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RELIABILITY PREDICTION OF ELECTRONIC EQUIPMENT 

1. This standardization handbook W""caS developed by the Department of Defense 
with the assistance of the military departments, federal agencies, and industry. 

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

3. Beneficial comments (recommendations, additions, deletions) and any pertinent 
data which may be of use in improving this document should be addressed to: 
Commander, Rome Laboratory, AFSC, ATTN: ERSS, Griffiss Air Force Base, 
New York 13441-5700, by using the self-addressed Standardization Document 
Improvement Proposal (DD Fonn 1426) appearing at the end of this document 
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FOREWORD 

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

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

Monolithic Bipolar Digital and linear Gate/Logic Array Devices 

Monolithic MOS Digilal 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 minion 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 
c1 factors have been extensively revised to reflect new technology devices with improved reliability, and 

the activation energies representing the temperature sensitivity of the dice (1tT) have been changed for 

MOS devices and for memories. The c2 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 vah.Jes have been Included for the quality factor (no), the learning factor (Jti_), 

and the environmental factor (1te)- The model for hybrid microcircuits has been revised to be simpler to 

use, to delete the temperature dependence of the seal and interronnect failure rate contributions, and to 

provide a method of calculating chip junction temperatures. 

2. A new model for Very High Speed Integrated Circuits (VHSICNHSIC like) and Very Large 
Seate 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 (1tE) from 27 to 14. 

5. A revised failure rate model for Networ11. Resistors. 

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

vii 
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1 .0 SCOPE 

1 • 1 Purpose - The purpose of this handbook is to establish and maintain consistent ancl unHonn 
methods for estimating the Inherent rellabilily (i.e., the reliability of a malUre design) of mllltary electronic 
equipment and systems. It provides a common basis tor relabllly pnldlctions cllring aoquisllon programs 
!or military eloctronic systems and equipm,ant. It also astabliShes a commo., basis fo; comparing and 
evaluating reliability predictions of related or competitive designs. The hard)ook !s Intended to be used 
as a tool to inaease the reliability of lhe equipment being designed. 

1 • 2 Appllcallon - This handbook contains two methods of reliability prediclion - ·Part Stress 
Analysts· In Sedions 5 through 23 and -Part..s Counr■ !n Appendix A. These methods vary !n degree of 
Information needed to apply them. The Part Stress Analysis Method recJJires a greater amount of detailed 
infonnatton and Is applicable ci.rrtng the later design phase when actual hardware and cira.ilts are being 
designed. n-,e Parts Coufii Method requites iess Information, generaliy pan quanlllies, quaiity level, and 
the appllcatlon environment. This me1hod Is applicable ci.rrtng the earty design phase and during proposal 
formulation. In general, the Parts Count Method wll usually result In a more conservative estimate (i.e., 
higher failure rate) of system reltabfflly than the Parts 8h'ess Method. 

1 . 3 Computerized Rellablltty Predletlon - 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, piaoe part count, thermal and electrical stresses, subsystem repair rates 
and system configuration, the program calrulates piece part, assembly and subassembly failure rates. It 
also flags overstressed parts, allows !he user to perform tradeoff analyses and provides system mean­
time-to-failure and availability. The ORACLE computer program software (available In both VAX and IBM 
compatible PC versions) is avaDable at replacement tape/disc cost to an DoD organizations, and to 
oontractors ior application on specific DoD contracts as government furnished property (GFP). A 
statement of terms and cond!!!ons may be obtained upon written request to: Rome Laboratory/ERSR, 
Grffllss AFB, NY 13441-5700. 

1-1 
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2.0 REFERENCE DOCUMENTS 

This handbook cites some specifications which have been canceled or which descrl>e devices that are 
not to be used for new design. This information is necessary because some of these devices are used in 
~ -off-the-sher ~nt which the Department of Defense purchases. The doruments cited 
in this section a,e tor guidance and inlonnation. 
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MIL-c-62 

MiL-C-tii 

MIL-C-92 

MIL-R-93 

MIL-R-94 

MIL-V-95 

w..a_.111 

W-C{ITS 

W-f-1726 

W-F-iii4 

ML-c-3098 

ML-C-3607 

MIL-C-3643 

MIL-C-3650 

SECTION# 

10.7 

9.1 

9.11 

10.11 

9.12 

10.1 

9.6 ... 
I f.l 

10.15 

iO. i6 

10.18 

9.5 

9.14 

23.1 

20.1 

14.5 

22.1 

22.1 

19.1 

15.1 

15.1 

15.1 

TTnE 

Resilaor, Axed. Composlion (lnsuJated) General Speclication for 

Resislor, Variable. Wirewound (low Opel'llling Tempend\n) General 
Speclicatbn for 

~-Flad. CemmicDieledric(Tempw..,..~ig) 
Established and Nonestabllshed Reliability, General Specification for 

Raaisu>r, W,rewound, Power Type. General Spec:ification for 

Capacilo(, Fa<ed. Paper-Olelectric, Direct Current (Hermetically Sealed 
In Metal Cases), General Specification for 

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

T1ansfutn• ar.d lndueiai (Ai;dia. Power, High Power, High Pow« 
Pulse), General Spec:ificalion lot 

Capacllcr, Fixed Electrolytic (DC, Aluminum. Ory Electrolyte, 
Polariad), Generat Specification for 

Capacitor, Variable, Coramic Dielectric (Trimmer), General Specification 
tor 

Capacitor, Variable, Air Oielec:tric (Trimmer), General Specification for 

Resistor, F&Xad, Wirewound (Aocurate), Gener~ ~-iQn for 

Resistor, Variable, Composition, General Specification for 

Vibrator, lntenupter and SeN-Rectifying. General s,:-::ification lor 

Cila,it Bt'NMr, Molded ea... Branch Cln:ult and Service 

Fuse, Cartridge. Class H (This oovers renewable and nonrenewable) 

Fuse, eanrldg•. High Interrupting Capacity 

Crystal Unit. 0uartz, General Specification for 

. Connector, Coaxial,, Radio Frequency, Series Pulse, General 
~-fnr 

Connec:ror, Coaxial, Radio Frequency, Series NH, Associated Fittings, 
General Specification for 

Connector, Coaxial, Radio Frequency, Series LC 

2-1 
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9.2 
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10.10 
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10.1 
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TITLE 
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~. Fixed, Electrolytic (Nonsolid Electrolyte), Tantalum, General 
~nfor 

Car.-.:.tor. Bec:tr1caL Cira.dar Threaded, AN Type. General 
Specllcatlon for 

Fuse, Cunwnt Limiter Type, Aira"aft 

Relay, Eledrlcal (For Eledronic and Communication Type Equipment). 
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Relay, Elec:tromagnelic (Including Established Reliability (ER} Types). 
Genera! Spec!fica!!cn fer 

Lamp, l11c1111de11cent, Aviation Service, General Requirement for 

Swilchea and Switch Assemblies, Sensitive and Push, (Snap Action) 
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Switches, Toggle, Positive Break, General Specification for 

Meter, Eiectricai inciicaiing, Panei Type, Ruggedized, Generai 
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Aesiator, Fbced FIim (High Stability), General Specification for 

Capacitor, Fbced, M"aca Dielectric, Button Style, General Specification 
tor 

Capacitor_ F111ed, Ceramic Dielectric: (General Purpose), General 
Specification for · · · 

Capacllor. Fixed, Glass Olelec:lrtc, General Specfflcallon for 

Capacitor, Feed Tnrough. Radio interierence Redudion AC and DC, 

~~ s:.:==> &tabkhad and Nnt-1ablishad 

· Capaclor, By-P.:S: Radio • Interference Reduction, Paper Dielectric. 
AC arid DC. lrliWiiNiileiiliy s.-d in Mulie c--;, ~ 
Specification for 

Resistor, Variabie, Wirewounci, Precision, Generai Specification ior 
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Ml.-R-22684 9.2 

ML-S-2271O 14.4 

Mll..-S-22885 14.1 

Mft..-C-22992 15.1 

MIL-0-2318:3 10.19 

MIL-c-23269 10.9 

MIL-R-23285 Sl.15 

••••• •-r"lt. ■.I ....... -.r-
MIL-MUDJ\.-, I tr 

2.0 REFERENCE DOCUMENTS 

T1TlE 

Ctlped!or, Fllred, Paper (Papar PIMtlc) or Plastic Dilllectric, Direct 
Current (tlennelically Sealed In Matal Cues) Establllhed Rdability, 
General SpecllcaUon for 

Capadtor, Variable (Pis1on Type, Tubular Trimmer), General 
Spaellic:atiDn fnr 

FUN, lnscrument, Power and Telephone 

Col, Fixed and Variable, Radio Frequenc:.y, General Specification for 

Fliiii. Aiidio li'ii-f ........... G..ral Sp1dfieation for 

cap.:illor, Find, Malalllzlld (Paper, Paper Plastic or Plastic Rim) 
Dieiedric, Dilllci Cumtnt (Hermeticaiiy Seaied in Matai Cases). Generai 
Specl"!a!!ion tor 

Filler, High Pass, Low Pass, Band Pass, Band SUppreuion and Dual 
c ... _....:--..,._ ~• re:~=--•-· •_.......,._'Iii•.....,...,.._. ~•-..ca■Rnl IYt 

Rnislor, FIXed, Wirewound (Power Type, Chassis Mounted), General 
Specification for 

SemicondUCIDr Oevlca, General Specification for 

Relay, Control, Naval Shipboard 

Relay, Time, Delay, lhermal, General Specification for 

Capacitor, Filled Plas1lc (or Paper-Plastic) Dielectric (Hermetically 
Sealed in Metal, Ceramic or Glass Cases), Established and 
Non..-uibliiih&d R&li&biliiy, Gen&i'iil SpeeifieiiiiOn for 

Transformer, Pulse, Low Power, General Specification for 

Connec:tor, Ei.ctrica!, Primed Wiring Board, Genera! PYIPOM, Genera! 
Speclflcallon for 

Rnislor, Variable, Nonwirewound (Adjustment Types), General 
Speciflcatbn for 

Resistor, Fixed, Flm, Insulated, General Specification for 

Swllch, Rotary (Printed Cln:uil), (Thumbwh-1, In-line and Pushbutton), 
,.,, ______ , rt>~--.ta--.&J-- •------~----•IOI' 
Swltdies, Pushbutton, Hlumlnated, General Specification for 

Connec10r, Oylndrical, Heavy Duty, General Specification for 

Capaoltor, Fixed or, Variable. Vacuum Dielectric, General Specification 
· for ' 

Capacitor, FDCed, Glass Dielectric, Established Rellabftlty, General 
Specification for 

Raia1or, Variable, Nonwirewound, General Specification for 

2-3 
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2. 0 REFERENCE DOCUMENTS 

SPECIFICATION SECTION# 

MIL-F-23419 22.1 

Mll-T-23648 9.8 

Mft..-C-24308 15.1 

MIL-C-25516 15.1 

MIL-C-2MB2 15.1 

MR.-R-27208 9.9 

MIL-C-28748 15.1 

Mll-R-28750 13.2 

Mft..-C-28804 15.1 

Mll-C-28840 15.1 

MIL·M-3851 O 5.0 

MIL-H-38534 5.0 

MIL-I-38535 5.0 

Mll-C-38999 15.1 

Mft..-C-39001 10.7 

Mll-R-39002 9.11 

Mll-C-39003 10.12 

Mll-R-39005 9.5 

10.13 

MIL-R-39007 9.6 

2-4 

TITLE 

Fuse. lnstrum.nt Type, General Specification tor 

Thermistof, (Thermally Sensitive Resistor), Insulated, General 
Speciication ior 

Connector, Electric, Rectangular, Miniature Polarized Shen, Rack and 
Panel. General Speciflcation for 

Connedlor, Elec:trical, Miniature, Coaxial. Environment Resistant Type, 
General Specfflcadon for 

Connec:10r, Electrical (Circular, Mlnialura, Qulc:k Di8connect. 
Environment Resisting) Receplac:les and Plugs, General Specfficalion 
ior 

Resis1tlr, Variable, Wirawound, (Lead Saew Activated) General 
Specification for 

Connector, Eladrical, Rectangular, Rack and Panel, Solder Type and 
Crimp Type Contacts, General Specificalion for 

Relay, Solid State, General SpeciftCation for 

Connector, Eledric Rectangular, High Density, Polarized Central 
Jackscrew, General Spadfication for, lnactiw for New Designs 

Connec:tot, Elaclrical. Circular llvaaded, High Danaily, High Shock 
Shipboald, Class D, General Specific:ation for 

Micn,ci,euiis. Geoitral Specificmion for 

Hybrid Microcircuits, General Specification for 

Integrated Circuits (Microcircuits) Manufacturing, General 
Specification for 

Connector, Electrical, Circular, Miniature. High Density, Quick 
Disconnect. (Bayonet, Threaded, and Breech Coupling) Environment 
Resistant. Removable Crimp and Hermetic Sold&f Contacts, General 
Specification tor 

Capacitor, Fixed, Mica Dielectric, Established Reliablllly, General 
Specification for 

Resistor, Variable, Wirewound, Semi-Precision, General Specification 
for 

Capacitor, FIXed, Electrolytic, (Solid Electrolyte), Tantalum, 
Established Reliability, General Specfflc:atlon for 

Resistor, Fixed, Wnwound, (Accumre) Established Relabllty, General 
Specification tor ' 

Capacitor, Fixed. Eleciiolvlic <Nonaolld Elactrolvte) Tantalum 
Established ReliabiHty, General Specification for . 

Resla1or, Foced, Wnwound (Power Type) Eatablished Reliability. 
General Specification for 
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MR..-R-39008 9.1 

ML-R-39009 9.7 

Mft..-C-3901 o 11.2 

Mll.-C-39012 15.1 

ML.-0-39014 10.10 

MR..-C-39015 9.9 

MIL-R-39016 13.1 

MIL-R-39017 9.2 

MIL-C-39018 10.14 

Mll-C-39019 14.5 

MIL-C-39022 10.4 

MIL-R-39023 9.15 

MIL-R-39035 9.13 

MIL-C-49142 15.1 

MIL.P-55110 15.2 

MIL-IWi5182 9.2 

MIL-C-55235 15.1 

Mft.-C-55302 15.2 

ML.-C-55339 15.1 

ML-C-65514 10.5 

MIL-C-55629 14.5 

MR.-T-55631 11.1 

MIL-HDBK-217F 

2. 0 REFERENCE DOCUMENTS 

TITLE 

Resistor, Aced, Composition. (Insulated) Established Reliability, 
General S;,e,..~ tor 

Resil&a-, Fixed. Wlrewound (POINr Type, Chassis Mounted) 
Est..blshed R~. General Sµcd!l.c=tion for 

Col, Aced, Radio Fntquency, Molded, Established Reflabllity, General 
Specificiiiion for 

ConnedOr, Coaxial, Radio Frequency, General Specification for 

caperikv, l=bced. Ceramic Dielectric (General Purpose) Established 
Reliability. General Specffic:ation for 

RMillor, Variable, Wlrewound (lead Screw Actual8d) Established 
Reliability, General Specification for 

Relay, Eledromagnetlc, Establlshod Reliability, General Specification 
for 

RNietor, Foced, Flim (insulated), i:stabiished Reliabiiity, General 
Spec!"ic:ation for 

Capacitor, Fixed, Bec:t!Olytic (Aluminum Oxide) Established Reliability 
and Nonestablished Reliability, General Specification for 

Clmlll B,.akers, Magn•tic, Low Power, Sealed, Trip-Free, General 
Specllcallon for 

Capacitor, Fixed, Metaffized Paper, Paper.Plastic Film, or Plastic Film 
Dielodrlc, Direct and All.mating Current (Hermetically Sealed in Metal 
~) Estabhhed Reliability, General Specification tor 

Resistor, Variable, Nonwirewound, Precision, General Specification for 

Resistor, Variable, Nonwlrewound, (Adjustment Type) Established 
Reliability, General Speclflc:atlon for 

Connector, Triaxial, RF, General Specification for 

Printed Wiring Boards 

Resistor, Fixed,. Film. Eatabliahed Reliability, General Specification for 

Conneclor, Coaxial, RF, General Specification for 

Connector, Printed Circuit, Subassembly and Accessories 

Adapter, Coaxial. RF, General Speclflcatlon for 

Capacitor, Fixed, ,Plastic (or Metalized Plastic) Dielectric, Direct 
Current, In Non-Metal Cases, General Specification for 

Circuit Braakar, Magnetic, Unsaaled, Trip-Fraa. General Specification 
for 

Transformer, Intermediate Frequency, Radio Frequency, and 
Discriminator, General Specification for 

2-5 



Downloaded from http://www.everyspec.com

SEC et al. v. MRI 
SEC Exhibit 1009.0014 

IPR2023-00221

M!L-HDBK-21 ?F 

2.0 REFERENCE DOCUMENTS 

SPECIFICATION SECTION# 1TTl.E 

Mll-C-55681 10.11 

Mll.-C-61511 15.1 

MIL-c-e:3383 14.5 

M!L-A-83401 9.4 

MiL-C-83421 10.6 

Mll.c-83513 15.1 

MIL-C-8372:3 15.1 

ML-R-63725 13.1 

MIL-~726 13.1, 13.2, 
13.3 

ML-S-83731 14.1 

Mtt.-C-83733 15 .1 

MIL-S-83734 15.3 

STANDARD 

MIL-STI>-756 

MIL-STD-883 

MIL-STD-975 

ML-SlD-1547 

MI..-STD-1772 

Capacllor. Chip, ~pie Layer, Foced, Ceramic Oielearic, Established 
Reliability, General Specification for 

Connector, Electrical, Circular, High Density, Quick Di9connec:t, 
Environment '-dstlng, and Ac:cesaories, Generai Spedfication for 

Circuit Breaker, Remote C.Ontrol, Thermal, Tl"¥)-Free, General 
Specification tor 

Aeaisl0r ~ Axed, Film, General Spedliclltion for 

Capadlor, Fot:ed Supermetaiiized P1astic Am DiMetrlc (DC, AC or DC 
and AC) Henneticaly Sealed In Metal en.s. Establlshed Refiablllty, 
Gener.al ~ fof 

Ccnnec!or, Elec:tr!ce!, Rectangular, Microminiature, Po!!l..rized Shell. 
General Speciflcllllon for 

Conneclor, Elec:lric:al (Circular Enllin>nment Resisting), Receptacles 
and Plugs, General Specification for 

Relay, Vacuum. G.n&ial Specification for 

Relay, Time Delay, Electric and Electronic:, General Spec:lflCation for 

Switch, Toggle. Unsealed and Sealed Toggle, General SpeciflClllion for 

ConneclDr, Eledrical, Miniature, Rectangular Type, Rack to Panel, 
Environment Resisting, 200 o.g,-s C Total Continuous Operating 
Temperature, Generai Specification for 

Socket, Plug•in Electronic Components. General Specification for 

TITLE 

Reliability Modeling and Prediction 

Test Methods and Procedures for Microelectronics 

N,"SA Standard El=dric&!, Electronic &.-ld Elactrorr.ecr.an!c=! Parts l.ial 

Parts, Materials and Pn,cnses fOf S~ Launch Vehicles, Technical 
Requlrem.ms far 

C..lllcillkM Requirements tor Hybfld Mlcroclrcuft FacllllM and Lines 

Coples of speclf!ca!!or'.s and sta,vt_a.rds requJred by contractors !n connection w!tt\ specific aoqylsition 
functions should be obtained from the contracting activity or as directed by the contracting officer. Single 
copies are also available (without charge) upon written re(Jlest to: 

. ' 
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3. 0 INTRODUCTION 

3 .1 Rellablllty Engineering - Reliability Is currently recognized as an essential need in military 
electronic systems. It Is looked upon as a means tor reducing costs from the 1actory. where rewortc of 
detective COF11)0nents adds a non-productive overhead expense, to the field, where repair costs Include 
not ontv oarts and labor but also transcortatlon and storaae. More lmoortantlv. reliabllilv directtv irmacts torce ettectiveness~-measuied-111 terms ot- availability or sortie rates, anc1 ctetermines tt1e-s1ze ot the 
•1og1stk:s taJr Inhibiting force utilization. 

The achievement of rellabHlty Is the function of reliability engineering. Every aspect of an electronJc 
svstem. from the ourttv of mater1als used Inns com:>onent devices lo the ooerator's Interface. has an 
Impact · on reliabiilty. • Reliability engineering must, therefore, be appfled. throughout the system's 
CleYelopment In a dlllgent and timely fashion, and Integrated wllh other engineering disclplnes. 

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

3. 2 The Role of Rellabllfty Prediction - Reliability prediction provides the quantitative baseline 
needed to assess progress In reliability engineering. A prediction made of a proposed design 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 attemative provide one measure of relative worth 
which, corrbined wtth other considerations, will aid In selecting the best of the available options. 

Once a design is seieded, the reiiabiiiiy prediction may be used as a guide to improvement by showing 
the highest contributors to failure. If the part stress analysis method is used, it may also reveal other fruitful 
areas tor change (e.g., over stressed parts). 

The Impact of proposed design changes on reliability can be determined only by comparing the relablllty 
prtidiCikins uf tha s:.:is-iing and proposed desigr,s. 

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

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

The prediction will also help evak.lale the significance of reponed lailurea. For examp6e, If se¥91'8I failures 
of one type or component occur in a system, the predicted fallure rate can be used to determine whether 
the number of failures Is commensurate with the number of components used In the system, or, that it 
indicates a problem area. 

Finally, reliability predictions are useful to various other engineering analyses. As examples, the location 
of built-in-test circuitry should be influenced by the predicled failure ralN of the Cin:ultry monttOntd, and 
maintenance strategy planners can make use of the relative probabilly of a faRure's location, based on 
predictions, to minimize downtime. Reliability predictions are also used to evaluate the probabilities of 
faiiure events descri>ed in a faiiure modes, effects and crltlcaJlty analysis (FMECAs). 

3-1 
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3.0 INTRODUCTION 

3. 3 Limitations of Rellablllty Predictions - This handbook provides a common basis for 
r&liahility predictiDnR, bat!Uld on analysis of tha bast avalabla data at thA tlmA of laiJA. It bt lntAndAd tn 
make reliability prediction as good a tool as possble. However, Ike any tool, reliability prediction mJst be 
used lntelllgently, with due oonsideratlon of Is Imitations. 

The first limitation is that the failure rate models are point estimates which are based on available data. 
Hence, they are varld for the conditions under which the data was obtained, and tor the devices covered. 
Some extrapolation during model development is possible, but the inherently empirical nature of the 
modeis can be severeiy restriciive. For exampie, none oi ihe modeis in ihis handbook predict ,..,ciear 
suntr.11bi!.'ty er tha effocts cf 10. ... Jz!.~ radlatic:1 .. 

Even when used In similar environments, the clfterences between system applications can be significant. 
Predicted and achieved rallabllly have always been closer for ground elactronlc systems than for avionic 
systems, because the envlrOrmental stresses vary less from system to system on the ground and hence 
the field conditions are In general closer 10 the environment under which the data was colec::tad tor the 
prediction model. However, failure rates are also Impacted by operational scenarios, operator 
characteristics, maintenance practas, measurement techniques and Olterances tn definition or tanure. 
Her.ca, a raHablnt-; prediction should na\.,r b6 assumed to represent the expected field reBabllit·; as 
measured by the user (i.e., Mean-Time-Between-Maintenance, Mean-Tlma-Be&ween-Removals, etc.). 
This does not negate Its value as a reliability engineering tool; note that none of the applications 
discussed above requires the predided reliability to match the field measurement. 

Electronic technology is noted for its dynamic nature. New types of devices and new processes are 
continually Introduced, COl'l'l)OUnding the dlfficufties of predicting reliability. Evolutionary changes may be 
handled by extrapolation from the existing models; revolutionary changes may defy analysis. 

Another !Imitation or rellablllty predictions Is the mechanics of the process. The part stress analysis 
method nKJJires a significant amount or design detail. This naturally Imposes a time and cost penalty. 
More significantiy, many of the detatls are not avaltabie in the early design stages. For this reason this 
handbook contains beth tt= pa.1 st:vss a. .. .a!,.ls m=thcd (S=:tk>ns 5 tt'-."CUg-91 23) and a s..'T.pler pa. .. .s count 
method (Appendix A) which can be used in early design and bid formulation stages. 

Finally, a basic limitation of reliability prediction Is Its dependence on correct application by the user. 
The-A who ccrr8dly apply the mcd81s and t.-se the lnfcrrr.aticn In a ccr.sclentlous rsHabHlty prcgran, wiH 
find the Dl'8dletion a useful tool. Those who view the i,redlctlon onlv as a number which must exceed a 
specified value can usually find a Wll'f to achieve their goal without any Impact on the system. 

3. 4 Part Stress Analyale Prediction 

3. 4. ; Appiicabiiiiy • Tnis method is appiicabie when most of the design is oompieied and a detaiied 
part.s Its! incl!dlng pa.'1 st.ree..Jas !s available. It ca.'1 also be used dur'n'l; !ater design p!".ases for re!!abil!ly 
trade-offs vs. part selection and stresses. Sections 5 through 23 oontaln failure rate models tor a broad 
variety ol parts uNd in electronic ....,ment. The parts .,. grouped by major categories and, where 
appropriate, are subgrouped within categories. For mechanicai and eiectromechanicai parts not oovered 
by this Handbook, rater to Bibliography Items 20 arid 36 (Appendix C). 

The failure rates presented apply to equipment under nonnal operating conditions, I.e., with power on and 
performing Ila Intended functions In Is Intended envlronmenl. Extrapolation of any of the base falluf8 rate 
models beyond Iha tabulated vauea llUCh a& high or sub-%ero temperature. alaetrical stress values above 
1.0, or extrapolation of any IISIOClated model modifiers Is completely Invalid. Base fallure rates can be 
interpolated between electrleal stress values from o to 1 using the underlying equations. 

The general procedure for detennining a board level (or system level) failure rate is to sum Individually 
calculated failure rates for each co~nent. This summation is then added to a failure rate tor the circuit 
board (which includes the effects of soldering parts to It) using Section 16, Interconnection Assemblies. 

3-2 
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For parts or wires soldered together (e.g., a jumper wire between two parts), the coMectlons model 
appearing in Section 17 is used. Finally, the effects of connecting cira.ilt boards together is accounted for 
by adding in a faDure rate for each connector (Section 15, CoMectors). The wire between connectors Is 
assumed to have a zero fa!!ure 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 detennlne 
an effective system level failure rate. 

3 • 4 . 2 Pan Quality - The quality of a part has a diract effect on the part failure rate and appears In the 
part models as a factor, XO· Many parts are covered by specifications that have several qualfty levels, 

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

quality designators are shown In Table 3-1. The detded requirements for theSe levels are clearty defined 
in the applicable specHlcation, except for microcircuits. Microcircuits have quality levels which are 
dependent on the numbei of MIL-STD-883 sc;eene (o; equivaler.1) to which they are subjealed. 

Table 3-1: Parts With Mum-Level auallty Specifications 

Part OtJalitv Des!anators 

s, B, B-1, Other: auarrty 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 
ReRabftlly (ER) 

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

Relays, Established R,P,M,L 
Reliabl1!tv {ER\ 

Some parts are covered by older specifications, usually referred to as Nonestablished Reliability (Non-ER), 
that do not have muhl-levels of quailty. These part models generaiiy have iwo quality ievels designated as 
·MIL-SPEC.", and •Lower•. If tha part is procured in complete accordance with the applicable 
specification, the x0 value for MIL-SPEC should be used. If any requirements are waived, or if a 

commercial part Is procured, the :n:0 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 convnensurate with the high part quality. It would make little 
sense to procure high quality parts only to have the equipment production procedures damage the parts 
or Introduce latent defects. Total equipment program descriptions as they might vary with different part 
quality mixes Is beyond the scope of this Handbook. Reliability management and quality control 
procedures are described in other DoD standards and publications. Nevertheless, when a proposed 
equipment development is pushing the state-of-the-art and has a high reliability requirement 
necessitating high quality pans, the 191.a.l equipment program should be given careful scrutiny and not Just 

3-3 
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the parts quality. Otherwise, the low fallure rates as predicted by the models tor high quality pans wilt not 
- r .. ,.a ... ....t ~ ,..,_,_.., __ 

3. 4. 3 U• Environment - All part reliabilily models include the effects of environmental stresses 
through the environmental factor, 11:e, excepi for the effects of ionizing radiaiion. The descrlpiic:ms oi 

these environmenls are shown In Table 3-2. The Ke faclDr is quanlifi8d within each part failure r.118 model. 

These environments encompass the major areas of equipment use. Some equ_,mem wll experience 
moie than one e.1vironii"".eiit duiiiig its nonr.al use. a .. g .. , equipment in ;pacac.-.tt. In such a casa, the 
reliahl[ity analysis should be segmented, namely, missile launch (ML) conditions during boost into and 

return from orbit, and space fight (Sf) whDe In orbft. 

Table 3-2: Envlronment■t Symbol ■nd Dncrtptlon 

EqulYllll!llnt 
MIL-HDBK-217E. 

Noeice 1 
Environment ~Symbol ffeSymbol Oeecription 

Ground, Benign Ge Ge Nonmobile, temperature and humidity 

~ 
controlled environments readily accessble to 
mainienance; inciudes laboratory insirumeniii 

I I ;:~;:_~::_ m-=~~::Cmputer 

I I complexes, and missiies and support 
equipment In ground silos. 

r!!-••-...a c;..._,.. I I ~ I Modcr=o!y ccnt."D!!od envl10nmen1a such as \,;alUUIH,ol, ruu:n• I installation in permanent racks with adequate I 

I I I cooling air and possble Installation in unheated I 
bulktings; includes permanent lnstallatlon o1 air 
traffic control radar and communications 

I I 1~~~ I 
I I 

Ground, Mobile GM ~ Equipment installed on wheeled or tracked 

Mp whicles and equipment manually transported; 
I !nc!udes tactical missile ground support 

I eq~~!I', f!!Obi~ com"!unicat!'>n ~u~enl, 

I I I tac11CB1 11111 a1rea10n systems, nanane10 I I ""'"'"'unntinn!l aqu!i)m•nt- la!lar dmilgnatlons I 
I I and range finders. 

Naval, Shettered I Ns I N5 j 1nc1_uc1es ~ehered or ~low d~ ~!ti'>"• on I 
I Nse f surface _ships and equipment installed in 

•ut,m•nn ... 

Naval, Un&h&tt&r-.d I ... I ... I=:--==:;-~ I "U I ''"U ... -

I ·~ immersed In salt water. Includes sonar 
~ equlpmimi iiiid .qulpment instaUed on li,d;ofoil 

vessels. 
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Table 3-2: Envlronmentlll Symbol and DNcrtptlon (cont'd) 

Environment 

Airborne, Inhabited, 
Ca,;o 

Airbome, Inhabited, 
Fighter 

Airborne, Uninhabited, 
Cargo 

Airtvun•. 
Uninhabited, 
Fighter 

Airborne, Rotary 
w.,.;=t 

Space, F'nghi 

"RN 

cqUWUim 
UIL-H08K-217E.­

Natice 1 

we Symbol I -
I Typical c:ondltlons In cargo compartments 

which can be occupied by an a.lrcrww. 
I Envirar.ment niNmN ai prNeUIW, 

I~ .... .._. and vibmt.. inft - 1111fti111al. 
Examples Include long mission alraaft such a 
the C130, C5, 852, and C141. This category 
aoapplluro inhllbiled .... in lower 
performance smaller aircraft such • the T38. 

Sarne as Ate but installed on high performance 

aircraft such as flahters and interceDIOrs. 
Examples Include the F15, F16, F111, FIA 18 
and A.10 aircraft. 

Environmentally uncontrolled areas which 
c:.-,nat be inh=bi!ed ~ &'I aircrew d--arin; flight 
Environmental extremee of pr....,,., 
temperatura and shock may be aevera. 
Exan.pl.s i"'.dud. uninhabited a..aa of long 
mission ain:raft such u the C130, CS, B52 and 
0141. This catego,y also applies to 
uninhabiied area Di iower parfonnanm smaU.r 
aircraft such as the T38. 

Samo - A..,;c bul in.ld.allad nn high~, 

aircraft such as flahters and 1nterceo10rs. 
f:?!am~ include the F15, F16, F111 and A 10 I 
mrcran. I 
Equipment instaiied on helicoplera. Applies to 
beth in=m=t, and ::terr.a!!; mounted 
equipment such as laNr designators, fire 
control systems, and communications 
.qu~nant .. 

Eanh Oi'biilll. App,oaci,es benign ground 
conditions. Vehicle neither under powered 
flight nor In atm09pheric rMntry; Includes 
sateiiites and shutties. 
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3.0 INTRODUCTION 

Tabie 3-2: Environmental Symbol and De.ci1ptlon (cont'd) 

I 
Equivalent 

I ML-HDBK-217E, 
Notice 1 

Environment ~ Symbol Description 
xESymbol I I 

Missile, Flight Mi= Mi=r Conditiona related to po-rad flight of air 

Mic-A breathing missiles, cruise missiles, and 
missiles in unpo-red free flight. 

MissUe, Launch Mt. Mt. Severe oonditions related to misaile launch (air, 

USL ground and Na), apace vehicle boost into 
orbit, and vehlcl• re-entry and landing by 
parachute. Also applies to solid rocket motor 
propulslon powered flight, and torpedo and 
missile launch from submarines. 

Cannon, Launch CL Ct_ Extremely severe conditions related to cannon 
launching ol 155 mm. and 5 inch guided 
projectiles. Conditions apply to the projectile 
from iaunch to target impact. 

3. 4. 4 Pan Failure Rate Models • Part 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: 

where: 

L = ~ 7tT 7tA 7tR 7tc 7t r 7tn 7tE "'l} U I ~ V \o.11' 

i..P is the part failure rate. 

i..b Is the base failure rate usually expressed by a modal relating the Influence of electrical and 

temperature stresses on the part, 

1tE and the other n factors modify the base failure rate for the category of environmental 

application and other parameters that affect the part reliability. 

The 1tE and n0 factors are used In most all models and other n factors apply only to specific models. The 

appllcablllty of ,c factors Is !dent!f!ed In each section. 

The base failure rate (At,) models are presented in each part section along with identification of the 

applicable model factors. Tables of calculated At) 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 vaiues of At> are cut off at the part ratings wiin regard to temperature and stress. hence, use 

of parts beyond these cut off points will overstress the part. The use of the ¾, models in a computer 
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3. 0 INTRODUCTION 

program shouk:J take the part rating limits Into account. The At, equations are mathematicaDy continuous 

beyond the part ratings but such failure rate values are invalid In the overstressed regions. 

AH the part models inctude failure data from both cataslrophic and permanent drffl failures (e.g., a resistor 
permanently falling out ol rated tolerance bounds) and are based upon a constant failure rate, except for 
motors which show an increasing failure rate over time. Failures associated wilh connection ol parts Into 
circuit assern>lies are not included within the part failure rate models. lnlonnation on oomeelion reliability 
is provided in SedionS i 6 and ii. 

3.4.5 Tllermal Aspect• - The use of this predlc:llon method requires the detenninatlon of the 
temperatures to which the parts are subjected. Slnee parts reliabDlty Is sensitive to temperature, the 
therma! ar1.a.tys!s cf a.r:y design should fa!rly acc:urale!y provide the a.rnbien! te"1)9ratures needed !n us..irig 
the part models. 01 course, lower temperatures produce better reliability but alSO can produce i'lcreased 
penalties in terms ol added IOads on the envtronmental control system, unless achieved through 
improved thermal design of the equipment. The thermai anaiysis shouid be part of the design process 
and Included in all the trade-off studies covering equipment performance, reliability, weight, volume, 
environmental control systems, etc. References 17 and 34 listed in Appendix C may be used as guides in 
determining component temperatures. 
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4.0 RELIABILITY ANALYSIS EVALUATION 

Tabie 4-i provides a oam11:ai cbe<;idisi iQ bQ ysQd u a c,;m tor waiuaiing a reiiabliiiy pi'iokmon ntpuii. 
For completer.ess, the chaddts: lnctJClas cat8QC"8S tor r=liab!Hty modeling and allcea.attcn, wh!Ch are 
sometimn delivered as pan of a prediclion · repon. It should be noted that the scope of any relabillty 
analysis depends on the specific requirements called out In a statement-of-work (SOW) or system 
specfflcatlon. The Inclusion of this checklist Is not inlended to change the scope of these requirements. 

Table 4-1: FlellabllllY Analvala Checkllat 
Malor Concern■ 

MODELS 
Ale all functional elements included in the 
,.llablllty block diagram /model? 

Are all modes d operation considered in the 
mllltlmodel? 

Do the math model results show that the design 
achieves the reliability requirement? 

I Comment• 

Sysmm design drawlngsldiagrarns must be raviewed to 
be aura that the reliability modelfdiagram ~ with the 
hardw ... 

Duty cycles, ••emate paths, degraded conditions and 
redundant units must be defined and modeled. 

Unit failure rates and redundancy equations are used 
from the detailed part predictions in the system math 
model (See MIL-STD-756, Reliability Prediction and 
Moder 

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

Useful levels are defined as: equipment for 
subcontractors, assemblies for sub-subcontractors, 
circuit boards for designers. 

Does the allocation process consider 
compiexiiy, design tiexibiiiiy, and Nieiy 
maralns? 

I PRIEDICTION 
Does the sum of the parts equal the value of 
the module or unit? 

I Ara environmental conditions and part quality 
representative of the requirements? 

Ar• the circuit and part temperatures d.tined 
and do they represent the design? 

I 
Are equipment, .... mbly. subuaembly and I 
part reliability drivers Identified? 

Are altemate (Non MIL-HDBK-217) failure rates I 
highlighted along with the rationale for their 

UM? I 
le tha Laval ,d '4ataH fnr tha part faH1 •r• rata 

models sufficient to reconstruct the result? I 
Arc critic:! ccrnpcn=nts such = VHSIC, 
Monolithic Microwave Integrated Circulta 
(MMIC), Application Specific Integrated 
Circuits (ASIC) or Hybrids highlighted? 

Conservative values are needed to prevent reallocation 
111 •very d•sign I.hang•. 

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 results. 

Temperature is the biggest driver of pan failure rates; 
low temperature assumptions will cause optimistic 
raautts. 

Identification is needed so that corrective actions for 
reliability Improvement can be considered. 

Use of altemate faUure rates, if deemed necessary, 
require submission of backup data to provide credence in th•.,. ...... 
Each component type should be sampled and failure 
rates comp!etety reconstruct=:f fer accuracy. 

Prediction methods for advanced technology parts should 
b8 caratully r,1a~Jatsd tor im-.,Aid on th& modut;; a.-.d 
system. 
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5.0 iiiCROCiRCUiTS, inTRODUCTiOn 

This section presents failure rate prediction models for the following ten majOr classes of microelectronic 
devices: 

Secijon 
5.1 

5.1 

5.1 

5.2 

5.3 

5.4 

5.5 

5.7 

Monolithic MOS Diglal and Linear Gate/Logic Array DeYlces 

MOOOiiink: Bipoiaf and MOS Digliai Mici'Oj)r-OCeSSOi Devices 

Monolithic Bipolar and MOS Memory Devices 

Very High Speed integrated Cira.Iii (VHSiCNHSiC-Like and v"LSi) CMOS Devices (> BOK 
Gates) 

Monolithic GaAs Digital Devices 

Monolithic GaAs MMIC 

Hybrid Microcircuits 

Suiface Acoustic \"lave DeviCes 

Magnetic Bubble Memories 

In ihe iltle description of eac.-i rr.or.oliihic d&vd.c;; tyl)&, Blpolai represeiTIS all TT'L-, ASTTl .. , DTL, ECL, CML, 

ALSTiL, HTil, FTrL, F, LTTL, STT'L, BiCMOS, LSTTL, iiL, i3L and iSL devices. MOS represenis aii 
fflAtSll..roYltfA mlt'rnt'lin,ltet, whit'h lnt'lm1Aet Nun~. Pun~. r.un~ ::antf UNO~ fSlhrir.SIIAtf nn v:irln11!1: 

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

Monolithic memory comp!exlty factors ere expressed in the !'l.!mber of bits in accordance with JEDEC STD 
21 A. This standard, which is used by all government and industry agencies that deal with microcircuit 
memories, states that memories of 1024 bits and greater shall be expressed as K bits, where 1K • 1024 
bits. For exampie, a 'i6K memory has 16,384 bits, a 64K memory has 65,536 biis and a 'it,,; memory has 
1,048,576 bits. Exact nurmers of bits are not used for memories of 1024 bits and greater. 

For devices having both linear and digital functions not covered by MIL-M-38510 or MIL-I-38535, use the 
linear model. Line drivers and line receivers are considered linear devlceS. For linear devices not covered 
Dy MIL=f. .. 4 .. 38510 er ._11L=l=38535, use the transistor count from the schematic diagram cf the cta\1Ce to 
determine cirruil complexity. 

For digital devices not covered by MIL-M-38510 or MIL-I-38535, use the gate count as determined from 
the logie diagram. A J-K Oi R-S flip flop is inJit'valent to 6 gates when used as pa.'1 of an LSI droult. Fui tt.e 
purpose of this Handbook. a gate Is considered to be any one of the following fundioru:; AND; OR; 
exclusive OR, NANO, NOR and tnvener. When a !Ogle diagram Is unavailable, use device transistor count 
to determine gate count using the following expressions: 

T.i1r.hnnlngv 

BiDOlar 
CMOS 
All other MOS except CMOS 

Gate P.,pprpximatton 
No. Gates = No. Transistors/3.0 
No. Gates -= No. Transistors/4.0 
No. Gates - No. Transistors/3.0 
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5.0 MiCROCIRCUiTS1 iNTRODUCiiON 

A datalled fonn of the Section 5.3 VHSICIVHSIC-Uke model Is Included as Appendix B to alow more 
detailed trade-offs to be performed. Reference 30 should be consuled for more lnfonnatlon about this 
model. 

