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

2. Every effort has been made to reflect the latest information on reliability 
prediction procedures. his 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 (OD 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 for the following nine major classes of 
microcircuits: 

• Monolithic Bipolar Digital and Linear Gate/Logic Array Dev;ces 

• Monolithic MOS Digital and Linear Gate/Logic Array Devices 

Monolithic Bipolar and MOS Digital Microprocessor Devices (Including Controllers) 

• Monolithic Bipolar and MOS Memory Devices 

Monolithic GaAs Digital Devices 

Monotithlc OaAs 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 wtth up to 1 minion bits, GaAs monolithic microwave Integrated 

circuits (MMICs) with up to 1,000 active elements, and GaAs digital res 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 tor 

MOS devices and for memories. The c2 factor remains unchanged from the previous Handbook version, 

but inch.Jdes pin grid arrays and surface mount packages using the same model as hermetic, solder-sealed 
dual in-line packages. New values have been Included tor the quality factor (ffa), the teaming factor (7tt.), 

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

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

provide a method of calcu&ating chip jUnc:tion temperatures. 

2. A new model for Very High Speed Integrated Circuits (VHSICNHSIC Like) and Very Large 
Scale Integration (VLSI) devices (gate coums 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 (ne) from 27 to 14. 

5. A revised failure rate model for Network Resistors. 

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

vii 

·-- I .U 
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1.0 SCOPE 

1 • 1 Purpose - The purpose of this handbook is to establish and maintain consistent and uniform 
methods for estimating the inherent reliability (i.e., the reliability of a mature design) Cl mlltary electronic 
equipment and systems. It provides a common basis tor rellabfty predictions cllrtng acquisllon p,ograms 
for miLitary eloctronic systems and equip,-nant. tt atso establishes a common basis fOi ooq>inng and 
evak.Jating rellabrtity precflCtions of related or competitive designs. The handbook !s Intended to be YSed 
as a tool to inaease the reliability of the equipment being designed. 

1 • 2 Appllcatlon - Thls handbook contains two methods of reliability prediclion - ·Part Stress 
Analysts· In Seclions 5 through 23 and -Part.s Count· In Appendix A These methods vary In degree of 
information needed to apply them. The Part Stress AnaJysis Method r~lres a greater Bm0Ul1l of detailed 
tnfonnatton and Is applicable ci.lrtng the later design phase when actual hardware and clR:ults are being 
designed. The Pai'iS Count Meihod requires less Information, generaiiy part quaniiUes, quality ievei, and 
the appllcatlon envtrorment. This method Is applicable ck.Iring the ear1y 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 retiabfflty than the Parts Stress Method. 

1 . 3 Computerized Rellablllty Prediction - Rome Laboratory - ORACLE is a computer program 
developed to aid in applying the part stress analysis procedure of MIL-HDBK-217. Based on 
environmental use characteristics, piece part count, thennal and electrical stresses, subsystem repair rates 
and system configuration, the program caia.iiaies piece part, assembiy and subassembiy failure rates. It 
a!so flags overstressed pa.rts, a!!ows the 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 available at replacement tape/disc cost to au DoD organizations, and to 
contractors for appilcation on specific DoD contracts as government iumlshed property (GFP). A 
statement of terms and cond!!ions may be obtained upon written request to: Rome Laboratory/ERSR, 
Grffllss AFB, NY 13441-5700. 
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2.0 REFERENCE DOCUMENTS 

This handbook cites some specifications which have been canceled or which descrbe devices that are 
not to be used 1or new design. This infonnalion is necessa,y becalse some of these devices are used in 
so-called -off-the-shell"' ~nt Which the Department of Defense purchases. The doruments cited 
in this section are tor guidance and information. 

SPECIFICATION 
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MIL-R-11 

MIL-R-19 
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MIL-R-22 

Mll-C-25 

Mll-R-26 
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M&L-c-62 
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Mll-C.92 

Mll-R-93 

Mll-R-94 

Mll-V-95 

w..a_.,,, 
w~ 

W-F-1726 

W-r-ii14 

Mll.-c-3098 

ML-c-3807 

MIL-C-3643 

MIL..c-3650 

LU'l'W'D'I 

SECTION# 
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9.1 

9.11 
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9.12 

10.1 

9.6 

••• If., t 

10.15 

i0.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 

TTT1..E 

ANi11Dr. Fixed. ~lion (Insulated) General Speclication for 

ResistDr. Variable, W'trMVOund (low Operating T empenlhn) General 
Specllcatlon for 

C'..,-dlm, Fixed. Ceramic Oialedric (Temper..,,.0efflpeftem,g) 
Established and Nonestablished Reliability, General Specification for 

Aeaustor. W,rewound, Pow Type. General Spec::ification for 

Cepaclaor. Fixed. Paper-Dielectric, Direct Current (Hermetically Sealed 
In Metal Cases), General Specification for 

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

T1ar,sfurn..r and Jndueior (Audil, Paw■r. High POWlti', High Power 
Pulse), General Specification for 

Capacllor, Faxed Electrolytic (DC, Aluminum, Dry Electrolyte, 
Polarized), General Specification for 

Capacitor, Variabie, Ceramic Dielectric (Trimmer). General Specification 
tor 

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

Resistor, Faxed, Wirewound (Accurate), Gen~mi! S~ioo for 

Resistor, Variable, Composition, General Specification for 

Vibrator, Interrupter and Self-Rectifying, General Specification tor 

Cilouit EinNIMI', Molded c... Branch Cin:uft and SeMce 

Fuse, Cartridge, Class H (This 00Wrs renewable and nonrenewable) 

FUN, cartridge, High Interrupting Cap.:ity 

Crystal Unit. 0uartz, General Specification tor 

. Connector, Coaxlal.,Radio Frequency, Series Pulse, General 
~•fnr 

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

Connector, Coaxial, Radio Frequency, Series LC 
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Specl'acation tor 
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Speclicatlon for 

Swiich. Toggie, Enwonmentaii)' Seaied, Ganerai ~ ior 

~. Fixed, Electrolytic: (Nonaolid Electrolyte), Tantalum. General 
Speciicaiion for 

• Bec:tricaL Circular Threaded, AN Type, General 
Specllcatlon for 

Fuse, Currwnl Umitw Type, Aircraft 

Relay. Electrical (For Eledlonic and Communication Type Equipment), 
Genera! Spec.Jficat.ion for 

Relay. Electromagnetic (Including Established Reiiabt1ity (ER) Types), 
Genera! Spec!fica!!cn for 

Lamp, lncandNcent, Aviation Service, General Requirement for 

Swllches and Switch Assemblies, Sensitive and Push, (Snap Action) 
General Specification for 

Switches, Toggle, Positive Break, General Specification for 

Meier, Eiec:iricai inciicaiing, Panei Type, Ruggadized, Generai 
Sparil~lnn tnr 

RNiator, Fbced Aim (High Stabiiity), Generai Speciiicaiion ior 

Capacitor, Fixed, Mica Oieledric, Button Style, General Specification 
tor 

Capacitor, Fuced, Ceramic Dielectric (General Purpoae), General 
Specllcation for - - -

Capaclor, Fixed. Glass Dielectric, General Specfflcalion for 

Capacitor, Feed Tnrough. Radio inierierence Reduc:iion AC and DC. 
~~In MAtal 0.-.) ~had and Nnwtablishad 
......,.ily, General Spacificalion for 

-Capaclor, By-P~: Radio • lntetference Reduction, Paper Dielectric. 
AC ind DC, irl«fiiliiJealy s..Jm in Miiiallic CUN;. Ginefiil 
Spdlcatlon tor 

Resisior, Variabie, Wirewound, Precision, Generai Speciicaiion ior 
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c.ip.uac•, Aced. Paper (P.,,.. PIMtlc) or Piastic Di1i1ctric. Owect 
Curren! (t~.......a!I; S==d in Metal Cues) El!eh!.ld'.ed PA!&biL-ty, 
General Spacfflcallon for 

Capaaror. Variabia (Pision Typo, Tuuuiar Trimmerj, Generai 
~icaliDntor 

Fuse, Instrument. Power and Telephone 

Col, Fixed and Variable, Radio Frequency, General Specification for 

C8paci1Dr, Fbcad, Malallzed (Paper, Paper Plastic or Plastic Alm) 
Dieiccbic, Dif8Ct Current ftwmaticafty Saaied in Metai Cases), Generai 
Specf"!C!!!ion for 

Filler, High Pass, Low Pass, Band Pass, Band Suppression and Dual 
Fu.~.in;. Gana=I Sp-Jr.ca:;..,., for 

Rnislor, Fixed, Wirewound (Power Type, Chassis Mounted), General 
Spdlcailon for 

s.micondUCIDr OeYice, General Specification for 

Ralay, Cnntml, Naval ~!pboe_ttt 

Relay, Tma, Delay, Thermal, General Speciric:ation for 

Capacitor, Fixed Plastlc (or Paper-Plastic) Dielectric (Hermetically 
Sealed in Metal, Ceramic or Glass cases), Established and 
Noiiw6i&blah&d Fl&liiibih~. Genaral Spaeifieiiiion for 

Transformer, Pulse, Low Power, General Specification for 

Connector, Elactrical. Printed Wiring Board. Ganaral Purpa-a, GanAr:al 
Specification for 

R9R!tor, v~. Nonwirewaa.Jnd (Adjust .. ,nent Types), Gen=rat 
Speciflcatbn for 

Fk==tcr, P.xad, Rm, lnaulat&d, G.;.a;ral Sp.ciriC&lian for 

Swllch, Rotary (Printed Circuit), (Thumbwheel, In-line and Pushbutton), 
6-naral Specification tor 

Switdles, Pushbutton, Illuminated, General Specification for 

ConnedDr, Cylndrical, Heavy Duty, General Specification for 

Capacitor, Axed or, Variable. Vacuum Dielectric, General Specificatk>n 
for ' 

Capacitor, FDl:ad, Glass Dielectric, Established Rellabfflty, General 
Specificatk>n for 

Rnilltor, Variable, Nonwirewound, General Specification for 
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MIL-C-28748 

Mll-R-28750 

Mft..-C-28804 

Mll-C-28840 

MIL-M-38510 
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MIL-1-38535 
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MIL-c-39001 
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15.1 

15.1 
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9.9 

15.1 

13.2 

15. 1 

15.1 

5.0 

5.0 

5.0 

15.1 

10.7 

9.11 

10.12 

9.5 

10.13 

9.6 

TITLE 

Fuse, Instrument Type, General Specification tor 

Thermistor, (Thermaly Sensitive Resistor), Insulated, General 
Specltcation tor 

Connector, Electric, Rectangular, Miniature Polarized Shen, Rack and 
Panel, Generaf Spacfflcatlon for 

Connector, 8ec:tric:al, Miniature, Coaxial, Environment Resistant Type, 
General Specfflcation tor 

ConneclOr, Eleclrical (Circular, Wnialure, Cuk:k ~ 
Environment Resisting) Reoeptacles and Plugs, General Specffication 
for 

Resis1or,.Varlable, WHwound, (lead Screw Activated) General 
Specification tor 

Connedor, Electrical, Rectangular, Rack and Panel, Solder Type and 
Crimp Type Contacts, General Specif,calion for 

Relay, Solid State, General Specification for 

Connector, Bedric Rectangular, High Density, Polarized Central 
Jackacntw, General Specification for, Inactive for New Designs 

Connector, Bectrical, Cin:ular Tlveaded, High Dendy, High Shock 
Shipboard, Class D, General Specification for 

Micrncircuils. General Specification for 

Hybrid Microcircuits, General Specification for 

Integrated Circuits (Microcircuits) Manufacturing, General 
Specification for 

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

Capacitor, Fixed, Mica Dielectric, Established Reliability, General 
Spocification for 

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

Capacitor, Ftxed, Electrolytic, (Solid Elec:trolyte), Tantalum, 
&t•lhed R■lillbllty. General Sp.cfflcatiof, for 

Resistor, Fixed, 'Wnwound, (Accurate) Established Relabllty, General 
Specification for ' 

Capacitor, Fixed. Elecbolvtic (Nonaolid Eledrolvtel Tantalum 
Established Reliability, General Specification for . 

Aeslslor, Foced, Wnwound (Power Type) Established Reliability, 
General Specification for 
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Resistor, Aced, Composition, (Insulated) Established Reliability, 
General ~-n tor 

Reaistol, Fixed. Wlrwound (Power Type, Chassis Mounted) 
Estabftshed R~. Generm Spodficatlon fer 

Col, Fired, Radio FNquency, Molded, Established Refiability, General 
Specification for 

Conn9Clor, Coaxial, Radio Frequency, General Specifk:ation for 

Capeoilnr. Fixed. c.ramic: Oiela :t,ic: (General Purpose) Established 
Reliability, ~ral Specification tor 

RainJ.r, Variable, \\"liewound ('L.fid Screw Adua:.d) Establst-.ad 
Reliability, General Speclfiadion tor 

Relay, Electromagnetic, Established Reliability, General Specification 
for 

FINillor, Fixed, Flim (insulated), Established Raiiabitity, Generai 
Specification for 

capacitor, Fixed, 8-:trolytic (Aluminum Oxide) Established Reliability 
and Nonestablishad Reliability, Gar.aral Specification tor 

Oift:Ult 8,.akers, Magnwtic, low Power, Seated, Trip-Free, General 
Specllcallon for 

Capacitor, Fixed, Metalized Paper, Paper.Plastic Film, or Plastic Film 
Dieiec:irle, Direct and Altornallng Current (Hermeiiealiy Sealed in Metal 
C--.S) Estabhhed Reliability, General Specification tor 

Resistor, Variable, Nonwirewound, Precision, General Specification for 

Resistor, Variable, Nonwirewound, (Adjustment Type) Established 
Reliability, General Specffica1ion for 

Connector, Triaxial, RF, General Specification for 

Resia&or, Faxed. Film. Establiahed Reliability, General Specilication for 

Connector, Coaxial. RF, General Specification for 

Connector, Printed Circuit, Subassembly and Accessories 

Adapter, Coaxial. RF, General Specification for 

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

Circuit Braakar, Magne._ic, Unsealed, Trip.Free. Genera! Specification 
for 

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

2-5 

SEC et al. v. MRI 
SEC Exhibit 1023.0013 

IPR2023-00255



Downloaded from http://www.everyspec.com

MIL-HDBK-217F 

2.0 REFERENCE DOCUMENTS 

SPECIFICATION SECTION i TITLE 

ML-c-55681 10.11 

MR.-C-81511 15.1 

MIL-c-83383 14.5 

ML-R-83401 9.4 

MIL-C-83421 10.6 

Mll-G-83513 15.1 

Mll-C-83723 15.1 

Mll-R-83725 13.1 
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MIL-C-83733 15.1 
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STANDARD 

Mtl-STD-756 

MIL-STD-883 

MIL-STD-975 

MI....STD-1547 

Mtl.-STD-1772 

Capacilor. Chip, ~pie Layer, Fixed, Ceramic Dielectric, Established 
Reliability, General Specification for 

Connector, Electrical, Circular, High Density, Ouk:k Oi9connect, 
Environment Resisting. and Aaiesaories, Generai Sp.cffic:atlon for 

Circuit Breaker, Remole C.Ontro~ Thermal, T~rN. General 
Specl'ication tor 

RHtllor HelWOfka, Axed, FIim, General Speclication for 

Capadior, Faed Supennetalltzed Piastic Flm Dieisctlic (DC, AC or DC 
and AC) Hemwtiealy Sealed In Metal Caw. Eslabllshsd RefiabHlty. 
General SpedflcalioA lor 

Connedor, Elsctrice!, Rectangular, Micromlniature, Polarized She!!, 
General Speciflcallon for 

Conneclor, Electrical (Circular Environment Resisting), Receptacles 
and Plugs, General Specif ic:ation for 

R.;;.y, Vacuum, G.n.ial Specifir.r1M"1 for 

Relay, Time Delay, Electric and Electronic, General Speclfecation for 

Switch, Toggle, Unsealed and Sealed Toggle, General SpeciflCBtion for 

Conneclor, Electncal, Miniature, Rectangular Type, Rack to Panel, 
Environment Resisting, 200 Degrees C Total Continuous Operating 
Temperature, Generai Specification tor 

Socket. Plug-in Electronic Components, General Specification for 

TITLE 

Reliability Modeiing and Pntdiction 

Test Methods and Procedures for Microelectronics 

NASA Sta,-1...=d Bec:trical, E!=dronic and E!=droma:::han!ce! Parts List 

Parts, M■terfal• and Processes for S~ Launch Vehicles, Technical 
R.quiremn& for 

Cet lllcidloo Aequtrements tor Hybrid Mlcroelrcuft FIICIIIIM and Unes 

Coples of speclflcatkw.s and stand.J!!rds required by contractors !n connection wlt..h spedrac acquisition 
functions should be obtained from the contracting actlvtty or as directed by the contracting officer. Single 
copies are also avaftable (without charge) upon written re(JJest to: 

• I 
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3. 0 INTRODUCTION 

3 .1 Rellablllty Engineering - Reliability ts currently recognized as an essential need in military 
electronic systems. It Is looked up:>n as a means tor f'80.Jcing costs from the factory. where rewortc of 
defectil,e components adds a non-proooctlve overhead expense, to the field, where repair costs include 
not only parts and labor but also transportation and storage. More importantly, reliability directly i"1)acts 
force effectiveness, measured In terms of availability or sortie ra1es, and determines the size of the 
•1og1stics tar Inhibiting force utilization. 

The achievement of rellabHlty Is the funcuon of reliability engineering. Every aspect of an electronJc 
svstem. from the ourttv of materials used In tis comoonent devices to the ooerator's lntet1ace. has an 
Impact · on reliabiiity. ' Reliability engtneertng must. therefore. be appflecl throughout the system's 
development In a diligent and tJmety fashion, and Integrated wlh other engineering disciplines. 

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

3 • 2 The Role of Aallablllty 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 ls the ability to rapidly generate alternative solutions to a 
particular problem. Reliability predictions tor each design attemative provide one measure of relative worth 
which, corroined with other considerations, will aid in selecting the best of the available options. 

Once a design is seieded, ihe reiiabiiiiy prediction may be used as a guide to improvement by showing 
the highest contributors to failure. ff the pall stress analyse method is used, it may also reveal other frultful 
areas tor change (e.g., over stressed pans). 

The Impact of proposed design changes on reliability can be determined only by comparing the relability 
predictions of the existing and proposed designs. 

The ablllty of the design to maJntain an acceptable reliability level under environmental extremes may be 
asaesaed through reHabtHty 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 for redundant or back-up systems may be determined with the aid of reliability 
predictions. A tradeoff of redundancy against other reliability enhancing techniques (e.g.: more cooling, 
higher part quality, etc.) must be based on reliability predictions coupled with other pertinent 
considerations such as cost, spaoe limitations, etc. 

The prediction will also help evakJate the significance of repo,ted tailuree. For example, if 94Mn'III fallun,s 
of one type or component occur in a system, the predicted fallure rate can be used to determine whether 
the number of faJlures 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. AB examples, the location 
of built-in-test circuitry should be influenced by the predicted failure rates of the Ciroultry monitored, and 
maintenance strategy planners can make use of the relative probabHlly of a failure's location, based on 
predictions, to minimize downtime. Reliability predlollons are also used to evaluate the probabilities of 
iaiiure events descri>ed in a faiiure modes, effects and criticaltty analysis (FMECAs). 
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3 • 3 Limitations of Rellablllty Predictions - This handbook provides a common basis for 
reliability pradictloM, baud on anaiyss of th& bast avaJlabla data at thA tlmA of iaaJA. It ht lntAndAd tn 
make reliability prediction as good a tool as possl>le. However, l<e any tool, reliability prediction rrust be 
used Intelligently, with due consideration of Its limitations. 

The first limitation is that the failure rate models are point estimates which are based on avallable data. 
Hance, they are valid for the condlllons under which the data was obtained, and tor the devices oovared. 
Soma extrapolation during modal development is possible, but the inherently empirical nature of the 
mocieis can be severeiy restriciive. For exaff1)ie, none oi iha modeis in ihis handbook predici oociear 
sur.+.6:biL'ty er the affads cf ic."Jz!.rac; r=4J:r-n,. 

Even when used In Similar environments, the clfferences between system applications can be signiflC&nt. 
Predicted and achieved reiiabilly have aiwaya been closer for gmund eiactronic systems than for avionic 
s;-~ams, bacausa tlla err.,ir0mier6dl strGSSaS ,..., ... I lass from r 7-stem to r 7-stam o.-, 11'.a ground a.-id hanca 
the field conditions are In general closer 10 the environment under which the data was 00laCtad tor the 
prediction model. However. failure rates are also Impacted by operatlonaJ scenartos. operator 
characteristics, maintenance prac11cea, measurement 19Chntques and dlferences In definition of tallure. 
Her.ca, a rallablllt; prediction shouk1 na\.-~r ba assumed to represent the axpactac:I field relabllit-; as 
measured by the user (i.e., Mean-Time-Between-Maintenance, Mean-Time-Between-Removals, ate.). 
This does not negate its value as a reliability engineering tool; note that none of the applications 
discussed above requires the predicted reiiabiiity to match the fieici measurement. 

Electronic technology is noted for its dynamic nature. New types of devices and new processes are 
continually introduced, C0"1)0Undlng the dlfficuttias of pradicting reliability. Evolutionary changes may be 
handled by extrapolation from the existing models: revoiutionary changes may deiy anaiysis. 

Another llmltatlon of rellablllly predictions ts the mechanics of the process. The part stress analysis 
method ~Ires a significant amount of design detail. This naturally Imposes a time and cost panatty. 
More significantiy, many oi the details are not avaiiabie in the eany design stages. For this reason this 
handbcok ccntai.rm beth the p:.1 stress a..n.atr.l: mathcct (Sedlc:-:s 5 t!"' .. rcug."1 23) a.rxt a s..'T.plor pa. .. .: 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-~ who ccrr8dly apply the rncd81s and 1..-se the inforrr.ation in a conscientious reliability program will 
find the Dredictlon a useful tool. Those who view the DNtdictlon ontv as a oomber which must exceed a 
specified value can usually find a way to achieYe their goat without any Impact on the system. 

3 • 4 Pan Stress Analyele Prediction 

3. 4. i Appiicabiiiiy • Tnis method is appiicabie when mosi of the design is compieied and a deiaiied 
partJ; 11st lrdJdlng part st.reev&es !s available. It can also be used durln'lQ Later das!gn p!".ases fer re!abilily 
trade-offs vs. part selection and stresses. Sections 5 through 23 contain failure rate models for a broad 
variety of parts uNd in etecttOnic ...,,,.nt. The parts are grouped by major categories and, where 
appropriaie, are subgroupad within categories. For mechanicai and eiactromechanicai parts not covered 
by this Handbcck, mtartc Blblcgraphy Items 20 and 35 (Appendix C). 

The failure rates presented apply to equipment under nonnal operating conditions, i.e., with power on and 
pertonnlng Its Intended functions In Its Intended envlronmanl. Extrapolation of any of the base failure rate 
models beyond the tabulated valuaa auch as high or sub-zam tan,parab.lre, alaetrical strau valuaA above 
1.0, or extrapolation of any associated model modifiers is completely invalid. Base fallure rates can be 
interpolated between electrical stress values from O to 1 using the underlying equations. 

The general procedure for determining a board level (or system level) failure rate is to sum Individually 
calculated failure rates for each co"1)0nent. This summation is then added to a failure rate for the circuit 
board (which includes the effects of -soldering parts to it) using Section 16, Interconnection Assemblies. 
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For parts or wires soldered together (e.g., a jumper wire between two parts), the connections model 
appearing in Section 17 Is used. Finally, the effects of connecting cira.Jit boards together Is accounted for 
by adding In a failure rate for each connector (Section 15, Connectors). The wire between comectors is 
assumed to t-.ave a zero failure rate. For vark>us serv!c-" use profiles, duty cycles and redundancies the 
procedures described In MIL-STD-756, Reliability Modeling and Prediction, shoukf be used to determine 
an effective system level failure rate. 

3. 4. 2 Pan Quality - The quanty of a part has a direct effect on the part fallure rate and appears In the 
part models as a factor, •a· 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 pans with their 

quality designators are shown in Table 3-1. The detaied requirements for theSe levels are clearly defined 
in the applicable specification, except for mlcroeircults. Microcircuits have quality levels which are 
dependent on the nurrtber of MIL-STD-883 scr66T--.e (or equivalent) to which they are subjeoled. 

Table 3-1: Pans With Multl-Level Quality Specifications 

Part Qua!itv Desi nators 

I s. B. B-1, Other: ouarrty Judged by I M icrocircults Screening Level 

Discrete Semiconductors I JANTXV,JANTX,JAN I 
I I 

Capacitors, Established 

' 
D,C,S.R,B,P,M,L 

' 
Reliability (ER) 

Resistors, Established I S,R,P,M I 
ReRabftlly (ER) I I 

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

Relays, Established I R,P,M,L I 
ReRabl1!tu 1ER I I 

Some parts are covered by older specifications, usually referred to as Nonestablished Reliability (Non-ER), 
that do not have multi-levels of quar,ty. Tnese part models generaliy have two quality ievels designated as 
·MIL-SPEC:, and "Lower·. If the part is procured in complete accordance with the applicable 
specification, the nO value for MIL-SPEC should be used. If any requirements are waived, or if a 

commerc!a! part is procured, the no value for Lower should be used. 

The foregoing discussion involves the •as procured• part quality. Poor equipment design, production, 
and testing facllitles can degrade part quality. The use of the higher quality parts requires a total 
equipment design and c:p.iality control process convnensurate with the high part quality. It would make little 
sense to procure h!gh quality parts O!"Jy to have the equipment produc!ion 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. ReUability management and quality control 
procedures are described in other DoD standards and publications. Nevertheiess, when a proposed 
equipment development is pushing the state-of-the-art and has a high reliability requirement 
necessitating high quality parts, the total equipment program should be given careful scrutiny and not just 
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3. 0 INTRODUCTION 

the parts quality. Otherwise, the low failure rates as predicted by the models for high quality parts will not 
be realized. 

3. 4. 3 UN Em,lranment • All part reliabllily models Include the effects of environmental streases 
through the environmentai iaciOr, 1te, except ior me effecis oi ionizing radiaiion. The descripiions oi 

these environmenls are shown In Table 3-2. The Ke faclDr is quanllfiad wlthk1 each part failure rate model. 

These environments encompass the major areas of equipment use. Some equ_,mem wii experience 
iiiuie than one e.1vimntt.ent durir.g its nom.al use, e.g., equlprr.ant in ;pacac.-afl. In such a casa, tl'.e 
re!iah!!:ity analysis should be segmented, namely, missile launch (ML) conditions during boost into and 

return from orbit, and space flight (SF) whle In Olbll. 

Table 3-2: Envtronment■I Symbol ■nd Dncrlptlon 

I I EqulYlllllnt I MIL ·HDBK-217E. 

I I Nolice 1 I En~ironmant ~ Symbol ffeSYfflboi n...,.nntinf'I 

I I I 
__ ,,,, .. _,, 

Ground, Benign I Ge I Ge I Nonmobile, temperature and humidity 
Ga • .,, oo~~lled en~ro~m.e~ !'8ad~ly -~-~-~~~ ~-

I I """' I maimenanca; I11C1uaes Iaoora1ory msuumems 

I I I :;~~~u=~~~;:,":;::1:;cmputer 

I I I complexes, ana missiles ana support 
equipment In ground silos. 

Ground. Fixad I r.,_ l r.,_ - I ::Ti::!i:;:.;;~:t: ~~~ ""F I ""F I cooling air and possble Installation in unheated 
buildings; includes permanent lnstallatlon of air 
traffic a,ntrol radar and communications 

I facilities. 

I 
Ground, Mobile GM GM I Equipment Installed on wheeled or tracked 

Mp vehicles and equipment manually transported; 

I ~~~;:;=:~u':'4S:~;,n.n1. I tac11C81 Tint aIraa10n systems, nananeia 

1 
_mu..,,,.,_ ~- lasa, dHlg......, 
and range finders. 

Naval, Sheltered N5 N5 I 1nct_udes ~•hared or ~low d~ ~!00"• on 

Nse I surface shipS and equipment inslalled in 
e11tvnarinae: I ___ .. __ .... ___ 

a..1-... -1 I, __ ..__ .. __ .. ... ... . . _ __.._.._.. ............................................ ,,, • .,.,, u,,.,, .... ,.., "'U . .,, I ;~;;;;--.;-.-;;;,;~;.,-~•-~~~~ant Nw I==~ .. -.:...~-:: hyd_, ~ .... 
vessels. 
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3. 0 INTRODUCTION 

Table 3-2: Environmental SymbOI and DNcrtptlon (cont'd) 

Environment 

Airboma, Inhabit.ad. 
ca,vo 

Airboma; lnhabitad. 
Fighter 

Airborne, Uninhabited, 
Ca,,;c 

Airtvuna, 
Uninhabited, 
Fighter 

Airborne, Rotary 
W.-ng=d 

Space, Flight 

I 
I 
I - !:!, •• --• 

I 
1'E ..,,,,......,, 

I A,-
I 

- ·iv 

I 
I 
I 
I 
I 

A,.-- ·,r 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

cquiviiiem 
MD..-HDBK-217£. 

Notice 1 

"E Symbol I ~ I 
I Tvoicat conditions In CMJO comDat1ments 
I ~ can ~~,pied~ an alrcrn,. 
I I:~ 8Jffl'efflN or preNUnt, 

I ~ ..... ._. and vlmltinft - minimal. 
Examples Include long minion aircraft such as 

I the C130, C5, 852. and 0141. This category 
............. 11 ...... ~--......... 

I~~-;~~-;~-.;;. T3e. 
I 
I Same as Ate but installed on high performance 

I aircraft such as ftahters and interceotors. 
I Ex~~~~s !ncl~ the F15, F16. F111, FIA 18 

ano Al O aircran. 

