of the
reduction in effective rating potentiometer due to the close
of the potentiometer due to proximity of two or more
the close proximity of two or potentiometers when they are
more potentiomatars when they ganged togsther on a common
are ganged together on a shaft. See below.
common shaft. See below.

REFF = 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 the load rasistancs. Sss
next page.

Ganaged-Potentiometer Factor - n~ GANGED

First

Number of Potentiometer Second in Third in Gang | Fourth in Gang | Fifth in Gang | Sixth in Gang
Sections Next to Mount Gang
Qinmia 4N Ahnd A memliovmbuln
Mo L VWL WAL T
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 Not Applicable
Six 0.75 0.50 0.40 0.40 0.50 0.60

9-27
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9.16 CALCULATION OF STRESS RATIO FOR POTENTIOMETERS

Loaded Potentiometer Derating Factor - xgpp Style Constant - K
KH Potentiometer
R, Rp 0.2 0.3 0.5 1.0 MIL-SPEC Style Type Ky
0.1 .03 .02 .01 MIL-R-19 RA 0.5
0.2 .09 .05 .03
0.3 .16 .10 .05 MiL-R-22 RP 1.0
0.4 .23 15 .08
0.5 .29 .20 11 MIL-R-94 RV
g:g 2 2 gh MIL-R-12834 | RR1000, 1001,
0.8 -45 -33 -20 1003, 1400,
0.9 .49 .37 22
1.0 53 40 .25 2100, 2101,
1.5 .65 .53 .36
2.0 .73 .82 .44 2102, 2103
3.0 .8i 72 .58
4.0 86 78 ;: MiL-R-12934 All Other Types
5.0 .88 .82 .69
100 ‘04 80 ‘83 MIL-R-22097 RJ11, RJ12 0.
100.0 -9 -29 -98 MIL-R-22097 All Other Types 0.2
MIL-R-23285 RVC 0.5
R MIL-R27208 | RT22, 24,26, 27 0.2
TEFF
R 2.k, {R.2 4 2R.R \ MIL-R-27208 Al Other Types 0.3
L H \ P P™L }
MIL-R-39002 | RK 0.5
RL Load resistance (f R, is variable, MIL-R-39015 | RTR22,24 0.2
use lowest value). R, is the total MIL-R-39015 RTR12 0.3
resistance between the wiper arm MIL-R-39023 RQ 0.3
and one end of ithe poieniiomeier.
MIL-R-39035 RJR 0.3
RP Nominal Total Potentiometer
Resistance
L Style Constant, See K. . Table
‘H H
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9.17 RESISTORS, EXAMPLE

Example

T = W.7 e ey W'S

— s man s

Given: Type RV1SAY§A505A variabie 500K ohm resisior procured per Mii.-R-94, raied at 0.2

in n fivad avuand o The resistor ambient lnmwr:him ie

watls is being used in a fixed ground environment. Th

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 siress for potentiometers as described in Section 9.16.

From Section 9.16
PAPPLIED
TEFF
TGANGED

TRATED

s

From Section 9.14
Ay
TR
TTAPS
Ty

Q
TE

<

.06W
.62 Ky = .5 for MIL-R-94 (Section 9.16 Table)
1.0 Not Ganged (Section 9.16 Table, Single Section,
First Potentiometer)
2W

PAPPLIED .06
TEFF X "GANGED X "RATED  (-82)(1.

.047 Ty = 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

VAPPL'EDI N (500,000)(.06) = 173 volts

-, . 173
VAPPLIED’YRATED ™ 259 = -%¥

2.5
2.0
R
o "TAPS "R *V "Q "E
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MIL-HDBK-217F

10.1  CAPACITORS, FIXED, PAPER, BY-PASS

SPECIFICATION STYLE
MIL-C-25 op
MIL-C-12889 CA

A=A .,

P b CV

Base Failure Rate - A‘b

IT AgeC Mav Ratad \

= OO0 W oiveaa v iou

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

'Cha.'auaristm EF)
Stress

Ta(°C) A .3 .5 7 .9
0 00088 0011 .0036 .015 .051
10 00089 0011 .0036 .016 .052
20 00082 0011 0037 .0i8 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 sum of applied D.C. voltage
and peak A.C. voltage.

DESCRIPTION

Paper, By-pass, Filter, Blocking, DC

Paper, By-pass Radto interference Reduction AC
and DC

Base Failure Rate - lb

(T = 1980 AMaw Datad\

1&0 W/ IvidA 5 wuss

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

e

Olress
To(O)| 1 3 5 7 9
0 00086 .0011 0035 015 .051
10 06087 .0011 6035 015 .051
20 00087 .00t1 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
S0 .0Ci4 .0017 00586 024 081
100 0019 0023 0076 033 11
110 0030 0037 012 052 18
120 0063 .0078 026 11 37

Ss\5 T+273\ 18
).b-.OOOBS[(A) + 1]exp(2.5( 308 ) )
T = Ambient Temperature (°C)

S - nalcn‘nnnn

rating to ana
= QU0 O peranng ] nayo

Opaerating voltage is the sum of applied D.C. voltage

and naalr A O unltama
allu pean A.wv. vWilags.
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MIL-HDBK-217F

10.1  CAPACITORS, FIXED, PAPER, BY-PASS

Capacitance Factor - noy

Environment Factor - "E

sanacitance C (n [ PR T st ant P
MEE SRS M e s “OV Ve G *E
MIL-C-25* Gs 1.0

.0034 0.7 Ge 2.0
.15 1.0
2.3 1.3 G 9.0
16. 1.6 a e A
IVS .U
MIL-C-12889 NU 15
All 1.0
Arc 6.0
A 8.0
.095
oy = 1.2C AUC 17
AUF 32
ARW 22
Quality Factor - Sg .50
(..)ualny RO IlV‘IF 12
ML 32
MIL-SPEC 3.0
cL 570
Lower 7.0
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MIL-HDBK-217F
46.2  CAPACITORS, FIXED, PAPER, FEED-THROUGH

STYLE
CZR and CZ

}\,ﬁ'}\-l-b KT ¥
p b "CV'Q"E

Base Failure Rate - A,

Paper Metallized Paper, Metallized Plastic, RFI
Feed-Through Established Reliability and
Non-Established Reliability

Failures/10% Hour:

LERAS AV} g

Base Failure Rate - Ay,

(T = 85°C Max Rated ) (T = 150°C Max Rated)
(Characteristics E;, W) ~(Characteristic P)
Stress Siress
TAlC)] -1 3 .5 7 9 TA(O) 1 3 -5 7 9
0 .0012 .0014 .0047 .020 .0698
10 .0012 .0015 .0048 .021 .070 (o] .0012 .0014 .0047 .020 .068
20 .0012 .0015 .0050 .021 .072 10 .0012 .0014 .0047 .020 .088
30 0013 0016 .0053 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 .0082 039 i3 50 0012 .0C1S .0048 .020 .089
70 0037 0045 015 064 2 60 .0012 .0015 .0048 021 .070
80 0080 0099 .032 14 47 70 .0012 .0015 .0049 .021 .071
— ] 80 .0013 .0018 .0051 .022 .074
ForasE - . g mray 18 N a0 0013 0017 .0085 .023 .079
S\° 1+27 10 4 SVES Lt UVaR Ued
A= 00115] (7'\ + 1 | exp 2-5( 358 ) ] 100 0015  .0018 .0060 .026  .087
LN/ 4 U N 7 J 110 0017  .0022 .0071 .03 .10
T = bient Tem t oC 120 .0022  .0028 .0091 .039 .13
e e Riatad Voliage 130 | 0033 0040 013 057 .19
g b 140 0058  .0072 .024 .10 .34
Opetatmg voltage is the sum of applied D.C. voltage 150 014 017 057 24 82
and peak A.C. voltage.
Base Failure Rate - Ay F7s\5 7 4T+273\ 18
T w 125°C Max Rstod) A = 00115!.(\4) + 1Jexp‘\2.5(‘ 453 ) ]
(Characteristic K)
Stress _ B T = Ambient Temperature (°C)
TAC)} -1 .3 .5 7 .9
0 | 0012 0014 _ .0047 .020  .068 § = Ratioof Operating to Rated Voltage
10 .0012 .0014 .0047 .020 .068 . . L .
20 8;1'; ;31'2 _3047 020 ‘068 Opderatln'f;’Zocltage| is the sum of applied D.C. voltage
30 0012  .0014 0047 .020  .069 and peak A.C. voitage.
40 .0012 .0015 .0048 .021 .76
50 .0012 .0015 .0049 .021 .072
60 .0013 .0016 .0052 .022 .075%
70 .0014 .0017 .0055 .024 .08
80 .0015 .0019 .0062 .027 .09
90 .0019 .0023 .0075 .032 11
100 .0025 .0031 .010 .044 .15
110 .0040 .005 .016 .07 24
120 .0084 .010 .034 15 49
= = P Som et 40
S\> T+273) 1 ©
k-00115|(,\ + 1o (25(F557) )
T = Ambient Temperature (° )
S = Raitio of Operating to Rated Voitage
Operating voltage is the sum of applied D.C. voltage
and peak A.C. voltage.
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MIL-HDBK-217F

10.2 CAPACITORS, FIXED, PAPER, FEED-THROUGH

Capacitance Factor - ney, Environment Factor - x
Oanaritanca O () ——t =
Uapaunal e, W\ g r“CV environment nE
0.0031 70 Cs 1.0
Ge 2.0
0.061 1.0 v
n nn
w J.V
1.8 1.5
Ng 7.0
Ny 15
vy = 14C012 A~ 8 0
AV J 1C ~ev
Af 8.0
AUC 17
Qualtty Fagtor - AUF 28
Quality T Apw 22
c N
o 2V
M 1.0 oF
Mg 12
Non-Established Reliability 3.0 My 32
Lower 10 CL 570
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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
A=A noym o™ Failures/10° Hours
Base Failure Rate - A Base Failure Rate - A,
(T = 65°C Max Ratsd ) {T = 85°C Max Raied)
(MIL-C-14157 Style CPVO07; (MIL-C-14157 Style CPV17;
MIL-C-19978 Characteristics P L) MIL-C-19978 Characteristics E, F, G, M)
Sirass Stress
TaC) A .3 .5 7 9 T4 00) .1 3 .8 .7 .9
0 | .00053 00065 .0021 .0092 .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 3¢ 00057 00070 .0023 0099 .033
40 00094 .0012 0038 0186 .055 40 .00083 .00077 .0025 .011 .037
50 .0015 .0019 0061 026 .088 50 .00074 .00092 .0030 .013 .043
60 .0034 0042 014 058 20 60 .00089% .0012 .0040 017 .058
70 .0016 0020 .0064 .028 .093
80 .0035 0043 .014 .061 .20
[(5)° + 1]ow(2s(52R)") o (5)° . ] T
= .0005] (= + 1{exp[25 S e £ T+273
v (0 oo () | e ) efer() )
T = Ambient Temperatiure (°C) . .
S = Ratio of Operating to Rated Voltage T = Ambient Temperature (°C)

. . . S = Ratioof Opomtmg to Rated Voltage
Operating voltage is the sum of applied D.C. voltage Oparating voltage is the sum of appiied D.C. voitage
and peak A.C. voltage. o and peak A.C. voitage.

Base Failure Rate - Ap Base Failure Rate - Ap
(T = 125°C Max Rated) (T = 170°C Max Rated)
(MIL-C-14157 Style CPVO0S and MIL-C-19978 (MIL-C-19978 Characteristic T)
Characteristics K, Q, S) Stress
Cirecs T, (°C) 1 3 5 7 ]
NSO A 7 . . . .
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 | .00051 .00062 .0020 .0088 .030 30 ) 00050 00062  .0020 .0087 .029
30 .00051 00063 .0021 .0089 .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 €0 -00051 .00063  .0021 .0088 .030
60 .00055 .00068 .0022 0096 .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 80 -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 0158 084 21 130 .00079 .00098 .0032 014 .046
140 .0010 0013 .0041 018 .060
r 7 150 .0015 .0018 .006 026 .087
x - .0005| (SY° . !-lexp{a-‘.lw\’a 160 | .0026 .0032  .011 .046 .15
b L\-4/ I N U 170 | .0061 _ .0075  .025 .11 .36
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage Ab - .0005[ (%) ° + 1] exp (2.5 %g) '8 )
Ong_ragmn voltane is the sum of anoliad D C vokans ) J \ \ 4 J
~p niayy 1Q T DU V) QIO W.aw. vulilayo . Py
and peak A C. vonage 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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Capacttance, C (uF) oV Environment xg
MIL-C-14157: * Gp
0017 .70 Ge
027 10 .
20 1.3 G 8.0
. 1.6
1.0 T NS 5.0
MIL-C-19978: **
.00032 70 Ny 14
.033 1.0 A ' 0
1.0 1.3 iC N
i5.0 i.6 A": 6.0
Auc 11.
0.077 ARw 20
* nov = 1.3C™ SF .50
Mg 11
M 29
Quality Factor - q CL 530
Quality nQ
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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10.4 CAPACITORS, FIXED, METALLIZED PAPER, PAPER-PLASTIC AND PLASTIC
SPECIFICATION STYLE DESCRIPTION
MiL-C-18312 CH Moetallized Paper , Paper-Plastic, Plastic
MIL-C-39022 CHR Metallized Paper, Paper-Plastic, Plastic,
Established Rellabillty
" s - . 6
xp = ;""cv"o_"g Failures/10° Hours
Base Failure Rate - A, Base Failure Rate - Ay,
(T = 85°C Max Rated ) (T = 125°C Max Rated)
(MIL-C-39022 Characteristic 9 and 12 (50 Volts rated), (MIL-C-39022 Characteristic 9 and 12 (above 50 Volts
Characteristic 49: and MIL-C-18312 Characteristic R) .'a!ed), Characteristics 1, 10, 19, 29, 59; and
Stress MIL-C-18312 Characteristic N)
TA(%C) A .3 .5 7 .9 Stress
TA °C) 1 .3 .5 7 .9
G 00070 .00087 00628 giz .04
0 .00069 .00086 0028 .012 .041
10 .00072 .00089 .0029 012 .042
i0 .00069 .00086 .0028 012 041
20 .00074 .00091 .0030 013 .043
20 .00070 00086 0028 012 041
30 00078 .00097 .0032 .014 .046
30 00070 .00087 .0028 .012  .0M1
40 .00086 .0011 .0035 .015  .051
40 .00071 00088 .0029 012 .042
50 .0010 .0013 .0041 .018 .06
50 .00073 .00090 003 013 .043
60 .0014 .0017 .0055 .024 .08
60 .00076 .00094 0031 013 045
70 .0022 .0027 .0089 .038 .13
70 00082 .0010 0033 014 048
80 .0048 .0059 .019 .084 .28
— 80 .00092 0011 .0037 016 054
5 18 90 0011 .0014  .0045 .019  .065
Ab = .00069{: (%) + 1] exp (2.5 (I_;%;_Q)
’ 100 0015 0019 0061 026 088
- Ao e T 110 0024 0030 0098 042 14
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage 120 -0051 0063 020 088 30
Onaratina unltana ie tha ciim af anmliad N O ualia~a
A WY VWlGYS 19 UIT OuUllT Wi ﬂwlll’u (S VUIIGSU
r:mpoak A.C. voltage. s el £SYS 1 /.. £ T+273\ 18\
Ab- wuosL\4} + I_Iexptz.:\ 398} J
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage
Operating voltage is the sum ot 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