Reterance 32 s..tx>u!d be consu!led for more !n!orrr.at!on about the models appearing !.rt Sact!ors 5.1. 5.2. 
5.4, 5.5, and 5.6. Reference 13 should be consuned for additional information on Section 5.7. 
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5.1 MICROCIRCUITS, GATE/LOGIC ARRAYS AND MICROPROCESSORS 

DESCRIPTION 
1. Bipolar Devices, Digital and Linear Gatellogic Arrays 
2. MOS Devices, Digital and Linear Gate/Logic Arrays 
3. F"ield Programmable Logic Array (Pl.A) and 

Programmable Array Logic (PAL) 
4. Microprocessors 

.Bi1X21aJ: Digital and linear Gate/Logic Array Die Co"l)lexly Failure Rate - c1 
Diaital Linear PLNPAL 

No. Gates C1 No.Translatols C1 No. Gates C1 

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 

~ Digital and Linear Gate/Logic Array Die Co"1)1exly Failure Rate - c1 • 

Dioital Linear PLNPAL 
No.Gates C1 No. Transistors c, No.Gates C1 

1 to 100 .010 1 to 100 .010 Upto 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 VHSICNHSIC-Like model In SectiOn 5.3 

Micmprocessor All Other Model Parameters 
Die Co"1)1exly Faivre Rate - c1 Parameter Refer to 

Blnotar MOS 
No. Bits C1 C1 ,rT Section 5.8 

Upto8 .060 .14 C2 Section 5.9 

Up to 16 .12 .28 1tE, 1to, 11:L Section 5. 10 

Up to 32 .24 .56 
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5.2 MICROCIRCUITS, MEMORIES 

DESCRIPTION 
1 . Read Ony Memories (ROM) 
2. Proc,anmab1e Read Ony Memories (PROM) 
3. Ullraviolet Eraseable PROMS (UVEPROM) 
4. "flash: MNOS and Floating Gate Electricaly 

Eraseable PROMs (EEPROM). Includes both 
floating gate tunnel oxide (FLOTOX) and textured 
polysilicon type EEPROMs 

5. Static Random Access Memories (SRAM) 
6. Dynamic Random Aocess Memories (DRAM) 

Ap • (C1 KT + c2 KE + ~ xa ffL Failures/106 Hours 

Die Complexity Failure Rate - c1 
M1 IS BiDilar 

PROM, SAAM 
UVEPROM, (MOS& ROM, 

Memory Size, B (Bits) ROM EEPROM, DRAM BIMOS) PROM SAAM 
EAPROM 

Up to 16K .00065 .00085 .0013 .0078 .0094 .0052 
161< < Bs 64K .0013 .0017 .0025 .016 .019 .011 
64K <BS:2561< .0026 .0034 .0050 .031 .038 .021 
256K < BS: 1M .0052 .0068 .010 .062 .075 .042 

A1 Factor for '-eve Calculation ~ Factor for A-eve Calculation 

Total No. of Total No. of Programming 
Programming Textured-
Cycles Over Flotox 1 Poly2 

EEPROM LHe C 

Cycles Over EEPROM Textured-Poly~ 
Life C 

Upto300K 0 
Up to 100 .00070 .0097 
100 < C S:200 .0014 .014 300K < C s 400K 1.1 
200<CS500 .0034 .023 
500<CS1K .0068 .033 400K < C s SOOK 2.3 
1K<C:S3K .020 .061 
3K<CS7K .049 .14 All Other Model Parameters 
7K < C :S 15K .10 .30 Parameter Refer to 
15K < C :S20K .14 .30 
20K< Cs30K .20 .30 
30K < Cs 100K .68 .30 

KT Section 5.8 

100K < C s 200K 1.3 .30 
200K < C s 400K 2.7 .30 

C2 Section 5.9 

400K < C s SOOK 3.4 .30 21:e,21:Q,21:L Section 5.10 

1. A1 • 6.817 x 10-6 (C) 

2. No underlying equation for Textured-

Acyc (EEPROMS Page 5-5 

only) 

Poly. 

Acyc = 0 For all other devices 
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5.2 MICROCIRCUITS, MEMORIES 

EEPROM ReacVwrie C-yeiing ii'aiCed Fiiiure Rate - Aeyc 

AJI Me.To;y Devices Except P.otox and 
Textured-Poly FFPROMS 

Flolox and Textured Poly EEPROMS 

MPflROC 
A1 
81 
A2 
B2 

"O 

'1 Em:;r Co.Tadion Coda (ECC) Options: 

I 1. No On-Chip ECC 

2. On-Chip Hamming Code 
3. Twn-NAAri.ct-OnA 

Redunda.'1! C-e!! /l.pproach 

.E.irmm 
Page5-4 
Page 5-8 

~-o 
°!•O 
Section 5.10 

,c,::,..,.. = 1.0 
cvv 

"ECC"" ·72 

T UiYr:ed::PoiY 
Page5-4 
Paga 5-5 
Page 5-5 

PayeS-6 
Section 5.10 

1ti:::r-r- -1.0 .......... 
"Ecc • ·72 

NOTES: 1 . See Reference 24 tor modeling off-chip enor detection and correction 
schemes ai ihe memory system ievei. 

:: :::===~::::::OM nwuadure;s nave inoo~raied 11 
;h;!'~=~<;==~~~=~=~~:! t!!'~ ~ =~edC:., I 
approach which incorporates ari extra storage transistor In every memory cell. This I 
is represented by the two-needs-one redundant cen entry. 

4
. :::~ :;D~;::::=;i·::::c::::~n~~= :~:ssumed I 

signifk:anUy-bnger-or~i.-expected.lifetkne& the·A,-arid ~-facto~ should be I 
multiplied by: 

I 
'i0,000 

System LHetlrne Operating Hours 
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5.3 MICROCIRCUITS. VHSICNHSIC-LIKE AND VLSI CMOS 

DESCRIPTION 
CMOS g;eatei than 60.000 gates 

l - l_ __ .... _____ ,.._... __ ......._ 1 __ ,.._..,. __ _. __ .....a....'} ____ J:~ila1rac11n6 l-ln.t1rr 
"P - '"ljlJ""M J-(.j •• I ••t; [J ~ "1::Jp••t:··(.J"•p I ~ ~t:U~ • -·~· y- • y • ~· ~ 

Die Base Fallure Rate - "SD 

Part Type 

Logk: and Custom 

Ge!elvray 

Nianufactunng Process 

OMLorQPL 

Non QML or Non QPL 

0.16 

0.24 

2.0 

All other Model Parameters 

Section 5.8 
Section 5.1 O 

Package Type Correction Factor - 2tPT 

I n1D I .., .. 
Pin Goo Arrav 

I Chip Carrier • 

I ~~~~!~~-~~~nt 
I C'\,.,IIIIUIU 

Hermetic Nol 1hennet1c 

• n ,.v 
2.2 
4.7 

2.9 
6.1 

Die Colll)lexity Correction Fador - ttcD 

Feature Size 
(Microns) A :s: .4 .4<A:S:.7 

Dia A,-;;a (cm2) 
.7<:A:S:1.0 1.0 < A-<: 2.0 2.0 <A,,:; 3.0 

.80 
1.00 
'i.25 

8.0 
5.2 
3.5 

14 
8.9 
5.8 

19 
13 
8.2 

38 
25 
16 

58 
37 
24 

, A ,. ~ ... ? .,_ 

'w·(<.~ > r;_ r (.64))+.36 A. Total Scrbed Chip Die Area In cm2 X9 • Feature S12:e (microns) 
\. \.") ) 

Die Area Conversion: cm2 - MIL2 + 155,000 

Package Base Faiiure Rate - Agp 
Number of Pins I A9 p 

24 .0026 
28 .0027 
40 nn?a 

-VV~Y 

44 .0030 
48 .0030 
52 .0031 
I:> A .0033 .... 
84 .0036 

120 .0043 
124 .0043 
i44 .004i 
220 .0060 

NP "' N11mhAr nf PAN<::IQA Pinc 

Eiectricai Overstress Faiture Rate - lEOS 

VTH (ESD Susceptibility (Volts))" I I..EOS 

0- iOOO .065 

> 1000 - 2000 ,053 

> 2000 - 4000 .044 

-.. .d.nnn - 1Rnnn .029 

> 16000 .0027 

I Aeos • (-in (1 - .00057 exp(- .0002 VTH)) /.0087'6 

I 
I 

VTH = ESD Susceptibility (volts) 

• Vnlt:agA r::angmt whir.h will r.::1115A fhA p::1rt tn 

fail. H unknown use o - 1000 volts. 

5-t 
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5.4 MICROCIRCUITS, GaAa IHIIC AND DIGITAL DEVICES 

.MMJC: Die Co~xly Faillre Rates - c1 
Complexity I (No. of Elementsl I C1 

I 

I 
11. 

I ~ 

5-8 

1 to 100 I 4.5 
101 lo 1000 I 7.2 

C1 accounts for the following adive 
elements: transistors, diodes. 

.Diilal: Die Coff1)1exity Falure Rates - c1 
--
Complexity c, 

(No. oi Eiements) 

1 to 1000 25 
1 001 to 10.000 51 

- _______ ... _ ... __ •L.- •- ■-----·-- --·-·-v 1 accoums ,or 1ne 101iowmg atmve 

elements: transistors, diodes. 

I 
I 
I 
I 

DESCRIPTION 
Gallklm Anlenide Microwave Monolithic Integrated Clft:uit 
(GaAs MMIC) and GaAs Digital 1,-.egrated Clrculs uu,g 
MESFET Transistors and Gold Based Metallization 

Device Application Factor- "A 

I Application I fl.A 

I MMIC Devices 

I 
Low Noise & Low Power (s 1 oo mw; 1.0 
Drtvar & High Power(> 100 mW) 3.0 
Unknown 3.0 

I Nftlt-,.1 n.ft1ft,..,A~ 

I 
..,..,,ua1 l.l'V1'1\.rVQ 

All Digital Applications 1.0 

JlJ! O!her Model Parameters 
I Parameter Refer to 

I Section 5.8 

I Section 5. 1 O 



Downloaded from http://www.everyspec.com

SEC et al. v. MRI 
SEC Exhibit 1009.0031 

IPR2023-00221
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I 
I 

I 
I 
I 

Mll-HDBK-217F 

5.5 MICROCIRCUITS. HYBRIDS 

DESCRIPTION 
H-;bnd Micfoeirwls 

Ap • ( l: Ne Ac J (1 + .2 •e ) •F ffQ-._ Fabes/106 Hours 

Ne • Number of Each PartiaJlar Component 
>--c = Failure Rate of Each Particular Cof11)0nent 

The general procecltre for developlng an overall hybrid failure rate Is to calculate an individual fal-.re rate 
tor each component type used In the hybrid and then sum them. This summation IS then modified to 
accoun; fo; th& overall hybrid turuioo (,q:j, iCl"ni'iing ktwi (KQ), and nia.imy (,v. Toe hybrid ,-ckage 
faJlure iiil& is a tunctkin of tt.a &dive WIJiPGllihli fallunt modlied by ihe iHWii'ufiffl9imii iador (i.e., (i + .2 •e> ). Only the component types listed In the foAowing table are considered to contribute significantly to 
the overa!! failure rate of most hybrids. Al other component types (e.g. •. resis!o..rs. inrt.~ .etc.) a.-e 
considered to contrll:lute lnslgnl'llcantly to the overan hybrid falllre rate, and are assumed to have a failure 
rate of zero. This slmpflfication is valid for most hybrids; however, if the hybrid consists of mostly passive 
componeii"IS then a failure rate shouk:I bii calculated tor these devices. H factoring in other componeni 
types, assume 1ta • 1, Ke -1 and TA - Hybrid Case Te"l)erature for these calculations. 

Determine ~ tor These I 
Component Tvpes I 

Mlcroclra.iits I 

Dlscreie Semieonauciors I 
I 
I 

Capacitors 

Determination of Ac 
Handbook s.ctM , ..... n-. _,.,,,.;:;-" Whon ..........,.,,, I 

5 I c2 .. 0, n:a = 1, Kt_ = 1, T J as Detennlned from I 

6 

10 

I Sect~n:.12, ~p• O.(for-~HS~). . I 
I Ka • 1, 1 J as uetennineo from section 6.14, I 
•E • 1· I 
:ltQ• 1, TA-= HybridCaseTe~re. 
XE -1. 

'NOTE: If maxi!'f'II.Jm rated stree..s fer a die Is unk.recwn. assu.T.a t~ sama as for a discr&taly package 
die of the same type. If the same die has several ratings based on the discrete packaged 
type, assume the lowest rating. Power rating used should be based on case te"l)erature 
jor discrete semiconductors. I 

Circuit Function Factor • Kf 

Circuit Type I 
Digital 

Video, 10 NiHz < f < i GHz 

Microwave, f > 1 GHz 

Linear, f < i O MHz 

Power 

1.0 

1.2 

2.6 

5.8 

21 

A!I Olher Hybrid Mode! Parameters 

•L• "O• •e I Reter to Section 5.1 o I 

5-9 
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5.8 MICROCIRCUITS, SAW DEVICES 

DESCRIPTION 
Surface Acoustic Wave Devices 

Ap • 2.1 11:0 11:E Failures/1O6 Hours 

Quality Factor - 1tQ Environmental Factor - "E 

Screening Level •a Environment KE 

10 Temperalure Cycles (-55"C 1D .10 
+125°C) with end point electrical 
tests at te"1)8rature extremes. 

Ge .5 

Gt= 2.0 

~ 4.0 

None beyond best commert:at 1.0 
praclices. 

N5 4.0 

Nu 6.0 

AIC 4.0 

A1F 5.0 

Aue 5.0 

AuF 8.0 

ARW 8.0 

SF .50 

MF 5.0 

ML 12 

CL 220 

5-10 
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5.7 MICROCIRCUITS, MAGNETIC BUBBLE MEMORIES 

The magnetic bubbie memory device in Its present fonn is a non-hermetic assembly consisting of the 
following two major 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 control and detection elements (e.g., generators, various gates and 
detectors). 

2. A magnetic structure to provide controlled magnetic fields consisting of permanent magnets, 
coils, and a housing. 

These two structural segments of the device are Interconnected by a mec.'1anlcal substrate and lead 
frame. The interconnect substrate In the present teclvlology is normally a printed circuit board. It should 
be noted that this model does not Include external support microelectronic devices required for magnetic 
bubble memory Operation. The model ts based on Reference 33. The generai ionn oi ihe failure rate 
model is: 

Ap = A1 + ¼ Failures/106 Hours 

where: 
A-1 .. Failure Rate of the Control and Detection Structure 

¼ = Failure Rate of the Memory Storage Area 

Chips Per Package - Ne 

Number of Bubble Chips per 
Packaged Device 

Temperature Factor-1tT 

r -Ea ( 1 1 " 7 
1tT~(-1)expL 5 T 273-298),J 8.63 X 10- J + 

Use: 
Ea • .8 to Calculate 1tn 

Ea - .55 to Calculate 1tT2 

T J Junction Temperature (°C), 

25~TJ ~ 175 

Device Complexity Failure Rates for Control and 
Detection Structure - C11 and C21 

N1 - Number of Dissipative Elements 
on a Chip (gates, detectors, 
generators, etc.), N1 s 1000 

5-11 
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5.7 

MIL-HDBK-21 ?F 

MICROCIRCUIT. MAGNETIC BUBBLE MEMORIES 

Write Duty Cycle Factor - 'rtw 
10D 

(R/W)·3 

xw .. 1 tor D s .3 or R/W ~ 2154 

D = Avg. Device Data Rate s 1 
Mfg. Max. Rated Data Rate 

R/W - No. of Reads per Write 

NOTE: 

D 

For seed=bubble generators, divide 
XW by 4, or use 1, whichever i5 greater. 

Duty Cy~e Factor· xo 

.9D+ .1 

Avg. Device Data Rate s 1 
Mfg. Max. Rated Data Rate 

Device CofTl)lexity Failure Rates for Memory 
Storage Structure - C12 and C22 

N 2 - Number Of Bits, N2 s 9 x 106 

Aii Other Model Parameters 
Parameter Section 

C2 5.9 

1tE,1ta,1tL 5.10 

5-12 
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5.9 MICROCIRCUITS, c2 TABLE FOR ALL 

Package Failure Rate for all Microcircuits - C2 
Packa aTvoa 

HermaUc. DIPs 
wJSolderor Nonhermetlc: 

Number of Weld Seal, Pin DIPs wlh Glass Flalpae:kswllh cans4 DIPS, PGA, 
Functional Gritlkray Seai2 . Axial Leads on SMT (Leaded 
Pins, Np (PGA)1, SMT 50 MIi Centers3 and 

(Leaded and Nonleaded)5 
NonlellftAd'I 

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 .0029 .0020 .0031 .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 

1. C2 .. 2.8 x 10-4 (Np} 1 .OB 

3. C2 • 3.0 X 10·5 (~ 1 ·82 

2. 

4. 

C2 .. 9.0 x 10·5 (Np) 1 ·51 

C2 - 3.0 x 1 o·S (Np>2·01 

5. 
-4 1.08 

C2 • 3.6 x 10 (Np) 

NOTES: 

1. SMT: Surface Mount Technology 

2. DIP: Dual In-Line Package 

3. If DIP Seal type is unknown, assume glass 

4. The package failure rate (C2) accounts for failures associated only with the package itseH. 

5-14 

Failures associated with mounting the package to a circuit board are accounted for in 
Section 16, Interconnection Assemblies. 
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5~10 MICROCIRCUITS, Ke, lL AND a:a TABLES FOR ALL 

Envirorvnent Factor - -e Qualily Factors· KQ 

Environment Ke Descriplion KQ 

Ge .50 

Gt= 2.0 QlmS~-.-

C\4 4.0 

Ns 4.0 
1: Prucured In tun accordance 

with MIL-M-38510, Class S 
requiraments. 

Nu 6.0 

Aic 4.0 2. Plocuntd In full accon:lance .25 
with ML•f.S8535 and 

AtF 5.0 Appendix B 1heNlo (Clala U). 

Aue 5.0 3. Hybrids: (Procured to Clase 
AtJF 8.0 

Ariw 8.0 
s 1'9qUinMnenlS (Qualily 1.9"1 
IQ of MIL-H-38534. 

SF .50 
MF 5.0 ~-· a Cataaoliu; 
ML 12 

CL 220 
1. Procured in full accordance 

with MIL-M-38510, Class B 
requirements. 

Years in Production, Y "L 

Leaming Fador - "L 2. Procul'9d in fuH accordance 1.0 
with MIL-1-38535, (Class 0). 

s; .1 2.0 
.5 1.8 
1.0 1.5 

3. Hybrids: Procured to Class B 
requirements (Quality Level 
H) of MIL-H-38534. 

1.5 1.2 
:2: 2.0 1.0 ,&11111 a~ l ~1111ar 

1tL • .01 exp(5.35 - .35Y) 

Y • Years generic device type has been 
in produdlon 

Fully compliant with all 
requirements of paragraph 1.2.1 

2.0 of MIL-STD-883 and procured to a 
MIL drawing, OESC drawing or 
other govemment approved 
documentation. (Does not include 
hybrids). For hybrids use custom 
scrNning aection below. 

5-15 
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5.10 MICROCIRCUITS, xe, XL AND KQ TABLES FOR ALL 

Ou.ally Factors (cont'd): XO Calculation for Custom Screening Programs 

Grouo M!L-STD-883 Saeen!Test !Nate 3) Po!.'1! Valuation 
TM 1010 (Temperature Cycle, Cond B MinlmJm) and TM 2001 
(Constant Acceleration, Cond B Minimum) and TM 5004 (or 5008 

1· for Hybrids) (Final Electricals@ Tel11) Extremes) and TM 1014 50 
(Seal Test Cond A. B or Cl and TM 2009 (External Visual) 
TM 1010 (Te"1)8rature Cycte, Cond B Min!!"f'II.Jm) or TM 2001 
(Constant Acceleration, Cond B Minimum) 

2· TM 5004 (or 5008 for Hybrids) (Flnal EJectrlcals @ Te"l) Extremes) 37 
I and TM 1014 (Seai Test, Cond A, B, or C) and TM 2009 (Extemai 

V!&J&I\ I 
Pre-Bum in Electricals 

3 TM 1015 (Bum-In B-LeveVS-Level) and TM 5004 (or 5008 for 30 (B Level) 
· fPost Bum-In Electricals ta'> Term Extremes) 36 fS Leven 

4• TM 2020 Pind (Panoe ~ Noi9e Detection) 11 

5 TM 5004 (or 5008 for Hybrids) (Final Electricals@ Temperature 11 (Note 1) 
Extremes) 

6 TM 2010/17 (Internal Visual) 7 

7* TM 1014 (Seal Test. Cond A, B, or C) 7 (Note 2) 

8 TM 2012 (Radiography) 7 

9 TM 2009 (Exte".al Visual) ... (Note 2) I 

10 TM 5007/5013 (GaAs) (Wafer Acceptance) 1 

11 TM 2023 (Non-Destructi"',;e Bond Pull) 1 

87 no .. 2 + 
l: 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 independent of Groups 1 or 2. 
3. Sequencing oi tests within groups 1, 2 and 3 must be ioiiowed. 
4. TM refers to the MIL-STD-883 Test Method. 
5. Nonhermetlc parts should be used only in controlled environments (i.e .. G8 and other 

temperature/humidity controlled environments). 

EXAMPLES: 

1. Mfg. performs Group 1 test and Class B bum-in: na = 2 + 508~ 0 = 3.1 

2. Mfg. perfonns Internal visual test, seat test and final electrical test: 
87 

• 5.5 1ta=2+_ - .. 
/+/+11 

Other Commercial or Unknown Screening Levels I 1to • 10 

5-16 
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5.11 MICROCIRCUITS, TJ DETERMINATION, (ALL EXCEPT HYBRIDS) 

Ideally, device case temperatures should be determined from a detailed thermal analysis of the 
equipment. Device juncllon temper°"iituje Is tt.en calculated wilh ttie following Mlatlonship: 

T J • Worst Case Junction Temperature ("C). 

Tc - case Teffi)arawre (°C). If not a--allabl&, us. the following detaul tiibl&. 

Default Case Temperature (Tc) tor aH Environments -
Environment Ge GF Gr-. Ns Nu Ate AtF AtJc AtJF ~ SF MF ML CL 

Tc ("C) 35 45 50 45 50 60 60 75 75 60 35 50 60 45 

0 JC = Junction-to-case thennal resistance (°C/Watt) for a device soldered into a printed circuit 
board. ff 8 JC is not available, use a vakle contained in a specification for the closest 
equivalent device or use the following table. 

Die Area> 14,400 mt2 8JC Die Area~ 14,400 mii2 
Package Type (°CIWJ 8Jc(°CNI) (Ceramic Only) 

Dual-In-Line 11 28 
Flat Package 10 22 
Chip Carrier 10 20 
Pin Grid Array 10 20 
Can - 70 

P = The rr.axlrr.Jm power dissipation rsa!z8d tn a s;'Stem application. If U .. .e appU&d power is 
not available, use the maximum power dissipation from the specification tor the dosest 
equivalent device. 

5-17 
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5.12 MICROCIRCUITS, TJ DETERMINATION, (FOR HYBRIDS) 

This section describes a method for estimating juncllon 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 asserrt>ly consists of active and passive chips with thick or·thln 

film metallization mounted on the substrate, which in tum may have multiple laye~ of metallization and 

dielectric on the surface. Figure 5-1 is a cross-sectional view of a hybrid with a single multi-layered 

substiate. The layais within the hybrid an; made up of va;ious maieiials wiih different ihem.al 

characteristics. The table following Figure 5-1 provides a 11st of commonly used hybrid materials with 

typical thicknesses and corresponding thermal conductivities (K). tt the hybrid internal structure cannot be 

determined, use the following default values for the temperature rise from case to junction: miorocircuits, 
10°C; transistors, 25°C; diodes, 20°C. Assume capacitors are at Tc· 

INSULATING 
LA.YEA (C) 

CHIP(A) 

CASE (F) 

LID 

MATERIAL 
THICKNESS, Li PACKAGE 

LEAD 

Figure 5-1: Cross-sectional View or a Hybrid with a Slngle Muhl-Layered Substrate 

5-18 
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5.12 MICROCIRCUITS. TJ DETERMINATION, (FOR HYBRIDS) 

TYDlcal Hvbrld Characteristics 

I I '--~...__ I 
I T~I I Feature I '-'VflU~VIIJ, I 

,1 ' ~ ·1~· .. , 
(t<d(Li} Material Typical Usage Thickness, From Figure e~~:) I; (in.) 5-1 

(in2 °C/W) 

I Silicon I Chip Device 0.010 A 2.20 I .0045 

GaAs Chip Device 0.0070 A .76 .0092 

Au Eutectic Chip Attach 0.0001 B 6.9 .000014 

Solder Chip/Substrate Attach 0.0030 B/E 1.3 .0023 I Epoxy (Dieieciricj I Chip,-Subsiraie Attach 0.0035 BiE .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 ., _____ ,... ___ ......... " ,.,,...,. r .. ,. ,. .... I "ovr1r I~-"·'."'.~: u.u.::u r ... .:: .u .. o 

Aluminum case, MHP 0.020 F 4.6 .0043 

Copper Case, PHP 0.020 F 9.9 .0020 

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

n - Number of Material Layers 
... /w11n2\ 

• Thermal Conductivity of i111 Material l :.C,~ J (User Provided or From Table) 
' -- , 

- Thickness of 1th Material (in) (User Provided or From Table) 
-- . .. 9. .. -· - - . -- . . . . ... 

- Die Area (In--). n Die Area cannot be rea::lily determined, estimate as touows: 

A• [ .00278 (No. of Die Active Wire Tennlnals) + .0417J2 

Estimate TJ as Folows: 

Tc !!! Hybrid Case Temperature (°C). If un!t.'lOWn, use the Tc Default Table shown in Section 5.11. 

8 JC • Junction-to-Case Thennal Resistance (°C/W) (As determined above) 

P0 - Die Power Dissipation (W) 

5-19 
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5.13 IIICROCIRCQITS1 EXAMPLES 

Example 1: CMOS Dlgltal Gate Array 

Given: A CMOS digital Umlng chip (4046) In an alrtJome Inhabited cargo appllcatlon, case temperature 
48°C, 75mW power dlllipaUon. The device is proc::urad wlh normal maruacturer'e screening 
conSlstlng of temperalUre cycllng, constant acceleration, eleetrical testing, seal test and external 
Visual tnspecllon, In 1he sequence giVen. The 00ff1)0nent manufacturer also performs a B-leYel 
bum-In fODowed by electrical testing. All screens and tests are perfonned to the applicable MIL­
STD-883 screening method. The package Is a 24 pin ceramic DIP with a glass seal. The device 
has been manufachJr8d for several years and has 1000 transistors. 

Section 5.1 

1000 Transistors• 250 Gates, MOS c1 Table, Digital Coklrm 

Detennlne TJ from Section 5.11 

T J • 48°C + (28"CIW)(.075W) = 50°C 
Detennlne xT from Section 5.8, Digital MOS Column. 

Section 5.9 

Section 5 .1 O 

Section 5.10 
Group 1 Tests 
Group 3 Tests (B-level) 
TOTAL 

87 
1tQ-2+ 80 ... 3.1 

Section 5.10 

50 Points 
30 Pgjnts 
80 Points 

¾, • [ (.020)(.29) + (.011) (4) J (3.1)(1) - .15 Fallure/106 Hours 

Example 2: EEPROM 

Given: A 128K Flotox EEPROM that is expected to have a T J of 80°C and experience 10,000 
read/write cycles over the llfe of the system. The part Is procured to all requirements of 
Paragraph 1.2.1, MIL-STD-883, Class B screening level requirements and has been in 
production for three years. It Is packaged in a 28 pin DIP with a glass seal and will be used in an 
airborne uninhabited cargo applicatlon. 

5-20 

C 1 • .0034 

1tT = 3.8 
c2 .. .014 

Section 5.2 

Section 5.8 

Section 5.9 

Section 5.2 
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MIL-HDBK-217F 

Section 5.10 

Section 5.1 O 
Section 5.10 
Section 5.2: 

5.13 MICROCIRCUITS. EXAMPLES 

~-[A1 B1 + A!:2] ffECC 

"2 • 82 • o for Flotox 

Assume No ECC, KECC • 1 
A1 • .1, 7K SC S 15K Entry 
8 1 • 3.8 (Use Equation 1 at bottom of B1 and 82 Table) 
Acyc • A1 8 1 • (.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, maxirrum Input Po • 30 dbm, 16 pin hermetic flalpaek. maxim.Im T CH • 145°C ., a 
ground benign environment. The part has been manufactured for 1 year arid is sc..reened to 
Paragraph 1.2.1 of MIL-STD-883, Class B equivalent screen. 

C1 -
,i:T -
,i:A -
C2 -
KE -
KL -
KQ -

4.5 

.061 
3.0 
.0047 
.50 
1.5 

2.0 

Section 5.4 

Section 5.4, MMIC Table, 4 Active Elements (See Footnote to 
Table) 
Section 5.8, T J - T CH .. 145°C 
Section 5.4, Unknown Application 
Section 5.9 
Section 5.10 
Section 5.10 

Section 5.10 

Ap• [(4.5)(.061)(3.0) + (.0047)(.5)] (1.5)(2.0) • 2.5 Fallures1106 Hours 

NOTE: The passive elements are assumed to contribute negligibly to the overaD device failure 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 film dielectric layers. The die and substrate attach materials are 
conductive epoxy and solder, respectively. The application environment is naval unsheltered, 
65°C case temperature and the device has been in production tor over two years. The device is 

5-21 
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5.13 MICROCIRCUITS, EXAMPLES 

screened to MIL-STD-883, Method 5008, in accordance with Table VIII, Class B requirements. 
The hybrid contains the following components: 

Active Components: 

Passive Components: 

1 
1 
2 
2 • 
2 

2 
17 • 

LM106 Bipolar Comparator/Buffer Die (13 Transistors) 
LM741A Bipolar Operational Amplifier Die (24 Transistors) 
SI NPN Transistor 
Si PNP Transistor 
SI General Purpose Diodes 

eenmc c~ C8pacitors 
Thick FIim Resistors 

1. Estimate Active Device Junction Temperatures 

If limited information is available on the specific hybrid materials and oonslruction characteristics 
the defautt case-to-junction temperature rises shown in the introduction to Section 5.12 can be 
used. When detailed Information becomes available the following Section 5.12 procedure 
should be used to determine the junction-to-case (8Jc) thermal resistance and T J values for 
each component. 

(Equation 1) 

Layer Figure 5-1 Feature 
(~i){L1} 

(in2 0c,w) 
Silicon Chip A .0045 

Conduclive Epoxy B .023 

Two Dielectric Layers C (2)(.0045) • .009 

Alumina Substrate D .039 

Solder Substrate Attachment E .0023 

Kovar Case F JMa 

1:(~iXLi) .. .1258 

A .. Die Area- [ .00278 (No. Die Active Wire Terminals)+ .0417r (Equation 2) 

(Equation 3) 

5-22 
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5.13 MICROCIRCUITS, EXAMPLES 

LM106 LM741A SiNPN SiPNP SI Diode Source 

No. of Pins 8 14 3 3 2 Vendor Spec. Sheet 

Power Dissipation, .33 .35 .6 .6 .42 Circuit Analysis 
Po(W) 

Area of Chip ,(In. 2) .0041 .0065 .0025 .0025 .0022 Equ. 2 Above 

9JC(°CIW) 30.8 19.4 50.3 50.3 56.3 Equ. 1 Above 

TJ ("C) 75 72 95 95 89 Equ. 3 Above 

2. Calculate Failure Rates for Each Coff1)0nent: 

A) LM106 Die, 13 Transistors (from Vendor Spec. Sheet) 

Section 5.1 

Because c2 = 0; 

Ap = C1 1tT XO 1tl 1tT: Section 5.8; XO• 1tl Default to 1.0 

• (.01)(3.8)(1)(1) ... 038 Fai1ures1106 Hours 

B) LM741 Die, 23 Transistors. Use Same Procedure as Above. 

¾, -= C1 :n:T xa ,cl - (.01)(3.1)(1)(1) ... 031 Fallures/106 Hours 

C) Silicon NPN Transistor, Rated Power= SW (From Vendor Spec. Sheet), Vce'VCEO • .6, 
Linear Application 

¾, = Al) 7CT fl:A fl:R Ks Ka KE Section 6.3; 1ta, KE Defautt to 1.0 
= (.00074)(3.9)(1.5)(1.8)(.29)(1)(1) 

• .0023 Failures1106 Hours 

D) Silicon PNP Transistor, Same as C. 

¾, - .0023 Fallures1106 Hours 

E) Silicon General Purpose Diode (Analog), Voltage Stress .. 600/o, Metallurgically Bonded 
Construction. 

¾> = At> xT Ks "C XO xe Section 6.1 ; aa, KE Default to 1.0 
= ( .0038)(6.3)(.29)(1 )(1 )(1) 

- .0069 Failures1106 Hours 

5-23 
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5.13 MICROCIRCUITS, EXAMPLES 

5-24 

Fj Ceramic Chip Capacitor, Voltage Stress • 50%, 
TA - TcASE for the Hybrid, 1340 pF, 125°C Rated TerTl). 

¾> ~ rtcv XO xE Section 10.11; 1ta, J[E Default to 1.0 

• (.0028)(1.4)(1 )(1) 

= .0039 Failures/106 Hours 

G> Thick Film Resistors, per Instructions In Section 5.5, the contrt>ution of these devices is 
considered insignificant relative to the overaH hybrid failure rate and they may be ignored. 

overau H)'.boo Part Fa;ure Rate cak:yjat;orr 

xE 6.0 

1tF • 5.8 

1ta ; 

Jtl .. 1 

Section 5.10 

Section 5.5 

Section 5. i 0 
Section 5.10 

Ap = [ (1)(.038} 4 {1)(.031) + {2) {.0023) + (2) (.0023) 

+ (2)(.0069) + (2)(.0039) )(1 + .2(6.0)) (5.8) (1)(1) 

"p = 1.3 Failures/106 Hours 
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6. 0 DISCRETE SEMICONDUCTORS, INTRODUCTION 

The semlconckJctor transistor, diode and aplo-electronlc device sections present the failure rates on 
the basis of device type and construction. An analytical model of the failure rate is also presented for each 
device category. The various types of discrete semloonductor devices require different tallure rate 
models that vary to some degree. The models apply to single devices unless otherwise noted. For 
rrultiple devices in a single package the hybrid model in Section 5.5 shouk:I be used. 

Tt.e applicable MIL specification for transistors, and optoelectronic devices is MIL-S-19500. The 
qually levels (JAN, JANTX, JANTXV) are as defined In MIL-S-19500. 

The temperature factor (•T> Is based on the device junction temperature. Junction temperature 

should be computed based on worae case power (or maxlrmm power dissipation) and the dfWlce Junction 
io case thennai resistance. Determination Of ~nctlon tempimiiUres is explained in Section 6.14. 

Reference 28 should be consulled for further detailed Information on the models appearing In this 
section. 

6-1 
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6. 1 DIODES. LOW FREQUENCY 

SPECIFICATION 
MIL-S-19500 

Base Fune Raie - lt, ,_.,T__ I 
General Purpose Analog 

=;~lfier, Fast Recovery I 
Power Rectifier/Schottky 
Power Diode 

Power Rectifier with 
High Voltage Stacks 

Transient SuppressorNaristor 
Current Regulator 
Voltage Regulator and Voltage 

Reference (Avalanche 
and Zener 

Teff1)eralure Factor - xT 

>-t, 

.0038 

.0010 

.069 

.0030 

.0050/ 
Junction 

.0013 

.0034 

.0020 

(Ganarai Purpose Anaiog, Swiiching, Fasi Recovery, 
Power Rec:dller, Transient Suppressor) 

25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 

6-2 

1.0 
1.2 
4 .. , ... 
1.6 
1.9 
2.2 
2.6 
3.0 
3.4 
3.9 
4.4 
5.0 
5.7 
6.4 ... ,, 
I .IC. 

8.0 

105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 

Junction Temperature (°C) 

9.0 
10 
11 
12 
14 
15 
16 
18 
20 
21 
23 
25 
28 
30 
32 

DESCRIPTION 
Lew Frr-1'fUV--ncy Oic:!es: Ganer&! Purpose Allalcg, S#lching. 
Fast Recovery, Power Rectifier, Transient Supprasaor, Cumtnl 
Regulator, Voltage Regulator, vonage Reference 

Temperature Factor - q-
(Voltage Regulator, Voltage Ref .. nce, 

and current f!!sulldor! 
TJ ("C) 11-f I TJ ("C) 11-f 

25 1.0 I 105 3.9 
30 1.1 110 4.2 ..... 1.2 ••P M p ,:,a I I a -..a 
40 1.4 120 4.8 
45 1.5 125 5.1 
50 1.6 130 5.4 
55 1.8 135 5.7 
60 2.0 140 6.0 
65 2.1 145 6.4 
70 2.3 150 6.7 
75 2.5 155 7.1 
80 2.7 160 7.5 
85 3.0 165 7.9 

I 90 3.2 170 8.3 I ..... 3.4 ....... ,, ... 
I :,a I I a o., I 

I 
100 3.7 

I 
U:p (- 1 925 ( T . ~ ,;,n " ,;,!A) ) I :ii:T • I 

I \ \ "J~-·- ---;) I 

I TJ - Junction Temperature (°C) I 
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Electrical Stress Factor -1ts 
Stress 

Transient Suppressor, 
Vohage Regulator, Vohage 
Reference, Current 
Regulator 

All Others: 
vs s .30 
.3 < Vs s .40 
.4< v5 s .50 

.5< Vs s .60 

.6<Vss.70 

.7< Vss .80 

.8 < VsS .90 

.9<VsS1.00 

1.0 

0.0S4 
0.11 
0.19 

0.29 
0.42 

0.58 
0.77 

1.0 

MIL-HDBK-217F 

For All Except Transient Suppressor, Voltage 

Regulator, Voltage Reference, or Current 
Regulator 

1ts = .054 

xs = v/-43 

(Vs s: .3) 

(.3 < vs ~ 1) 

. Voltage Applied 
V 5 = Voltage Stress Ratio = Voltage Rated 

Voltage is Diode Reverse Voltage 

Contact Construction Factor - ttc 
Contact Construction xc 

Metallurgically Bonded 1.0 

Non-Metallurgically Bonded and 2.0 
Spring Loaded Contacts 

6.1 DIODES. LOW FREQUENCY 

Quality Factor - "O 
Quality "O 

JANTXV 0.7 

JANTX 1.0 

JAN 2.4 

Lower 5.5 

Plastic 8.0 

Environment Factor - 1te 
Environment 1tE 

G9 1.0 

GF 6.0 

Gt,,, 9.0 

Ng 9.0 

Nu 19 

A1c 13 

A1F 29 

Aue 20 

AuF 43 

ARW 24 

SF .50 

MF 14 

ML 32 

CL 320 

6-3 
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6.2 DIODES. HIGH FREQUENCY (MICROWAVE. RF) 

SPECIFICATION 
.... ~IL=S=19500 

Base Failure Rate - :At, 
Dk>de Type 

Si IMPATT (S 35 GHz) 
Gunn/Bulk Effect 
Tunnel and Back (Including 

Mixers, Detectors) -
PIN 
Schottky Barriet ( lnc:ludina 

Detectors) and ·Point Contact 
(200 MHz s Frequency s 35 GHz) 

Varac:lor and Step R8COY9ry 

I 

T---...-.....•-- r--.1.--
1 "" !Jlt'f 1:11u111 ri:l\;IUI - fi:T 

I 
(All Types Except IMPAffi 

I TJ (-C) "T I TJ ("C) 

25 I 1.0 I 105 I 
30 I 1.1 I 110 I 35 1.3 115 
40 I 1.4 I 120 I 45 1.6 125 
en ... 4".lln 

""' I 
,., 

I 
,.,.., 

I 55 1.9 135 
60 I 2.1 I 140 I 6§ ,, .. 145 "'·" 70 2.5 150 
75 2.8 155 
80 3.0 160 
85 3.3 165 
90 3.5 170 
95 3.8 175 

100 4.1 

At, 

.22 

.18 

.0023 

.0081 

.027 

.0025 

"T 

4.4 
4.8 
5.1 
5.5 
5.9 ,, .. 
u • .;, 

6.7 
7.1 ... ., ,.o 
8.0 
8.5 
9.0 
9.5 

10 
11 

"T - exp (- 2100 ( T _ ~1 -,n - ~ l l 
\ \ 'J ..... --·- ~-1) 

T, - Junction Temperature (°C) 
" 

6-4 

DESCRIPTION 
Si IMPATT; Bulk E.ffect, Gunn: Tunnel, Back: Mixer, Oaledcr, 
PIN, Schottky; Varactor, Step Reoovery 

Te"1)8ra1Ure FaC1or- "T 
(IMPAm 

TJ ("C) "T TJ ("C) "r 

25 1.0 105 42 
30 1.3 110 50 

I 35 1.8 115 60 
40 2.3 120 71 
45 3.0 125 8-4 
50 3.9 130 99 
55 5.0 135 120 
60 6.4 140 140 
65 8.1 145 160 
70 10 150 180 
75 13 155 210 
80 16 160 I 250 
85 'i9 'i65 

I 
280 

90 24 170 320 
95 29 175 370 

100 35 

Junction Temperaiure (°Cj 

Application Factor - "A 

Diodes Application I 1r.A 

Varador, Voltage Control .50 

Varactor. Muntplier 2.5 

All Other Diodes 1.0 
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6.2 DIODES. HIGH FREQUENCY (MICROWAVE. RF) 

Power Rating Factor • nR Quality Factor • "a 
Rated Power, Pr (Watts) ffD n 

PIN Diodes 
Pr~ 10 .50 

10 < Pr :s; 100 1.3 

100 < Pr :s; 1000 2.0 

1000 < Pr s 3000 2.4 

All Other Diodes 1.0 

PIN DiOdes nR = .326 fn{Pr) - .25 

All Other Diodes nR = i .0 

Qualitv Factor - 1tl"\ . "" 
(All Tvpas Exceot Schottkv) 

Quality• no 

JANTXV .50 

JANTX 1.0 

JAN 5.0 

Lower 25 

Plastic 50 

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

I 
I 

(Schottky) 
Quality• 1fQ 

JANTXV .50 

JANTX 1.0 

JAN 1.8 

Lower 2.5 

Plastic -

• For high frequency part classes not specified to 
MiL-S-i9500 equipment quality classes are 
d@fined u devices mMting the same 
requirements as MIL-5·19500. 