Environmentaiiy uncontroiied area which 
ce.r:nat be !nhabf!ed ~ e.11 eira,w d-.1ring flight. 
Environmental extremee of prnaure, 
tamperatura and shock may be NYere. 
Exatt.pl.s L-duda unint-.abitad a.-aaa of lor.g 
mission aircraft IUCh u lhe 0130, CS, 852 and 
C141. This category also applies to 
uninhabiied 81'88 oi iower performal'iCB smalkir 
aircraft such as the T38. 

Sama aa A.-JC bul irmallAd an high partnrm­

alrcraft such as fighters and Interceptors. 
Examples include the F15, F16, F111 and A10 
aircraft. 

Equipment instaiied on helicopters. Applies to 
beth L'11r.r.a..Ny and =xt=rr.alty mcuntod 
equipment such as laaer designators, fire 
control systems, and communications 
9'4UiJ..11•iit. 

Eanh 0t-W. ~ banign ground 
conditlone. Vehicle neither under pow9red 
flight nor In atmoeph•ric rMntry; lndudN 
eateiiites and shutties. 
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Tabie 3-2: Environmental Symbol and De.crtptlon (cont'd) 

EquivaJent 

I MIL-HDBK-217E, 
Notice 1 

Environment ~ Symbol Description 

"E Symbol I 
Missile, Flight Mt= Mi==,= I Candliona rolalod to _,.. - of 8" 

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

I 
Missile, Launch Mi Mi.. I Severe conditions related to missle launch (air, 

L I ground and Na), apace vehicle boost into 
USL orbit, and vehlde re-entry and landing by 

parachute. Alar.> applies to solid rocket motor 

I ~~::~== :~b~a~r~:.rpem and 

Cannon, Launch C Ci. I Extreme;,,,...,,. a,nd;tion, ,elatod to cannon 
L launching of 155 mm. and 5 inch guided 

I projectiles. Conditions apply to the projectile I from launch to target impact. 

3. 4. 4 Part FaHure 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: 
Ap is the part failure rate, 

'-b Is the base fallura iate usuall·t expressed by a model relating the influence cf electrical and 

temperature stresses on the part, 

ne 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 ff() factors are used In most a!! models and other 1t factors apply only to specific models. The 

appllcabl!lty of n factors !s Identified In each section. 

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

applicable model factors. Tables of calculated "'t> values are also provided for use in manual calculations. 

The model equations can, of course, be incorporated Into computer programs for machine processing. 
The tabuiated values of "-t, are cut off at the part ratings with regard to temperature and stress, hence, use 

of pans beyond these cut off points will overstress the part. The use of the "'b models In a computer 
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program shoukJ take the part rating limits Into account. The At> equations are mathematically continuous 

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

AH the part models include failure data from both catastrophic and pennanent drift failures (e.g., a resistor 
pArrnAnAntly fAlling nut nf ratAd tolArarr.A bounds) and ara based upon a oonstanl failure rate, except for 
motors which show an increasing failure rate over time. Failures associated with connection of parts Into 
circuit assemblies ant not included within the part failunt rate models. lnlonnatlon on connection reliability 
is provided in Sections i6 and ii. 

3. 4. 5 Tllermal Aspects • The use of this prediction method requires the determination of the 
temperatures to which ihe parts are subjaeied. Sinee parts reiiabDlty is sensiiive io iempc,raiure, ihe 
therrr.a! &"&tysis of any design should f a.'rly 2CCL1rately provide the e..T.bienl te~rat-Jres needed In us..irlg 
the part models. Of course, lower temperatures produce better reliability but also can produce Increased 
penalties in tenns of added loads on the environmental control system, unless achieved through 
improved thermai design of the equipment. The thermai anaiysis shouid be part of the design process 
and included in au the trade-off studies covering equipment pertonr.ance. 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 motr:ai Cb1Gis,ii$i iQ pe usw as e m;u; tor evauaiing a reiiabiiiiy pfiKiieuon repon. 
For conrttAtenesa. tha d1ecldtst lnctJdes ~egortcs tor r=lab!ltty mcdoling and alk>Cu.aticn, wh!C.~ are 
sometimes delivered as part of a prediction report. It should be noted that the scope of any reliability 
analysis depends on the specific requirements caned out In a statement-of-work (SOW) or system 
specification. The inclusion ot this checklist Is not inlended to change the scope of these requirements. 

Table 4-1: FlellabllllY AnaiYala Checkllat 
Major Concern• 

MODELS 
Ate an functional elements included in the 
rallabillty block diagram /model? 

Are all modes of operation considered in the 
mlllhmodef? 

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

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

Does the allocation process consider 
compiexiiy, design jiexibiiiiy, and Hiety 
maralns? 

I PRl:DICTION 
Does the sum of the parts equal the value of 
the module or unit? 

Are environmental conditions and part quality 
representative of the requirements? 

Are the circuit and part temperatures d9fin8d 
and do they represent the design? 

Are equipment, UNmbly, subuaembly and 
part reffabilily drivers Identified? 

Are alternate (Non MIL-HDBK-217) failure rates 
highiighted aiong wiih the rationaie for their 
use? 

Is the level of detail for the part failure rate 
models sufficient to reconstruct the result? 

Aro critic&! ccrnpcn=nt= such u VHSIC. 
Monolithic Microwave Integrated Circuits 
(MMIC), Application Specific Integrated 
Cii'Ci.iits (ASIC) ui Hy-bi'ids highligh1.d? 

I Comment• 

System design drawingsldiagrams must be NViMNd 1D be.,,. that the reliabirlly modelldiagram .... wllh the 
t" ...... 

Duty cydea, alternate paths, degraded conditions and 
redundant unite must be defined and modeled. 

Unit failure rates and redundancy equations are used 
irom ihe deiaiiad part predictions in ihe ayiUl'l'I maih 
model (SN MIL-STD-756, Reliability Prediction and 
Modeling). 

Useful levels are defined as: equipment for 
subcontractors, assemblies for sub-subcontractors, 
cirwlt boards for desic;n&rs. 

Conservative values are needed to prevent reallocation 
iii eviiiy design change. 

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

Optimistic quality leYels and favorable environmental 
conditions are often assumed causing optimistic results. 

Temperature is the biggest driver of part failure rates; 
low temperature assumptions will cause optimistic 
i&autts. 

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

Use of altemata failure rates, if deemed necessary, 
require submission of backup data to provide a-ecience in 
th•_ .. , ••. 

Each component type should be sampled and failure 
rates ccmp!ete!y reccnstruct=:I fer =ccur=cy. 

Prediction methods for advanced technology parts should 
ba carafult; r11aluatad tor im-.,act on tha modula a.-.d 
system. 
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5.u MiCFiOCiFiCUiTS, iNTFiODUCTiON 

This section presents failure rate prediction models tor the tollowing ten major classes of mieroelectronic 
devices: 

Seciioo 
5. 1 Mcnolihic Bipolar Digital and Unear Gate..n...cgic A.rray Devices 

5. 1 Monolithic MOS Diglal and Linear Gate/Logic Array Devices 

5.1 Moooiiihie Bipoiar and MOS Digital Micmpr-ocessor Devices 

5.2 Monolithic Bipolar and MOS Memory Devices 

5 .3 Very High Speed tniegnried Cira.iii {v-tiSiCNHSiC-Like and v-LSi) CMOS ~ (> 60K 
Gates) 

5.4 Monolithic GaAs Digital Devices 

5.4 Monolithic GaAs MMIC 

5.5 Hybrid MicrOCircuits 

5~6 Surtace AcoustiC V/ave Devices 

5. 7 Magnetic Bubble Memories 

In the title description of each rr10ri01ithic dev .. .c-e type, Bipolar represents all TTL, ASTTL, DTL, ECL, CML, 

ALSTTL, HTTL, FTT'L, F, L TTL, STTL, BiCMOS, LSTTL, Ill, t3L and ISL devices. MOS represems all 
rnAt::11-nYlttA mlr.rnr.lrr.111ts, which lnr.l11rfA~ Nun~. pun~. r.un~ ::1nrt UNO~ f::1hrir.m111rf nn V#llrin11~ 

substrates such as sapphire, polycrystalHne 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!exlt)' factors ere expressed in !he numt,er of bits in accordance wtth 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 'i8K memory has 18,384 bits, a 64K mem0,y has 65,536 bits and a 'iM meifiO;y has 
1,048,576 bits. Exact nu!'ri:>ers of bits are not used for memories of 1024 bits and greater. 

For devices having both linear and digital functions not covered by Mll-M-38510 or Mll-1-38535, use the 
iinear modei. Line drivers and iine receivers are considered iinear devices. For iinear devices not covered 
by MIL=t ... 4=39510 er ~11L=l=38535, use the transistor count from the schematic diagram cf the de\-ice to 
determine circuit complexity. 

For digital devices not covered by MIL-M-38510 or MIL-1-38535, use the gate count as determined from 
the logic diagra.-n. A J-K Gi R-S flip flop is iKJii"v&lent to 6 gates when used as pa,"1 of an LSI ci;a;H. FOi the 
purpose of this Handbook. a gate Is COMidered to be any one of the following functions; AND; OR; 
exclusive OR, NANO, NOR and Inverter. When a logic diagram Is unavailable, use device transistor count 
to determine gate count using the following expressions: 

T er.hnnlggv 

BIDolar 
CMOS 
All other MOS except CMOS 

Gate /l.gprpxtmation 
No. Gates .. No. Transistors/3.0 
No. Gates .. No. Transistors/4.0 
No. Gates = No. Transistors/3.0 
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A datallad form al Iha SacHon 5.3 VHSICIVHSIC-Uka madal is Included as Appendix B to alDw mora 
detailed trade-offs to be performed. Reference 30 should be consuled tor more lnfonnatlon about this 
model. 

Reference 32 s.~kt be consulted lor more lnforrr.atlon abOl.'t the moclelS appearing !n Sectlo.'IS 5.1, 5.2. 
5.4, 5.5, and 5.6. Reference 13 should be consutted tor 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 Gate/Logic Arrays 
2. MOS Devices, Digital and Linear Gate/logic Arrays 
3. Fl&ld Programmable Logic Array (Pl.A) and 

Programmable Array Logic (PAL) 
4. Microprocessors 

Bipolar Digital and Linear Gate/Logic Array Die Co"l)lexly Failure Rate - c 1 
Diaital Linear PLNPAL 

No. Gates C1 No.Transla&ors c, 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 

MOS Digital and Linear Gate/Logic Array Die Co"l)lexty 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 

Micro.processor All Other Model Parameters 
Die Co~exlty Faiure Rate - c1 Parameter Refer to 

Btaolar MOS 
No. Bits C1 C1 XT Section 5.8 

Upto 8 .060 .14 C2 Section 5.9 

Upto 16 .12 .28 rtE, rta, 1tL Section 5. 1 O 

Up to 32 .24 .56 

5-3 

SEC et al. v. MRI 
SEC Exhibit 1023.0025 

IPR2023-00255



Downloaded from http://www.everyspec.com

MIL-HDBK-21 ?F 

5.2 MICROCIRCUITS, MEMORIES 

DESCRIPTION 
1 . Read Only Memories (ROM) 
2. ~ Read 0nly Memories (PROM) 
3. Ullraviolet Eraseable PROMs (UVEPROM) 
4. "flash,• MNOS and Floating Gate Eleetricaly 

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) 

~ • (C1 11:T + C2 xe + Acyc} XQ xt._ Failu18S/106 Hours 

Die Complexity F•re Rate - c1 
Ml )S BiD>lar 

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< < B s; 64K .0013 .0017 .0025 .016 .019 .011 
64K < Bs256K .0026 .0034 .0050 .031 .038 .021 
256K<BS:1M .0052 .0068 .010 .062 .075 .042 

A1 Factor for Acvc Calculation ~ Factor for Acvc Calculation 

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

EEPROM Life C 

Cycles Over EEPROM Textured-Poly~ 
Lite C 

Upto 300K 0 
Up to 100 .00070 .0097 
100<CS200 .0014 .014 300K < C s 400K 1.1 
200<CS500 .0034 .023 
500<CS:1K .0068 .033 400K < C s SOOK 2.3 
1K<C:S3K .020 .061 
3K<CS7K .049 .14 All Other Model Parameters 
7K <CS 15K .10 .30 Parameter Refer to 
15K < Cs20K .14 .30 
20K < C S30K .20 .30 
30K < Cs 100K .68 .30 

,i:T Section 5.8 

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

C2 Section 5.9 

400K < C s SOOK 3.4 .30 Ke, xa, xL Section 5.1 O 

1. A1 • 6.817 x 10-6 (C) 
2. No underlying equation for Textured-

A.eye (EEPROMS Page 5-5 

only) 

Poly. 

Acyc· 0 For all other devices 
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5.2 MICROCIRCUITS. MEMORIES 

EEPROM ReadtNriie C-yeiing ii'idueed Faiiur& Rate -1gc 

Flolox and Textured Poty EEPROMS 

iftodeifaqpr .Ei:ma 
P;gas.4 

TIXNred-PoiY 
Paga~ ,. 

"1 ... 
01 

A2 
82 
2to 

Page 5-6 

"2-0 
Df-u 
Seciion 5. i 0 

Paga 5-6 
Page 5-5 

Fiye5-6 
Section 5.1 o 

El1'0r Co.Taclion Coda (ECC) ~~ns: 
1. No On-Chip ECC 1tc,-..,.. • 1.0 

~ ...... 7tCf'f' • 1.0 ......... 
2. On-Chip Hamming Code 1t1:cc • ·72 

1tecc • ·68 

7tc,-.,-. • .72 -~"""" 
3. Twt)..NAAmt-OnA 1tecc • ·68 

Redunda.'!! Gel! /l.pproach 

NOTES: 1 . See Reference 24 tor mocleling off~ error detection and correction I 

2. :::: :: :::=::: Fk>tox. I 
3. Error Correction Code Options: Some EEPROM rnaranaciurers have incorponned II 

;h~;>=~';;=r~~~~=~=~~=:; i:!1! :::;.~ I 
~ach w~~~ i~~rates a~ extra sto~ •~ns~r ~n every memory ceU. This I 
is represemea oy tne tw0-neeas-one reca,naam cen emry. I 

4. The A .. and A,. factors shown in Section 5.2 were develoced based on an assumed I 
:i:~Y0~!:~ =~x~~~=R~u!t~ tsi:o': f:ukj ~ --I 
multiplied by: · - I 

I 10,000 

System Lifetime Operating Hours 
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5.3 MICROCIRCUITS, VHSIC/VHSIC-LIKE AND VLSI CMOS 

DESCRIPTION 

Die Base Failure Rate - Aso 
Part Type 

Logic and Custom 

Ge!eArray 

0.16 
n ?A V•-~ 

....... _ ... ~ . .:-- o----- ,.... __ _....__ ~--...-.. ---•,yr•--- vu,,-..-, r---iiMFG 
Nianufactumg Process "MFG 

nt.,i ~rr"IDI cc 
"-1flYIL.. UI \.,fl L. _...,_, 

Non QilAL Of Non QPL 2.0 

CMOS gieatei than 60,000 gates 

All Other Model Parameters 
Parameter I . . Refer to 

I
I SectiOn 5.8 
_ Section5.10 

Package Type Correction Factor - 2tPT 

I I "PT 
I Package Type I Hermetic I Not ,tre,,, iettc 

I n,o I ◄ f'I I ◄ 
., I u-,..- I 

,.u 
I 

I • .;J 

Pin Grid Arrav 2.2 2.9 
I Chip Carrier • I 4.7 I 6.1 

I (Surface Mount I I T __ ._ __ •--•~\ 

I I C\,I II IVIVYYJ I I 

Die Co"l)lexity Correction Factor - XC0 

Feature Size I 
(Microns) 

.80 
1.00 
1.25 I 

AS.4 
8.0 
5.2 
3.5 

.4<AS.7 
14 
8.9 
5.8 

Di& A.va (an2) 
.7 <AS 1.0 

19 
13 

8.2 

1.0 <A~ 2.0 
38 
25 
16 

2.0 <A~ 3.0 
58 
37 
24 

A. Total Scrbed Chip Die Area In cm2 X9 - Feature SIZe (mlcn>ns) 

Die Area Conversion: cm2 - MIL2 + 155,000 

Package Base Faiiure Rate - AsP Eiectricai Overstress Failure Rate - )..EOS 

Nun't>er of Pins l9 p I VTH (ESO Susceptibility (Volts))* AEOS 
24 .0026 
28 .0027 
An nn'>o 

I 
0- 1000 .065 I 

"TU -UUL.;I 

44 .0030 
48 .0030 

I > 1000 - 2000 ,053 
I 

52 .0031 
~ii l'\l'\.l"llft I > 2000-4000 .044 
v-. .uu.:,.:, 
84 .0036 

120 .0043 
I > 4000 - 16000 .029 
I 

124 .0043 
i44 .0047 
220 .0060 

I > 16000 .0027 

I I 
~OS • (-in fi - .00057 exp(- .0002 VTHH /.00876 I I 

I I ''~- __ cen c-..... An-~■ .... n.a ... , ... _ ..... , 

I I 
.. TH - .__,...., ~u_...,....,.,.., ... ,, \YUi\.:>/ 

NP ., I I • Vnlt::anA r:1rv,- whir.h will r~1111:1:A thilQ n~:irt tn 

I I ~ -·--~- ·-••:m,-- --·--·· ...... ----- ···- ,...._ ... ·-
fail. If unknown, use O - 1000 volts. 

~-, 

.. . IUJN7--\II\I lb ••1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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MIL-HDBK-217F 

5.4 MICROCIRCUITS. Ga.As IIIIIC ANO DIGIT AL DEVICES 

.Mt.!IC: Die Con1)1exty Faillre Rates - c1 

Complexity I C1 
(No. of Elements) I -

1 !O 100 
101 to 1000 

4.5 
7.2 

11 . C1 accounts for the following active 

I elements: transistors, diodes. 

J2igbl: Die Corr.,lexity FaBure Rates - c1 

I Complexity c, 

I (No. of Eiemems) 

1 to 1000 25 
I 11001 to 101000 51 

I 'i. 
,.. _______ ... _ ... __ &L..- 111.-.11.-. ••• :-- --..1.: •• -

I "'1 accgum5 n;,r 1nu IOIK1WH1Q BCllVU 

elements: transistors, diodes. 

5-8 

I 

I 
I 
I 

I 

DESCRIPTION 
Gaftium Arsenide Microwave Monolithic Integrated Circuit 
(GaAs MMIC) and GaAs Digital lrtegrated Circuls usilg 
MESFET Transistors and Gold Based Metallizalic:m 

Device Application Factor - "A 

Application I 11: A 

I I 

II M~ = Low Power (s 'iOO mw; II 

Drtvar & High Power(> 100 mW) 
Unknown 

1.0 
3.0 
3.0 

II Dlglal Devlce< ,' 
. All Digital Applications _ 1 . 0 

.AJ! O!her Mode! Parameters 

I Parameter I Refer to 

I nT I Section 5.8 

I ,. I ir"-.-.a.:-- r'"' 

I 
"2 

I 
OC\illUII ;;,.~ 

nE; 11:L; 11:a Section 5.10 
I I 

I 
I 
I 

I 
I 
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MIL-HDBK-217F 

5.5 MICROCIRCUITS. HYBRIDS 

DESCRIPTION 
H-ybrid Mierucifwlis 

Ap • I l: Ne ¾: J (1 + .2 11:e ) 11:F ffQ 1tt_ Falkn&'106 Hours 

Ne • Number of Each Partiallar Component 
l,. = Failure Rate of Each Particular Co111>0nent ., 

The general procedure for deYeloplng an overal hybrid failure rate Is to calculate an individual failure rate 
for each component type used In the hybrid and then sum them. This summation Is then modified to 
account fGi tt--.a ovei&JI hybrid fuidion (,q:;, ie."ni'ilng km;i (so), and miiiiuriiy (Kt). The hybrid package 
tdur& rat& is a t,.mctlo.1 of tt"'.a acr-we compo.-•"it faHure ii'iOdifled by tne iHWirvi'iffiefitai iaeior (i.e., (i + .2 
Ke) ). Only the component types listed in the folowing table are considered to contribute slgnllcantty to 
the overall failure rate Of most hybritt!I. AD other component types (e.g. •. resis!o.rs, inrla!C!orS, etc.) a.re 
considered to contrtbute lnslgnfflcantty to the overan hybrid failure rate, and are assumed to have a falklre 
rate of zero. This simpflfication is valid for most hybrids; however, if the hybrk:J consists of mostly passive 
compoi.eii"&S then a faiiure rate shouid be eaieuiaied ior these devices. if factoring in other componeni 
types, assume ffQ - 1, ne -1 and TA - Hybrid Case Te"1)8rature for these calculations. 

Determine A- for These 
\, 

Conponent Types 

Microclraiits 

Dlsereie Semiconductors 

Cspacltors 

Determination of Ac 

5 

6 

10 

I c2 .. 0, ffQ"" 1, "t.. = 1, TJ as Detennlnedfrom I I Sect~:-12, ~~ -0.(for-~HS~). . I 
I XO• 1, 1 J as Determined trom section 6.14, I 
I ae • ,. I 
I ~: ~. TA • Hybrid Case Te"1)8rature, I · 
, .. E-·· I I NOTE: If maxiffll.Jm rated s!ress tor a cle Is unk."IC¥tn, assume the same as for a discretely package 

die of the same type. H 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"1)8rature 
for discreie semiconduciors. I 

Circuit Function Factor • x~ All Olher Hybr1d MOde! Parameters -r 

I I Circuit Type I "F I "L• no, 1te I Refer to Section 5.1 o I 
I Dlglal I 1.0 I I I I 
I Video, 10 ilnHz < i < i GHz 

I ;.2 I 

I I I MicroWave, f > 1 GHz 2.6 
I 

Linear, f < 10 MHz 
I I 

I I 5.8 I 
I Power I 21 I 
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MIL-HDBK-217F 

5.8 MICROCIRCUITS. SAW DEVICES 

DESCRIPTION 
Surface Acoustic Wave Devices 

l.p., 2.1 n0 xe Faiklres/106 Hours 

Quality Factor- XO Environmental Factor- xE 

Screening Level KQ Environment ,cE 

10 Temperalura Cycles (-55--C 1D .10 
+125°C) with end point electrlcal 

Ge .5 

Gr= 2.0 
tests at te~re extremes. 

~ 4.0 

None beyond best commerical ,.o 
practices. 

N5 4.0 

Nu 6.0 

"ic 4.0 

AtF 5.0 

Aue 5.0 

AuF 8.0 

ARW 8.0 

SF .50 

MF 5.0 

ML 12 

CL 220 
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MIL-HDBK-217F 

5.7 MICROCIRCUITS. MAGNETIC BUBBLE MEMORIES 

Tne magnetic bubble 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 mechanical substrate and lead 
frame. The interconnect substrate In the present technology is normally a printed circuit board. h should 
be noted that thls model does not include external support microelectronic devices required for magnetic 
bubbie memory operation. The model Is based on Reference 33. The generai form of the failure rate 
model is: 

Ap = A1 + ¼ Faikmts/106 Hours 

where: 
A1 ... Failure Rate of the Control and Detection Structure 

¼=Failure Rate of the Memory Storage Area 

Chips Per Package - Ne 

Ne = Number of Bubble Chips per 
Packaged Device 

Temperature Factor-7tT 

, 1 , [ -Ea r 1 1 ) ] I n, .. , .. , exp 8.63 x 10-S l T J + 273 - 298 

I Use: -

Ea - .8 to Calculate 7tT1 

Ea • .55 to Calculate "T2 

TJ = Junction Tel'Jl)8rature (°C), 

25~TJ :S 175 

Device Complexity Failure Rates for Control and 
Detection Structure - c11 and c21 

N1 - Number of Dissipative Elements 
on a Chip (gaies, detectors, 
generators, etc.), N1 s 1000 
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5.7 

MIL-HDBK-21 ?F 

MICROCIRCUIT. MAGNETIC BUBBLE MEMORIES 

Write Duty Cycle Factor - nw 
10D nw = 

(R/W)·3 

= 1 for D s .3 or R/W <'!: 2154 

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

R/W - No. of Rems per Write 

NOTE: 
For seed-bubbls gsoorators, divide 
7'W by 4, or U58 1, whichever is greater. 

Duty Cycle Factor - n:0 

n:0 - .9o + .1 

0 = Avg. Device Data Rate s; 1 
Mfg. Max. Rated Data Rate 

Device CofTl)lexily Failure Rates for Memory 
Storage Structure - c12 and C22 

N2 - Number of Bits, N2 ~ 9 x 106 

All Other Modei Parameters 
Parameter Section 

C2 5.9 

1tE, no, 1tl 5.10 
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5.9 MICROCIRCUITS. C2 TABLE FOR ALL 

Package Failure Rate for all Microcircuits - C2 
p 

Hermatic. DIPs 
wJSolderor 

Number of Weld Seal, Pin DIPs wlh Glass 
Functional GridArray 
Pins, Np (PGA)1, SMT 

(Leaded and 
NonleadfKft 

3 .00092 
4 .0013 
6 .0019 
8 .0026 
10 .0034 
12 .00-41 
14 .0048 
16 .0056 
18 .0064 
22 .0079 
24 .0087 
28 .010 
36 .013 
40 .015 
64 .025 
80 .032 
128 .053 
180 .076 
224 .097 

1. C2,.. 2.8 X 10-4 (Np} 1 ·0B 

3. C2 .. 3.0 X 10·5 (Np) 1 ·82 

5. -4 1.08 
C2 • 3.6 x 10 (Np) 

NOTES: 

Seat2 . 

.00047 

.00073 

.0013 

.0021 

.0029 

.0038 

.0048 

.0059 

.0071 

.0096 

.011 

.014 

.020 

.024 

.048 

1. SMT: Surface Mount Technology 

2. DIP: Dual In-Line Package 

3. If DIP Seal type 6 unknown, assume glass 

Tvoe 

Nonhennetlc: 
Flalpaeks wilh Cans4 DIPS, PGA, 

Axial Leads on SMT (Leaded 

50 MIi Centers3 and 

Nonleaded)5 

.00022 .00027 .0012 

.00037 .00049 .0016 

.00078 .0011 .0025 

.0013 .0020 .0034 

.0020 .0031 .0043 

.0028 .0044 .0053 

.0037 .0060 .0062 

.0047 .0079 .0072 

.0058 .0082 

.0083 .010 

.0098 .011 
.013 
.017 
.019 
.032 
.041 
.068 
.098 
.12 

2. 

4. 

C2- 9.0 x 10·5 (Np)1·51 

C2 • 3.0 x 1 o·S (Np>2·01 

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

5-14 

Failures assoeiated with mounting the package to a cirruit board are accounted for in 
Section 16, Interconnection Assemblies. 
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5~10 MICROCIRCUITS, "E• ).LAND a:a TABLES FOR ALL 

Environmenl Factor - Ke Quality Factors - KQ 

Environment ae Descrtplion a:a 
Ge .50 

Gt= 2.0 gm S Catagpomr 

Gt.. 4.0 
Ng 4.0 
Nu 6.0 

Aic 4.0 

1: Procured in tun accordance 
with MIL-M-38510, Class S 
requirements. 

2. Procured In fuH accordance .25 
with ML-f.S8535 and 

AtF 5.0 Appendix 8 ..,_ (Clala U). 

Aue 5.0 3. Hybrids: (Procured ID Class 

AuF 8.0 

~w 8.0 
s raquirements (Quality ........ 
K) of MIL-H-38534. 

SF .50 

MF 5.0 ~-• a watmm[iu; 
ML 12 1. Procured in full accordance 

CL 220 with MIL-M-38510, Class B 
requirements. 

Years in Production, Y ,cl 

Leaming Factor- ,cl 2. Procurad in full 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 
~ 2.0 1.0 Qlass a-1 pa1999,y· 

1tL • .01 exp(S.35 - .35Y) Fully compliant with all 

Y • Years generic device type has been 
in production 

requirements of paragraph 1.2.1 
2.0 of MIL-S~883 and procured to a 

MIL drawing, DESC drawing or 
other govemmem approvad 
documentation. (Does not include 
hybrids). For hybrids use custom 
screening section below. 

5-15 
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5.10 MICROCIRCUITS, "E• ffL AND KQ TABLES FOR ALL 

Quality Fadors (cont'd): XO Calculation for Custom Screening Programs 

Grouo M!L-STD-883 Sc:reen!Test !Note 3) Poinl Valuation 
TM 1010 (Temperature Cycle, Cond B MlnirrlJm) and TM 2001 
(Constant Acceleration, Cond B Mlnlroom) and TM 5004 (or 5008 

I 1• for Hybrids) (Final Bectricals@ TefTl) Extremes) and TM 1014 I (Seal Test Cond A. B or C) and l'...4 2009 (External Visual) 

I 
TM 1010 (Te~n, Cycle, Conde Miniroom) or TM 2001 I 
(Constant Acceleration, Cond B Mlnlrrum) 

2· TM 5004 (or 5008 for Hybrtcls) (Final Electrk:als@ TefTl) Extremes) 

I and r,.,. 1014 (Seai Test, Cond A, B, or C) and TM 2009 (Extemai I 

I 

I 

I 
I 
I 

I 

VISUall 
Pre-Bum in Electricals 

3 TM 1015 (Bum-In B-LeveVS-Levef) and TM 5004 (or 5008 for 
• : • ..,. ~.;.i (Post Bum-In Electricals ta> Terre, Extremes) 

4• TM 2020 Pina (P~ Imped Noi9e Detection) 

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

6 TM 2010/17 (Internal Visual) 

... TM 1014 {Seal Test, Cond A, 8, or C) I 

8 TM 2012 (Radiography) 

... TM 2009 (Ext&mal ViSual) :, 

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

~ ~ TM 2023 (Non-Destructive Bond Pull) I I 

87 1ta = 2 + 
l: Point Valuations 

I *NOT APPROPRIATE FOR PLASTIC PARTS. 

I NOTES: 
1 . Point valuation only assigned if used independent of Groups 1, 2 or 3. 