PR VR PP

Capacitarce Facior - noy

Capacttance, C (uF) oy
G.002s 70
0.14 1.0
2.4 1.3
oy = 1.200.092

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

Environmeni Facior - e
Environment g
Gp 1.0
.:; 2.0
G 8.0
Ng 5.0
Ny 14
Alc 4.0
AF 6.0
Auc 11.0
AuF 20
Arw 20
Sg 50
Mg 11
M, 29
C 530
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10.5 CAPACITORS, FIXED, PLASTIC AND METALLIZED PLASTIC

SPECIFICATION STYLE DESCRIPTION
MIL-C-55514 CFR Plastic, Metallized Plastic, Est. Rel.
= i 6
xp = xbncvanE Failures/10° Hours
Base Failure Rate - A, Base Failure Rate - Ay,
(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 .089
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 ( T;gga) ) 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 8\5 T+273\ 18
and peak A.C. voltage. A'b = -00099 .4 + 1lexp(25 398
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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10.5 CAPACITORS, FIXED, PLASTIC AND METALLIZED PLASTIC

Capacitance Factor - wa.. Environment Factor - n_
TV E
Capacitancs, C (uF) Toy Environment RE
0.0049 .70 Ga 1.0
Gg 2.0
0.33 1.0 G 10
™M
7.1 1.3 Ng 5.0
38. 1.5 Ny 16
0.085 A!C ®
uCV-1.1C : Ar 11
AUC i8
AUE 30
Quality Factor - T Apw 23
Quality i) S 50
S .030 Mg i3
M 34
R 10 L
C, 610
P .30
M 1.0
Lower 10
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10.6  CAPACITORS, FIXED, SUPER-METALLIZED PLASTIC

SPECIFICATION STYLE DESCRIPTION
MIL-C-83421 CRH Super-Metallized Plastic, Est. Rel.
6
| k = xbncv o™ Failures/10° Hours
Base Failure Rate - A, Capacitance Factor - ngy
(T = 125°C Max Rated) Capacitance, C (uF) LToLY]
Stress
TaCO)| 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 > 1
50 | .000s8 .00072 0024 .010 .034 3 -6
60 .00061 .00075 .0025 .01 .036
70 .00065 .00081 0026 .01 .038
80 .00073 .00091 .0030 .013 .043 n 4 2(:0.092
90 .00089 .0011 .0036 .015 .052 cv=El
100 .0012  .0015 .0049 021 .07
110 .0019  .0024 .0078 033 .11
120 0040  .0050 .016 .070 .24
Environment Factor - e
)‘b 00055 [ + 1] GKP(Z 5 ( T;gga ) Env‘ronment nE
GB 1.0
T = Ambient Temperature (°C) Gg 4.0
S = Ratio of Operating 1o Rated Voltage Gm 8.0
Operating voltage is the sum of applied D.C. voltage Ng 5.0
and peak A.C. voltage. Ny 14
AlC 4.0
Quality Factor - =, AF 6.0
Qualty Tq Auc 13.0
AUF 20
S .020 Arw 20
R .10 Sk .50
P .30 MF 11
M 1.0 M 29
C 530
Lower 10 L
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10.7  CAPACITORS, FIXED, MICA

SPECIFICATION STYLE
MIL-C-5 CcM
MIL-C-39001 CMR

DESCRIPTION
MICA (Dipped or Molded)
MICA (Dipped), Established Reliability

Ap = A, n~, xR Failures/108 Hours

D h O
[ d v o

v

Base Failure Rate - AL

«

Base Failure Rate - Ap

(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) 1 .3 .5 7 .9
0 .00030 .00041 .00086 .0019 .0036 (s} .00017 .00024 .00051 .0011 .0021
10 .00047 .00066 .0014 .0030 .0058 10 .00027 .00038 .00079 .0017 .0033
20 .00075 .001t .0022 .0047 .0092 20 .00042 00059 .0012 0027 .0052
30 .0012 .0017 .0035 .0075 .015 30 .00066 .00083 .0019 0042 .0081
40 .0019 .0027 .0056 .012 .023 40 .0010 .0015 .003 0065 .013
50 .003i .0043 .0089 .019 .037 50 .0016 .0023 .0047 .010 .020
60 .0049 .0068 014 .030 .059 60 .0025 .0036 .0074 .018 .031
70 .0078 .011 .023 .049 .095 70 .0040 .0056 .012 .025 .048
80 .0062 .0087 .018 .039 .076
-10 T+273) w
lb-88x10 f( ) + 1.]exp(16( N 5.6 x 10 wal /s « 1]exp 16 [ T+273\ \
b L\ } J |"°\7se)
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage T = Ambient Temperature (°C)
S = Ratio of Opaerating to Rated Voltage
Op;rati:jggoétage‘ is the sum of applied D.C. voltage Operating voltage is the sum of applied D.C. vohage
anc pe L voitage. and peak A.C. voltage.

Base Failure Rate - Ap
(T=125°C Max Rated)

{(MIL-C-5, Temp. Range O; MiL-C-33001 Temp. Range O)
Stress
Tp (°C) 1 3 5 7 9
0 00005 .00007 .00015 00032 .00062
i0 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
8C 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

A =86x1010 (=} 41 exp 16 REZZEA
b ()] (e (%) )
T =  Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage

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

Base Failure Rate - Ap

(T=150°C Max Rated)
(MIL-C-5, Temp. Range P; MIL-C-39001, Temp. Range P)
Stress
TAC) 1 3 .5 7 5
0 00003 .00004 .00008 .00017 00033
10 00004 .00005 .00011 .00024 .00047
20 00006 .00008 .00017 .00036 .00069
30 00008 .000i2 .00024 .00052 .00i0
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 .0050 .0098
100 .0012 .0016 .0034 .0073 .014
110 .0017 .0024 0050 .011 021
120 .0025 .0035 .0073 .016 .030
130 .0036 .0051 o1 .023 .044
140 .0053 .0074 .015 .033 .065
150 .0078 .011 .023 .049 .095

.10f £S)3 T+273
Xb= 8.6x 10 [(4) + 1]9xp(16( 423 ) )

T = Ambient Temperature (°C)
S = Ratioof Operatmg to Rated Vohage

uperaung vofage is the sum of appuec D.C. voiia
and peak A.C. voltage.
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10.7 CAPACITORS, FIXED, MICA

Capacitance Faclor - ngy
- - - Environment Factor - =
Capacitance, C (pF) LYY} E
— Environment e
2 50 Gg o
38 75 Ge 2.0
300 1.0 G 10
2000 1.3 Ns 6.0
B Ny 16
8600 1.6 =
A 5.0
29000 1.9 A 7.0
84000 22 Auc 22
Ayr 28
.14
ey = 0.45C Anw 23
Sk 50
Mg 13
Quiaiity Facior - Tq M 34
1
Quality nq cL 610
T .0i0
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
iLower i5
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10.8 CAPACITORS, FIXED, MICA, BUTTON

SPECIFICATION STYLE
MIL-C-10850 CB

Base Failure Rate - 7‘6
(T = 85°C Max Rated)

(Style CBSO) _
Stress
Ta (°C) 1 .3 .5 7 .9
0 .0087 .0004 o019 042 0R2
10 0071 0099 021 044 086
20 0076 011 .022 047 092
30 .0082 KON .024 .051 10
40 009 013 026 056 11
50 .010 014 029 .063 12
60 oi2 Gid 033 072 .14
70 013 019 .039 084 16
80 016 023 047 10 20
I'IS\S , 1T+27a\ v.3 N
Ab- _0053[(?) + 1Jexp(1.2 ( 358 ) J
T =  Ambiant Temperature (°C)
S = Ratio of Operating to Rated Voltage
Operating voltage is the sum of applied D.C. voltage
and peak A.C. voltage.

DESCRIPTION
MICA, Button Stvie

n. Failures/10® Hours

Base Failure Rate - An
(T = 150°C Max Rated)
(All Types E:fcept CB50)

Stress
Ta (°C) 1 3 5 7 9
(4] 0058 0081 017 036 071
jo .0058 0083 0i7 037 072
20 0061 0085 018 038 074
30 .0062  .0087 018 039 076
40 0064 009 019 040 079
50 .0067 .0094 .019 .042 .082
€0 0070 .onag .020 044 086
70 0074 010 .022 046 090
80 0079 011 .023 049 096
SC 06G85 Gie 025 055 .10
100 .0093 013 027 .058 11
110 010 014 03 .064 12
120 011 .0io 033 072 4
130 013 018 038 082 16
140 015 021 044 .095 18
150 018 025 052 i1 22
[r8\3 /£ T:2731 6.3
A.b= .0053[_(‘33) + 1,exp[12 (‘ ‘;53") ]

T = Ambient Temperature (°C)
S = Raiio of Operaiing ioc Raied Voiiage

Operating voltage is the sum of applied D.C. voltage
and peak A.C. voitage.
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10.8 CAPACITORS, FIXED, MICA, BUTTON

MNesnlih, Cantasr _ - Crvneanmardtd Cantas | —
uualuy § aulul J Q wuvauvin i raviul = ILE
Quality 7o) Environment ng
MIL-C-10950 5.0 G 0
Gr 2.0
Lower 15 -~ PR
: i0
Ng 5.0
Capacitance Factor - noy Nu 16
Capacitance, C (DF) A A e
~ ! T Vv I'\'C 2.V
8 50 AIF
o _ Aue 22
50 76 =
AUF 28
160 1.0 A nn
I'\RW f<xe]
500 1.3 SE 50
1200 1.6 Mg 13
M, 34
2600 1.9
CL 610
5000 2.2
0.23
RCV =.31C™"

10-15




Downloaded from http://www.everyspec.com

MIL-HDBK-217F

i0.9 CAPACITORS, FIiXED, GLASS

SPECIFICATION STYLE DESCRIPTION
MIL-C-11272 CcY Glass

MIL-C-23269 CYR Glass, Established Reliability

Ap = ApreymaTe

Base Failure Rate - J\b

(T=125°C Max Rated)
(All MIL-C-23296 and MIL-C-11272 Temp. Range C)

Stress
TAlO) 1 3 5 7 9
o] .00005 00005 .00010 .00023 .00055
10 .00007 00008 .00014 00035 .00083
20 .00011 00012 .00022 .00052 .0012
30 .00016 00018 .00032 .00078 .0018
40 .00024 00027 .00048 .0012 .0028
50 .00036 00041 00072 .0017 .0041
60 .00054 .00061 .0011 0026 0062
70 .0008 00091 .0016 0039 0092
80 .0012 .0014 0024 0058 014
an 0018 0020 003s Q087 021
100 .0027 0030 0054 .013 031
110 .0040 .0045 0080 .019 .046
120 .0060C 0068 012 029 069

. " -
A = 825x100 (2Y* 4 1 ]exp (16 (1222) )
° L\->/ J \ \ 97 )
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage

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

Failures/10® Hours

Base Failure Rate - Ap
(T = 200°C Max Rated)

(MiL-C-11272 Temp. Range D)

TA(%S) .1 .3 .5 .7 .9
0 00001 00001 00002 .00004 .00010
i0 00001 00001 00002 .00006 .000i14
20 .00002 .00002 00003 .00008 .00019
30 .00002 .00003 00005 .00011% 00027
40 .00003 .00004 00007 .00016 00038
50 .00005 .00005 .00009 .00022 .00053
60 .00006 .00007 00013 .00031 00074
70 .00009 .00010 .00018 .00044 .0010
80 .00013 .00014 00025 .00061 0015
90 .00018 .00020 00035 .00086 .0020
100 .00025 .00028 00050 .0012 0029
110 .00035 .00039 .00070 .0017 .0040
120 .00049 .00055 00098 .0024 0056
130 .00069 00078 .0014 0033 0079
140 .00096 .0011 .0019 0047 011
150 .0014 .0015 o027 0065 016
160 .0019 .0021 .0038 .0092 022
170 .0027 0030 0053 .013 031
180 .0037 0042 0075 .018 043
190 .0052 0059 010 025 060
200 .0073 0083 015 035 .084
100 75\ 4 7 7 £T.273%
J\.b-8.25x10 L(‘—s) + 1-! exp[\ﬂi(‘ 473 ) /)
T = Ambient Temperature (°C)

S = Ratio of Oparating to Rated Voltage

Operating voltage is the sum of applied D.C. voltage

and naalkk A 5 vnhano
ant pean A.v. voanags.
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Capacitance Factor - nsy

\d

Canacitance C (nF) T, Eruiranmant -
e b b Lo Ll B o Y o 4 "Uv FIVEINIIVMIGI L lIvE
1 62 GB 1.0
G 2.0
4 75 )
G- 10
M
30 1.0 . = =
Ns o.U
200 1.3 NU 16
200 1. A 5.0
A= 7.0
3000 1.9 IF
A 22
8500 2.2 uc
AyF 28
0.i4 Anw 23
14 =0.62C™
cv Sg .50
Mg 13
Quality Factor - Ty ML 34
Qualtty 7 CL 610
S 030
R 10
P .30
M 1.0
L 3.0
MIL-C-11272, Non-Est. Rel. 3.0
Lower 10

vew
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10.10 CAPACITORS, FIXED, CERAMIC, GENERAL PURPOSE