Environment Factor - nE 

Envi,onmenl I 

N5 

Nu 

Aic 

A1F 

Aue 
AuF 
ARW 

SF .. 
MF 

ML 

1.0 

2.0 

5.0 

4.0 

11 

4.0 

5.0 

7.0 

12 

16 

.50 

9.0 

24 

CL 250 

6-5 
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6.3 TRANSISTORS, LOW FREQUENCY, BIPOLAR 

SPECIFICATION DESCRIPTION 
MIL-S-19500 NPN (Frequency< 200 MHz) 

PNP (Frequency< 200 MHz) 

Application Factor· :r.;., 

"'b Application 

.00074 Linear Amplification 

Switching 

TJ (°C) nT T J(°C) ftT 

Teff1)8rature Factor • 7t-r 

Rated Power (Pr, Watts) 

Power Ratir,g Factor - nR 

25 1.0 105 4.5 
30 l.l 1i0 4.8 Pr s .1 
35 1.3 115 5.2 
40 1.4 120 5.6 Pr r .5 
45 1.6 125 5.9 
50 1.7 130 6.3 
55 1.9 135 6.8 

Pr • 1.0 

60 2.i ;40 I 7.2 
6-5 2.3 14"5 7.7 

Pr• 5.0 

70 2.5 150 8.1 
75 2.8 156 8.6 Pr• 10.0 

80 3.0 160 9., 
85 3.3 165 9.7 Pr - 50.0 
90 3.6 170 10 
95 ., n 175 11 "·"' Pr• 100.0 

100 4.2 
Pr - 500.0 

nr - exp - 2114 I T J + 273 - 298 ) ) I 

ft A 

1.5 

.70 

7tR 

.43 

.77 

1.0 

1.8 

2.3 

4.3 

5.5 

10 

( ./ 1 1 '\'\ 

' / / "fl• .43 Rated Po-rs .1 W 

TJ - Jundion Temperature (0 C) "fl• (Pr).37 Rated Power > .1 W 

6-6 
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6.3 TRANSISTORS. LOW FREQUENCY, BIPOLAR 

Voltage Stress Factor - :n:s Environment Factor - ire 
Applied Vee/Rated VcEO :n:s Environment XE 

0 < Vs S .3 .11 

.3 <Vs s .4 .16 

.4 < Vs s .5 .21 

Ge 1.0 

GF 6.0 

°'-4 9.0 

.5 < Vs s .6 .29 Ng 9.0 

.6 < Vs s .7 .39 Nu 19 

.7 < Vs s .8 .54 

.8 < Vs :s; .9 .73 

.9 < Vs s 1.0 1.0 

AIC 13 

A1F 29 

Aue 20 

1t5 - .045 exp (3. 1 (Vs)) (0 < vs :s; 1.0) AuF 43 

ARW 24 
vs - Applied VcE / Rated VcEO 

SF .50 

VCE "' Voltage, Collector to Emitter MF 14 

Vceo - Voltage, Collector to Emitter, Base ML 32 

Open CL 320 

Quality Factor• 7CQ 

Quality ,ca 

JANTXV .70 

JANTX 1.0 

JAN 2.4 

Lower 5.5 

Plastic 8.0 

6-7 
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6.4 TRANSISTORS, LOW FREQUENCY, SI FET 

DESCRIPTION SPECIFICATION 
MIL-S-19500 N-Channel and P-Channel SI FET (Frequency :S 400 MHz) 

Ap = A.b1tT1tA1t01tE Failures/106 Hours 

Base Failure Rate - At, Application Factor - 1tA 
Transistor Type ¾ Application 

<Pr, Rated Output Power) 7tA 
MOSFET .012 

Linear Affl)lification 1.5 
JFET .0045 <Pr< 'N-1) 

SmaH Siona! Switchino .70 
Temperature Factor - 1tr 

T J (°C) nT TJ (°C) nT Power FETs 
(Non-linear, Pr ~ 2W} 

25 1.0 105 3.9 
30 1 . 1 110 4.2 2 S Pr< SW 2.0 
35 1.2 115 4.5 
40 1.4 120 4.8 
45 1.5 125 5.1 

5 s Pr< SOW 4.0 
50 1.6 130 5,4 
55 1.8 135 5,7 50 S: Pr< 250W 80 
60 2.0 140 6.0 
65 2.1 145 6.4 Pr ,- 250W 10 
70 2.3 150 6.7 
75 2.5 155 7.1 
80 2.7 160 7.5 
85 3.0 165 7.9 
90 3.2 170 8,3 Environment Factor - 1te 
95 3.4 175 8.7 

100 3.7 
Environment ne 

Gs 1,0 

nT exp (- 1 925 ( T J +1 273 - 2!a) ) -
GF 6.0 

~ 9.0 

NS 9.0 
TJ z Junction Temperature (°C) Nu 19 

Quality 7Co 

Quality Factor - 1tQ 
A1c 13 

AIF 29 

Aue 20 
JANTXV .70 AUF 43 

JANTX 1.0 ARW 24 

JAN 2.4 SF .50 

Lower 5,5 MF 14 

Plastic 8.0 ML 32 

CL 320 

6-8 
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SPECIFICATION 
MIL-S-19500 

Base Fa~ure Rate - "b 
Type 

All Unijunction 

Temperature Factor - 1tr 
T J (°C) nT TJ (°C) 

25 1.0 105 
30 1 .1 110 
35 1.3 115 
40 1.5 120 
45 1. 7 125 
50 1.9 130 
55 2.1 135 
60 2.4 140 
65 2.7 145 
70 3.0 150 
75 3.3 155 
80 3.7 160 
85 4.0 165 
90 4.4 170 
95 4.9 175 

100 5.3 

.0083 

nT 

5.8 
6.4 
6.9 
7.5 
8.1 
8.8 
9.5 

10 
11 
12 
13 
13 
14 
15 
16 

nT - exp (- 2483 ( T • ; ,n - ?~R 1 1 
\ \ "J . -· - ---;) 

TJ = Junction Temperature (°C) 

6.5 TRANSISTORS, UNIJUNCTION 

DESCRIPTION 
Unijunction Transistors 

Failures/106 Hours 

Quality 

JANTXV 

JANTX 

JAN 

Lower 

Plastic 

Quality Factor - 1tQ 

Environment Factor - rcE 

Environment 

Ge 

GF 

~ 
Ns 
Nu 
4 __ 
"K; 

A1F 

Aue 
AUF 

ARW 

SF 

MF 

ML 

CL 

.70 

, .0 

2.4 

5.5 

8.0 

7tE 

1.0 

6.0 

9.0 

9.0 

19 

13 

29 

20 

43 

24 

.50 

14 

32 

320 

6-9 
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6. 6 TRANSISTORS, LOW NOISE, HIGH FREQUENCY I BIPOLAR 

SPECIFICATION 
MIL-S-19500 

DESCRIPTION 
Bipolar, Microwave RF Transistor 
(Frequency > 200 MHz, Power < 1 W) 

Application Note: The model applies to a single die (tor rrultiple die use the hybrid model). The model does 
appt; to ganged tra.116istors on a s;.ay1a dia. 

Type 

All Types 

Base Falun, Rae -, 

Ten;>erat-Jre Factor = r.,-
TJ(°C) nT T J (°C) 

25 i 1.0 i 105 I 
30 I 1.1 I 110 I 
35 1.3 115 
40 1.4 120 
45 1.6 125 
50 1.7 130 
55 1.9 

I 
135 

60 2.1 140 
65 I 2.3 I 145 I 70 2.5 150 
75 2.8 155 
80 I 3.0 I 160 I es 3.3 155 
90 3.6 170 
95 3.9 175 

100 4.2 

. . 

6-10 

At; 

.18 

KT 

4.5 I 
4.8 I 5.2 
5.6 
5.9 
6.3 
6.8 

I 7.2 
7.7 I 8.1 
8.6 
9.1 I 9.7 

10 
11 

Power Rating Factor· "R 

Pr :s; .1 
.1 < Pr S .2 
.2<Pr:s:.3 
.3 < Pr s .4 
.4 < Pr s .5 
.5 < Pr s .6 
.6 < Pr s .7 
.7 < Pr s .8 
.8 < Pr s .9 I 

.43 

.55 

.a.t 

.71 

.77 

.83 

.88 

.92 

.96 

"A· .43 Pr s .iW 

"A • (Pr ).37 Pr >.1W 

Voltage Stress Factor • •s 

ADDUed Vr.F/Rated Vr.Fn I . . -- --- I 
0 < v. S .3 .11 

.3 <Vs s .4 .16 

.4 < v. s .5 .21 

.5 < V8 s .6 .29 

.6 < v. s .7 .39 

.7 < v. s .8 .54 

.8 < v. s .9 .73 

.9 < v. S 1.0 1.0 

Vs • Applied VOE I Rated VcEO 

VCE - Voltage, Collector to Emitter 

VcEO • Voltage, Collector to Emitter, Base 

Open 
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6.6 TRANSISTORS, LOW NOISE, HIGH FREQUENCY I BIPOLAR 

Quality Factor - Ko 
Quality I 

JANTXV 

JAN 

Lower 

Jtn .., 

.50 

1.0 

2.0 

5.0 

NOlc: For these devices, JANTXV quality class must I 
include IA Scan for die attach and scr•n for barrier 
layer pinholes on gold metallized devices. 

= 

Environment Factor - xE 

Environment 

f':!_ 
""'B 

GF 

~ 
Ns 
Nu 

Arc 
AJF 
A.·-,.,UG 

AuF 
ARW 

S- I -r-.. 
IVIF 

I ML 

CL I 

1 n ,.v 

2.0 

5.0 

4.0 

ii 

4.0 

5.0 
'7 n ,.v 

12 

16 

.50 
~,. 
::,.u 

24 

250 

6-11 
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6.7 TRANSISTORS, HIGH POWER, HIGH FREQUENCY I BIPOLAR 

SPECIFICATION 
MIL-S-19500 

DESCRIPTION 
Power, Microwave, RF Bipolar Transistors 
(Average Power ~ 1 W) 

Failures/106 Hours 

Base Failure Rate - "b 
Frequency OUlpUt Power (Watts) 

IGHzl 1.0 5.0 10 50 100 200 300 400 500 600 
S0.5 .038 .039 .040 .050 .067 .12 .20 .36 .62 ,., 

1 .046 .047 .048 .060 .080 .14 .24 .42 .74 1.3 
2 .065 

,..~-, .069 .086 .. .20 <IC 
• VO( ., , ....... 

3 .093 .095 .098 .12 .16 . 28 
4 .13 .14 .14 .17 .23 
5 .19 .19 .20 .25 

Al) = .032 exp(.354(F) + .00558(P)) F - Frequency (GHz) p = OUlput Power (W) 

NOTE: Output power refers to the power level for the overall packaged device and not to 1nd1vidual 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 1tA' 

Temperature Facior - nT Temperature Factor - nT 

((.jold Metallization J /Aluminum Metallization\ 
vs (VcEIBVcES) Vs (VcEIBVcES) 

TJ ("C) S .40 .45 .so .55 TJ ("C) s.40 .45 .50 .55 

:s100 .10 .20 .30 .40 s100 .38 75 1. 1 1.5 
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 i50 2.4 4.7 7.1 9.5 
160 .29 .59 .88 1.2 160 3.3 6.5 9.7 13 
170 .34 .68 1.0 1.4 170 4.4 8.8 13 18 
180 40 .79 1.2 1.6 180 5.9 12 18 23 
190 .45 .91 1.4 1.8 190 7.8 15 23 31 
200 .52 1.0 1.6 2.1 200 10 20 30 40 

JtT • . 1 exp(- 2903 (rj +1 273 3;3)} 

(Vs s .40) 

nr .. 2(Vs·.35)sxp(- 2903 (rJ +1 273 _1 )' 
- 373 )' 

(.4 < vs s; .55) 

( / 1 1)' itT • .38exp -5794lTJ+ 273 
. 

373 )· 

{Vs$ .40) 

,.T. 7.55 (Vs - .35) exp (- 5794( T J } 273 - 3~)} 

(.4 <vs$ .55) 

\I a VcE / BVcES •s 
vs - VcEiBVcES 

VcE - Operating Voltage (Vohs) 

VcE - Operating Voltage (Volts) 
BVcES . Collector-Emitter Breakdown 

BVCES s Collector-Emitter Breakdown Voltage with Base Shoned to 
Voltage with Base Shorted to Emitter (Volts) 
Em!ner (Volts) 

TJ "' Peak Junct!on Temperature ("Cl 
TJ - Peak Junction Temperature (°C) 

6-12 
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6.7 TRANSiSTORS, HiGH POWER, HIGH FREQUENCY, BIPOLAR 

Application Factor - xA Quality Factor - ff() 

Application Duty Factor nA Quality no 
cw NIA 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% i.9 Lower 5.0 I 

2'. 30% 2.2 

NOTE: For these devices, JANTXV quality class 

xA .. 7.6,CW must Include IA Scan for die attach and screen for 
ban1er layer pinholes on gold metalftzed devices . 

xA = . 06 (Duty Factor%) + .40 , Pulsed 

Environment Factor - 7tE 

Matching Network Factor - nM Environment nE 

Matching "M Ga 1.0 

Input and Output 1.0 
GF 2.0 

GM 5.0 

Input 2.0 Ns 4.0 

None 4.0 Nu 11 

A1c 4.0 

A1F 5.0 

Aue 7.0 

AUF 12 

ARW 16 

SF .50 

MF 9.0 

ML 24 

r.. 250 -L 

6-13 
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6.8 TRANSISTORS. HIGH FREQUENCY. GaAa FET 

SPECIFICATION DESCRIPTION 
MIL-S-19500 GaAs Low Noise, Driver and Power FETs (2: 1GHz) 

~.,, ¾7,-7tA7tM7ta7te Failures/106 Hours 

Base Faillra Rale - >.t, 

Operating Average Output Power (Watts) 
F tGHz' <.1 .1 .6 1 2 4 6 

1 .052 - - - - -- -
4 .052 .054 .066 .084 .14 .36 .96 
5 .052 .083 .10 .13 .21 .56 1.5 
6 .052 .13 .16 .20 .32 .85 2.3 
7 .052 .20 .24 .30 .50 1.3 3.5 
8 .052 .30 .37 .47 .76 2.0 
9 .052 .46 .66 .72 1.2 

10 .052 .71 .87 1.1 1.8 

At, - .052 1 s Fs 10, P<.1 

At, - .0093 exp(.429(F) + .486(P)) 4SFS10, .1 SP S 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. 

Teff1)8rature Factor - KT Application Factor - n:A 

Tc ("C) KT Tc(°C) •T Application (PS 6W) n:A 

25 1.0 105 24 All Low Power and Pulsed 1 
30 1.3 1i0 28 
35 1.6 115 33 
40 2.1 120 38 cw 4 

45 2.6 125 44 
50 3.2 130 50 
55 4.0 135 58 P = Average Output Power (Watts) 
60 4.9 140 66 
65 5.9 145 75 
70 7.2 150 85 
75 8.7 155 97 
80 10 160 110 
85 12 165 120 
iO 15 170 14'0 
95 18 175 150 

100 21 

~ - exp(- 4485 (re; 273 - 2!8)) 

Tc• Channel Temperature (°C) 

6-14 
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6.8 TRANSISTORS, HIGH FREQUENCY, GaAs FET 

Matching Network Factor - n:M Environment Factor - n:E 

Matching n;M Environment n:E 

Input and Output 1.0 
Gs i .o I GF 2.0 

Input Only 2.0 

None I 4.0 

Gt..1 5.0 
.. , 4.0 '"S 
Nu 11 

AJC 4.0 

Quality 1to 
Quality Factor - n:a A;F I 

5.0 

Aue 7.0 

JANTXV .50 
AuF 12 

ARW 16 

JANTX 1 .0 SF .50 

JAN 2.0 MF 7.5 

Lower 5.0 ML 24 

CL 250 
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6. 9 TRANSISTORS, HIGH FREQUENCY, SI FET 

SPECIFICATION DESCRIPTION 
Mil -S-19500 Si FETs (Avg. Power< 300 mW, Freq.> 400 MHz) 

Base Failure Rate -~ Quality Factor· 1tQ 

Transistor Type '-b Quality 1ta 

MOSFET .060 JANTXV .50 

JFET .023 JA"JTX 1.0 

JAN 2.0 

Temperature Factor - 1tr Lower 5.0 

TJ (°C) 7tT TJ (°C) 7tT 

25 1.0 105 3.9 
30 1. 1 110 4.2 
35 1.2 115 4.5 Environment Factor• 7tE 
40 , .4 120 4.8 
45 1.5 125 5.1 

r-···---------• itE CIIVHUlllllt:lll 

50 1.6 130 5.4 
55 1.8 135 5.7 

Gs 1.0 

60 2.0 140 6.0 
65 2.1 145 6.4 
70 2.3 150 6.7 

GF 2.0 

GM 5.0 
75 2.5 155 7.1 
80 2.7 160 7.5 Ns 4.0 
85 3.0 165 7.9 
90 3.2 170 8.3 Nu 1 1 

95 3.4 175 8.7 
100 3.7 AIC 4.0 

A,.- 5.0 ,r 

exp (- 1 925 ( T J +1 273 - 2!0) ) 7tT - Aue 7.0 

AuF 12 

TJ - Junction Temperature (°C) ARW 16 

S.- .50 - r 

MF 9.0 

ML 24 

CL 250 

6-i 6 
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SPECIFICATION 
tv11L=S=19500 

DESCRIPTION 
Thyristors 
SCRs, Triacs 

6. 1 0 THYRISTORS AND SCRS 

Base FaHure Rate - At, Current Rating Factor - nR 

Device Type )..b Rated Forward Current 
('frms (Amps)) 1tR 

All Types . 0022 
.05 .30 
.10 .40 
.50 .76 

TJ (°C) nT TJ (°C) 7tT 

Temperature Factor - 1t1 1.0 1.0 
5.0 1.9 

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 1.6 120 12 60 5. i 
45 1.9 125 13 70 5.5 
50 2.2 130 15 80 5.8 
55 2.6 135 16 90 6.0 
60 3.0 140 18 100 6.3 
65 3.4 145 19 110 6.6 
70 3.9 150 21 120 6.8 
75 4.4 155 23 130 7.0 
80 5.0 160 25 140 7.2 
85 5.7 165 27 150 7.4 
90 6.4 170 30 160 7.6 
95 7.2 175 32 170 7.8 

100 8.0 175 7.9 

ov.-. (_ Sin A? ( 1 - _1_, '\ n, = --.- l ---- l T J + 273 298) j 

'J - Juneiion Temperaiure ("Ci 

~ - (4 ,.40 
rms 

4rms - RMS Rated Foiward Currant (Amps) 

6-17 
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l. UI 1JUI 10:111 

M!L-HDBK-21 ?F 

6. 1 0 THYRISTORS AND SCRS 

Voltage Stress Factor - n5 Environment Factor - nE 

V 5 (Blocking Voltage Applied/ 

Blocking Voltage Rated) 

Environment 1tE 

V5 s .30 

.3 < vs S .4 

.4 < Vs ~ .5 

.5 < vs s .6 

.6 < vs s .7 

.7 < vs s .8 

.8 < vs s .9 

.9 < vs :s; 1.0 

_ (V )1.9 
"S - s 

Quality Factor - n0 
Quality 

JANTXV 

JANTX 

JAN 

Lower 

Plastic 

6-18 

.10 

.18 

.27 

.38 

.51 

.65 

.82 . " ,.v 

(V5 :s 0.3j 

(V5 > 0.3) 

no 

0.7 

1.0 

2.4 

5.5 

8.0 

Ge 1.0 

GF 6.0 

~ 9.0 
.. , on 
''S 

.,,_., 

Nu 19 

A1c 13 

AIF 29 
,._ '>n 
"UC ,v 

AUF 43 

ARW 24 

s ... .50 
r 

MF 14 

ML 32 

CL 320 

I 11guu1a1v,. YVllDU'C.i I IWIQIOII\.#'!; 
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6.11 OPTOELECTRONICS, DETECTORS~SOLATORS, EMITTERS 

SPECIFICATION 
MIL-S-19500 

Optoeiecironic Type 

Photodetectors 
Photo-Transistor 

Photo-Diode 

Opto .. Isolators 
Photodioda Output, Sirole Device 

Phototran$i&lor Output. Single Device 

Photodarlinglon Output, Single Device 

Light Sensitive Resistor, Single Device 

Ptlotodiode Output, Dual Device 

Pho!o!ransistor Output, Dual Device 

PhntM::.rlinntnn 011tn1rt nt1,=,.I navir.A .. ,. ' 

Emitters 
infrared Light Emitting Diode (iRLD) 

Light Emitting Diode iLEDj 

Temperature Factor - nr 

25 
30 
35 
40 
45 
50 
55 
60 
65 
iO 

"T 

1.4 
1.6 
1.8 
,.. ◄ 
,::. I 

2.4 
2.7 
3.0 
3.4 

I 

I 
I 

I 
I 

75 
80 
85 
90 
95 

100 
105 
110 
115 

.0055 

.0040 

.0025 

.013 

.013 

.0064 

.0033 

.017 

.017 

.0086 

--•ri. .UUl..3 

.00023 

3.8 
4.3 
4.8 
5.3 
5.9 
" .,, u.u 

7.3 
8.0 
8.8 

exp(. 2790 ( T .1 .,..,., • ,~00)! JI 
\. \. I J T C. / .;, .__ 

Junction Temperature (°C) 

DESCRIPTION 
Photodetectors, Opto-isoiators, Emitters 

Quality Factor - no 
r-,,,. • ...,Utu 
~OlllJ 

JANTXV 

JANT>( 

JAN 

Lower 

Dl"!lr-til" 
I IQQLl'v 

Envi;onment Factoi - Ae 
environment i 

Gs I 
G.,. I -r 

I ,... 
~ 

Ns i 
Nu I 
A.- I "It,; 

A1F I 
Aue I 
AUF I 
ARw I 
SF i 
MF I 
M, I ... 

I ,.. 
"'L 

K .. L.:L,llllll~lll....l...1.JJ\,,4 Cl'-'-C...,.,_~,1-"- .....-~ .._...., 1 _.._ '- ----•• 

r::o I 
.70 i 
1.0 

I 
I 

2.4 I 
I 

5.5 I 
8.0 I 

nE 

1.0 

2.0 

An .,,.., 

5.0 I 
12 I 

4.0 I 6.0 

6.0 

8.0 

17 

.50 

9.0 

24 

I ,.,:::n 
"T-.,V 

6-i9 
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6.12 OPTOELECTRONICS. ALPHANUMERIC DISPLAYS 

SPECIFICATION 
MIL-S-19500 

DESCRIPTION 
~Fl.lmeric Display 

Ai, = ~~x0 1tE Failures/106 Hours 

Base Falklre Rate - At, 
Numt. ~ ~ 

al Segment D~ay 
Characters Oianlllv 

1 .00043 .00026 
1 w/Loglc Chip .00047 .00030 

2 .00086 .00043 
2 w/logie Chip .00090 .00047 

3 .0013 .00060 
3 wll..ogic Chip .0013 .00064 

4 .0017 .ooon 
4 w/logic Chip .0018 .00081 

5 .0022 .00094 
6 .0026 .0011 
7 .0030 .0013 
8 .0034 .0015 
9 .0039 .0016 

10 .0043 .0018 
11 .0047 .0020 
12 .0052 .0021 
13 .0058 .0023 
14 .0060 .0025 
15 .0065 .0026 

At, • .00043(C) + ~C• for Segment Displays 

At,• .00009 + .00017(C) + ~C• Diode Array Displays 

C • Number of Chara:ters 

~ - .000043 for Displays with a Logic Chip 

• 0.0 for Diaplays without Logic Chip 

NOTE: The number of characters in a display is the 
number of characters contained in a liogla sealed 
package. For example, a 4 character display 
comprising 4 separately packaged slngle characters 
mounted together would be 4-one character displays, 
not 1-four character dlsplay. 

Oually Factor - Ka 
Quality no 
JANTXV 0.7 

JANTX 1.0 
JAN 2.4 

Lower 5.5 
Plastic 8.0 

6-20 

Tefl1)8rature Factor - KT 

TJ ("C) KT TJ("C) KT 

25 1.0 75 3.8 
30 1.2 80 4.3 
35 1.4 85 4.8 
40 1.6 90 5.3 
45 1.8 95 5.9 
50 2.1 100 6.6 
!55 2.4 105 7.3 
60 2.7 110 8.0 
65 3.0 115 8.8 
70 3.4 

K,- - exp(· 2790 (r J : 273 - 2!8) ) 

TJ • Junction Temperature (°C) 

Environment Factor - ae 

Environment tte 

Ge 1.0 

Gr= 2.0 

Gt.A 8.0 

N5 5.0 

Nu 12 

Aic 4.0 

Alf 6.0 

Aue 6.0 

AuF 8.0 

~w 17 

SF .50 

MF 9.0 

ML 24 

CL 450 
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SPECIFICATION 
MIL-S-19500 

MIL-HDBK-21 ?F 

6.1!1 OPTQl;LECTRONICS, LASER DIODE 

DESCRIPTION 
Laser Diodes with Optical Flux Densities 

< 3 MW/~ and Forward Current < 25 mJl)S 

'-p = ~1tT1t07tl7tA7tP7tE Failures/106 Hours 

Base Failure Rate - ½, 
Laser Diode Type I Al) 

GaAs/AI GaAs I 3.23 

In GaAslln GaAsP I 5 .65 

Temperature Factor • nr 
TJ ("C) nT 

25 1.0 
30 1.3 
,, C, 1.7 "'-' 
40 2.1 
45 2.7 
50 3.3 
55 4.1 
60 5.1 
65 6.3 
70 7.7 
75 9.3 

1tT • · · 1 1 ) ) exp (- 4635 ( T J + 273 . 298 

TJ - Junction Temperature (°C) 

Quality Factor - 1tQ 

Hennetic Package 

Nonhennetic with Facet Coating I 
Nonhennetic without Facet Coating 

I 

1.0 

1.0 

3.3 

I 

Forward Current Factor, 1t1 
Forward Peak Curn,nt (~) 

.050 

.1 

.5 
1.0 
2.0 
3.0 
4.0 
5.0 

10 
15 
20 
25 

I 0.13 1, 
0.17 
0.21 
0.62 
1.0 
1.6 
2.1 
2.6 
3.0 
4.8 
6.3 
7.7 
ft ft o.:, 

• Forward Peak CUT!'ent (Amps), I s 25 

NOTE: For Variable Current Sourcea, UM the Initial 
Current Vaiue. 

Appiieation Factor ffA 

Application Duty Cycle "A 
ON -- ... , 
Pulsed .1 .32 

.2 .45 

.3 .55 

.4 .63 

.s .71 

.6 .77 

.7 .84 

.8 .89 

.9 .95 
1.0 1.00 

"A• 4.4, CW 

!tA • Duty Cycle o.s, Pulsed 

NOTE: A dUiy cycle of Onii in puls.d application I 
represents the maximum amount it can be driven in 
a pulsed mode. This is different from continuous I 
wr,ve application which will not withstand pulsed 
operating levels on a continuous basis. 
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I • .. 

6.13 OPTOELECTRONICS, LASER· DiODE 

Power Degradation Factor - ttp Environment Factor - "E 

Ratio P,JP5 Kp 

0.00 .50 
.05 .53 
.10 .56 

I .15 .59 
.20 .63 
.25 .57 
.30 .71 
.35 .n 

I .-40 .83 
I .45 .91 

I .50 1.0 I .55 1.1 
.60 1.3 I .65 1.4 
.iO 1.7 
.75 2.0 I 
.80 2.5 I .85 3.3 
.90 5.0 

Environment I "E I Ge I , .o 

GF 

I 
2.0 

I GM 8.0 

I N5 I 5.0 I 

I 
Nu 

I 
12 

I AIC 4.0 

AiF 6.0 

I Aue I 6.0 I AuF 8.0 

ARW 17 

SF .50 

.95 10 MF 9.0 

I 1 n ~ .95 

I 
1tp .. 

-~) 
- < PS s 

2 (1 Ps 

ML I 24 

I CL 450 

Ps - Rated Optical Power OUlpul (mW) 

Pr - Required Optical Power Output (mW) 

NOTE: Each laser diode must be replaced when power 

I 
01..'tp1..it fa!!s to Pr for fa!!ure rate prediction to be valid. 
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Downloaded from http://www.everyspec.com

SEC et al. v. MRI 
SEC Exhibit 1009.0069 

IPR2023-00221

MIL-HDBK-217F 

8.1, DISCRETE SEMICONDUCTORS, TJ DETERMINATION 

Ideally, device case temperatures should be determined from a detailed thermal analysis of the 
equipment Device junciion ien1JiH1aure is men eaiwiiiieu with ine ioliowing ieiiiiioiiShip: 

where: 
TJ - Junction Temperature (°C) 

Tc - Casi Te."il)in""iiiui& ("C;. If no at.enr.al a.-.aay. &xisls. tt.e default case 
t8111)8ratures shown In Table 6-1 should be assumed. 

8..ic - Juncllon-to-Case Thennal Resistance ("CIW). This parameter should be 
determined from vendor, military specification sheets or Table 6-2, whichever is 
greater. It may also be estimalad by taking the reclpfoeal of the recommended 
derallng level For example, a device cteratlng recommendallon or .18 wrc would 
,eeu!! in a e .;c of 5.25 °C./W. !f e .;c cannot be determined aseume a e .;c Ya!ue of 

70"C/W. 

P • Device Worse Case Power Dissipation (W) 

The models are not 8DDlicable 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 smaller, then the device Is overstressed and these models ARE NOT 
APPLICABLE. 

Teb!e 5e1: n., ..... r--- T ................. IT-\ ...... All Environment■ 
--·~·- ....... ·····...-·-·-··- '. Cl ·-· -·· 

I Environment I T,.. C"Cl I 
I I "". - . I 
I Ge I 35 I 

I 
GF 

I 
45 

I Gu 50 
Ne:. 45 

I ~ I I N,, 50 

I 
--u 

I I AIC 60 

•·- eo 

I 
.. ,,. 

I I Aue 75 
/J.. __ '71: 

I 
,...UF 

I 
, ,J 

I ARW 60 

I SF I 35 I 
I MF I 50 I 

I 
ML 

I 
60 

I CL 45 
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I 
I 

MIL-HDBK-217F 

6.14 DISCRETE SEMICONDUCTORS, TJ DETERMINATION 

Tabie 6-2: Approximate junction-to-ease Thennai Resistance (8Jc> for Semiconducior 
Devices In Various Package Sizes• 

Package Type 8JC (OC/W) I Package Type 8JC (°C/W) 

T0-1 70 I TO-205AO 70 
T0-3 10 T0-205AF 70 
T0-5 70 T0-220 5 
T0-8 70 I 00-4 5 
T0-9 70 I 00-5 5 
T0-12 70 00-7 10 
T0-18 70 D0-8 5 
TO-28 5 00-9 5 
TO-33 70 00-13 10 
T0-39 7o OO-i4 5 
T0-41 10 00-29 10 
T0-44 70 D0-35 10 
T0-46 70 00-41 10 
TO-52 70 DO-45 5 
TQ .. 53 5 D0-204MB 70 
T0-57 5 DO-205AB 5 
TO-59 5 PA-42A,B 70 
TO-80 5 P0-36C 70 
T~S1 5 PD-50 70 
TO-63 5 PD-77 70 
TO-66 10 PD-180 70 
T0-71 70 PD-319 70 
TO-72 70 PD-262 70 
TO-83 5 PD-975 70 
TO-89 22 PD-280 70 
TO-92 70 PD-216 70 
T0 .. 94 5 PT-2G 70 
TO-99 70 PT-68 70 
T0-126 5 PH-13 70 
TO-127 5 PH--16 

..,,,. 
/U 

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 8 ,,. - . ~~ 

is higher. 
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Example 

Given: 

MIL-HDBK-217F 

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 Wat 25°C, both sides, with T max= 200°c, operating in linear service at 
55°C case temperature in a sheltered naval environment. Side one, NPN, operating at 
0.1 W and 50 percent of rated voltage and side iwo, PNP, operating at 0.05 Wand 30 
percent o! rated voltage. The device operates at less than 200 MHz. 

Since the device is a bipolar dual transistor operating at low frequency (<200 MHz), it falls into the 
Transistor, Low Frequency, Bipolar Group and the appropriate model is given in Section 6.3. Since the 
device is a dual device, it Is necessary to compt,18 the failure rate of each side separately and sum them 
together. Also, since 8Jc is unknown, eJC - 70°C/W will be assumed. 

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

).b 

nn 
nr2 
.,,. . = .. A 

nR 

ns1 

ns2 .. 
xo 
xe -

.00074 

2.2 

2.1 

1.5 
.68 

.21 

.11 

2.4 

9 

Side 1, TJ .. Tc+ 8Jc P"' 55 + 70(.1) = 62°C 
Side 2, T J "' 55 + 70( .05) = 59°C 

Usir,g equation shown with nR table. Pr = .35 W 
Sida 1, 50% Voltage Strnss 
Side 2, 30% Voltage Stress 

SIDE 1 SIDE2 
Ap At, 1tT1 xA nR 1t51 no xE + At, xT2 xA 1tR 7ts2 no 1te 

'1J .. (.00074)(2.2)(1.5)(.68)(.21 )(2.4)(9) + (.00074)(2.1 )(1.5)(.68)(.11 )(2.4)(9) 

.011 Failures/106 Hours 
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i 
1 MIL-HDBK-217F 

7. 1 TUBES. ALL TYPES EXCEPT TWT AND MAGNETRON 

DESCRIPTION 
All Types Except Traveling Wave Tubes and Magnetrons. 
Includes Receivers, CRT, Thyratron, Crossed Field Amplifier, 
Pulsed Gridded, Transmitting, Vidicons, Twystron, Pulsed 
Klystron, CW Klystron 

Ap = ).b1tL 1tE Failures/106 Hours 

Base Failure Rate - Ab 
nncludes Both Random and Wearout Failures> 

Tube Type ;>..b Tube Type ~ 
Receiver Klystron. Low Power, 

Triode, Tetrode, Pentode 5.0 Ce.a. Local Oscillator) 30 
Power Rectifier 10 

CRT 9.6 Klystron, Continuous Wave• 
Thvratron 50 3K3000LQ 9.0 
Crossed Field Amplifier 3K50000LF 54 

OK681 260 3K210000LQ 150 
SFD261 150 3KM300LA 64 

Pulsed Gridded 3KM3000LA 19 
2041 140 3KM50000PA 110 
6952 390 3KM50000PA 1 120 
7835 140 3KM50000PA2 150 

Transmitting 4K3CC 610 

Triode, Peak Pwr. S 200 KW, Avg. 75 4K3SK 29 

Pwr. S 2KW, Freq. S 200 MHz 4K50000LO 30 

Tetrode & Pentode, Peak Pwr. 100 4KM50LB 28 

S 200 KW, Avg. Power S 2KW, 4KM50LC 15 
Freq. S 200 KW 4KM50SJ 38 

If anv of the above limits exceeded 250 4KM50SK 37 

Vidicon 4KM3000LR 140 

Antimony Trisulfide (Sb2S3) 4KM50000LQ 79 
4KM50000LR 57 

Photoconductive Material 51 4KM170000LA 15 
Silicon Diode Array Photoconductive 8824 130 
Material 48 8825 120 

Twystron 8826 280 
VA144 850 VAS00E 70 
VA145E 450 VA853 220 
VA145H 490 VA8568 65 
VA913A 230 VA888E 230 

Klystron, Pulsed• 
4KMP1 0000LF 43 
8568 230 • If the CW Klystron of interest is not listed above, 
L3035 66 use the Alternate CW Klystron Ab Table on the 
L3250 69 
L3403 93 following page. 

SAC42A 100 
VA842 18 
Z5010A 150 
ZM3038A 190 

• If the pulsed Klystron of Interest is not listed above, 
use the Alternate Pulsed Klystron Ab Table on 
the following page. 
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MIL-HDBK-217F 

7. i 'fUBi:S1 ALL TYPES EXCEPT TW'f AND MAGNETRON 

Alternate• Base Failure Rate for Pulsed Klystrons - 4. 
I I F(GHz) i 

PfMWI .2 .4 .6 .8 1.0 2.0 4.0 6.0 

.01 16 16 16 16 16 16 16 16 

.30 16 16 17 17 17 18 20 21 

.80 16 17 17 18 18 21 25 30 
1.0 17 17 18 18 19 22 28 34 
3.0 18 20 21 23 25 34 51 
SaO 19 22 25 28 31 45 75 
8.0 21 25 30 35 40 63 110 

10 22 28 34 40 45 75 
25 31 45 60 75 90 160 

¾, - 2.94 (F)(Pi + 16 

F - Operating Frequency in GHz, 0.2 s F s 6 
p - Peak OU!put Power in MW, .01 s P s 25 and 

P s 490 F"2·95 

"See previous page for other Klystron Base Failure 
Rates. 

Alternate· Base Failure Rate for CW Klystrons - "b 
t=ft.Al-17\ . , .... ,_, 

P(KW) 300 500 800 1000 2000 4000 6000 8000 

0.1 30 31 33 34 39 47 57 55 I 
1.0 31 32 33 34 39 48 57 66 
3.0 32 33 34 35 40 49 58 
5.0 33 34 35 36 41 50 
8.0 34 35 37 38 42 

10 35 36 38 39 43 
30 45 46 48 49 
so 55 56 58 59 
80 70 71 73 

100 80 81 

l. .. O.SP + .nM4~1= ~ ?Q 
"'l) 

p - Average Output Power in KW, 0.1 s P s 100 
__ ....,_ ~ -- ft l"\l<ll'\\.61f!"\"'1.7 
Clltu r'" ~ O.U\ IV} \r .. J 

F - Operating Frequency in MHz, 
300SFS 8000 

·see previous page for other Klystron Base Failure 
Rates. 

7-2 

Learning Factor - "L 

T (years) ,cl 

s 1 10 

2 2.3 

~ 3 1.0 

"L = 10(n"2·1,1sTS3 
• 10, Ts 1 
= 1, T2:3 

T = Number of Years since Introduction 
to Fieid Use 

Environment Factor - nE 

Environment ff.-··c 
,,... 

""' us .;;JV 

GF 1.0 

GM 14 

Ne, 8.0 
w 

I "'·· 24 "U 

A1c I 5.0 

A1F 8.0 

Aue 6.0 

AuF 12 

ARW 40 

SF .20 

MF 22 

ML 57 

CL 1000 

I 
I 

I 
I 

I 
I 

I 

I 
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DESCRIPTION 
Traveling Wave Tubes 

7.2 TUBES TRAVELING WAVE 

Environment Factor - iti:: -Base Failure Rate - At> Environment "e Frequency (GHz) 
Power (W) .1 1 2 4 6 8 10 14 18 Ga 1.0 

100 11 12 13 16 20 24 29 42 61 GF 3.0 
500 11 12 13 16 20 24 29 42 62 

1000 11 12 14 16 20 24 29 43 62 GM 14 

3000 12 13 14 17 21 25 30 44 65 
5000 12 13 15 18 22 26 32 46 68 

N5 6.0 

8000 13 14 16 19 23 28 33 49 72 
10000 14 15 16 20 24 29 35 51 75 

II.I •• 21 .. u 
15000 15 16 18 22 26 32 39 56 83 
20000 17 18 20 24 29 35 43 62 91 

A1c 10 

30000 20 22 24 29 36 43 52 76 110 AIF 14 
40000 25 27 30 36 43 53 64 93 140 

Aue 1 1 

¾ = 11(1.00002iP (1.1t 
AuF 18 

ARW 40 
p - Rated Power in Wans (Peak, if Pulsed), 

.001 s P s 40,000 SF .10 

F - Operating Frequency in GHz, .3 s F s 18. 
MF 22 

If the operatlng frequency Is a band, or two different 
v;::alJJAit:. IJQ.A thA nAnmAtril" mA:iin nf tha anti nnint 
--·---· --- --··- ::,--···-···- ···--·· -· u, ... -··- ,., ... ,.,~ 

ML 66 

C, 1000 
L. 

frequencies when using table. 
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7.3 TUBES MAGNETRON 

DESCRIPTION 
Magnetrons, Pulsed and Continuous Wave (CW) 

Base Failure Rate - At, 
Frequency (GHz) 

PIMWI . 1 .5 1 5 10 20 30 40 50 60 70 80 90 100 
.01 1.4 4.5 7.6 24 41 67 n, 

◄ '" 130 150 170 "'" 200 220 "' I IV , .. v 
.05 1.9 6.3 10 34 56 93 120 150 180 210 230 260 280 300 
. 1 2.2 7.2 12 39 64 110 140 180 210 240 270 290 320 350 
.3 2.8 9.0 15 48 80 130 180 220 260 300 330 370 400 430 
.5 3. 1 10 17 54 89 150 200 240 290 330 370 410 440 480 

1 3.5 11 19 62 100 170 230 280 330 380 420 470 510 550 
3 4.4 14 24 n 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 Megnetrons: cw Magnetrons (Rated Power c 5 KW): 

At, - 19(F)"73 (P)"20 ~- 18 
F - Operating Frequency in GHz, .1 s F :s; 100 

p = Output Power in MW, .01 :s; P:s; 5 

Uti!!ization Factor - nu Environment Factor • 11E 

Utilization (Radiate Hours/ 
FHament Hours) nu 

Environment nE 

Gs 1.0 
0.0 .44 
0.1 so GF 2.0 

0.2 .55 
0.3 .61 

GM 4.0 

0.4 .66 NS 15 
0.5 .72 
0.6 .78 Nu 47 

0.7 .83 
0.8 .89 

AIC 10 

0.9 .94 AIF 16 
1 .0 1 .o 

Aue 12 

nu = 0.44 + 0.56A 
A,-~ 23 . ·u~ 

R = Radiate Hours/Filament Hours 
ARW 80 

SF .50 

Construction nc 

Construction Factor • nc MF 43 

ML 133 

CL 2000 
CW (Rated Power < 5 KW) 1.0 

Coaxial Pulsed 1.0 

Conventional Pulsed 5.4 
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8.0 LASERS. IN I NUUU\i I IUN 

The models and failure rates presented In this section apply to laser QtQJHar items only. i.e., those items 
wherein the lasing action is generated and controDed. 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 parts should be determined with the same procedures as used for other 
eleeironle and rr-ieehanieal deviees in ihe equlpirieiil or syste.Ti of wtilch the laser is a pait. 

The laser failure rate models have been developed at the -runctional; rather than •piece part· level 
because the available data were not sufficient for •piece part• model development. Nevertheless, the 
iaser iuneiionai i'i'iOdeis are inciuaed in ihis Handbook in the interest of wi'i"1ieteness. These laser 
models will be rev'.sed to L'!Clude piece pa.at models a.'ld other laser types when the data become ava.Jlable. 

Because each laser famDy can be designed usmg a variety of approaches, the failure rate models have 
been structured on three basic laser functions which are common to most laser families, but may differ In 
the hardware Implementation Of a given fUnctlon. These fUnctions are the lasing media, the laser pumping 
mechanism (or pump). and the coupling method. 

Examples of media-related hafdware and rellablllly Influencing factors are the solid state rod, gas, gas 
pressure, vacuum integrtty, gas m!x, ct..-tgasslng, and tube diameter. The electrical discharge, the 
flashlamp, and energy level are exall1)1es of pump-related hardware and reliability Influencing factors. The 
coupling function reliability influencing factors are the ·a• switch, mirrors, windows, crystals, substrates, 
coatings, and level of dust protection provided. 

some of the laser models reauire the number of active ootical surfaces as an inPUt oarameter. An active 
optical surface is one with which the laser energy (or beam) interacts. Internally reflecting surfaces are not 
counted. Figure 8-1 beiow iiiustrates exampies of active opticai surfaces and count. 

Tai..,...._._ 

rn On.MW upiicaiS... -dll 
llJ ... __ 
n T-Act-~---rr-

Pwllally Roi-
(PRililniif 
_, 

~H--- T--Optlcal Su-

LU 

p,.,,, 

-~ vv NaTE: ThaT--0pllcll 
SUllacNPrllmhM_,2 _ 
____ ...._ 

~ /\/\ .,. ..,, l1lbjecl 10 -mai parlicuiale 
CDfUmlMlon 

-i.-a.... 