I 2. Point valuation onty assigned If used independent of Gmups 1 or 2. 
I 3. Sequencing of tests within groups 1, 2 and 3 i'fiLISt be iollowecl. 

4. TM refers to the M!L-STD-883 Test Method. 

I 
I 

I 
I 
I 

I 
I 

I 
I 

50 

37 

30 
36 

11 

11 

7 

"7 
I 

7 

"7 
I 

1 

.. 
I 

5. Nonhermetlc pans 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: 1ta = 2 + 50
8: 30 = 3.1 

(B Level) 
,s Leven 

(Note 1} 

(Note 2) 

(Note 2) 

2. 
87 

Mfg. performs intemal visual test, seal test and final electrical test: 1ta = 2 + 7 + 7 + 11 ., 5.5 

Other Commercial or Unknown Screening Levels I 
5-16 

I 

I 
I 

I 
I 

I 

I 
I 
I 

I 
I 
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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 
eQUlpment. Device juncik>,, iempenm.1re Is then calculated with the following relatbnship: 

T J - Worst Case Junction Temperature (°C). 

Tc - casa Tan;,ara:ure (°C). If not a-aBabl&, usa the tollowinO de'.aul tabla. 

Default Case Temperature (Tc) tor aH Environments -
Environment Gs GF ~ N5 Nu Ate AtF At,-c AuF ~ SF MF ML CL 

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

8 JC Junction-to-case thennal resistance (°Clwatt) for a device soldered into a printed ctrcull 
board. H 8JC is not available, use a value contained in a specification for the closest 
equivalent device or use the following table. 

Package Type 
(Ceramic Only) 

Dual-In-Line 
Flat Package 
Chip Carrier 
Pin Grid Array 

Can 

Die Area> 14,400 mit2 8JC 
(°CM; 

11 
10 
10 
10 

Die Areas: 14,400 mt2 
8Jc (°CIWJ 

28 
22 
20 
20 
70 

P = The max!rr.Jm power dissipation malzoo In a system application. If the applied power is 
not available, use the maxlroom 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 junction temperature (T J) for integrated circuit dice 

mounted in a hybrid package. A hybnd is normaDy made up of one or more substrate asseni:>lies mounted 

within a sealed package. Each substrate assembly consists of active and passive chips wlth thick ot thin 

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

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

substrate. The layers within the hybrid are made up of various materials with dffferent thermal 

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

typical thicknesses and corresponding thennal conductivities (K). If the hybrid imemal structure cannot be 

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

INSULATING 
LAYER (C) 

CHIP(A) 

EPOXY (E) 

CASE (F) 

LID 

MATERIAL 
THICKNESS, Li PACKAGE 

LEAD 

Figure 5-1 : Cross-sectional View of a Hybrid with a Slngle Muhl-Layered Substrate 
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5.12 MICROCIRCUITS, TJ DETERMINATION, (FOR HYBRIDS) 

TYPical HYbrld Characteristics 

I Thermal I I "--..a ... -: .. ..:... .. 
I \.,QflUUCUVRJ, I Tvnlr.AI f8MIJf8 K, ,1' . 

. -. lt<;J(Li} Material Typical Usage Thickness, From Figure 
L; (in.) 5-1 

I -1~- J (~'!1_21 I ., 
I \ "vftrl / i in"' oc,w l I 

Silicon Chip Device 0.010 A 2.20 .0045 

GaAs Chip Device 0.0070 A .76 .0092 
All ~11tAr.tir. r.hin Attar.h 0.0001 B 6.9 .000014 ----,.. --·--·· 
c,_,_._,. ,.,_ ........ ~ ..... _._._ AM--h n nn'2n DIC ,t .,. nn-,.,. 
~IUVI Vll'tlf~UUOIIGlV MUGlvll v.vv~v g1~ ,.~ ·""'~ 
Epoxy (Dieieciricj ChipiSubstraie Attach 0.0035 BiE .0060 .58 

Epoxy (Conductive) Chip Attach 0.0035 B .1S .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 
v-.. ·--

,... ___ 
._.111n I\ l\~ft. .- ~ .... ,,.~ .. 

n.UVi:H vi:C>~, Mnr u.u.:::u r .'t.::: .U'tO 

Aiuminum Case, MHP 0.020 F 4.6 .0043 I Copper Case, PHP 0.020 F 9.9 .0020 

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

n • Number of Material Layam 
&t. /w11n2\ 

.. Thennal Conductivity of i"' Material l :c,.;, J (User Provided or From Table) 
' - - ,,, 

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

- Die Area (In .. ). If Die Area cannot De reaclily determined, estimate as touows: A 
. - ----- --- --- - -- --- - - - - ----~ 
A• [ .00278 (No. Of Ole AeltYe Wire T8rmlnalS) + .0417)' 

Estimate TJ as Folows: 

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

8Jc • Junction-to-Case Thermal Resistance ("C/W) (As determined above) 
P0 - Die Power Dissipation (W) 

5-19 
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5.13 IIICROCIRC9lTS. EXAMPLES 

Example 1: CMOS Digital Gal• Array 

Given: A CMOS digital timing chip (4046) In an ailtJome Inhabited cargo application, case temperature 
48°C, 75mW power dil11patlon. The device is procured wlh normal maoofacturer'e screening 
consisting of temperalUre cycllng, constant acceleration, electrical testing, seat test and external 
visual Inspection, In the sequence given. The COf11X)nent manufaeturer also performs a B-leYel 
bum-In followed by electrtcat testing. All screens and tests are performed to the applicable MIL­
STD-883 screening method. The package is a 24 pin ceramic DIP with a glass seal. The device 
has been manufactured for several years and has 1000 transistors. 

c, ... .020 

1t1 -= .29 

ne - 4.o 

7tQ • 3.1 

Section 5.1 

1000 Transistors - 250 Gates, MOS c1 Table, Digital Column 

Detannlne T J from Section 5.11 

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

Section 5.9 

Section 5.10 

Section 5.10 

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

87 
"Q • 2 + 80 • 3.1 

Section 5.1 0 

so Points 
30 pg;nts 
80 Points 

>,, = [ (.020)(.29) + (.011) (4) J (3.1)(1) - .15 Failure1106 Hours 

Example 2: EEPROM 

Given: A 128K Flotox EEPROM that is expecied lo have a T J of 80°C and experience 10,000 
readlwrtte cycles over the llfe of the system. The part Is procured to all requirements of 
Paragraph 1.2.1, MIL-ST0-883, Class 8 screening level requirements and has been In 
production for three years. H is packaged in a 28 pin DIP with a glass seal and will be used in an 
airborne uninhabited cargo applieatlon. 

5-20 

C1 = .0034 

,rT = 3.8 
c2 = .014 

Section 5.2 

Section 5.8 

Section 5.9 

Section 5.2 
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"E • 5.0 
"O • 2.0 
"L .. 1.0 

Aeyc - .38 

MIL-HDBK-217F 

Section 5.10 

Section 5.1 0 

Section 5.10 
Section 5.2: 

5.13 MICROCIRCUITS, EXAMPLES 

[ A2B2] Acyc• A1 B1 + ~ "ECC 

~ • B2 • O for Flotox 

Assume No ECC, "ECC • 1 
A1 • . 1, 7K ~ C ~ 15K Entry 
B1 • 3.6 (Use Equation 1 at bottom of B1 and 82 Table) 
A.cyc • A1 B1 • (.1)(3.8) • .38 

Ap • [ (.0034)(3.B) + (.014)(5.0) + .38) (2.0)(1) = .93 Fallures1106 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 hennetic fla1pack, maxtmJm T CH • 145°C in a 
ground benign environment. The part haS been manufactured for 1 year and Is sc..reened to 
Paragraph 1.2.1 of MIL-STD-883, Class B equivalent screen. 

c, = 

"T -
,r:A -
C2 -
"E -
"L -
"a -

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, TJ • TcH • 145°C 
Section 5.4, Unknown Application 
Section 5.9 
Section 5.1 O 
Section 5.1 O 

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 contribt,1e negligibly to the overall 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 for over two years. The device is 

5-21 

SEC et al. v. MRI 
SEC Exhibit 1023.0043 

IPR2023-00255



Downloaded from http://www.everyspec.com

L.. 

MIL-HDBK-217F 

5.13 MICROCIRCUITS. EXAMPLES 

screened to MIL-STD-883. Method 5008, in accordance with Table VIII, Class B requiremerts. 
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 Transl&tor 
Si PNP Transistor 
SI General Purpose Diodes 

Ceramic c~ Cepacitors 
Thick Flm Resistors 

~ • ( l: Ne Ac J (1 + .2KE) 71:F KQ Xt_ Section 5.5 

1. Estimate Active Device Junction Temperatures 

If limited information is availabJe on the specific hybrid materials and construction characteristics 
the defaull 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 0 c1w) 
Silicon Chip A .0045 

Conductive Epoxy B .023 

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

Alumina Substrate D .039 

Solder Substrate Attachment E .0023 

Kovar Case F Ma 

1:(ki)Li)-= .1258 

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

(Equation 3) 
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MIL-HDBK-217F 

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 Clra.,it Analysis 
Po(W) 

Area of Chip Jin. 2) .0041 .0065 .0025 .0025 .0022 Equ. 2 Above 

8JC(°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 Component: 

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

Section 5.1 

Because c2 = O; 

Ap = C1 xT x0 21t xT: Section 5.8; x0 , xL Default to 1.0 

• (.01)(3.8)(1)(1) - .038 Failures1106 Hours 

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

Ap ., C1 xT xa xl • (.01)(3.1)(1)(1) ... 031 Failures1106 Hours 

C) Silicon NPN Transistor, Rated Power ... SW (From Vendor Spec. Sheet), VceNcEo • .6, 
Linear Application 

¾, = At> xT xA xR xs x0 11:E Section 6.3: x0 , xe Default to 1.0 
= (.00074)(3.9)(1.5)(1.8)(.29)(1)(1) 

= .0023 Failures/106 Hours 

D) Silicon PNP Transistor, Sarne as C. 

'-p - .0023 Fallures1106 Hours 

E} Silicon General Purpose Diode (Analog), Voltage Stress"" 60%. Metallurgically Bonded 
Construction. 

'-p = At> 1tT 11:5 Kc ffQ 1te Section 6.1 ; Ka• 11:E Default to 1.0 
= ( .0038)(6.3)(.29)(1 )(1 )(1) 

.. .0069 Failures1106 Hours 
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MIL-HDBK-21 ?F 

5.13 MICROCIRCUITS, EXAMPLES 

5-24 

F) Ceramic Chip Capacitor, Voltage Stress• 50%, 
TA • T CASE for the Hybrid, 1340 pF, 125°C Rated TeFf1). 

"P = At> ncv 1tQ 11:E Section 10.11: 1t0 , J[E Default to 1.0 

• (.0028)(1.4)(1 )(1) 

= .0039 FaihJres/106 Hours 

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

overau Hybrid Part faiuce Rate QalGY!aU<>ff 

1tE = 6.0 

1tF • 5.8 

na = 1 

nl .. 1 

Section 5.10 

Section 5.5 
Section 5.10 
Section 5.10 

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

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

lp .. 1.3 Failures/106 Hours 
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MIL-HOBK-217F 

6. 0 DISCRETE SEMICONDUCTORS, INTRODUCTION 

The semiconcu:tor transistor, diode and oplo-electronlc device sections present the fallure rates on 
the basis of device type and construction. An analytical modei of the iaik.lre rate is aiso presented for each 
device category. The various types of discrete semiconductor devices require different falture 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 should be used. 

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

The temperature factor (1tT) Is based on the device junction temperature. Junction temperature 

should be computed baaed on worM case power (or maxlrrum power dissipation) and the device ~nctlon 
to case thennai resistance. Deiei'ffiinatlon of ~netion tempimiiuras is a~lned in Section 6.14. 

Reference 28 should be consulted for further detailed ln1ormation on the models appearing ln this 
section. 
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MIL-HDBK-217F 

6. 1 DIODES, LOW FREQUENCY 

SPECIFICATION 
M!L-S-19500 

Base Faiunt Raie -At, 

DESCRIPTION 
LJ:wt F.....-'fUV--ncy DicdH: Genera! P-Jrpcsa A.raaJog, Swilching, 
Fast Recovery, Power Rectifier, Transient Supprassor, Curranl 
Regulator, Voltage Regulator, Vottage Reference 

Diode Type/Application I >-t, J 
Temperature Factor - q­

(Vottage Regulator, Volage Rel.,.nce, 
a.~ Current P.epu!a>r) 

Generai Purpose Anaiog ,r .003;71 
Switc.tiLa,g . 001 0 
Power Rectifier. Fasz Recovery .069 
Power Rectifier/Schottky . 0030 
Power Diode 
Power Aedifier with 

High Vottage Stacks 
Transient SuppressorNaristor 
Current Regulator 
Voltage Regulator and Voltage 

Reference (Avalanche 
and Zener) 

Te"1)8rature Fador - nT 

.0050/ 
Junction 

.0013 

.0034 

.0020 

(Gener.ii Purpose Ana;og, Swiicrnng, Fasi Recovery, 
Power Rectifier. Transient Suppressor} 

:5 1.0 I 1 .. 05 . 
30 1.2 110 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 

4 .. , ... 
1.6 
1.9 
2.2 ., ,:: 
.... u 

3.0 
3.4 
3.9 
4.4 
5.0 
5.7 
6.4 
.. ft 
I .t&. 

8.0 

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

T J • Junction Temperature (°C) 

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

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

100 

1.0 
1.1 
~ ,. 
I ,,C, 

, .4 
1 .5 
1.6 
1.8 
2.0 
2.1 
2.3 
ft P' .:::.::, 
2.7 
3.0 
3.2 

105 
110 
1i5 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 

Junction Temperature (°C) 

3.9 
4.2 
~ p -..::, 
4.8 
5.1 
5.4 
5.7 
6.0 
6.4 
6.7 .. ~ 
I. I 

7.5 
7.9 
8.3 ,.. .. o., 
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Eledrical Stress Fador - ns 
Stress 

Transient Suppressor, 
Voltage Regulator, Voltage 
Reference, Current 
Regulator 

All Others: 
vs s .30 
.3 < V5 s .40 
.4< v5 s .so 
.5< V5 s .60 
.6<V5 s.70 

.7 < V5 s .80 

.8 < V5 s .90 

.9 < V5 s 1.00 

1.0 

0.054 
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 

1t5 = .054 

7ts= vs2.43 

(V5 ~ .3) 

(.3 < V5 ~ 1) 

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

Voltage is Diode Reverse Voltage 

Contact Construction Factor· Jtc 
Contact Construction nc 

Metallurgically Bonded 1.0 

Non-Metallurgically Bonded and 2.0 
Spring Loaded Contacts 

6 .1 DIODES, LOW FREQUENCY 

Quality Factor - no 
Quality 1tQ 

JANTXV 0.7 

JANTX 1.0 

JAN 2.4 

Lower 5.5 

Plastic 8.0 

Environment Factor - ne 
Environment 7tE 

G9 1.0 

GF 6.0 

~ 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 
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MIL-HDBK-21 ?F 

6.2 DIODES. HIGH FREQUENCY (MICROWAVE. RF) 

SPECIFICATION 
MIL~S~19500 

Base Failure Rate - At, 
Diode Type 

Si IMPATT (~35GHz) 
Gunr-.,.'8ulk Effect 
Tunnel and Back (Including 

Mixers, Detectors) -
PIN 
Schottkv Barrier (lncludina 

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

Varactor and Step R8COY&ry 

25 
30 
35 
40 
45 
SC 
55 
60 

70 
75 
so 
85 
90 
95 

100 

Teiiip8f-ature Factor - n:T 
(AU Types Except IMPATT) 

1.0 
1.1 
1 ':t , .... 
1.4 
1.6 
• '"7 
I• t 

1.9 
2.1 

2.5 
2.8 
n ,. 
~.u 
3.3 
3.5 
3.8 
4.1 

105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
1i5 

TJ • Junction Temperature (°C) 

6-4 

.22 ... .... 

.0023 

.0081 

.027 

.0025 

4.4 
4.8 
5.1 
5.5 
5.9 
,::, ~ u . .,, 

6.7 
7.1 
.,. It> , ... 
8.0 
8.5 ,.. ,. 
:,.u 
9.5 

10 
11 

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

Temperature Factor- KT 

I I 
(IMPATT) 

TJ ("C) ffT I TJ(DC) "T 

I 25 I 1.0 I 105 42 
I 30 I 1.3 I 110 50 

I 35 I 1.8 I 115 60 
40 2.3 120 71 
46 3.0 125 84 

I 50 I 3.9 I 130 99 
55 5.0 4 .... ...... 

I I I 1->.1 I.C:U 

60 6.4 140 140 

I 65 I 8.1 I 145 160 
70 10 150 180 
75 13 155 210 

I 80 I 16 I 160 250 

I 85 I 'i9 I 'i65 280 
90 24 170 320 

I 95 I 29 

' 
175 370 

100 35 

Avn /_ i::?i::.n ( 1 - _1_, '\ 
XT = --t"l ........... ~ TJ + 273 - 298)) 

'J - jundion Temperaiure (°Cj 

Application Factor - "A 

Diodes Application I nA 

Varactor, Voltage control .50 

Varactor, Multiplier 2.5 

AH Other Oiodas 1 n , .... 
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Power Rating Factor • "R 
Rated Power, Pr (Watts) "R 

PIN Diodes 
Pr s 10 .50 

10 < Pr s 100 1.3 

100 < Pr S 1000 2.0 

1000 < Pr :S 3000 2.4 

All Other Diodes LO 

PIN Diodes 1tR = .326 fn{Pr) - .25 

All Other Diodes nR = 1 .0 

Quality Factor • no 
All T 

Quality• 

JANTXV 

JANTX 

JAN 

Lower 

Plastic 

.50 

1.0 

5.0 

25 

50 

• For high frequency part classes not specffied to 
MIL·S-19500 equipment quality classes are 
defined as devlc:es meeting the same 
requirements as MIL-S-19500. 

MI-HDBK-217F 

6.2 DIODES, HIGH FREQUENCY (MICROWAVE, RF) 

I 
I 

I 
I 

I 
I 
I 
I 

I 
I 

I 
I 

Quality Factor - 1tQ 
Schottk 

Quality• ffQ 

JANTXV I .50 

JANTX I 1.0 

JAN I 1.8 

Lower I 2.5 

Plastic 
I 

• For high frequency part classes not specified to 
MIL-s-;9500 equipment quality classes are 
defined as a.vices meeting the same 
requirements as MIL-S-19500. 

Environment Factor - nE 

Environment "E 
Gn 1.0 -o 
I"!! ,., ,.. 
"'"F .::..u 

Gt.4 5.0 

Ns 4.0 

Nu 11 

AIC 4.0 
A 5.0 l"llf 

Aue 7.0 

AuF 12 

ARW 16 

~- .c:n -r- • ..,v 
, . .. 

MF 9.0 

ML 24 

CL 250 
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MIL-HDBK-217F 

6.3 TRANSISTORS, LOW FREQUENCY, BIPOLAR 

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

PNP (Frequency< 200 MHz) 

Base Fail.Ire Rale-i.t, Application Factor- 1C.A 

Type 

NPN and PNP .00074 

Terfl)8rature Factor - "1" 

TJ (°C) nT T J (°C) KT 

25 1.0 I 105 I 4.5 
30 1 .1 I 110 I 4.8 
35 1.3 115 5.2 
40 1.4 I 120 I 5.6 
45 1.6 125 5.9 
50 1.7 130 6.3 
55 1.9 I 135 I 6.8 
60 2.1 I 140 I 7.2 
65 2.3 14-.5 7.7 
70 2.5 I 150 I 8.1 
75 2.8 155 8.6 
80 3.0 160 9.1 
85 3.3 I 165 I 9.7 
90 3.6 I 170 I 10 
95 3.9 175 11 

100 4.2 

nT • 

I 
I 
I 

I 
I 
I 

I 

Application 

Linear Amplification 

Switching 

Powai Rating Factor - 1tR 

Rated Power (Pr, Watts) I 
I Pr~ .1 
I 

Pr "' .5 I Pr• 1.0 
I 

Pr• 5.0 I 
Pr • 10.0 I 
Pr• 50.0 I 

I Pr • 100.0 

I Pr • 500.0 

1.5 

.70 

7tR 

.4:3 

.77 

1.0 

1.8 

2.3 

4.3 

5.5 

10 

( 2 ••• I 1 1 ) ) 
exp· 114 l TJ+273 - 298 

"A· .43 Rated Power s .1 W 

TJ - Junction Temperature (°C) "A • (Pr).37 Rated Power > .1 W 
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MIL-HDBK-217F 

6.3 TRANSISTORS. LOW FREQUENCY, BIPOLAR 

Voltage Stress Factor - 11:s Environment Factor - 2re 
Applied vce1Rated vceo Environment ff:E 

0 < V5 ~ .3 . , , 
.3 < V5 S .4 .16 
.4 < Vs s .5 .21 

Gs 1.0 

GF 6.0 

~ 9.0 

.5 < V5 S .6 .29 Ns 9.0 

.6 < Vs s .7 .39 Nu 19 

.7 < V5 s .8 .54 

.8 < V6 s .9 .73 

.9 < V6 s 1.0 1 .o 
AIC 13 

A1F 29 

Aue 20 

ns • .045 exp (3. 1 (Vs)) (O < V 5 s , .O) AuF 43 

ARW 24 
Vs - Applied VcE / Rated VcEO 

SF .50 

V CE • Voltage, Collector to Emitter MF 14 

Vceo • Voltage, Collector to Emitter, Base 
Open 

ML 32 

CL 320 

Quality Factor• 1to 
Quality 1to 

JANTXV .70 

JANTX 1.0 

JAN 2.4 

Lower 5.5 

Plastic 8.0 
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MIL-HDBK-21 ?F 

6.4 TRANSISTORS, LOW FREQUENCY, SI FET 

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

A.P = A.b1tT1t A1ta1tE Failures/106 Hours 

Base Failure Rate - At> Application Factor - 1tA 

Transistor Type ¾> Application 
(Pr, Rated Output Power) 1tA 

MOSFET .012 
Linear A111>lification 1.5 

JFET .0045 cPr < 2Y/) 

Smell Siona! Switchino .70 
Temperature Factor - 1tr 

T J (°C) nr 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 ~ Pr< 250W 8.0 
60 2.0 140 6.0 
65 2.1 145 6.4 Pr~ 250W 10 
70 2.3 150 6.7 
75 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- nE 
95 3.4 175 8.7 

100 3.7 
Environment nE 

Gs 1.0 

nT exp (- 1 925 ( T J +1 273 - 2~8) ) -
GF 6.0 

~ 9.0 

N5 9.0 
TJ .. Junction Temperature (°C) 

Nu 19 

Quality 1to 
Quality Factor - 1tQ 

A1c 13 

AtF 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 
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MIL-HDBK-217F 

SPECIFICATION 
MIL-S-19500 

Base Faiiure Rate -~ 

Type 

All Unijunction 

Temperature Factor - nr 
T J (°C) nT I TJ (°C) 

25 I 1.0 I 105 
30 1 .1 110 
35 1.3 115 
40 1.5 I 120 
45 1. 7 I 125 I 50 1.9 

I 
130 

I 55 2.1 135 
60 2.4 140 
65 2.7 I 145 
70 3.0 I 'i50 
75 3.3 155 
80 3.7 I 160 
85 4.0 165 
90 I 4.4 I i70 I 95 4.9 175 

100 I 5.3 I I 

.0083 

nT 

5.8 
6.4 
6.9 
7.5 
8.1 
8.8 
9.5 

10 
11 
'i2 
13 
13 
14 
i5 
16 

7tT - exp (- 2483 ( T •• 1 ? 7 :'-1 - ?~R) ) 

\ \_'J. -·- ---;) 

TJ = Junction Temperature (°C) 

l"'\I I,..._ 

I 

6.5 J HAN:SJ::i I Utt:S1 UNIJUN~ I JUN 

DESCRIPTION 
Unijunction Transistors 

Failures/106 Hours 

Quaiity Factor - 1tQ 

Quality 

JANTXV 

JANTX 

jAN 

Lower 

Piasiic 

I 

I 
I 
I 

I 
I 
I 

Environment Factor - rcE 

Environment I 
Gs 
r, ... -,-
,... 
~ 

Ns 
Nu 
,11. __ 

, 'I(.; 

A1F 

Aue 

AUF 
Anu, nr, 

SF 

MF 

ML 

CL 

I .U 

7tQ I 
.70 I 

1.0 I 
2.4 I 

I 5.5 

8.0 
I 
I 

7tE I 
1.0 

I 6.0 

9.0 I 
9.0 I 19 

13 

29 

20 

43 

24 

.50 

14 

32 

320 
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I 
I 
I 

I 
I 
I 

I 
I 
I 

l 

MIL-HDBK-217F 

6.6 TRANSISTORS. LOW NOISE. HIGH FREQUENCY. BIPOLAR 

SPECIFICATION 
un -~-1~nn · 

DESCRIPTION 
Ripobr; Uir.rnwAVP. RF Tm~r 
(F~ency > 200 MHz, Power < 1W) 

Appiication Note: The modei appiies to a singie die (tor rooitipie die use the hybrid model). Tll8 modei does 
appt; to ganged tra. .. .sislors on a single die. 

Power Rating Factor - •R 
Base Faiure Rate - At. I RatAtf PnuiMr lPr. WAlt!itl I tt ... I 

Type T A... I 
I u I 

AJITypes I .18 I 

.. ----- .. ---·-· , ........ _.__, 
I ··n I 

Pr s .1 I .43 I 
.i < Pr s .2 I 

.55 

I .2<Prs.3 .6'4 
'2 - D. ~ A '71 

I 
T1111:1ft'lftlD~t11r1111:1 C:~n.r _ .... _ I • ~·•'1-"-'•a1.1••v I tiiM.,11,VI - "'T 

I TJ(•C) nT T J (°C) nT 

.u " • r ~ ..... I .. ' I .4 ~ P. < ~ .77 - ., I - •-

I I .5 < Pr s .6 .83 
.6 < Pr s .7 I .88 I .7 < Pr s .8 .92 

25 1.0 105 4.5 I .8 < Pr s .9 I .96 I 
30 1.1 110 4.8 
35 i.3 ii5 5.2 
40 1.4 120 5.6 

~- .43 Pr s .iW 

45 1.6 125 5.9 
50 1.7 130 6.3 Pr >.1W 
55 1.9 135 6.8 
60 2.1 140 7.2 
65 2.3 145 7.7 
70 2.5 150 8.1 Voltage Stress Factor - •s 
75 2.8 155 8.6 
80 3.0 160 9.1 
,u: 3.3 165 9.7 ..... 
90 3.6 170 10 

Applied VCEIRated VCEO I 1[_ 

I ··5 

0 < Vs s .3 I .11 
95 3.9 175 11 

100 4.2 
.3 <Vs s; .4 I .16 

.4 < vs s .5 .21 

"T exp(. 2114 ( T .... 1 ~n - ~~ I I -
\ \. 'J T -• - ---)) 

T. - .lundinn TAmrwuAturA f°C\ 
'J --··--·-·· .. --···r"""-·-·-·-' --, 

.5 < Vs S .6 I .29 

.6 < vs S .7 I .39 

.7 < v. s .8 I .54 

.8 < Vs s .9 .73 

.9 < vs S 1.0 I 1.0 

n5 - .045 exp (3.1 (Vsj) (0 < V 5 s 1.0j 

V1 • Applied Vee/ Rated VcEO 

VCE - Voltage, Colledor to Emitter 

VcEO • Voltage, Collector to Emitter, Base 

Open 
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MIL-HDBK-217F 

6.6 TRANSISTORS. LOW NOISE, HIGH FREQUENCY. BIPOLAR 

Quality Factor • 1tQ Environment Factor - ne 

I Quality I 1tn I I Environment I 1tc: 

I I "" I I I 
._ 

r.:._ 1 n 

I JANTXV I .50 I I ""B ,,v 

I I I I GF 2.0 ..... ~ .. ft 

I _,l'\N I/\ I I.U I I ~ 5.0 

I JAN I 2.0 I I N,.. 4.0 
I I I I 

. ·.::, 

I Lower I 5.0 I I Nu 11 

I , I I AIC 4.0 

I NOTE: For these devices, jANTICV quaiity class must I I Aac 5.0 
I 

include !R &'-an for die attach a.'ld screen !or barrier 
I I 

II 

layer pinholes on gold metallized devices. A. -- -, n 

I r-.uc , .v 

I AuF 12 

I ARW 16 

I s .... .50 
I -r-

•• ,.. " 
I IVlf =i.v 

I ML 24 

I CL 250 
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MIL-HDBK-21 ?F 

6.7 TRANSISTORS. HIGH POWER, HIGH FREQUENCY, BIPOLAR 

SPECIFICATION 
MIL·S-19500 

Frequency 
tGHzl 1.0 

S0.5 .038 
1 .046 
2 • 065 3 .093 
4 .13 
5 .19 

5.0 10 
.039 .040 
.047 .048 
.067 .069 
.095 .098 
.14 .14 
.19 .20 

DESCRIPTION 
Power, Microwave, RF Bipolar Transistors 
(Average Power 2'. 1 W) 

Failures/106 Hours 

Base Failure Rate -~ 

Output Power (Wans) 
50 100 200 300 400 500 

.050 .067 .12 .20 .36 .62 

.060 .080 .14 .24 .42 .74 

.086 •• .20 .35 . , , 

.12 .16 .28 

.17 .23 

.25 

600 
1.1 
1.3 

¾> - .032 exp(.354(F} + .00558(P)) F - Frequency (GHz) p .. OUtput Power (W) 

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

device and should not account tor any duty cycle In pulsed applications. Duty cycle is accounted for when determining nA. 