SPECIFICATION STYLE DESCRIPTION
MIL-C-11015 cK Ceramic, General Purposs
MIL-C-39014 CKR Ceramic, General Purpose, Est. Rel.
Ap = A o nome Failures/108 Hours
Base Failure Rate - Ap Base Failure Rate - Ay
(T = 85°C Max Rated) (T =150°C Max Ra19d)
(MIL-C-39014 Sty’es CKR13, 48, 64, 72; (MIL-C-11015 Type C Rated Temperature)
MIL-C-11015 Type A Rated Temperature) Stress
Stress TA(°C) A .3 .5 7 .8
TA (°C) 1 .3 .5 7 .9
0 | 00067 .0013 0036  .0088 018 0 | 00058 .0011 .0032 .0078 .016
10 .00069 .0013 .0037 .0091 .019 10 00061 0012 0033 008 016
20 .00071 0014 .0038 00683 01§ ’
30 .00073 .0014 .0039 .0096 .020 ~~ PP PR P, Aman .
20 100075 ‘0014 004 0099 020 20 00062 .0012 .0034 0082 017
50 .00077 .0015 .0042 .010 .02i
60 ‘00079 0015 ‘0043 010 ‘021 30 .00064 .0012 .0035 .0084 .017
?0 00081 001 6 0044 -011 -022 AD ON08_S 0013 0038 008§ 018
80 .00083 .0016 .0045 .011 .023 b YRR vy i ! )
r 7 50 00067 0013 0036 0088 018
A - 0003] {—S:;\ o1 exp{ngga )
LA/ 4\ / 60 00068 .0013 0037 009 018
T = Ambient Temperature (°C) on Ammon mman e i s
S = Ratio of Operating to Rated Voltage v vous/u - .uuis vuss YUS< vurs
C peratmg voltage is the sum of applied D.C. voltage 80 00072 .0014 .0039 0095 019
and peak A.C. voltage
20 .00073 .0014 0040 0097  .020
Bass Failure Rats - A 100 00075 .0014  .0041  .0099  .020
(T = 125°C Max Rated)
(MIL-C- 39014 Styles CKROS 12 14 19, 73, 74, 110 .00077 .0015 .0042 .010 .021
MIL-C-11015 Type B Rated Temperature)
Stress 120 00078 0015 0043 10 021
Ta (°C) A .3 .5 .7 .9
al 130 .00081 .0016 .0044 011 .022
0 .00062 .0012 .0033 .0082 017
10 .00063  .0012  .0034  .0084 .017 140 00083 0016 0045 011 022
20 .00065 .0013 .0035 .0086 .018 .
30 .00067 .0013  .0036 .0088 018 150 00085 .00i6 0046 011 023
40 .00068 .0013 .0037 .0090 .018
50 .00070 .0014 .0038 .0093 .019
€0 .00072 .0014 0038 .008Ss .01S
70 | 00074 0014 0040 0097 .020 x - oo03] {SY2 4 1] exp{T:273)
80 00076  .0015  .0041  .010  .020 " LN 8) | %P\ a2 )
S0 00077 .06015 .0042 .010 .021
100 .00079 .0015 .0043 .010 .021 - AW oy
110 .00081  .0016  .0044 011  .022 b= Amornt iemperaire ()
L e i o ot 523 S = Ratio of Operating to Rated Voltage
[ /7s\3
A = .0003' {% + 1 l exp {T;gz.;s\ Operating voltage is the sum of applied D.C. voltage
° L\-3/ and peak A.C. voltage
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage
_ NOTE: The rated temperature designation {type A,
Ope anng voltaga is the sum of applied D.C. voltage B, or C) is shown in the part number, e.g
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10.10 _CAPACITORS, FIXED, CERAMIC, GENERAL PURPOSE

Capacitance Facior - L', ) Environment Factor - e
Capacitance, C (pF) nCV Environment e
6.0 .50 Cp 0
Gp 2.0
240 .75 - an
UM Y.0
3300 1.0 Ng 50
36,000 1.3 Nu 15
AARn ARA ~ A _ AN
240,000 1.0 ~ic =
1,100,000 1.9 MF 4.0
A NANAN NAN ~n n AUC 8'0
4,9VV,Uuvu L. &
AUF 12
0.11 ARW 20
Mg 13
Quality Factor - Tq My 34
Quaiity Q 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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10.11__ CAPACITORS, FIXED, CERAMIC, TEMPERATURE COMPENSATING AND CHIP
SPECIFICATION STYLE DESCRIPTION
MIL-C-20 CCRand CC Ceramic, Temperature Compensating, Est.
and Non Est. Rel
MIL-C-55681 CDR Ceramic, Chip, Est. Rel
- ; 6
lp = lanVnQnE Failures/10° Hours
Base Failure Rate - A, Capacitance Factor - noy
T -ty M Gapachance.C (pF) "cv
(MIL-C-20 Styies CC 20, 25, 30, 32, 35, 45, 85, 85-87)
Stress 1 .59
Tae0 | 3 5 7 9 7 75
A 81 1.0
0 .00015 .00028 .00080 .0019 .0040 720 1.3
10 00022 .00042 .0012 .0029 .0059 4100 1.6
20 00033 .00063 .0018 .0043 .0088 17'000 1 '9
30 00049 .00094 0026 .0064 .013 ISP T
40 .00073 .0014  .0039 .0096 .020 28,000 S.l
50 .0011 .0021 .0059  .014  .029 0.12
60 .0016 .0031 .0088 .021 .044 ncy = -59C
70 .0024 0046 .013 .032 .065
80 0036  .0069 019 047 057 ; i
Quality Factor q
x - 26x10° (£)% 4 1]exp(14.3 (222 ) ) Qualty ]
"o t\3) ~ 4T ss ) ) S 7030
T = Ambient Temperature (°C) B 29
S = Ratio of Operating to Rated Voltage :’ \ -:U
Opaerating voltage is the sum of applied D.C. voltage i’:llon-Est. Rel. 36
and peak A.C. voltage. Lower 10
Base Failure Rate - & Environment Factor - ©
(T = 125°C Max Rated)
(MIL-C-20 Styies CC 5-9,13-19, 21, 22, 26, 27, 31, 33, Environmeni g
36, 37, 47, 50-57, 75-79, 81-83, CCR 05-09,13-19, 54-
57, 75-79, 81-83, 90; MIL-C-55681 All CDR Styles) Gg 1.0
T oMY 4 2 S"'ess I~ 7 o G‘: 2 . o
IA‘ v’ .1 o 4 o« -4 T
) .00005 .00009 .00027 .00065 .0013 G 10
10 00007 .00014 .00038 .00093 .0019
20 .00010 .00019 .00055 .0013 .0027 Ng 5.0
30 00014 .00028 .00078 .001$ .0038 N 17
40 .00021 .00040 .0011  .0027 .0056 U
50 .00030 .00057 .0016 .0039 .008 A 4.0
60 .00042 .00082 .0023 .0056 .011 ic :
70 00061 .0012 .0033 .008 .016 A 8.0
80 00087 .0017 .0047 .011  .023 IF
90 .00i2 .0024 .0068 .016 .034 AUC 16
100 0018 0034 0097 024 048
110 0026 0049 014 .034  .069 AUE 35
120 0037 0071 .020 .048  .099
— ARW 24
A = 26 xio'g[(i)a . "I]exp(iéﬁ (__T+273 IR Sg .50
=~ .3 : 398
o - N ) Mg 13
T = Armhiant Tamnaratura (°C)
T = Ambient Temperaturs {°C)
S = Ratio of Operating to Rated Voltage ML 34
Opaerating voltage is the sum of applied D.C. voltage C, 610
and peak A.C. voltage. =
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10.12 CAPACITORS, FIXED, ELECTROLYTIC, TANTALUM, SOLID
SPECIFICATION STYLE DESCRIPTION
MIL-C-32003 CSR Tantalum Electrolytic (Solid), Est. Rel.
An=An. n..x~K Failures/108 Hours
4 D CV SH Q t
Base Failure Rate - Ay Series Resistance Factor - ngR
Stress Circuit Resistance, CR (ohms/voli) TSR
TaA(°C) 1 .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 | o048 0067 014 030 0S8 >0.610 08 10
40 0051 .0072 .015 .032 .083 Cn A hE .
50 0057 0079 .016 035 .069 b <Y
60 0064 009 .019 040 .078
70 0075 011 022 .047  .092 >0.210 0.4 .20
80 0092 013 .027 058 11
90 012 017 .034 074 .14 >0.110 0.2 .27
100 016 023 .047 10
110 024 034 07 15 0to 0.1 .33
120 039 054 11 24
A_=.00375 r [EAN + 1-| expfz.s (T:273 ) 9 R Etf. Res. Between Cap. and Pwr. Supply
b L\-4) J k \ 398 ) ) S 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

PR W o BV | ysyN
and peak A.C. voitage.

Capacitance Factor - oy

Environment Factor - L

Capacitance, C (uF) oy
.003 0.5
.091 .75
1.0 1.0
8.9 1.3
50 1.6
210 1.9
710 ] 2.2
e — - - —
Ry = 1.0C0'12
Vv
Quality Factor-ua
Quality 1[0
D 0.0010
c 0.010
S 0.030
B 0.030
R 0.10
P 0.30
M 1.0
L 1.5
Lower i0

Environment g
GB 1.0
GF 2.0
GM 8.0
NS 5.0
| . 44
l‘U 1"
A‘C 4.0
A 5.0
AUC 12
AUF 20
ARW 24
S_F .40
Mg 11
ML 29
CL 530
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10.13 CAPACITORS, FIXED, ELECTROLYTIC, TANTALUM, NON-SOLID

SPECIFICATION STYLE DESCRIPTION
MIL-C-3965 cL Tantalum, Electrolytic (Non-Solid)
MIL-C-39006 CLR Tantalum, Electrolytic ( on-Solid), Est. Rel.
= lur 6 r
l )‘b"CV c™a™E Failures/10° Hours
Base Failure Rate - lb Base Failure Rate - A,
(T = 85°C Max Rated) (T = 175°C Max Rated)
(MIL-C-3965 Styles CL24-27, 34-37) MIL-C-3965 Styles CL10, 13, 14, 16-18)
Stress Stress
TpO)| 1 3 5 7 9 Ta(C) .1 3 5 7 9
) 0021 0029  .0061 013  .026
10 .0023 .0032 0067 .014  .028 0 0017 0024 .0050 o11 021
20 .0026 .0036 0075 .016  .031%
30 .0030 .0042 0087 018  .03§ 10 0017 0024 0051 011 021
40 .0036 .0051 011 023  .044
50 .0047 .0066 .014 .029  .057 20 .0018  .0025 0052  .011 .022
60 0065 .0091 019 .041 .079
70 .0098 .014 029 062 .12 30 0018 0025 0053 on 022
80 .017 .023 048 .10 .20
] /s \3 [T+273 \ 0 40 0019 0026 0054 012 .023
"o =i\e) ° 'J""” k‘ 6 \ 38 ) ) 50 0019  .0027  .0056 .012  .023
T = Ambient Temperature (°C) 60 002 0028 .0058 013 024
S = Ratio of Operating to Rated Voltage
Operating voltage is the sum of applied D.C. vohage 70 0021 .0030 -0062 013 .02
and peak A-L. voliage. go | 0023 0032 .0066 .014 .028

Base Failure Rate - A,
(T = 125°C Max Rated)

(MIL-C-3965 Styles CL20-23, 30-33, 40-43, 46-56, 64-
67, 70-73; and all MIL-C-39006 Styles)
Stress
Tp (C) a .3 .5 7 .8
0 .0018 .0026 .0053 011 .022
10 .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 .018 .031 .068
120 .017 .024 .050 1
A =.00165 + 1]expf2.6 {2222 ) 90
b L\ 4) J L \ "398 ) }
T = Ambignt Tempaerature (°C)
S = Ratioof Operatlng to Rated Voltage

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

80 .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 .01 .016 .033 .07
170 .018 .025 .051

3 9.0
lb=.00?65[(%) + 1}exp(2.6 (%gg ) )
T = Ambient Temperature (°C)
S = Raitio of Operating to Rated Voltage

Operating voltage is the sum of applied D.C. voltage
b adhbnd hfiiac (ad g o=

10-22
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10.13 CAPACITORS, FIXED, ELECTROLYTIC, TANTALUM, NON-SOLID

et [ ey D iali
r wudi

Lapacitance racior - oy iy - ﬁQ
Capacitance, C (uF) noV Quality rQ
.081 .70 S .030
20 1.0
1100 1.3 R .10
P .30
0.066
L 1.5
Construction Factor - n MIL-C-3965, Non-Est. Rel. 3.0
Construction Type e
Lower 10
Siug, All Tantalum .30
Foil, Hermetic * 1.0
Slug, Hermetic * 2.0
Foil, Non-Hermetic * 2.5 . _
Slug, Non-Hermetic * 30 Environment Factor e
Environment nE
*Tuna nf Saal ldantifiad ac Fnliowe GR 1 0
Type of Sea! ldentified as Foliows B
1) MIL-C-3965 (CL) - Note Last Letter in Part Number: Gr 2.0
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 Shest (slash sheet)
Ac 4.0
NOTE: A an
Foil Types - CL 20-25, 30-33, 40, 41, 51-54, 70-73 AF 6.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 ARV‘V’ 23
All Tantalum - CL 26, 27, 34-37, 42, 43, 46-49 Sg .50
CLR 79 MF 13
M 34
CL 610
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10.14 CAPACITORS, FIXED, ELECTROLYTIC, ALUMINUM