Figure 8-1: Examples of Active Optical Surfaces 
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DESCRIPTION 
Helium Neon Lasers 
Helium Cadmium Lasers 
Argon Lasers 

Aµ= AMEDIA7tE + ACOUPUNG7tE Failures/106 Hours 

Lasing Media Failure Rate - '-MEDIA Environment Factor - nE 

Type A.MEDIA 
Environment nE 

He/Ne 84 
Gs .30 

GF 1.0 
He/Cd 228 GM 4.0 

Argon 457 Ns 3.0 

Nu 4.0 

A1c 4.0 

AIF 6.0 

Coupling Failure Rate - "cOUPLING Aue 7.0 

Types "cOUPLING AUF 9.0 

Heiium 0 
ARW 5.0 

Argon 6 
SF .10 

MF 3.0 

NOTE: The predominant argon laser failure 

mechanism is related to the gas media (as reflected 

ML 8.0 

CL NIA 

in '-MEDIA; however, when the tube is refilled 
periodically (preventive maintenance) the mirrors 
(as part of A.COUPLING) can be expected to 
deteriorate after approximately 1 o4 hours of 
--------♦: ......... :, : .... -----·---· ••• : .......... __ .--1:-- ......... ___ ·--:--UJ,.Je'ldllUfl II 111 \,..;UlllCll.,;l Wllll lll'=' Ul~\,..;IICIIYt=' lttylUII. 

i..cOUPUNG is negligible for helium lasers. 
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8.2 LASERS, CARBON DIOXIDE, SEALED 

DESCRIPTION 
CO2 Sealed Continuous Wave Lasers 

A.p = A.MEDIA7t07tB1tE + 10 1t0S7tE Faiiures/106 Hours 

Lasing Media Faiure Rale -¾.=ntA .. - . 

Tube Current (mA) ~EDIA 

10 240 
20 930 
30 1620 
40 2310 
50 3000 

100 6450 
150 9900 

~EDLJ\ • 69(1) · 450 

I• Tube Current (mA), 10 s Is 150 

Gas CNerfill Factor• 11:Q 

CO2 Overfill Percent (%) 1to 

0 1.0 

25 .75 

50 .50 

ff() • 1 - .01 (% Overfill) 

Overfill percent is based on the percent increase 

over the optimum ~ partial pressure which is 
normally in ih■ range of 1.5 ID 3 Torr ( 1 Torr • 1 

mm Hg Pressure) for most sealed ~ lasers. 

Ballasl Factor - "a 
Percent of BallaSI 
Volumetric Increase 7t9 

0 1.0 
50 .58 

100 .33 
150 .19 
200 .11 

11:B • (1 /3) (% Vol. lnc./100) 

...._ - U C "' 

Optical Surface Factor - xos 

Jtos - Number of Active Optical Surfaces 

NOTE; Only s:live optical eurfaou are 
counted. An active optical surface is one with 
which the i-r energy or beam iniwacia. 
Internally reflecting surfaces are not counted. 
See Figure &-1 for examples on determining the 
number oi optical surfaces. 

Environment Factor - xe 

Environment KE 

Gs .30 

Gi= 1.0 

~ 4.0 
.. ._ ,. n 
n5 ....... 
Nu 4.0 

AIC 4.0 

A1F 6.0 

Aue 7.0 
A on 
"UF ;;,.v 

ARW 5.0 

SF .10 

MF 3.0 

ML 8.0 

CL NIA 
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8.3 LASERS, CARBON DIOXIOE 1 FLOWING 

DESCRIPTION 
CO2 Flowing Lasers 

'-p = ACOUPLING7t0S7tE Failures/106 Hours 

Coupiing Faiiure Rate - A.COUPLING Environment Factor - ffE 

Power (KW) AcouPLING 
Environment ffE 

.Oi 3 
GB .30 

.1 30 GF 1.0 
1.0 300 

GM 4.0 

Ac:OUPLJNG • JOOP N5 3.0 

P • Average Power Output in KW . . 01 s P s 1.0 Nu 4.0 

Beyond the i KW range other giass iaiiure mechanisms A!C 4.0 

begin to predominate and alter the i-coUPLING values. A1F 6.0 

it should also be noted that CO2 iiowing laser optical 
A "7 ,., 

"'UC / .u 

devices are the primary source oi iaiiure occurrence. AuF 9.0 
A tailored optical cleaning preventive maintenance 

program on optic devices greatly extends laser life. 
ARW 5.0 

SF .10 

MF 3.0 

Active Optical Surfaces nos 
Optical Surface Factor - itoS 

ML 8.0 

CL NIA 

1 1 

2 2 

nos - Number of Active Optical Surfaces 

lo.l'°'"T"'r, ,-.,._'-• _ _.: •• __ _.1--t _, • .J---- -•- --••-----' 
1'1U IC. VIIIY dl,,;UVt:11 Ul,JUl,,;dJ ~Ufldl,.;t:I~ dlt:11 U.JUlllt:IIU. 

An active optical surface Is one with which the laser 
energy or beam interacts. Internally rellectlng 
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-Yttrum-Auminum-Gamet (ND:Y AG) Rod Lasers 

Ruby Rod Lasers 

A.p = (A.PUMP+ ,.MEDIA+ 16.31tcJtos) 1tE Failures/106 Hours 

Purr~ Pulse Failure R8ta - A.PUMP 
CXenon Flashla~I 

The empirical formula used to determine "PUMP 

(Failures/1o6 Hours) for Xenon lamps is: 

¼>UMP is the failure rate contribution of the Xenon 
flashlamp or flashtube. The flashlamps 
evaluated herein are linear types used for 
military solid state laser systems. Typical 
default mOOei parameters are given beiow. 

PPS 

Ej 

d 

L 

is the repetition pulse rate in pulses per 
second. Typical values range between 1 
and 20 pulses per second. 

is the flashlamp or ftashtube input energy 
per pulse, in joules. Its value is determined 
from the actual or design input energy . For 
values less than 30 joules. use Ej .. 30. 
Default value: Ej - 40. 

is the flashlamp or flashtube inside 
diameter, in millimeters. 
Default value: d - 4. 

is the flashlamp or flashtube arc length in 
inches. Deiauii vaiue: L • 2. 

is the truncated pulse width in 
microseconds. Use t • 100 microseconds 
fer any truncated pu!se width exceeding 100 
microseconds. For shorter duration pulses, 
pulse width is to be measured at 1 O percent 
of the maximum current amplitude. Default 
value: t • 100. 

ltCOOL is the cooling factor due to various cooling 
media immediately surrounding the 
flashlamp or flashtube. ncooL • 1.0 for 
~nu ~ir l"lr ir1ftrt ,.!!II~ ,......,Jiftrl - _ 1 f,..., 
.,.,.1 ~,, v, n,v11 !:fC1.a '"""'""'"''~• "·C()()L - • I '""'' 

all liquid cooled designs. Default value: 
1tcooL •. 1, liquid cooled. 

Puiil) P-1..dse Failun; Rate - lpuMP3 
CKrvoton Aashtarrosl 

The empirical formula used to determine "PUMP for 

Krypton lamp is: 

~P. [625] [,o<0·9 ~] [~oa.] Failures1106 Hours 

A.PUMP ts ihe taiture f'aie ecmrrotiiion of th& ki'Ypton 

flashlamp or flashtube. The flashlamps 
evaluted herein are the continuous wave 
(CW) type and are most widely used tor 
commercial solid state applications. They 
are approx-imately 7mm in diameter and 5 to 
6 inches long. 

p 

L 

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

ic:: tho fl::1c::hl:1rnp nr fl::1c.ht11ho ~,.,... longth in 

inches. Default value: L - 2. 

'ICCOOL is the cooling factor due to various cooling 

media immediatety surrounding iha flashlamp 
or flashtube. ncooL .. 1 for any air or inert 

gas cooling. nCOOL •. 1 for all liquid 

designs. Default value: nCOOL • .1, liquid 
cooled. 

t.1edia Failure Rate - ~EOIA 

Laser Type )..MEDIA 

ND:YAG Q 

Rubv /3600) (PPSl r43.5 F2·521 

PPS is the number of pulses per second 

F is the energy density in Joules per cm.2/pulse 
over the cross-sectional area of the laser 
beam. which is nominally equivalent 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: AMED!A is negligible for ND:YAG lasers. 

8-5 



Downloaded from http://www.everyspec.com

SEC et al. v. MRI 
SEC Exhibit 1009.0081 

IPR2023-00221

MIL-HDBK-217F 

8.4 LASERS, SOLID STATE, ND :YAG AND RUBY ROD 

Coupling Cleanliness Factor - xc; Environment Factor - "E 

Cleanllneu uvel "'c Environment "E 

Rigorw1 dwnllneA procedures 1 
and 1nlinecl malnt81 • ice 
j)iH90Mel. Bellowl prcwld;;d oimF 

I Ge .30 

GF 1.0 

opllcal train. Gu 4.0 ... 
Minimal prlllCallloM during opanlng, 30 
rnaln1enance, repmr, and testing. 
Belows provided over opllcal 11'8in. 

N5 3.0 

Nu 4.0 

Minimal precaJ11ons during opanlng, 60 Aic 4.0 
malntenslce, repair, and telling. No 
bello- pr0¥ided ovw opdcal vain. AIF 6.0 

Aue 7.0 

NOTE: Although NIiied ~ tend 10 be reliable 
once compatible materiaht have been selected and AuF 9.0 

proven, extreme care must sttn be taken to prevent 
the entrance ol particulates during manulae1uring. 
lield flashlamp replacement, or routine maintenance/ 
repair. Contamination !a the major cause ol solid 
state laser maHunclion, and special provisions and 

ARW 5.0 

SF . 10 

MF 3.0 

vigiianoe must continually be provided ,o maintain the I 
cleanliness level required. i ML 8.0 

CL NIA 

Optical Surface Factor - xos 
Active Optlcal Surfaces 1tos 

, , 
2 2 

"oS • Number ol Active Optical Surfaces 

NOTE: Only active optical surfaces are oounted. 
An ae!l\/9 opt!t'Sll turfa_ce la one wilh which the LRAer 
energy or beam Interacts. Internally reflecting 
surfaces are not counted. See Figure 8-1 for 
~amptes~d~emiimng~enurnbermoptlcal 
surfaces. 
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9.0 RESISTORS, INTRODUCTION 

This section includes the active resistor specifications and. in addition, so;r,e olderfmac:tive specif.cations 
are included because of the large nurmer of equipments stlll In field use which 00ntaln these parts. 

The Established Reliability (ER) resistor family generaly has four qualHlcation failure rate levels when 
tested per the requirements of the applicable specification. These qualificatiOn failure rate levels differ by 
a factor of ten (from one !eve! to the next). However, f!e!d data has shown that these failure rate levels 
differ by a factor of about only three, hence the Ka 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 resi&kHs. The models have been struclurad 
such that derating rurves do not have to be used to find the base failure rate. The rated power for the 
stress ratio is e<JJal to the tun nominal rated oower of the resistor. For exarmle. a MIL-R-39008 resistor has 
the following de.rating curve: · · · 

100 
·o 
< 
0 80 
~ 

Cl w 
I- 60 c( 
a: 

~ 40 
w 
(.) 
a: w 20 a. 

0 
0 

70 

\ 
\ 
' \. \ 

~ 

~30 

40 80 120 

AMBIENT TEMPERATURE !N 
DEGREES CELSIUS 

Figure 9-1: MIL•R-39008 Deratlng Curve 

This particular resistor has a rating of 1 watt at 70°C ambient, or belOw. If It were being used in an ambient 
te!'Tl)erature of 100°c, the rated power for the stress calculation would st!!! be 1 watt, om 45% Of 1 watt (as 
read off the curve for 100°C). Of course, while the deratlng curve Is not needed to determine the base 
failure rate, it rrust still be observed as the maxirrum operaling condition. To aid in determining if a resistor 
is being used within raied condiiions, the base faiiure rate iabies show entries up to cenaln combinations 
of stress and temperature. If a given operating stress and temperature point falls in the blank ponion of 
the base failure rate table, the resistor is overstressed. Such mtsapplicatlon would require an analysls of 
the circuit and operating conditions to bring the resistor within rated conditions. 
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9 .1 RESISTORS, FIXED1 COMPOSITION 

DESCRIPTION SPECIFICATION 
MIL·R-39008 
MIL-R-11 

STYLE 
RCR 
RC 

Resistors, Fixed, Composition (Insulated). Established Reliability 
Resistors, Fixed, Composition (Insulated) 

Base Failure Rate - At> Quality Factor - 1tQ 

Stress 
TA ("Cj . 1 .3 .5 .7 .9 

Quality 1tQ 

s .03 
0 .00007 .00010 .00015 .00020 .00028 

10 .00011 .00015 .00021 .00030 .00043 
20 .00015 .00022 .00031 .00045 .00064 R 0.1 

30 .00022 .00031 .00046 .00066 .00096 
40 .00031 .00045 .00067 .00098 .0014 

p 0.3 
50 .00044 .00066 .00098 .0014 .0021 
60 .00063 .00095 .0014 .0021 .0032 M 1 .o 
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 

.9 ( c•273)) c c•273)) ¾ = 4.5 x 10 exp 12 343 exp :-S 273 Environment 1tE 

Gs 1.0 

Environment Factor - nE 

T = l:J.."'hiarit T o,n,_nor~t11ro /Or_\ r"',,....,,,..,..,~ I...,,.,~, ... ,.,.,""\ -, 
GF 3.0 

s - Ratio of Operating Power to Rated Power 
GM 8.0 

Ns 5.0 

Nu 13 

Resistance Factor - 1tR Ate 4.0 

Resistance Range (ohms) nR A1F 5.0 

< .1 M 1 .0 Aue 7.0 

AuF 11 
1 lj tn -I lj 1 1 :>. I JVI LV I n,t I, I 

ARW 19 

> 1.0 M to 10 M 1.6 SF .50 

> 10M 2.5 MF 11 

ML 27 

CL 490 
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SPECIFICATION 
MIL-R-39017 
MIL-R-22684 
MIL-R-55182 
MIL-R-10509 

STYLE 
RLR 
RL 
RN (A, C, or N) 
RN 

9.2 RESISTORS1 FIXED, FILM 

DESCRiFiiON 
Fixed, Film, Insulated, Established Reliability 
Fixed, Film, Insulated 
Fixed, Film, Established Reliability 
Fixed, Film, High Stability 

). - l "" - 1t F,.;1, '""'S/106 I-In,,,.., ·~-'"b'"'R""a E IL,l,llll.,,ll'-,j '''"'u'" 

Base Failure Rate - '-t, Base Failure Rate • At, 
(MIL-R-22684 and MIL-R-39017) (MIL-R-10509 and MIL-R-55182) 

Stress ~-._,ll~ 

TA ("C) ., .3 .5 .7 .9 TA ("C) .1 .3 .5 .7 .9 ,, . 

0 .00059 .00073 .00089 .0011 .0013 0 .00061 .00074 .00091 .0011 .0014 

10 .00063 .00078 .00096 .0012 .0014 10 .00067 .00082 .0010 .0012 ,0015 

20 .00073 .00091 .0011 .0014 .0017 
20 .00067 .00084 .0010 .0013 .0016 

30 .00080 .0010 .0013 .0016 .0019 

30 .00072 .00090 .0011 .0014 .0018 40 .00088 .0011 .0014 .0017 .0022 

40 .00078 ,00098 .0012 .0016 .0019 so .00096 .0012 .0015 ,0020 ,0025 

60 .0011 .0013 .0017 .0022 .0028 
50 .00084 .0011 .0014 .0017 .0022 70 .0012 .0015 .0019 .0025 .0032 
60 .00092 .0012 .0015 .0019 .0024 80 .0013 .0016 .0021 .0028 I .0036 

I 
70 .0010 .0013 .0017 .0021 .0027 

80 .0011 .0014 .0018 .0024 

90 .0012 .0016 .0021 .0027 

. "" .0013 .0018 .0023 IVV 

110 .0015 .0020 .0026 

90 .0014 .0018 .0024 , .0031 .0040 

100 .0015 .0020 .0026 .0035 .0045 

110 .0017 .0022 ! .0029 .0039 .0051 

120 .0018 .0024 1.0033 .0043 .0058 

130 .0020 I .0027 .0036 ,0049 .0065 
140 .0022 I .0030 .0040 .0054 

150 .0024 .0033 .0045 
120 .0017 .0023 160 .0026 .0036 

130 .0019 170 ,0029 

140 .0022 
-5 ( (T+273\) ( 'T+ 273)) At>• 5x 10 exp 3.5 398 J exp S \ ~ 

. C+2-· 3 1 C ,.._, ~ At>•3.25x10-4exp ~~) ex S ;;~")) T - Ambient Temperature (°C) 

s .. Ratio of Operating Power to Rated Power 
T - Ambient Temperature (°C) 

s - Ratio of Operating Power to Rated Power NOTE: Do no! use M!L-A-10509 (Characterist,c B) 
below the line. Points below are overstressed. 
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9.2 RESISTORS FIXED FILM 

Resistance Range (ohms) n:R 

Resistance Factor - xR 
-···· 

Environment 1tE 

Fnvironment Factor - ne 

< .1M , .0 Ga 1.0 

~0.1 Mto 1 M 1 . 1 GF 2.0 

> 1.0 M to 10 M 1.6 ~ 8.0 

> 10 M 2.5 
Ns 4.0 

Nu 14 

Arc 4.0 

ArF 8.0 

uuahty no Aue 10 

s .03 
AuF 18 

ARW 19 

A 0.1 

p 0.3 
SF .20 

I MF 10 

M 1 .0 ML 28 

MIL-R-10509 5.0 CL 510 I 

MIL-R-22684 5.0 

Lower 15 
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SFECIFICATiON 
M!L-R-11804 

STYLE 
RD 

Base Faik.tre Rate - 't 
Stress 

TA re) . 1 .3 .5 .7 

f\ .0089 l'\t"\t\G .011 ,... " 
V .vu:,o .u1~ 

10 .0090 .010 .011 .013 
20 .0092 .010 .012 .014 
30 .0094 .010 .Oi2 .014 
40 .0096 .011 .012 .015 
50 .0098 .011 .013 .015 
eo I .010 .Oi i .013 .Oi6 
70 .010 .012 .014 .016 
80 .010 .012 .014 .017 
90 .011 .012 .015 

100 .011 .013 .015 
110 .011 .013 .016 
120 .012 .014 .016 
130 .012 .014 .017 
140 .012 .014 
150 .013 .015 
160 .013 .016 
170 .014 .016 
180 .014 
190 .015 
200 .015 
210 .016 

.9 

.015 

.015 

.016 

.017 

.017 

~ - J ( IT.273) 2.6 "\. 
7.33 X 10. exp .202( •~B ) X 

exp ( ( ,.!5 ) ( r;~;3)'eg f 3 

T - Ambient Temperature (°C) 

s . Ratio of Operating Power to Rated Power 

Resisiance Factor - n:R 
Hesistance Range (ohms) 7tR 

10 to 100 . " 1.V 

> 100 to 100K 1.2 

> 100K to 1M 1.3 

> 1M 3.5 

9.3 RESISTORS, FIXED. FILM, POWER 

DESCRIPTION 
Fixed, Film. Power Type 

Quality Factor • ?ta 
Quality xa 

MIL-SPEC 1.0 

Lower 3.0 

Environment Factor • "E 

Environment n;E 

G9 1.0 

GF 2.0 

Gtv1 10 

N5 5.0 

Nu 17 

A1c 
,... f\ 

o.v 

A1F 8.0 

Aue 14 

AuF 18 

ARW '>I: ,.., 

SF .50 

MF I 14 

ML 36 

CL 660 
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9.4 RESISTORS, NETWORK, FIXED, FILM 

SPECIFICATION 
._,11L=Fl=83401 

STYLE 
RZ 

DESCRIPTION 
Resistor t-.Je .. m>rks, FiXad, Film 

¾> • .00006 ~ n:rJR,cQ,cE Failures1106 Hours 

Temperature Factor - n:r 
Tc(°C) itr I Tc(°C) I xr 

25 1.0 80 8.3 
30 1.3 85 9.8 
35 1.6 90 11 
40 1.9 95 13 
45 2.4 100 I 15 
50 2.9 105 18 
c:c: <II C: ◄◄ n "'◄ ..,.., ..,_.., I IU ,:. I 

60 4.2 115 24 
65 5.0 120 27 
70 6.0 125 31 
75 7.1 

Tc = Casa Temperature (°C} 

NOTE: If TC is unknown, it can be estimated as 
follows: 

T,.. • 
'-' 

s -

Ambient Temperature ("CJ 

Operating Power 
Par.kago:, RatAd Pnwo:,r 

Any device operating at TC > 12s•c is overstressed. 

Number of Resistors Factoi .. nNR 

nNR ~ Number of Film Resistors in Use 

NOTE: Do not include resistors that are not used. 

Quality Factor - 1tQ 

I r't.1!1ilitu I ...-wu.111.7 I 
MIL-SPEC 

I Lower 

Environment factor .. xe 
Environment 

Gs 

GF 
r .... 
-"M 

N5 

Nu 

A!C 
A,-.. , ... 
Aue 

AUF 

ARW 

SF 

MF 

ML 

CL 

I 

9-6 

n:a 

1 

3 

fl:E 

1.0 

2.0 

6.0 I 
4.0 

14 J 
4.0 I 8.0 

I 9.0 

18 I 
19 I 

.50 

14 

28 I 510 
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SPECIFICATION 
MIL-R-39005 
MIL-R-93 

STYLE 
RBR 
RB 

Base Failure Rate - "b 
Stress 

TA ("C) . 1 .3 .5 .7 

0 .0033 .0037 .0045 .0057 
10 .0033 .0038 .0047 .0059 
20 .0034 """" ... ,.._ AI\AIG .0062 .uu~:, .UU"tO 

30 .0034 .0040 .0050 .0066 
40 .0035 .0042 .0052 .0070 
50 .0037 .0043 .0055 .0075 
60 .0038 .0046 .0059 .0081 
70 .0041 .0049 .0064 .0089 
80 .0044 .0053 .0070 .0099 
90 .0048 .0059 .0079 .011 

100 .0055 .0068 .0092 .013 
110 .0065 .0080 .011 .Oi6 
120 .0079 .0099 .014 .021 
130 .010 .013 .018 .028 
140 .014 

.9 

.0075 

.0079 

.0084 

.0090 

.0097 

.Oii 

.012 

.013 

.015 

.017 

.020 

.025 

.033 

. (T+273\ lO /_/T + 273)) 1·5 
¾ ... 0031 exp ""':i98} exp l::; \ 273 

T - Ambient Temperature (°C) 

s - Ratio of Operating Power to Rated Power 

Resistance Factor - 1tR 

Resistance Range (ohms) 1tR 

Up to 10K 1 .0 

> 10K to 100K 1. 7 

> 100K to 1M I 3.0 

> 1M 5.0 

nCC!-T'DIDTlr,a.1 

9.5 RESISTORS, FIXED, WIREWOUND 

DESCRIPTION 
Fixed. Wirewound, Accurate, Established Reliability 
Fixed, Wirewound, Accurate 

Q-.;ality Factor -1tQ 
Quality 1to 

s .030 

R .10 

p .30 

M 1.0 

MIL-R-93 5.0 

Lower 15 

Environment Factor - xE 

Environment 1tE 

Gs 1.0 

GF 2.0 

~ 
, , 

NS 5.0 

Nu 18 

Ate 15 

I ArF I 18 

Aue 28 

A,,~ 35 ··ur-

ARW 27 

SF .80 

MF 14 

ML 38 

CL 610 

9-7 
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ft It:. ... u RESISTORS, FIXED, l&ll~~l&.11"\I l._ll"'llt. ,..,,nc.nuunu1 POWER 

SPECIFICATION 
MIL-A-39007 
MIL-A-26 

STYLE 
AWA 
RW 

Base Faiiure Rate -~ 
Stress 

. A I.,, I . ' ..... ..... "' I/< 7 ., ·" I 
ft 

0 I .00~ .0062 .0093 .014 .021 I 
-~~~ I 10 .0045 .0068 .010 .016 

20 I .0048 .0074 .011 .Oi7 .u,, 
30 .0052 .0081 .013 .020 ,031 
40 I .0056 .0089 .014 .022 .035 

.0061 .0097 .025 
---

50 .016 .o.w 
60 I .0066 .Oil .Oi7 .028 
70 .0072 .012 .020 .032 
80 I .0078 .013 .022 .037 
90 

I 
.0085 .Oi4 .025 .042 

100 .0093 .016 .028 .048 

110 .010 .018 .031 .055 
120 I .011 .020 .036 .063 
130 I .012 .022 .040 
140 .014 .025 .045 
150 I .015 .028 .052 

160 .017 .032 .060 
170 I .019 .036 .068 
150 n'>1 nAn n7o 

I 
.v, I .v-.v .v,o 

190 .023 .046 
200 I .026 .052 

210 .029 .059 
""" 

,,..,,, ,,,. " ,r;.,c.v I 
.u..,.., .uoo 

230 .037 .077 
240 .042 .088 
250 .047 .iO 

260 .054 
270 .061 
280 .06 
290 .079 
300 .091 
310 .10 

¾ • .00148 exp C;!;-3) 2 ex{ { 1) { T+273\ l 
\ 273 I) 

T - Amhi..:tnt Tamn1:1r::1t1,,.o /Of'.:\ ... , .............. ·-···1""'-·-·-·- \ -, 
s .. Ratio of Operating Power to Rated Power 

NOTE: Do not use MIL-R-39007 Resistors below the 
Jina. Points below are overstressed. 

9-8 

DESCRIPTION 
Fixed, Wirewound, Power Type, Established Rellabillty 
Fixed, Wirewound, Power Type · 

Resistance Factor - 11:R 
(MIL-R-39007) 

! Rasisia.nCii R&i'f'1W lohmsl ,~ Up >500 >1K :,,9( .. 1.s >10K .. 151< 
10500 1D 10 to IC 10 " 1D 

I Stvt.. 1K 51( 7.51( 10K 1SK 201( ,-20( 

i RWR 1.0 1.0 I 1.2 I 1.2 I 1.6 I 1.6 , .6 NA 

I 71 I RWR 1.0 1.0 1.0 , .2 1,6 , .6 NA NA 
I 74 

RWR 1.0 1.0 1.0 1.0 1.2 1.2 1.2 1.6 
78 

RWR 1.0 1.2 , .6 1.6 NA NA 1'1-~ NA 
80 

fM'R 1.0 1.5 NA NA NA NA NA NA 
81 

FfNR 1.0 1.5 1.5 NA NA NA .. , .. NA ,,,., 
82 

A'.,\'R 1.C 1.0 1 1 1 .., 1 .., 1 "' •1A .IA ,. ' ,., ,., I ,<> ,,,., ,...,... 
84 

..,. . ...., • ft . ~ t,!A ... . .. NA NA n••n ,.v I.V , ... '"" "" 89 

Quality Factor - 1to 
Quality no 

I 
s .03 

I R . i 0 
p .30 

M 1 .0 

MIL-R-26 5.0 

Lowei 15 



Downloaded from http://www.everyspec.com

SEC et al. v. MRI 
SEC Exhibit 1009.0090 

IPR2023-00221

I 

I M~26 

I
I RW10 

RW11 
AW12 
RW13 
RW14 
Fiff15 
RW16 
RW20 
RW21 
Fr,/,122 
RW23 
RW24 
RW29 
RW30 
RW31 
FrN32 
RW33 
RW34 
RW35 
Fr,/,136 
RW37 
RW38 
Ff/t!39 
RW47 
RWSS 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
i.O 
1.0 
1.0 
, .o 
1.0 
1.0 
, .0 
1.0 
1.0 
1 .0 

MIL-HDBK:217F 

9.8 RESISTORS. FIXED. WIREWOUND1 POWER 

Resistance Factor- ffR 

Resistance Ranae (ohms) I 

1 .o I 1.0 I 1 .o I 1.2 I 1.6 

ti I ti I i:i I : I = 
1.0 1.0 2.0 NA 
i.O 
1.2 
1.0 
1.0 
1.0 
1.0 
1.0 
, .o 
1.2 
1.0 
i .0 
, .o 
1.0 
, .0 
1.0 
1.0 
, .0 
1.0 
1.0 
, .0 . ,.. 
I.U 

1.0 
,.o 
1.0 
1.2 
1.0 
'i.O 
1.0 
1.2 
1.2 

t.2 
1.4 
1.6 
1.2 
1.2 
1.0 
,.o 
1.4 
1.6 
1.4 
i .2 
1.0 
1.0 
1.0 
1.2 
1.2 
1.0 
1.0 
1.0 
1 .4 ... 
'·"" 1.0 
1.0 
NA 
1.4 
1.2 
1.0 
1.4 
1.6 
NA 

2.0 
NA 
NA 
2.0 
1.6 
1.4 
1.2 
NA 
NA 
NA 
NA 
1.4 
1.4 
1.4 
1.5 
1.6 
1.4 
1.4 
1.4 
2.4 .. ., 
.c:.o 
NA 
NA 
NA 
NA 
1.6 
1.6 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
t,I_,\ 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
1.6 
1.5 
1.6 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
N.-\ 
NA 
NA 
2.0 
2.0 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Environment Factor - 1fe 
E11virorm111mi 

Ge 
Ge 

I 

Aie 

A1F 

Aue 
A11c ..,, 

1.0 

2.0 

10 

5.0 

16 

4.0 

8.0 

9.0 

18 

23 

13 

34 

610 

.30 
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9.7 RESISTORS, FIXED, WIREWOUND, POWER, CHASSIS MOUNTED 

SPECiFiCA iiON 
U'I -R-~anna 

MIL-R-18546 

STYLE 
REA 

RE 

Base Failure Rate - >..t, 
Stress 

TA ("Cj . i .3 ,5 .7 

0 .0021 .0032 .0049 .0076 
10 .0023 .0036 .0056 .0087 
20 .0025 .0040 .0064 .0100 
30 n.n,i,.o ,.,,. .. c nn"7"> n•'> 

I .uu~o .uva+;;::, .vv,c. .v,, 
40 .0031 .0050 .0082 .013 
50 I .0034 .0056 .0093 .016 
60 .0037 .0063 .Oi i .... ~ 

I 
.UIO 

70 .0041 .0070 .012 .021 
80 .0045 .0079 .014 .024 
90 I .0050 .0088 .016 .028 

100 .0055 .0098 .018 .032 
110 I .0060 .011 .020 
120 

I 
.0066 .Oi2 .023 

130 .0073 .014 .026 
140 .0081 .015 .030 
150 I .0089 .017 .034 
150 .0098 .019 
170 .011 .022 
180 .012 .024 
""' .013 .027 l:JV 

200 .014 .030 
210 .016 
nn" " . .., ,,v .VI I 

230 .019 
240 .021 
250 I .023 

.9 

.012 

.014 

.016 

.019 

.022 

.026 

( c+273)) { S ( T+273)) At> s .00015 exp 2.64 298 ex _466 273 

T - Ambient Temperature (°C) 

s - Raiio oi Operaiing Power to Rated Power 

9-10 

I 

f"'ll.~rt,,-,,.P'\ll"l'T'l,,...._I 
uc.;:,\.,,n1r 11vn 

Fixed, Wirewound, Power Tvoe. Chassis Mounted, 
Established Reliability 
Fixed, Wirewound, Power Type, Chassis Mounted 

Resistance Factor - xR 

(Characteristic G (Inductive Winding) of MIL-R-18546 and 
,...,,., ll'lfiualv Wn11n,,. ~tvl•• "'f Lttl R '.1:DnnC:I\ ··----··-· ··--··- - . ·-- -· ... -.. -... ___ .,,. 

I Resistance A anae lohmsl 
Rated Up >:.UU >lK """ ►IOK 

&.yte PC!l!!!Ntr !O 10 ro !O 10 20K 
(W) 500 11( 51( 10K 20!( 

RE60 5 1.0 1.2 1.2 1.6 NA NA 
RER60 

RE65 10 1.0 1.0 1.2 1.6 NA NA 
RER65 

RE?O 20 1.0 1 0 1.2 1.2 1.6 NA 
RER70 

Fl.E 75 30 1.0 1.0 1.0 1 .1 L2 1.6 
RER75 

C<::"7"7 75 1.0 1.0 ~ .0 1.0 1.2 L6 n~ II 

RE80 120 1.0 1.0 1.0 1.0 1.2 1.6 

Resistance Factor - 1tR 

(Characteristic N (Noninductive Winding) of MIL-R-18546 
and Noninductivelv Wound Stvles of MIL-R-39009) 

I Resistance Range (ohms) 

I~ up >:>VU ►11\ ~ ►lUI\ 

"'""" to to !~ !0 ~ ~ '>I'•,- . iwi' 500 11( !SK ,CJI( 20I< 

REGO 5 1.0 1.2 1.6 NA NA NA 
RER40 

REGS 10 1.0 1.2 1.6 NA NA NA 
RER45 

RE70 20 1.0 1.0 1.2 1.6 NA NA 
RERSO 

RE 75 30 1.0 LO 1.1 1.2 1,4 NA 
RER55 

REn 75 1.0 1.0 1 .0 1.2 1.6 NA 

RE 80 120 1.0 1.0 1.0 1 . i i.4 NA 

I 

I 
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9.7 RESISTORS, FIXED, WIREWOUND, POWER, CHASSIS MOUNTED 

Quality Factor - ffQ Environment Factor - "E 

Quality 1ta Environment 1te 

s .030 
Ge 1.0 

R .10 
Gt= 2.0 

~ 10 

p .30 Ng 5.0 

M 1.0 Nu 16 

MIL-R-18546 5.0 Aic 4.0 

Lower 15 
A1F 8.0 

Aue 9.0 

AuF 18 

ARW 23 

SF .50 

MF 13 

ML 34 

CL 610 

9-11 
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9.8 RESISTORS, THERMISTOR 

SPECIFICATION 
UII -T-?~RAA 

STYLE 
RTI-f 

Base Failure Rate - i.t, 
Type 

Bead 
(Styles 24, 26, 28, 30, 32, 
34, 36, 38, 40) 

Disk 
(Styles 6, 8, 1 0) 

Rod 
IC::tvlAc, 1-, 1.d 1.i::. 1 R ,_ .. ,.,""..,. ·-, ,_,., ..... , '"""' 
20, 22, 42) 

Quality Factor - 11:a 

~ 

"'b 

.021 

.065 

.105 

Quality I ffQ 

MIL-SPEC I 1 

Lower I 15 

9-12 

I 

I 

DESCRIPTION 
Thermally Sensitive Resistor, Insulated, Bead, Disk 
and Rod Types 

Environment Factor - ne 
i 

c .. ·.,.,. .. ._.,..,, I ~,,Vl,u,1111111:::1111 i "E 

I Gs i 1.0 

GF 5.0 

G .. 21 
- IYI .. , .. 
'"'S I I I 

Nu 24 

A!G 11 

A,~ 30 . ·1r-

Aue 16 

AuF 42 

ARW I 37 

SF .50 

MF '>n ,u 

ML 53 

CL 950 

I 
I 

I 
I 
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SPECIFICATION 
MIL-R-39015 

MIL-R-27208 

STYLE 
RTR 

RT 

Base Faiiure Rale-At, 

Stress 
TA ("C) .1 .3 .5 .7 

0 .0089 .011 .013 ,016 
10 .0094 .012 .014 .017 
20 

I 
.OiO .012 .015 .019 

30 .011 .013 .017 .021 
40 .012 .015 .018 .023 
50 .013 .016 .020 .026 
60 .014 .018 .023 .029 
70 .016 .020 .026 .033 
80 .018 .023 .03 .039 
90 .021 .027 .035 .046 

100 .024 .032 .042 .055 
110 I .029 .038 .051 
120 ft,,~ .047 .u.:io 
130 .044 .059 
140 .056 

.9 

.020 

.021 

.024 

.026 

.029 

.033 

.037 

.043 

.050 

.060 

\, 
/T.273\5 

.0062 exp\ · 358-} /_ /T.273\ - expl S \ .273-J 
' 

T - Ambient Temperature (°C) 

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

Resistance Factor - xR 

Resistance Range (ohms) I 
10 to 2K 

>2K to 5K 

>5K to 20K 

I 
I 

1.0 

1.4 

2.0 

'\ 

J ., 

9.9 RESISTORS, VARIABLE, WIREWOUND 

DESCRIPTION 
VariablA; WiMWOtmd; I AM Sr.mw AciuatAC'I, 
Established Reliability 
Variable, Wirewound, Lead Screw .Actuated 

I 

Potentiometer Taps Factor - "TAPS 

f\APS .. 
NTAPS '"TAPS NTAPS '"TAPS TAPS 

3 1.0 13 2.7 23 5.2 
4 1.1 14 2.9 24 5.5 
5 1.2 15 3.1 25 5.8 
6 I 1.4 I 16 3.4 I 26 I 6.1 
7 1.5 17 3.6 27 6.4 
8 1.7 18 3.8 28 6.7 
9 1.9 19 4.1 29 7.0 

10 2.1 20 4.4 30 7.4 
11 2.3 21 4.6 31 7.7 
12 2.5 22 4.9 32 8.0 

3 

{NTAPS}2 

"TAPS - + 0.792 25 

t.l - tJ,.-1-w,.,. -1 0 ........... i-.... .-.t.-.. T-... ,.. 
"TAPS 1'111111...,,.1 ur I UlllCJI HIIUIIIIICJllCJI I Gt-'~, 

Voltage Factor - 1tv 
Applied Voltage• I 

Rated Voltaae '"v 
o to 0.1 1.10 
>0.1 to 0.2 1.05 
>0.2 to 0.6 1.00 
>0.6 to 0.7 1.10 
>0.7 to 0.8 1.22 
>0.8 to 0.9 1.40 
>0.9 to 1.0 2.00 

-·-· -

1 
R 

;:;Applied 

V 
Rated 

VRated 

✓RP Applied 

Nominal Total Potentiometer 
R1u:i&t:1nr.A 

Power Dissipation 

• 40 Volts for RT 26 and 27 

• 90 Volts for RTR 12, 22 and 24; RT 12 

anc:122 

9-13 

I 

I 
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9.9 RESISTORS. VARIABLE. wtREWOUND 

Quality Fador - n0 Environment Factor· xE 

Quality Environment 

s 

R 

p 

M 

MIL-R-27208 

Lower 

9-14 

L..ll"":"11..-ftl .... I II. •N 

.020 

.060 

.20 

.60 

3.0 

10 

Ga 
GF 

C\.1 
N~ • "::> 

Nu 

A1c 

AIF 
A,,-. 
··u1.., 

AuF 

ARW 

SF 

MF 

ML 

CL 

1tE 

1.0 

2.0 

12 

6,0 

20 

5.0 

8.0 

9,0 . .,. 
I;;) 

33 

.50 

18 

48 

870 I 

..-:JI I IL 
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9.10 RESISTORS, VARIABLE, WIREWOUND1 PRECISION 

SPECIFICATION 
MIL-R-12934 

STYLE 
RR 

Base Faiure Rate -~ 

Stress 
TA ("C) .1 .3 .5 .7 

0 .10 .11 .12 .13 
10 .11 .12 .13 .14 
20 .12 .13 .14 .16 
30 .13 .14 .16 .17 
40 .14 .15 .17 .20 
50 .15 .17 .20 .22 
60 .17 .19 .22 · .26 
70 .19 .22 .26 .30 
80 .21 .25 .30 .36 
90 .24 .30 .36 .44 

100 .28 .35 .44 .54 
110 .33 .42 .54 
120 .40 .52 
130 .49 .65 
140 .60 

( (T+273 ) 4.45 ) \i • .0735 exp 1.03 358 X 

( ( _§_) ( T+273) 3.51 ) exp 2.74 273 

T - Ambient Temperature (°C) 

.9 

.14 

.15 

.17 

.19 

.22 

.26 

.30 

.36 

.43 

.54 

s - Ratio ol Operating Power to Rated Power. 
See Section 9. 16 tor Calcuating S. 

Construction Class Factor - Jtc 
Construction Class 7tc 

RR0900AiA9J103• 2.0 

3 1.0 

4 3.0 

5 1.5 

• Sample type designation to show how 
construction class can be found. In this example 
the construction class is 2. Construction class 
should always appear in the eighth position. 

DESCRIPTION 
Variable, Wirewound, Precision 

Resistance Factor • "R 

Resistance Range (ohms) ltR 

100 to 10K 1.0 

>10K to 20K 1.1 

>20K to SOK 1.4 

>50K to 100K 2.0 

>100 K to 200K 2.5 

>200K to SOOK 3.5 

Potentiometer Taps Factor - Kr-APS 

NTAPS 1t N 1t N 1t TAPS TAPS TAPS TAPS TAPS 

3 1.0 13 2.7 23 5.2 
4 1.1 14 2.9 24 5.5 
5 1.2 15 3.1 25 5.8 
6 1.4 16 3.4 26 6.1 
7 1.5 17 3.6 27 6.4 
8 1.7 18 3.8 28 6.7 
9 1.9 19 4.1 29 7.0 

10 2.1 20 4.4 30 7.4 
11 2.3 21 4.6 31 7.7 
12 2.5 22 4.9 32 8.0 

3 

'1-APS 

(N-rAPs)2 
+0.792 - 25 

NTAPS - Number of Potentiometer Taps, 

including the Wiper and Terminations. 

9-15 
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9.10 RESISTORS, VARIABLE, WIREWOUNO, PRECISION 

Voltage Factor - rtv 
Annliarl V~lt~no• '"'l::!t:'.:11111;;;11.., •vu.alf:g 

nv Rated Voltaae 

o to 0.1 1.10 

>0.1 to 0.2 1.05 

>0.2 to 0.6 1.00 

>0.6 to 0.7 1.10 

>0.7 to 0.8 1.22 

>0.8 to 0.9 1.40 

>0.9 to 1 0 2.00 

·v 
Applied -...J RpP Applied 

Rp 

PApplied 

VRated 

VRated 

9-i 6 

Nominal Total Potentiometer 

Resistance 

- Power Dissipation 

• 250 Volts for AR0900, RR1100, 

RR1300, RR2000, RR3000, 
RR3100, RR3200, RR3300, 
RR3400, RR3500 

- 423 Volts for RA3600. RR3700 

- 500 Volts for RR 1 000. RR1400, 

RR2100, RR3800, RR3900 

Quality Factor - n0 
r.,~lit'\J 
lo,lfYUlllY 

MIL-SPEC 

Lower 

Environment Factor - nE 

Environment 

Ge 

GF 

GM 

NS 
"1 .. ··u 

A1c 

AIF 

Aue 

AUF 

ARW 

SF 

MF 

ML 

CL 

r.a 

2.5 

5.0 

nE 

1.0 

2.0 

18 

8.0 

30 

8.0 

12 

13 

18 

53 

.50 

29 

76 

1400 
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9.11 RESISTORS, VARIABLE, WIAEWOUND 1 SEMIPRECISION 

SPECIFICATION 
MIL-R-19 

MIL-R-39002 

STYLE 
RA 

RK 

Base Faik.Jre Rate - At) 
Stress 

TA ("C) . 1 .3 .5 

0 .055 .063 .072 

10 .058 .069 .081 

20 .063 .076 .092 

30 .069 .086 .11 

40 .076 .098 .13 

50 .085 . 11 .15 

60 .096 .13 .19 

.7 

.083 

.095 

. 11 

. 13 

. 16 

.20 

.26 

70 .11 .16 .24 , .35 

.13 .20 , .31 80 .48 

90 .16 ~.42 .69 

100 .19 .34 .59 1.0 

110 .24 .45 .85 

120 .31 

130 .42 

( (T+273) 5.28) \, • .0398 exp .514 313 x 

exp ( 1_!4 ( T;~~) 4.46 ) 

T - Ambient Temperature (°C) 

.9 

DESCRIPTION 
Variable, Wirewound, Semiprecision (Low Operating 
Temperature) 
Variable, Wrrewound, Semiprecision 

Resistance Factor - 1tR 

Resistance Range (ohms) 

10 to 2K 
.095 

. 11 >2K to SK 

.13 >5K to 1QK 

.17 

.21 

.27 

1tR 

1.0 

1.4 

2.0 

1-37 Potentiometer Taps Factor - ~APS 
. 