Temperature Factor - nT Temperature Factor - nT 

(Gold Metallizationi (Aiuminum Metaiiization) 
vs (VcetBVces> Vs (VcEIBVcEs) 

T J ("C) s .40 .45 .50 .55 TJ ("C) :5 .40 .45 .so .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 , .2 2.4 3.6 4.8 
140 .21 .43 .64 .85 140 1.7 3.4 5.1 6.8 
150 .25 .50 .75 1.0 150 2.4 4.7 7.1 9.5 
160 .29 .59 .88 1.2 160 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 

I 
.45 .91 1.4 1.8 

200 .52 1.0 1.6 2.1 
190 7.8 15 23 31 
200 10 20 30 40 

nT • .1 exp(- 2903 (TJ +1 
273 

. 3;3)} 
(V 5 :S .40) 

7t .., '" - 35) exp(_ -->an-:i ( 1 
- 3;3 )} T • "' 1ys-· ~ .. ~v ... TJ + 273 

(.4 < vs s .55) 

/ / 1 

ffT • .38 exp C 5794 l T J +. 273 

(Vs S .40) 

( 
/ 1 

xT • 7.55 (V8 • .35) exp • 5794l T J + 273 

(.4 < vs S .55) 

\I .. VcEIBVcES vs 
vs - VcEIBVces 

VcE - Operating Voltage (Volts) 

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

BVcES .. Collector-Emitter Breakdown Voltage with Base Shoned to 
Voltage with Base Shorted to Emitter (Volts} 
Emitter (Vo!ts) 

TJ .. Peak Junction Temperature (°C) 
TJ - Peak Junction Temperature (°C) 
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MIL-HDBK-217F 

6.7 TRANSISTORS, HIGH POWER, HIGH FREQUENCY, BIPOLAR 

Application Factor - nA 

Application I Duty Factor I nA 
cw I NIA I 7.6 

I I 
Pulsed I S 1% I .46 

I 5'% I .70 
1 O<>/c 1.0 

I 15% I 1.3 

I 20% I 1.6 

I 25% I 1.9 

I 
2: 30% 2.2 

nA s 7.5,CW 

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

Matching Network Factor - nM 

Matching 7tM 

Input and Output 1.0 

Input 2.0 

None 4,0 

I 
I 
I 
I 
I 

.1 
I 
I 

I 
I 
I 
I 
I 

Quality Factor - no 
Quality no 

JANTXV .50 

JAt-JTX 1.0 

JAN 2.0 

Lower 5.0 

t'~OTE: For the53 06\.ices, JANTXV quality class 
must include IR Scan for die attach and screen for 
banter layer pinholes on gold metalllzed devices . 

Environment Factor - ne 
Environment 

• I 

1.0 

2.0 

5.0 

4.0 

n 
4.0 

5.0 

7.0 

12 

16 

.50 

9.0 

24 

250 
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MIL-HDBK-217F 

6. 8 TRANSISTORS. HIGH FREQUENCY. Ga.All FET 

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

~ = ~7,-xAxMxO,cE Failures/106 Hours 

Base FaiUre Rale - At, 

Operating Average Output Power (Watts) 
F~--- --- (GHz] < ., .1 .6 1 2 4 6 

1 .052 - - - - -- -
4 .052 .054 .066 .084 .1, .38 .98 
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)) 4sFs 10, .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. 

Terrf)8rature Factor - "T Application Factor· TCA 

Tc (°C) "T Tc(°C) "T Application (P ~ 6W) KA 

25 1.0 105 24 All Low Power and Pulsed 1 
30 1.3 110 28 
35 1.6 115 33 
40 2.1 120 38 

cw 4 

45 2.6 125 44 
50 3.2 130 so 
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 
go 15 170 1-40 
95 18 175 150 

100 21 

n,- - exp(· 4485 (r c : 273 • ~8) ) 

Tc• Channel Temperature (°C) 
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MIL-HDBK-21 ?F 

6.8 TRANSISTORS, HIGH FREQUENCY, GaAs FET 

Matching Network Factor - 1tM Environment Factor - 7tE 

Matching 

Input and Output 

Input Only 

None 

Quality Factor - na 
Quality 

JANTXV 

JANTX 

JAN 

Lower 

1to 

1.0 

2.0 

4.0 

.50 

1.0 

2.0 

5.0 

I 

I 
I 

I 

Environment I 
Gs I 
GF I 
~ I 
Ns I 
Nu I 
Ate 1 
AiF I 

I 
Aue I 
AuF I 
ARW I 
SF I 
MF I 
ML I 
Cl I 

7tE 

1.0 

2.0 

5.0 

4.0 

11 

4.0 

5.0 

7.0 

12 

16 

.50 

7.5 

24 

250 
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MIL-HDBK-217F 

6. 9 TRANSISTORS, HIGH FREQUENCY, SI FET 

SPECIFICATIOt~ DESCRIPTIOt-~ 
M!L-S-19500 Si FETs (Avg. Power< 300 mW, Freq.> 400 MHz) 

Base Failure Rate -At) 
Transistor Type 

MOSFET 

JFET 

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

100 

Temperature Factor - 1tT 

1.0 
1. 1 
1.2 
1.4 
1.5 
1.6 
1 .8 
2.0 
2.1 
2.3 
2.5 
2.7 
3.0 
3.2 
3.4 
3.7 

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

T J • Junction Temperature (°C) 

6-i 6 

.060 

.023 

3.9 
4.2 
4.5 
4.8 
5.1 
5.4 
5.7 
6.0 
6.4 
6.7 
7.1 
7.5 
7.9 
8.3 
8.7 

Quality Factor -1tQ 

Quality 

JANTXV 

JA"JTX 

JAN 

Lower 

Environment Factor .. nE 

r:::-~ ··------· Cl IVII VI 11111:11 ll 

Gs 

GF 

GM 
.. , 
i"S 

Nu 
AIC 

A,c ,r 
I\ 

"'UC 

AuF 

ARW 

s~ - r 

•• IVIF 

ML 

CL 

1ta 

.50 

1.0 

2.0 

5.0 

nE 

1.0 

2.0 

5.0 
_. n 
... u 

11 

4.0 

5.0 

7 n , .v 

12 

16 

.50 
on .:,.v 

24 

250 

I 

I 
I 

I 
I 
I 

I 

I 

I 
I 
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MIL-HDBK-21 ?F 

SPE.(;IFl(;A llON 
~v11L=S=19500 

Base FaHure Rate - At, 
Device Type I Ab 

AIITypes I .0022 

Temperature Factor - ?t1 
T. /or'\ r.:T T. lor'\ nT I JI '-'/ 'JI'-'/ 

25 1.0 
I 

105 8.9 
30 1.2 110 9.9 
35 1 .4 I 115 11 
40 i .6 

I 
i20 i2 

45 1.9 125 13 
50 2.2 130 15 
55 2.6 I 135 I 16 
60 3.0 I 140 18 
65 3.4 145 19 
70 3.9 I 150 21 
75 4.4 155 23 
60 ,.. ... . ,...,. ,.,.,,, 

:::>.U IOU £:::> 

85 5.7 165 27 
90 6.4 170 30 
95 7.2 175 32 

100 8.0 

ovn (_ ~nR? ( . 1 -_1_,' .,,._ = •• I -~.- l. ---- l. T J + 273 298 J J 
TJ - Junction Temperature (~C) 

6. 1 0 THYRISTORS AND SCRS 

DESCRiPTiON 
Thyristors 
SCRs, Triacs 

Failures/i 06 Hours 

Current Rating Factor - 1tR 

Rated Forward Current I 
('trms (Amps)) I ,i:R 

.05 

I 
.30 

.10 .40 
en "'7/t:l 

• .JV I 
., u 

1.0 1.0 
5.0 I 1.9 

10 

I 
2.5 

20 3.3 
30 3.9 
40 I 4.4 
50 I 4.8 
,...,.,_ ,,, . 
OU 

I 
:::>. I 

70 5.5 
80 5.8 
90 I 6.0 

iOO I 6.3 
110 6.6 
120 I 6.8 
130 7.0 . ,.,.. ~ " , .. u I '.£ 
150 7.4 
160 I 7.6 
170 

I 
7.8 

175 7.9 

~ - (4 ).40 
rms 

4rms - RMS Rated Forward Current (Amps) 

I 
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MIL-HDBK-21 ?F 

6. 1 0 THYRISTORS AND SCRS 

Voltage Stress Factor - n5 Environment Factor - 7tE 

V 5 (Blocking Voltage Applied/ 

Blocking Voltage Rated) 1t5 

Environment I 
1. 0 

V 5 s .30 

.3 < vs S .4 

.4 < Vs s .5 
i::: - V .- 6 . ...., - ·s ~ . 
. S < Vs s .7 

.7 < vs s .8 

.8 < vs s: .9 

.9 < vs s 1.0 

Quality Factor - n0 
Quality 

JANTXV 

JANTX 

JAN 

Lowei 

Plastic 

6-18 

1'111...: 

I 
I 

.10 

.18 

.27 

.38 

.51 

.65 

.82 
, .0 

{V5 > 0.3) 

1to 

0.7 

1.0 

2.4 

5.5 

8.0 

GF 

~ 
Ng 

Nu 
A1c 

AtF 

Aue 
AUF 

ARW 

SF 

MF 

ML 

CL 

I I 

I 6.0 

I 9.0 

I 9.0 I 
19 

13 

29 

20 

43 

24 

.50 

14 I 

I 32 

I 320 I 

I I 11,;JUUiGiUi. w"Vii.ili\..l'Ci I IVIQl'CHIV'C 
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6.11 OPTOELECTRONICS, DETECTORS, ISOLATORS, EMITTERS 

SPECIFICATION DESCRIPTION 
MIL-S-19500 Photodetectors, Opto-isoiators, Emitters 

A.- = ,.__ 1t-1t_1t_ Failures/106 Hours 
-1-' D I U t: 

Quality Factor - n0 

Optoeiectronic Type 

Photodetectors 
Photo-Transistor 

Photo-Diode 

""""'-1.,,.,.1..tl'\rc ....,t"'•v-,.......,.. • .._._,..., 
Photodiode Output, Si~le Device 

.. 
"'b 

.0055 

.0040 

,..,,,_ • ...,lih, I 
'"""'GIil] I 

JANTXV I 
I 

JANn( I 
JAN I 

I 
Lower I 
c1,,..,t1,- I 
I 'GIOIIV 

I 

Phototransislor Output. Single Device 

Photodarlington Output, Single Device 

Light Sensitive Resistor, Single Device 

Photodioda Output, Dual Device 

Phototransistor Output. Dual Device 

phntl)"i:::irlingtnn n11tp11t, 011::.I n11tvice 

.0025 

.013 

.013 

.0064 

.0033 

.017 

.017 

.0086 

Erwironment Factoi - nE 

light Sensitive Resistor, Duel Device 

Emitters 
infrared Light Emitting Diode (iRLD) 

Light Emitting Diode (LED} 

_,.. .. .,... 
.uu 1.::1 

.00023 

TJ (°C) I "T TJ (°C) 1tT 

25 1.0 I 75 I 3.8 
-,n ◄ ~ An 4.3 vu I•"'- I 

vv 

I 35 1.4 85 4.8 
40 1.6 I 90 I 5.3 
45 1.8 I 95 I 5.9 
,.. ,. ,.. .. .. nn ac 
::::,v .:.. I I IVV I u.v 

55 2.4 105 7.3 
60 2.7 I 110 I 8.0 I 
65 3.0 I 115 I 8.8 --- .. ~ 

Temperature Factor - 1tr 

IU .,_ .. 
exp(. 2790 ( ... .1 ...,..,..., · ...,!o l l 

\ \ I J + &. I-, £."10) ) 

I t::nvironment I 
I G9 I 
I G.,. I 
I 

-r 

I r,, 

I ~ I 
I Ns I 
I Nu I 
I .6..- I 
I ··,~ I 
I A1F I 
I Aue I 
I A,,~ I 
I 

..,, 

' /1 ____ 

I ''HW 

' I SF I 
I MF I 
I Ma I 
I L. I ,.. 
I VL I 

Junction Temperature (°C) 

R .. l..:"l.Jllllllt"'!ll\....J.Lll'-4 Cl\-'--CWl-g,a,1_"11;' .,_,~ a,.,._ 1 __ ""'...,-•• 

.. _ 
··u 

.70 

1.0 

2.4 

5.5 

8.0 

7tE I 
1.0 I 
2.0 I 

I An u.v 

I 
5.0 I 

12 I 
4.0 I 

I 6.0 I 
6.0 I 
8.0 I 

I 17 

' .50 I 
9.0 I 

24 I 
I Ar::.n 

-ro1v I 
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MIL-HDBK-217F 

6.12 OPTOELECTRONICS, ALPHANUMERIC DISPLAYS 

SPECIFICATION 
MIL-S-19500 

DESCRIPTION 
~Fl.lmertc Display 

Ap = ~7t.rn0 xE Failures/106 Hours 

Base Faillre Rate - At, 
Nl.l'Tlba ~ ~ 

ol Segment Diode An 
Characlers OillDlaY DiSDlav ii'/ 

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

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

3 .0013 .00060 
3 w/l.ogic Chip .0013 .00064 

4 .0017 .ooon 
4 w/l.ogic 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 .0056 .0023 
14 .0060 .0025 
15 .0065 .0028 

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

At,• .00009 + .00017(0) + A,c, Diode Array Displays 

C • Number of Characters 

A,c • .000043 for Displays with a Logic Chip 

• 0.0 for Displays without Logic Chip 

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

Oually Factor - Ka 
Quality ffQ 

JANTXV 0.7 
JANTX 1.0 

JAN 2.4 
Lower 5.5 
Plastic 8.0 

6-20 

Teff1)8rature Factor • KT 

TJrc) ffT TJ (°C) "T 

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 

"T - exp (- 2790 (r J : 273 -2!s) ) 
TJ • Junction Temperature (0 0) 

Environment Factor - 1te 
Environment KE 

Ge 1.0 

Gt= 2.0 

C\.1 8.0 

Ns 5.0 

Nu 12 

Ate 4.0 

AIF 6.0 

Aue 6.0 

AuF 8.0 

"Aw 17 

SF .50 

MF 9.0 

Ml 24 

CL 450 

SEC et al. v. MRI 
SEC Exhibit 1023.0066 

IPR2023-00255



Downloaded from http://www.everyspec.com

SPECIFICATION 
MIL-S-19500 

MIL-HDBK-21 ?F 

6.13 OPTOELl;:CTRaN1cs, LASER DIODE 

DESCRIPTION 
Laser Diodes with Optical FkJx Densities .. 
< 3 MW/~ an:I Forward Currert < 25 an1)S 

¾, = A.b1tT1tQ1tl1t A 1tP1tE Failures/106 Hours 

Base F aikJre Rate - At, 
Laser Diode Type I 

GaAs/PJ GaAs 

In GaAslln GaAsP 
I 
I 

Temperature Factor - nr 
TJ ("C) nT 

25 1.0 
30 I 1.3 
35 1.7 
40 I 2.1 
45 I 2.7 
50 3.3 
55 4.1 
60 I 5.1 
65 

I 
6.3 

70 7.7 
75 9.3 

At> 
3.23 

5.65 

, , 1 1'' 
exp (- 4635 ( T J + 273 - 298) ) nr -

TJ • Junction Temperature (°C) 

QoJality Factor - 1tQ 

Quality 

Hermetic Package 

Nonhermetic with Facet Coating I 
Nonhermetic without Facet Coating I 

1.0 

1.0 

3.3 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 

I 
I 

FotWald Current Fac:tor, 1t1 

Forward Peak current (Anl:>s) x, I .050 0.13 
.075 0.17 
. 1 0.21 I 
.5 0.62 I 

1.0 1.0 

I 2.0 1.6 
3.0 2.1 
4.0 2.6 I 5.0 3.0 I 10 4.8 

15 6.3 I 20 7.7 
25 8.9 I 

'ltl • (1)·68 I 
- Forward Peak Current (Amps), Is 25 I 

~TE: f.o~ Variable Current Sources. uae the Initial j 
Current Value. I 

Appiieaiion Factor fCA 

Application Duty Cycle tcA 

ON -- 4.4 
Pulsed .1 .32 

.2 . .S 

.3 I .55 I .4 .63 

.5 I .71 I 

.6 I .77 I .7 .84 

.8 .89 

.9 I .95 I 1.0 1.00 

nA • 4.4. CW 

1tA • Duty Cycle O.S, Pulsed 

NOTE: A duty cycle of one in pulsed application 
rec,rasents the maximum amount ii can be driven in 
a pulsed mode. This is different from continuous 
wtNe application which will not withstand pulsed 
operating l8Vels on a continuous basis. 
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MIL-HDBK-217F 

6.13 OPTOELECTRONICS, LASER· oluu1: 

Power Degradation Factor - np Environment Factor - "E 

I c,,.11,. D /D I .... Environment nE I I nallv, fF' S 

I 
--,.. 

Ga , .o 

I 0.00 I .50 I .OS .53 GF 2.0 
. "' .56 

I 
.,u 

I GM 8.0 
.15 .59 I 

I .20 I .63 
.25 .. 57 N5 5.0 I 

I .30 I .71 Nu 12 I .35 .n 

I .40 I 
.83 " 4.0 

.45 .91 "'IC I 
I .so I 1.0 AtF 6.0 I ,.., 1.1 

I 
.;,;, 

I .60 1.3 Aue 6.0 I .65 1.4 
.;o 1.7 A, It= 8.0 

I I 
.... 

.75 2.0 
ARW 17 I 

I .80 I 2.5 

I 
.as 

I 
3.3 SF 

I i:::n I 
.90 5.0 I 

....... 

I .95 10 MF 9.0 

I 
ML I 24 I 

1 n ~ ~r :S .95 CL I 450 I 

I 
'ltp .. 

. ~ ) - - PS 
2 (1 Ps 

I Ps • Rated Optical Power OUtpul (mW) 

I P. - Required Optical Power Output (mW) 

I 
. I 

NOTE: Each laser diode must be replaced when power 

L_ CL.'tput !a!!s to Pr !or !a!!ure rate prediction to be valid. 
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MIL-HDBK-217F 

6. 1 4 DISCRETE SEMICONDUCTORS, T J DETERMINATION 

Ideally, device case temperatures should be determined from a detailed thermal analysis of the 
equipment Device junction ieii"ip8fiirure is then eaiwiateu wiih ihe t~ng ra&atiOnship: 

where: 
'J - Junction Temperature (UC) 

Tc - Case T&t"i1J&ra1Ui'& (9Cj. If no tt".&m.al a,-.a'7-sis &xiaas. tt-.e default case 
temperatures shown in Table 6-1 should be assumed. 

e .. IC • Junction-to-Case Thermal Resistance (°C/W). This parameter should be 
determined from vendor, mllltary specification sheets or Table 6-2, whichever is 
greater. It may also be estimated by taking the raclprocal of the recommended 
dera!lng level For example, a device deratlng racommendadon or .1s wrc would 
rea.a! in a e ..;c ct 6.25 °C./W. If e .;c cannot be determined assume a e .;c Y!!k.ae of 
70°C/W. 

P • Device Worse Case Power Dissipation (W) 

The models are not &DDlicable to devices at overstress conditions. If the calculated junction temperature 
is greater than the maximum rated junction temperature on the MIL slash sheets or the vendor's 
specifications, whichever is smaiier, ihen ihe device is overstressed and ihese modeis ARE NOT 
APPLICABLE. 

Tahla L't• nata■■lt ~-- T•---■■- IT - \ fftP All S:nvlPftn-•n•• ... .,..v ~ •• -'W' ........ ._....._.. • .. •••~•--•--•,.• \ • t;;I ■w, ■ -•• ~-···· ... ·········-
I Environment I T"' C°Cl I 
I I 

v' -, 
I 

I Ge I 35 I 

I GF I 45 I °"' 50 
I Ne- I 45 I 
I ~ I I N11 50 

I 
--u 

I I AIC 60 
4.- 60 

I .. ,~ I I A .. - 71:: 

I ~uc I 
, ., 

I A •• _ '71: 

I 
,.,UF 

' 
, .., 

I ARW 60 
,.. _,. 

I .::,F I ;,::, I 
I MF I 50 I 

I ML I 60 I CL 45 
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6.14 DISCRETE SEMICONDUCTORS, TJ DETERMINATION 

'fabie 6-2: Approximate junction-to-ease Tnermai Resiaiance (8Jci ior Semiconducior 
Devices In Various Package Sizes* 

Package Type 8JC(OCN/) Package Type 8JC (°CN/) 

T0-1 70 TO-205AO 70 I T0-3 10 T0-205AF 70 
T0-5 70 T0-220 5 
T0-8 70 00-4 5 I 
T0-9 70 00-5 5 I 
TO-i2 70 ~7 10 

I TO-18 70 00-8 5 
TO-28 5 00-9 5 
TO-33 70 00-13 10 I 
T0-39 70 DO-i4 5 I Tf'\..A1 10 00-29 10 . ..,- ....... 

I 
To-44 70 00-35 10 
T0-46 70 00-41 10 
T0-52 70 D0-45 5 
Tf'\.S::~ 5 D0-204MB 70 I"-"'"-.,,.., 
T0-57 5 0O-205AB 5 
TO-59 5 PA-42A,B 70 
TO--60 5 PD-36C 70 
Tf'\~1 5 PD-50 70 I ....,-VI 

TO--63 5 PD-77 70 
TO-66 10 PD-180 70 
T0-7i 70 PD-3i9 70 
TO-72 70 PD-262 70 
TO-83 5 PD-975 70 
TO-89 22 PD-280 70 
T0-92 70 PD-216 70 
Tf'\.QA 5 PT-2G 70 I'°"--.,...,. 
TO-99 70 PT-6B 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 specfflcatlon sheet or vendor values, whichever e 1,.. 
. - • y~ 

is higher. 
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Example 

Given: 

MIL-HDBK-217F 

6. 1 5 DISCRETE SEMICONDUCTORS, EXAMPLE 

Silicon dual transistor (complementary), JAN grade, rated for 0.25 Wat 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., Wand 50 percent of rated voltage and side two, PNP, operating at 0.05 Wand 30 
percent of rated voltage. The device operates at less than 200 MHz. 

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

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

Ab = 
n:n = 
1tT2 = 
nA = 

,rR = 
1ts1 = 

xs2 -
1tQ -

xE -

.00074 
2.2 

2.1 

1.5 
.68 
.21 

.11 

2.4 
n -:, 

Side 1, TJ"' Tc+ ejC P-= 55 + 70(.1} "'62°C 
Side 2, TJ = 55 + 70(.05) = 59°C 

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

~DE1 ~DE2 
Ap ¾> 7tT1 7tA 7tR 1ts1 1tQ 7tE + AtJ 7tT2 7tA 7tR Jts2 1ta 7tE 

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

- .011 FailureS1106 Hours 
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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 = )..b,cL ,cE Failures/106 Hours 

Base Failure Rate - Ab 
nncludea Both Random and Wearout Fallureal 

Tube Type Ab Tube Type Ab 

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 3K3000LO 9.0 
Crossed Field Amplifier 3K50000LF 54 

QK681 260 3K210000LO 150 
SFD261 150 3KM300LA 64 

Pulsed Gridded 3KM3000LA 19 

2041 140 3KM50000PA 110 
6952 390 3KMS0000PA 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. ,00 4KMSOLB 28 

S 200 KW, Avg. Power S 2KW, 4KMS0LC 15 
Freq. s 200 KW 4KM50SJ 38 

If anv of the above limits exceeded 250 4KM50SK 37 

Vidicon 4KM3000LR 140 

Antimony Trisulfide (Sb2S3) 4KM50000LO 79 
4KMSO00OLR 57 

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

Twystron 8826 280 
VA144 850 VA800E 70 
VA145E 450 VA853 220 
VA145H 490 VA856B 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 ,so 
ZM3038A 190 

• It the pulsed Klystron of interest is not listed above, 
use the Alternate Pulsed Klystron Ab Table on 
the following page. 

7-1 

SEC et al. v. MRI 
SEC Exhibit 1023.0072 

IPR2023-00255



Downloaded from http://www.everyspec.com

MIL-HDBK-217F 

7.; niBEs, ALL TYPES EXCEPT TW'f AND MAGNETRON 

Alternate• Base Failure Rate tor Pulsed Klystrons - Ao 
I I F(GHz) I I P(MW) I .2 .4 .6 .8 1.0 2.0 4.0 6.0 I 

I J~ I ii l! l! l! l! il ~ ~ I 
I ~-~ I 18 20 21 23 25 34 51 I 
I 1i:~ I i! i: ~ ii :i ; 1 ~~ I 
I ;,:;:, I 3i ,.5 so ,5 90 iso I 

At, - 2.94 iF)iP) + 'i6 

Learning Factor - 1tL 

T (years) 

s, 
., 
' 

~3 

- __ '.), 

"L = , o{Tr~- · . 1 s "f s 3 

- 10, "f s 1 
= 1 T ~ '2 ., . -..., 

1l, 
L 

10 

,, 'l , .... 
1.0 

F • 

p -

Operating Frequency in GHz, 0.2 s F s 6 

Peak OUtput Power in MW, .01 s P s 25 and 

P s 490 F"2•95 

T = Number of Years since Introduction 

·see previous page for other Klystron Base Failure 
Rates. 

Alternate· Base Failure Rate for CW Klystrons - "b 
I I F(MHz) I I P(KW) I 300 500 800 1000 2000 4000 6000 8000 I 
I o., I 30 31 33 34 3e -11 s1 ss I 

1.0 131 32 33 34 39 48 57 66 
3.0 32 33 34 35 40 49 58 

~:g I ;! ;: ;~ ;: :~ so 
1 o I 3s 36 38 39 43 

:g I :~ ;~ :: :: 
80 70 71 73 

100 I eo e1 

~i> ~ 0.5P + .00046F + 29 

P • Average OUtput Power in KW, 0.1 s P s 100 

arid P s 8.0(10)6(Ff1•7 

F - Cp&iating F;equency in MHz, 
300SFS 8000 

•see previous page for other Klystron Base Failure 
Rates. 
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I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 

to Fieid Use 

Environment Factor • ne 
Environment I n .. 

I 
--c 

,... ,::.,... ~s I .~v 

GF I 1.0 

GM 14 

N~ I 8.0 ... I 1\1 •• 24 .. u 

I A1c 5.0 

A1F I 8.0 

Aue I 6.0 

AuF I 12 
,\ __ - . An ,,AW I ~"" 

SF I .20 

MF I 22 

ML 57 

C, I 1000 -L 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
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Mll-HDBK-21 ?F 

DESCRIPTION 
Traveling Wave Tubes 

7.2 TUBES TRAVELING WAVE 

Environment Factor - 1tE 
Base Failure Rate - At, Environment "E 

Frequency (GHz) 
Power (IN) . 1 1 2 4 6 8 10 14 18 Gs 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 1-4 15 16 20 24 29 35 51 ~ 

Nu 21 

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 

At, .. 11(1.00002)p (1.1{ 
AuF 18 

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

.001 $ P $ 40,000 SF .10 

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

If the operating frequency Is a band, or two different 
values. use the geometric mean of the end point 

ML 66 

CL 1000 
frequencies when using table. 

7-3 

SEC et al. v. MRI 
SEC Exhibit 1023.0074 

IPR2023-00255



Downloaded from http://www.everyspec.com

MIL-HDBK-21 ?F 

7 .3 TUBES MAGNETRON 

DESCRIPTION 
Magnetrons, Pulsed and Continuous Wave (CW) 

Base Failure Rate - At, 

P/MWl 

3 
5 

.01 

.05 

. 1 .. ..... 

.5 

.1 
1.4 
1.9 
2.2 
2.8 

I 3.1 
I 3.s 
I 4.4 

4.9 

.5 
4.6 
6.3 
7.2 
9.0 

10 
11 
14 
16 

Puieed Magnetrons: 

¾ - 19(F).73 (P).20 

1 5 10 20 
71:. '>A 41 67 , .... , .. 
10 34 56 93 
12 39 64 110 .. , .. .. 80 130 ..... .. ., 
17 54 89 150 
19 62 100 170 
24 n 130 210 
26 85 140 230 

F "' Operating Frequency in GHz, .1 s F :s 100 

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

Utillization Factor- nu 
Utilization (Radiate Hours/ 

FHament Hours) nu 
0.0 .44 
0.1 .50 
0.2 .55 
0.3 .61 
0.4 .66 
0.5 .72 
0.6 .78 
0.7 .83 
0.8 .89 
0.9 .94 
1.0 1 .0 

nu = 0.44 + 0.56A 

R = Radiate Hours/Filament Hours 

Construction Factor - nc 
Construction nc 

CW (Rated Power < 5 KW) 1.0 

Coaxial Pulsed 1 n , . .., 
Conventional Pulsed 5.4 

7-4 

I 

Frequency (GHz) 
30 
n• 
"'' 120 

140 
41>1\ ,..., 
200 
230 
280 
310 

40 . .,, 
I IV 

150 
180 
"'"" "'"'" 240 
280 
'>Ct\ ........ ., 
390 

cw 

50 60 70 
130 150 .... ,., ,,v 
180 210 230 
210 240 270 
260 300 """ .;K>U 

290 330 370 
330 380 420 
410 470 """ iJ~U 

460 520 580 

Magnetrons (Rated 

¾-18 

80 90 
190 200 
260 280 
290 320 
370 400 
410 440 
470 510 
580 630 
640 700 

Power < 5 KW): 

Environment Factor · nE 

Environment nE 

Gs 1 .0 

GF 2.0 

GM 4.0 

NS 15 

Nu 47 

AIC 10 

AIF 16 

Aue 12 

AuF 23 

ARw 80 

SF .50 

MF 43 

ML 133 

r:. 2000 -L 

100 I 
'"''" I 
Lc.U 

300 
350 
A ... I\ 

""'" I 480 
550 
.,an 
gov 

760 
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MIL-HDBK-217F 

i.O LASERS. iNTRODUCTiON 

The models and failure rates presented In this section apply to laser peculiar items only. i.e., those items 
wherein the lasing action is generated and controDed. In addition to laser peaJliar Items, there are other 
assemblies used with lasers that contain electronic parts and mechanical deYices (pumps, valves, hoses, 
etc.). The failure rates for these parts should be determined with the same procedures as used for other 
eleeirorne and i'i18Chanical dev'.ces in ihe equipment or syste.Ti of w1ilch the laser is a pa."1. 