Base Failure Rate - A Base Failure Rate - A,
(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
o .0095 .01 .019 .035 .064
i0 .012 015 .024 .046 .084 0 .0055 .0067 .01 .021 .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 .065 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
- 40 .012 .014 .023 .044 .080
s\3 ] T+273\ 5
Ay, = 00254 [ (—5) + 1] exp(5'°9 ( 358 ) 50 .015 019 .030 057 .10
60 .021 .025 .041 .077 .14
T = Ambient Temperature (°C)
~ o ) _ 70 .029 .035 .057 1 .20
S = Ratio of Operating to Rated Voitage
Operating voltage is the sum of applied D.C. voltage 80 042 -050 .083 18 28
and peak A.C. voltage.
90 .064 .077 .13 .24 .43
. 1 . . . .38
Base Failure Rate - A, 00 10 12 20 3
(T = 105°C Max Rated) 110 17 .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 3 5
10 .0085 .010 .017 .031 .057 S T+273
20 | o011 013 021 040 072 Ay = '°°254[(.5) + 1]9xp(5.09 ( 398 ) )
30 .014 .017 .027 .051 .094
40 .019 .022 .037 .069 .13 ) .
50 | 026 031 .052 097 .18 T Ambient Temperature (°C)
-s,g :ggg 8;? ?;6 ;3 :fg S Ratio of Operating to Rated Voltage
gg 225 ;:) ;g 2? 1:?4 ?M‘erﬂTE Xﬂtaﬂ:}gﬂtge sum of applied D.C. voltage
100 .30 .36 .59 1.1 2.0 QT pTan M. YEREyS-
——
S\3 T+273\ 5
kb - .00254[:('5) + 1} exp(5.09 ( 378 ) )
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.
10-24
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10.14 CAPACITORS, FIXED, ELECTROLYTIC, ALUMINUM

Enuvirnnmont Fantar _ =
COVireniment «~acill

Nanarnitancra Cardar _
Capacitance Factor =g
Capacitance, C (ur) oV Environmeni nE
25 40 Gg 1.0
Gr 2.0
55 .70 ~ A
\ZM 1<
400 1.0 Ng 6.0
1700 1.3 N, 17
- an ~ A _ 4N
52500 1.0 NG v
14,000 1.9 AIF 12
U . Auc 28
32,000 .2
AuF 35
65,000 2.5 . 27
A 27
120,000 2.8 Sg .50
Mg 14
Ty = ,34(;0'18 M, 38
(Y [
CL 690
Quality Factor - Tq
Quaiiy o
S .030
R 10
P .30
M 1.0
Non-Est. Rei. 3.0
Lower 10
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10.15 CAPACITORS, FIXED, ELECTROLYTIC (DRY), ALUMINUM

SPECIFICATION STYLE DESCRIPTION
Ml -C-62 CE Aluminum, Dry Electrolyte, Polarized

A, = A, ., xR Failures/108 Hours

D
&

Base Failure Rate - L..

= 85°C Max Rmem Quality Factor - T
Stress Quality no
TalC)] -1 .3 .5 7 .9
~ P . . S e MIL-SPEC 3.0
(4] .0064 0074 011 RV Y4V U34
10 .0078 .009 014 .024 042 G an
20 .0099 011 017 .030  .053 Lower v
30 .013 .015 .023 .040 .070
40 .018 .021 .031 .055 .098
50 .026 .030 .046 .08 .14
60 .041 .047 .071 .12 .22
70 .068 .078 12 .21 .38 Envircnment Factor - =
80 .120 14 21 37 .65 — , E
Environment e
3 5.9
- oozsl-( ). 1-]exp(4 09 (T;fzs) ) Gg 1.0
\-55/ el
/ Ge 2.0
T = Ambient Temperature (°C) GM 12
S = Ratio of Operating to Rated Voltage NS 6.0
OpJerat ng yo!tage. is the sum of applied D.C. voltage Ny 17
and peak A.C. voilage. =
Ann 1 o
[\ 97
AF 12
A 28
Capacitance Factor - noy, uc
Capacitance, C (uF) oV AUF 35
Apw 27
3.2 .40 S 50
62 .70 F
400 i.0 Mg 14
1600 1.3
4800 1.6 ML 38
12,000 1.9 C, 690
26,000 2.2 S
50,000 2.5
91,000 2.8
0.1%
T[CV = .32C
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10.16 CAPACITORS, VARIABLE, CERAMIC

SPECIFICATION STYLE

[V g 3 O\
v

DESCRIPTION

\/ariahla Caramin
vanacie, uerami

A~ = A n.n_ Failures/108% Hours
v DWUECE

Quality Factor - rt -,
"~ \d

Stress
TA (°C) -1 .3 .5 .7 .9
(] .0030 .016 .086 .18 .37
10 0031 017 .06% .18 .35
20 .0033 .018 .073 .20 .41
30 .0036 .020 .080 .21 .45
40 .0041 .022 .089 .24 .50
50 .0047 .026 .10 .28 .59
60 .0058 .031 13 .34 72
70 .0076 .041 a7 .45 94
80 .011 .058 .24 .63 1.3
A= 00224({ Sy, 1_|exo(1 5o  Tx273) 101
L\ // \ 358 ) )
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage

Operating voltage is the sum of applied D.C. voltage

AD unlamo
A VORagse.

and noal
ang psax

Race Failure Rate - .
Base Fallure Rate - A,

(T = 125°C Max Rated)
(MIL-C-81 StylesCV 35,36)

Stress

TACC)] .1 3 5 7 .9
0 .0028 .015 .061 .16 .35
10 .0028 .015 .062 A7 .35
20 .0029 .016 .064 A7 .36
30 .0030 .016 .066 .18 .37
40 0031 017 .088 RE:| .29
50 .0033 .018 072 .19 .41
60 .0035 .019 077 .21 .44
70 .0038 .021 .084 .23 .48
80 .0043 .023 .095 .25 .54
90 .0050 .027 1 .30 .63
100 6082 033 14 .38 .76
110 .0079 .043 a7 47 .98
120 011 .059 .24 64 1.4

Quality a
MIL-SPEC 4
Lower 20
Environment Factor - T
Environment ne
Gg 1.0
Gg 3.0
Gm 13
Ng 8.0
Nu 24
Ac 6.0
A 10
Asc 37
AUF 70
Apw 36
Sg .40
MvF 20
ML 52
CL 950

NFrre\3 /7 T.272\ 10.1
kb-.00224[ (—-7) + 1|exp[1 59( 396 ) )
—- - A Y /

T A bt ma T e ma
I = Aol 1empera II-HG

S = Ratio of Oparating Rated Voltage
Operating voltage is the sum of applied D.C. voitage
and peak A.C. voltage.
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10.17_CAPACITORS, VARIABLE, PISTON TYPE

SPECIFICATION STYLE
MIL-C-14409 PC
Ag = A x_m
v D
Raca Failura Rata _ 2
SASS FANUIS NaS T hp
(T = 125°C Max Rated)
(MIL-C-14409 Styles G, H, J. L, T)
Stress
T (°C) R .3 5 7 9
[ .GG30 0051 033 .G31 063
10 .0041 .0070 .018 .042 .085
20 .0055 .0094 .024 .057 11
30 0075 .03 .033 077 .16
40 .010 .017 .044 .10 .21
50 .014 .024 .060 .14 .29
60 .019 .032 .082 .19 .39
70 .025 .043 11 .26 .53
80 .034 .059 .15 .35 71
90 .047 .079 .20 .48 .86
100 .063 1 27 .65 1
110 .086 .15 .37 .88 1.
120 .12 .20 .51 1.2 2.

3
8
4

= 7.3x 10 + 1lexpl 121 —
A 7”3\3 1 [ {T+273\
L %7

T = Amblent Temperature (°C)
S - Ratio ot ()nnratmn to Ratad \Inhnnn

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

Base Failure Rate - 7\.0
(T = 150°C Max Rated)

1 N4 AAAs AL a ey
(WMHL-L- 144Uy Lnaraclerisiic W)

Stress
™C .1 .3 .5 .7 .9
(o] .0019 .0032 .0081 .019 .038
10 .002s .0042 .011 .025 .051
20 .0033 .0056 .014 .034 .068
30 .0044 .0074 .019 .045 .09
40 .0058 .008S .025 .080 12
50 .0077 .013 .034 .079 .16
60 .010 .018 .045 .1 .21
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 .89
120 .057 .097 .25 .59 1.2
130 .076 .18 .33 .78 1.6
140 .10 17 .44 1.0 2.1
150 .13 .23 .59 1.4 2.8
.7l +273\
7.3x 107 H33) +1JexpL121\43) )
Ambient Temperature (°C)

Ratio of Operating to Rated Voltage

it ama o tha ciiem ~f amaliad N O Aalama

perating voltage is the sum of applied D.C. voltage

nd peak A.C. voltage.

DESCRIPTION

Variable, Piston Tyne, Tubular Trimmar
Fallures/106 Hours

nnnm\/ Factor -

Quaiity nQ
MIL-SPEC 3
Lower 10
Environment Factor - nt
Environment = nc
Gg 1.0
Gg 3.0
Gum 12
NS 7.0
Ny 18
Ac 3.0
A 4.0
Auc 20
AUE 30
ARw 32
S¢ .50
MF 18
ML 46
CL 830

- TRAMIT SRS T T
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10.18 CAPACITORS, VARIABLE, AIR TRIMMER

SPECIFICATION STYLE DESCRIPTION
MIL-C-92 CcT Variahle, Air Trimmer

A. = A_x-%_ Failures/106 Hours
D W

Base Failure Rate - &) Environment Factor -
T = R8°C Mav Ratan) o ——
VLTS e e Environmeni g
TA(C) 1 3 .5 7 .9 Gp 1.0
Ge 3.0
0 .0074 .013 .032 .076 .15 !
G‘M 13
10 .010 .017 .044 10 .21 —
Ng 8.0
20 .014 .023 .059 .14 .28 N 24
]
30 .018 .031 .08 .18 .38
40 .025 .042 11 .26 .52 A"_- 10
50 .034 .057 .15 .35 .70 Auc 37
60 .046 .078 .20 .47 .94 AUF 70
70 .062 .10 27 .63 1.3 Anws 36
go | 083 .14 36 85 1.7 Sg .50
MF 20
s oto2x1o8] £5Y3 L1 (g s £T2273)) ML 52
BT [\-33) 17PN ess ) cL 950
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.

Quality Factor - .

Q
Quality L7e)
MiL-SPEC 5
Lower 20

10-29
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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

6
7L = lanF Qe Failures/10° Hours
Base Failure Rate - A, Base Failure Rate - A,,
= 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
o nn Tor - ~ f =4 - ~
HITDDO i\ . A .9 / .
T°C 1 .3 .5 7 .9
0 015 081 23 aa 10 0 .014 .075 31 .82 1.7
10 .016 .084 .34 .92 1.9
20 | 017  .090 37 98 2.1 o o4 o7 3 83 18
20 n1Q nag AD 11 29
40 020 11 ‘45 12 25 20 .014 .078 .32 .85 1.8
50 .024 .13 .52 1.4 2.9
s0 | 020 18 s4 17 28 s | .ot5 .08 33 8819
70 .038 .20 .83 2.2 4.7
80 054 59 12 32 6.6 40 .016 .084 .34 .91 1.9
50 .016 .088 .36 .96 2.0
A =012 | (=) + 1 [exp(1.50 {2222)101)
b l ( 17) | p( (_ 358 ) /J 60 .018 .095 .39 1.0 2.2
T = Ambient Temperature (°C) 70 019 10 42 1.1 2.4
S = Ratic of Opsarating 1o Rated Volage
¥ e b 80 .022 12 .48 1.3 2.7
8?:‘:.::;,:00"8?:!.';;28 sum of applied D.C. voltage 90 025 14 55 15 31
R 100 .031 A7 .68 1.8 3.8
Base Failure Rate - A,
(T = 100°C Max Rated) 110 .04 .21 .87 2.3 49
(Styles (ZG 65, 66) 120 .055 29 1.2 3.2 6.8
Siress = ey =
T°C 1 .3 5 7 .9
o1 014 o7e .30 .85 1.8 S 3 T+273\ 10 1"
10 | 015 os0 33 87 18 —omz | (1—) + 1 | exp(1 s (22} 101)
20 .015 .084 .34 .91 1.9 L\ts \ == J
30 .016 .088 .36 .86 2.0
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
60 .02z iz .49 i.3 2.8
70 .027 14 .59 1.6 33 Operating voltage is the sum of apolied 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
s = 0112 [/S\3 1 /. __ £T+273\10.1)
A KL\'W} +1_Jexp1b‘d\373) }
T = Ambient Temperature (°C)
Q - D atim A N ~ Datad \iabama
~ - v IGHU A UPUIGIIIIS IU ﬁﬂIEU VUIIGEH
Operating voltage is the sum of applied D.C. voltage
and peak A.C. voliage
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10.19 CAPACITORS, VARIABLE AND FIXED, GAS OR VACUUM

Configuration Factor - L Environment Factor - e
Configuration "CF “Environment e
1.0
Fixed .10 GB
Ge 3.0
Variable 1.0 G 14
Ns 8.0
Ny 27
Quality Factor - L7 Ac 10
Quality nq AF 18
MIL-SPEC 3.0 Auc 70
Lower 20 AUF 108
Apw 40
Sg 50
Mg N/A
ML N/A
CL N/A
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@ 60 Hz. The capacitor is being procured in full accordance with the applicable
specification.