I 
.52 N " N " N " TAPS TAPS TAPS TAPS TAPS TAPS 
.75 

1 . 1 
3 1.0 13 2.7 23 5.2 

4 1 .1 14 2.9 24 5.5 

5 1.2 15 3. 1 25 5.8 

6 1.4 16 3.4 26 6.1 

7 1.5 17 3.6 27 6.4 

8 1.7 18 3.8 28 6.7 

9 1.9 19 4.1 29 7.0 

10 2.1 20 4.4 30 7.4 

11 2.3 21 4.6 31 7.7 

s - Ratio ol Operating Power to Rated Power. 
12 2.5 22 4.9 32 8.0 

See Section 9.16 for S Calculation. 
3 

NOTE: Do not use MIL-R-19 below the line. Points 
below are overstressed. ~APS 

(NTAPs}2 
+0.792 - 25 

NTAPS - Number of Potentiometer Taps, 

including the Wiper and Terminations. 
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MIL-HDBK-21 ?F 

9.11 RESISTORS, VARiABLE, WIREWOUND1 SEMIPRECISION 

Voltage Factor - "v 
AQQlied Voltage· 

Rated Voltaoe 

Oto 0.1 

>0.1 to 0.2 

>0.2 to 0.6 

>0.6 to 0.7 

>0.7 to 0.8 

.no• ..... n"' >v.o tu u.~ 

>0.9 to 1.0 

·v 
Applied ✓ RpP Applied 

7tv 

1.10 

1.05 

1.00 

1.10 

1.22 

◄ A,-, 
' ..... u 

2.00 

Nominal Tota! PotsntK>mstsr 

PApplied 

VRated 

Resistance 

- Power Dissipation 

• 50 Volts for RA10 

75 Volts for RA20X-XC. F 

130 Volts for RA30X-XC. F 

1 75 Volts for RA20X-XA 

- 275 Volts for AK09 

320 Volts for RA30X-XA 

Quality Factor - 1t0 

Quality 1to 

Mil-SPEC 2.0 

Lower 4.0 

9-18 

Environment Factor - 1tE 

Environment 

Gs 

GF 

GM 

Ns 
Nu 
A1c 

AIF 

Aue 
AUF 

ARW 

SF 

MF 

ML 

CL 

:,,:E 

1.0 

2.0 

16 

7.0 

28 

8.0 

12 

NiA 

NIA 

38 

50 

NIA 

N/A 

N/A 
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SPECIFICATION 
M!L-R-22 

STYLE 
RP 

Base Failure Rate - "b 
Stress 

TA ("C) . 1 .3 .5 .1 

0 .064 .074 .084 .097 

10 .067 .078 .091 .11 

20 .071 .084 .099 .12 

30 .076 .091 .11 .13 

40 .081 .099 .12 .15 

50 .087 .11 .14 .17 

60 .095 .12 .15 

70 .10 .14 .18 

80 .12 .15 

90 .13 .18 

100 .15 

110 .17 

120 .20 

\- .0481 exp{.334 (i+273)4.66) 
?9R X 

\ --- , 
( 2-_ ( T+273)2.83) exp 1 47 ,:)7"'2 

. -•- I 

T - Ambient Temperature (°C) 

MIL-HDBK-21 ?F 

9.12 RESISTORS, VARIABLE, WIREWOUND1 POWER 

.9 

.11 

.12 

.14 

I 
.16 

I 

DESCRIPTION 
Variable, Wirewound, Power Type 

Resistance Factor• "A 

Resistance Range (ohms) 

1 to 2K 

>2K to SK 

>5K to 10K 

Potentiometer Taps Factor - ~APS 

N It N It N 
TAPS TAPS TAPS TAPS TAPS 

3 1.0 13 2.7 23 

4 1 .1 14 2.9 24 

5 1.2 15 3.1 25 

6 1.4 16 3.4 26 

7 1.5 17 3.6 27 

8 1.7 18 3.8 28 

9 1.9 19 4.1 29 

10 2.1 20 4.4 30 

11 2.3 21 4.6 31 

12 2.5 22 4.9 32 

3 

1t;APS 

{ftrAPs}2 
+0.792 - 25 

1.0 

1.4 

2.0 

It 
TAPS 

5.2 

5.5 

5.8 

6.1 

6.4 

6.7 

7.0 

7.4 

7.7 

8.0 

s - Ratio of Operating Power to Rated Power. 
NTAPS - Number of Potentiometer Taps, 

See Section 9.16 for S Cak::ulation. 
including the Wiper and Terminations 
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9.12 RESISTORS, VARIABLE, WIREWOUND, POWER 

Voltage Factor - 7'v Quality Factor - rtQ 
It ....... Un.,-1 Voltage• M~~•n,u 

Rated Voltaae 7tv 
~1-"lllrh, no '-"IUQlllJ 

MIL-SPEC 2.0 
o to 0.1 1.10 

Lower 4.0 
>0.1 to 0.2 1.05 

>0.2 to 0.6 1.00 

>0.6 to 0.7 1.10 Environment Factoi - xE 

>0.7 to 0.8 1.22 Environment rtE 

>0.8 to 0.9 1.40 Gg 1.0 

>0.9 to 1.0 2.00 
r,~ 3.0 -i-
,... 

16 UM 

·v = ✓ RpP Applied Applied 

Ns 7.0 

Nu 28 

Rp = Nominal Toial Potentiometer A1c 8.0 

Resistance AIF 12 

PApplied E Power Dissipation Aue NIA 

VRated = 250 Volts for RP06, RP10 
AuF NIA 

ARW 38 

= 500 Volts for Others SF .50 

MF NIA 

ML NIA 

Construction Class Factor - nc r.. NIA -L 

Construction Style rte 
Class 

Enclosed RP07, RP11, RP16 2.0 

Unenclosed All Other Styles are 1 .0 
Unenclosed 
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SPECIFICATION 
Mll-R-22097 
MIL-R-39035 

STYLE 
RJ 
RJR 

Base Failure Rate - "b 
Stress 

TA ("C) . i .3 .5 .7 

0 .021 .023 .024 .026 
10 .021 .023 .025 .027 
20 .022 .024 .026 .029 
30 .023 .025 .028 .030 
40 .024 .026 .029 .032 
50 .025 .028 .031 .035 
60 .026 .030 .033 .038 
70 .028 .032 .036 .042 
80 .030 .035 .040 .046 
90 .034 .039 .045 .053 

100 .038 .044 .052 .061 
110 .043 .051 .060 
120 .050 .060 
130 .060 .073 
140 .074 

\, - ( . ·- /T+273\ 7.3 \ 
m .019 exp ~.44::, 

\ 358 ) ) X 

( 2- ( T+273) 2.46 ) 
exp 2.69 273 . , 

T = Ambient Temperature (°C) 

.9 

.028 

.030 

.031 

.033 

.036 

.039 

.043 

.047 

.053 

.061 

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

9.13 RESISTORS, VARIABLE, NONWIREWOUND 

DESCRIPTION 
Variable, Nonwirewound (Adjustment Types) 
Variable. Nonwirewound (Adjustment Types), 
Established Reliability 

Resistance Factor - 11:R 

Resistance Range (ohms) 

10 to SOK 

>SOK to 100K 

>100K to 200K 

_ ,.,,l"\l"\1/ •- r:::-nn.v >.C::UUI'\ lU ::>UUI'\ 

>500K to 1M 

Potentiometer Taps Factor - ~APS 

N " N " N 
TAPS TAPS TAPS TAPS TAPS 

3 1.0 13 2.7 23 

4 1 . 1 14 2.9 24 

5 1.2 15 3.1 25 

6 1.4 15 3.4 "" ,u 

7 1.5 17 3.6 27 

8 1.7 18 3.8 28 

9 1.9 19 4.1 29 

10 2.1 20 4.4 30 

11 2.3 21 4.6 31 

12 2.5 22 4.9 32 

3 

~APS 
. (NTAPS}2 

+ 0.792 25 

,cR 

1.0 

1 . 1 

1.2 

1.4 

1.8 

" TAPS 

5.2 

5.5 

5.8 

" 1 v.' 

6.4 

6.7 

7.0 

7.4 

7.7 

8.0 

NTAPS - Number of Potentiometer Taps, 

including the Wiper and Terminations. 
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9.13 RESISTORS, VARIABLE, NONWIREWOUND 

Voltage Factor - 7tv Environment Factor - rtE 

A~~lied Voltage• 
rtv Rated Voltaae 

Environment rte 
Gs 1.0 

Oto 0.8 1.00 GF 3.0 

>0.8 to 0.9 1.05 ~ 14 

>0.9 to 1.0 1.20 Ns 6.0 

NU 24 

·v - ✓ RpP Applied Applied 
AIC 5.0 

AIF 7.0 
0 - t..1 ..... .--: ...... 1 T--•-1 n .... • .... -•:.,.._ .... t .... r np l'\IUIIIIIICI.I IUIO.I rVlltlllfUlllltUfl 

Resistance 
Aue 12 

AUF 18 

PApplied = Power Dissipation 
ARW 39 

VRated 
: 200 Volts for RJ and RJR26; SF .50 

Rj and RJR50 MF 22 

- 300 Volts for All Others ML 57 

CL 1000 

Quality Factor - 1t0 

Quality rto 

s .020 

R .060 

p .20 

M .60 

MIL-R-22097 3.0 

Lower 10 
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SPECIFICATION 
MIL-R-94 

STYLE 
RV 

Base Faih.Jre Rate - An 
Stress 

TA ("C) .1 .3 .5 .7 

0 .027 """ .032 n-,c: 
.u.:iu _,.,..,_, 

10 .028 .031 .034 .038 

20 .029 .033 .037 .042 

30 .031 .036 .041 .048 

40 .033 .039 .047 .056 

50 .036 .044 .054 .067 

60 .039 .050 .065 083 

70 .045 .060 .08 .11 

80 .053 .074 .10 .15 

90 .065 .096 .14 

100 .084 .13 

110 .11 

\, - ( (T+273)9·3 ) .0246 exp .459 343 x 

( S ( T+273\ 5.3 ) 
sxp 2.32 273 / 

T - Ambient Temperature (°C) 

.9 

.038 

.042 

.048 

.056 

.067 

.082 

. 11 

.14 

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

9.14 RESISTORS, VARIABLE1 COMPOSITION 

DESCRIPTION 
Variable, Composition, Low Precision 

Resistance Factor • 1tR 
.. 

Resistance Range (ohms) 7tn 
n 

50 to SOK 1.0 

>50K to 100K 1. i 

>1 OOK to 200K 1.2 

>200K to SOOK 1 .4 

>SOOK to 1M 1.8 

Potentiometer Taps Factor - ",APS 

N " N " N " TAPS TAPS TAPS TAPS TAPS TAPS 

3 1.0 13 2.7 23 5.2 

4 1 .1 14 2.9 24 5.5 

5 1.2 15 3.1 25 5.8 

6 1.4 16 ... . 26 ,, . 
.:i ... 0.1 

7 1.5 17 3.6 27 6.4 

8 1.7 18 3.8 28 6.7 

9 1.9 19 4.1 29 7.0 

10 2., 20 4.4 30 7.4 

11 2,3 21 4.6 31 7.7 

12 2.5 22 4.9 32 8.0 

3 

"'TAPS - (NTAPSY 
+ 0.792 25 

NTAPS - Number of Potentiometer Taps, 

including the Wiper and Terminations. 
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9.14 RESISTORS, VARIABLE, COMPOSITION 

Voltage Factor - 1t.v Environment Factor- ,rE 

Applied Voltage• 
R:al<•rl VnltaQe i Environment r.e 

Oto 0.8 1.00 

• nc 
1.u.J 

>0.9 to 1.0 1.20 

PApplied 

VRated 

Quality 

Nominal Total Potentiometer 

- Power Dissipation 

• 500 Volts for RV4X--XA&XB 

500 Volts for 2RV7X--XA&XB 

350 Voits ior RV2X-XA&XB 

350 Volts for RV4X-XA&XB 

"' 350 Volts for RVSX-XA&XB 

350 Vohs ior RV6X--XA&XB 

250 Volts for RV1X--XA&XB 

200 Vohs fer A!! Other Types 

Quality Facto; - n:O 

MIL-SPEC 2.5 

5.0 Lower 

9-24 
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I 

I 
I 
I 

Ge 1.0 

GF 2.0 

G.. I 19 -M 

Ng a.o 
Nu 29 

Ate 40 

A.- 65 ··r~ 
Aue 48 

AuF 78 

ARW I 46 

SF .50 

MF 25 

ML 66 

CL 1200 
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9.15 RESISTORS, VARIABLE, NONWIREWOUND, FILM AND PRECISION 

SPECIFICATION 
P..1!L-A-39023 
MIL-R-23285 

STYLE 
RO 
RVC 

Base Failure Rate - An 
(AO Stvle Onlv) 

Slress 
TA ("C) .1 .3 .5 .7 

0 .023 .024 .026 .028 
10 I .024 .026 .029 .031 
20 .026 .029 .032 .035 
30 .028 .032 .036 .040 
40 .032 .036 .041 .047 
50 .037 .042 .049 .057 
60 .044 .051 .060 .070 
70 .053 .064 .076 .091 
80 .068 .083 .10 .12 
90 .092 .11 .14 

100 I .13 .17 
i iO .20 

\ 
/T+273\ 7.4 - .Oi8 exp\ 343 } X 

___ II_§_\ / T+273\ 3.6 '\ 
""11 l \2.5sJ \ 273/ ) 

T - Ambient Temperature (°C) 

.9 

.031 

.034 

.039 

.045 

.053 

.065 

.083 

.11 

s - Ratio of Ooeratino Power to Rated Power. 
See Section 9.16-for S Calculation. 

Resistance Factor - xR 

Resistance Range (Ohms) I xR 

Up to 10K I 1.0 

> l UI\ 10 l>UI\ 

I 
i.i 

>50K to 200K 1.2 

>200K to 1M 
I 

I 
1.4 

>1M 1.8 

I 

DESCRIPTION 
\/ari..a_hfe, Nonwirewound, Film, Precision 
Variable, Nonwirewound, Film 

I 

I 

Base Failure Rate - An 
lRVC Sivie Onlvl 

Stress 
TA ("C) .1 .3 .5 .7 

0 .028 .031 .033 .036 
10 .029 .032 .035 .038 
20 .030 .033 .037 .<M1 
30 .031 .035 .040 .045 
40 .032 .037 .043 .050 
50 .034 .040 .047 .056 
60 .036 .044 .053 .064 
70 .039 .049 .060 .075 
80 .043 .055 .070 .09 
90 .048 .063 .083 . 11 
100 .055 .075 .10 .14 
1 iO .064 .091 .13 .18 
120 .on .11 .17 .25 
130 .096 .15 .23 .36 
140 .12 .20 .33 .53 
150 

I 
.17 .29 .50 

1B0 .24 .44 
110 I .31 

T • 

M~~ ___ /:r+?73\ 7,9 .. 
. v.:::,1 exp\ 398 } x 

DYn(/__§_\ /T+273\ 4.3 l 
-~ .. \ \ 2.45 J \ 213 J J 

Ambient Temperature (°C) 

.9 

.039 

.042 

.<M6 

.051 

.058 

.066 

.078 

.093 

.11 

.15 

.19 

.26 

.37 

.55 

S - Ratio of Operatina Power to Rated Power. 
See Section 9.16-for S calculation. 
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9.15 RESISTORS, VARIABLE, NONWIREWOUND, FILM AND PRECISION 

Potentiomete; Taps Fado; - ~APS 

N I .. I NTAPS "TAPS NTAPS I TAPS TAPS 

3 1 .0 13 2.7 23 

4 1.1 14 2.9 24 

5 1.2 15 3.1 25 

6 1.4 16 3.4 26 

",-APS 

5.2 

5.5 

5.8 I 
6.1 

Quality Facto; - n:O 

Quality 

MIL-SPEC 

Lower I 
I I 

I 
Environment Factor - 'lt.-

7 1.5 17 3.6 27 6.4 c 

8 1.7 18 I 3.8 28 6.7 
Environment 

Gs 
9 1 .9 19 4.1 29 7.0 

GF 
10 I 2.1 20 4.4 30 7.4 

~.-1 
11 2.3 21 4.6 31 7.7 Ng 

12 2.5 22 4.9 32 8.0 Nu 

3 

{Nnoc\2 

n,-APS 
1i u,, -l 

+0.792 - 25 

NTAPS - Number of Potentiometer Taps, 

A1c I A1c 
II 

I Aue 

AuF I 
including the Wiper and Terminations. ARW 

SF 
Voltage Factor - ~, 

y MF 
AnnliP.rt VnltanP." I I . ·cc: .. ~ - --·-n- ftv Rated Voltage ML 

CL 
o to 0.8 1.00 

>0.8 to 0.9 1.05 

>0.9 to 1.0 1.20 

·v - ✓ RpP Applied ,&,..l"lrrt.fi.t1t.A ,..,.,., ....... 
Rp - Nominal Total Potentiometer 

Resistance 

PApp!ied - Power Dissipation 

VRated - 250 Volts for AO090, 11 o, 150, 200, 

300 

• 500 Vo!!s for RQ100, 160. 210 

- 350 Vails for RVC5, s 
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4 

"e 
1.0 

3.0 

14 

7.0 

24 

6.0 

12 

20 

30 

39 

.50 

22 

Si 

1000 

I 
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9. 1 5 CALCULAT!ON OF STRESS RATIO FOR POTENTIO!IIETERS 

Stress Ratio (S) Calwlatlon tor Rheostats Stress Ratio (S) C81culallon tor Potenliometers 
Connected Conventionally 

~ Maximum current which wiii 

be passed through the rheostat 
in tl"".e dicult. 

Current rating of the 

potentiometer. If current 
rating Is not given. use: 

~- PAPPLED 

- - "EFF x "GANGED x PRATED 

PApplled 

.. Equivalent power input to the 

potendomeler when • la not 
loaded (i.e., wiper lead 
dieconnecieaj. Caicuiai• • 
fnll•-•• 

V- 2 
In 

- Rp 

lrnaxra1ac1 • 
lo 10 

"'f ' rated'' 'p .. Input Voltage 

Rp 

Number of 
Sections 
Single 
Two 
Three 
Four 

Six 

.. Power Rating of Potentiometer 

.. 
Nominal Total Potentiometer 

Resistance 

F"""°' lo corrad far Iha 

redYct!on !n 9".c:tlve ndlng 
of the potentloma18r due 10 
the close proximiiy oi iwo or 
...,.,. potantlft,nata,- ..,.._,. thay 1 are ganged toglilher on a 
common shaft. See below. I 

• Nominal Total Paieniloffiiiiiii' 

ResisumC& 

PRAlEO • Power Rating of Potentiometer 

~-

~ 

Factor to correct for the reduction I 
in affective rating of the j 
=::iyT;t;,;=:,; :,t;: c!o:: I 
:::.s~-;,~~~: ~~+.:.: ', 
shaft. See below. 

Correctio~ factor for t~e electrical I 
loading effect on the Wiper I 
:;:;: : ,:;c::,":7;";;_:; I 
potentiometer, its resistance, I 
and the load resistance. See 
next page. 

Ganged-Potentiometer Factor· "GANGED 
I Fi ... t I 
I Poteniio;,,eter I I Next1 ~ Mount I 

0. 
1 0.15 i 
I 0.15 I .... ., I •M~ I 

0,75 

I I I I I 
Second in I Third in Gang I FoUlth In Gang I Filth in Gang I Sixth in Gang I 

Gang : I I I I . NotAppl 
0.60 
0.50 I 0.60 Not Applicable I 
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9 .16 CALCULATION OF STRESS RATIO FOR POTENTIOMETERS 

Loaded Potentiometer Derating Factor - ,rEFF Style Constant - KH 

~ Potentiometer 

f\. /Rp 0.2 0.3 0.5 1.0 ML-5PEC Style Type Ki-i 

0.1 
I 

.04 .03 .02 I .01 
0.2 .13 .09 .05 .03 
0.3 .22 .16 .10 .05 

I 
MIL-R-19 RA 0.5 

MIL-R-22 RP i.O 

0.4 .31 .23 .15 .08 
0.5 .38 .29 .20 .11 Mll-R-94 RV 0.5 

0.8 .45 I .35 .25 .14 
0.7 .,. .40 

.,,, .17 ... , 
I 

..... 
0.8 .55 .45 . 33 .20 
0.9 .59 .49 .37 .22 

MIL-R-12934 RR1000, 1001. 0.3 

1003, 1400, 

1.0 .63 .53 .40 .25 2100, 2101, 
1.5 .74 .65 .53 .36 
2.0 .80 .73 J52 .44 2102,2103 

3.0 .87 .81 .n .ss 
4.0 .90 .86 .78 .64 MIL-R-12934 All Other Types 0.2 

5.0 .92 .88 .82 .69 
10.0 .96 .94 .90 .83 

MIL-R-22097 RJ11,RJ12 0.3 

100.0 1.00 .99 .99 .98 MIL-R-22097 All Other Types 0.2 

R 2 
L 

I MIL-R-23285 RVC 0.5 

MIL-R-27208 RT22,24,26,27 0.2 

1tf:FF -
RL 2 + KH ( Rp 2 + 2RpRL) 

MIL-R-27208 AH Other Types 0.3 

MIL·R-39002 I RK 0.5 

RL - Load resistance (If RL is variable, MIL-R-39015 RTR22,24 0.2 

use lowest value). RL is the total MIL-R-39015 RTR12 0.3 

resistance between the wiper arm MIL-R-39023 RO 0.3 
and one end oi ihe JX)tentiomeier. 

MIL-R-39035 RJR 0.3 

Rp - Nominal Total Potentiometer 

Resistance 

k' .. - Style C-ons!ant. See KH T"'h!e. "H 
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9. 17 RESISTORS EXAMPLE 

Example 

Given: Type RV1SAYSA505A variable SOOK otvn resisior procured per MiL-R-94, raied at 0.2 
watts is being used in a fixed ground em,",nmment. The resistor ambient temperature !s 
40°C and is dissipating 0.06 watts. The resistance connected lo the wiper contact varies 
between 1 megohm and 3 megotvns. 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 
foUowing the procedure ior detennining electricai stress for potemiomeiers as descri:led in Section 9.16. 

From Section 9.16 
PAPPLIED .. .OSW 

7tEFF 

1t(3ANGED 

7tRATED 

s 

From Section 9.14 
'-b 
7tR 

nTAPS 
n:v 

.62 

1.0 

.2W 

KH • .5 for MIL-A-94 (Section 9.16 Table) 

Not Ganged (Section 9.16 Table, Single Section, 

First Potentiometer) 

PAPPLIED 

1tEFF x 1tGANGED x 1tRATED 

.047 
1.4 
1.0 

1.0 

2.5 
2.0 

TA - 40°C, s Rounded to .5 
SOOK ohms 
3 Taps, Basic Single Potentiometer 

VRATED • 250 Volts for AV1 prefix 

V APPLIED • ✓ (500,000)(.06) • 173 volts 

V -· 173 69 
APPLIEofV RATED • 250 • · 

(.047)(1.0)(1.4)(1.0)(2.5)(2.0) • .33 Failures/106 Hours 
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SPECIFICATION 
MIL-C-25 
MIL-C-12889 

STYLE 
CP 
CA 

Base Failure Rate - At, 
(T • as•c Max Rated l 

(All MIL-C-12889; MIL-C-25 Styles CP25, 26, 27, 28, 29, 
40,41, 67, 69, 70, 72, 75, 76, 77, 78, 80, 81, 82; 

,... .. aracteristics E F' VH } 

Stress 
TA ("C) . 1 .3 .5 .7 .9 

0 .00088 .0011 .0036 .015 .051 

10 .00089 .0011 .0036 .016 .052 

20 .00092 .001 i .003i .016 .054 

30 .00097 .0012 .0039 .017 .057 

40 I .0011 .0013 .0044 .019 .063 

50 

I 
.0013 .0016 .0052 .022 .075 

60 .0017 .0021 .0069 .030 .10 

70 .0027 .0034 .011 .048 .16 

80 .0060 .0074 .024 .10 .35 

\ • .00086[ (~)5 + 1] exp(2.5(r;:~r
8

) 

T 
~ Ambieni Temperature (°C) I 

s C Ratio of Operating to Rated Voltage 

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

10.1 CAPACITORS, FIXED, PAPER, BY-PASS 

DESCRIPTION 
Paper, By-pass, Filter, Blocking, DC 
Paper, By-pass, Radio Interference Reduction AC 
and DC 

Base Failure Rate - At, 
(T .. 125°C Max Rated) 

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

Stress 
TA ("C) . 1 .3 .5 .7 .9 

0 .00086 .0011 .0035 .015 .051 

10 .00087 .0011 .0035 .015 .051 

20 .00087 .0011 .0035 .015 .051 

30 .00088 .0011 .0035 .015 .051 

40 .00089 .0011 .0036 .015 .052 

50 .00091 .0011 .0037 .016 .053 

50 .00095 .0012 .0039 .017 .056 

70 .0010 .0013 .0041 .018 .060 

80 .0011 .0014 .0046 .020 .067 

90 .0014 .0017 .0056 .024 .081 

100 .0019 .0023 .0076 .033 .11 

110 .0030 .0037 .012 .052 .18 

120 .0063 .0078 .026 .11 .37 

't, ___ . _f / S \ 5 ] ( 2 /T +273 \ 1 8 \ 
•. UUUl:ltil \A) + 1 exp, .5\ 398 } ) 

T .. Ambient Temperature (°C) 

s - Ratio of Operating to Rated Voltage 

Operating voltage is the sum of applied D.C. voltage 
and peak A.C. voltage. 
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10.1 CAPACITORS, FIXED, PAPER, BY-PASS 

Caoacitance Factor - Jtr.\l . ._,y 

Capacitance. C (µ.F) 

MIL-C-25• 
.0034 
.15 

., "' ....... 
16. 

MIL-C-12889 
All I 

. 1 2c·o95 xcv = · 

Quality Factor - x0 

Ouaiity I 
I MIL-SPEC 

I Lower 

10-2 

- c:.-• •• . •-- 14 r,.o L.J-• ••-

,r_,., 
··1.,v 

0.7 
1.0 
1.3 I 
1.6 

1.0 I 

xa 

3.0 

7.0 

Environment Factor - 1t.. 
t: 

Environment 

Gs 
GF 

Gu 
IYI .. , 

'"S 
Nu 
AIC r 
A,.-.. ,,.. 
Aue 
AuF 
ARW 

SF 

•• MF 

ML 

CL 

,:E 

1.0 

2.0 

9.0 

,:: " -.:,.u 

15 

6.0 

8.0 

I 17 

32 

22 

.50 . ,., 
' ' 
32 

570 
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-10.2 CAPACITORS. FIXED, PAPER. FEED•THROUGH 

SPECIFICATION 
MIL-C-11693 

STYLE 
CZRandCZ 

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

A.p = AbncvxaxE Failures/106 Hours 

TA ("C) .1 

0 .0012 
10 .0012 
20 .0012 
30 .0013 
40 .0014 
so .0017 
60 .0023 
70 .0037 
80 .0080 

Base Failure Rate - At> 
(T • 85°C Max Rated ) 
(Characteristics E. Wl 

Stress 
.3 .5 

.0014 .0047 

.0015 .0048 

.0015 .0050 

.0016 .0063 

.0018 .0058 

.0021 .0069 

.0028 .0092 

.0045 .015 

.0099 .032 

.7 .9 

.020 .069 

.021 .070 

.021 .072 

.023 .076 

.025 .084 

.030 .10 

.039 .13 

.064 .21 

.14 .47 

[ ( S. 5 ] ( (T+273' 18 ) \ ... 00115 _4) + 1 exp 2.5 358 ) 

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. 

TA ("C) .1 

0 .0012 
10 .0012 
20 .0012 
30 .0012 
40 .0012 
50 .0012 
60 .0013 
70 .0014 
80 .0015 
90 .0019 

100 .0025 
110 .0040 
120 .0084 

Base Failure Rate• At) 
(T .. 125°C Max Rated) 

(Characteristic Kl 
Stress 

.3 .5 
.0014 .0047 
.0014 .0047 
.0014 .0047 
.0014 . 0047 
.0015 .0048 
.0015 .0049 
.0016 .0052 
.0017 .0055 
.0019 .0062 
.0023 .0075 
.0031 .010 
.005 .016 
.010 .034 

.7 .9 
.020 .068 
.020 .068 
.020 .068 
.020 .069 
.021 .070 
.021 .072 
.022 .075 
.024 .08 
.027 .09 
.032 .11 
.044 .15 
.07 .24 
.15 .49 

\ • .00115[ {.!)5 + 1] exp(2.5{T;::3) 18 ) 

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. 

TA ("C) .1 

0 .0012 
10 .0012 
20 .0012 
30 .0012 
40 .0012 
50 .0012 
60 .0012 
70 .0012 
80 .0013 
90 .0013 

100 .0015 
110 .0017 
120 .0022 
130 .0033 
140 .0058 
150 .014 

Base Faik.lre Rate • At> 
(T • 150°C Max Rated) 

(Characteristic Pl 
Stress 

.3 .5 

.0014 .0047 

.0014 .0047 

.0014 .0047 

.0014 .0047 

.0014 .0047 

.0015 .0048 

.0015 .0048 

.0015 .0049 
.0016 .0051 
.0017 .0055 
.0018 .0060 
.0022 .0071 
.0028 .0091 
.0040 .013 
.0072 .024 
.017 .057 

.7 .9 

.020 .068 

.020 .088 

.020 .068 

.020 .068 

.020 .068 

.020 .069 

.021 .070 

.021 .071 
.022 .074 
.023 ,079 
.026 .087 
.03 .10 
.039 .13 
.057 .19 
.10 .34 
.24 .82 

[ (S)5 ] ( (T+273r8) \ • .00115 A + 1 exp 2.5 423 

T ~ Ambient Temperature (°C) 

s - Ratio of Operating to Rated Voltage 

Operating voltage is the sum of applied O.C. vohage 
and peak A.C. voltage . 
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10.2 CAPACITORS, FIXED, PAPER, FEED-THROUGH 

Capacitance Factor-xcv Environment Factor - ,i:E 
Capacttance.C{µF} ncv Environment 7tE 

0.0031 .70 Gs 1.0 

0.061 , .0 
GF 2.0 
f'.!_ - 9.0 "'M 

1.8 , .5 
Ns 7.0 

Nu 15 
1 4C0.12 1tcv - · A1c 6.0 

A1F 8.0 

Aue 17 

Quality no 
Quality Factor - 1t0 

AUF 28 

ARW 22 

SF .50 
M 1.0 

MF 12 

Non-Established Reliability 3.0 

Lower 10 

ML 32 

C, 570 I L 
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10.3 CAPACITORS, F'i:XED1 PAPER AND PLASTIC FILM 

SPEC!F!CATION 
MIL-C-14157 
MIL-C-19978 

STYLE 
CPV 
CQRandCQ 

TA ("C) I 
0 

I 10 
20 
30 
40 I 50 
60 

Base Failure Ame• "b 
(T .. ss0 c Max Rated > 

(MIL-C-14157 Style CPV07; 
MIL-C-19978 Characteristics P U 

Stress 
.1 .3 .5 .7 

.00053 .00065 .0021 .0092 

.00055 .00069 .0022 .0096 

.00061 .00075 .0025 .011 

.00071 .00088 .0029 .012 

.00094 .0012 .0038 .016 

.0015 .0019 .0061 .026 

.0034 nnA"> .014 r,C'n .vv-.., . v:J:, 

,9 

.031 

.032 

.036 

.042 

.055 

.088 

.20 

r <S' ._ l ( 1-r "~3r81 \ • .0005 A)- + 1 exp 2.5 { 1 ;;~ 
... , J \ , / 

T - Ambient Temperature (°C) 
s - Ratio of Operating to Rated Voltage 

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

Base Failure Rate - Ab 
(T • 125°C Max Rated) 

(MIL-C-14157 Style CPV09 and MIL-C-19978 
Characteristics K, Q, Sl 

Stress 
TA ("C) . 1 .3 .5 .7 .9 

0 .00050 .00062 .0020 .0087 .029 
10 .00050 .00062 .0020 .0088 .029 
20 .00051 .00062 .0020 .0088 .030 
30 .00051 .00063 .0021 .0089 .030 
40 .00052 .00064 .0021 .009 .030 
50 .00053 .00066 .0021 .0092 .031 
60 .00055 .00068 .0022 .0096 .032 
70 .00059 .00073 .0024 .010 .035 
80 .00067 .00083 .0027 .012 .039 
90 .00081 .0010 .0033 .014 .047 

100 .0011 .0013 .0044 .019 .064 
110 .0018 .0022 .0071 .030 .10 
120 .0037 .0045 .015 .064 .21 

\ · .ooos[ {~) 5 
+ 

] ( (T+273\18 l 
1 exp \ 2.5 398 / ) 

T - Ambient Temperature (°C) 
s .. Ratio of Operating to Rated Voltage 

Operating voltage is the sum of appHsd D.C. vottage 
and peak A.C. vottacie. 

I 

DESCRIPTION 
Paoer and Plastic Film. Est. Rel. 
Paper and Plastic Film: Est. Rel. and Non-Est. Rel. 

Base Failure Rate -~ 
(T • 85"C Max Rated) 

(MIL-C-14157 Style CPV17; 
MIL-C-19978 Characteristics E F G Ml 

I TA("C) i I I I 
Stress 

.1 .3 .5 .7 

0 

I 
.00051 .00063 .0021 .0089 

10 .00052 .00064 .0021 .0090 
20 .00054 .00066 .0022 .0093 
30 .00067 n,v,.7,. .0023 """"' .uvv,u .uv:r., 

40 .00063 .00077 .0025 .011 
50 .00074 .00092 .0030 .013 
60 .00099 .0012 .0040 .Oi7 
70 .0016 .0020 .0064 .028 
80 .0035 .0043 .014 .061 

.9 

.030 

.030 

.031 

.033 

.037 

.043 

.058 

.093 

.20 

r /S\5 ] ( c+273\ 18 \ ~-.ooosl\-4} + 1 exp\2.5 358 J ) 
T - Ambient Temperature (°C) 
s - Ratio of Operating to Rated Voltage 
Operating vollage is the sum of applied D.C. voltage 
and =ak A.C. voltaae. 

TA ("C) 

0 
10 
20 I 30 
40 
50 I 60 
70 
80 I "" ::,v 

100 
110 I 120 
130 
140 

I 150 
160 
170 

Base Failure Rate • Ab 
(T - 110°c Max Rated) 

(MIL-C-19978 Characteristic TI 
Stress 

.1 .3 .5 .7 

.00050 .00062 .0020 .0087 

.00050 .00062 .0020 .0087 

.00050 .00062 .0020 .0087 

.00050 .00062 nt'V'.>I'\ .0087 ·"'"'""'"' .00050 .00062 .0020 .0087 

.00050 .00062 .0020 .0088 

.00051 .00063 .0021 .0088 

.00051 .00063 .0021 .0089 

.00052 .00065 .0021 .0091 

.00054 .00086 .0022 .0093 

.00056 .00069 .0023 .0097 

.00060 .00074 .0024 .010 

.00067 .00083 .0027 .012 

.00079 .00098 .0032 .014 

.0010 .0013 .0041 .018 

.OOiS .OOiB .006 .026 

.0026 .0032 .011 .046 

.0061 .0075 .025 . 11 

.9 

.029 

.029 

.029 
""" .u,.:ill 

.029 

.030 

.030 

.030 

.031 

.03i 

.033 

.035 

.039 

.046 

.060 

.087 

.15 

.36 

. r /S\5 ] / /T+273) 18 \ 'b • .OOOSL \:"4} + 1_ expl2.5\ ~- ) 

T - Ambient Temperature (°C) 
$ - Ratio of Operating to Rated Voltage 
Operating voltage is the sum of applied D.C. voltage 
and peak A.C. voltaae. 
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10.3 CAPACITORS, FIXED, PAPER AND PLASTIC FILM 

Capacitance Factor - JCcv Environment Fador - xE 
Ca,.naci!ance, C (µF) 1tcv Environrrtent 7tE 

MIL-C-14157: • Gs 1.0 
.0017 .70 
.027 1.0 

GF 2.0 

'>n 1.3 .... ., r.. .. D n 
'"'M u.v 

1.0 1.6 
N5 5.0 

MIL-C-19978: -
.00032 .70 Nu 14 

.033 1.0 
1.0 1.3 

A,~ 4.0 • ·11.., 

15.0 i .6 
A 6.0 ~IF 

Aue 11.0 . 1 6C0.13 ncv = · AUF 20 

.. 1 JC0.077 ncv"' · 
ARW 20 

SF .50 

MF 11 

ML 29 
Quality Factor - 1t0 CL 530 

Quality 1ta 

s .03 

R .10 

p .30 

M 1.0 

L 3.0 

M!L-C-19978, Non-Est. Re!. 10 

Lower 30 
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10 .4 CAPACITORS, FIXED, METALLIZED PAPER, PAPER-PLASTIC AND PLASTIC 

SPECIFICATION 
MIL-C-18312 
MIL-C-39022 

STYLE 
CH 
CHR 

DESCRIPTION 
Metallized Paper , Paper-Plastic, Plastic 
Metallized Pa,...ner, Paper-Plastic, Plastic, 
Established Reliability 

"'P = "'b1tcv1ta1tE Failures/106 Hours 

Base Failure Rate - At, 
(T • 85°C Max Rated ) 

(Mil-C-:39022 Characteristic 9 and 12 (50 Vohs rated), 
r.haracteristi,,, .4Q• "nd MIL-C 1A"111!> Characterlatir i::i, ..J ... •• w ---- -· . ·- ··-·- ••i 

Stress 
TA ("C} .1 .3 .5 .7 .9 

0 .00070 .00087 .002W .012 .041 

10 .00072 .00089 .0029 .012 .042 

20 .00074 .00091 .0030 .013 .043 

30 .00078 .0009, .0032 .014 .046 

40 .00086 .0011 .0035 .015 .051 

50 .0010 .0013 .0041 .018 .06 

60 .0014 .0017 .0055 .024 .08 

70 .0022 .0027 .0089 .038 .13 

80 .0048 .0059 .019 .084 .28 

\•.00069[ {~)5 + 1]exp(2.s {T;;~}1 8) 

T - Ambient Temperature ("C) 

s - Ratio of Operating to Rated Voltage 

Operating voltage is tha sum of appfiad D.C. voltage 
and peak A.C. voltage. 

Base Failure Rate• At, 
(T-125-C Max Rated) 

(MIL-C-39022 Characteristic 9 and 12 (above 50 Volts 
rated), Ch:radaristics 1. 10, 19, 29, 59; and 

MIL-C-18312 Characteristic N) 
Stress 

TA ("C) .1 .3 .5 .7 .9 

0 .00069 .00086 .0028 .012 .041 

10 .00069 .00086 .0028 .012 .041 

20 .00070 .00086 .0028 .012 .041 

30 .00070 .00097 .0028 n,.., .041 .v,, 

40 .00071 .00088 .0029 .012 .042 

50 .00073 .00090 .003. .013 ,043 

60 .00076 .00094 .003i .013 .045 

70 .00082 .0010 .0033 .014 .048 

80 .00092 .0011 .00..37 .016 .054 

90 

I 
.0011 .0014 .0045 .019 .065 

100 .0015 .0019 .0061 .026 .088 

110 .0024 .0030 .0098 .042 .14 

120 .0051 .0063 .020 .088 .30 

\ • .00069[ {~} 5 
+ 1] exp(2.5 {T;!~f 8) 

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

Capacitar-.e Fae1or • "'cV Environi'nEmi Factor· 1tE 

capacitance, c (µF) 1tcv Environment 7tE 

0.0029 .70 GB 1.0 

0.14 

I 
1.0 

2.4 1.3 

r::,_ 2.0 -I" 

Gt.A 8.0 

Ns 5.0 

1 2C0.092 
1tcv • · 

Nu 14 

A . A n 

I '"'IC -..u 

A1F 6.0 

Quality 1tQ 

Quality Factor - n0 
Aue 11.0 

AuF 20 

ARW 20 

s 0.03 I s F .50 

A .10 MF 11 

p .30 ML 29 

M 1.0 
r.. 530 ~L 

L 3.0 

MIL-C-18312, Non-Est. Rel. 7.0 

Lower 20 
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10.5 CAPACITORS. FIXED. PLASTIC AND METALLIZED PLASTIC 

SPECIFICATION 
MIL-C-55514 

STYLE 
CFR 

TA ("C) 

0 

10 

20 

30 

40 

50 

60 

70 

80 

Base Failure Rate - At> 
(T • 85°C Max Rated ) 
(Characteristics M Nl 

Stress 
.1 .3 .5 

.0010 .0012 .0041 

.0010 .0013 .0042 

.0011 .0013 .0043 

.0011 .0014 .0045 

.0012 .0015 .0050 

.0015 .0018 .0059 

.0020 .0024 .0079 

.0032 .0039 .013 

.0069 .0085 .028 

.7 

.018 

.018 

.018 

.020 

.022 

.026 

.034 

.055 

.12 

.9 

.059 

.060 

.062 

.066 

.073 

.086 

.11 

.18 

.40 

[ (S)5 ] { (T+273r8) \ •. 00099 A + 1 ex 2.5 358 

T - Ambient Temperature (°C) 

s - Ratio of Operating to Rated Voltage 

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

DESCRIPTION 
Plastic, Metallized Plastic, Est. Rel. 