The laser failure rate models have been developed at the "functional,• rather than •piece part· level 
because the available data were not sufficient tor •piece pari■ model development. Nevertheless, the 
iaser fuootlonai mooeis are ineiudea in this Handbook in the interest of w"1)1eteness. These laser 
models wi!! be revi.sed to L'!CL-de piece pa.rt models a.red ottM!r laser types when the data become available. 

Because each laser family can be designed using a variety of approaches, the failure rate models have 
been structured on ihree basic iaser iunciions which an; COffiffiOn io moSi iaser famiiies, but may differ in 
the 1'.ardware !mplementatk>n Of a given flJnction. These flJnctions are the lasing media, the laser pumping 
mechanism (or pump), and the coupling method. 

Examples of media-related hardware and reltabttlty Influencing factors are the solid state rod, gas, gas 
pressure, vacuum integrity, gas mix, oL.rtgassing, and tube diameter. The electrical discharge, the 
flashlamp, and energy level are exarTl)les of PUrTIP-related hardware and reliability Influencing factors. The 
coupling· function reliability influencing factors are the ·a• switch. mirrors, windows, crystals, substrates, 
coaiings, and ievei of dusi proteciion provided. 

Some of the laser models reauire the number of active oPtical surfaces as an input parameter. An active 
optical surface is one with which the laser energy (or beam) interacts. lntemaUy reflecting surfaces are not 
counted. Figure 8-i beiow iiiustrates exampies oi aciive opticai surfaces and count. 

I 
I 

I 
I 
I 

I 

Tllllallr Aallac:lllle Minar 

~ 
I.MIIMltiduw 

n u--
Palllally Raf .... 

(PR;llnGr 
.,..., 

~H--- ,._ Adva Optical Suir.-

LL.J 

xx NOTE: TlaT-ACIINCpllalll 
S......Prlamtm.,i,2111111we ..,,,_--- lrlertDr--
- not lll,q.cl lO -INli pa,1icuiate 
-mnallan 

i.-Beam 

Figure 8-1: Examples of Active Optlcal Surfaces 
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8.1 LASERS, HELIUM AND ARGON 

MIL-HDBK-21 ?F 

DESCRIPTION 
Helium Neon Lasers 
Helium Cadmium Lasers 
Argon Lasers 

Aµ= AMEDIA1tE + "'COUPLING7tE Failures/1 Q6 Hours 

Lasing Media Failure Rate - A.MEDIA Environment Factor - nE 

Type "'MEDIA 
Environment 7tE 

He/Ne 84 
G5 .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 - AcoUPLING Aue 7.0 

Types AcOUPLING AuF 9.0 

Helium 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 N/A 

in A.MEDIA; however, when the tube is refilled 
periodically (preventive maintenance) the mirrors 
(as part of ACOUPLING) can be expected to 
deteriorate after approximately 1 o4 hours of 
operation if in contact with the discharge region. 

A.COUPLING is negligible for helium lasers. 
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MIL-HDBK-21 ?F 

Lasing Media Faiure Rale • ¾.Eo1A 

Tube Current (mA) 

10 
20 I 30 
40 I 
50 I 100 

150 

~EDIA • 69(1) • 450 

I• Tube Current (mA), 10 s Is 150 

Gas OYerfiH Factor - no 
CO2 Overfill Percent (%) I 

0 

25 

50 

1lo. 1 - .01 (% Overfill) 

I 
I 

~EOIA 

240 
930 

1620 
2310 
3000 
6450 
9900 

1.0 

.75 

.50 

Overfill percent is based on the percent increase 

over the optimum CC>.! partial preasure which is 
nOffi'iall>f in !he range or 1.5 tu 3 Torr ( 1 Torr • 1 

mm Hg Pressure) tor rr.ost saalad CO2 lasers. 

Ballasl Fac:lOr - ffS 
Percent of Ballast 1 Voiumetric Increase "B 

0 1.0 
50 .58 

100 .33 ~,.,,. 
.19 l::>U 

200 .11 

nB • (1/3) (% Vol. lnc./100) 

..... ., u C. ft 

8.2 LASERS, CARBON DIOXIDE, SEALED 

DESCRIPTION 
co2 Sealed Continuous Wave Lasers 

C)J1ical Surface Factor - 1tQS 

Active Optical Surfaces 1tos 

1 1 

2 2 I 

nos• Number of Active Optical Surfaces 

NOTE: Only activ• optical aurfacu are I 
counted. An active optical surface Is one with I which the iaer energy or beam intelaeta. 

I Internally reflecting surfaces are not counted. 
Sae Figure 8-1 for examples on determining the 
number of opticai suriaces. I 

Environment Factor- 1te 
Environment Jte 

Gs .30 I Gt= 1.0 

Gu 4.0 I 
IYI 

Ns 3.0 

Nu 4.0 

AIC 4.0 I 
A!F 6.0 I 
Aue 7.0 I 
AuF 9.0 I 
ARW 5.0 

SF .10 

I 

I 
MF 3.0 

I ML I 8.0 

I ... NIA '-'L 

I 
I 
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M IL-HDBK-217F 

8.3 LASERS, CARBON DIOXIDE, FLOWING 

DESCRIPTION 
CO2 Flowing Lasers 

Ap = A.COUPLING7tOS7tE Failures/106 Hours 

Coupling Failure Rate - ,.COUPLING Environment Factor - nE 

Power (KW) A.cOUPLING 
Environment nE 

.01 3 
GB .30 

. 1 30 GF 1.0 
1.0 300 

GM 4.0 

"cOUPUNG • 3ooP Ns 3.0 

P • Average Power OUtput in KW, .01 ~ P s 1.0 Nu 4.0 

Beyond the 1 KW range other glass failure mechanisms AIC 4.0 

begin to predominate and alter the "cOUPLING values. A1F 6.0 

It should also be noted that CO2 flowing laser optical Aue 7.0 

devices are the primary source of failure 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 - rtos 

ML 8.0 

CL NIA 

1 1 

2 2 

n05 - Number of Active Optical Surfaces 

NOTE: Only active optical surfaces are counted. 
An active optical surface Is one with which the laser 
energy or beam interacts. Internally reflectJng 
surfaces are not counted. See Figure 8-1 for 
examples on determining the number of optical 
surfaces. 
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MIL-HDBK-21 ?F 

8.4 LASERS, SOLID STATE. NO:YAG AND RUBY ROD 

DESCRIPTION 
Neodymlum-Yttri.lm-Auminum-Gamet (ND:YAG) Rod Lasers 

Ruby Rod Lasers 

¾, = ( A.PUMP +A.MEDIA+ 16.3 1tc1tQs) 1tE Failures/106 Hours 

Pump Pulse Failure Rate· A.PUMP 
Xenon Flashla 

The empirical formula used to determine "'PUMP 

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

[ (_§_)8.58] 
Apl)MP - (3600) (PPS) 2000 dl -Tr (ncoc)L1 

Af'UMP is the failure rate contribution of the Xenon 
flashlamp or tlashtube. The flashlamps 
evaluated herein are linear types used for 
military solid state laser systems. Typical 
default model parameters are given below. 

PPS 

d 

L 

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

is the flashtamp or ttashtube 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 flash lamp or flashtube inside 
diameter, in millimeters. 
Default value: d • 4. 

is the flashlamp or flashtube arc length in 
inches. Default value: L - 2. 

is the truncated pulse width in 
microseconds. Use t - 100 microseconds 
for any truncated pulse width exceeding 100 
microseconds. For shorter duration pulses, 
pulse width is to be measured at 1 O percent 
,,.f th.a l'ft1!2Vll'ftlll'ft ,.. •••• a.-.t !!!11.-. .... ,w.u .. _ n-f-.11ho 
-• UIV IIICIAUIIWIII .... \,lllfVlll Cll!ff,,IIIIUIV-.c:l'o L,l'~IQ\,111, 

value: t • 100. 

JtCOOL is the cooiing factor due to various cooiing 
media immediately surrounding the 
flash!amp or f!ashtube. 1tcooL • 1.0 for 
~nu !!lir "r ;,.ftrt ,,.~~ """-"'-liftn - _ 1 •-• 
a••J un w, 111v11 ~a• vVVn••~• ""CC)()L - . I IUI 

=rill lin11ir4 rnnl.al't l'tae-il"tt\e! naf<!l1 ,It u<!lll 1a• -·· .,..., ___ ---·-- __ ...,,,::::,,, ..... --·<fijl-, ... _,..., __ 
1tcooL • . 1. liquid cooled. 

Pu111> Pulse Failure Rate - lpuMP3 

The empirical formula used to determine "'PUMP for 

Krypton lamp is: 

¾MP • [625] [,o<0·9 ~ ] [-coa.] Failures1106 Hours 

;..PUMP is the failure rate eontribution of the krypton 

flashlamp or flashtube. The flashlamps 
evaluted herein are the continuous wave 
(CW) type and are most wideiy used for 
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. 

is the flashlamp or flashtube arc leng1h in 
inches. Default value: L - 2. 

1tcOOL is the cooling factor due to various cooling 

media immediately surrounding the flashlamp 
or flashtube. ncooL • 1 for any air or inert 

gas cooling. nCOOL. •. 1 for all liquid 

designs. Default value: 7tCOOL • .1, liquid 
cooled. 

Media Failure Rate - AMEOIA 

Laser Type ).MEDIA 

ND:YAG 

Rubv 

PPS 

F 

0 

(3600) {PPS\ [43.5 F2-521 

is the number oi puises per second 

is the energy density in Joules per cm.2/pulse 
over the cross-sectional area of the laser 
~~ .... u.Aot.i,,.h i.- ..., __ i,....,,11..., ..,,_,.: .. -t-.-• •- ♦&.-. 
l,l'liHil.lll, n11n...11 I~ 11\,IIIHIIGUJ llr\,4l,IIYGftflll IU llla' 

cross-sectional area of the laser rod, and its 
value is determined from the actual design 
parameier of ihe laser rod uiiliz:ed. 

NOTE: A.MEDIA is negligible for ND:YAG lasers. 
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MIL-HDBK-217F 

LASERS, SOLID STATE, ND:YAG AND RUBY ROD 

Coupling Cleanfiness Factor - "C Environment Factor· xe 

Claanllneu Leval Xe Environment "E 

Rigorou• cleenllne8S prooedures 1 
and 1rWned malmat • ice 
l)in(Jmel. Belowa provided over 
opllcal train. 

Mlnlmal prllCalllolw during op9nlng, 30 
maintenance, repar, and testing. 
Belows provided aver optical riln. 

Minimal preca.J1lons during opening, 60 
main~. repair, and tltlling. No 
bellows pr0¥ided OY8I' opdcal train. 

NOTE: ~ NIiied -,,..n,e tend ID be reliable 
once compatible matarials have been selected and 
prov1ffl, extreme care must 11:irt be taken to prevent 
the entrance of ~tea during manufacturing, 
lield flashlamp replaatment, or routine maintenance/ 
repair. C-on1amlna11on la the major e&.189 of solid 
state laser malfunction, and special provisions and 
vigiiance must continually be provided to maln1aln the 
deanllness level required. 

Optical Surface Factor - ff()S 

Active Optical Surfaces 1tos 

1 1 

2 2 

itos • Number of Active Optical Surfaces 

NOTE: Only active optical surfaces are counted. 
An ac!!ve optical surface is one with whklh the laser 
energy or beam Interacts. Internally reflecting 
surfaces are not counted. See Figure 8-1 tor 
examples on determining the number of optical 
surfaces. 

i ii 

I RW 

I SF 

MF 

I ML 

CL 

.30 

1.0 

4.0 

3.0 

4.0 

4.0 

6.0 

7.0 

9.0 

50 

.10 

3.0 

8.0 

NIA 
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MIL-HDBK-217F 

9. 0 RESISTORS, INTRODUCTION 

This saction includes the active resistor specifications and, in addition, some older/i11&diVe specifications 
are incJuded because of the large nunt>er of equipments 61!1 In field use which oonta!n these parts. 

The Established Reliability (ER) resistor family generally has four qualification failure rate levels when 
tested per the requirements of the applicable specification. lhese qualification failure rate levels differ by 
a factor of ten (from one !eve! to the next). However, fte!d data has shown that these failure rate levels 
differ by a factor of a.bout only three, hence the "a 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&lor&. The models have been struclured 
such that derating a.uves do not have to be used to find the base failure rate. The rated sx,wer for tha 
stress ratio is eq.,al to the full nominal rated power of the resistor. For ex~. a MIL-R-39008 resistor has 
the following derating curve: 

I 
100 

·o 
< 
0 80 
..J 

Cl w 
I- 60 < a: 
~ 40 
w 
(.) 
a: 
w 20 a.. 

I 

0 
0 

I 

I 

I 
10 I I 
\ 

1\ I 
"' 

' \. I 1\ , 
~30 

40 80 ,20 
AMBIENT TEMPERATURE IN 

DEGREES CELSIUS 

Figure 9-1: MIL•R-3900! 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!"!1)8rature of 100°C, the rated power for the stress ca!cu!et!on would still be 1 watt, DQt 45% of , watt (as 
read off the curve for 100°C). Of course, while the deratlna curve Is not needed to determine the base 
failure rate, it rrust still be observed as the maxill'aJm operating condition. To aid in determining if a resistor 
is being used within rated conditions, the base faiiure rate iabies show entries up to cenatn combinations 
of stress and temperature. If a given operating stress and tef11)erature point falls in the blank ponion of 
the base failure rate table, the resistor is overstressed. Such misapplication would require an analysis ot 
the circuit and operating conditions to bring the resistor within rated conditions. 
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MIL-HDBK-21 ?F 

9.1 RESISTORS, FIXED, COMPOSITION 

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

STYLE 
RCA 
RC 

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

Base Failure Rate - "t> Quality Factor - 1tQ 

Stress 
TA ("C) .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 .0 
70 .00090 .0014 .0021 .0032 .0048 
80 .0013 .0020 .0031 .0047 MIL-R-11 5.0 
90 .0018 .0029 .0045 

100 .0026 .0041 .0065 Lower 15 
110 .0038 .0060 
120 .0054 

-9 ( (T+273)) (S (T+273)) "ti,,, 4.5 x 10 exp 12 343 exp ~ 273 

Environment Factor - 1tE 

Environment 1tE 

Gg 1 .0 
T ., Ambient Temperature (°C) 

GF 3.0 
s - Ratio of Operating Power to Rated Power 

GM 8.0 

Ns 5.0 

Nu 13 

Resistance Factor - 1tR A1c 4.0 

Resistance Range (ohms) 1tR A1F 5.0 

<.1 M 1.0 
Aue 7.0 

AuF 
, , 

> . 1 M to 1 M 1 . 1 
ARW 19 

> 1.0 M to 1 0 M 1 . 6 

1 
? i:;: ... .., 

SF .50 
u_ I 11 ... ,.. 

I .. ,.. ... .::, 

490 
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MIL-HDBK-217F 

SPECiFICATION 
MIL-R-39017 
MIL-R-22684 
MIL-R-55182 
MIL-R-10509 

SiYLE 
RLR 
RL 
RN (R, C, or N) 
RN 

9.2 RESISTORS, FIXED, FILM 

DESCRIPTION 
Fixed, Film, Insulated, Estab!!shed Reliability 
Fixed, Film, Insulated 
Fixed, Film, Established Reliability 
Fixed, Film, High Stability 

'). - 'l ,.,. .... 7t S::~ih rres/106 J-ln, •rs '--P - ""b' .. R""Q E I L&lll.,,II I 1'-'U 

Base Failure Rate - At, 
(MIL-R-22684 and MIL-R-39017) 

I ~ 
TA ("C) I .1 .3 .5 .7 .9 

0 I .00059 .00073 .00089 .0011 .0013 

10 .00063 .00078 .00096 .0012 .0014 

20 .00067 .00084 .0010 .0013 .0016 

30 .00072 .00090 .0011 .0014 .0018 

40 .00078 .00098 .0012 .0016 .0019 

50 .00084 .0011 .0014 .0017 .0022 

60 .00092 .0012 .0015 .0019 .0024 

70 .0010 .0013 .0017 .0021 nn')7 
.VV'-f 

80 .0011 .0014 .0018 .0024 

90 .0012 .0016 .0021 .0027 

100 .0013 .oo,a .0023 

110 .0015 .0020 .0026 

120 .0017 .0023 

130 .0019 

140 .0022 
I 

· 'T+273) 3 / (T+273'" " At,• 3.25 x 10-4 exp( 343 ex1 S 273 ) ) 

T - Ambient Temperature (°C) 

s - Ratio of Operating Power to Rated Power 

Base Failure Rate - At, 
(Mil-R-10509 and Mil-R-SS182) 

~ ! 

IT A ("C) 
tJU~ 

.1 .3 .5 .7 .9 

I 0 .00061 .00074 .00091 .0011 .0014 

10 .00067 .00082 .0010 .0012 .0015 

I 20 .00073 .00091 .0011 .0014 .0017 

I 30 .00080 .0010 .0013 .0016 .0019 

40 .00088 .0011 .0014 .0017 .0022 

I so .00096 .0012 .0015 .0020 .0025 

I 60 .0011 .0013 .0017 .0022 .0028 

I 70 .0012 .0015 .0019 .0025 .0032 

80 .0013 .0016 .0021 .0028 l.0036 

I I 
90 .0014 .0018 .0024 .0031 .0040 

I 100 .0015 .0020 .0026 .0035 .0045 

110 .0017 .0022 1.0029 .0039 .0051 

I 120 .0018 .0024 I .0033 .0043 .0058 

I .0020 I 
I 

130 .0027 .0036 .0049 .0065 

I 140 .0022 1 .0030 .0040 .0054 

150 .0024 .0033 .0045 

I 160 .0026 .0036 

170 .0029 

5 , (T+2n\ '\ ( fT~ n3)) At,• 5 x 10- axpl3.S 399~ J Jaxp S \ ' 273 
T - Ambient Temperature (°C) 

s .. Ratio of Operating Power to Rated Power 

NOTE: Do not use M!L-R-10509 (Characteristic B} 
below the line. Points below are overstressed. 
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MIL-HDBK-21 ?F 

9.2 RESISTORS FIXED FILM 

Resistance Factor- xR 

Resistance Range (ohms) I nR 

< .1M I , .0 

Environment ffE 

Ga 1.0 

Environment Factor - ffe 

~ 0.1 M to 1 M I 1.1 

I > 1.0 M to 10 M 1.6 

> 10M I 2.5 

GF 2.0 

~ 8.0 

4.0 

Nu 14 

Arc 4.0 

Quality FaeiOi' - ffa 
Quality i 1tQ 

s I .03 

A I 0.1 

n I 0.3 r 

I M 1.0 

A1F 8.0 
I Aue 10 I 

AuF 18 I ARW 19 

SF .20 
I 

MF 10 I 
ML 28 

MIL-R-10509 I 5.0 

I MIL-R-22684 5.0 

CL 510 I 

Lower I 15 
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MIL-HDBK-21 ?F 

SPECiFICATION 
MIL-R-11804 

STYLE 
RD 

Base Faik.Jre Rate -~ 
Stress 

TA(°C) .1 .3 .5 .7 

" .0089 .0098 ,.. .. .013 V 

I .UI I 

10 .0090 .010 .011 .013 
20 I .0092 .010 .012 .014 
30 

I 
.0094 .010 .012 .014 

40 .0096 .011 .012 .015 
50 .0098 .011 .013 .015 
eo I .010 .011 .013 .016 
70 .010 .012 .014 .016 
80 I .010 .012 .014 .017 
90 

I 
.011 .012 .015 

100 .011 .013 .015 
110 .011 .013 .016 
120 I .012 .014 .016 
130 .012 .014 n17 

I 
~U I I 

140 .012 .014 
150 I .013 .015 
160 .013 .016 
170 .014 .016 
180 I .014 
190 

I 
.015 

200 .015 
210 .016 

.9 

n• r-.v 1.:, 

.015 

.016 

.017 

.017 

At, - -3 ( (T+273) 2 ·6 ) 7.33 x 10 exp .202, 298 / x 

exp ( ( 1.!5 ) (T;~:)'89 y·3 
T - Ambient Temperature (0 0) 

s ,. Ratio of Operating Power to Rated Power 

Resistance Factor - 1tR 

Resistance Hange (ohms) 7tR 

10 to 100 4 A ,.v 

> 100 to 100K 1 .2 

> 100K to 1M , .3 

> 1M 3.5 

I 

9.3 RESISTORS, FIXED, FILM, POWER 

DESCRIPTION 
Fixed, Film, Power Type 

I 

Quality Factor - 1tQ 
n.,.,.lih, ~-.. .... 11, 

MIL-SPEC 

Lower 

Environment Factor - "E 

Environment 

A1c 

AtF 

Aue 
A, IC' 

VI 

xa 

1.0 

3.0 

1.0 

2.0 

10 

5.0 

17 

~ I'\ o.v 

8.0 

14 

18 

25 

14 

36 

660 

.50 

9-5 

SEC et al. v. MRI 
SEC Exhibit 1023.0086 

IPR2023-00255



Downloaded from http://www.everyspec.com

I 
I 

I 
I 
I 

I 
I 

MIL-HDBK-21 ?F 

9. 4 RESISTORS, NETWORK, FIXED, FILM 

SPECIFICATION 
~1!L=R=83401 

STYLE 
RZ 

DESCRIPTION 
Resistor ,...Jet.vorks, FiXad, Film 

).... • .00006 ~ n:.,_,i;_,t_ Failures1106 Hours 
~ I NH Uc 

Temoerature Factor- 1t..-- -·-·r-·----- - ----- --, 
Tc(°C) 

I I 
Tc(°C) 

I I 
I JtT I I nT I 

25 I 1.0 I 80 I 8.3 I 30 I i.3 I 85 I 9.8 I 35 1 &:. an 1 1 

I '·"' I 
~v 

I 
.. 

I 40 1 .9 95 13 
45 I 2_4 I 100 I 15 I 50 2.9 105 18 
cc ,:a C "-tn ">4 ..,.., 

I 
u .... 

I 
I IU ,c;. I 

I 60 4.2 115 24 
65 5.0 120 27 

011::.lity F::1r.tnr - 'tQ 

O...:ality 

MIL-SPEC 

Lower 

c ...... 1._.,.....,_ ... t C...,""'4-_r 
L1,v11u,1111'11:JIH rav,u, - i"CE 

r, ___ • ______ ,a I c:nv1ronn1en1 I I I 

~L 6.0 125 31 I 7., Gs 

GF 

I exp (- 4056 ( ... 
1 

1 ' 7tT - __ ,.._ -~ 
r.,,.. 
-M 

• I 

I 
I t__•c•~,~ ~':JC,) 

T_ = r-..-::ao,o, T Off'lri.a.r"!:llltt11rn /Or"\ 

I 'C '-'~c;i l'IOUll~IQlUIV \ ""J L "'S L Nu 
I A!C I 
I A.- I 

NOTE: HT c is unknown, it can be estimated as I follows: I 
.. , .... 
Aue 

T,.. - T .. + 55 (Sl I I AuF 
'-' I'\ 

- ,-, 

I 
TA - Ambient Temperature (°C) I ,..,. ____ &:-- r,, ______ 

I ARW 

SF .. 
s veera11n9 rower .. P::u:::kanA R:itAd PnwAr 

MF 
- --·--;:,- . ----- . --· -· 

ML 

Any device operating at TC > 125°C is overstressed. CL 

Numbei of Resistois Facto; - nNR 

nNR ~ Number of Film Resisters in Use 

NOTE: Do not include resistors that are not used. 
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1 

3 

xe 
1.0 

2.0 

8.0 
. ... 
4.U 

14 

4.0 

8.0 

9.0 

18 

19 

.50 

14 

28 

510 

J 
I 
I 

I 
I 
I 
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MIL-HDBK-217F 

SPECIFICATION 
MIL-R-39005 
NiiL-R-93 

STYLE 
RBR 
RB 

Base Faik.iie Rate - \, 

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

0 I .0033 .0037 .0045 .0057 
10 I .0033 .0038 .0047 .0059 ,,.,. 

.0034 .0039 "ft.Aft .0062 ,u 

I 
,UU"fD 

30 ,0034 .0040 .0050 .0066 
40 .0035 .0042 .0052 .0070 
50 I .0037 .0043 .0055 .0075 
60 .0038 .0046 .0059 .0081 
70 I .0041 .0049 .0064 .0089 
Bo 

I 
.0044 .0053 .0070 .0099 

90 .0048 .0059 .0079 .011 
100 .0055 .0068 .0092 .013 
110 I .0065 .0080 .011 .016 
120 .0079 .0099 .014 .021 
130 I .010 .013 .018 .028 
140 .014 

.9 

.oo,s I 

.00791 

.00•• 1 .0090 

.00~7 

.011 

.012 

.013 

.015 

.017 

.020 

.025 

.033 

• _ (T+273\ lO /_/T + 273)) 1·5 1 
~ ... 0031 exp 398 J exp l::; \ 273 

T - Ambient Temperature (°C) 

s - Ratio of Operating Power to Rated Power 

Resistance Factor - ,cR 

Resistance Range (ohms) 1tR 

Up to 10K 

> 10K to 100K 

> ~OOK to 1M 

> 1M 

F1iC' ~,...,DI DTI r,11.1 

1.0 

1. 7 

3.0 

5.0 

9.5 RESISTORS, FIXED, WIREWOUND 

DESCRIPTION 
Fixed, Wirewound, Accurate, Established Reliability 
Fixed, Wirewound, Accuraie 

Qualir-; Factor = 7CQ 

Quality 11:a 

I 
s .030 

I R .10 

I p .30 

M 1.0 

MIL-R-93 5.0 

Lower 15 

Environment Factor - 1tE 

Environment nE 

I 
Gg 1.0 

GF 2.0 

GM 
, , 

N5 5.0 

Nu 18 

I Aic 15 

I AIF 18 

I Aue 28 

AuF 35 
I 

ARW 27 

SF .80 

MF 14 

M. 38 ... L 
,.. ,.. .. ,.. 
1..-L OIU 
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MIL-HDBK-21 ?F 

9.6 RESISTORS, FIXED, \•/JREWOUNC, POWER 

SPECIFICATION 
MIL-A-39007 
MIL-A-26 

STYLE 
RWR 
RW 

Base Faiiure Rate -~ 

10 
20 
30 
40 

50 
60 
70 
80 
90 

100 

1,0 
120 
130 
140 
150 

160 
170 
10/'I 
IVV 

190 
200 

210 
"'"" .:..c.v 
230 
240 
250 

260 
270 
280 
290 
300 
310 

.1 

.00-42 

.0045 

.0046 

.0052 

.0056 

.0061 

.0066 

.0072 

.0078 
.0085 
.0093 

.010 

.011 

.012 

.014 

.015 

.017 

.019 
1'1'>1 .v,, 

.023 

.026 

.029 
"..,,_ .v..,.., 

.037 

.042 

.047 

.054 

.061 

.06 

.079 

.091 

.10 

.0062 

.0068 

.0074 

.0081 

.0089 

.0097 

.Oil 
,012 
.013 
.Oi4 
.016 

.018 

.020 

.022 

.025 

.028 

.032 

.036 
n.cn .v-.v 

.046 

.052 

1, -~~~ 
.UDO 

.077 
I .000 
I .1 o 

Stress 

.0093 

.010 

.011 

.013 

.014 

.016 

.Oi7 

.020 

.022 

.025 

.028 

.031 

.036 

.040 
/'IA" .-v 

.052 

.060 

.068 
/'1"70 .v,o 

T Ambient Temperature (0 0) 

7 
• I 

.014 

.016 

.017 

.020 

.022 

.025 

.028 

.032 

.037 

.042 

.048 

.055 

.063 

-• I 
.021 
.024 
.021 I 
_031 ~, 

I 

s Ratio of Operating Power to Rated Power 

9-8 

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

DESCRIPTION 
Fixed, Wirewound, Power Type, Established Reliability 
Fixed, Wirewound, Power Type -

I 

' I 
I 
I 

I I I 

Resistance Factor - xR 
(MIL-R-39007} 

' 
MIL-R-1 Up >500 
39009 !0500 IO 

>1K 
ID 
SK 

>SK 
IO 

7.5K 

»75 
I( ID 
10!( 

»101< »15K 
I> ., 

S 1K 1SK 20K 

RINA 
78 

RWR 
80 

1.0 

1.0 

1.0 

1.0 

I 1ol 12l 12l 16I ,sl 16 

I ' 0 1.0 , :21, 6 I 1 •• I NA 

10 1 0 : ·: I ~: I 1 .2 1.2 

1.2 1 .6 , -- I ... . NA N.-. 

"20K 

1.6 

R¼'R 
81 

1.0 

1.0 

1.6 NA NA I NA NA I NA I NA 

1.6 1.5 NA I NA NA t--.lA NA 
82 

84 

89 

1 /'I ,.v 

◄ ,.. ,.u 

Quality 

s 
R 

p 

•,.nv 11 1">,1'> '.' I., I '., 
1.0 1.4 NA I t-lA 

I 

Quality Factor - 1ta 

M 

MIL-R-26 

Lowei 

1.61 NA 

NA I NA 

I 

Jtg 

.03 
.,. 

. IV 

.30 

1.0 

5 0 
4,:: 
I ;;, 

NA 
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MIL-HDBK-217F ... 