The letters “"CQ" in the type designation indicate that the specification is MIL-C-19978 and that it is a Non-
Established Reliability quality level. The 1st "K" in the designation indicates characteristic K. The "E” in
the designation corresponds to a 400 volt DC rating. The "153" in the designation expresses the
capacitance in picotarads. 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, = 105)

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 Appiied + \E {AC Voits Appiied) -
. DC Rated Voltage

200 + V2 (50) _ o

400
A, = .0082 Substitute S = .68 and T, = 55°C into equation shown
with Characteristic K Ay, Table.
noy = .94 Use Table Equation {Note 15,000 pF = .015 pF)
o = 10
nE = 2.0

Ay = A oy QT = (-0082)(.94)(10)(2) = .15 Failures/10® Hours
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11.1  INDUCTIVE DEVICES, TRANSFORMERS

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 4 . A6
kp = )"b"QnE Failures/10°® Hours
Base Failure Rate - Ay,
) Maximum Rated Operating Temperature (°C) ) )
Tys (°C) 85’ 1052 130° 1554 1708 >170%
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 .0020 .0017
60 .0060 .0032 .0029 .0023 .0021 .0017
65 .0083 .0035 .0030 .0024 .0021 .0017
70 .012 .0040 .0033 .0025 .0022 0017
75 .020 .0047 .0035 .0026 .0023 .0017
80 .036 .0057 .0039 .0027 .0024 .0017
85 .075 .0071 .0043 .0028 .0024 .0017
a0 .0003 .0048 .0029 0025 0018
95 013 .0054 .0031 0026 .0018
100 019 .0062 0033 0027 .0018
105 030 .0072 0035 0028 0018
110 .0085 0038 .0030 .0019
115 010 .0042 0031 .0019
120 013 .0048 .0032 6018
125 016 .0052 .0034 .0020
130 020 .0059 .0036 .0020
138 .0088 0038 .002i
140 .0079 .0040 .0021
145 0095 .0042 0022
150 011 .0044 0023
188 014 .0047 .0024
160 0050 .0025
165 0053 0026
170 00586 0027
175 0029
180 0030
185 0032
NOTE: The models are valid only if %HS is not above the temperature rating for a given insulation class

N
&
|
R
o
L
——
n

3 -ITHS + 275\ 87
o= WTBe®\ "3r )

T, e+ 273\ 10
4 A = .002 exp (Tis?—\
o \ Ll

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.-7-27 insuiaton Ciass S, MiL-T-21038 insuiation Ciass S, and MIL-T-55631 insuiation Class B.*

MIL-T-27 Insulation Class V, MIL-T-21038 Insulation Class T, and MIL-T-55631 Insulation Class C *

s ’THS + 273\ 38
A, = 00125 exp ‘ 388 ) MIL-T-27 Insulation Class T and MIL-T-21038 Insulation Class U.*
e V4
s / Hs * 273\ 84
lb' 00150 exp ( 275 ) MIL-T-27 insulation Class U and MIL-T-21038 Insulation Class V.*
Tpg = Hot Spot Temperature (°C), See Section 11.3. *Refer to Transformer Appli 1 Note for Determination of Insulation Clase
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11.1  INDUCTIVE DEVICES, TRANSFORMERS

Quality Factor - i

Family Type* MIL-SPEC | Lower
Pulss Transformaers 1.5 50
Audio Transformers 3.0 75
Power Transformers and Filters 8.0 30
RF Transformers i2 30

TRANSFORMER APPLICATION NOTE:
Insulation Class and Famlly Type
Determination

* Refer to Transtormer Application Note for

Determination of Family Type

Environment Factor - «

MIL-T-27 Example Designation
TF 4 R 01 GA 576
I
.n.a.al.!T-z'.' ..-el.._ Insulation Family c-ale-
Class Symbol
Family Type Codes Are:

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

Puise Transformer: 22 thru 36, 54

MiL-T-29038 Exampie Designation

TP 4 Q X1100BC001

MIL-T-21038 Grade Insulation
Class

viass

Environment . nE
- Gg 1.0
Gp 6.0
Gpm 12
Ng 5.0
Ny 16
Ac 6.0
Af 8.0
Auc 7.0
AyE 9.0
Apw 24
Sg 50
Mg 13
ML 34
CL 610

MIL-T-556631. The Transformers are Designated

with the {Q!!Qwing Tynac Grades and Clasces

Pes, Lrades and LLasses.

Type | - Intermediate Frequency Transformer

Type Il - Radio Frequency Transformer

Type lll - Discriminator Transformer

Grade ! - 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 Assembiies

Class O - 85°C Maximum Operating
Temperature

ClassA - 105°C Maximum Operating
Temperature

ClassB - 125°C Maximum Operating
Temperature

ClassC - > 125°C Maximum Operating
Temperature

The class denotes the maximum operating
temperature (temparature rise plus maximum
ambient temperaturs).
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SPECIFICATION STYLE DESCRIPTION
MIL-C-15305 - Fixed and Variable, RF
MIL-C-39010 - Molded, RF, Est. Rel.
= ; 6
xp = xannQnE Failures/10° Hours
Base Failure Rate - A, Construction Factor - nc
Maximum Operating Temperature (°C) Construction e
Ths (°C) gs! 1052 1253 150%
30 00044 00043  .00039  .00037 Fixed i
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 - ngy
80 0067 .0011 00069  .00044 -
85 .014 .0013 .00076  .00046 Quality Q
90 .0018 00085 00047
95 .0024 00086  .0005 s 03
100 .0036 0011 .00052
105 .0057 0013 .00055 R 10
110 0015 .00059
118 0018 .00063
120 0022 .00068 P 30
i25 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 Tyg is not above
the temperature rating for a given insulation class.

THS - 273\ 87
Rb-.ﬁt‘x?lﬁiﬁoxp \T,

THs¢273 10
kb-,OO(BSexp T —

T. .. = Hot Spot Tamperature (°C
HS 0! Spot Temperature (°C

*Refer to Coil Application Note for Determination of

Insulation Class.

See Section 11.3.

MIL-C-15305

Insulation Class A and
MIL-C-38010

insuiation Class A.*

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

MiiL-C-15305
Insulation Class C and
MIL-C-38010
Insulation Class F.*

w

T1-
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11.2 INDUCTIVE DEVICES, COILS
Environment Faclor - = COIL APPLICATION NQOTE: Insulation Class
E Determination From Part Designation
Environment L1
— MiL-C-15305. Aii parts in this spacilication are
Gg 1.0 R.F. coils. An example type designation is:
Gl‘ 4 Q - v ~—a
= L 4 K 001
GM 12
N 50 MIL-C-15305 insulation Famiiy
S Class Code
Ni; 16
Agc 5.0 The codes used for the Insulation Class are:
A - ClassC: 1,23
A 7.0 Class B: 4,5,6
ClassO: 7.8,8
Auc 0 Class A: 10, 11,12
Ay 24 MIL-C-39010. An example type designation per
P —n this specification is:
DF U
M 39010/01 A
MF 13
ML 34 Militan [ o VRO lmasilatiom
Yy vocuiian mwisuviauuii
C, 610 Designator Sheet Class
L Number
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11.3 INDUCTIVE DEVICES, DETERMINATION OF HOT SPOT TEMPERATURE
Hot Spot temperature can be estimated as follows
THS = TA +1.1 (AT)
where:
Tyg = Hot Spot Temperature (°C)
Ta = Inductive Davice Ambient Cperating Temperature (°C)
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.

L-T-27E), or by approximation using one of the procedures

£

g., paragraph 4.8.12 for

P P e | L I Y Py

QesSCrioeu DBIDW.

AT Approximation

Information Known AT Approximation
1 MIL-C-33010 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

Power Loss

N

3. Power Loss

4, Input Power

Case Radiating Surface Area

Transformer Weight

AT = 11.5 W /(Wt.)-6766

AT = 2.1 Wy(Wt.)-6766

Transtormer Weight
(Assumes 80% Efficiency)

>
]

Wt =

Power Loss (W)
Radiating Surface Area of Case (in2). See below for MIL-T-27 Case Areas
Transtormer Weight (ibs.)

Input Power (W)

surface area.

NOTE: Methods are listed in preferred order (i.e., most to least accurate). MIL-C-39010 are micro-
miniature devices with surface areas less than 1 in2. Equations 2-4 are applicable to devices with
surtace areas from 3 in to 150 in<. Do not include the mounting surface when determining radiating

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

Case Area (in?) Case Area (in%) Case Area (in?)

AF 4 GB 33 LB 82
AG 7 GA 43 LA 98
AH 11 HB . 42 MB g8
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 84

gy

pu—ry
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12.1 ROTATING DEVICES, MOTORS

The foliowing failure-rate model applies to motors with power ratings below one horsepower. This model is applicable to
polyphase, capacitor start and run and shaded pole motors. It's application may be extended to other types of fractional
horsepower motors utilizing rolling element grease packed bearings. The 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 Iife prediction
methods. The reference should be reviewed when bearing loads exceed 10 percent of rated load, speeds exceed 24,000

rpm or motor ioads inciude motor speed siip of greater than 25 percent.

The instantaneous fallure 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 “t". The motor operating
time period (1- hours) is selected by the nnnlvq! Each motor must be rnnlahﬁd when it reaches the end of this nn.hvl to

make the calculated ;‘p valid. The average falluro rate, k;_, has been obtainod by dividing the cumulative hazard rale by .
and can be treated as a constant failure rate and added to other part failure rates from this Handbook.

P R

a1 .Iv 106' ailurag/106 Hour:
L la ow

I ~ asures/10

[

Bearing & Winding Characteristic Life - ag and o

TA (°C) o (Hr.) Oy (Hr.) TA (°C) cg {Hr) Ty (Hr.)
-40 310 1.9e+08 55 44000 2.3e+05
-35 310 1.20+08 60 35000 1.86+05
-30 330 7.4e+07 65 27000 1.40405
-25 370 4.70+07 70 22000 1.1e+05
-20 460 3 18407 75 17000 8.80+04
-15 660 2.0e+07 80 14000 7.0e+04
-10 1100 1.40+07 85 11000 5.7e+04

-5 1900 9.2e4+06 90 9100 4.6e+04
0 3600 6.4e+06 95 7400 3.8e4+04
5 6700 4.50+06 100 6100 3.1e+04

10 13000 3.2e4+06 105 5000 2.5e+04

i5 23000 2.3e+06 ii0 4200 2.18404

20 39000 1.66+06 115 3500 1.8e+04

25 60000 1.2e+06 120 2900 1.50404

30 78000 8.9e+05 125 2400 1.2e+04

as 86000 6.60+05 130 2100 1.08+04

40 80000 5.0e+05 138 1700 8.96+03

45 68000 3.8e+05 140 1500 7.56+03

50 55000 2.96+-5

V4 amer  \ = .
| (2534 -7a.273) 1 [
ag = I 10\ 7 4 [ a0\ l
TA + 273
L 1o\ A T) L 300 d
5% - 1.e9)]
(lw = 10 A

ag = Weibull Characteristic Lite for the Motor Bearing
Weibull Characteristic Lite for the Motor Windings
Ambient Temperature (°C)

Motor Operating Time Period (Hours)

]
=
>
X

L]

> s
"o

NOTE: See next page for method to calculate ag and ayy, when temperature is not constant.

12-1
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12.1 ROTATING DEVICES, MOTORS

OCalculation

fnr Ounlad Tamnaratira
Ul wyuwicou 1 ©

—

The following equation can be used to calculate a weighted characterist

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

(h 1 +h 2 + h 3 + - ----- h m )
=
h 4 h (s} h L} h ——
¥ 4 L mnt
s te, T a_
1 2 3 m
where
a = either ag or oy
hy = Time at Temperature T4
h, = Time to Cycie From Temperature T4 to T3
h 3 = Time at Temperature T3
hy = Time at Temperature Ty,
ay = Bearing (or Winding) Life at T4
o, = Bearing (or Winding) Life ai T,
NOTE: T, = > , T4 = )
T2
= / \
8 7 N\
| T \
5 hg
= ha ha ha |
i 2 v |
Hours (h)

12-2
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12.2 ROTATING DEVICES, SYNCHROS AND RESOLVERS

DESCRIPTION
Rotating Synchros and Resolvers

An=Am Ty T Failures/10% Hours

N ».e
L LD o

NOTE: Synchros and resolvers are predominately used in service requiring only siow 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.

Basse Failure Rate - 7‘13 Number of Brushes Factor - ny
Te (°C) Ay Te (°C) Ay Number of Brushes LN
30 .0083 85 .032 2 1.4
35 .0088 90 .041
40 .0085 g5 .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 E
80 .027 135 i.3 Environment TE
Gg 1.0
00535 /T+273 \8.5 Ge 2.0
Y = P33z ) Gy 12
T = Frame Temperature (°C) Ng 7.0
Ny 18
it Frame Temperature is Unknown Assume N
TF = 40 °C + Ambient Temperature A!C 4.0
A 6.0
s L
HUC 19
Size Factor - ng AuF 2>
e ARw 26
DEVICE | Size8or Size 10-16 Size 18 0r Sk 50
TYPE Smaller Larger M 44
- IVIF L 2
Synchro 2 1.5 1 M 36
Resolver 3 2.25 1.5 CL 680

12-3
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12.3 ROTATING DEVICES, ELAPSED TIME METERS
DESCRIPTION
Elapsed Time Meters
= i 6
kp = lbnTnE Failures/10° Hours
Base Failure Rate - A, Environment Factor - n_
Type Ap Environment e
n_ 4 N
AC. 20 B Y
Gg 2.0
Inverter Driven 30
GM 12
Commutator D.C. 80 NS 7.0
Ny 18
Ac 5
Temperature Stress Factor - n A 0
_ gperaung T (°C)/Rated T (°C) T AUC 16
- - P A B
Oio .5 .5 AUF i
6 5 Apw 26
Sk .50
.8 .8
MF 14
CL N/A

12-4
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12.4 ROTATING DEVICES, EXAMPLE

Example
Given Fractionai Horsepower Mcior operating at a thermai duly Cycie of: 2 hours at 160°C, 8
hours at 20°C, 0.5 hours from 100°C to 20°C, and 0.5 hours from 20°C back 1o 100°C.
Find the average failure rate for 4000 hours operating time
Tha hacicr nraradiira ic tn firet Aatarmina Mraﬁm tamnaratiira at oarh tima intorv {ar avama
111G Waoiv PU\&GUUIC O IV IOl UTLOINIImio MOTQALUITNY IV UIGIUIC Q1 Vawir siisw v v AW SGvwiywe

al
mperature when traversing from one lernoeralure o another, e.g. Tp = (100 + 20)/2 = 60°C. Determine
ag and ayy at each temperature and then use these values to determme a weighted average ag and ayy
use in the l_ equation.

hy = 2hr Ty = 100°C; ag = 6100 hours; ay = 31000 hours
hy = hy = 0.5hr T, = 80°C; ag = 35000 hours; @y = 180000 hours
hs = 8hr T~ = 20°C; as = 39000 hours; awy = 1600000 hours
I3 ’ B 2’
an = = 2 + 9'5 + 8 + 0.5 r—— = 19600 hours
B 2 0.5 8 0.5
r-XFaVal + ACANAN + ANNNDN + nAEANN
[« B ROLV} GIUVVU GIVVV IIVUVV
oy = - 2+05+8+05 — = 146000 hours
vy Y4 U.O 2] V.0
31000 * 180000 * 1600000 * 180000
1__ = ("t"‘- + L\ X 106
l\aga aW)
A . (4000)2 e ) 105
P \(19600)3 ‘46°°°J
Ap = 9.0 Failures/10® Hours
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13.1 RELAYS, MECHANICAL