TA (°C) 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

Base Failure Rate - >-t, 
(T • 125°C Max Rated) 

(Characteristics 0. R Sl 
Stress 

.1 .3 .5 

.00099 .0012 .0040 

.0010 .0012 .0040 

.0010 .0012 .0041 

.0010 .0012 .0041 

.0010 .0013 .0041 

.0011 .0013 .0043 

.0011 .0014 .0044 

.0012 .0015 .0048 

.0013 .0016 .0054 

.0016 .0020 .0065 

.0022 .0027 .0087 

.0035 .0043 .014 

.0073 .0090 .029 

.7 .9 

.017 .058 

.017 .058 

.017 .059 

.018 .059 

.018 .060 

.018 .062 

.019 .064 

.020 .069 

.023 .077 

.028 .094 

.038 .13 

.06 .20 

.13 .43 

\•.00099[{.!} 5 + 1]exp(2,5 (T;::3}1 8 ) 

T - Ambient Temperature (°C) 

s - Ratio of Operating to Rated Voltage 

Operating voltage is the sum of applied O.C. voltage 
and peak A.C. voltage. 
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10.5 CAPACITORS, FIXED, PLASTIC AND METALLIZED PLASTIC 

Capacitance Factor - ff-CV Environment Factor - 1tE 

·; Capa,.fl3nce, C (µF) ncv Environment I 
itE 

I 
0.0049 .70 Ge 1.0 

GF 2.0 
0.33 1.0 ~-- 10 

I 
-"NI 

7.1 1.3 
N5 5.0 

I 38. 1.5 Nu 16 

I 
Ate 6 

11 C0.085 
1tcv - · A1F 11 

Aue 18 

AUF 30 

Quality Factor - 1tO ARW 23 

Quality 1tQ ~- .50 

I 
-t" 

MF 
4 .. 

s . 030 I ,J 

R .10 ML 34 

CL 610 
p I .30 

~y1 I 1.0 

I Lower 10 
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10.6 CAPACITORS, FIXED, SUPER-METALLIZED PLASTIC 

SPECIFICATION 
MIL-C-83421 

STYLE 
CRH 

Base Failure Rate - 't, 
IT"" 125°C Max Rated) 

Stress 
TA ("C) .1 .3 .5 .7 

0 .00055 .00068 .0022 .0096 
10 .00055 .00068 .0022 .0096 
20 .00056 .00069 .0023 .0097 
30 .00056 .00069 .0023 .0098 
40 .00057 .00070 .0023 .0099 
50 .00058 .00072 .0024 .010 
60 .00061 .00075 .0025 .011 
70 .00065 .00081 .0026 .011 
80 .00073 .00091 .0030 .013 
90 .00089 .0011 .0036 .015 

100 .0012 .0015 .0049 .021 
110 .0019 .0024 .0078 .033 
120 .0040 .0050 .016 .070 

.9 

.032 

.032 

.033 

.033 

.033 

.034 

.036 

.038 

.043 

.052 

.07 

. 11 

.24 

\ • .oooss[ (.! )5 + 1] ex{2.5 (T;~~r s ) 

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 - xO 
Quality xa 

s .020 

R .10 

p .30 

M 1.0 

Lower 10 

DESCRIPTION 
Super-Metallized Plastic, Est. Rel. 

Capacitance Factor· XCV 

Capacitance, C (µF) 

.001 

0.14 

2.4 

23 

1 2C0.092 
xcv • · 

Environment Factor· xE 

Environment 

Gs 

GF 

GM 

N3 

Nu 
Arc 
A1F 

Aue 

AuF 

ARW 

SF 

MF 

ML 

CL 

xcv 

.64 

1.0 

1.3 

1.6 

xE 

1 .0 

4.0 

8.0 

5.0 

14 

4.0 

6.0 

13.0 

20 

20 

.50 

11 

29 

530 

1 0-11 
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10.7 CAPACITORS, FIXED, MICA 

~t't::l,;11-U,.;A I IUN 
MIL--C-5 
MIL-C-39001 

STYLE 
CM 
CMR 

Base Failure Rate - Ab 
(T-70"C Max Rated) 

CMIL-C-5, Temo. Ranae Ml 
Stress 

TA ("'C) .1 .3 .5 .7 

0 .00030 .00041 .00086 .0019 
10 .00047 .00066 .0014 .0030 
20 .00075 .0011 .0022 .0047 
30 .0012 .0017 .0035 .0075 
40 .0019 .0027 .0056 .012 
50 .0031 .0043 .0089 .019 
60 .0049 .0068 .014 .030 
70 .0078 .011 .023 .049 

.9 

.0036 

.0058 

.0092 

.015 

.023 

.037 

.059 

.095 

.101 (s)3 "ti. 8.6 x 10 A + 1 l exp (16 (T;~3) l ... ' , ..J \. ' 
, ) 

T - Ambient Temperature (cC) 
s - Ratio of Operating to Rated Voltage 

Operating voltage is the sum of applied D.C. voltage 
and oeak A.C. volt:>ne. 

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

CMIL-C-5, Temp. Ranae O· MIL-C-39001 Temp. Ranae 0) 
Stress 

TA(°C) . 1 .3 .5 .7 .9 

0 .00005 .00007 .00015 .00032 .00062 
10 .00008 .00011 .00022 .00048 .00093 
20 .00011 .00016 .0003-3 .00071 .0014 
30 .00017 .00024 .00050 .0011 .0021 
40 .00025 .00036 .00074 .0016 .0031 
50 .00038 .00053 .0011 .0024 .0046 
60 .00057 .0008 .0017 .0036 .0069 
70 .00085 .0012 .0025 .0053 010 
80 .0013 .0018 .0037 .008 .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 

.~r ,~\3 7 / IT~?7':1\ \ 

i..b = 8.6x 10••ul lA} + 1 j exp l 1 6 l , 398 -} ) 
T - Ambient Temperature (cC) 
s - Ratio of Operating to Rated Voltage 

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

10-12 

DE5(.;RIPTION 
MICA (Dipped or Molded) 
MICA (Dipped), Established Reliability 

TA (°C) 

0 
10 
20 
30 
40 
50 
60 
70 
80 

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

CMIL-C-5, Temo. Ranae Nl 
Stress 

.1 .3 .5 

.00017 .00024 .00051 

.00027 .00038 .00079 

.00042 .00059 .0012 

.00066 .000"3 .001Q 

.0010 .0015 .003 

.0016 .0023 .0047 

.0025 .0036 .0074 

.0040 .0056 .012 

.0062 .0087 .018 

.7 .9 

.0011 .0021 

.0017 .0033 

.0027 .0052 

.0042 .0081 

.0065 .013 

.010 .020 

.016 .031 

.025 .048 

.039 .076 

Ab• B.6x 10·10 [ (~)3 . l (. _ /T+273\ \ 
+ I J exp l 1 t> \ 358 } ) 

T - Ambient Temperature (°C) 
s - Ratio of Operating to Rated Voltage 

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

Base Failure Rate· Ab 
(f-1so°C t.,1ax Rated) 

(MIL-C-5, Temp. Ranqe P· MIL-C-39001 Temo. Ranae Pi 
Stress 

TA (°C) . 1 .3 .5 .7 .9 

0 .00003 .00004 .00008 .00017 .00033 
10 .00004 .00005 .00011 .00024 .00047 
20 .00006 .00008 .00017 .00036 .00069 
30 .00008 .000i2 .00024 .00052 .OOiO 
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 nn7'l .014 .v,.,,.J 
110 .0017 .0024 .0050 .011 .021 
120 .0025 .0035 .0073 .016 .030 
'"'" nn"lc .0051 ". ' ,,...,,, 

"' A l..:JV .uv~u ,U I I .v,v .V6t-t 

140 .0053 .0074 .015 .033 .065 
150 .0078 .011 .023 .049 .095 

).b = 8.6 x 10·10 [ ( ~ )3 + ] ( (T+273) 1 exp 1 6 423 ) 
T - Ambient Temoerature C°Cl 
s - Ratio of Operating to Rated Voltage 
Operating voltage is the sum of applied D.C. voltage I 
and oeak A.C. voltaoe. 
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Capacitance Factor -xcv 
Capacitance, C (PF) 1tcv 

10.7 CAPACITORS, FIXED, MICA 

C:n,,ir-l"lm.n.nf c ... ,.._. - -
1..11Y11u1111 n;;u ,, , Cl\.rlUI - n.E 

t::nvironment 1te 
2 

38 

300 

2000 

8600 

29000 

84000 

Quality 

.... 
I 

s 

R 

p 

M 

L 

Quaiity Factor - 1tO 

Mll-C•S, t,Jon-Est Rei. Dipped 

MIL-C-5, Non-Est. Rel. Molded 

Lower 

.50 

.75 

1.0 

1.3 

1.6 

1.9 

2.2 

1to 

.010 

.030 

.10 

.30 

1.0 

1.5 

3.0 

6.0 

i5 

Gs I 1.0 

G..- 2,0 ~r 

I ~ 10 

Ng I 6.0 I Nu 16 

A.- I r:. n ~,c .... v 

A1F 7.0 

Aue 22 

AuF 28 

A~••• 23 . "HVV 

SF .50 

MF 13 

ML 34 

CL 610 

10-13 
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10.8 CAPACITORS, FIXED, MICA, BUTTON 

SPECIFICATION 
MIL-C-10950 

STYLE 
CB 

DESCRIPTION 
MICA, Button Style 

An = A._1t,...,1t,..1tc Failures/106 Hours 
I""'" U VY ,.... L 

Base Failure Rate• At> 
(T = 85°C Max Rated) 

(Stvle CBSO) 
Stress 

TA("C) .1 .3 .5 .7 

0 

10 

20 

30 

40 

50 

60 

70 

80 

.0067 

I .0071 

.0076 

.0082 

I 

.009 

.010 

.Oi2 

.013 

.016 

.0094 

.0099 

.011 

.011 

.013 

.014 

.Oi6 

.019 

.023 

.019 

.021 

.022 

.024 

.026 

.029 

.033 

.039 

.047 

.042 

.044 

.047 

.051 

.056 

.063 

.072 

.084 

.10 

.9 

.082 

.086 

.092 

.10 

.11 

.12 

. i4 

.16 

.20 

lr (' s ') 3 .,J ( (' T +273 ') 6 . 3 J' \-.0053 A +1 exp\1.2 358 

S • Ratio of Operating to Rated Voltage 

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

0 

iO 

20 

30 

40 

50 

50 

70 

80 

so 

100 

110 

i20 

130 

140 

i50 

Base Failure Rate - ).t, 
(T = 150°C Max Rated) 

(All Types Except CB50) 
Stress 

.1 .3 .5 .7 

.0058 

.0059 

.0061 

.0062 

.0064 

.0067 

.0070 

.0074 

.0079 

.0085 

.0093 

.010 

.Oi i 

.013 

.015 

.Oi8 

.0081 

.0083 

.0085 

.0087 

.009 

.0094 

.0098 

.010 

.011 

n•" .u,, 

.013 

.014 

.Oi6 

.018 

.021 

.025 

.017 

.018 

.018 

.019 

.019 

.020 

.022 

.023 

.027 

.03 

.033 

.038 

.044 

.052 

.036 

.037 

.038 

.039 

.040 

.042 

.046 

.049 

.058 

.064 

.072 

.082 

.095 

. ii 

T • Ambient Temperature {°C) 

S Ratio oi Operating to Raied Voitage 

.9 

.071 

.072 

.074 

.076 

.079 

.082 

.086 

.090 

.096 

•n .,u 

. , , 

.12 

. i4 

.16 

.18 

.22 

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

10-14 
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10.8 CAPACITORS, FIXED, MICA, BUTTON 

Quality Factor - tt0 Environment Fader - 1tE 

Quality I no I Environment I nE I 
MIL-C-10950 

I 
5.0 

Lower 15 
I Ga I 1.0 

I ~- 2.0 

I 
-.... 

I I Ga,, 10 

Cai>acltance Factor - Jtr-\/ I Ns I 5.0 I N11 16 
. "'" 

Caru:it~itanr.P. C tnF\ I --r---·~----~i - \r"'' I ··uv I u I I .. ., ft 

"IC ;;J.U 

8 .50 A1F 7.0 

50 I .76 

160 I 1.0 

Aue 22 
A,,,, 28 ·ur 
A ,.., 

500 I 1.3 
'"'RW ,v 

SF .50 

1200 I 1.6 
I 

2600 1.9 

MF 13 
M, 34 ... L 

5000 2.2 
CL 610 

n .,., 
ncv = .31Cu ....... 

10-15 
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10.9 CAPACiTORS1 FIXED, GLASS 

SPECIFICATION 
MIL-C-11272 
MIL-C-23269 

STYLE 
CV 
CYR 

Base Faib.Jre Rate· At, 
(T a125°C Max Rated) 

(All MIL-C-23296 and MIL-C-11272 Temo. Ranae Cl 
Stress 

TA re) .1 .3 .5 .7 .9 
! 

0 .00005 .00005 .00010 .00023 .ooos5 I 
10 I .00007 .00008 .00014 .00035 .000831 

20 .00011 .00012 .00022 .00052 .0012 I 
30 .00016 .00018 .00032 .00078 .0018 

40 .00024 .00027 .00048 .0012 .0028 

50 .00036 .00041 .00072 .0017 .0041 

60 .00054 .00061 .0011 .0026 .0062 

I 70 .0008 .00091 .0016 .0039 .0092 

80 I .0012 .0014 .0024 .0058 .014 

90 I .oo,e .0020 .0036 .0087 .021 

100 .0027 .0030 .0054 .013 .031 

110 .0040 .0045 .0080 .019 .046 

120 .0060 .0068 .012 n..,n n1>n .u,;, .uu;io 

XL• 8.25x 10·10 f {~\ 4 
-f- 1lexp(16 (T!~~\ ') 

0 L\-0/ j '\. \"'""/ } 

T = Ambient Temperature ("C) 

s - Ratio of Operating to Rated Voltage 

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

10-16 

I 

I 

' I 

I 
I 

DESCRIPTION 
Glass 
Glass, Established Reliability 

Base Failure Rate - Ab 
(T • 200°c Max Rated) 

'MiL-C-11272 Te D' 

TAC°Cl .1 .3 .5 .7 ". 
0 .00001 .00001 .00002 .00004 

10 .OOOOi .OOOOi .00002 .00006 

20 .00002 .00002 .00003 .00008 

30 .00002 .00003 .00005 .00011 

40 .00003 .00004 .00007 .00016 

50 .00005 .00005 .00009 .00022 

60 .00006 .00007 .00013 .00031 

70 .00009 .00010 .00018 .00044 

80 .00013 .00014 .00025 .00061 

90 .00018 .00020 .00035 .00086 

100 .00025 .00028 .00050 .0012 

110 .00035 .00039 .00070 .0017 

120 .00049 .00055 .00098 .0024 

130 .00069 .00078 .0014 .0033 

140 .00096 .0011 .0019 .0047 

150 .0014 .0015 .0027 .0065 

160 .0019 .0021 .0038 .0092 

170 .0027 .0030 .0053 .013 

180 .0037 .0042 .0075 .018 

190 .0052 .0059 .010 .025 

200 .0073 .0083 .015 .035 

.9 

.00010 

.000141 

.00019 

.00027 

.00038 

.00053 

.00074 

.0010 

.0015 

.0020 

.0029 

.0040 

.0056 

.0079 

.011 

.016 

.022 

.031 

.043 

.060 

.084 

I .1nr, .,," 4 1 ,, IT . .,.,.," " I ~ • 8.25 x 10 · • l {.~ J' -f- 1 J exp l 1 6 l' ;;t} ) 
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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i0.9 CAPACITOF151 FiXi:01 GLASS 

Caoacitance Factor - nr-,, Environment Factor - ,c.. 
' VY t: 

Capacitance, C (pf) Cl"llul~"'""'.e.nt xe ~IIYIIVIIIIIVIII 

.62 GB 1.0 

4 .75 

30 1.0 

200 1.3 

900 1.6 

3000 1.9 

8500 2.2 

GF 2.0 

G.. 10 
I -M 

I 
Ns 6.0 

Nu 16 

AIC 5.0 
A.- 7.0 

I 
.-.II .. 

Aue 22 

AuF 28 

0 s2c0 ·14 1tcv = · 
ARW 23 

SF .50 

MF 13 

Quality Factor - xO 

Quality I 1tQ I 
ML 34 

CL 610 

s I .030 I 
I I 

A I .10 I p .30 
I I 

M I 1.0 I 
L 3.0 

MIL-C-11272, Non-Est. Rel. 3.0 

Lower 10 

10-17 
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10.10 CAPACITORS, FIXED, CERAMIC, GENERAL PURPOSE 

SPECIFICATiON 
MIL-C-11015 
MIL-C-39014 

STYLE 
CK 
CKR 

TA ("C) 

0 
10 ,,,., 
.r.u 

30 
40 
50 
60 
70 
80 

\ 
T 
s 

Base Failure Rate - i\o 
(T • as•c Max Rated) 

(MIL-C-39014 Styles CKR13, 48, 64, 72; 
MIL-C-11015 T;;oo A Rated Temoe;atu;el 

Stress 
. 1 .3 .5 .7 

.00067 .0013 .0036 .0088 

.00069 .0013 .0037 .0091 
001"\"'74 .0014 """'-1'!11'1 .0093 • Vf I .VV-30 

.00073 .0014 .0039 .0096 

.00075 .0014 .004 .0099 

.00077 .0015 .0042 .010 

.00079 .0015 ,0043 ,010 

.00081 .0016 .0044 .011 

.00083 .0016 .0045 .011 

- .0003[ (%) 3 + J c+273 1 exp 358 ) 
- Ambient Temperature (°C) - Ratio oi Operating to Rated Voltage 

.9 

.018 

.019 

.Oi9 

.020 

.020 

.021 

.021 

.022 

.023 

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

Base Failure Rate - Ab 
(T - 125°C Mal( Rated) 

(Mll-C-39014 Styles CKROS-12, 14-19, 73, 74; 
MiL-C-11015 Tvoe B Rated Temperature) 

Stra-,.s 
TA (°C) . 1 .3 .5 .7 .9 

0 

I 
.00062 .0012 .0033 .0082 .017 

10 .00063 .0012 .0034 .0084 .017 
20 .00065 .0013 .0035 .0086 .018 
30 .00067 .0013 .0036 .0088 .018 
40 .00068 .0013 .0037 .0090 .018 
50 .00070 .0014 .0038 .0093 .019 ,,_,., 

.00072 .0014 .0039 .0095 ,..,. 
uu .V l!:11 

70 .00074 .0014 .0040 .0097 .020 
80 .00076 .0015 .0041 .010 .020 
90 .00077 .0015 .0042 .010 .02i 

100 .00079 .0015 .0043 .010 .021 
110 .00081 .0016 .0044 .011 .022 
120 .00084 .0016 .0045 .011 .023 

Ab• .0003r r~t + 
L \· 

l C+2n) 1J exp 398 

T - Ambient Temperature (°C) 
s - Ratio of OP')rating to Rated Voltage 

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

10-18 

DESCRIPTION 
Ceramic. General Purpose 
CeramiC, General Purpose, Est. Ret 

Base Failure Rate - Ao 
(T •150-C Max Rated) 

(MIL-C-11015 TvnA C Rated Temoeraturel 
~1reSs 

TA ("C) .1 .3 .5 .7 

0 .00059 .0011 :0032 .0078 

10 .00061 .0012 .0033 .008 

20 .00062 .0012 .0034 .0002 

30 .00064 .0012 .0035 .0084 

40 .00065 .0013 .0035 .ooes 

50 .00067 .0013 .0036 .0088 

60 .00068 .0013 .0037 .009 

70 .00070 .0013 .0038 .0092 

80 .00072 .0014 .0039 .0095 

90 .00073 .0014 .0040 .0097 

100 .00075 .0014 .0041 .0099 

110 .00077 .0015 .0042 .010 

120 . 00079 .0015 .0043 .010 

130 .00081 .0016 .0044 .011 

140 .00083 .0016 .0045 .011 

150 .00085 .00i6 .0046 .011 

\ - nn [ ( 2_ \ 3 . •] C +273 \ .vv03 _3 J T , exp 423 } 

T - Ambient Temperaiure (°C) 

s - Ratio of Operating to Rated Voltage 

.9 

.0161 

.016 

.017 

.017 

.018 

.018 

.018 

.OH, 

.019 

.020 

.020 

.021 

,.,.., . .v,, 

.022 

022 

.023 

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

NOTE: The rated temperature designation {type A. I 
8, or C) is shown in the pan number, e.g., I 
CKG1AW22M). 

i 
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10.10 CAPACITORS, FIXED, CERAMIC. GENERAL PURPOSE 

C8pacitance Factor -wcv Environmem Factor - ,cE 

Capacitance, C (pF) ncv Environment "E 

6.0 .50 Gs 1.0 

240 .75 Gi= 2.0 

~ 9.0 
3300 1.0 N5 5.0 

36,000 1.3 Nu 15 

240,000 1.6 Ate 4.0 

1,100,000 1.9 A1F 4.0 

4,300,000 2.2 
Aue 8.0 

AuF 12 

41C0.11 Jtcv = · 
ARW 20 

SF .40 

MF 13 

Quality Jta 
Quality Factor - "a ML 34 

CL 610 

s .030 

R .10 

p .30 

M 1.0 

L 3.0 

MIL-C-11015, Non-Est. Rel. 3.0 

Lower 10 

10-19 
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10.11 CAPACITORS, FIXED, CERAMIC. TEMPERATURE COMPENSATING AND CHIP 

SPECIFICATION 
MIL-C-20 

MIL-C-55681 

STYLE 
CCR and CC 

CDR 

DESCRIPTION 
Ceramic, Te"l)erature Compensating, Est 
and Non Est. Rel. 
Cerarnie, Chip, Est. Rel. 

)..P = ¾xcvxa7tE Failures/106 Hours 

Basa Failure Raia • 1t, 
(T • 85"C Max Rated) 

(Mll-C-20 ~• CC 20 25 30 32. 35 45, 85, 95-97\ 
Str911 

TA(9C) .1 .3 .5 .7 .9 

0 .00015 .00028 .00080 .0019 .0040 
10 .00022 .00042 .0012 .0029 .0059 
20 .00033 .00063 .0018 .0043 .0088 
30 .000451 .0001i14 .0026 .0064 .013 
40 .00073 .0014 .0039 .0096 .020 
50 .0011 .0021 .0059 .014 .029 
60 .0016 .0031 .0088 .021 .°'4 
70 .0024 .0046 .013 .032 .065 
80 .0036 .0069 .019 .047 .097 

Capacitance Faclor • Jtcv 

capacitance, c (pF) 

1 
7 

81 
720 

4,100 
17,000 
58 000 

itcv • · 59C0.12 

Quality Factor - 11:0 
Quality 

itcv 
.59 
.75 

1.0 
1.3 
1.6 
1.9 
2.2 

·9[ (S)3 ] ( (T+273 ) ~. 2.6 x 10 3 + 1 exp 14.3 358 ) s 
R 
p 

.030 I 

T - Ambient Temperature ("Cl 
s - Ratio of Operating to Rated Voltage 

Operating voltage is the sum of applied O.C. voltage 
and DAak A.C. vohane. 

Basa Failure Rate • ~ 
(T 125°C Max Rated) -(MIL-C-20 Styles CC 5-9, 13-19, 21, 22, 26, 27, 31. 33, 

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 COR Stvlesl 

Stress 
TA(OC) .1 .3 .5 .7 .9 

0 .00005 .00009 .00027 .00065 .0013 
10 .00007 .00014 .00038 .00093 .0019 
20 .00010 .00019 .00055 .0013 .0027 
30 .00014 .00028 .00078 .0019 .0039 
40 .00021 .00040 .0011 .0027 .0056 
50 .00030 .00057 .0016 .0039 .008 
60 .00042 .00082 .0023 .0056 .011 
70 .00061 .0012 .0033 .008 .016 
80 .00087 .0017 .0047 .011 .023 
90 .0012 .0024 .0068 .016 .034 

100 .0018 .0034 .0097 .024 .048 
110 .0026 .0049 .014 .034 .069 
120 .0037 .0071 .020 .048 .099 

~- 2.6 x 10"9 [ (~)3 + 1]ex{14.3 (T;::a ) ) 

T - Ambient Temperature (°C) 
s - Ratio or Operating to Rated Voltage 

Operating voltage is the sum of applied O.C. voltage 
and caak A.C. voltaae. 

10-20 

M 
Non-Est. Rel. 
Lower 

Environment Factor· xE 

Environment 

G9 

GF 

~ 
N5 

Nu 

AIC 

A1F 

Aue 
AuF 
ARW 

SF 

MF 

ML 

Cl 

.10 

.30 
1.0 
3.0 

10 

JtE 

1.0 

2.0 

10 

5.0 

17 

4.0 

8.0 

16 

35 

24 

.50 

13 

34 

610 I 
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10.12 CAPACITORS, FIXED, ELECTROLYTIC, TANTALUM, SOLID 

SPECIFICATION 
MIL-C-39003 

STYLE 
CSR 

DESCRIPTION 
Tantalum Electrolytic (Solid), Est. Rel. 

A.p = ¾>1tcv1tsR1ta1tE Failures/106 Hours 

Base Failure Rate - At, Series Resistance Factor-1t5R 
Stress Circuit Resistance. CR (ohms/Volt) 

TA ("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 .0048 .0067 .014 .030 .058 

>0.6 to o.e .10 

40 .0051 .0072 .015 .032 .083 
50 .0057 .0079 .016 .035 .069 >0.4 to 0.6 .13 
60 .0064 .009 .019 .<MO .078 
70 .0075 .011 .022 .047 .092 >0.2 to 0.4 .20 
80 .0092 .013 .027 .058 .11 
90 .012 .017 .034 .074 .14 >0.1 to 0.2 .27 

100 .016 .023 .047 .10 
110 .024 .034 .07 .15 0 to 0.1 .33 
120 .039 .054 .11 .24 

).b • .00375[ (.~)3 + 1] ex{2.6 (T;:~ ) 9 ) CR Eff. Res. Between Cap. and Pwr. Supply 
• Voltage Applied to Capacitor 

T - Ambient Temperature (°C) 
s - Ratio of Operating to Rated Voltage 

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

Environment Factor - 7tE 

Capacitance Fador - ncv Environment xE 

Capacitance, C (µF) ncv Ge 1.0 

.003 0.5 

.091 .75 
1.0 1.0 

Gi= 2.0 

~ 8.0 
8.9 1.3 

50 1.6 N5 5.0 
210 1.9 
710 2.2 

Nu 14 

Aic 4.0 

1 OC0.12 ncv"" . AIF 5.0 

Aue 12 
Quality Faolor - KQ AuF 20 

Quality na 
D 0.0010 
C 0.010 

ARW 24 

SF .40 
s 0.030 
B 0.030 MF 11 

R 0.10 
p 0.30 
M 1.0 

ML 29 

CL 530 
L 1.5 
Lower 10 
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1 0. 13 CAPACITORS. FIXED. ELECTROL YTIC1 TANTALUM. NON-SOLID 

SPECIFICATION 
MIL-C-3965 
MIL-C-39006 

STYLE 
CL 
CLR 

Base Failure Rate• ~ 

(T - es•c Max Rated) 
(MIL-C-3965 Stvles CL24-27 34-37) 

Stl9SS 
TA ("C) .1 .3 .5 .7 

0 .0021 .0029 .0061 .013 
10 .0023 .0032 .0067 .014 
20 .0026 .0036 .0075 .016 
30 .0030 .0042 .0087 .019 
40 .0036 .0051 .011 .023 
50 .0047 .0066 .014 .029 
60 .0085 .0091 .019 .041 
70 .0098 .014 .029 .062 
80 .017 .023 .048 .10 

.9 
.026 
.028 
.031 
.036 
.044 
.057 
.079 
.12 
.20 

¾, • .00165[ {.~}3 + 1]exp(2,6 (T;~ ) 9 · 0 ) 

T - Ambient Temperature (°C) 
s - Ratio of Operating to Rated Voltage 

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

Base Failure Rate -~ 
(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 Stvles) 

Stress 
TA ("C) .1 .3 .5 .7 .9 

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 .0046 .0096 .021 .040 
80 .0041 .0057 .012 .025 .049 
90 .0052 .0073 .015 .033 .084 

100 .0071 .010 .021 .045 
110 .011 .015 .031 .066 
120 .017 .024 .050 .11 

[ (S)3 ] ( (T+273 \ 9.0) \ • .00165 A + 1 exp 2.6 398 J 
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. 

10-22 

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

Base Failure Rate -~ 

(T • 175•c Max Rated) 
IMIL-C-3965StvlesCL10 13 14 16-181 

Stress 
TA ("C) .1 .3 .5 .7 

0 .0017 .0024 .0050 .011 

10 .0017 .0024 .0051 .011 

20 .0018 .0025 .0052 .011 

30 .0018 .0025 .0053 .011 

40 .0019 .0026 .0054 .012 

50 .0019 .0027 .0056 .012 

60 .002 .0028 .0058 .013 

70 .0021 .0030 .0062 .013 

80 .0023 .0032 .0066 .014 

90 .0025 .0035 .0072 .016 

100 .0028 .0039 .0080 .017 

110 .0032 .0044 .0092 .020 

120 .0037 .0052 .011 .023 

130 .0046 .0064 .013 .029 

140 .0059 .0082 .017 .037 

150 .0079 .011 .023 .049 

160 .011 .016 .033 .071 

170 .018 .025 .051 

.9 

.021 

.021 

.022 

.022 

.023 

.023 

.024 

.021. 

.028 

.030 

.034 

.039 

[ (S)3 ] ( /T+273 ) 9.0) \i •. 00165 A + 1 exp 2.6 \ 448 

T - Ambient Temperature (°C) 

s - Ratio of Operating to Rated Voltage 

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

IJU IVIIVI"'\. LJUIIUI I ~IVte' 
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10.13 CAPACITORS, FIXED1 ELECTROLYTIC, TANTALUM, NON-SOLID 

Capac,'tar,ce Facto;· ncv 
Capacitance, C (µF) 

,..,,. ◄ 
.V::I I 

20 
1100 

n nAA 
itcv - .s2c-·---

Construction Factor - 7tC 

Construction Type 

Slug, All Tantalum 
Foil, Hermetic • 
Slug, Ham1etic • 
Foil, Non-Hermetic • 
Slug, Non-Hermetic • 

·Type of Seal Identified as Follows: 

1tcv 
..,,.. 
.,v 

LO 
1.3 

.30 
1.0 
,., n ,.v 
2.5 
3.0 

1) MIL-C-3965 (CL) - Note Last Letter in Part Number: 
G - Hermetic E - Non-Hermetic 

Example: CL 108C700TPQ is Hermetic 

2) MIL-C-39006 (CLR) - Consult Individual Part 
Specification Sheet (slash sheet) 

NOTE: 
Foil Types · CL 20-25, 30-33, 40, 41, 51-54, 70-73 

CLR 25, 27, 35, 37, 53, 71. 73 

Slug Types - CL 10, 13, 14, 16, 17, 18, 55, 56, 
64-66, 67 
CLR 10, 14, 17, 65, 69, 89 

All Tantalum - CL 26, 27, 34-37, 42, 43, 46-49 
CLR79 

Quality Factor - ;c0 
Quality na 

s .030 

R . , 0 

p .30 

M 1.0 

L 1.5 

MIL-C-3965, Non-Est. Rel. 3.0 

Lower 10 

Environment Factor - 1eE 

Environment rtE 

Gs 1.0 

GF 2.0 

GM 10 

Ns 6.0 

Nu 16 

Ate 4.0 

A1F 8.0 

Aue 14 

AUF 30 

An,a, 23 nvv 

SF .50 

MF 13 

ML 34 

CL 610 

10-23 
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10 .14 CAPACITORS, FIXED, ELECTROLYTIC, ALUMINUM 

SPECiFiCATION 
MIL-C·3901 B 

STYLE 
CUR and CU 

TA ("C) 

0 
iO 
20 
30 
40 
50 
60 
70 
80 

Base Failure Rate · At 
(T = 85°C Max Rated} 

(MIL-C-39018 Stvle 71) 
Stress 

.1 .3 .5 
.0095 .011 .019 
.012 .015 .024 
.017 .020 .033 
.023 .028 .046 
.034 .042 .068 
.054 .065 .11 
.089 .11 .18 
.16 .19 .31 

.7 

.035 

.046 

.062 

.087 

. i3 

.20 

.33 

.58 
.29 .35 .58 1 . 1 

.9 

.064 
nn • 

.VO't-

.11 

.16 

.23 

.36 

.60 
; . ; 
2.0 

A, & .00254 r , ~ \ 3 + ] ( (T+273\ 
5 ') 

b L ,.::,, 1 exp~5.09 358 / 
) 

T - Ambient Temperature {°C) 

s - Ratio of Operating to Rated Voltage 

Operating voltage is the sum oi appiied D.C. voltage 
and peak A.C. voltage. 

TA ("C) 

0 
iO 
20 
30 
40 
50 
60 
70 
80 
90 

100 

Base Failure Rate• "t) 
(T 5 105°C Max Rated) 

(MIL-C-39018 Styles 16 and 17) 
Stress 

.1 .3 .5 .7 

.0070 .0084 .014 .026 

.0085 .010 .017 .031 

.011 013 .021 .040 

.014 .017 .027 .051 

.019 .022 .037 .069 

.026 .031 .052 .097 

.038 .046 .076 .14 

.059 .071 .12 .22 

.095 . 11 .19 .35 

.16 .20 .32 .61 

. 30 .36 .59 1 .1 

.9 
.047 
.057 
.072 
.094 
.13 
.18 
.26 
.40 
.64 

1. 1 
2.0 

\ • .00254 [ ( ~ )3 + 
] ( /T+273\ 5 ) 1 exp 5.09 l 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 

DESCRIPTION 
Electrolytic, Aluminum Oxide, Est. Rel. and Non-Est. Rel. 

Base Fai~Jre Rate· At> 
(T ..- 125°C Max Rated) 

(All MIL-C-39018 Stvles Exceot 71 16 and 171 
Stress 

TA ("C) .1 .3 .5 .7 .9 

0 .0055 .0067 .o, 1 .021 .038 

10 .0065 .0078 .013 .024 .044 

20 .0077 .0093 .015 .029 .052 

30 .0094 .011 .019 .035 .064 

40 .012 .014 .023 .04-4 .080 

50 .015 .019 .030 .057 .10 

60 .021 .025 .041 .077 . i 4 

70 .029 .035 .057 . 11 .20 

eo .042 .050 .083 .16 .28 

90 .064 .077 .13 .24 .43 

100 .10 .12 .20 .38 

110 .17 .., . .34 .63 .,:; I 

120 .30 .37 .60 1.1 

;i_b = .00254 [ ( 1 )3 + ] ' 'T+273) 1 exp(5.09 ( 398 
5 ~ 

) 
T - Ambient Temperature (°C) 

s - Ratio cf Operating to Rated Voltage 

Operating voltage is the sum of applied D.C. voltage 
and peak A.C. voltage . 
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t 0.1 4 CAPACITORS. FIXED, ELECTROLYTIC, ALUMINUM 

r.GftaroitDftl"loA c~,..r - --- A S::"uirnl"U'Y'M:anl S::~Mnr _ -""'~•u• ""''"' • uv.v, - •"C,V -·····-·····""'"', _..,,_, - ... E 
,-.. ____ :,. ____ ,... l •• r"'\. I 

xcv Environment vi:lpi:IUlill !Ctf, I.., \µr / I I xE 

2.5 .40 Ga 

I 
1.0 

GF 2.0 
55 .70 ,.. .... 

~ I 1,o:; I A,_,. . ,. 
.. uv 1.v Ns 

I 
6.0 

I 
1700 1.3 Nu 17 

5500 1.6 Aic 10 

14,000 1.9 A1F I i2 I Aue 28 
32,000 2.2 

AuF 35 
65,000 2.5 

ARW 27 

120,000 2.8 SF .50 

MF 14 

ncv - . 34C0.18 Ml 38 

CL 690 

QuaHty Factor - ,;0 
Quality xa 

s .030 

R I .10 

p I 
.30 

M 1.0 

Non-Est. Rei. 

I 
3.0 

Lower 10 
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1 0. 1 5 CAPACITORS, FIXED, ELECTROLYTIC (ORY), ALUMINUM 

SPECIFICATION 
M!L-C-62 

STYLE 
CE 

Base Failure Rate - >t; 
IT - 85°C Max R:nedl - -- ~ ---

Stress 
TA ("C) . , .3 .5 .7 

0 I .0064 .0074 .Oil .020 
Hl .0078 .009 .014 .024 
20 I .0099 .011 .017 .030 
30 

I 
.013 .015 .023 .040 

40 .018 .021 .031 .055 
50 .026 .030 .046 .08 
60 I .041 .047 .071 .12 
7r, nco .078 1., .21 ,v 

I 
.uuo .. , 

80 .120 .14 .21 .37 

.9 

.034 

.042 

.053 

.070 

.096 

.14 

.22 

.35 

.65 

"-.- - .00201 ( ;J 3 + 
u L \·--1 

l ( ( T +273) 5 . 9 ] 1 exp 4.09 ~ 
J \. ,---, ) 

T - Ambient Temperature (0 C) 

s - Ratio of Operating to Rated Voltage 

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

Caoacitance Factor - rr.,-., 
' \JV 

Capacitance. C (µ.F) ncv 

3.2 .40 
62 .70 

400 i .0 
1600 1.3 
4800 1.6 

12,000 1.9 
26,000 2.2 
,::;n nnn 2.5 ..,v,vvu 

91,000 2.8 

n1n 
ncv = .32Cv. '., 

10-26 

I 
I 

I 

DESCRIPTION 
Aluminum, Dry Electrolyte, Polarized 

Quality Factor - rr.n -
Quality 

MIL-SPEC 

Lower I 
I 

C:r"1ir"'n..-l"\nt c .... ,..._ .. _ -
L-11v11 u11J1 n;;u n I av,u1 - ,.,E 

t:nvironment 

Gs 
G.,, ,--

r:. 
'--'M 

N5 

Nu 
A,,.. 