9.6 RESISTORS, FIXED, WIREWOUND, POWER 

Da.ei.if-.~ C..,HA•--- Cr111uiff\.nft"l.t!lnf C'.,...,,,,. _., _ 
t~'l:i~IOIGI lll,itllll;J" I ~VI - "'R ~11.-HVIIIIRillll. I ca..1.VI - n.e. 

fljll _D_•Mn 
,,._._. _______ 

I tte I 

I 
1m11.-,,-,ui 

I 
cnvironn111t1n I I I Resistance Ranae (ohms) 

I .... D..., I I I I I Ge I 1.0 I , ... r1CC -. ., r1CK :.10CK r1SOK I , ... s;;,v ...... 
I I "" I I I I I) ID to to ID to Ge 2.0 

I 
;(j(j I ii( I ioK I iOOK i50K 200K I ' I I r,,._ - •n 

I I I I I ""M I '"' I RW10 1.0 1.0 1.0 1.0 1.2 1.6 

I RW11 1.0 I 1.0 I 1.0 I 1.2 1.6 NA I Ng I 5.0 I CftAN~ 
1 " 1 " 

1 ~ 1 a UA UA 

I 
ri•w •c. ,.v 

I 
.... 

I 
..... 

I 
.... ,,.,... ,,.,... 

I I I RW13 1.0 1.0 1.0 2.0 NA NA Nu 16 

I RW14 1.0 I 1.0 I 1.0 I 2.0 NA NA I I I I r-.a, .... i.O i.O i.2 2.0 .. , .. .. ... A.- 4.0 
"" 10 I IV\ IV\ I I ··1c; I RW16 1.0 1.2 1.4 NA NA NA 

Alf 8.0 RW20 1.0 1.0 1.6 I NA NA NA I I I 
RW2i ;.o i.O i.2 I 2.0 NA NA I I Aue 9.0 I RW22 1.0 1.0 1.2 1.6 1\1.4 N.4 
RW23 1.0 1.0 1.0 I 1.4 NA NA I I A11c 18 I 
RW24 1.0 1.0 1.0 1.2 NA NA I I 

..,, 
I D\AI~ 1 n 1 n 1 A II.IA II.IA II.IA .11. __ •• ?':I I, ... ~w' , . .., , . .., , .... ,,.,... ,,.,... ,,.,... 

I ,,AW ..... 
I RW30 1.0 1.2 1.6 NA NA NA 

RW31 1.0 1.0 1.4 NA NA NA I SF .30 I ........... _ 
i.O i.O i.2 ... .... ~-· MYY~ "'"' "'"' ·- I MF 13 I RW33 1.0 1.0 1.0 1.4 NA NA 

RW34 1.0 1.0 1.0 1.4 NA NA I M, 34 I 
RW35 'i.O 'i.O 1.0 i.4 NA NA I 

- L 

I Fm36 1.0 1.0 1.2 1.5 N.4 N..\ ,.. '-"4n 

I VL OIU I RW37 1.0 1.0 1.2 1.6 NA NA 
RW38 1.0 1.0 1.0 1.4 1.6 NA 
RW39 

I 
1.0 1.0 1.0 1.4 1.e 2.0 

RW47 1.0 1.0 1.0 1.4 1.6 2.0 
RWSS I 1.0 1.0 1.4 2.4 NA NA 
OIAI e:~ . " . " ... .. "" I.IA t.tA 
nl'Y~ 

I 
,.u I.U I .c; c;.o '""' '""' RW67 1.0 1.0 1.0 NA NA NA 

Fm68 I 1.0 1.0 1.0 NA NA NA 
Fm69 I lJj 1.0 NA NA NA NA 
RW70 1.0 1.2 1.4 NA NA NA 
Fm74 I 1.0 1.0 1.2 1.6 NA NA 
FfWiii I 'i.O 'i.O i.O 'i.6 NA NA 
RW79 LO 1.0 1.4 NA NA NA 
r:mao I 1.0 1.2 1.6 NA NA NA 
FfW8i I i.O ; .2 NA NA NA NA 
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MIL-HDBK-217F 

9.7 RESISTORS, FIXED, WIREWOUND 1 POWER, CHASSIS MOUNTED 

SPECiFiCA ii ON 
u11 -R-~anna 

MIL-R-18546 

,-. .... ,. I ... 
;;,1'JLC 

REA 

RE 

Base Failure Rate - Ai) 
Stress 

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

0 I .0021 .0032 .0049 .0076 
10 I .0023 .0036 .0056 .0087 
20 .0025 .0040 .0064 .0100 
'"' ,,.,,.,..,. ,_,.._.c 11\l\"7"'} n1'> .::,u 

I .uuc.o ,VV6+;;;J .vv f C. .VIC. 

40 .0031 .0050 .0082 .013 
50 I .0034 .0056 .0093 .016 
60 .0037 .0063 .Oi i n ◄ n 

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 
1 c.n nnao .019 IVV 

I 
.vv.;,;;,u 

170 .011 .022 
180 .012 .024 
1nn ,.. . .., ,....,7 ,.,v 

I 
.v,.;;;, ·"''-' 

200 .014 .030 
210 .016 ,.,.,,.. "' .... ,:::,:::u .U I I 

230 .019 
240 .021 
250 .023 

.9 

.012 

.014 

.016 
n1<> 

.vr;;::;, 

.022 

.026 

( (T+273)) \ S ( T+273)) ¾> ... 00015 exp 2.64 298 ex _466 273 

T - Ambient Temperature (°C) 

s - Ratio oi Operating Power io Raied Power 

9-10 

Plt.~,,,..,-,,.,_.,ra..-11"'\. .. I 
uc.:,\.,nll'"' I IVl'I 

FillCArt WlrAwound Power Tvne. Chassis Mounted. Estabiished.Reliability - , r - • - ~- - - . . . 

Fixed, Wirewound, Power Type, Chassis Mounted 

Resistance Factor - xR 
(Charaderistic G (Inductive Winding) of MIL·R-18546 and 

!ndL.'Cti'!e!u Wound Stv!es o! M!L·R-390091 
Resistance • ohms 

s~ ~= I it: I >!° f ~~,~R ~ I "!~ I 20< 

RE60 5 
RER60 

RE 65 10 
RER65 

I =~~io I 20 

I Cl~ 7~ 

I REA75 
DC 7"1 I nL,, 

30 

75 

500 11( 51( 1()1( 20I( 

1.0 1.2 1.2 1.6 NA NA 

1.0 1.0 1.2 1.6 NA NA 

1 .0 1,0 1.2 1.2 1.6 NA 

1.0 1.0 1.0 1.1 1.2 1.6 

1.0 ,.o 1.0 1.0 ,.2 1.6 

RES0 120 1.0 1.0 1.0 1.0 1.2 1.6 

Resistance Factor - nR 

(Characteristic N (Noninductiv0 Winding) of MIL·R-18546 
and Noninductivelv Wound Styles of Mll·R-39009) 

I I Resistance Range (ohms) 
j Ra1ed Up >500 >1K >Of\ >10!\ ....... P~r !C to !., !D !O 2Q!( -•7-

!W) 500 11( 51( 101( 20I< 

RE60 5 1.0 1.2 1.6 NA NA NA 
RER40 

RE65 10 1.0 1.2 1.6 NA NA NA 
RE~ 

RE70 20 1.0 1.0 1.2 1.6 NA NA 
AEA50 

RE 75 30 1.0 1.0 1.1 L2 1.4 NA 
RER55 

RE n 75 1.0 1 .0 1.0 1.2 1.6 NA 

RE80 120 1.0 1.0 ! 1.0 1. i i .4 NA 

I 
I 
I 

I 
I 
I 

I 
I 

SEC et al. v. MRI 
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MIL-HDBK-21 ?F 

9.7 RESISTORS, FIXED, WIREWOUND, POWER, CHASSIS MOUNTED 

Quality Factor • ffQ Environment Factor• 1tt: 

Quality xa Environment 1te 

s .030 
Ge 1.0 

Gt= 2.0 

R .10 
~ 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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r MIL-HDBK-217F 

9.8 RESISTORS, THERMISTOR 

SPECIFICATION 
MIi -T-?~R4A 

STYLE 
RTH 

Base Failure Rate - "t> 
T••--IJl"lll' 

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

Disk 
(Styles 6, 8, 10) 

Rod 
fC:::tvlac:, 1? 1.d. 1 t::. 1 A 
\-"J''""w •-, ,~, ,_, •-, 

20, 22, 42) 

Quality Factor - no 

'l. 

"'b 

.021 

.065 

.105 

Quality I no 

Mil-SPEC I ; 

Lower I 15 

9-i 2 

I 

I 

' I 
I 

' I 
I 

I 
I 
I 

DESCRIPTION 
Thermally Sensitive Resistor; lnsl.llated; Bead; Disk 
and Rod Types 

Environment Factor - ne 
c ..... ;.~,,,,. ........... , I :e ~···""''"'''11:1111 I 

Gs I 1.0 

GF I 5.0 

Gu 21 
IVI I "' 4 4 •~s I I I 

Nu 
I 

24 

A1c 11 

A,.- I 30 . -, ... 
I .. 4"' /-\UC I 

10 

AUF 42 

ARW I 37 

SF I .50 

•• r,n 
IVIF I ,u 

ML I 53 

CL I 950 

I 
I 
I 

I 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 

SEC et al. v. MRI 
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MIL-HDBK-217F 

SPECIFICATION 
MIL-R-39015 

MIL-R-27208 

STYLE 
RTR 

RT 

Base Faiiure Raie - At, 

I TA ("C) 
Stf8t!IS 

.1 .3 .5 .7 .9 

I 0 .0089 .011 .013 .016 .020 
I 10 .0094 .012 .014 .017 .021 

I 
20 .OiO .0i2 .OiS .0i9 .024 
30 .011 .013 .017 .021 .026 
40 .012 .015 .018 .023 .029 

I 50 .013 .016 .020 .026 .033 
60 .014 .018 .023 .029 .037 

I 70 .016 .020 .026 .033 .043 

I 80 .018 .023 .03 .039 .050 
90 .021 .027 .035 .046 .060 

100 .024 .032 .042 .055 

I 110 .029 .038 .051 . ..,,.. ,..,...,. ,.. .... 
I 1-'V .v.;,.1 ,V'+/ 

130 .044 .059 

I 140 .056 

I 
\ 

/T+273\ 5 /_ /T+273\ 

I - . 0062 exp\ · 358 -J expl S \ ·213) 

I ' 
T - Ambient Temperature (°C) 

I s - Ratio of Operating Power to Rated Power. 

I See Section 9.16 for Calculation of S. 

'""--:_. ____ .,.. _ _. __ 
ni::::;n:m:1ui;;t, rc:1i;;u;,r • ffR 

I Resistance Range (ohms) I 'tr.A 

I 10 to 2K I 1.0 

I >2K to SK I 

I I 
1.4 

>SK to 20K 2.0 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
,I 
J ,, 

I 
I 
I 

I 

9.9 RESISTORS, VARIABLE, WIREWOUND 

DESCRIPTION 
V11riablA, Wirewot.1nd, I AM ~rP.W Ar.tuatAd, 
Established Reliability 
Variable, Wirewound, Lead Screw Actuated 

Poientiometer Taps Factor - "'TAPS 

II: N II: "TAPS TAPS NTAPS 11:TAPS TAPS TAPS 

3 1.0 13 2.7 23 5.2 
4 1 1 1A ?Q ?A I: I: 

I 
, .. , ... ... ... ...... ...itl 

5 1.2 15 3.1 25 5.8 

I 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 

I 9 1.9 19 4.1 29 7.0 
10 2.1 20 4.4 30 i.4 I 11 2.3 21 4.6 31 7.7 
12 2.5 22 4.9 32 8.0 

3 

(NTAPs}2 I 
+ 0.7'92 

I ~APS - 25 

tJ .. tJ.,.,_~. -f 0-tn....+;__..,,.. ...... T"!II,-• 

I "TAPS 
''111,1111..,..1 1,11 I UIL'ICllllltUtll'CJl'lll:JI lat-'~, 

including the 'lJipwr and Twrmtnatioos . I 
Voltage Factor - xv 

I A~~lied Voltage· I 
I Rated Voltage I r..v 

I o to 0.1 I 1.10 
>0.1 to 0.2 1.05 
-""'•-n~ .. ,..,.. 

I ..,"·" 1v v,g I ,.uv 
>0.6 to 0.7 1.10 

I >0.7 to 0.8 I 1.22 

I >0.8 to 0.9 I 1.40 
>0.9 to 1.0 2.00 

I 
I 

I 
I 
I 

I 
I 7 
I ·v - ✓RP Applied I 

I 
Applied 

I R - Nominal Total Potentiometer 
Rcu:ir:t::inr.A 

I 
PApplied Power Dissipation 

I 
I - I 

I V 
Rated - 40 Vohs for RT 26 and 27 I 

I v ... ~--- - 90 Volts for RTR 12, 22 and 24; RT 121 

I ntneo I and 22 

9-13 
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MIL-HDBK-217F 

9.9 RESISTORS, VARiABLE, wtREWOUND :r 

Quality Factor - n0 Environment Factor - 1tE 

Quality I xa Environment 1tE 

s I .020 

n I .060 n 

I p .20 

I .. I 
M .60 

Ga 1.0 

GF 2.0 

~ 12 

I 
Ns 6.0 

I Nu 20 

MIL-R-27208 3.0 

Lower 10 I AIC 5.0 I AIF 8.0 

I Aue 9.0 I 
I I AuF 15 

ARW 33 

SF .50 I 
MF 18 I 

I 
ML 48 

870 

9-14 
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I 
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MIL-HDBK-217F 

9.10 RESISTORS. VARIABLE, WIREWOUND, PRECISION 

SPECIFICATION 
MIL-R-12934 

STYLE 
RR 

DESCRIPTION 
Variable, Wirewound, Precision 

¾, = ~"°TAPS,i:C,i:RXV11:a1te Failures/106 Hours 

Base Failure Rate - At, Resistance Factor- nR 
Stress 

TAr'C) .1 .3 .5 .7 .9 
Resistance Range (ohms) ,cR 

0 .10 .11 .12 .13 .14 100 to 10K 1.0 
10 .11 .12 .13 .14 .15 
20 .12 .13 .14 .16 .17 >10K to 20K 1.1 
30 .13 .14 .16 .17 .19 
40 .14 .15 .17 .20 .22 >20K to SOK 1.4 
50 .15 .17 .20 .22 .26 
60 .17 .19 .22 · .26 .30 
70 .19 .22 .26 .30 .36 

>SOK to 100K 2.0 
80 .21 .25 .30 .36 .43 
90 .24 .30 .36 .44 .54 >100 K to 200K 2.5 

100 .28 .35 .44 .54 
110 .33 .42 .54 >200K to SOOK 3.5 
120 .40 .52 
130 .49 .65 
140 .60 

Potentiometer Taps Factor-~APS 

( (T+273 ) 4.45 ) \ • .0735 exp 1.03 3SB X 

( ( 2-) ( T+273) 3.51 ) exp 2.74 273 

NTAPS '\APS N • N trTAPS 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 

T - Ambient Temperature (°C) 7 1.5 17 3.6 27 6.4 
8 1.7 18 3.8 28 6.7 

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

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 

Construction Class Factor - nc 
Construction Class 1tc 

RR0900A2,A9J103* 2.0 

3 

(N,-APs}2 
+ 0.792 X,-APS - 25 

3 1.0 NTAPS - Number of Potentiometer Taps, 

including the Wiper and Terminations. 
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. 
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MIL-HDBK-21 ?F 

9.10 RESISTORS, VARIABLE, WIREWOUND, PRECISION 

Voltage Factor - fry Quality Factor - 1t0 
AQQlied Voltage• xv Rated Vottaae 

Quality 1ta 

MIL-SPEC 2.5 
o to 0.1 1.10 

Lower 5.0 
>0. 1 to 0.2 1.05 

>0.2 to 0.6 1.00 

>0.6 to 0.7 1.10 
Environment Factor - xE 

Environment TCE 
>0.7 to 0.8 1.22 

Gs 1.0 

>0.8 to 0.9 1.40 GF 2.0 

>0.9 to 1.0 2.00 GM 18 

N5 8.0 

·v - ✓RpP Applied Applied 

Rp - Nominal Total Potentiometer 

Resistance 

Nu 30 

A1c 8.0 

AIF 12 

PApplied - Power Dissipation 
Aue 13 

AUF 18 

V 
Rated - 250 Volts for RR0900, RR1100, 

ARW 53 
RR1300, RR2000, RR3000, 
RR3100, RR3200, RR3300, SF .50 
RR3400, RR3500 MF 29 

V 
Rated - 423 Volts for RR3600, RR3700 ML 76 

VRated - 500 Volts for RR1000. RR1400, Cl 1400 

RR2100, RR3800, RR3900 

9-16 
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MIL-HDBK-21 ?F 

9.11 RESISTORS, VARIABLE, WIREWOUND 1 SEMIPRECISION 

SPECIFICATION 
MIL-R-19 

MIL-R-39002 

STYLE 
RA 

RK 

Base Failure Rate• At) 
Stress 

TA (°C) .1 .3 .5 .7 .9 

DESCRIPTION 
Variable, Wirewound, Semiprecision (Low Operating 
Temperature) 
Variable, Wirewound, Semiprecision 

Resistance Factor - 1tR 

Resistance Range (ohms) 

10 to 2K 

nR 

1.0 
0 .055 .063 .072 .083 .095 

10 .058 .069 .081 .095 . 11 

20 .063 .076 .092 . 11 .13 

30 .069 .086 . 11 .13 .17 

40 .076 .098 .13 . 16 .21 

50 .085 .11 .15 .20 .27 

60 .096 .13 .19 .26 .37 

70 .11 .16 .24 1.35 .52 

80 .13 .20 _1.31 .48 .75 

90 .16 ~.42 .69 ,. 1 

100 .19 .34 .59 1 .0 

110 .24 .45 .85 

120 .31 

130 .42 

( (T+273) 5.28) 'o •. 0398 exp .514 313 x 

exp (1.~4 ( r;~~) 4.46 ) 

T - Ambient Temperature (°C) 

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

~'1OTE: Do not use MIL-R-19 below the line. Points 
below are overstressed. 

>2K to 5K 1.4 

>5K to 10K 2.0 

Potentiometer Taps Factor - ~APS 

N ,t 

TAPS TAPS 

3 1.0 

4 1 .1 

5 1.2 

6 1.4 

7 1.5 

8 1 .7 

9 1.9 

10 2.1 

11 2.3 

12 2.5 

-

N ,t N ,t 

TAPS TAPS TAPS TAPS 

13 2.7 23 5.2 

14 2.9 24 5.5 

15 3.1 25 5.8 

16 3.4 26 6.1 

17 3.6 27 6.4 

18 3.8 28 6.7 

19 4.1 29 7.0 

20 4.4 30 7,4 

21 4.6 31 7.7 

22 4.9 32 8.0 

3 -

Number of Poieniiomeier Taps, 

including the Wiper and Terminations. 
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MIL-HDBK-21 ?F 

9.11 RESISTORS, VARIABLE, WIREWOUND, SEMIPRECISION 

Voltage Factor -~ 

A~~lied Voltage• 
1tv Rated Voltaoe 

0 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 = ✓ RpP Applied 

Rp - Nominal Total Potentiometer 

PApplied -
V 

Rated -
& 

.. 
-
-
= 

Quality 

MiL-SPEC 

Lower 

9-i8 

Resistance 

Power Dissipation 

50 Volts for RA 1 o 

75 Volts for RA20X-XC, F 

130 Volts for RA30X-XC, F 

1 75 Volts for AA20X-XA 

275 Volts for RK09 

320 Volts for RA30X-XA 

Quality Factor - 1t0 

2.0 

4.0 

Environment Factor - 7tE 

Environment 

Gs 

GF 

GM 

Ns 
Nu 
A1c 

AIF 

Aue 
AUF 

ARW 

SF 

MF 

ML 

CL 

nE 

1.0 

2.0 

16 

7.0 

28 

8.0 

12 

NIA 

NIA 

38 

50 

NIA 

NIA 

NIA 

SEC et al. v. MRI 
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SPECiFICATION 
MIL-R-22 

SiYLE 
RP 

Base Failure Rate - "b 
Stress 

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

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 

,::r, .087 .. .14 .17 ;;,v . I I 

60 .095 .12 .15 

70 .10 .14 .18 

80 .12 . i 5 

90 .13 .18 

100 .15 

110 .17 

120 I .20 

\- .0481 exp {.334 
\ 

( T+2r;.,) 4.66) 
29R X -- , 

( _§_ ( T+273)2.83 I 
exp 1 47 n3 

. \ -· J 

T - Ambient Temperature (0 0) 

MIL-HDBK-217F 

9.12 RESISTORS, VARIABLE, WIREWOUND, POWER 

OESCRIPTiON 
Variable, Wirewound, Power Type 

Resistance Factor - xR 

.9 
Resistance Range (ohms) xR 

1 to 2K 1.0 
.11 >2K to SK 1.4 

.12 >SK to 10K 2.0 

.14 

.16 Potentiometer Taps Factor - ~APS 

N 1t N It N It 
TAPS TAPS TAPS TAPS TAPS TAPS 

I 3 1.0 13 2.7 23 5.2 

I 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 I 3.8 28 6.7 

9 1.9 19 I 4.1 29 7.0 

10 2.1 20 I 4.4 30 7.4 

I 11 2.3 21 4.6 31 7.7 

I 12 2.5 22 4.9 32 8.0 

I 3 

{Ni-APs}2 
I "TAPS - 25 +0.792 

s - Ratio of Operating Power to Rated Power. 
NTAPS - Number of Potentiometer Taps, 

See Section 9. 16 for S Calculation. 
including the Wiper and Terminations I 
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MIL-HDBK-21 ?F 

9.12 RESISTORS, VARIABLE, WIREWOUND 1 POWER 

Voltage Factor - 1t.v 
AQQlied Voltage• I 

Rated Voltage 

' 
7tv 

o to 0.1 I 1.10 

>0.1 to 0.2 I 1.05 

' 
>0.2 to 0.6 1.00 

:::..0.5 to 0.7 I 1.10 
I 

>0.7 to 0.8 I 1.22 

>0.8 to 0.9 1.40 
I 

>0.9 to 1.0 I 2.00 

·v Applied = ✓ RpPApplied 

Rp Nominal Total Potentiometer 

Resistance 

P Applied "' Power Dissipation 

V 
Rated 

= 250 Volts for RP06, RP, 0 

500 Volts for Others 

Construction Ciass Factor - nc 
construction Styie 

Class 

Enclosed AP07, RP11, RP16 

Unenclosed All Other Styles are 
Unenclosed 

9-20 

1tc 

2.0 

1.0 

Quality Factor - 1t0 
I 

I 
I 

OJality 

MIL-SPEC 

I Lower 

I 
I 
I Enviromrient Factoi - 1tE 

I 
I 
I 

Environment 

Gg 
I GF 

I GM 

I Ns 
Nu 

I 
Arc 
AIF 

Aue 
AuF 

ARW 

SF 

MF 

ML 

CL 

2.0 

4.0 

7tE 

1.0 

3.0 

16 

7.0 

28 

8.0 

12 

NIA 

NIA 

38 

.50 

NIA 

NIA 

NIA 

~"~"IP'I,.. .iii.. Ti.A iii 

I 
I 

I 
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MIL-HDBK-21 ?F 

SPECIFICATION 
MIL-R-22097 
MIL-R-39035 

STYLE 
RJ 
RJR 

Base Failure Rate -At) 
Stress 

TA (°C) .1 .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 ) .019 exp .445 358 x 

( _§__ ( 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 Calculation. 

9.13 RESISTORS, VARIABLE, NONWIREWOUND 

DESCRIPTION 
Variable, Nonwirewound (Adjustment Types) 
Variable, Nonwirewound (Adjustment Types), 
Established Reliability 

Resistance Factor - 1tR 

Resistance Range (ohms) 

10 to SOK 

>SOK to 100K 

>100K to 200K 

>200K to SOOK 

>500K to 1 M 

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 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 ,~, ,~ 
.. 
''TAPS = 

\r-.TAPSr _. ___ _,._ __ ~ n 70? 
25 -r ..,., .., ... 

,cR 

1.0 

, .1 

1.2 

1.4 

1 .8 

"' TAPS 

5.2 

5.5 

5.8 

6.1 

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 -~ Environment Factor - JtE 

A~!;!lied Voltage• 
7tv Rated Voltaae 

Environment 7tE 

Gs 1.0 

o to 0.8 1 .00 GF 3.0 

>0.8 to 0.9 1 .05 ~ 14 

>0.9 to 1.0 1.20 N5 6.0 

NU 24 

·v - ✓ RpP Applied Applied 
AIC 5.0 

A1F 7.0 

Rp - Nominal Total Potentiometer 

Resistance 
Aue 12 

AUF 18 

PApplied = Power Dissipation 
ARW 39 

V ~ 200 Vol1s for RJ and RJR26; 
Rated SF .50 

RJ and RJRS0 MF 22 

- 300 Vol1s for All Others ML 57 

CL 1000 

Quality Factor - 1e0 

Quality 1ta 

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 Failure Rate -An 
Stress 

TA (°C) . 1 .3 .5 .7 

,.. 
.027 "'"'"' n"''> .035 u .u~u .~, 

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 

1 iO .11 

'o - ( (T+273) 9.3 ) .0246 exp .459 343 x 

( S / T+273) 5.3 \ 
exp 2.32 \ 273 J 

T - Ambient Temperature (°C) 

.9 

n-::11:1 ......... 
.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. VARIABLE. COMPOSITION 

DESCRIPTION 
Variable, Composition, Low Precision 

Resistance Factor - nR 

Resistance Range (ohms) nR 

50 to SOK 1.0 

I 
I >SOK to 100K i .1 

I >100K to 200K 1.2 

I >200K to SOOK , .4 

I >SOOK to 1M 1.8 

Potontinmetor Tanc l=lllrtor - 7L '-'•nn••••• w ,.,.., 1 -- -- IAPS 

N ,r N ,iTAPS N ,r 
TAPS TAPS TAPS TAPS TAPS 

'll 1.0 13 2.7 23 5.2 ., 
I I 

4 , .1 I 14 I 2.9 24 5.5 

5 1.2 15 3.1 25 5.8 

6 1.4 I 16 I .... ,,.., I 6.1 I I .:1."t <:Q I 
7 1.5 I 17 I 3.6 27 6.4 

8 1.7 18 3.8 28 6.7 

I 
9 1.9 

I 19 4.1 29 7.0 I I 

I 10 2., I 20 4.4 30 7.4 

11 2.3 21 4.6 31 7.7 

12 2.5 
I 

22 I 4.9 32 
I 

8.0 I I 
3 

Tt.,-APS 

(NTAPs}2 
+ 0.792 I - 25 I 

NTAPS = Number of Potentiometer Taps, I 
including the Wiper and Terminations. I 
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9.14 RESISTORS. VARIABLE. COMPOSITION 

Voltage Factor - 1t.v 
Applied Voltage• 

Rated Voltage 

Oto 0.8 1.00 

... no•- n n __..u~g ,u u . .:, 1 ni::: 
'·"'""" 

>0.9 to 1.0 1.20 

·1 •v Applied 

PApplied 

V 
Rated 

Quality 

• -..J RpP Applied 

- Nominal Total Potentiometer 

Resistance 

- Power Dissipation 

• 500 Volts for RV4X--XA&XB 

.. 500 Volts for 2RV7X--XA&XB 

- 350 Voits ior RV2X-XA&XB 

• 350 Volts tor RV4X-XA&XB 

"' ~!'In Vnlt~ fnr AV!iiX-XAR.XR 

• 350 Vohs for RV6X--XA&XB 

- 250 Volts for RV1 X--XA&XB 

• 200 Vc?ts fer All Other Types 

Quality Factoi - 1t0 

no 

MIL-SPEC 2.5 

5.0 Lower 

9-24 

I 

I 

I 
I 
I 

I 
I 

I 
I 
I 

Environment Factor - ,c_ 
I:: 

c.-._ .. ;.,.__...,... __ • I r.e ~IIYll'-'1111 IVI ll I 
Ge I 

1.0 

GF 2.0 

G.. I 19 -M 

I 
N5 

.. ,. 

I 
o.u 

Nu 29 

Ate 40 

A.- I 65 , ., ..... 
I Aue 48 

AuF I 78 

ARW I 46 

SF .50 

iviF 
,.,.. 
£:::, 

ML 66 

CL 1200 

I 
I 

I 
I 
I 

I 
I 

I 
I 
I 
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9.15 RESISTORS, VARIABLE, NONWIREWOUND1 FILM AND PRECISION 

SPECIFICATION 
ft..4 IL-A-39023 
MIL-R-23285 

STYLE 
AO 
RVC 

Base Failure Rate - At> 

IT.~" 
(RO Style Only) 

Stress 
.1 .3 .5 .7 I . A' -, I 

I 0 I .023 .024 .026 .028 

I 
10 I .024 .026 .029 .031 
20 .026 .029 .032 .035 
30 .028 .032 .036 .040 

I 40 I .032 .036 .041 .047 
50 nn-, ,. .... n•n ,.,,..., 

I I .v;,1 .V<'t.:: .v .. :, .v;;,1 
60 .044 .051 .060 .070 

I 70 I .053 .064 .076 .091 
80 .068 .083 .10 .12 
90 .092 .11 .14 

I 100 I .13 .17 

I i iO I .20 

I 
I 

\, 
/T+273\ 7.4 

.018 exp\ 343 } X 

--- (/ _§_ \ / T+273\ 3.6 '\ .,.,., l \ 2.5s 1 \ 273} ) 

T • Ambient Temperature (°C) 

.9 

.031 

.034 

.039 

.045 

.053 
n'-'<ir-.vo;;, 

.083 

. 11 

S • Ratio of Ooeratino Power to Rated Power. 
See Section 9.16-for S Calculation. 

Resistance Factor - ,cR 

DESCRIPTION 
Vari.able, Nonwirewound, Fi!m, Precision 
Variable, Nonwirewound, Film 

Base Failure Rate - At> 

I TA tor.\ 

(RVC Sty!e On!Xl 
Stress 

.1 .3 .5 .7 I . ,., , -, 
0 .028 .031 .033 .036 
10 .029 .032 .035 .038 
20 .030 .033 .037 .041 
30 .031 .035 .040 .045 
40 .032 .037 .043 .050 
f!!'n ,.. ..... ,. .. ,.. ,.. .. .., 

""""' ~v ,v.., .. .u .. u ...... , .UiJU 

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 
i iO .064 .091 .13 .Hi 
120 .077 . 1, .17 .25 
130 .096 .15 .23 .36 
140 .12 .20 .33 .53 
150 .17 .29 .50 
180 .24 .44 
170 .37 

' 
M~-. ____ /T+?,73\ 7.9 .. 