SPECIFICATIUN

MIL-R-5757 MIL-R-19648
MIL-R-6106 MIL-R-83725
MIL-R-19523 MIL
MIL-R-39016

2 1

Ap = Ay ReTay R ERQ e Failu

Base Failure Rate - 7‘b

DESCUHIPIION

Marhanicral Ralay
IPIGWIIC INACS § IO

Load Stress Factor - x

Rated Temperature Load Type
TA (°C) gs°c! 125°C2 S Resistive ' Inductive? Lamp3
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 .0085 0082 .30 i.i8 i.7% .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 > 2
90 .011 1. n_ = exp (—%) 3. T = exp (%)
a5 .012 . .
100 .013 2
105 .015 S Operating Load Current
110 .018 2. T = exp (4) S = Hated Resistive Load Current
115 .021
;;g 8;? For single devices which switch two different load types,
- evaluate n; for each possible stress load type

)‘b = .00555 exp (T)

» Tp + 273\ 104
A, = .0054 exp (—"'377—)

Ta =  Ambient Temperature (°C)

nJaaral

combination and use the worse case (largest n)

Cyciing Facior - noyc

Cycle Rate

Contact Form Factor - nc

(Appiies to Active Conducting Contacis)

Contact Form e
SPST 1.00
DPST 1.50
SPDT 1.75
3PST 2.00
4PST 2.50
DPDT 3.00
3PDT 4.25
4PDT 5.50
6PDT 8.00

Tcye
(Cycles per Hour) (MIL-SPEC)
21.0 10
<1.0 0.1
Cycle Rate ne
YC
(Cycles per Hour) (Lower Quality)
{ Cycies per Hour\ 2
> 1000 ( 100 )
Cycles per Hour
10 - 1000 10
<10 1.0

NOTE:Vaiues of Ty for cycling rates beyond the

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

evaluation of ncyc
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MIL-HDBK-217F
13.1 RELAYS, MECHANICAL
_..!I;'.Fw-zo Aoolication and Construction Factor - xc
Qualiy o *
Contact | Aoplication | Construction Type M- Lower
R .10 [ Rating | Type | SPEC | Ouality
P .30 Sgnal Dry Circut | Armature (Long) 4 [}
X A4S Current Dry Reed 6 18
U .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
0-5 Amp | Genera Armaiure (Long) 3 [
Purpose Balanced Armature 5 10
Solenoid (3 12
(0 - 100 mw) | Short)
g Mercury Wetted 2 6
- - Mannetic | stohing [ 12
Environment MIL-SPEC Lower Quakty Meter Movement 100 100
Gg 1.0 2.0 | Baianced Armaiure io 20
Polarized | Armeture (Short) 10 20
Ge 20 5.0 Meter Movement 100 100
G 15 “ Vibrating ury" Teed 3 iz
M Reed Mercury Wetted 1 3
Ne 8.0 24 High Speed Anrm [ lanced 25 NA
S and Short)
Ny 27 78 Dry Resd s | NA
Thermal Bimetal 10 20
A 7.0 15 Time Delay
o an ~n Electronic 9 12
Aw 2.0 <v Time Delay,
Auc 1 28 Nor
Agr 12 38 Latching, Dry Reed 10 20
Maanetic Mercury Wetted 5 10
Aow 46 140 Balanced Aramture 5 10
5-20 Hagh Vacuum (Giass) 20 &0
S¢ 50 1.0 Amp | Voltage Vacuum (Ceramic) 5 10
Me 25 72 Medm | Armature (Long and | 3 ®
r FoOwer SO
M &8 200 Mercury Wetted 1 3
t - Magnetic 2 6
c N/A N/A Mechanical L stchina
Balanced Armature 3 6
Solenoid 2 6
| 2 8
25600 | Contaciors | Armature (Short) 7 14
Amp {i#gh Mechanical Laiching V2 24
) 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 calculated from the models provided in the main body of this Handbook (Pans Stress Method) or

tfrom the Pants Count Method shown in Appendix A, depending upon the depih of knowiedge the analyst has
about the components being used. If insufficient :nfnrmahnn is available, the following default mode! can be
used:
Ay = Apngrg Failures/108 Hours
Base Failure Rate - Ay Environment Factor - e
Relay Type Ap Environment LT=
Solid State .40 Cg 1.0
) Gg 3.0
Solid State Time Delay 50 - _
(iM 12
Hybrid 50 N 6.0
Ny 17
Quality Factor - 7 AlE 19
Quaiity o) Ayc 21
MIL-SPEC 1.0 AurF 32
A 23
Lower 4.0 RwW
SF .40
Mg 12
M 33
CL 590

-
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MIL-HDBK-217F

14.1

SWITCHES, TOGGLE OR PUSHBUTTON

SPECIFICATION

MiL-S-3550 MIL-S-22885
MIL-S-8805 MIL-S-83731
MIL-S-8834

;\'p = kb“CYCnLnCﬁE Failu

Base Failure Rate - lb

DESCRIPTION

Cnan_antinn
Oikp atuling, s Uyy

Single Body

Ry I - T P
resS/ 1v- fudis

Contact Form and Quantity Factor - g

Tnnnla Aar Dnichhittnn
WO O TUS H

Description MIL-SPEC Lower Quality Contact Form e
Commen mmbdiome ANNALD Nnna S,PSI 19
hiap-aclivii BYAVAVL, 29 VIt DPST 1_5
. SPDT 1.7
Non-snap Action .0027 .040 3PST 2.0
4PST 2.5
) DPDT 3.0
Curlinn Fartor - st~ .~ annT 4N
Myteniy L @y T ACYC oruvi “4.¢c
Switching Cycles REVE 4PDT 5.5
per Hour cye 6PDT 8.0
<1 Cycle/Hour 1.0
Environment Factor - T
> 1 Cycle/Hour Number of Cycles/Hour Environment *E
Gpg i.0
Load Stress Factor - n G 3.0
o) Py e T F
SUEess Loa | ype
S Resistive Inductive Lamp GM 18
0.05 1.00 1.02 1.06 N 2.0
0.1 1.02 1.06 1.28 S -
0.2 1.06 1.28 2.72 Ny 29
0.3 1.15 1.76 .49
0.4 1.28 2.72 54.6 Ac 10
0.5 1.48 4.77 Aic 18
0.6 .76 9.49 "
n 7 IRV 3 ng A A. .~ 12
.7 = 1T - V. 'Ub v
0.8 2.72 5
0.9 3.55 AUF ce
1.0 4.77 ARw , 457 )
Nnaratina | nad Currant SI: 50
S = Al A uul.lu .I_vuv dr AR 2AL3 v
Rated Resistive Load Current Me 25
m = exp(S/.8)2  for Resistive Load ML 67
r, = exp(S/.4)2  for Inductive Load Cu 1200
n = exp(& ")2 for Lamp Load
AINTE WA An thAa frusital ia vAatas b imsoiativen lansA
TN T YVIIGIH LHIT OWILLIT 10 1aQtTu Uy nIUULUIve waud,
then use resistive .
14-1
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MIL-HDBK-217F

i4.2 SWITCHES, BASIC

SPECIFICATION

DESCRIPTION

MIL-S-8805 Basic Sensitive
- - - — s P _6 P
Ap = A'anYCnLnE Faiures/10° Hours
Base Failure Rate - A, Cycling Factor - noye
Switching Cycles Tove
Ay =2pg + N Ape (if Actuation Ditferential is _per Hour
> 0.002 inches)
< 1 Cycle/Hour 1.0
A, =2 =2 N2, _ {if Artniatinn Difforontial ic
Ap = ApE + Ny {if Actuation Differential i
< N NNY incrhace)
= vevve hiniesy > 1 Cycle/Hour Number of
n = Number of Active Contacts Cycles/Hour
Desciiption MIL-SPEC Lower Quality
AbE 10 10 Environment Factor - ne
ApC 00045 23 Environment ng
. S . GB 1.0
A .U0UY .03
b0 GF 3.0
Il nad Qirace Eantar _ (x . 1R
=WVEaW WIIGoo | awiw] l'cL ‘-M e
Stress Load Type Ng 8.0
S Recistive Inductive Lamp
0.05 1.00 1.02 1.06 Ny 29
0.1 1.02 1.06 1.28 Ain 10
0.2 1.06 1.28 2.72 ~
0.3 1.15 1.76 9.49 Air 18
0.4 1.28 2.72 54 .6 . in
0.5 1.48 4,77 Auc 13
0.6 1.76 9.49 AUF 22
0.7 218 214
0.8 2.72 Arw 46
0.9 3.55 S 50
i.0 4.77 “F v
Mg 25
s Operating Load Current
= "Rated Resistive Load Current ML 67
CL 1200

M o= exp (S/.B)2 for Resistive Load

m, = exp(S/42  for Inductive Load
n, = exp(Si2®  ior Lamp Load

NOTE: When the Switch is Rated by Inductive
Load, then use Resistive m .
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MIL-HDBK-217F

14.3 SWITCHES, ROTARY

SPECIFICATION DESCRIPTION
VTR - Y /-1 Datan: Caramin ar Rlace Wafar Qilvar Allavy Darntaste
WVHL"O"9J 7/ 00 Noialy, LelailiiC OF GiaSS vvaiel, Shvel Anly LOTRalas

Base Failure Rate - Ay, Cycling Factor - "oy
Swiiching Cycies n
Racao failuiroe rate mnadal /2. }- nar Hour Ccyc
Base failure rate mode! (A;): per Hour
A = Ape + NAne  (for Ceramic RF Wafers) < 1 CycleHour 1.0
w [ @ [ &= or
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 - nE
A’bE 0087 10 Environment g
Gg 1.0
A 00003 02
bF Gp 3.0
A~ ononl 08 G. . 18
G htdind i M
N 8.0
Load Stress Factor - m S
—_— N 29
Stress Load Type v
S Resistive inductive Lamp AIC 10
0.05 1.00 1.02 1.06 . e
0.1 1.02 1.06 1.28 ~NF Vo
0.2 1.06 1.28 2.72 A 1
0.3 1.15 1.76 9.49 uc 8
0.4 1.28 2.72 54.6 AUF 22
0.5 1.48 4.77 A 4
0.6 1.76 9.49 RW 6
0.7 2.15 21.4 S 0
0.8 2.72 F 5
0.9 3.55 Mg 25
1.0 4.77 M, 67
Onaratinn | nad Currant 1200
S = Operating Load Current Cp 200
Rated Resistive Load Current
m_ = exp(S/8)2  for Resistive Load
m_ = exp(S/.4)2  for Inductive Load
= exp (‘S/.2)2 for Lamp Load
NOTE:

-

H
]
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MIL-HDBK-217F

14.4 SWITCHES, THUMBWHEEL

SPECIFICATION DESCRIPTION

MIL-§-22710 Switches, Rotary {Printed Circuit) (Thumbwheel, in-
Line and Pushbutton)

Ap = (y + 7y o) Ty 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, ilamp) which may be mounted on the switch. i slgnmcam
(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 mode! applies 1o a single switch section. This typs of switch is frequently ganged to provide the
required function. The modo must be ied to each section individually.

Base Failure Rate - A5 and 45 Cycling Factor - noye
Description MiL-SPEC Lower Quality Switching Cycles TeYC
‘per Hour
Mo .0067 086
< 1 Cycle/Hour 1.0
Ap2 .062 089
> 1 Cycle/Hour Number of Cycles/Hour
Number of Active Comacts Factor - my
Ty = Number of Active Contacts Environment Factor - T
Environment g
Load Stress Factor - n_ Gg 1.0
Stress Load Type Gg 3.0
S Resistive Inductive Lamp G 1
0.05 1.00 1.02 7.06 M 8
0.1 1.02 1.06 1.28 o P
0.2 1.06 1.28 2.72 Ns e-v
0.3 1.15 1.76 9.49 N 29
0.4 1.28 2.72 54.6 U
0.5 1.48 4.77 Ac 10
0.6 1.76 9.49
0.7 2.15 214 Ar 18
0.8 2.72 . e
0.9 3.55 Ayc 19
1.0 4.77
AUF 22
s Operating Load Current Apw 46
Rated Resistive Load Current o 50
m = exp (S/.S)2 for Resistive Load :,_ “" )
- [<ge)
m = exp (S/.4)2 for Inductive Load F
5 ML 67
n = exp(S/.2)¢ foriLamp Load
L p(S/.2) p CL 1200
NOTE: When the Switch is Rated by Inductive
Load, then use Resistive = .
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MIL-HDBK-217F

14.5 SWITCHES, CIRCUIT BREAKERS

SPECIFICATION

DESCRIPTION

MIL-C-55629 Circuit Breakers, Magnetic, Unsealed, Trio-Free
MIL-C-83383 Circuit Breakers, Remote Control, Thermal, Trip-Free
Mii.-C-39019 Clrcurt Breakers, Magnetic, Low Power, Sealed, Trip-Free Service
W-C-375 Circuit Breakers, Moided Case, Branch Circuit and Service
= N s/10% Hours
lp ancnu a -~ Failure Hou
Base Failure Rate - Ap Quality Factor nQ
Description \iy Quality L7e)
Magnetic .020 MIL-SPEC 1.0
Therma! .038 Lower 8.4
Thermal-Magnetic .038
- Environment Factor - e
Environment e
Configuration Factor - nc Gg i.0
Configuration 7o) Gr 20
SPST 1.0 Gm 15
OPST 2.0
3PST 3.0 Ns 8.0
4PST 4.0 Ny 27
A'C 7
A!F 9
Use Factor - = Auc 11
Use Ty AUF 12
Not Used as a Power 1.0 ARw 48
OnvGii Switch S 50
Also Used as a Power 10 Mg 25
On/Oft Switch ML 66
CL N/A
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MIL-HDBK-217F

15.1 CONNECTORS, GENERAL (EXCEPT_ PRI CIiRCUIT_BOARD)
SPECIFICATION" DESCRIPTION SPECIFICATION® DESCRIPTION
MIL-C-24308 Rack and Pa MIL-C-3607 Coaxial, RF
MIL-C-28748 MIL-C-3643
MiL-C-28804 MiL-C-3650
MIL-C-83513 MIL-C-3655
ML-C8373 N MIL-C-25516
MIL-C-5015 Circular MIL-C-39012
MIL-C-26482 MIL-C-55235
MR.-C 28840 MiL-C-55338
MiL-C-38999 MIL-C-3767 Power
MIL-C-81511 MIL-C-22992
MIL-C 83723
* NOTE: See following page for connector configurations. MIL-C-49142 Triaxial, RF

half of the overall mated paar connemor (I e single oon
chassis (or backplane).

significant if repair times for the two halves of the connector are substantially different.