Iv 

AIF 

Aue 
AUF 

ARW 
c,_ 
'-"F 

MF 

ML 

CL 

1tr, 
"" 

3.0 

10 

rr.E 

1.0 

2.0 

12 

6.0 

17 

10 

12 

28 

35 

27 

.50 

14 

38 

690 
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10.16 CAPACITORS, VARIABLE, CERAMIC 

SPECIFICATION 
~.11L--C .. 81 

STYLE 
CV 

DESCRIPTION 
var.able. Ceramic 

A.p = A..0n0 xE Failures/106 Hours 

Base Failure Rate -:At, 
(T = 85°C Max P.ated) 

(MIL-C-81 Stvles CV 11 14 21 31 32 34 40 41) 
Stress 

TA ("C) .1 .3 .5 .7 .9 
0 .0030 .016 .086 .18 .37 

10 .0031 .017 .069 .18 .39 
20 .0033 .018 .073 .20 .41 
30 I .0036 .020 .080 .21 .45 
40 .0~1 .022 .089 .24 .50 
50 .0047 .026 .10 .28 .59 
60 .0058 .031 .13 .34 .72 
70 .0076 .041 .17 .45 .94 
80 .011 .058 .24 .63 1.3 

r, s ,3 7 r fT+273, 10.1, l. • .00224 -:-:: + 1 exo 1.59 ~ -b ---- L \-11 / rr I... -- \ 3:,11 / ) 
T - Ambient Temperature (°C) 
s - Ratio of Operating to Rated Voltage 

Operating voltage is the sum of applied D.C. voltage 
~n,t ftn~I, .6. f".. unltaf"IA ... ._ ..,.-... "' ,, __ , •-••-w-· 

I _____ I 
'Al~J 

0 
10 
20 
30 

RA!:A J:'::1l~11•A R:itA. )i) 

(T.., 12s0 c Max Rated) 
(MIL-C-81 Styles CV 35, 36) 

Stress 
. i 

.0028 

.0028 

.0029 

.0030 

.3 
.015 
.015 
.016 
.016 

.5 
.061 
.062 
.064 
.066 

.7 

.16 

.17 

.17 

.18 

.35 

.35 

.36 

.37 
40 .0031 .011 .oee ~ 1 e .39 
50 1' .0033 .018 .072 . 19 .41 
60 .0035 .019 .077 .21 .44 
70 .0038 .021 .084 .23 .48 
80 .o~ .023 .o9s .25 .54 
90 I .0050 .027 .11 .30 .63 I 