I "b .. .v.::01 exp\ 398 } X 

I AYn( / 2--\ /T+273\ 4.3 l 

I -~ ... \ \ 2.45 / \ 273 / ) 

I T - Ambient Temperature (°C) 

.9 

.039 

.042 

.046 

.051 

.058 
""'"' .uuu 

.078 

.093 

.11 

.15 

.19 

.26 

.37 

.55 

I s - Ratio of OperatinQ Power to Rated Power. 

I Resistance Range (Ohms) I xR I I Sae Section 9.16-for S Calculation. 

I Up to 10K I 1.0 I 
I 

>i0K io 50K 
I 

i.i 
I 

I I I >SOK to 200K 1.2 

I 
>200K to 1M 

I I 
I I , .4 I 
l 

>1M I 1.8 I 
9-25 
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9.15 RESISTORS, VARIABLE, NONWIREWOUND1 FILM AND PRECISION 

"-•--...:---·-· ~--- ~------ -run,1111u111c1tn I il!,,Rli rc11,;1u1 - "TAPS I'"'\,. ·-•;....J ~--'-- -YUdlllY rd\,IUf • AQ 

I NTAPS 
11 NTAPS I 11TAPS I NTAPS 11TAPS I TAPS 

I 3 1.0 13 I 2.7 

' 
23 5.2 I 

I 4 1.1 14 I 2.9 I 24 5.5 I 
I 5 1.2 15 I 3.1 I 25 5.8 I 

Quality 

MIL-SPEC 

I Lower 

6 1.4 16 3.4 26 6.1 I I I I 
I I I I 

Environment Factor - x .. 

I 

I 
I 
I 

I 
I 

I 
I 
I 

I 
I 

I 
I 
I 
I 

7 1.5 17 3.6 27 6.4 

8 1.7 18 I 3.8 I 28 6.7 

9 1.9 19 I 4.1 I 29 7.0 

10 2.1 20 I 4.4 I 30 7.4 

11 2.3 21 I 4.6 I 31 7.7 

12 2.5 22 I 4.9 I 32 8.0 

3 

{NTa.cc.\ 2 
~ ,,,, ...,l 

+0.792 ',-APS 25 

NTAPS - Number of Potentiometer Taps, 

including the Wiper and Terminations. 

Voltage Factor - ~, 
y 

App!!P.d Vottane• I - --·-a-
I Ttv Rated Voltage 

Oto 0.8 I 1.00 

>0.8 to 0.9 I 1.05 

>0.9 to 1.0 
I 

1 .20 I 
·v A. ........ ti6,,f ,,..,.,.., ..... .., 

Rp 

PAnnlioan "'.,...,... .. --
V 

Rated 

• Nominal Total Potentiometer 

Resistance 

• Power Dissipation 

.. 250 Vohs for RQ090, 110, 150, 200, 

300 

• 500 Volts for RQ100; 160; 21 o 

"' 350 Voits for AVC5, 6 

9-26 

C 

I 

I 
I 
I 

I 
I 

I 
I 
I 

I Environment I 
I Ga I GF 

I ~-., I 
I .... _ I 

I 
''"S 

l Nu 
I Arc I 
I A1c I 

I " I Aue 

I AuF I 
I ARW 

I I SF 
..,._ 

I 
···t- I 
ML I 
Cl I 

1to 

2 

4 I 

11'- I ··t: 

1.0 

I 3.0 

14 I 
7n I , ,y 

I 24 

6.0 I 
12 I 
20 I 
30 

I 
39 

I .50 

22 
I ,... ... 

0/ I 
1000 I 
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9. 1 5 CALCULATION OF STRESS RATIO FOR PnTENTIOIIETERS 

st,es..c; Ratio (S) Ca!rulatk>n for Rheostats 

/1 \2 
\"DPmax/ s- 2 

"r..A_~Eo{1maxrated) 

~ - Maximum curreni which wiii 

be passed through the rheostat 
In tl'"".e clicult. 

lmaxreted • Current rating of the 

potentiometer. If currant 
rating Is not glYen, use: 

I .. 
'rnaxratect 

Prated -
Rp 

~ED• 

lo .ID -V • rated'' 'p 

Power Rating of Potentiometer 

Nominal Total Potentiometer 

Resistance 

Fador to corract for tha 

reduction In 8".etlve ndlng 
of the potentiometer due to 
the dose proximiiy of two or 
fflftra potantinmat■l'!II whan thay 1 are ganged tog8ther on a 
common shaft. See below. I 

S1re8s Rado CS> calculation for Potel'lliometers 
Connected Convemlonally 

~ _ p APPLIED 

--1Et:FF x "GANGED x PRATED 

PApplied 

Rp 

- Equivalent power Input ID 1he 
DOtenllomeler when • la not 
ioaded (i.e., w.,., lead 
dilconnec:ied). Caicuiaie • 
fnlln11111t• 

- Input Voltage 

• Nominal Tuuil Puiitiiikimiiiw 

ResiShifiCil 

- Power Rating of Potentiometer 

~ • Factor to correct for the reduction I 
in affective rating of the f ;:::;.;r:,t;;;,; ;;;;; close I 
:::=~~~: ~~:.:. ', 
shaft Sae below. 

I 
• ~~~ factor ~or t~• eleclrtcal I 

loading effect on the Wiper I 
=~~; t:J:•:~:•~:; I 
potentiometer, Its resistance. I 
ar.d tho lead rosistanc=. Seo I 
next page. 

Ganged-Potentiometer Factor - "GANGED 

Number of 
Sections 
Sinp18 

Three 
Four 

Six 

I Fi~t I 
I .,ot.;,iio;:.,.,.r I 
I Next4 ~ Mount I 
I 0:1s I 

I rn I 0,75 

I I I I I 
Second in I Third in Gang I Fourth in Gang I Filth in Gang I Sixth in Gang I 

Gang I I I I I 
0.60 

Net Applicabl8 
Not APPiicabie I 

0.50 0.60 No1 Applicable I 
0.50 0.50 0.60 

g,50 0.40 0.40 
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9.16 CALCULATION OF STRESS RATIO FOR POTENTIOMETERS 

Loaded Potentiometer Derating Factor - 1tEFF Style Constant - KH 

~ Potentiometer 

F\. IAp 0.2 0.3 0.5 1.0 ML-sPEC Style Type ~ 

0.1 .04 I .03 .02 .01 I 
0.2 .13 I .09 .05 .03 I 
0.3 .22 I 

.16 .10 .05 I 0.4 .31 .23 .15 .08 
0.5 .38 .29 .20 .11 
0.8 I .45 I .35 .25 .14 I ,. ., .51 .40 

.,,. .17 u., 
I I ·'"' I 0.8 .55 .45 .33 .20 

0.9 I .59 I .49 .37 .22 I 1.0 .63 .53 .40 .25 
1.5 .74 .65 .53 .36 
2.0 I .80 I .73 .152 .44 I 3.0 I .87 I .81 .72 .56 I 4.0 .90 .86 .78 .64 
5.0 

I 
.92 

I 
.88 .82 .69 

10.0 .96 .94 .90 .83 
100.0 1.00 .99 .99 .98 

M!L·R-19 RA 0.5 

MiL-R-22 RP i .0 

Mft.-R-94 RV 0.5 

MIL-R-12934 RR1000, 1001, 0.3 

1003. 1400, 

2100, 2101, 

2102,2103 

MIL-R-12934 All Other Types 0.2 

MIL-R-22097 RJ11, RJ12 0.3 

MIL·A-22097 All Other Types 0.2 

Mll-A-23285 RVC 0.5 
,.. 

R .c. 
L MIL-R-27208 RT22, 24, 26, 27 0.2 

'1:FF -
R/ + KH ( Rp 2 + 2RpRL) I 

AL - Load resistance (If R1 is variable, I 
use lowest value). RCis the total I 
resistance between the wiper arm I 
and one end of the poientiomeier. 

MIL-A-27208 AH Other Types 0.3 

MIL-R-39002 AK 0.5 

MIL-R-3901 S RTR22,24 0.2 

MIL-R-39015 RTR12 0.3 

MIL-R-39023 RO 0.3 

MIL-R-39035 AJA 0.3 

Rp - Nominal Total Potentiometer 

Resistance 

I< .• - Style Constant. See KH Table. ''H 
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9 .17 RESISTORS, EXAMPLE 

Example 

Given: Type RV1SAYSA505A variable SOOK ohm resisior proa,ared per MIL-R-94, raied at 0.2 
watts Is being used in a fixed ground environment. The resistor ambient temperature !s 
40°C and is dissipating 0.06 watts. The resistance connected to the wiper contact varies 
between 1 megohm and 3 megohms. The potentiometer is connected conventionally 
without ganging. 

The appropriate model for RV style variable resistors is given In Section 9.14. Based on the given 
Information the following model factors are detennined from the tables shown in Section 9.14 and by 
following the procedure ior determining eiectricai siress for poteniiometers as described in Section 9.16. 

From Section 9.16 
p APPLIED .. .0SW 

1tEFF 

7C(3ANGED 

1tRATED 

s 

From Section 9.14 
Ab 
nR 

1tTAPS 
nv 

no 
nE 

"" 

== 

== 

= 
= 

.. 

.. 

= 

.62 
1.0 

.2W 

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

Not Ganged (Section 9.16 Table, Single Section, 

First Potentiometer) 

PAPPLIED .06 48 
1tEFF x nGANGED x nRATED • (.62)(1.0j(.2j • . 

.047 TA • 40°C, S Rounded io .5 

1.4 SOOK ohms 

1.0 3 Taps, Basic Single Potentiometer 

1.0 VRATED • 250 Volts for RV1 prefix 

V APPLIED• ✓ (500,000)(.06) • 173 volts 

V fiV 173 _ 
APPLIE RATED • 250 • .b~ 

2.5 

2.0 

( 04-n,1 n\11 4"1 0"? i:."2 0) <:1~ i=.ailures/1 n6 ~nurs • Ii\• "'""I\'. I\ • l\••...,.I\ • ::s .-.,v ' _, - • •-
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SPECIFICATION 
MIL-C-25 
MIL-C-12889 

STYLE 
CP 
CA 

Base Failure Rate - ¾ 
(T = 85°C Max Rated ) 

(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; 

Characteristics E Fl 
Stress 

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

0 .00088 .0011 .0036 .015 .051 

10 .00089 .0011 .0036 .016 .052 

20 .00092 .0011 .0037 .Oi6 .054 

30 .00097 .0012 .0039 .017 .057 

40 .0011 .0013 .0044 .019 .063 

50 .0013 .0016 .0052 .022 .075 

60 .0017 .0021 .0069 .030 .10 

70 .0027 .0034 .011 .048 .16 

80 .0060 .0074 .024 .10 .35 

\•.00086r (~) 5 + 1]exp(2,5(T!~;3) 18 ) 
L \ ... , \ .;>;JO I } 

T .. Ambieni Temperature (°C) 

s .. Ratio of Operating to Rated Voltage 

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

10.1 CAPACITORS, FIXED, PAPER, BY-PASS 

DESCRIPTICt-..1 
Paper, By-pass, Filter, Blocking, DC 
Paper, By-pass, Radio Interference Reduction AC 
and DC 

Base Failure Rate - At, 
(T • 125°C Max Ra:.d) 

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

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

0 I .00086 .0011 .0035 .015 .051 

10 l"ll"ll"'lr,n""'I' .0011 .0035 .015 .051 .UUUO/ 

20 .00087 .0011 .0035 .015 .051 

30 .00088 .0011 .0035 .015 .051 

40 .00089 .0011 .0036 .OiS .052 

50 .00091 .0011 .0037 .016 .053 

60 .00095 .0012 .0039 fl17 .056 • .,_, J / 

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 I .0063 .0078 .026 .il .37 

\ ____ _r /S)5 
- .ooo86L \. 4 + 

] f _ _ /T+273\ 18) 
1 exp l 2.5\ 398 } 

T .. Ambient Temperature (°C) 

s "' Ratio of Operating to Rated Vcttage 

Operating voltage is the sum of applied D.C. voltage 
and pGak A.C. voltage. 
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10.1 CAPACITORS, FIXED, PAPER, BY-PASS 

Caoacitance Factor - nr-" 
' VY 

Capacitance, C (µ.F) 

MIL-C-2s• 
.0034 
.15 

16. 

MIL-C-12889 
AH 

• 1 2c·o9s ncv = · 

Quality Factor - 1t0 

Ouaiity 

t.1JL-SPEC 

Lower 

10-2 

- 11::.-t 1. ••-- 14 "D L..1-• ••-

0.7 
1.0 
1 ~ .. .., 
1.6 

◄ n 
I • \I 

7.0 

Environment Factor - n.. 
C 

Cnuirft"rn.ont I 1..' I¥ II Vt II J n;;- I 11 

I 
Gs I GF 

Gu I 
IYI I ... 

'"S I Nu 
A!C r 
A,.- I · ·1r 

I Aue 

AuF I 
ARW I 
SF 
•• IVIF 

ML 

CL 

.. 

Tte I 
I 

1.0 I 2.0 

9.0 I 
c: n I 
i.1.V 

I 15 

6.0 I 
8.0 I 

I 17 

32 I 
22 I 

.50 

◄ "I 

' ' 
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 

"'P = ibncvxaxE 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· An 
(T - es•c Max Rated , 
(Characteristics E. W) 

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 

\~.0011s[ (.~)5 + 1]exp(2.s(T;;:) 18 ) 

T - Ambient Temperature ("C) 
s .. Ratio of Operating to Rated Voltage 

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

¾,- .00115[ (.~) 5 + ] ( (T+273) 18) 1 exp 2.5 398 

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. 

TA(°C) .1 

0 .0012 
10 .0012 
20 .0012 
30 .0012 
40 .0012 
so .0012 
60 .0012 
70 .0012 
80 .0013 
90 .0013 

100 .0015 
110 .0017 
120 .0022 
130 .0033 
140 .0058 
150 .014 

Base Failure Rate - At, 
(T • 150°C Max Rated) 

(Characteristic P) 
Strass 

.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)s ] ( (T+273) 1e) ~ •. 00115 _4 + 1 exp 2.5 423 

T .. Ambient Temperature (°C) 

s • Ratio of Operating to Rated Vohage 

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

10.2 CAPACiTORS, FIXED, PAPER, FEED-THROUGH 

Capacitance Factor - 'lf(;,V l=nvironment i:: .. rt,.r - ... -· ••• , , ., , u""""'" '"E 
Capacitance, C {µF} r.cv Environment 

0.0031 

0.061 

1.8 

1 4C0.12 1tcv - · 

Quality Factor - 1tO 
Quality 

M 

Non-Established Reliability 

Lower 

10-4 

I 
I 

I 
i 
I 

I 

.70 

1.0 

1.5 

, .0 

3.0 

10 

G9 

I Ge-

I 
r 

/':!._ 
~ 

I N5 

Nu 

I 
A,-. ··1v 

AtF 

Aue 
AUF 

ARW 
C' VF 

MF 

ML 

C, 
L. 

1tE 

1.0 

2.0 
n n 
.:J.V 

7.0 

15 

6.0 

8.0 

17 

28 

22 

.50 

12 

32 

570 I 
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MIL-HDBK-217F 

10.3 CAPACiTORS1 F1Xi:il1 PAPER AND PLASTIC FILM 

SPEC!F!CATION 
MIL-C-14157 
MIL-C-19978 

STYLE 
CPV 
CQRandCQ 

TA red 
0 

I 10 
20 
30 
40 I 
50 I 60 

Ba.,,. c .. ;lure Rat"" - 'l. ~•a• g-"'b 
rr ... ss0 c Max Ra:ad > 

(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 nn.A'> .014 .059 .vu-., 

.9 

.031 

.032 

.036 
J)42 
.055 
.088 ,.,, 
-~V 

[(~~~ 
\- .0005 -~)- + 

] " 
1 T +273) 1 8 ' 1 exp ( 2.5 { 338 ) 

\ ' J 
T - Ambient Temperature {°C) 
s - Ratio of Operating to Rated Voltage 

Operating voltage is the sum of app!iad D.C. voltage 
and oeak A.C. voltaoe. 

Base Failure Rate - Ab 
(T .. 125°c Max Rated) 

(MIL-C-14157 Style CPV09 and MIL-C-19978 
Characteristics K, 0, Sl 

Stress 
TA (°C) . 1 .3 .5 .7 .9 

0 .00050 .00062 .0020 .0087 .029 
10 I .00050 .00062 .0020 .0088 .029 
20 I .00051 .00062 .0020 .0088 .030 
30 .00051 .00063 .0021 .0089 .030 
40 I .00052 .00064 .0021 .009 .030 
50 .00053 .00066 .0021 .0092 .031 
60 .00055 .00068 .0022 .0096 .032 
70 I .00059 .00073 .0024 .010 .035 
80 I .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 
+ 1]exp(2.5(T;!~)1

8
) 

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

Operating voltage is the sum of applied D.C. voftage 
and oeak A.C. vottaqe. 

DESCRIPTION 
Paper and Plastic Film, Est. Rel. 
Paper and Plastic Film, Est. Rel. and Non-Est. Ref. 

Base Failure Rate ->-t> 
(T • 85°C Max Rated) 

(MIL-C-14157 Style CPV17; 
MIL-C-19978 Charaeleristics E F G Ml 

I T" re, 
Stress 

.1 .3 .5 .7 .9 

I 0 .00051 .00063 .0021 .0089 .030 
10 .00052 .00064 .0021 .0090 .030 
20 .00054 .00066 .0022 .0093 .031 
30 IVl.l"JJ:.'7 .00070 .0023 .0099 .033 I • '-"'IUU I 

40 .00063 .00077 .0025 .011 .037 

I 
50 .00074 .00092 .0030 .013 .043 ,,,,, .00099 .0012 .0040 .Oi7 .058 OU 

70 .0016 .0020 .0064 .028 .093 
80 .0035 .0043 .014 .061 .20 

I r , s ) 5 1 r ( r +273 \ , a ) 
I ¾,-.ooosl\-4 + 1yncp~2.5 358 J 

I T - Ambient Temperature (°C) 
s - Ratio of ~rating lo Rated Voltage 

I Operating voiiage is the sum oi applied D.C. voltage 
and oeak A.C. voltaae. 

Base Failure Rate - Ab 
CT - 1 ?0°c Max Rated) 

lMIL-C-19978 Characteristic TI 

I TA (°C) 
Stress ., .3 .5 .7 .9 

I 
I 

I 
I 
I 

0 .00050 .00062 .0020 .0087 .029 
10 .00050 .00062 .0020 .0087 .029 
20 .00050 .00062 .0020 .0087 .029 
30 .00050 .00062 .0020 .0087 .029 
40 .00050 .00062 .0020 .0087 .029 
50 .00050 .00062 .0020 .0088 .030 
60 .00051 .00063 .0021 .0088 .030 
70 .00051 .00063 .0021 .0089 .030 
80 .00052 .00065 .0021 .0091 .031 ...... 
"7U 

O"',.._r .... .Uu.;tOt .00066 .0022 .0093 .031 
100 .00056 .00069 .0023 .0097 .033 
110 .00060 .00074 .0024 .010 .035 
120 .00067 .00083 .0027 .012 .039 
130 .00079 ,00098 .0032 .014 .046 
140 .0010 .0013 .0041 .018 .060 
150 .0015 .00i8 .006 .026 .087 
160 .0026 .0032 .011 .046 .15 
170 .0061 .0075 .025 . 11 .36 

___ [(S\5 ·] (- /T+273)18 \ \ • .ouuS _4J + 1 exp 2.5\ 443 ) I 
T • Ambient Temperature (°C) I 
S - Ratio of Operating to Rated Voltage I 
Operating voltage is th .. e sum of applied D.C. voltage 
and eak A.C. vol~~-
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MIL-HDBK-217F 

10.3 CAPACITORS, FIXED, PAPER AND PLASTIC FiLM 

Capacitance Factor -ncv Environment Factor - nE 

Ca,.nacl!ance, C {µF} 

MIL-C-14157: * 
.0017 
.027 
'>n 
·"'" 1.0 

MIL-C-19978: -
.00032 
.033 

1.0 
15.0 

. 1 6C0.13 ncv = . 

.. 1 JC0.077 1tcv"' · 

Quality Factor - 1t0 
Quality 

s 

R 

p 

M 

L 

MIL-C-19978, Non-Est. Rel. 

Lower 

10-6 

I 
I 

I 

1tcv 

.70 
1.0 
1.3 
1.6 

.70 
1.0 
1.3 
1.6 

.03 

.10 

.30 

1.0 

3.0 

10 

30 

I 

I 
I 

I 
I 
I 

Environment 

Gs 

Gi:-
I 

GM 

Ns I Nu 

A1c 

A1F 

Aue 
AUF 

A~J\AI n•• 
SF 

MF 

ML 

CL 

--6'1 ---u A T' • •-••--.-

XE 
1.0 

2.0 

a n u.u 

5.0 

14 

4.0 

6.0 

11.0 

20 

20 

.50 

11 

29 

530 
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10.4 CAPACITORS, FIXED, METALLIZED PAPER, PAPER-PLASTIC AND PLASTIC 

SPECiFiCA TION 
MIL-C-18312 
MIL-C-39022 

STYLE 
CH 
CHR 

DESCRIPTION 
Metallized Paper , Paper-Plastic, Plastic 
Meta!!ized Pa,..ner, Paper-Plastic, Plastic, 
Established Reliability 

AP = A.b1tCv1ta1tE Failures/106 Hours 

Base Failure Rate -~ 
(T • 85°C Max Rated ) 

(MiL-C-39022 Characteristic 9 and 12 (50 Volts rated), 
Charar,t.raristic 49· .. nrl Ufl-C 1831 ~ ~haracteriatir en ··-· - '• -··- ·-· - ,_..,,, .,..,_,ij 

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

,.. 
.00070 .00087 .002g .012 .041 u I 

10 I .00072 .00089 .0029 .012 .042 

20 I .00074 .00091 .0030 .013 .043 

30 I .00078 .00097 .0032 .014 .046 

40 I .00086 .0011 .0035 .015 .051 

50 
I 

.0010 .0013 .0041 .018 .06 

60 I .0014 .0017 .0055 .024 .08 

70 I .0022 .0027 .0089 .038 .13 

80 .0048 .0059 .019 .084 .28 

[ ( S) 5 ] ( ( T +273 )18) \ • .00069 A + 1 exp 2.5 358 

T - Ambient Temperature (°C) 

s - Ratio of Operating to Rated Voltage 

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

i 
I 

I 

I 
I 

Base Failure Rate - At, 
(T • 125-C Max Rated) 

(MIL-C-39022 Characteristic 9 and 12 (above 50 Volts 
rated), Characteristics 1, 1 O, 19, 29, 59; a.id 

MIL-C-18312 Characteristic N} 
Stress 

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

0 .00069 .00086 .0028 .012 .041 

;o .00069 .00086 .0028 .012 .041 

20 .00070 .00086 .0028 .012 .041 

30 .00070 .00087 .0028 n1~ .041 .v,, 

40 .00071 .00088 .0029 .012 .042 

50 .00073 .00090 .003. .013 .043 

60 .00076 .00094 .0031 .0'i3 .045 

70 .00082 .0010 .0033 .014 .048 

80 .00092 .0011 .00..37 .016 .054 

90 .OOi i .0014 .0045 .019 .065 

100 .0015 .0019 .0061 .026 .088 

110 .0024 .0030 .0098 .042 .14 

120 .0051 .0063 .020 .088 .30 

, 0006''J / s) s "b - . lfl \.4 ... ,] exp(2.5 (r;~:) 1e) 
T - Ambient Temperature (°C) 

s - Ratio of Operating to Rated Voltage 

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

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

Capaeitanee Factor - tt.cv 
Capacitance, C (µF) 

0.0029 

0.14 

2.4 

I\ Al\" 
1 2cu.v;:,.::: 

ncv - . 

Ouaiiiy Factor - n0 

Quality 

s 

A 

p 

M 

L 

MIL-C-18312, Non-Est. Rel. 

Lower 

10-8 

- A I 

1tcv 
,n .,u 

1.0 

, .3 

n:a 

0.03 

.10 

.30 

1.0 

3.0 

7.0 

20 

EnvironmemFacior-xE 
Environment 

I '"'IC 

AIF 

A 

I Aue 

I AUF 

ARW 

I I s F 

I MF 

I ML 
r'.. ~L 

I 

1.0 

2.0 

8.0 

5.0 

14 

A n -..v 

6.0 

11.0 

20 

20 

.50 

11 

29 

530 

I 
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10.5 CAPACITORS, FIXED1 PLASTIC AND METALLIZED PLASTIC 

SPECIFICATION 
MIL-C-55514 

STYLE 
CFR 

TA (°C) 

0 

10 

20 

30 

40 

50 

60 

70 

80 

Base Faih.Jre Rate-¾> 
(T • SS"C Max Rated ) 
(Characteristics M N) 

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 

\ •. 00099 [ (.!) 5 + 1] ex{2.5 (r;;:) 18 ) 

T - Ambient Temperature (°C) 

s - Ratio of Operating to Rated Voltage 

Operating voltage is the sum of applied 0.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• At, 
(T • 125°C Max Rated) 

(Characteristics a. R S) 
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 

[ ( S) 5 ] ( ( T+273) 1 8 ) \ •. 00099 ::i + 1 exp 2.5 398 

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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10.5 CAPACITORS. FIXED1 PLASTIC AND METALLIZED PLASTIC 

Capacitance Factor - ir-c,v Environment Factor - nE 
·I Capaci'lcince, C (µ.F) I r.cv I r--... s ____ _. I I 

I I I 
C:JIVIIUJIII IIC:J ll 

I 
itE 

I 0.0049 .70 Ge 1.0 

I I I GF 2.0 I 
I 0.33 I 1.0 I I c:;, •• 10 

I I I 
-wi 

I 7.1 1.3 
N5 5.0 

I 38. I 1.5 I Nu 16 I Atr- 6 
1 ,co.oas ,..., 

I ,cCV • · A1F 11 

'°'UC 'i8 I 
AUF 30 I 

Quality Factor - ,c0 ARW 23 I Quality ff() ~- .50 -t- I I 
MF 

.. ~ 
s .030 I l.:J I 

.10 ML I 34 I R 
CL 610 

p .30 

~,,,, 1.0 

Lower 10 

10-10 

SEC et al. v. MRI 
SEC Exhibit 1023.0120 

IPR2023-00255



Downloaded from http://www.everyspec.com

MIL-HDBK-217F 

10.6 CAPACITORS, FIXED, SUPER-METALLIZED PLASTIC 

SPECIFICATION 
MIL-C-83421 

STYLE 
CRH 

Base Failure Rate - At, 
(T "" 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 
so .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 

\•.00055[ (_!) 5 
+ 1]ex{2.s (T;~~r 

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. 

Quality Factor - xO 

Quality 1tQ 

s .020 

R .10 

p .30 

M 1.0 

Lower ,o 

DESCRIPTION 
Super-Metallized Plastic, Est. Rel. 

Capacitance Factor - rtcv 
Capacitance, C (µF) 

.001 

0.14 

2.4 

23 

1 2C0.092 1tcv"' · 

Environment Factor - 1tE 

Environment 

Gs 

GF 

GM 

N5 

Nu 
Arc 

AIF 

Aue 
AuF 
ARW 

SF 

MF 

ML 

CL 

1tcv 

.64 

1.0 

1.3 

1.6 

,cE 

1.0 

4.0 

8.0 

5.0 

14 

4.0 

6.0 

13.0 

20 

20 

.50 , , 
29 

530 
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I 

I 

MIL-HDBK-21 ?F 

10.7 CAPACITORS, FIXED, MICA 

:St't::l,;lt·n,;A I IUN 
P..,,1!L...C-5 
Mll-C-39001 

STYLE 

CMR 

DE~CRIPTION 
l.llf'A ff'\;~ ,..r 1.1,..1,,i~\ 
nnl'-'I"'\ \L.1'1..,,-.,V,.., UI rYIV"'-''t,V/ 

MICA (Dipped). Established Reliability 

An = Ai-.1tr-_\,1tn1ti::: Failures/106 Hours 
r Ll'-'"-..,...-L-

Base Failure Rate - Ab 
(T.700C Max Rated) 

(MIL-C-5, T eme. Ra!!9! Ml 
I c .. .-__ I 

TA red 
-,u.....,. 