Ap

A

b"K™P

actor) fallur

. Failures/1 0% Hours

----- bl 8 -....-.AA

f connectors. ! is somstimes desirable to assign
rate to the line replaceable unit and half to the

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 LRU and chassis. This accounting procedure could be

For a single connector divide L _ by

two.
Base Failure Rate - A, Base Failure Rate - A, (cont'd)
Insert Material®
. . Py o 4
T, (°C) Al B< c° D 10 mon o [7.21592.0 N (T +273\5 36\
0 00006 00025  .0021  .0038 fom R P (To+ 273} a3 ) )
10 00008 .00033 .0026  .0048
20 00009 .00044 .0032  .0062
30 00011 00057 .0040  .0078 5 (, 20736 ~ (To+273)4.66)
40 00014 00073 .0048 .0099 S Ay, = 431 ex + -
50 00016  .00093  .0059 013 "o pl ( To + 273 ] (") |
60 00020  .0012 0071  .016 /
70 00023 .0015 0087  .020
80 00027  .0019 011 .026 3. (To +273)4.25
90 00032  .0023 013 033 Ap=-190exp| (7 373
100 00037 0029 .016 .043
110 .00043 .0036 020 .086
120 00050 .0045 .024 .074 4 Ty + 27314.72
130 00059 .0056 C A= ( ( ) 1
140 00069  .0070 Yo = 770 exp (T U
150 00080 .0087 %
160 00094 .011
170 0011 014 .
180 0013 ‘018 To = Internal Contact Operating Temperature (°C)
190 .0016 022
200 0018 028 T, = Connaclor Ar t Temperature + insen
210 0023 Tempsraturs
220 0028 P
230 0034 See following page for Insert Temperature Rise
240 0042 Determination
250 0053 :

° i a mating pair of connectors uses two types of
insent materials, use the average of the base failure

rates for ihe two insert maieriai iypes. See foilowing

page for insert material determination,

iy

|
1

—
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MIL-HDBK-217F

15.1 CONNECTORS, GENERAL (EXCEPT PRINTED CIRCUIT BOARD)

Insert Material Determination

Insert Temperature Rise (AT °C) Determination

ranahilitv Af tha ineart matarial Anhy Cannastare
WRAMGAMIIILY W LT BIoWiL Tratviicr vy ll,- WD IGWwIWIO

using these materials generally have a reduced
temperature range caused by other considerations of
connecior design. Appiicabie connector
specifications contain connector operating
temperature range.

Dneelhln Ineart Amnarac oy s Do isma
VOoOIIIIG H la‘;l i ~ IIPU’ L -2~4 WI Ilﬂ\.ll \,GUH
Materiais Per Contact 22 20 16 12
Contfiguration Specification | A | B | C | 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 | X | X 5 198 13 5 2
MIL-C-28804 X1 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 | X | 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 25 106 38
MIL- C 83723 X 30 54
35 72
Power MiL-C-3767 X X 40 92
MiL-C-223952 X X
Coaxial MIL-C-3607 X AT = 0989 ()-8 22 Gauge Contacts
MIL-C-3643 X AT = 0.640 (i)1-85 20 Gauge Contacts
MIL-C-365C X AT = 0.274()'8 16 Gauge Contacts
MIL-C-3655 X T4 ar
MIL-C-25516 % AT = 0.100 (i) '-°° 12 Gauge Confacts
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
insert 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, -55 16 200
Fluorosilicione, Silicone
Rubber, Polysulfone,
Epoxy Resin Mating/Unmaiing Facior - my
c Pelytetratiucrethylene 5510 125 Mating/Unmating Cycles-
(Tetlon), (per 1000 hours) =
Chiorotrifluorethylene i ! K
(Kel-t)
D Dnlunmnr{n l'\‘l\l!e'n). -E5 10 125 Oto 05 1.0
Polychloroprene >.05t0 5 1.5
| (Neoprene), Polyethylene >5105 2.0
> 51050 3.0
‘These temperature ranges indicate maximum 220 4.0

*One cycle includes both connect and disconnect.
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MIL-HDBK-217F

15.1 CONNECTORS, GENERAL (EXCEPT PRINTED CIRCUIT BOARD)

Active Ping Factor - no

Environment Factor - n

actor - np e
Number of Number of r
Active Active - E -
Contacts Tp Contacts "p Environment MIL-SPEC Lower Quality
G 1.0 2.0
1 1.0 65 13 S 0 .0
2 1.4 70 15 Gg 1.0 5.0.
3 1.6 75 16
4 1.7 80 18 Gpm 8.0 21
§ 19 ?5 19 [N En n
6 2.0 90 21 Ng CRY Y
7 2.2 a5 23
8 2.3 100 25 Ny 13 27
9 2.4 105 27
10 2.6 110 30 Aic 12
11 2.7 115 32 A 50 1R
12 2.9 120 35 r o -
13 3.0 125 37 Auc 8.0 17
14 3.1 130 40
15 3.3 135 43 AUF 12 25
16 3.4 140 46
17 36 145 50 ARpw 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 ML 27 54
35 85 175 74
40 7.4 180 78 CL 480 870
45 8.4 185 83
50 a5 190 89
55 11 195 94
60 12 200 100
N-1\4
7[P = exp (TH)
N = Number of Active Contacts
An active contact is the conductive eilement 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.
15-3
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MIL-HDBK-217F

15.2 CONNECTORS, PRINTED CIRCUIT BOARD

3
8
g
3
8
g

R TST Failures/10® Hours

Connector Te rature Rise (AT °C) Determination
Amperes Contact Gua

Per Contact 26 22 20
1 2 1 1
2 8 4 2
3 16 8 5
4 27 13 8
5 41 19 13

SPECIFICATION
MIL-C-21097
MIL-C-55302
hp = Ay mpne
Base Failure Rate - Ay,
To (°C) lb To (°C) lb
0 .00012 110 .0018
10 .00017 120 .0022
20 .00022 130 .0028
30 .00028 140 .0035
40 .00037 150 .0044
50 00047 160 .0055
60 .00059 170 .0069
70 .00075 180 .0088
80 .00093 190 011
90 .0012 200 .015
100 .0015
T+ 2731,4.66
-2073.6 o
Ap =216 °"p( T +273) * ( 223 ) }
\ ° J / J

To = Intemal Contact Operating Temperature (°C)

AT = 2.100 (i)1-85
AT = 0.989 (i)1-85
AT = 0.640 (i)1-8°

AT = Contact Temperature Rise

"

Amperes per Contact

Mating/Unmating Factor - myc

Mating/Unmating Cycles* nK
(Per1000 Hours)

0to .05 1.0

>.05t0 .5 1.5

>5t056 2.0

>5t050 3.0

> 50 4.0

R e ——

* A cycle is defined as the mating and unmating
of a connector.

15-4
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MIL-HDBK-217F

15.2 CONNECTORS, PRINTED CIRCUIT BOARD
Active Pins Factor - np Environment Factor - T
Number of Number of n
Active Active - -
Contacts p Contacts "p Environment MIL-SPEC Lower Quality
Gp 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 8.0 17

5 1.9 85 19

6 2.0 90 21 Ng 5.0 10

7 2.2 95 23

8 23 100 25 Ny 13 26

9 2.4 105 27

10 2.6 110 30 Aic 6.0 14
11 2.7 115 32

12 2.9 120 as AF H 22
13 3.0 125 37 Auc 6.0 14
14 3.1 130 40

15 3.3 135 43 Aur 11 22
16 3.4 140 46

17 3.6 145 50 ARw 19 37
18 a7 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
3s 6.5 175 74

40 7.4 180 78 CL 480 970
45 8.4 185 83

50 9.5 190 89

55 11 195 94

60 12 200 100

N-1\ 4

ﬂp = exp ( 10
q = 051064
N = Number of Active Pins
An active contact is the conductive element
which mates with another element for the
purpose of transterring electrical energy.
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15.3 CONNECTORS, INTEGRATED CIRCUIT SOCKETS —

SPECIFICATION DESCRIPTION
MIL-S-83734 IC Sockets, Plug-in

lp = A7 Failures/108 Hou.rs

Base Failure Rate - xb Environment Factor - nE
Type Ay Environment ng
All MIL-S-83734 .00042 Gg 1.0
Gg 3.0
. , Gm 14
Active Pins Factor - np Ng 6.0
Number of Active Contacts p
Ny 18
6 2.0 Ac 8.0
8 2.3
10 2.6 AiF 12
14 3.1 A 11
16 3.4 uc
18 3.7 AUF 13
20 4.0
22 4.3 Arw 25
24 4.6 SF .50
28 5.3
36 6.7 Mg 14
40 7.4
48 9.1 ML 36
50 9.5 CL 650
64 13
N-1) 4
Tp = exp ( 10 )
q = 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.

15-6
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16.1  INTERCONNECTION ASSEMBLIES WITH PLATED THROUGH HOLES

DESCRIPTION
Circuit Boards, Prinied (PCBs) and Discreie Wiring

= i 6
A= xb[N, ne + No (s + 13)] nong Failures/10° Hours

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
insuiaied wires iaid down on an adhesive coated subsirate. The primary cause of failure for both printed wiring
and discrete wiring assemblies is associated with plated through hole problems (e.g., barrel cracking).

Base Failure Rate - Ap . Quality Factor - nq
Technology Ap Quality nQ
Printed Wiring Assembly/Printed .000041 MIL-SPEC or Comparable Institute for 1
Circuit Boards with PTHs Interconnecting, and Packaging
Electronic Circuits (IPC) Standards
Discrete Wiring with Electroless .00026
Deposited PTH (< 2 Levels of Circuitry) Lower 2
Number of PTHs Factor - Ny and N,
Factor Quantity Environment Factor - e
Environment RE
N, Quantity of Wave Soldered Functionai
PTHs Gg 1.0
Ny, | Quantity of Hand Soldered PTHs Gr 2.0
Gm 7.0
Complexity Factor - n Ng 5.0
Number of Circuit Planes, P 1o} Ny i3
<2 1.0 A 50
3 1.3 ic :
4 1.6 A": 8.0
5 1.8
6 2.0 Auc 16
7 2.2 A 28
8 2.4 UF
9 2.6 ARw 19
10 2.8
11 2.9 Sg .50
12 3.1 Mg 10
13 3.3
14 3.4 M 27
15 3.6
16 3.7 CL 500
Discrete Wiring w/PTH 1
ng = .65 P63 2<P<16

16-1
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17.1 CONNECTIONS

DESCRIFITION

Coannartinne llcad nn All Accamhliae Evrant Thaea
WV HICWIIIVIID VoUW Wil MU Moovinnivintogo hl\\vv"l 11VOov
Using Plated Through Holes (PTH)
ADD) INATIOAM MATE.:. Tha failicea sata masdal e ol-.:.- anntine ﬂ!\n“nn N Y Y T VYot et 2] oot A Al oo e o 2 0
ArriwATIIVIV IVWJILL. 111 1AQliiUIT ratlc 1nrouch i e STLLVIT appitd W wllllb'bllullb usSea on dll ADITHIVIITD
except those using plated through holes. Use the Interconnectnon Assembly Model in Section 16 to account

for connections 10 a circuit board using plated 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. Solderiess wrap connections are characterized by solid wire wrapped under tension around a post,
whereas hand soldering with wrapping doas not depend on a tension induced connection. The following

model is for a single connection.

Ap = Agngng Failures/1 0€ Hours

Base Failure Rate - 4, Environment Factor - e

Connection Type Ap (71 0° hrs) Environment nE
Hand Solder, w/o Wrapping .0026 Gg 1.0
Hand Soider, w/Wrapping .00014
Crimp .00026 G 2.0
Weld .00005 G 7.0
Solderless Wrap .0000035 M i
Clip Termination .006012 Ng 4.0
Reflow Soider .000069

Ny 11
Quality Factor -

: y Q Ac 4.0
Quality Grade | nq Comments A cn
Crimp Types ' -

AUC 6.0
Automated 1.0 | Daily pull tests
recommended. AuF 8.0
Anw 16
Manual —
Sg 50
Upper 1.0 (')nlv MIL-SPEC or sz - A
b i bt Mg 9.0
equnvalenl tools and
terminals, pull test at My 24
beginning and end of each
:hlﬂ rnlr?r coded tools and CL 420
termmatnons
Standard | 2.0 | MIL-SPEC tools, puii test at
beaqinning of each shift
beginning of each shitt,
Lower 20.0 | Anything less than standard
criteria.
All Types 1.0
Except Crimp
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18.1 METERS, PANEL

SPECIFICATION
MIL-M-10304

= ; 6
xp = xbn ARFTQ™E Failures/10° Hours

Base Failure Rate - A, Quality Factor - n

Type Ap Quality nQ
All .090 MIL-M-10304 1.0
Lower 3.4
Application Factor - nt 5
Application TA Environment Factor - x
Direct Current 1.0 Environment TE
Alternating Current 17 Gg 1.0
Gr 4.0
n nE
UM &Jd
Function Factor - ng Ns 12
Function nE Ny 35
'A-iC 28
Ammeter 1.0 an
I‘\lF “4c
Voltmeter 1.0 Auc 58
Other* 2.8 Aur 73
ARw 60
* Meters whose basic meier movement Sg 11
construction is an ammeter with associated M 60
conversion elements. F
ML N/A
CL N/A

18-1
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19.1 QUARTZ CRYSTALS

Base Failure Rate - Ap

SPECIFICATION
MIL-C-3098

DESCRIPTION

C_n]:s'::l | Inns’ Quartz

War W v 114V 4

~ = A _x.n_ Failures/10% Hours
4 D QU E

Environment Factor - "E

0.5 011 Gg 1.0
5.0 018
10 .022 G 10
15 .024
20 026 Ng 6.0
30 .028
35 .029 Ac 12
40 .030
45 .031 AF 17
50 .032 A 22
55 .033 uc
60 .033 Ayr 28
85 .034
70 1035 Arw 23
75 .035 S¢ .50
80 .036 . o
85 .036 MF 13
90 .037
95 037 My 32
100 .037 CL 500
105 038
Ay = .013(1)-23
Quality Factor - TQ
__la!ity ,—lo
MIL-SPEC 1.0
Lower 2.1

19-1
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20.1 LAMPS
SPECIFICATION DESCRIPTION
MIL-1-83863 Lamps, Incandescent, Aviation Service
W-L-111 Lamps, Incandescent, Miniature, Tungsten-Filament

lp=7~bn

nw
v

AT Failures/10® Hours

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

Environment Factor - "E

Ratad \Unhana \/ 2. [ PT PPy -
TGN YURayY, v " ~b cnvinornoin “E
5 59 GB 1.0
6 .75 Gg 2.0
1. '
12 8 Gas 3.0
| 4 &.L ™M
24 4.5 N 3.0
28 5.4 S ’
37.5 7.9 Ny 4.0
A!C 4.0
- Y7 VAVS \129 A.~ 4“
Ab = U/"\Vr} SiF v
Auc 5.0
AUF 6.0
Utilization Factor - &, Agw 5.0
Utilization (lluminate Hours/ S 70
Equipment Operate Hours) Ty F :
Mg 4.0
< 0.10 0.10 M, 6.0
0.10 t0 0.90 0.72 CL 27
> 0.80 1.0
Application Factor - xta
Application A
Aiternating Current 1.0
Direct Current 3.3

20-1
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21.1 ELECTRONIC FILTERS, NON-TUNABLE
SPECIFICATION DESCRIPTION
MIL-F-15733 Filters, Radio Frequency Interference
MIL-F-18327 Filters, Hngh Pass, Low Pass. Band Pa Band

Suppression, and Duai Functioning (Non-tunabie)

The most accuraie way io esiimate ihe failure rate jor eiectronic fifiers is io sum the iaiiure raies ior the individuai
components which make up the filter (e.g., IC's, diodes, resistors, etc.) using the appropriate models provided
in this Handbook. The Parts Stress models or the Parts Count method given in Appendix A can be used to
determine individual component failure rates. If insufficient information is available then the following default
modei can be used.