100 .0062 .033 .14 .38 . 78 

~~~ I :~~~9 :~ :~! ::! 1::s I 
r, -~ , 3 1 I' 1T~?'M\ 10.h I 

\,•-002241 {_17} + 1 jexpl1.59 { '39itJ --- JI 
~- , ~ ' • I /I 

T = Ambient Temperature (~C) 
S • Ratio of Operating to Rated Voltage 

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

Quality Factor -1t,.,. 

Quality 

MIL-SPEC 

Lower 

- 1..1 

Environment Factor - 11:E 

Environment 

Ge 

GF I 
~ 
Ns 
.... 
'"U 

Aic I 
A1F I A,.,... 
- ·u1., 

I A 

"UF I 
ARW 

SF 

Mr r 

I u IYIL 

CL 

4 

20 

,cE 

1.0 

3.0 

13 

8.0 
... .. , .. 
6.0 

10 

37 
.,,.. 
,v 

36 

.40 

20 

"'"' _,, 

950 
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10.17 CAPACITORS, VARIABLE, PISTON TYPE 

SPECIFICATION 
M!L-C-14409 

STYLE 
PC 

TA{°C) 

0 i 10 
20 
30 
40 

Base Failure Rate - Ai) 
(T • 125°C ~.ax P.a!ed) 

(MIL-C-14409 Stvles G H J, L. TI 
Stress 

.1 .3 .5 .7 
ftl"'l.f"lft .0051 .013 .03i .uu..:tu 

.0041 .0070 .018 .042 

.0055 .0094 .024 .057 

.0075 .013 .033 .on 

.010 .017 .044 .10 

DESCRIPTION 
Variable, Piston Type, Tubular Trimmer 

Quality Factor - 11:0 

Quality 

.9 MIL-SPEC 

Lower .063 
.085 
.11 I .16 
.21 

50 .014 .024 .060 .14 .29 
60 .O'i9 .032 .082 . ;9 .39 

Environment Factor - 7tc 

I 70 .025 .043 .11 .26 .53 
80 I .034 .059 .15 .35 .71 
90 

I 
.047 .079 .20 .48 .96 

100 .063 .11 .27 .65 1.3 
110 .086 .15 .37 .88 1.8 
120 .12 .20 .51 1.2 2.4 

\,•7.3xHr7 [{.~)3 + 1]ex{12.1 (T~~?3\ \ 
\ 398 I ) 

T - Ambient Temperature (°C) 

L. 

Environment 
,.. 

I ue 
GF 

~ I 
N,. . ·.::, 

Nu 
S • Ratio of Operating to Rated Voltage 
Operating voltage is the sum of applied D.C. voltage 
and oeak A.C. voltage. 

Base Failure Rate • ~ 

,. ... (! "; ~ ~~:c --~ R~~( 
t MIL -v .. 1 44u::, vnaracn1ns11c u J 

Stres..s 
T"C .1 .3 .5 .7 .9 

Arc I 
A!F I 
Aue I A 

'"'UF I 
ARW 

0 .0019 .0032 .0081 .019 .038 
10 .0025 .0042 .011 .025 .051 SF 
20 .0033 .0056 .014 .034 .068 M..-
30 .0044 .0074 .019 .045 .09 r 

40 nnco . 0099 .025 ,..,,,.. .... .1,,111,,1,,.n;a ,UQU . '"' 
50 .oon .013 .034 .079 .16 
60 .010 .018 .045 . 11 .21 

.. IVIL 

CL 
70 .014 .023 .060 .14 .28 
80 .018 .031 .079 .19 .38 
90 .024 .041 .11 .25 .50 

100 .032 .055 . 14 .33 .67 I 110 .043 .073 .19 .44 .89 
120 .057 .097 .25 .59 1.2 I 130 .076 .13 .33 .78 1.6 
140 .10 .17 .44 1.0 2.1 
150 .13 .23 .59 1.4 2.8 

._.7r/s\3 .1 /. - . /T+273\ \ 
\, • 7.3 x 1 u · L \ .33} + lj ex,,2.1 \ 423} ) 

T - Ambient Temperature (°C) 
s .. Ratio of Operating to Rated Voltage 
Operating vottaga is tha sum of applied C.C. voltage 
and peak A.C. voltaae. 

10-28 

IVllr,-...,-1-Jr,,P\---;;,-1--,-r--- -

xa 

3 

10 

1[,-·-c 

1.0 

3.0 

12 

7.0 

18 

3.0 

4.0 

20 I ..,,n 
JV I 
32 

.50 

18 

I At:, 
.. 0 

I 830 
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MIL-HDBK-21 7F 

1 0. 1 8 CAPACITORS, VARIABLE, AIR TRIMMER 

SPECIFICATION 
MIL-C-92 

STYLE 
CT 

DESCRIPTION 
Variable, Air Trimmer 

l .. = l.._x,...1t ... Failures/106 Hours 
t' UY C 

~!:.A 1=:ai~irp R:atP - lL l=nvirnnmAnt l=:ar,tnr - .,. ---- . ----· - . ·-·- .. 'D ··e 
I 

(I= 85°C Max Rated) I Environment I Stress I TA ("C) I .1 .3 .5 .7 .9 I Ge I I I Ge 
0 .0074 .013 .032 .076 .15 I I I n.. 

I 
"'M 

I 
10 . 010 .017 .044 .10 .21 

Ng 
20 .014 .023 .059 .14 .28 

Nu 
30 I .018 .031 .08 .19 .38 I A,,.. I 

I I -,v 
I 40 .025 .042 .11 .26 .52 A 

I I "'IF I 50 .034 .057 .15 .35 .70 Aue 
60 I .046 .078 .20 .47 .94 AUF I 
70 I .062 .Hl .27 .§3 , .3 Ar::nAt I 

nn 

80 .083 .14 .36 .85 1. 7 SF 

MF 

' _ 1 <>') V 1t,•6 r / .§_ \ 3 • . l ___ {.,. n /T+273\ 'i ML 0- 1 • .;rc;.A IV L \.33/ 
... 'J '"''°'l'v.o \ -358-}) 

CL 
T - A.ttbiEint TemperatiJie (°C) I 

s - Ratio of Operating to Rated Voltage 

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

Quality Factor - ,ca 
Quality 

Mil-SPEC 5 

Lower 20 

"E I 
1.0 I 3.0 

1-:a I .... 

I 
8.0 

24 

6.0 I 
~" IV 

37 

70 

36 

.50 

20 

52 

950 

10-29 
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MIL-HDBK-217F 

10.19 CAPACITORS, VARIABLE AND FIXED, GAS OR VACUUM 

SPECIFICATION 
MIi -r.-?~1R~ 

STYLE 
CG 

Base Failure Rate· Ao 
(T = 85°C Max Rated) 

(Styles CG 20, 21, 30, 31, 32, 40-44, 51, 60-64, 
67) 
c----~-T"C .1 .3 ,5 .7 .9 

0 .015 .081 .33 .BB 1.9 
10 .016 .084 .34 .92 1.9 
20 .017 .090 .37 .98 2.1 
30 .018 .098 .40 ,., 2.2 
40 .020 .11 .45 1.2 2.5 
so .024 .13 .52 1.4 2.9 
50 .029 .15 .54 1.7 3.6 
70 .038 .20 .83 2.2 4.7 
80 .054 .29 1.2 3.2 6.6 

r, s, 3 
).b •. 0112 L\.11) 

l / /T ... ?7::1\ 1n 1'\ 

• 1Jexpl1.59 \-350-J"'·'J 
T • Ambient Temperature (°C) 
s Ratio cf Operating to Ratad Voltage 

I 

I 
I 
I 

I 
Operating voltage is the sum of applied D.C. voltage I 
and oaak A.C. voltaaa. i 

Base Failure Rate -~ 

(T = 100°C Max Rated) 
IStvles CG 65 661 

Stress 
T"C . 1 .3 .5 .7 .9 

0 .014 .078 .30 .85 1.8 
10 .015 .080 .33 .87 1.8 
20 .015 .084 .34 .91 1.9 
'>n .... ., ....... .. ., ,..., .., ,.. 
-,v ,UIU .uoo ·""" .::m £.U 

40 .018 .095 .39 1.0 2.2 
50 .020 .11 .43 1.2 2.4 

60 I .022 . i2 .49 1.3 2.8 
70 .027 .14 .59 1.6 3.3 
80 .034 .18 .74 2.0 4.2 
90 I .045 .24 .99 2.7 5.6 

100 .066 .36 1.5 3.9 8.2 

T • Ambient Temperature (°C) 
S • Ratio of Operating to Ratad Voltage 

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

DESCRIPTION 
Gas or Vaa..0Jm Dielectric, Fixed and Variable, Ceramic or 
Glass Envelope 

"Tl>f", ., ·~~ 
0 .014 

10 .014 

20 .014 

30 .015 

40 .016 

50 .016 

60 .018 

70 .019 

80 .022 

90 .025 

100 .031 

110 .04 

120 .055 

Base Failure Rate -Ao 
(T • 125°C Max Rated) 

CStvleCGSOl 
Stress 

.3 "' .;;, 

.075 .31 

.077 .31 

.078 .32 

.08 .33 

.084 .34 

.088 .36 

.095 .39 

.10 .42 

.12 .48 

.14 .55 

.17 .68 

.21 .87 

.29 1.2 

.7 .9 

.82 1.7 

.83 1.8 

.85 1.8 

.88 1.9 

.91 1.9 

.96 2.0 

1.0 2.2 

1.1 2.4 

1.3 2.7 

1.5 3.1 

1.8 3.8 

2.3 4.9 

3.2 6.8 

r rs ,3 1 r rT+273)1011 ~- .0112 17 + 1 exp 1.59 ---;;-;,;;- · 

I 

I 
I 

I 
I 
I 

I 
I 
I 

U L \ . • , / J \ \ w~u / } I 
T - Ambient Temperature (°C) I 
S • Ratio of Operating to Rated Voltage 

Operating voltage is the sum of applied D.C. voltage I 
and DAak A.C. voltaae. 
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10.19 · CAPACITORS. VARIABLE AND FIXED. GAS OR VACUUM 

Configuration Factor -1tCF Environment Factor - KE 

Configuration "CF Environment ,cE 

Fixed .10 Gs 1.0 

GF 3.0 
Variable 1.0 

~ 14 

N5 8.0 

Nu 27 
Quality Factor - x0 AIC 10 

Quality 1tQ 
A1F 18 

MIL-SPEC 3.0 Aue 70 

Lower 20 AuF 108 

ARW 40 

SF .50 

MF NIA 

ML NIA 

CL NIA 
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10.20 

Example 

Given: 

MIL-HDBK-217F 

CAPACITORS, EXAMPLE 

A 400 voe rated capacitor type C009A1KE153K3 is being used in a fixed ground 
environment, 55°C component ambient temperature, and 200 voe applied with 50 Vrms 
@ 60 Hz. The capacitor is being procured In full accordance with the applicable 
specification. 

The letters ·ca- in the type designation Indicate that the specification is MIL-C-19978 and that II ls a Non­
EstabliShed Reliability quality level. The 1st-~ in the designation indicates characteristic K. The ·E- in 
the designation corresponds to a 400 von DC rating. The ·153• in the designation expresses the 
capacilance in picofarads. The first two digits are significant and the third Is the number of zeros to follow. 

Therefore, this capacitor has a capacitance ol 15,000 picofarads. (NOTE: Pico- 10·12, µ- 10~ 

The appropriate model for CO style capacitors Is given in Section 10.3. Based on the given infonnation 
the following model factors are determined from lhe lables shown in Section 10.3. Voltage stre88 ratio 
must account for both the applied DC volts and the peak AC voltage, hence, 

10-32 

s • .68 

Ab = .0082 

Kev • .94 

xa 10 
,i:E • 2.0 

s- DC Volts Applied + ..f2 (AC Volts Applied) 
DC Rated Voltage s: 

200 + --.J2 (50) _ 68 
400 - . 

Substitute S - .68 and TA .. ss0 c into equation shown 

with Characteristic K At, Table. 

Use Table Equation (Note 15,000 pF = .015 µF) 

¾,=At, 1tcv 1ta 1tE = (.0082)(.94)(10)(2) • .15 Failures1106 Hours 

---- I I •-----• 
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SPECIFICATION 
MIL-T-27 
MIL-T-21038 
MIL-T-55631 

THS ("C) 

30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 
185 

951 

.0024 

.0026 

.0028 

.0032 

.0038 

.0047 

.0060 

.0083 

.012 

.020 

.036 

.075 

MIL-HDBK-217F 

11.1 INDUCTIVE DEVICES, TRANSFORMERS 

DESCRIPTION STYLE 
TF 
TP 

Audio, Power and High Power Pulse 
Low Power Pulse 
IF, RF and Discriminator 

;..P = ¾,1ta1tE Failures/106 Hours 

Base Failure Rate -At, 
Maximum Rated Operating Temperature (°C) 

1052 1aol 1554 

.0023 .0022 .0021 

.0023 .0023 .0022 

.0024 .0024 .0022 

.0025 .0025 .0022 

.0027 .0026 .0023 

.0029 .0027 .0023 

.0032 .0029 .0023 

.0035 .0030 .0024 

.0040 .0033 .0025 

.0047 .0035 .0026 

.0057 .0039 .0027 

.0071 .0043 .0028 

.0093 .0048 .0029 

.013 .0054 .0031 

.019 .0062 .0033 

.030 .0072 .0035 
.0085 .0038 
.010 .0042 
.013 .0046 
.016 .0052 
.020 .0059 

.0068 

.0079 

.0095 

.011 

.014 

1105 

.0018 

.0018 

.0019 

.0019 

.0020 

.0020 

.0021 

.0021 

.0022 

.0023 

.0024 

.0024 

.0025 

.0026 

.0027 

.0028 

.0030 

.0031 

.0032 

.0034 

.0036 

.0038 

.0040 

.0042 

.0044 

.0047 

.0050 

.0053 

.0056 

>1-ro8 

.0018 

.0018 

.0016 

.0016 

.0017 

.0017 

.0017 

.0017 

.0017 

.0017 

.0017 

.0017 

.0018 

.0018 

.0018 

.0018 

.0019 

.0019 

.0019 

.0020 

.0020 

.0021 

.0021 

.0022 

.0023 

.0024 

.0025 

.0026 

.0027 

.0029 

.0030 

.0032 
NOTE: The models are valid only if T HS is not above the temperature rating for a given insulation class. 

1 r-HS • 273) 15.B 
\- .0018e,cp 32Sl Mll-T-27 lnsulalion Claae 0. MIL-T-21038 lnsulalion Class Q, Sid MIL-T-551131 lnsulalion ClaU 0." 

2 (T HS • 273) 14 
\ • .002 axp 352 MA..•T•27 lnsula1ion Cius R, MIL-T-21038 lneulation Class R, and MIL•T-55631 Insulation Class A." 

3 r-HS + 273)8.7 
\-.00188,q:) 3M MIL-T-27 lneulalion Cla11 S, Mll-T-21038 lneutatian Class S, and Mll-T-55631 Insulation Class B.' 

4 r-Hs• 273) 10 ',, • .002 exp --.00-- MIL-T-27 lnaulalion Class V, MIL·T-21038 Insulation Class T, and MIL•T-55631 Insulation Cius C." 

s r-HS + 273) 3.8 
\ • .00125 e,cp 388 MIL-T-27 lnsulallon Class T and MIL-T-21038 lnaulabon Class U." 

6 {T HS + 273) 8.4 
',,• .001511exp 477 IIAIL-T-27 ln1ula1ion Class U and Mll-T-21038 Insulation Class V." 

THS • Hal Spo1Temper111Ur11 ("C), See Sec::lion 11.3. •Refer to Traneformar Appllc■llon Not• tor Detarmln■tlon ot lneul■llon CIH■ 
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11.1 INDUCTIVE DEVICES, TRANSFORMERS 

Quality Factor - no 
Famitv Type• MIL-SPEC Lower 

Pulse T;ansformers i .5 5.0 

Audio Transformers 3.0 7.5 

Power Transformers and Filters 8.0 30 

RF Transformers 12 30 

. Refer to Transformer Appllcatlon Note for 
Determination of Famlly Type 

Environment Factor - 1tE 

Environment 7tE 

Gg I 1.0 
r.;~ 6.0 -r-

~ 12 

N5 5.0 

Nu 16 

A1c 6.0 

AIF 8.0 

Aue 7.0 

AuF 9.0 

Arr.u., 24 · ·nvv 

SF .50 

MF 13 

ML 34 

C, 610 - l. 

11-2 

TRANSFORMER APPLICATION NOTE: 
Insulation Ciass and Famiiy Type 

Determination 

MIL-T-27 Example D;;slgnatlon 

TF -4 R 01 GA 

I I I I I 
MIL-T-27 Gr:de lnau&=Ucn F■mily Cue 

Claas Symbol 

Family Type Codes Are: 

576 

Power Transformer and Filter: 01 thru 09, 37 thru 41 

Audio Transformer: 1 0 thru 21, 50 thru 53 

Pu!se Transformer: 22 thru 36 1 54 

MIL-T-21038 Exampie Designation 

TP 4 a XT100BC001 

I i I 
MIL-T-21038 Grade Insulation 

Class 

MIL-T-55631. The Transformers are Designated 
with the following Types, Grades and Classes. 

Type I 
Type II 
Type Ill 

Grade 1 

G;ade 2 

Grade 3 

ClassO 

Ciass A 

Class B 

C!ass C 

• Intermediate Frequency Transformer 
- Radie Frequenc--1 Transformer 
• Discriminator Transformer 

For Use \."Jhen fmmersion and 
Moisture Resistance Tests are 
Required 
For Use When Moisiure Resistance 
Test is Required 
For Use in Sealed Assemblies 

85°C Maximum Operating 
Temperature 
105°C Maximum Operating 
Temperature 
125•c Maximum Operating 
Temperature 
> 125°C Maximum Operating 
Temperature 

The class denotes the maximum operating 
temperature (temperature rise plus maximum 
ambient temperature). 
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11.2 INDUCTIVE DEVICES, COILS 

SPECIFICATION 
MIL-C-15305 
MIL-C-39010 

STYLE DESCRIPTION 
Fixed and Variable, RF 
Molded, RF, Est. Rel. 

Ap = Abncna1tE Failures/106 Hours 

Base Failure Rate - >-t, Construdion Factor - XC 
Maximum Operating Temperature (°C) Construction 

THsC°C) 851 1052 1253 1504 
30 .00044 .00043 .00039 .00037 Fixed 
35 .00048 .00044 .0004 .00037 
40 .00053 .00046 .00042 .00037 
45 .0006 .00048 .00043 .00038 

Variable 

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 
80 .0067 .0011 .00069 .00044 
85 .014 .0013 .00076 .00046 Quality 

Quality Factor· no 

90 .0018 .00085 .00047 
95 .0024 .00096 .0005 

100 .0036 .0011 .00052 
s 

105 .0057 .0013 .00055 
110 .0015 .00059 R 
115 .0018 .00063 
120 .0022 .00068 p 
125 .0028 .00075 
130 .00083 M 
135 .00093 
140 .0011 MIL-C-15305 
145 .0012 
150 .0014 Lower 

NOTE: The models are valid only if T HS is not above 

the temDArature ratino for a oiven insulation class. 

1. (T HS + 273) 15.tl MIL•C-15305 1'b • -000335 up 329 Insulation Cius O. • 

2 

(T HS + 273) 14 
MIL·C-15305 
lnsulallon Class A and 

~ • .000379 exp 352 MIL-C-39010 
lnaulallllnCIUIA.• 

3. 

(THS + 273) a7 
MIL-C-15305 
lnaulalion Class B end 

~ • .000319 exp 3114 MIL•C-39010 
lnlulalion Cl- B. • 

4. 

r-HS + 273) 10 
MIL-C-15305 
Insulation Class C end ¾, • .00035 exp 409 MIL-C-39010 
tnsulatiOn Clan F. • 

T HS• Hol Spol Temperature (°C), See Section 11.3. 

•Reier to Coll Appllcallon Note for Determination of 
lnautallon Cl■H. 

nc 

1 

2 

no 

.03 

.10 

.30 

1.0 

4.0 

20 

11-3 
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11.2 INDUCTIVE DEVICES, COILS 

Environment Factor - xE 

Environment 1te 
Gs 1.0 

Gi= 4.0 

~ 12 

Ns 5.0 

Nu 16 

AIC 5.0 

A1F 7.0 

Aue 6.0 

AUF 8.0 

ARW 24 

SF .50 

MF 13 

Ml 34 

CL 610 

11-4 

COIL APPLICATION NOTE: Insulation ClaH 
Determination From Part Dealanatlon 

MIL-C-15305. All parts in this specification are 
R.F. ooils. An example type designation is: 

r 
MIL-e-15305 

1 
Insulation 

Class Code 

1 001 

Family 

The codes used for the Insulation Class are: 
Class C: 1, 2. 3 
Class B: 4, 5, 6 
Class 0: 7, 8, 9 
Class A: 1 o, 11, 12 

MIL-C-39010. An example type designation per 
this specification is: 

M 39010/01 A 

I I I 
Military Document Insulation 

Designator Sheet Class 
Number I 
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11.3 INDUCTIVE DEVICES, DETERMINATION OF HOT SPOT TEMPERATURE 

Hot Spot temperature can be estimated as follows: 

where: 
T HS = Hot Spot Ten,:,erature (°C) 
TA .. Inductive Device Ambient Operating Temperature (°C) 
6T = Average Temperature Rise Above Ambient (°C) 

6T can either be determined by the appropriate "Temperature Rise" Test Method paragraph in the device base 
specification (e.g., paragraph 4.8.12 for MIL-T-27E), or by approximation using one of the procedures 
described below. 

6 T Annroximation 
Information Known 6 T Approximation 

1. MIL-C-39010 Slash Sheet Numbei 
MIL-C-39010/1C-3C, 5C, 7C, 9A, 10A, 13, 14 6T = 15°C 

MIL-C-39010/4C, 6C, BA, 11, 12 £\T ""35°C 

2. Power Loss 6T"" 125 WL/A 
Case Radiating Surface Area 

3. Power Loss 6T • 11.5 WL/(Wt.)·6766 
Transformer Weight 

4. Input Power ,H = 2.1 W1/(Wt.)·6766 
Transformer Weight 
(Assumes 80% Efficiency) 

WL a; Power Loss (W) 

A a; Radiating Surface Area of Case (in2). See below for MIL-T-27 Case Areas 

Wt. a; Transformer Weight (lbs.) 

w, = Input Power (W) 

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 
surface areas from 3 in2 to 150 in2. Do not include the mounting surface when determining radiating 
surface area. 

MIL-T-27 Case Radiating Areas (Excludes Mounting Surface) 
Case Area tin2l Case Area <in2) Case Area 0n2\ 
AF 4 GB 33 LB 82 
AG 7 GA 43 LA 98 
AL> i 1 HB. 42 MB 98 Mn 

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 

11-5 
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12. 1 ROTATING DEVICES, MOTORS 

The following 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 modal ia dictated by two failure modes, bearing 
failures 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 conteins a more comprehensive treatment of motor life prediction 
methods. The reference should be reviewed when bearing loads exceed 10 percent of rated load, spaada exceed 24,000 
rpm or motor loads include motor speed slip of greater than 25 percent. 

The instantaneous failure rates, or hazard rates, experienced by motors are not constant but increase with time. The 
failure rate modal in this sadion is an average failure rate for the motor operating over time period "1". The motor openlling 
time period (t-hours) is selected by the analyst. Each motor must be replaced when it reaches the end of this period to 
make the calculated ~ valid. The average failure rate, >-p. has been obtained by dividing the cumulative hazard rate by t, 
and can be treated as a constant failure rate and added to other part faffure rates from this Handbook. 

¾, • [ '\ + - 1- ] x 106 Fallures/105 Hours 
a 6 «w 

Bearing & Winding Characteristic Life • as and aw 
TA(OC) a9 (Hr.) aw (Hr.) TA ("C) a9 (Hr.) °W (Hr.) 

-40 310 1.9e+08 55 44000 2.3e+05 
-35 310 1.2e+08 60 35000 1.Be+OS 
-30 330 7.4e+07 65 27000 1.4e+05 
-25 370 4.78+07 70 22000 1.1e+05 
-20 460 3.1a+07 75 17000 8.8e+04 
-15 660 2.0e+07 80 14000 7.0&+04 
·10 1100 1.4e+07 85 11000 5.7e+04 

-5 1900 9.2e+06 90 9100 4.6e+04 
0 3600 6.4e+06 95 7400 3.8a+04 
5 6700 4.5e+06 100 6100 3.1e+04 

10 13000 3.2e+06 105 5000 2.58+04 
15 23000 2.3e+06 110 4200 2.1e+04 
20 39000 1.6e+06 115 3500 1.8e+04 
25 60000 1.2e+06 120 2900 1.58+04 
30 78000 8.98+05 125 2400 1.2e+04 
35 86000 6.6e+05 130 2100 1.0e+04 
40 80000 5.0e+OS 135 1700 8.9e+03 
45 68000 3.8e+OS 140 1500 7.5e+03 
50 55000 2.9e+-5 

[ ,.('"'·,.'!';,,}. r aa - ( ZO . T 44!°:13) 
10 + 300 

[ 2357 . 1.83) 

aw a 10 TA+ 273 

09 - Weibull Characteristic Life for the Motor Bearing 

aw - Weibull Characteristic Life for the Motor Windings 

TA - Ambient Temperature (°C) 
t - Motor Operating Time Period (Hours) 

NOTE: See next page for method to calculate a 8 and aw when temperature is not constant. 

12-1 
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1 2 .1 ROTATING DEVICES, MOTORS 

Cicalculation for Cycled Temperature 

The following equation can be used to calaJlate a weighted characteristic life for both bearings and windings 
(e.g., for bearings substitute as tor all a's in equation). 

where: 

12-2 

a 

h1 

h2 

h3 

hm 

a1 

a2 

a-= 

.. either as or aw 

"' Time at Temperature T 1 

- Time to Cycle From Temperature T1 to T3 

Time at Temperature T 3 

Time at Temperature Tm 

= Bearing (or Winding) Life at T 1 

• Bearing (or Winding) Life at T 2 

NOTE: T2 

!::.. 
Q) ... 
::, 
cu 
ci> 
C. 
E 
Q) 
I-

T1 

h1 h2 

Hours (h) 

Thermal Cycle 
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12.2 ROTATING DEVICES, SVNCHROS AND RESOLVERS 

DESCRIPTION 
Rotating Synchros and Resolvers 

"-p = "-b1tSn:Nn:E Failures/106 Hours 

NOTE: Synchros and resolvers are predominately used in service requiring only slow and infrequent motiOn. 
Mechanical wearout problems are infrequent so that the electrical failure mode dominates, and no 
mechanical mode failure rate is required in the model above. 

Base Faiure Rate - At, Number of Brushes Factor - nN 

T F (°C) ).b TF (°C) ).b Number of Brushes 7tN 

30 .0083 85 .032 2 1.4 
35 .0088 90 .041 
40 .0095 95 .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 
75 .022 130 .74 

Environment Factor - nE 

80 .027 135 1.3 Environment 7tE 

Ge 1.0 

'b (T+273 )8.5 • .00535 exp 334 
GF 2.0 

~ 12 

TF - Frame Temperature (°C) N5 7.0 

If Frame Temperature is Unknown Assume 
T F - 40 "C + Ambient Temperature 

Nu 18 

AIC 4.0 

A1F 6.0 

Aue 16 

11:5 

Size Factor - n:5 
AuF 25 

ARW 26 

DEVICE Size 8 or Size 10-16 Size 18 or SF .50 
TYPE Smaller Laraer MF 14 

Synchro 2 1.5 1 ML 36 

Resolver 3 2.25 1.5 CL 680 

12-3 
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12.3 ROTATING DEVICES, ELAPSED TIME METERS 

Base Failure Rate - "'b 
Type 

A.C. 

Inverter Driven 

Commutator D.C. 

Temperature Stress Factor - nT 

Operating T (0 C)/Rated T (°C) 

Oto .5 

.6 

.8 

1.0 

12-4 

"'b 
20 

30 

80 

nT 

.5 

.6 

.8 

1.0 

DESCRIPTION 
Elapsed Time Meters 

Environment Factor - nE 

Environment 

Ge 
GF 

~ 
N5 
Nu 

Arc 

A1F 

Aue 
AuF 

ARW 

SF 

MF 

ML 

CL 

ne 
1.0 

2.0 

12 

7.0 

18 

5.0 

8.0 

16 

25 

26 

.50 

14 

38 

NIA 
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12.4 ROTATING DEVICES, EXAMPLE 

Example 

Given: Fractional Horsepower Motor operating at a thermal cllty cycle of: 2 hours at 100°c, e 
hours at 20°c, 0.5 hours from 100°C to 20°C, and 0.5 hours from 20°c back to 100°C. 
Find the average failure rate for 4000 hOurs operating time. 

The basic procedure is to first determine operating temperature at each time interval (or averge 
temperature when traversing from one temperature to another, e.g. T 2 • (100 + 20)/2"' 60°C. Detennine 
as and aw at each temperature and then use these values to determine a weighted average as and aw 
to use in the¾, equation. 

h1 • 2 hr. 

h2 = h4 = 0.5 hr. 

h3 • 8 hr. 

T 1 = 100°C; as - 6100 hOurs; 

T 2 • 60°C; a 8 - 35000 hours; 

T 3 • 20°C; as • 39000 hours; 

aw • 31000 hours 

a.w • 180000 hours 

aw • 1600000 hours 

2 + 0.5 + 8 + 0.5 
2 0.5 8 0.5 = 19600 hours 

6100 + 35000 + 39000 + 35000 

2 + 0.5 + 8 + 0.5 
2 0.5 8 0.5 - 146000 hours 

31000 + 180000 + 1600000 + 180000 

= ( (4000)2 1 ) 106 
(19600)3 + 146000 X 

= 9.0 Failures/106 Hours 

12-5 



Downloaded from http://www.everyspec.com

SEC et al. v. MRI 
SEC Exhibit 1009.0153 

IPR2023-00221

MIL-HDBK-21 ?F 

13.1 RELAYS, MECHANICAL 

DESCRIPTION SPE\;lt-1\;A I IUN 
MIL-R-5757 
MIL-R-6106 
Mll-R-19523 
MIL-R-39016 

MIL-R-19648 Mechanical Relay 
MIL-R-83725 
Mll-A-83726 (Except Class C, Solid State Type) 

Base F aikJre Rate - At, Load Stress Factor - xl 
Rated TemD&rature LoadTvoa 

TA ("C) esoe1 125•c2 s Resistive 1 lnducttve2 Lamp3 
25 ftl't.l!!!ft .0059 .UUDU .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 
•O .0065 .0062 .30 'i.15 1.78 9.49 
45 .0068 .0064 .40 1.28 2.72 54.6 
50 .0072 .0066 .50 1 .48 4.n 
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.n 
80 .016 .0089 
85 .020 .0097 
90 .011 
95 .012 

1. 
7tl -exp (.~)2 3. 

7tL • exp (%)2 
100 .013 
105 .015 
110 .018 
115 .021 

2. 7tl • exp (!) 2 S O!!!ratin11 Load Current 
• Rated Resistive Load Curren! 

120 .025 
125 .031 

For single devices which switch two different load types, 
evaluate nl for each possible stress load type 

1. At, 
CA + 273) 15.7 - .00555 exp 352 _ 

combination and use the worse case (largest nl). 

Cycling Factor - ncvc 

2. 
An 

(TA+ 273) 10.4 
D .0054 exp ~ 3n I Cycle Rate I xcyc (Cycles per Hour) (MIL-SPEC) 

Q~l!i!:i 12!i!t l::!121.11 
TA - Ambient Temperature (°C) ~ 1.0 10 

< 1.0 0.1 

Contact Form Factor - Jtc 
(Aoolies to Active Conductlna Contacts\ 

Contact Form nc 
SPST 1.00 
DPST 1.50 
SPOT 1.75 

Cycle Rate ncvc (Cycles per Hour) 
Clower Qualltvl 

(Cy_cles eer Hou~} 2 
> 1000 , 100 

CY.cles ear Hour 
10 - 1000 10 
<10 1.0 

3PST 2.00 
4PST 2.5Q 
DPDT 3.00 
3PDT 4.25 
4PDT 5.50 
6PDT 8.00 

NOTE;Values of ncyc for cycling rates beyond the 

basic design limitations of the relay are not valid. 
Design specifications should be consulted prior to 
evaluation ol 1tCYC· 
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13 .1 RELAYS MECHANICAL 

Application and ConstNc:tion Factor· W,: 

Oualily Ka -.= 
Contact Application Construction Type Ml.· Lower 

A .10 - T- SPEC QulllilY 
p .30 
X .'5 

Signal I Dry circuil Amla&n (Long) • I 
~ DryANd s 18 

u .60 fl.ow rnv Metel#yWened 1 3 
M 1.0 ardma) lilllgnaic Ullching .. 8 

L 1.5 Blllanoecl ArmaluN 7 , .. 
Non-Est. Rel. 3.0 Solenoid 7 1• 

0--6~ ~ a..-.;:-_,. l[aiii) ""3 6 
PurpoM Balanc:9d Armatur. 5 10 

Solenoid 6 12 

Environment FaclOr • "f: s.rtall- Annalure (Long and 5 10 
(0· 100 rnw) Short) 

"E 
Environment MIL-SPEC Lower ~t"l. ,aldv 

I:::=, :,io 2 6 

• 12 
,.......Mov--.i 100 100 

Ge 1.0 2.0 

~ 2.0 5.0 

8afancedArffmu19 10 20 
Polariad Am!Mure(:M'IOrt) 10 20 

MelerMIMNMrll 100 100 

Ga.4 15 44 
Vibrating ury- 6 12 
RNd Mercu!YWetted 1 3 

NS 8.0 2, HighSpeed Armatur9 (8alanc:ad 25 NA 
and Shoni 

Nu 27 78 Dn,A9ed II NA 
TMl'ffllll Nmeta! 10 20 

A 7.0 15 -1c 
AIF 9.0 20 

Tlrnal'l=!a, 
~ronic 9 12 
TlffleO..,,, 

-\Jc 11 28 
...,,._ 
Thermal 

~ 12 38 I Lalching. DryANd I ;o I 20 
M-enMic Men:ury Weu.d 5 10 

~ ,s ,..a 

Si: .50 1.0 

Balanced Aramtuf9 5 10 
5-20 High Vacuum (Glass) 20 '° Imp Volt-- YIICIIMfl iCefamlcl 5 10 

Mi= 25 72 
.....,. Armalln (Long and 3 6 
Paw-, St.an; 

Mi. 66 

I 
200 

c,_ NIA NIA 

MM:uryW.n.d 1 3 

I MaglMltk:la:hirlg I 2 I II 
Mechanical L!!l!:hing 
Balanced Armllllre 3 6 
Solenoid 2 6 

2 6 
25-800 ~tactorl ,.. ,_;.;~; (Short) 7 14 
Amp (High Mechanlcall.archlng 12 24 

Cumin!) Balanced Annalure 10 20 
Solenoid 5 10 
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MIL-R-83726 

MIL-HDBK-21 ?F 

13.2 RELAYS, SOLID STATE AND TIME DELAY 

DESCRIPTION 
Relay, Solid State 
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 (Parts Stress Method) or 
from the Pans Count Method shown in Appendix A, depending upon the depth oi knowledge the analyst has 
about the components being used. If insufficient information Is available, the following default model can be 
used: 

>-p = ¾,nQ'CE Failures/106 Hours 

Basa Failure Rate - "b Environmeni Factor - nE 
Relay Type Ab Environment 1tE 

Solid State .40 Gs 1 0 

Solid State Time Delay .50 
GF 3.0 

GM 12 
Hy1>iid .50 Ng 6.0 

Nu 17 
A 12 MIC 

Quality Factor• xO AIF 19 
Quality no Aue 21 

MIL-SPEC '.o AuF 32 

Lower 4.0 ARW 23 

I SF .40 

MF 12 

I M, 33 ... L 

CL 590 



Downloaded from http://www.everyspec.com

SEC et al. v. MRI 
SEC Exhibit 1009.0156 

IPR2023-00221

MIL-HDBK-21 ?F 

SPECIFICATION 
MIL-S-3950 
MIL-S-8805 
MIL-S-8834 

MIL-S-22885 
MIL-S-83731 

Base Failure Rate• At, 
Description I MIL-SPEC I Lower Quality I 
Snap-action I .ooo4s I .034 I 
Non-snap Action .0027 .040 

Cycling Factor .. n:cvc 
~ ..... it,..11,,.i...,_ ,-.. ... """1-... r.cvc ._,;Jffll\.111111\,J VJ\#H;.:t 

nAr Hour 

:;; 1 Cycle/Hour I 1.0 

> 1 Cycle/Hour Number of Cycles/Hour 

Load Stress Factor - ,cL 

.:>lft:55 LOi:ICI l\l'Dt: 

s Resistive Inductive Lamo 
0.05 1.00 1 .02 1.06 
0.1 1.02 1.06 1.28 
0.2 1.06 1.28 2.72 
0.3 1.15 1.76 9.49 
0.4 1.28 2.72 54.6 
0.5 1.48 4.77 
0.6 1.76 9.49 
n 7 ~ ◄ i::: ~◄ A ..,,, ~. ,v ,t;,. I .-., 

0.8 2.72 
0.9 3.55 
1.0 4.77 

t"\na.ratinn I narl f"'"_11rrAnt 

S= 
"'t!VIU.lllll::f ._V'U.U '-'U11Vtll. 

Ra1ed Resistive Load Current 

,rL = exp (S/.8)2 for Resistive Load 

ff, ,. AYn ,~, .. n2 fnr Inti, 1Miv"' I n::irl 
··1.. _ ..... ,.. ,-·· ., 

·-. -·., ior Lamp Load ,cl - exp {~/.,:r 

11.tf"\TC• \Alhnn thn ,..,,,uitl"h ii" .,.,,,,.._,.. ku i,...,.., ,,..,tiun 1-.-.....a 
l"I"' I~, 'l''f'll'-111 Ul'Q OYl'll\,,11 10 •au;;;u UJ IIIUU\I\IVlg" IVQU, 

then use resistive n, . -L-

14.1 SWITCHES, TOGGLE OR PUSHBUTTON 

DESCRIPTION 
Snap-action, Toggle or Pushbutton, 
Single Body 

Contad Form and Quantity Factor - xc 
Contact Form 

SPST 
DPST 
SPOT 
3PST 
4PST 
DPDT 
3PDT 
4PDT 
SPOT 

Environment Factor - n,.. 

Environment 

AIC 

A!F 

Aue 
AuF 

ARw 

C 

J 

1.0 
1.5 
1.7 
2.0 
2.5 
3.0 
" " ... , 
5.5 
8.0 

1.0 

3.0 

18 

8.0 

29 

10 

18 

13 

22 

46 

.50 

25 

67 

1200 
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14.2 5w1n;n1:.s, BASiC 5EN51TIVE 

SPECIFICATION 
MIL-$-8805 

Base Failure Rate -At, 

At,• At>E + n At>c (if Actuation Differential is 

> 0.002 inches) 

At, "' At>E + n At,() (if Actuation Differential is 
~ n nn? inl'hao:,\ 
- Vovv• n ""'' rv,g/ 

n • Number of Adlve Contacts 

Description MIL-SPEC Lower Oualitv 

At>E .10 .10 

At>c .00045 .23 

At>o .0009 .63 

Load Stress Factor = ,cl 
C'•---- I __ _. -r-.. --
~utr::.::. I L.Ui:IU •x~ s Resistive I Inductive I Lamp 
0.05 1.00 

I 
1.02 1.06 

0.1 1.02 1.06 1.28 
0.2 i.06 i.28 2.72 
0.3 1.15 1.75 9.49 
0.4 1.28 2.72 54.6 
0.5 1.48 4.77 
0.6 1.76 9.49 
0.7 2.15 21.4 
0.8 2.72 
0.9 I 3.55 
1.0 4.77 

S= 
nnAr<1tlnn I n<>ri r.urronl -a:::-•-a•••z:::r: ---- --••v111, 

Rated Resistive Load Current 

xl - exp (S/.8)2 for Resistive Load 

7t, - exp (S/.4)2 for Inductive Load - ·1.. 

xl 
---- ,,.., _,? ior Lamp Load - exp {.::>r . .:::,-

NOTE: When the Switch is Rated by Inductive 
Load, then use Resistive xl. 

14-2 

I 

I 
I I 

I I 

DESCRIPTION 
Basic Sensitive 

Cycling Factor - XCYC 

Switching Cycles I xcvc 
(?!rHour 

I 
~ 1 Cycle/Hour 1.0 

> 1 Cycle/Hour I Number of 
Cycles/Hour 

Environment Factor - xE 

Environment xE 

Ge 1.0 

GF 3.0 

r.:. •• 18 -'M 

Ns 8.0 

Nu 29 

A,,.. 10 
''-' 

,11. __ 
18 ~IF 

Aue 13 

AUF 22 

ARW 46 

~- .50 -.... 

MF 25 

ML 67 

CL 1200 

I 

I 
I 

I 

I 
I 
I 

I 
J 

I 
I 
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SPECIFICATION 
MIL-S-3786 

Base Failure Rate - At> 

Base failure rate model ("b): 

At, a "t>E + n"t>F (tor Ceramic RF Waters) 

At, s At)E + n At)G (for Rotary Switch Medium 

Power Waters) 

n - Number of Active Contacts 

Descriotion MIL-SPEC Lower Qualitv 

'-bE .0067 .10 

'-bF .00003 .02 

"t>G .00003 .06 

Load Stress Factor - 11:L 
Stress Load Tvoe 

s Resistive Inductive Lamp 
0.05 1.00 1.02 1.06 
0.1 1.02 1.06 1.28 
0.2 1.06 1.28 2.72 
0.3 1.15 1.76 9.49 
04 1.28 2.72 54.6 
0.5 1.48 4.77 
0.6 1.76 9.49 
0.7 2.15 21.4 
0.8 2.72 
0.9 3.55 
1.0 4.77 

nnar-<:1tinn I n':lri r.11rrant 
s -t::::""' ..... ''"':::.I ~~~- -"'''""''' .. 

Rated Resistive Load Current 

nL C exp (S/.8)2 for Resistive Load 

nL - exp (S/.4) 2 for Inductive Load 
·-. _.? 

for Lamp Load nL - exp (~/.2)~ 

NOTE: When the Switch is Rated by Inductive Load, 
lhAn LJ!;A AA!;i!;livA ,r, - ·-·· --- . ·--·-··· - ·-L· 

1 4. 3 SWITCHES ROTARY 

DESCRIPTION 
Rotary, Ceramic or Glass Wafer, Silver Alloy Cortacts 

Cycling Factor = ri.cvc 
Switching Cycles ncvc 

oer Hour 

s 1 Cycle/t-lour 1.0 

> 1 r.v,-,IA/Hn11r 1\111mhAr nf r.vdA~/Hn1 ,r -., .......... , ........... . ~-···-- ... · -· -r-·-~·. __ ,... 

Environment Factor - nE 

Environment nE 

Ga 1.0 

GF 3.0 

GM 18 

Ns 8.0 

Nu 29 

Ate 10 
A <n 
,..IF 10 

Aue 13 

AuF 22 

ARW 46 

SF .50 

MF 25 

ML 67 

r.. 1200 -L 

...... 
I q-..:, 
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14.4 SWITCHES, THUMBWHEEL 

SPECIFICATION 
M!L-S-22710 
Line 

DESCRIPTION 
Switches, Rotary (Printed Circuit) (Thumbwheel, In­

and Pushbutton) 

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

This model applies 10 a single switch sactiona ThSS type cf switch is frequentty ganged to provide the 
required function. The model must be applied to each section individually. 

Ba~e Fl'tilurn Rme • ¼>1 and )'b2 Cycling Factor - xcvc 
Descriotlon MIL-SPEC Lower Oualltv Switching Cycles n:cvc 

oer Hour 

"-b 1 .0067 .086 
s 1 Cycle/Hour 1 .0 

)..b2 .062 .089 

> 1 Cycle/Hour Number of Cycles/Hour 

Number of Active Contacts Factor - 1tN 

n:N "' Number of Active Contacts Environment Factor - 1tE 

Environment ,cE 

Load Stress Factor - 7tL Gs 1 .0 

Stress Load Tvoe 
s Resistive Inductive Lamp 

0.05 1.00 1.02 1.06 

GF 3.0 

GM 18 

0.1 1.02 1.06 U!S 
0.2 1.06 1.28 2.72 Ns 8.0 

0.3 1.15 1.76 9.49 
0.4 1.28 2.72 54.6 

Nu 29 

0.5 1.48 4.77 
0.6 1.76 9.49 

A1c 10 

0.7 2.15 21.4 
0.8 2.72 

AIF 18 

0.9 3.55 
1.0 4.77 

Aue 13 

AUF 22 

s O12eratlna Load Current 
"' Rated Resistive Load Current 

7tL = exp (S/.8)2 tor Resistive Load 

7tL = exp (S/.4)2 tor Inductive Load 

7tL = exp (S/.2)2 for Lamp Load 

ARW 46 

SF .50 

MF ""' "'-' 

ML 67 

CL 1200 

"ll"'ITC· When the Switch is Rated by Inductive nl\J IL..., 

Load, then use Resistive 1tL. 
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14.5 SWITCHES, CIRCUIT BREAKERS 

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

An = A.. ncn· ,n-1t_ Failures/106 Hours .- --b u u t:; 

Base Failure Rate - At) Quality Factor - x0 
Description ).b Quality "a 

Magnetic .020 MIL-SPEC 1.0 
Thermal .038 Lower 8.4 
Thermal-Magnetic .038 

Environment Factor - nE 
Environment xE 

Configuration 7tr-
'-' 

Configuration Factor - nc 
Gs 1.0 

GF 2.0 
SPST 1.0 ~ 15 
DPST 2.0 
3PST 3.0 N,.. 8.0 ---:> 
4PST 4.0 Nu 27 

A,c 7.0 

A1F 9.0 
Use Factor - nu Aue 11 

Use nu AuF 12 

Not Used as a Power 1.0 ARW 46 
On/Oif Switch 

SF .50 
Also Used as a Power 10 MF 25 On/Off Switch 

ML 66 

CL NIA 
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15.1 CONNECTORS, GENERAL (EXCEPT PRINTED CIRCUIT BOARD) 

SPECIFICATIOW 
MIL-C-24308 
MIL-C-28748 
MIL·l,;-;.::tstsU4 
MIL-C-83513 
ML-C-83733 

DESCRIPTION 
Rack and Panel 

MIL-C-5015 Cirrular 
MIL-C-26482 
MLC28840 
MI L-C-38999 
MIL-C-81511 
MJL-C-83723 
• NOTE: See following page for connector configurations. 

SPECIFICATION* 
MIL-C-3607 
MIL-C-3643 
MIL-l,;-;:mou 
MIL-C-3655 
MIL-C-25516 
MIL-C-39012 
MIL-C-55235 
MIL-C-55339 
MIL-C-3767 
MIL-C-22992 

MIL-C-49142 

DESCRIPTION 
Coaxial, RF 

Power 

Triaxial, RF 

APPLICATION NOTE: Tha failure rate modal ;s for a matad pair of connectors. h is somatimas desirable to ass&gn 
half of the overall mated pair connector (i.e., single connector) failure rate to the line replaceable unrt and half to the 
chassis (or backplane). An example of when this- would be beneficial is for input to maintainability prediction to allow a 
failure rate weighted repair time to be estimated for both the LAU and chassis. This accounting procedure could be 
<:;ignifir~nt if rAp~ir timAc::. fnr tha twn h::1lvi0c::. nf fhiQ rnnnC11rlnr ::ua c::.1 ,hc::::t:..nti::ally rHfforont. S:nr ::a i;::inglo r-nnnor-tnr rfi\litio 1 p hy 

!WO. 

Base Failure Rate - 't> 
Insert Material" 

T0 (°C) A1 B2 c3 o4 

0 .00006 .00025 .0021 .0038 
10 .00008 .00033 .0026 .0048 
20 .00009 .00044 .0032 .0062 
30 .00011 .00057 .0040 .0078 
40 .00014 .00073 .0048 .0099 
50 ,00016 .00093 .0059 .013 
60 .00020 .0012 .0071 .016 
70 .00023 .0015 .0087 .020 
80 .00027 .0019 .011 .026 
90 .00032 .0023 .013 .033 

iOO .00037 .0029 .016 .043 
110 .00043 .0036 .020 .056 
120 .00050 .0045 .024 .074 
130 .00059 .0056 
140 .00069 .0070 
150 .00080 .0087 
160 .00094 .011 
170 .0011 .014 
180 .0013 .018 
11#0 .0016 .022 
200 .0019 .029 
210 .0023 
220 .0028 
230 .0034 
240 .0042 
250 .0053 

. H a mating pair of connectors uses two types of 
insert materials, use the average of the base failure 
raies for ihe iwo insert maieriai types. See foiiowing 
page for insert material determination. 

Base Failure Rate - 't> (cont'd) 

1. ((-1592.0) (T04+7:73)5.36) ~ • .020 exp To + 273 + 

2. (r-2073.6) (To4~:73)4.661 ¾,- .431 exp To + 273 + I 
\'- - / - . / 

3. (( ·1298.0 '\ (To 3~:7314.25') 
¾, • · 190 exp 11 T,.. + 273 I+ ) I 

\\ - / ' / J 

4. (r •1528.8 \ (To3::73)4 72\ ¾--77oexp T_+273I+ I 
\\u J '- / ) 

T0 ., Internal Contact Operating Temperature (°C) 

T0 - Connector Ambient Temperature+ Insert 

Temperature Rise 

See following page for Insert Temperature Rise 
Determination. 
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15.1 CONNECTORS, GENERAL (EXCEPT PRINTED CIRCUIT BOARD) 

Insert Material Detennination 

II 1, Possible Insert 
Materials 

Confiauration 
Rack and Panel 

Circular 

Power 

Coaxial 

TriaXial 

Soecification 
MIL-C-28748 
MIL-C-83733 
MIL-C-24308 
MIL-C-28804 

I MIL-C-83513 

MIL-C-5015 
MIL-C-26482 
MIL-C-28840 
MIL-C-38999 

I ~:t:~::~~~~ 
MIL-C-3767 
MIL-C-22992 

MIL-C-3607 
MIL-C-3643 
ty11L-C-3550 
MIL-C-3655 
MIL-C-25516 
MIL-C-39012 
MIL-C-55235 

I MIL-C-55339 

I MIL-C-49142 
insert 

Material 
Tvoe Common Insert Materials 

A 

A B C 
X 
X 

X X 
X X 
XI XI 

X 
X X 
X X 
X X 

X 
X 

X 
X 

X 

X 

X 
X 
V 

" X 
X 
X 
X 
X 

X 

D 

X 
X 

X 
X 

Temperature 
Ranae (°C)• 
-55 to 250 

B 

Vitreous Glass, Alumina 
Ceramic, Poiyimide 
Dia!!y!phta!ate, ~ ... ~elaminel 
Fluorosllicione, Silicone 
Rubber, Polysulfone, 
Epoxy Resin 

.. 55 to 200 I 

C 

D 

I :;.~,i~~~fh.:orsthylsns 

I Chlorotrlfluorethylene 
(Kel-1) 

I Pclyamide ("Jy!on), 
Polychloroprene 
(Neoorene). Polvethvlene 

=55 to 125 

=55 to 125 

•These temperature ranges indicate maximum 
ri!ln!5hilitu nf thai inei31,t "'£1tairi~I l"lnlu f"l"\nna.,-♦l"IN!' 

I 

I A~:~!:~errature Ri~l~~:CJ..~~~rmlnation 
I ru11t,1vrvo I """'"a'-'• ~auyv 

PerContaci 22 I 20 I 1R I 1? "'· 

I 

I 

- -
2 
3 
4 
5 
6 
7 
8 
9 

10 
15 
20 
'>C ,,_.., 
30 
35 
40 

t.T 
6T 

6T 

t.T 

--· 

;: 

;: 

4 
8 

13 
19 
27 
36 I 
46 
57 
70 

I 
0.989 (i) 1 -85 

0.640 (i) 1 ·85 
4 DJ;: 

0.274 (1) I .g;,.J 

0.100 (i)1.8§ 

-
2 
5 
8 

13 
18 
23 
30 
37 
45 
96 

. - ·-
1 0 
2 1 
4 1 
5 2 
8 3 

10 I 4 
13 5 
16 6 
19 7 
41 15 
70 26 

1 n,e,. '20 
IVU 

I 
~ .. 
54 
72 
92 

22 Gauge Contacts 
20 Gauge Contacts 

16 Gauge Contacts 

12 Gauge Contacts 

t.T .. Insert Temperature Rise 
I .. Amperes per Contact 

RF Coaxial Connectors 

RF Coaxial Connectors 
(High Power Applications) t:..T = 50°C 

Mating/Unmating Factor - nK 

MatingtUnmating Cycles• 
(per 1000 hours) 

Oto .05 
> .05to.5 
> .5to5 
>5io50 
> 50 

1.0 
1.5 
2.0 
3.0 
4.0 

I ;;r~-th;s;· ;;;,;;t;i~· a~'7.';;~,1~ vt,';.;e ';~~d~~;d"' I I ·one cycle includes both connect and disconnect. I 
I temper~tur~ r~nge c_au~!3<1 _by.other considerations of 

connector aesIgn. AppIica0Ie connector 
specifications contain connector operating 
temperature range. 

15-2 
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1 5. 1 CONNECTORS, GENERAL (EXCEPT PRINTED CIRCUIT BOARD) 

Active Pins Factor - 1tp Environment Factor - 1tE 

Numbero1 Number of 
Active Active 7tE 

Contacts l'tp Contacts l'tp Environment MIL-SPEC Lower Quality 

1 1.0 65 13 
G i , .o 2.0 B 

2 1.4 70 15 
3 1.6 75 16 

GF 1.0 5.0. 

4 1.7 80 18 ~ 8.0 21 
5 1.9 85 19 
6 2.0 90 21 Ns 5.0 10 
7 2.2 95 23 
8 2.3 100 25 13 27 
9 2.4 105 27 
10 2.6 110 30 

--

A1c 3.0 12 

11 2.7 115 32 
12 2.9 120 35 AtF 5.0 18 

13 3.0 125 37 
14 3.1 130 40 

Aue 8.0 17 

15 3.3 135 43 AuF 12 25 
16 3.4 140 46 
17 3.6 145 50 ARW 19 37 
,a 3.7 150 53 
19 3.9 155 57 SF .50 .80 
20 4.0 160 61 
25 4.8 165 65 MF 10 20 

30 5.6 170 69 
35 6.5 175 74 

ML 27 54 

40 7.4 180 78 
45 8.4 185 83 

CL 490 970 

50 9.5 190 89 
55 11 195 94 
60 12 200 100 

7tp = (N-1) q exp 10 

q .. 0.51064 

N = Number of Active Contacts 

An aCTive c;omaCT is me conouC1:ive e1emem 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. 
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15. 2 CONNECTORS, PRINTED CIRCUIT BOARD 

SPECIFICATJOt~ 
MIL-C-21O97 
MIL-C-55302 

DESCRIPTIO,..: 
One-Piece Connector 
Two-Piece Connector 

Base Failure Rate - "o Connector Te~rature Rise (t,.T °Cl Detennination 

To ("C) Ab To ("C) Ab Amperes Contact Guaoe 
Per Contact 26 22 20 

0 .00012 110 .0018 
'10 .00017 i20 I .0022 
20 .00022 130 .0028 
30 .00028 140 .0035 
40 .00037 150 .0044 
50 .00047 160 .0055 

1 2 1 1 
2 8 4 2 
3 16 8 5 
4 27 13 8 
5 41 19 13 

60 .00059 170 .0069 
70 .00075 180 .0088 
80 .00093 190 .011 t,.T = 2.100 (i) 1-85 26 Guage Contacts 
90 .0012 200 .015 

100 .0015 
!\T = 0.989 (i) 1-85 22 Guage Contacts 

6T = 0.640 (i) 1 ·85 20 Guage Contacts 

( -2073 6 (To+ 273)4.661 
"t) • ·216 exp (r..., + 2°73] + 423 

/ \\ - J ' J 

6T = Contact Temperature Rise 

i = Amperes per Contact 
! 

TO = Internal Contact Operating Temperature (°C) 

Mating/Unmating Factor - nK 

Maiing/Unmaiing Cycies' I 7tK 
(Pert 000 Hours) 

0 to .05 1 .0 
> .05to.5 1.5 

> .5 to 5 2 0 
> 5 to 50 3.0 

> 50 4.0 

• A cycle is defined as the mating and unmating 
of a connector. 
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15.2 CONNECTORS, PRINTED CIRCUIT BOARD 

Active Pins Factor • np Environment Factor -~ 
Number of Number of 

Active Active 
Contacts 1tp Contacts 7tp 

nE 
Environment MIL-SPEC Lower Quality 

1 1.0 65 13 Gs 1 .0 2.0 
2 1.4 70 15 
3 1.6 75 16 

GF 3.0 7.0 

4 1.7 80 18 
5 1.9 85 19 

~ 8.0 17 

6 2.0 90 21 Ng 5.0 10 
7 2.2 95 23 
8 2.3 100 25 Nu 13 26 
9 2.4 105 27 
10 2.6 110 30 A1c 6.0 14 
11 2.7 115 32 
12 2.9 120 35 AtF 11 22 
13 3.0 125 37 
14 3.1 130 40 Aue 6.0 14 

15 3.3 135 43 
16 3.4 140 46 
17 3.6 145 50 

AuF 11 22 

ARW 19 37 
18 3.7 150 53 
19 3.9 155 57 SF .50 .80 
20 4.0 160 61 
25 4.8 ,cc 65 "'" 

MF I 10 20 
30 5.6 170 69 
35 6.5 175 74 ML 27 54 
40 7.4 180 78 
45 8.4 185 83 

CL 490 970 

50 9.5 190 89 
55 11 195 94 
60 12 200 100 

1tp ,: 'N-1) q exp ( 10 

q - 0.51064 

'" = Number of Active Pins ·~ 
An active contact is the conductive element 
which mates with another element for the 

I purpose of transferring electrical energy. 

15-5 



Downloaded from http://www.everyspec.com

SEC et al. v. MRI 
SEC Exhibit 1009.0166 

IPR2023-00221

MIL-HDBK-21 ?F 

15.3 CONNECTORS, INTEGRATED CIRCUIT SOCKETS 

SPECIFICATION 
MIL-S-83734 

DESCRIPTION 
IC Sockets, Plug-in 

Ap = A, .. :1t 0 1tc: Failures/106 Hours 
u r <e 

Base Failure Rate - At, Environment Factor - 1tE 

Type Ab Environment 

All MIL-S-83734 .00042 Gs 

GF 

GM 

Number of Active Contacts 7tp 

Active Pins Factor - 7tp Ns 
Nu 

6 2.0 A1c 
8 2.3 

10 2.6 A1F 
14 3.1 
16 3.4 

Aue 

iS 3.7 AuF 
20 4.0 
22 4.3 ARW 
24 4.6 
28 5.3 

SF 

36 6.7 MF 
40 7.4 
48 9.1 ML 

50 9.5 
64 13 

CL 

7tp = (N-1) Q exp 10 

n = 0.51064 ... 
N = Number of Active Contacts 

An active c.ontact 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 Boai'ds, Printed (PCBs) and Discreie Wiring 

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 
insulaieci wires laid down on an adhesive coated substraie. The primary cause oi iaiiure for both printed wiring 
and discrete wiring assemblies is associated with plated through hole problems (e.g., barrel cracking). 

Base Failure Rate• AtJ Quality Factor - n0 
Technology Ab Quality no 

Printed Wiring Assembly/Printed .000041 MIL-SPEC or Comparable Institute for 1 
Ci;cuit BoaidS wiih PTHs imerconnecting, and Packaging 

Electronic Circuits (IPC) Standards 
Discrete Wiring with Electroless .00026 
Deposited PTH (s 2 Levels of Circuitry) Lower 2 

Number of PTHs Factor - N1 and N2 
Factor Quantitv Environment Factor - xE 

N1 Quantity of Wave Soldered Functional 
PTHs 

Environment 1tE 

G9 1.0 

N2 Quantity of Hand Soldered PTHs GF 2.0 

GM 7.0 

Complexity Factor· 1tc Ng 5.0 

Number of Circutt Planes, P r.c ~· 13 '"U 
$2 1.0 

3 1.3 AIC I 5.0 

4 1.6 
5 1.8 
6 2.0 

Alf 8.0 

Aue 16 
7 2.2 
8 2.4 AuF 28 

9 2.6 ARW 19 
10 2.8 
11 2.9 SF .50 
12 3.1 
13 3.3 

MF 10 

14 3.4 ML 27 
15 3.6 
16 3.7 CL 500 

Discrete Wirino w/PTH i 
I 

nc = .65 p-63 2 s P s 16 

16-1 
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17 .1 CONNECTIONS 

Ut:::;t;HIP I IUN 
Connections Used on All Assemblies Except Those 
Using Plated Through Holes (PTH) 

APPLICATION NOTE: The failure rate model in this section applies to connections used on all assemblies 
except those using plated through holes. Use the Interconnection Assembly Model in Section 16 to account 
for connections to 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. Solderless wrap connections are characterized by solid wire wrapped under tension around a post, 
whereas hand soldering with wrapping does not depend on a tension induced connection. The following 
model is for a single connection. 

Aµ= "on:an:E Failures/106 Hours 

Base Failure Rate - "b Environment Factor - 7tE 

Connection Type "o (Ft106 hrs) Environment n:E 

Hand Solder, w/o Wrapping .0026 
Hand Solder, w/Wrapping .00014 
Crimp .00026 

Gs 1.0 

GF 2.0 
Weld .00005 
Solderless Wrap .0000035 GM 7.0 

Clip Termination .00012 
Reflow Solder .000069 

Ns 4.0 

Nu 11 

Quality Grade n:q Comments 

Crimp Types 

Quality Factor - x0 A1c 4.0 

"-- i:: n ~,r v.v 

Aue 6.0 
Automated 1 .0 Daily pull tests 

recommended. AuF 8.0 

Manual 
ARW 16 

SF .50 
I lnnAr 1.0 <1nlv MIi -~PJ:r: nr -,,...-· _ ... , ····- -· -- -· 

equivalent tools and MF 9.0 

terminals, pull test at 
beginning and end oi each 
chifl ,-.l""llnr rnriorl tnnle: ~nrf ~- ..... , '-"'•-· ___ ........ , ............... ~· ..... 

ML 24 

CL 420 
terminations. 

Siandard 2.0 Mil-SPEC ioois, puii iesi ai 
beginning of each shift. 

Lower 20.0 Anything less than standard 
criteria. 

All Types 1.0 
Except Crimp 
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SPECIFICATiON 
MIL-M-10304 

18 .1 METERS PANEL 

DESCRIPTiON 
Meter, Electrical Indicating, Panel Type, Ruggedized 

Base Faik.Jre Rate -~ Quality Factor - XO 
Type lb Quality xa 

All .090 MIL-M-10304 1.0 

Lower 3.4 

Application Factor - rt A 

Application rt A Environment Factor - rtE 

Direct Current 1.0 Environment rtE 

Alternating Current 1.7 Ge 1.0 

GF 4.0 

8M 25 

Function 1tF 

Function Factor - "F 
Ns 12 

Nu 35 

A,,... 28 . ·11., 

Ammeter 1.0 
A1F 42 

Voltmeter 1.0 Aue 58 

Other• 2.8 AuF 73 

ARW 60 

• Meters whose basic meter movement C' • • "'F I. I 

construction is an ammeter with associated 
conversion elements. MF 60 

ML NIA 

CL NIA 
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SPECIFICATION 
MIL-C-3098 

MIL-HDBK-21 ?F 

1 9. 1 QUARTZ CRYSTALS 

DESCRIPTION 
~ruc::t~I I lnitei f""'u •~.t"? -•,...-,....,, -•n•~, ,._.UQII... 

A~ = "'· 7t-1t- Failures/106 Hours t-' D U t: 

Base Failure Rate - At, Environment Factor - 7t,.. 
C Frequency, !(MHz) "-b Environment ... _ 

··t 

0.5 .011 Gs 1.0 
i .o .Oi3 
5.0 n10 .v l;;:7 

10 .022 

GF I 3.0 

G~.~ I 10 
15 .024 
20 .026 N5 6.0 
25 ,..,...,. 

.UL I 

30 .028 
Nu 16 

35 .029 
40 .030 
45 .031 
50 .032 
55 .033 
60 .033 

Arc 12 

AIF I 1 7 

" 22 "UC I 
AuF I 28 

Ct::. .034 V,J 

70 .035 ARW 23 
75 .035 
80 .036 
0,::: .036 U-' 

SF .50 .. 13 IVIF 
90 .037 
95 .037 ML 32 

100 .037 
1 n,::: .038 ,v.., CL 500 

Quality Factor - 1to 
Quality 1to 
MIL-SPEC 1.0 

Lower 2.1 
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SPECIFICATION 
MIL-L-6363 
W-L-111 

MIL-HDBK-217F 

20.1 LAMPS 

DESCRIPTION 
Lamps, Incandescent, Aviation Service 
Lamps, Incandescent, Miniature, Tungsten-Filament 

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

Base Faiure Rate - 1.t, Environment Factor - "E 

Rated Vottage, Vr (Votts) lb Environment "E 

5 .59 Ge 1.0 

6 .75 
12 , .8 
14 2.2 

GF 2.0 

GM 3.0 
24 4.5 
28 5.4 N5 3.0 

37.5 7.9 Nu 4.0 

A1c 4.0 

"b • .074(Vr) 1.29 A1F 4.0 

Aue 5.0 

AuF 6.0 

Utilization Factor - 1tu ARW 5.0 
Utilization (Illuminate Hours/ 
Equipment Operate Hours) 1tu SF .70 

MF 4.0 
< 0.10 0.10 ML 6.0 

0.10 to 0.90 0.72 CL 27 

> 0.90 1.0 

Application Factor - 1tA 

Application 7tA 

Alternating Current 1.0 

Direct Current 3.3 
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SPECIFICATION 
MIL-F-15733 
MIL-F-18327 

~ 

MIL-HDBK-21 7F 

21.1 ELECTRONIC FILTERS, NON-TUNABLE 

DESCRIPTION 
Filters. Radio Frequency Interference 
Filters. High Pass, Low Pass, Band Pass. Band 
Suppression, and Dual Functioning (Non-tunable) 

The most accurate way to estimate the failure rate for electronic filters is to sum the failure rates tor the lndiVldual 
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 
model can be used. 

Ap • At) 7to 1tE Failures/106 Hours 

Base Failure Rate -At, Environment Factor - xE 
Type '-b Environment nE 

MIL-F-15733, Ceramic-Ferrite .022 Gs 1.0 

Construction (Styles FL 10-16, 22, 
24, 30-32, 34, 35, 38, 41-43, 45, 
47-50, 61-65, 70, 81-93, 95, 96) 

GF 2.0 

GM 6.0 

MIL-F-15733, Discrete LC .12 Ng 4.0 

Components, (Styles FL 37, 53, 74) Nu 9.0 

MIL-F-18327, Discrete LC .12 Arc 7.0 
Components (Composition 1) 

AIF 9.0 

MIL-F-18327, Discrete LC and .27 
Crystal Components 
(Composition 2) 

Aue 11 

AuF 13 

ARW 11 

SF .80 

MF 7.0 
Quality Factor - xa ML 15 

Quality no CL 120 

MIL-SPEC 1.0 

Lower 2.9 
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SPECIFICATION 
, .. , ,.... .~,,,~ vv-r- 1, .:ct> 

W-F-1814 
MIL-F-5372 
ML-F-23419 
MiL-F-i5i60 

MIL-HDBK-217F 

22.1 

UE~l,;Hlt' 1 IUN 
C11ir--o. f""'""'llrtririno. r"l~cc 1.-1: 
I U;;:)IIC, 1 VCltll~1;# VICI-.>~ I, 
Fuse. Cartridoe. Hiah lnterruotina Caoacitv 
Fuse: Current Limiter Type, Aircraft . , 
Fuse, Instrument Type 
Fuse, lnstn..iment. Power and Telephone 
(Nonindicating), Sty!e F01 

Ap a At, 1tE Failures/106 Hours 

FUSES 

At't'Ltl;A 11uN NU, t:: The re11ao1111y moaeiing of fuses presenis a unique problem. Unlike ;r,ost othei 
components, there is ver-; Utt!e corre!ation between the number of fuse repJac.ements and actual fuse faihJres. 
Generallv when a fuse opens. or "blows," something else in the circuit has created an overload condition and 
the fuse is simply functioning as designed. This model is based on life test data and represents fuse open and 
shorting failure modes due primariiy to mechanicai fatigue and corrosion. A short iaiiure mode is most COfflmOniy 
caused by electrically conductive material shorting the fuse terminals together causing a fa!!ure to open 
condition when rated current is exceeded. 

c..,,,.,,. c .... ■ 11 ■ r.n.. 0-,io. - '), _ 
L.10.>"G" I GrJUt'Q' I 1Cll'C, - '\.f:) 

Type 

\·V~F~172S, \AJ,,,Fsc1814 1 ~ .. i!Le-F-
5372, MIL-F-23419, ML-F-15160 

.010 

C:n,,i.-,..,.n.-n-t C''"lr,tr.r' _ -
L.IIYIIVlllll'll;illl I CIV\VI - 11.E 

Environment 

% I 
GF I 
,.. I ~ 

Ns I 
Nu I 
/!,.._ 
'"I(_; 

AIF 

Aue 
AuF 
ARW 

SF 

MF 

ML 
f'. ~l 

n:E 

1 .o I 
2.0 
o n o.v 

5.0 

11 

9.0 

'i2 

15 

18 

16 

.90 

10 

21 

230 

nn • ,::_,::_- I 
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2 3. 1 MISCELLANEOUS PARTS 

Ao -Failure Rates for Miscellaneous Parts (Failures/106 Hours) 

Part Tvoe Failure Rate 

Vibrators (t.11L-V-95) 
so-cycle 15 
120-cycle 20 
400-cycle 40 

Lamps 
Neon Lamps 0.20 

Fiber Optic Cables (Single Fiber Types Only) 0.1 (Per Fiber Km) 

Sing!e Fiber Optic Connectors· 0.10 

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

Fixed Elements (Directional Couplers, Fixed Stubs & Cavities) 

See Resistors, Type RD 

Negligible 

Variable Elements (Tuned Stubs & Cavities) 

Microwave Ferrite Devices 
Isolators & Circulators (~100\."I) 

Isolators & Circulators (>100W) 

Phase Shifter (Latching) 

Dummy Loads 
< 100W 

1 oow to s 1 ooow 

> ,ooow 

TerminatiOns (Thin or Thick Fiim Loads Used in Sifipiine and Thin 
FIim ~lrr.11lt1:) 

·caution: Excessive Mating-Demating Cycies May Seriousiy Degrade Reiiabiiity 

0.10 X r.E 

0.20 x 1tE 

0.10X1tE 

0.030 x 1tE 

0.10X7tE 

23-1 
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23.1 MISCELLANEOUS PARTS 

23-2 

Environment Factor - n_ 
I: 

{I.Airrn\&l::11\IO S:,o,trito F'\auiroc\ 
••••-• .., ............. I -• I 0&""' --""' • """""~' 

Environment nE 
,.. 

I i .0 u9 

GF 2.0 

Gt.A I 8.0 

N- I 5.0 . -;:, 

Nu i2 

AIC 5.0 

A!F 8.0 

A,,_ I 7.0 ··u1., 

I AuF i i 

ARW 17 

SF I .50 

M,.. I 9.0 -T 

ML 24 

CL 450 

MIL-HDBK-21 ?F 

Environment Factor - n_ - t 
tr\11nvnu In.~~\ 
..,UIIIIIIW' ~VUUo,;JJ 

Environment nE 

I 
I 

Gs I 
1.0 

I GF 2.0 

~ I 10 I 
I N- I 5.0 I . -;:, 

Nu 17 

AIC 6.0 

A!F 8.0 

A,,_ 14 ··uv 

AuF 22 

ARW 25 

I 
I 

SF .50 

M.- 14 I 
---r 

ML 36 

I CL 660 
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APPENDIX A: PARTS COUNT RELIABILITY PREDICTION 

Pans Count R•Hablllty Pl'8Cllctlon • This prediction method is applicable during bid proposal 
and ear1y design phases when Insufficient information is available to use the part stress analysis models 
shown In the main body of this Handbook. The lniormation needed to apply the memod is ('i) generic part 
types (including complexity 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, multlplylng It by a quality factor, and then summing It with failure rates oblained tor other 
components in the equipment. The general mathemalical expression for equipment failure rate with this 
rnethod is: 

A.EQUIP = Equation 1 

for a given equipment environment where: 

A.EQUIP • Total equipment failure rate (Failures1106 Hours) 

Ag = Generic failure rate for the i th generic part (Failures/106 Hours) 

1ta = Quality factor for the i th generic part 

Ni = Quantity of i th generic part 

n Number of different generic part categories in the equipment 

Equation 1 applies if the entire equipment is being used in one environment. If the equipment 
comprises several units operating in different environments (such as avionics systems with units in 
airborne Inhabited (A1) and uninhabited (Au) environments), then Equation 1 should be applied to the 

portions of the equipment In each environment. These •envlronment-equipmenr failure rates should be 
added to determine total equipment failure rate. Environmentai symbols are defined in Section 3. 

The quality factors to be used with each part type are shown with the applicable Ag tables and are not 

necessarily the same values that are used In the Part Stress Analysis. Microcircuits have an additional 
multiplying factor, ffL, 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, Ag 
should be rrultiplled by the appropriate ,cl factor (See page A-4). 

It should be noted that no generic failure rates are shown for hybricl microcircuits. Each hybrid Is a fair1y 
unique device. Sines none of these devices have been standardized, their complexity cannot be 
determined from their name or function. Identically or similar1y named hybrids can have a wide range of 
complexity that thwarts categorization for purposes of this prediction method. H hybrids are anticipated for 
a design, their use and construction should 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 assigning model defaun values to the 
failure rate models of Section 5 through 23. The specific defaun values used for the model parameters are 
shown with tt·.e Ag Tables for mlcr\lCin.ults. Default parameters for all ott'.ei pail classes are summai'.zed In 

the tabies starting on Page A-12. For pans with characteristics which differ significantly from the assurriea 
defaults, or parts used in large quantities, the under1ying models in the main body of this Handbook can 
be used. 

A-1 
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APPENDIX B: VHSICNHSIC-LIKE AND VLSI CMOS (DETAILED MODEL) 

This appendix contains the detailed version of the VHSICNLSI CMOS model contained In Sectk>n 5.3. It 
is provided to allow more detailed device level design trade-offs to be acx:omplished for predominate 
failure modes and mechanisms exhibited in CMOS devices. Reference 30 should be consulted for a 
detailed derivation of this model. 

VHS!CNHS!C-UKE fAILUBE RATE MODEL 

A.p(t) - Aox<O + lue-r(t) + "wc(t) + >.ccm<t) + lpAC + ~so + Auis(t) 

lp(t) - Predicted Failure Rate as a Function of lime 

Aox(I) .. Oxide Failure Rate 

A.MET(!) = Metallization Failure Rate 

~c(t) .. Hot Carrier Failure Rate 

AcoN(I) • Contamination Failure Rate 

ApAC = Package Failure Rate 

Aeso - EOSIESD Failure Rate 

>-M1s(t) = Miscellaneous Failure Rate 

The equations for each of the above failure mechanism failure rates are as follows: 

OXIDE FAILURE BATE EOUAJIQN 

6 A ArvPEox00ox) [ -7.7to -7.7 AT0xt 
A.ox (in F/10 ) • A - 0 (-0788 e ) (A.. ) (e ) 

R R -~x 

.399 ( -.5 2)] 
+ (t+to)aox exp ao/ ( In (t + to) - In 1500 x) 

A .. Total Chip Area (in cm2) 

ATYPEox - . 77 for Custom and Logic Devices, 1.23 for Memories and Gate Arrays 

B-1 

t:e I -



Downloaded from http://www.everyspec.com

SEC et al. v. MRI 
SEC Exhibit 1009.0195 

IPR2023-00221

MIL-HDBK-217F 

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

= 

B-2 

QXiPE fAiLURE RATE EOUADQN (CONTINUEPI 

.21 cm2 

Oxide Defect Density (tt unknown, use(~ 12 
where Xn = 2 µm and X5 is the feature 

-- ~) y 

size of the device) 

1 Deiecticm2 

Effective Screening Time 

(Actual Tlme of Test (In 106 hrs.)) • (Ar (at junction scrnenlng ten;,.) (!n °KW 
ox 

Temperature Acceleration Factor, - exp - - --[ ._3 ( 1 , )u 
8.617x10·5 TJ 298 

1 1 
-192 (-E - 25) 

e OX • 

Maximum Power Supply Voltage v00, divided by the gate oxide thiekness (in 

MV/cm) 

1.3x1022 (OML) (in 106hrs.) 
ATox AVox 

(OML) = 2 ii on QML, .5 If not. 

Sigma obtained from test data of oxide failures from the same or similar process. tt 

not available, use a cr0 x value of 1. 

time (in 106 Hours) 
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APPENDIX B: VHSICNHSIC-LIKE AND VLSI CMOS (DETAILED MODEL) 

METAL FAILURE RATE EQUATION 

A Total Chip Area (In cm2> 

A = .88 for Custom and Logic DEr✓ices, 1 . 12 for ~.,4emory and Gate Arrays 
TYPE 

MET 

.21 cm2 

2 
Xo 

Metal Defect Density (If unknown use (3<) where Xo = 2 µm and x8 is the feature size of 
s 

the device) 

DR 1 Defect/cm2 

Art.ET = Temperature Acceleration Factor 

t0 Effective Screening Time (in 106 hrs.) 

.. ATMET (al Screening Temp. (in °K)) • (Actual Screening Time (in 106 hrs)) 

I 
SOMET 

_ (QML) .388 • (r.Aetai Type) 

J2 A 
TMET 

(QML) "" 2 if on OML, .5 if not. 

(in 106 hrs.) 

Metal Type= 1 for Al, 37.5 for Al-Cu or for Al-Si-Cu 

J • ThP. rnA.::tn .::th~ltitA v.::1h1A nf MAt.::11 r.11rr""nt nAnc:lty (in 1n6 Ampc:lrm2) 

at.ET sigma obtained from test data on electromigration fa~ures from the same or a similar 

process. If this data is not available use cr. _ = 1. 
Mtl 

- time (in 106 hrs.) 

B-3 
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APPENDIX B: VHSIC-VHSIC-LIKE AND VLSI CMOS (DETAILED MODEL) 

Id 

~CON 

B-4 

HU I <,;AHHlt;H tAILUHt:: HA I t:; t:;UUA I IUN 

.399 r -.5 21 (t+tn)cr...r. exp ~ { In (t + to) - In t50 H r,) 
- . ·- L -HC \ .. - , J 

(OML)3.74x1 o-5 ( l.fil.LQ)-2.5 
AT l,1 l,1 

• HC .... ' - ., 

(QML),. 2 if on OML, .5 if not 

~ = exp [ ·039 _5 (; - 2!8)~ (where TJ ~Tc+ 0JcP (in °1<)) 
HC 8.617x10 J ~ 

Drain Curreni ai Operaiing Temperaiuie. If unknown use Id= 3.5 e --00157 TJ (in °K) (mA) 

Substrate Current at Operating Telll)erature. If unknown use 

'sub= .0058 e -.00689 TJ (in oK) (mA) 

sigma derived from test data, ii not available use 1. 

. . -- . - .. -···· ·- ·- ... __ /::, . = AT HC (at :screening I ernp.(in YK)) • ( 1 est uurauon in ,u- nours) 

time (in 106 hrs.) 

CONTAMINATION FAILURE RATE EQUATION 

-.0028 to -.0028 AT t 
.000022 e AT,..,.,.., e CON 

\JV ... 

= Effective Screening Time 

AT-- (at screening junction temperature (in °K)) • (actual screening time in 106 hrs.) 
•vUtl 

time (in 106 hrs.) 
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APPENDIX B: VHSICNHSIC-LIKE AND VLSI CMOS (DETAILED MODEL} 

PACKAGE EAiLURE RATE EOUATIQN 

(.0024 + 1.85 x 10-5 (#Pins;; 1fe 1ro JrpT + At>H 

See Section 5.1 o 

.. See Section 5.1 o 

Package Type Factor (IlPT) 

Package Type nPT 

DIP 1.0 
Pin G.-'id Array 2.2 
Chip Carner (Surface Mount Technology) 4.7 

Package Hermeticltf Factor 

0 for Hermetic Pad<.ages 

j~== exp r _- .S 2 ( ln(t) - ln(tsOpH)) 21J for piaslic packages 
r" L vpH -

1so -PH 
86 X 10-6 exp ll"' .2 5 ('; - 2~8 ,l expr :~6 l 

8.617x10-- A J.J L cFF.J 

- Ambient Temp. (in °K) 

RHeff 
[ 5--- (.1.. _L \l (1 -"'''AH) ~ .,. T " P ,. 0 K) 

(DC)(RH)_e ~;ju ,TJ - TA)J+ -1.Jl.,}( wnere 'J• c+o.x:: \in 

(for exafll)le, for 50% Relative Humidity, use RH - .50) 

.74 

• time (in 106 hrs.) 
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APPENDIX B: YHSIC-YHSIC-UKE AND VLSI CMOS (DETAILED MODEL) 

¼cs = 

8-6 

EOSIESP EAJLURE RATE EOUATIPN 

-in (1 - .00057 e -.0002 VTH) 
.00876 

VTH • ESD Threshold of the device using a 100 pF, 1500 ohm discharge model 

NISQELLANEOUS fAILLJRE RATE EQUATION 

ATMIS = Temperature Acceieration Factor 

exp ---l- -.423 i i -~ 
8.6317x10·5 (rJ 298) 

t0 .. Effective Screening Time 

= ATMtS (at Screening Te"1). (in °K)) • Actual Screening Time (in 106 hours) 

., time (In 106 hrs.) 
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APPENDIX C: BIBLIOGRAPHY 

Publications listed with "AD" r.Jrrt>ers may be obtained from: 

National Technical Information Service 
5285 Port Royal Road 
Springfield, VA 22151 
(703) 487-4650 

U.S. Defense Contractors may obtain copies from: 

Defense Ter..hnica! Information C-enter 
Cameron Station - FDA, Bldg. 5 
Alexandria, VA 22304-6145 
(703) 27,4-7633 

Documents with AD number prefix with the letter ·e• or with the suffix "L •: These documents are in a 
"Limited Distribution" category. Contact the Defense Technical Information Genier for ordering 
procedures. 

Copies of MIL-STDS's, MIL-HDBK's, and specifications are available from: 

Standardization Document Order Desk 
700 Robins Ave. 
Building 4, Section D 
Philadelphia, PA 19111-5094 
(215) 697-2667 

The year of publication of the Rome Laboratory (RL) (fonnerty Rome Air Development Center (RADC)) 
documents is part of the RADC (Of Rl) number, e.g., RADC-TR-88-97 was published in 1988. 

1. "Laser Reliability Prediction." RADC=TR--75-210, AD A.016437. 

2. "Rellabllity Model for Miniature Blower Motors Per MIL-8-230718." RADC-TR-75-178, AD A013735. 

3. "High Power Microwave Tube Reliability Study," FAA-RD-76-172, AD A0033612. 

4. "Eledric Motor Reliability Model; RADC-TR-n-408, AD A050179. 

5. "Development of None!8dronic Part Cyclic Failure Rates.· RADC-TR-77-417, AD A050678. 

This study developed new failure rate models tor relays, switches, and connectors. 

6. "Passive Device Failure Rate Models for MIL-HDBK-217B; RADC-TR-n-432, AD A050180. 

This study developed new failure rate models for resistors, capacitors and Inductive devices. 

7. "Quantification of Printed Circuit Board Connector Rellablnty." RADC-TR-TT-433, AD A049980. 

8. ·cnmp Connection Reliability; RADC-TR-78-15, AD A050505. 

9. "LSI/Microprocessor Reliability Predidion Model Development," RADC-TR-79-97, AD A068911. 

10. ·A Redundancy Notebook: RADC-TR-n-287, AD A050837. 

11. "Revision Of Environmental Factors for MlL-HDBK-2178,· RADC-TR-80-299, AD A091837. 
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12. "Traveling Wave Tube Failure Rates.■ RADC-TR-80-288, AD A096055. 

13. ·Reliability Prediction Modeling of New Devices: RADC-TR-80-237, AD A090029. 

lhls study developed failure rate models for magnetic bubble memories and charge-coupled 
memories. 

14. "Failure Rates for Fiber Optic Assemblies," RADC-TR-80-322, AD A092315. 

15, "Printed Wiring Assembly a'ld Interconnection Re!lablllty.■ RA.DC-TR-81-318, AD A111214. 

This study del,eloped failure rate models for printed wiring assemblies, solderless wrap 
assemblies, wrapped and soldered assemblies and discrete wiring assemblies with 
electroless deposited plated through holes. 

16. • Avionic Environmental Factors tor Mll-HOBK-217, • RADC-TA-81-37 4, AD B064430l. 

17. •RADC lhelTf'.a! Guide for Ae!iabi!ity Engineers,• RADC-TR"82• 172, AO A 118839. 

18. "Reliability Modeling of Critical Electronic Devices.■ RADC-TR-83-108, AD A135705. 

This report developed failure rate prediction procedures for magnetrons, vidicions, catl"'.oda 
ray tubes, semiconductor lasers. helium-cadmium lasers, helium-neon lasers, Nd: YAG lasers, 
electronic filters, solid state relays, time delay relays (electronic hybrid), circuit breakers, I.C. 
Sockets, thumbwheel switches, electromagnetic meters, fuses, crystals, incandescent lamps, 
neon glow lamps and surface acoustic wave devices. 

19. "Impact of Not,opetlltlng Periods on Equipment Rl!tltabtl1ty,• RADC•TR-85-91, AD A158843. 

This study developed failure rate models for nonoperatlng periods. 

20. "RADC Nonelectronic Reliability Notebook; RADC-TR-85-194, AD A163900. 

This report contains failure rate data on mechanical and electromechanical pans. 

21. "Reliability Prediction for Spacecraft. ■ RADC·TR-85-229, AD A149551. 

This study investigated the rellablllty performance histories of 300 Satellite vehicles and is the 
basis for the halving of all model "E factors for MIL-HDBK-217E to MIL·HDKB-217E, Notice 1. 

22. "Surface Mount Technology: A Reliability Review," 1986, Available from Reliability Analysts Center, 
PO Box 4700, Rome, NV 13440-8200, 800-526-4802. 

23. "Thermal Resistances of Joint Anny Navy (JAN) Certified Microcircuit Packages,· RADC-TR-86-97, 
AD B108417. 

24. ·Large Sca!e Memory Error Detection and COnection," RADC-TR-87~92, AD B11n55L. 

This study developed models to calculate memory system reliability for memories 
incorporating error detecting and correcting codes. For a summary of the study see 1989 
IEEE Reliability and Maintainability Symposium Proceedings, page 197, ·Acoounting for Sott 
EITOrs In Memory Reliability Prediction.• 

25. ~Reilablllty Anaiysis of a Surface Mounted Package Using Finite Element Sirrulation," RADC-TA-87-
177, AD A189488. 
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26. "VHSIC Impact on System Reliability; RADC-TR-88-13, AD 8122629. 

27. "Reiiability Assessment of Surface Mount 'fechnoiogy,· RADC-'fR-88-72, AD A193759. 

28. •Reliability Prediction Models for Discrete Semiconductor Devices,• RADC-TR-88-97, AD A200529. 

This study developed new failure rate prediction models for GaAs Power FETS, Transient 
Suppressor Diodes. Infrared LEDs, DiOde Array Displays and Current Regulator Diodes. 

29. •1"1)aCI of Fl>er Optics on System Reliability and Malnlalnabllily; RADC-TR-88-124, AD A201946. 

30. =v-riSiCNHSiC Like Reiiabiiiiy Prediciion MOdeiing," RADC-TR-89-i7i, AD Azi«;Oi. 

This study provides the basis for the VHSIC model appearing in MIL-HDBK-217F, Section 5. 

31. ·Reliability Assessment Using Fanile Element Tectvliques; RADC-TR-89-281, AD A216907. 

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

32. ·Reliability Analysis/Assessment of Advanced Technologies,· RADC-TR-90-72, ADA 223647. 

This stu<ty p..uVides tt".e basis foi tl'"".e ;evised mk:ivdrouit ii".odels (except VHSIC ard Bubble 
Memories) appearing in MIL-HDBK-217F, Section 5. 

33. •improved Reliability Prediclion Model lor Field-Access Magnetic Bubble Devices; AFWAL-TR-81-
1052. 

34. ·Reliability/Design Thermal Applications; MIL-HDBK-251. 

35. ·"".JASA Parts Application Har.dbook.• MIL-HDBK-978-B (,....JASA). 
This handbook is a five voume series which dlscusse$ a full range of eleclrtcal, eleclronlc and 
electromechanical component parts. It provides extensive detailed technical Information for 
each component part such as: definitions, construction details, operating characteristics, 
derating, faiure mechanisms, screening techniques, standard parts, environmental 
considerations, and circuit application. 

36. "Nonelectronic Parts Reliability Data 1991; NPRD-91. 

Custodians: 

This report contains r.eld falti.n-e rate data on a Y"&rleti of alcdr.cal, mechanical. 
electromechanical and mierowave parts and assemblies (1400 different part types). It is 
available from the Reliabllily Analylis Center, PO Box 4700, Rome, NY 13440-8200, Phone: 
{;,15) 337-0900. 

Army-CR 
t-.Jcr,,y-EC 

Preparing Activity: 
Air Force - 17 

Air Force - 17 PmjAci Nn RFI I-MR4 
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Air Force - 11, 13, 14, 15, 18, 

19,99 

User Activities: 
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