4 = 1. e_ w_ FEailhirae/1 ﬁs Hatire
I\p - I\b ILQ ‘I.E 1 aAnuiIcoy 1 v § VUil o
Base Failure Rate - A, Environment Factor -
Type Ay Environment nE
MIL-F-15733, Ceramic-Ferrite .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 12 Ns 4.0
Components, (Styles FL 37, 53, 74) Ny 8.0
MIL-F-18327, Discrete LC 12 Ac 7.0
Components (Composltion 1) Ar 9.0
MIL-F-18327, Discrete LC and .27 AUC 11
Crystal Components o v
(Composition 2) AUF 13
ARW 11
SF .80
Mg 7.0
Quality Factor - t~ a 15
7 “J wip 10
Quality tile) CL 120
MIL-SPEC 1.0
Lower 2.9
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22.1 FUSES

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 Instrument Type
MiL-F-15160 Fuse, instrument, Power and Telephione
{Nonindicating), Stvle FO1

xn A, ng Failures/1 05 Hours
APPLICATION NOTE: The reiiabiiity modeiing of fuses presenis a unique probiem. Uniike most other
components, there is very !m!e correlation between the number of fuse replacements and actual fuse failures.

Generally when a fuse opens, or "blows,” something else in the circuit has created an overioad candmon and
the tuse Is simply tunctioning as designed. This model is based on life test data and represents fuse open and
shomng tatlura modes due pnmamy to mechanicai iatigue and corrosion. A snori iaiiure mode IS Mosi commoniy

...... SR gy rm ne
caused by electrically conductive material shoning the fuse terminals together causing a tailure to open

condition when rated current is exceeded.

e ure maie - }\b = uE
Type Ap Environment ng

W-F-1726, W-F-1814, MIL-F- 010 Ga 1.0

5372. MIL-F-23419, ML-F-15160 GF 2.0
Gy 8.0
NS 5.0
NU 11
A Qn
Ac Q.0
ﬁ\"—_- iz
Auc 15
AuF 18
SF 90
Mg 10
ML 21
L 230

[\
f})

—
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23 .1

Ap - Failure Rates for Miscellaneous Parts (Failures.'m6 Hours)

Part Type Failure Rate

\ileatare /AL _\/ QLY
VIJrQuwvIi o \IVIIL vV IJ)

60-cycle 15

120-cycie 20

400-cycie 40
Lamps

Neon Lamps 0.20

Fiber Optic Cables (Single Fiber Types Only)

Microwave Eiements (Coaxiai & Waveguide)
Attenuators (Fixed & Variable)

Fixed Elements (Directiona! Couplers, Fixed Stubs & Cavities)

Microwave Ferrite Devices

lomlntave 0 Nirslatavs

IDVIAIVIO X wilLUIQiVED (S
Isolators & Circulators (>100W)

Phase Shifter (Latching)

Dummy Loads
< 100W

100W to < 1000W

> 1000W

T‘.._. ....... e o

Fiim Circults)

0.1 (Per Fiber Km)

(=]
-
=]

See Resistors, Type RD
Negligible

Caution: Excessive Mating-Demating Cycies May Seriousiy Degrade Reiiabiiity

23-1
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23.1 MISCELLANEOUS PARTS

Environment Factor - n_

Environment Factor - nE

E

{Microwave Ferrite Davices) {Dummy Loads}

Environment g Environment nE
Gg 1.0 Gp 1.0
Gp 2.0 Gp 2.0
Gpm 8.0 Gy 10
Ng 5.0 Ng 5.0
Ny i2 Ny 17
Aic 5.0 Ac 6.0
A 8.0 Ap 8.0
Aie 7.0 'A'UC 14
AUF i1 AUF 22
Agw 17 ARw 25
S ) 50 Se 50
Mc 9.0 M, 14
M 24 M 36
CL 450 CL 660

23-2
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APPENDIX A: PARTS COUNT RELIABILITY PREDICTION

Parts Count Rellabllity Prediction - This prediction method is applicable during bid proposal
and early design phases when insutficient information is available to use the par stress analysis models
shown in the main body of this Handbook. The information needed to apply 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, multiplying 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
method is:

i=n
AeQuip = i):.1 N (g o) Equation 1

for a given equipment environment where:

Aequip = Total equipment failure rate (Failures/1 08 Hours)

A = Generic failure rate for the i th generic part {Failures/1 08 Hours)

g
nQq = Quality factor for the i th generic part
N; = Quantity of ith 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

portions of the equipment in each environment. These "environment-equipment” failure rates should be
added to determine total equipment failure rate. Environmental symbols 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

necessarily the same values that are used in the Pant Stress Analysis. Microcircuits have an additional
multiplying tactor, = , 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, lg
should be multiplied by the appropriate n; factor (See page A-4).

it should 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, their complexity cannot be
determined from their hame 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, their use and construction shouid be thoroughly investigated on an individual basis with
application of the prediction model in Section 5.

The failure rates shown in this Appendix were calculated by assighing model default values to the
failure rate models of Section 5 through 23. The specific default values used for the model parameters are
shown with the Ag Tables for microcircuits. Default parameters for alt other part classes are summarized in

the tables starting on Page A-12. For parts with characteristics which differ significantly from the assumed
getauhs, or parts used in large quantities, the underlying models in the main body of this Handbook can
e used.

A-1
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PARTS COUNT

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/ALSI CMOS model contained in Section 5.3.

is provided to aliow more detaiied device ievei design trade-ofis to be accomplished for predominate
tailure modes and mechanisms exhibited in CMOS devices. Reference 30 should be consulted for a
detailed derivation of this model.
Aplt) = ox(® + Agr(t) + Xy + Acon{®) + Apag + Aesp + Mis()
Ap(t) = Predicted Failure Rate as a Function of Time
Aox(h = Oxide Failure Rate
el = Metallization Fallure Rate
lHC(t) = Hot Carrier Failure Rate
Aconit = Coniamination Faiiure Raie
A = Darlcana Failhiire Rate
PAC 1 ] uu\usu CATILAT W P ShaRW
Aesp - EOS/ESD Failure Rate

st = Misceftaneous Failure Rate

The equations for each of the above failure mechanism failure rates are as follows
OXIDE FAILURE RATE EQUATION
A Arvpeox (Coox [ -7 7.7 ATyl
Agy (in F1108) = —————0%X( X} | o788e ™" Oy (A ye ' TOX)
\or )V
- AN |
o399 (=5 et -integ V)]
(t+10)oox {"oxz \ v Y% x/ J.I
\ 7/
A =  Tota! Chip Area (in cm?)
ATYPEOX = .77 for Custom and Logic Devices, 1.23 for Memories and Gate Arrays

P

n
1
[
)
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VHSIC-VHSIC-LIKE AND VLSI CMOS (DETAILED MODEL)

ATox

-

AN AN LINDE DATE EAHTATIOAA IAANITIALR IEM)

[})
-——h
o

Oxide Defect Density (If unknown, use [’%\]2 where Xq = 2 um and X is the feature
size of the device) k )
1 Deteci/cm2

Qn'r ninn Timo

, -3 1 1
Temperature Acceleration Factor, =  exp [____._ LI ]
8.617x107> \Ty 298
(where TJ = TC + OJCP ('n 0"())

11,
e 192 &y " 29

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

1.3x1022 (QML) . 406 1s)
ATox AVox ’

1
(in

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

B-2



Downloaded from http://www.everyspec.com

Sa arw N

APPENDIX B: VHSIC/VHSIC-LIKE AND VLS!I CMOS (DETAILED MODEL)

METAL FAILURE RATE EQUATION
A A n_ o
MTYPEMET O_MET (.00102 © 1.18 tO)(A )(3'1 18 AL € t) I
AR DR TMET 1
+r 399 o =~ f{in(t+1t))-Int V)
|tnge_ ®*P 1 2 ( 0 50mer) ||
L 7 Cmer 7

(2]
Total Chip Area (in cm“)
.88 for Custom and Logic Devices, 1.12 for Memory and Gate Arrays

.21 cm2
2
Xg
Metai Defect Density (if unknown use (x—‘ where X = 2 wm and Xg is the feature size of
S
the device)
2
1 Defect/cm
Temperature Acceleration Factor
exp|—=22— (L. AN (7 C T aqE + 0,0P  (in oK)
L8.617x10°5 (Ty 298 Jj \ /
Eftective Screening Time (in 106 hrs.)
A VPV N o PRy R, ey £iem O AV Y Py Yy Yy ) ﬂ-‘u-_l__ b o TSR § 15N -ﬁ6 B e A A
HTm (at oScreening 1emp. (in "R)) = (AClual SCreening 1ime (in 10 Ns))
(QML) .388 'O(Melal rype) (in 106 hrs.)
J AT-‘.‘.E’.’
(QML) = 2ifon QML, .5 if not
Metal Type = 1for Al, 37.5 for Al-Cu or for Al-Si-Cu
The mean absolute value of Metal Current Denstty (in 106 Amps/cm?@)

sigma obtained from test data on electromigration fallures from the same or a similar
process. If this data is not available use ¢ et = 1.

time (in 106 hrs.)

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

e il o

.399 -5 2
e T (4y)0,, expL 2 (In (t+1o) - In tSOH c) ]
0/Cnc 1O \ HCJ |
) (QML)3.74x10°° ¢ lsypY-25
5OHC AT . ld Id
"HC ¥ i
(QML) = 2 it on QML, .5 it not
.039 1 1 .
=exp|l—————F [ - zaz || WhereT,=T~+8,~P (in°
P p[8.617x10'5 (TJ 293)] ( 9= To+ 8P (n"K)
L - Moo A ccccnd =3 P el T o e o mBaswon B ccomblosnomiacen ssomams | - 2AE o '00157 T. (ln OK) fowm AN
Lo} = undin wurren dai vperain remperaiure. i urinnowii usc Id =9o.90€ J UL aY)
lsub = Substrate Current at Opemtng Temperature. if unknown use
lSUb = .0058 e -.00689 TJ (in °K) (mA)
O = sigma derived from test data, it not available use 1.
to = ATHC {at Screening Temp.(in °K)) * (Test Duration in 0% nours)
t = time (in 105 hrs))
CONTAMINATION FAILURE RATE EQUATION
-.0028 t -.0028 A t
Acon = 000022 °Ar e Tcon
Ar = exp[—ig 1. —‘—] (where T, =Tg + 8,cP (in °K))
CON 8.617x10° |Ty 298
to = Effective Screening Time
= Ay, (@t screening junction temperature (in °K)) * (actual screening time in 108 hrs.)
t = time (in 105 hrs.)
B-4
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—

P e e T s e AT e T

Apac = (0024 +1.85x 10°5 (#Pins)) re xg 7oy + Apy
= See Section 5.10
= See Section 5.10
Package Type Factor (Ilp)
Package Type Npr

DIP 1.0

Pin Giid Avay 2.2

Chip Carrier (Surface Mount Technology) 4.7
Package Hermeticity Factor

- , . <217 o .
exp |r,, -52 ( In(t) - |n(15°PH)) -itor piastic packages
o LYPH H

" r 2 1 N1 ro.
86 x 10 explL———'—E‘ T. 2 5}]_! exP!_RH.:::'

P NS EL Y
(DC)(HH) Lebddu TJ TA u + (1-DG)(H
(for example, for 50% Relative Humidity, use RH = .50)
74

time (in 106 hrs.)

J

P
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MIL-HDBK-217F

APPENDIX B: VHSIC-VHSIC-LIKE AND VLSI CMOS (DETAILED MODEL)

ENQ/ECN EANLIRE DATE ENLIATIONN
=N A e AWS RIS S VIS T S /a VLT

in (1 - .00057 e ~2202 VT,
*eos = 00876
V1 = ESD Threshold of the device using a 100 pF, 1500 ohm discharge model
MISCELLANEOQUS FAILURE BRATE EQUATION
; g o221 2.2 AT !
Amis = (O1e ) (ATaus ) (@ i57)
ATMIS = Temperaiure Acceieraiion Factor

xp i -.423 A 3N
’.8.6317)(10'5 (TJ 293)J
where T, = T + 8,cP (in °K)

to = Effective Screening Time

= ATy (at Screening Temp. (in °K)) * Actual Screening Time (in 10° hours)

t = time(in10®hrs.)
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