I . 1 .3 .5 .7 .9 
I 

0 .00030 .00041 .00086 .0019 .0036 ! 
.00581 10 .00047 .00066 .0014 .0030 

20 .00075 .0011 .0022 .0047 .0092 
30 .0012 .0017 .0035 .0075 .015 
40 .0019 .0027 .0056 .012 .023 
50 .003i .0043 .0089 .019 .037 
60 .0049 .0068 .014 .030 .059 
70 .0078 .011 .023 .049 .095 

. - r / C, \. ~ 7 / / T . '>7'> \. " ~- 8.6x10•1 u1 c~r + 1 jexpf 16 ( ·;~") l 
T 
s 

'-', ..J \ ' , 

Ambient Temperature (cC) 
Ratio of Operating to Rated Voltage 

J 

I 
I 

Operating voltage is the sum of applied D.C. voltage I 
and oeak A.C. voitaae. I 

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

(MIL-C-5, Temp. Ranae O: MIL-C-39001 Temo. nanoe 0) 
Stress 

TA(°C) .1 .3 .5 .7 .9 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 

T 
s 

.00005 .00007 .00015 .00032 .00062 

.00008 

.00011 

.00017 

.00025 

.00038 

.00057 

.00085 
1"11"11'l .vv,..;;, 

.0019 

.0028 

.0042 

.0063 

.00011 

.00016 

.00024 

.00036 

.00053 

.0008 

.0012 

.0018 

.0027 

.0040 

.0059 

.0089 

.00022 

.0003-3 

.00050 

.00074 

.0011 

.0017 

.0025 

.0037 

.0055 

.0083 

.012 

.018 

Ambient Temperature (°C) 

.00048 

.00071 

.0011 

.0016 

.0024 

.0036 

.0053 ,..,..0 

.vvo 

.012 

.018 

.027 

.040 

Ratio of Operating to Rated Voltage 

.00093 

.0014 

.0021 

.0031 

.0046 

.0069 

.010 
,.. • C, 

.VIO 

.023 

.035 

.052 

.077 

Ooeratino vottaoe is the sum of aoolied D.C. vottaoe 
a~d DBak AC . .;~,t~Qe . . . . r r . . - • . . ~ 

Base Failure Rate - Ab 
(T-85°C Max Rated) 

(Mll-C-5, Teme. Ra!:!51! Nj 
I I C">•----

I TA c·c> I .>U-

. 1 .3 .5 .7 .9 ,., . . 
0 .00017 .00024 .00051 .0011 .0021 

10 .00027 .00038 .00079 .0017 .00331 
20 .00042 .00059 .0012 .0027 .0052 
30 .00066 .000~ .0019 .0042 .0081 
40 .0010 .0015 .003 .0065 .013 I 
50 .00i6 .0023 .0047 .OiO .020 I 60 .0025 .0036 .0074 .016 .0..31 
70 .0040 .0056 .012 .025 .048 
80 .0062 .0087 .018 .039 .076 

Ab• 8.6x 10·10[ (.~)
3 

+ 1]exp(1s (T;;;3) JI 
T 
s 

, , I 
Ambient Temperature (°C) 
R8tin nf 0pAr8ting tn R:1tAd Vnlt8gA 

Operating voltage is the sum of applied D.C. voltage I 
and eak A.C. volta e. 

Base Failure Rate - Ab 
(T -150°C ~,1a:x Rated) 

LMIL-C-5 Tell'lp Rang_e P· Mll-C-39001 Temp Ranoe P) 
' ' Stress 

TA (OC) . i .3 .5 .7 .9 

0 .00003 .00004 .00008 .00017 .00033 
10 .00004 .00005 .00011 .00024 .00047 
20 .00006 .00008 .00017 .00036 .00069 
30 .00008 .00012 .00024 .00052 .0010 
40 

I 
.00012 .00017 .00035 .00076 .0015 

so .00018 .00025 .00051 .0011 .0022 
60 .00026 .00036 .00075 .0016 .0031 
70 .00038 .00053 .0011 .0024 .0046 
80 I .00055 .00077 .0016 .0034 .0067 
90 I .0008 .0011 .0023 .0050 .0098 

1 "" "" 1 ') "" 1 i::. 
rt.fl"l.A nn7'l n1 A 

' "" 

l 
,'lr.lVI'- ,V'lroll'lr.l ,'lr.lV-.J-, ,V\olf-.J .v,-

110 .0017 .0024 .0050 .011 .021 
120 .0025 .0035 .0073 .016 .030 . .,,., nn"'.lc nnc:1 ('11 '"'" fUA 
IJV 

I 
.vv~u .vu~ 1 .VI J .v,~ .v-..-. 

140 .0053 .0074 .015 .033 .065 
150 .0078 .011 .023 .049 .095 

). = 
b 8.6 X 10·10 [ (.!) 3 + 1] exp (1 s (T+273) 

423 ) 
T - Ambtent Temperature (°C) 
s - Ratio of Operating to Rated Voltage 
Operating voltage is the sum oi applied D.C. voliage I 
and peak A.C. voltaqe. 
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Capacitance Factor -ncv 
Capacitance, C (pF) 

2 

38 

300 

2000 

8600 

29000 

84000 

.... - .. - n ,u;;:r · 1 4 
''"L,; V - v.-..,...., 

Quality 

.... 
I 

s 

R 

p 

M 

L 

Quaiify Factor - 1t0 

MIL-C-5, Non-Est. Rel. Diweo 

MIL-C-5, Non-Est. Rel. Molded 

Lower 

I 
I 

I 
I 
I 

I 
I 
I 

I 

I 
I 

I 
I 
I 

I 
I 
I 

I 
I 

MIL-HDBK-217F 

10.7 CAPACITORS, FIXED, MICA 

ncv I 
.50 

I 

I .75 

1.0 
I 
I 

, .3 I 
1.6 I 
1.9 I 
2.2 I 

C:n\.1irnnrn.nr.n+ c..,._,.._.._, _ -
._ .. ,..nv1111n;;,111 , au1v1 - "'E 

I Environment I 1tE I 

I Gs I 1.07 
G~ ~U) 

I ·r I I ,... . " 
I ~ I IV I 

I N5 I 6.0 I Nu 16 

A.- en ~It; ~-v 

A1F 7.0 

Aue 22 

AuF 28 

A-•·• 23 . "HVV 

SF .50 

MF 13 

ML 34 
1ta 

CL 610 

.010 

.030 

.10 

.30 

i .0 

1.5 

3.0 

6.0 

i5 
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MIL-HDBK-217F 

10.8 CAPACITORS, FiXc01 MICA, BUTTON 

SPECIFICATION 
MIL-C-10950 

STYLE 
CB 

DESCRIPTION 
MICA, Button Style 

An = A..._1t,,_"1tn1tc Failures/106 Hours 

0 

10 

20 

30 

40 

50 

60 

70 

80 

Base Failure Rate• At 
(T = 85°C Max Rated) 

(Style CBSO) 

.0067 

.0071 

.0076 

.0082 

.009 

.010 

,, .... 
.U IC. 

.013 

.016 

.3 

.0094 

.0099 

.011 

n11 
.VI I 

.013 

.014 

,,.,,. 
.UIO 

.019 

.023 

Stress 
.5 

.019 

.021 

.022 

.026 

.029 

.039 

.047 

r U VY \.al L... 

.7 

.042 

.044 

.047 

.051 

.056 

.063 

.084 

.10 

.0821 

.0861 

.092 

• n I 
• IV 

.11 

.12 

.16 

.20 

T - AmhiAnt TAmpArl'ltllrA ( 0 r.) 

- . - . . I 
s • Ratio of Operating to Rated Voltage I 
Operating voltage is the sum of applied D.C. voltage 
and peak A.C. voltage. I 

10-14 

I o I 
iO 

20 

30 

40 

50 

50 

70 

80 

so 

100 

110 

i20 

130 

140 

iSO 

Base Failure Rate· Ab 
(T = 150°C Max Rated) 

(All Types Except CBSO) 
Stress 

.1 .3 .5 .7 

.0058 

.0059 

.0061 

.0062 

.0064 

.0067 

.0070 

.0074 

.0079 

.0085 

.0093 

.010 

.Oi i 

.013 

.015 

.Oi8 

.0081 .017 

.0083 .017 

.0085 .018 

.0087 .018 

.009 .019 

.0094 .019 

.0098 .020 

.010 .022 

.011 .023 

.013 .027 

.014 .03 

. Oi6 .033 

.018 .038 

.021 .044 

.025 .052 

.036 

.037 

.038 

.039 

.040 

.042 

.046 

.049 

.053 

.058 

.064 

...... 
• UIC. 

.082 

.095 

. i i 

.9 

.071 

.072 

.074 

.076 

.079 

.082 

.085 

.090 

.096 

1n .,v 

.11 

.12 

.. ., .. 
.16 

. 18 

.22 

fl.~\3 7 f /T ... ~n\6.3'\ 
~- .0053l lA} + 1Jexpl1.2 l ·423-J ) I 

I 
T • 

s -

Ambient Temperature (°C) 

Ratio of Operaiing to Rated Voiiage 

Op~rati~g ~o~tage. is the sum of applied D.C. voltage f 
and peak: A.c;. voltage. · j 

SEC et al. v. MRI 
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MIL-HDBK-217F 

10.8 CAPACITORS, FIXED, MICA, BUTTON 

r-....-1:.... c-.... -• - c-...,:. ____ _. r-....a-• -
YUGIIIY ra\olUI - '~a 1:;.11v11u11111u111 ra1.11u1 - AE 

Quality 1ta I Environment 1tE I 
MIL-C-10950 5.0 I GB , .0 I ~- 2.0 
Lower 15 I -i- I 

I ~ 10 I 

I Ns 5.0 I Capacitance Factor -1tr-\1 N11 16 
VY I u 

I Cat>acitarr.A. C lnF\ I ff."\ I I A ~ .... ~-,-----·------, - ~-, 
I ··1..1v I I "'IC -1.u I 

8 I .50 I I A1F 7.0 I Aue 22 
50 I .76 I I I A,,~ 28 

I I I ur I 160 1.0 A ,.,~ 

I I I '"'RW 

I 
.:;,;, 

I 500 , .3 SF .50 

1200 I 1.6 I I MF I 13 I 
I I I M, I 34 I 

2600 I 1.9 I I 
... L 

I I Cl 610 
5000 2.2 

n .,'l 

1tcv = · 31CU•'-"' 
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MIL-HDBK-21 7F 

10.9 (;At"A(;l l UH:S 1 FiXED1 GLASS 

SPECIFICATION STYLE DESCRIPTION 
MIL-C-11272 CY Glass 
MIL-C-23269 CYR Glass, Established Reliability 

AP = A.b1tCv1ta1tE Faiiuresii 06 Hours 

Base Faih.Jre Rate - At, Base Failure Rate - Ab 
(T ... 125°C Max Rated) (T - 200°c Max Rated) 

jMiL-C-i i272 Te!!!!. Ra!:!9e Dz {All MIL-C-23296 and MIL-C-11272 Teme. Ra!!3e C} 

IT A ("C) I I T .. ICC\ I Stl9SS I Stress I .1 .3 .5 .1 .9 .1 .3 .5 .7 .9 
I I 

n· . I ooo· _ I I""' -,I 
0 I .00005 .00005 

10 .00007 .00008 

I 20 .00011 .00012 

I 30 .00016 .00018 

I 40 .00024 .00027 

I 50 .00036 .00041 

I 60 .00054 .00061 

I 70 .0008 .00091 

I 80 .0012 .0014 

I 90 .0018 .0020 

100 .0027 .0030 

110 .0040 .0045 

-f'ln nnt::.n nnt::.o 
''" .vvvv .vvug 

.00010 .00023 

.00014 .00035 

.00022 .00052 

.00032 .00078 

.00048 .0012 

.00072 .0017 

.0011 .0026 

.0016 .0039 

.0024 .0058 

.0036 .0097 

.0054 .013 

.0080 .019 

n•.., n,.,n .v,, .v,.1 

.00055 I 

.00083 

.0012 

.0018 

.0028 

.0041 I 
I .0062 

I .0092 

.014 I 

.021 I 

.031 

.046 

n,:,n .vu;:, 

1 I 
J I 

I 

I 
I 
I 

0 

iO 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

I 

I 
I 

.00001 

.00001 

.00002 

.00002 

.00003 

.00005 

.00006 

.00009 

.00013 

.00018 

.00025 

.00035 

.00049 

.00069 

.00096 

.0014 

.0019 

.0027 

.0037 

.0052 

.0073 

.00001 

.OOOOi 

.00002 

.00003 

.00004 

.00005 

.00007 

.00010 

.00014 

.00020 

.00028 

.00039 

.00055 

.00078 

.0011 

.0015 

.0021 

.0030 

.0042 

.0059 

.0083 

.00002 

.00002 

.00003 

.00005 

.00007 

.00009 

.00013 

.00018 

.00025 

.00035 

.00050 

.00070 

.00098 

.0014 

.0019 

.0027 

.0038 

.0053 

.0075 

.010 

.015 

.00004 

.00006 

.00008 

.00011 

.00016 

.00022 

.00031 

.00044 

.00061 

.00086 

.0012 

.0017 

.0024 

.0033 

.0047 

.0065 

.0092 

.013 

.018 

.025 

.035 

:000::1 
.00019 

.000211 

.000381 

.000531 

.00074 

.0010 

.0015 

.0020 

.0029 

.0040 

.0056 

.0079 

.011 

.016 

.022 

.031 

.043 

.060 

.084 

I 
I 

I I .1 n r , c '\ 4 1 / , T • ..,7-2 '\ , I I \ • 8.25 x 1 O · - , ( _-;) · + 1 I exp ( 16 ( ';;;~) } 

T .. Ambient Temperature (DC) 

s - Ratio of Operating to Rated Voltage 

Operating voltage is the sum of applied D.C. voltage 
I I '-' , .., \ ' , / 

and peak A.C. voltage. I I 
...___ ___ ____. 

I 
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T Ambient Temperature (DC) 

s - Ratio of OpAraling Po Rated Voltage 

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

Capacitance Factor - rccv 
Capac-ttance, C (pF) 

1 

4 

30 

200 

900 

3000 

8500 

TCCV = 0.62CO.i4 

Quality 

s 

R 

p 

M 

L 

Qualitv Factor - ,c_ 
# u 

MIL-C-11272, Non-Est. Rel. 

Lower 

Mlt-HDBK-217F 

.62 

.75 

1.0 

1.3 

1.6 

1.9 

2.2 

i0.9 CAPACITOR51 FiXi:01 GLASS 

Environment Factor - 1t.­
t: 

Environment 

Aue 
AuF 

Acw ' ..... 
SF 

1.0 

2.0 

10 

6.0 

16 

5.0 
7n .. ., 

22 

28 

23 

.50 

I
I MF 13 

ML 34 

'l'Ca I ~' ____ c~L _____ ..._ __ s_1_0 __ _. 

.030 

.10 

.30 

1.0 

3.0 

3.0 

10 
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MIL-HDBK-21 ?F 

10.10 CAPACITORS, FIXED, CERAMIC, GENERAL PURPOSE 

SPECIFiCATiON 
M!L-C-11015 
MIL-C-39014 

STYLE 
CK 
CKR 

Base Failure Rate -~ 
(T • 85°C Max Rated) 

(Mll-C-39014 Styles CKR13, 48, 64, 72; 
Mll-C-11015 T - A Rated Tem--iaiuiu 

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

0 .00067 .0013 .0036 .0088 
10 .00069 .0013 .0037 .0091 
20 nn.n-,,. .0014 .0038 --... .UVVf I .VU':"J 

30 .00073 .0014 .0039 .0096 
40 .00075 .0014 .004 .0099 
50 .00077 .0015 .0042 .OiO 
60 .00079 .0015 .0043 .010 
70 .00081 .0016 .0044 .011 
80 .00083 .0016 .0045 .011 

\ - .0003 [ ( -~) 
3 + 1] (T+273 · exp 358 ) 

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

.9 I 
.018 
.019 I 
.019 I 
.020 
.020 
.021 
.021 
.022 
.023 

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

Base Failure Rate · Ab 
(T. 125°C Max Rated) 

(MIL-C-39014 Styles CKAOS-12, 14-19, 73, 74; 
MIL-C-11015 T e B Rated Tern erature 

=-~ 
I TA ("C) 

-.;JU1::'~ 

.1 .3 .5 .7 .9 
I"\ 

0 .00062 .0012 .0033 .0082 .o17 I 
10 .00063 .0012 .0034 .0084 .017 
20 .00065 .0013 .0035 .0086 .018 I 
30 .00067 .0013 .0036 .0088 .018 I 
40 .00068 .0013 .0037 .0090 .018 
50 .00070 .0014 .0038 .0093 .019 I 
50 nnn,~ .0014 .0039 nnnr .vuu, C. .uv:,;:, .019 I 
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 

- .. 3 
] {T+273) A. - .00031 {:' + 1 exp\ 398 D L \·.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. 

10-18 

DESCRiPTiON 
Ceramic, General Purpose 
CeramiC, General Purpose, Est. Rel. 

Base Failure Rate - ~-o 
(T -150"C Max Rated) 

MIL-C-11015T C RatedTem 

TA (''C) I Stress 
.1 ':l .5 ..... 

0 .00059 .0011 .0032 

10 .00061 .0012 .0033 

20 .00062 .00,2 .0034 

30 .00064 .0012 .0035 

40 .00065 .0013 .0035 

50 .00067 .0013 .0036 

60 .00068 .0013 .0037 

70 .00070 .0013 .0038 

80 .00072 .0014 .0039 

90 .00073 .0014 .0040 

100 .00075 .0014 .0041 

110 .00077 .0015 .0042 

120 .00079 l'V\4r .0043 .uv '" 

130 .00081 .0016 .0044 

140 .00083 .0016 .0045 

150 .00085 .0016 .0046 

rature 

.7 

.0078 

.008 

.0082 

.0084 

.0086 

.0088 

.009 

.0092 

.0095 

.0097 

.0099 

.010 

.010 

.011 

.011 

.011 

\ - [ /~\3 ] ___ /T+273) 
.0003 \.JJ + 1 exp\ 423 

... Ambieiii Temperaiure (°C) I 

s - Ratio of Operating to Rated Voltage 

I"\ -~ 
.01s 1 
.01s I 
-, - I 

.01 I ' 

.011 I 
n1 a f .v. V I 

.010 I 

.01s I 

.019 
I 

.019 I 
n-:>n I ·---, 

.020 I 

.021 I 
M< I 

.v.::; I ' 

.0221 

.022 I 
-~~ I 

.023 

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

NOTE: The rated temperature designation (type A. 
B, or C) is shown in the part number, e.g., 
CKG1AW22M). 
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MIL-HDBK-21 7F 

10.10 CAPACITORS, FIXED, CERAMIC. GENERAL PURPOSE 

capacitance Fador - "cv Environmem Factor - ,cE 
Capacitance, C (pF) 1tcv Environment 7tE 

6.0 .50 Gs 1.0 

240 .75 Gt= 2.0 

GM 9.0 
3300 1.0 Ns 5.0 

36,000 1.3 Nu 15 

240,000 1.6 AIC 4.0 

1,100,000 1.9 A1F 4.0 

4,300,000 2.2 
Aue 8.0 

AuF 12 

41C0.11 1tcv = · 
ARW 20 

SF .40 

MF 13 

Quality 7ta 

Quality Factor • nO 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 
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MIL-HDBK-21 7F 

10.11 CAPACITORS, FIXED, CERAMIC, TEMPERATURE COMPENSATING AND CHIP 

SPECIFICATION 
MIL-C-20 

MIL-C-55681 

STYLE 
CCR and CC 

CDR 

Basa Failure Raia • At, 
(T • 85°C Max Rated} 

(MIL-C-20 Stvles CC 20, 25, 30. 32. 35 45, 85, 95-97) 
Stresa 

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 .00049 .OOOSM .0026 .0064 .013 
40 .00073 .0014 .0039 .0096 .020 
50 .0011 .0021 .0059 .014 .029 
60 .0016 .0031 .0088 .021 -~ 
70 .002-4 .00"46 .013 .032 .065 
80 .0036 .0069 .019 .047 .097 

DESCRIPTION 
Ceramic, Te"1)8rature Compensating, Est. 
and Non Est. Rel. 
Ceramic, Chip, Est. Rel. 

Capacitance Factor- "'CV 

capacitance, c (pF) 

1 
7 

81 
720 

4,100 
17,000 
58 000 

1tcv = · 
59C0.12 

Quality Factor - n:0 

Quality 

xcv 
.59 
.75 

1.0 
1.3 
1.6 
1.9 
2.2 

-9[ (S)3 ] ( (T+273 ) ~-2.6x10 3 +1exp14.3 358 ) s 
R 
p 

.030 I 

T - Ambient Temperature (-C) 
s - Ratio of Opetatilig to Rated Voltage 

Operating voltage is the sum of applied 0.C. voltage 
and OAak A.C. vohane. 

Base 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 CDR S les 
Stress 

TA (•C) .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 
so .00030 .00057 .0016 .0039 .008 
60 .00042 .00082 .0023 .0056 .011 
70 .00061 .0012 .0033 .008 .016 
80 .00087 .0017 .00"47 .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 {r;:;3 ) ) 

T • Ambient Temperature (°C) 
S • Ratio of Operating to Rated Voltage 

Operating voltage is the sum of applied O.C. voltage 
and ak A.C. volta e. 

10-20 

M 
Non-Est. Rel. 
Lower 

Environment Factor - 1tE 

Environment 

Ga 
GF 

Gt,,4 
N5 
Nu 

Aic 
A1F 

Aue 
AuF 

ARW 

SF 

MF 

ML 

CL 

.10 

.30 
1.0 
3.0 

10 

xE 
1.0 

2.0 

10 

5.0 

17 

4.0 

8.0 

16 

35 

24 

.50 

13 

34 

610 I 
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MIL-HDBK-21 7F 

10.12 CAPACITORS. FIXED. ELECTROLYTIC. TANTALUM. SOLID 

SPECIFICATION 
MIL-C-39003 

STYLE 
CSR 

Base Failure Rate - At> 
Stress 

TA ("C) .1 .3 .5 .7 
0 .0042 .0058 .012 .026 

10 .0043 .0080 .012 .027 
20 .0045 .0063 .013 .028 
30 .0048 .0067 .014 .030 
40 .0051 .0072 .015 .032 
50 .0057 .0079 .016 .035 
60 .0064 .009 .019 .040 
70 .0075 .011 .022 .047 
80 .0092 .013 .027 .058 
90 .012 .017 .034 .074 

100 .016 .023 .047 .10 
110 .024 .034 .07 .15 
120 .039 .054 .11 .24 

.9 

.051 

.052 

.055 

.058 

.083 

.069 

.078 

.092 

.11 

.14 

"b•.00375[(.~) 3 + 1]exp(2.6 (T;:~) 9 ) 

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

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

Capacitance Factor - itcv 
Capacitance, C (µF) ncv 

.003 0.5 

.091 .75 
1.0 1.0 
8.9 1.3 

50 1.6 
210 1.9 
710 2.2 

1 OC0.12 ncv· . 

Oualily Faotor - 11:0 
Quality no 
D 0.0010 
C 0.010 
s 0.030 
B 0.030 
R 0.10 
p 0.30 
M 1.0 
L 1.5 
Lower 10 

DESCRIPTION 
Tantalum Electrolytic (Solid), Est. Rel. 

Series Resistance Factor - nsR 
Circuit Resistance, CR (ohms,vott) 1tsR 

>0.8 .066 

>0.6to o.a .10 

>0.4 to 0.6 .13 

>0.2 to 0.4 .20 

>0.1 to 0.2 .27 

0 to 0.1 .33 

CR• 
Eff. Res. Between Cae. and Pwr. Sueeii 

Voltage Applied to Capacitor 

Environment Factor - 7tE 

Environment ne 
Ge 1.0 

GF 2.0 

~ 8.0 

N5 5.0 

Nu 14 

A,c 4.0 

AIF 5.0 

Aue 12 

AuF 20 

ARw 24 

SF .40 

MF 11 

ML 29 

CL 530 
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MIL-HDBK-21 7F 

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

SPECIFICATION 
MIL-C-3965 
MIL·C-39006 

STYLE 
CL 
CLR 

Base Failure Rate • ~ 

CT • es•c Max Rated) 
fMIL-C-3965 S1vles CL24-27 34-37) 

St1'8SS 
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 
so .0047 .0066 .014 .029 
60 .0065 .0091 .019 .041 
70 .0098 .014 .029 .062 
80 .017 .023 .048 . ,o 

.9 
.026 
.028 
.031 
.036 
.044 
.057 
.079 
.12 
.20 

\, • .001ss[ (.~} 3 + 1]exp(2.s (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 • At> 
(T • 125°c Max Rated) 

(MIL-C-3965 Styles CL20-23, 30-33, 40-43, 46-56, 64-
67, 70-73; and all MIL-C-39006 Styles) 

Stress 
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 .064 

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 (DC) 
s .. Ratio of Operating to Rated Voltage 

Operating voltage is the sum of applied 0.C. voltage 
and peak A.C. vohage. 

10-22 

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

TA(°C) 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

Base Failure Rate • ~ 

(T - 11s•c Max Rated) 
MIL-C-3965 S1vles CL10. 13 14 16-18) 

Stress 
.1 .3 .5 .7 

.0017 .0024 .0050 .011 

.0017 .0024 .0051 .011 

.0018 .0025 .0052 .011 

.0018 .0025 .0053 .011 

.0019 .0026 .0054 .012 

.0019 .0027 .0056 .012 

.002 .0028 .0058 .013 

.0021 .0030 .0062 .013 

.0023 .0032 .0066 .014 

.0025 .0035 .0072 .016 

.0028 .0039 .0080 .017 

.0032 .0044 .0092 .020 

.0037 .0052 .011 .023 

.0046 .0064 .013 .029 

.0059 .0082 .017 .037 

.0079 .011 .023 .049 

.011 .016 .033 .071 

.018 .025 .051 

.9 

.021 

.021 

.022 

.022 

.023 

.023 

.024 

.02" 

.028 

.030 

.034 

.039 

[ ( s ) 3 ] ( / T +273 ) 9. o ) \, •. 00165 _4 + 1 exp 2.6 \ 448 

T - Ambient Temperature (DC) 

s - Ratio of Operating to Rated Voltage 

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

IVIIL•u• 1u:,;Ju \JD IVIIV"'• DUllUII ~IVte' 
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1 0 .13 CAPACITORS, FIXED, ELECTROLYTIC, TANTALUM, NON-SOLID 

Capacitance Factor - "cv 
Capacitance, C (µF) 

.091 
20 

1100 

Jtcv•-82C0.066 

Construction Factor - nc 
Construction Type 

Slug. All Tantalum 
Foil, Hermetic • 
Slug, Hermetic • 
Foil, Non-Hermetic • 
Slug, Non-Hermetic• 

•Type of Seal Identified as Follows: 

ncv 

.70 
1.0 
1.3 

.30 
1 .0 
2.0 
2.5 
3.0 

1) MIL-C-3965 (CL) - Note Last Letter in Part Number: 
G - Hermetic E - Non-Hermetic 

Example: CL 1 0BC700TP.G 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 

I 

Quality Factor - n0 
Quality 1ta 

s .030 

R . ,o 

p .30 

M 1.0 

L 1.5 

MIL-C-3965, Non-Est. Rel. 3.0 

Lower 10 

Environment Factor - 1tE 

Environment nE 

Gs 1.0 

GF 2.0 

GM 10 

Ns 6.0 

Nu 16 

AIC 4.0 

A1F 8.0 

Aue 14 

AuF 30 

ARW 23 

SF .50 

MF 13 

M!.. 34 

C, I 610 -L 
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10 .14 CAPACITORS, FIXED, ELECTROLYTIC, ALUMINUM 

SPE.CiFiCATION 
MIL·C·39018 

STYLE 
CUR and CU 

(T "" 85°C Max Rated) 
(MIL-C-39018 Style 71) 

I Stress 
TA (°C) l .1 .3 .5 .7 

0 

I 
.0095 .011 .019 .035 

10 .012 .Oi5 .024 .046 
20 .017 .020 .033 .062 
30 .023 .028 .046 .087 
40 I .034 .042 .068 .13 
so .054 .06..'i . 11 .20 
60 I .089 .11 .18 .33 
70 .16 .19 .31 .58 
80 .29 .35 .58 1. 1 

.9 
.064 
""· .uoq. 

. 11 

.16 

.23 

.36 

.60 
1 . ; 
2.0 

[ ( S \ 3 ] ( ( T +273 \ 5 
Ab ... 00254 :S / + 1 ex\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. 

Base Failure Rate - At, 
(T = 105°C Max Ratedj 

MIL-C-39018 St les 16 and 17 
Stress 

TA (°C) l ., .3 .5 .7 .9 

0 .0070 .0084 .014 .026 .047 
I 

10 .0085 .010 .017 .031 .0571 
20 .011 .013 .021 .040 .072 
30 .014 .017 .027 .051 .094 
40 .019 .022 .037 .069 .13 
50 .026 .031 .052 .097 .18 
60 .038 .046 .076 .14 .26 
70 .059 .071 .12 .22 .40 
80 .095 . 11 .19 .35 .64 
90 .16 .20 .32 .61 1. 1 

100 . 30 .36 .59 1 .1 2.0 

r / s ) 3 7 / / T +273 \ 5 ) 
Ab - .00254 L \.s + 1 J expl 5.09 l 378. 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. 

10-24 

P'I II 

I 
I 

DESCRiPTION 
Electro!ytic, Aluminum Oxide, Est. Re!. and Non-Est. Rel. 

I 
I 

I 

I 
I 
I 

Base FaihJre Rate - ho 
(T ~ 125°C Max Rated) 

(All MIL-C-39018 Stvles Except 71 16 and 17) 

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

0 .0055 .0067 n◄◄ .02, .038 .VI I 

,o .0065 .0078 .013 .024 .044 

20 .0077 .0093 .015 .029 .052 

30 .0094 .011 .O'i9 .035 .064 

40 .012 .014 .023 .044 .080 

50 .015 .019 .030 .057 , 10 

60 .021 .025 .041 .077 . i4 

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 .21 '> A .63 ..... 
120 .30 .37 .60 1.1 

r ,~ ~ 3 
).b"' .00254 l (.~) + ,] exp(5.09 (T;:~) 5 ) 

T - Ambient Temperature (°C) 

C - Ratio of Operating to Rated Voltage ..., 

Operating voltage is the sum of applied D.C. voltage ... ---l, ··<1!'!1,- ... 
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10.14 CAPACITORS, FIXED, ELECTROLYTIC, ALUMINUM 

~Gr,,s,-a,.....,.. .. i::,..,..,..r - --· . ►nuirnnrnAnt s: .. ,..,..r _ -
"'~'""15H ""'u I lliftolll.V• - "'GV -•••••-11111""111 I .aVl'W'J - ··e 

,... ____ :., ____ ,.. '--~ 
ncv Environment vdpi:IUli:ll~tf, '-' lJ.IT"I I I xE 

2.5 .40 I Gs I 1.0 

G.- 2.0 
55 .70 I 

-r 
I ,.. ..... 

I ~ I IC. 

An,_ ., n 
&fUU ,.u 

I Ns I 6.0 

1700 1.3 Nu 17 

,-,-,.. A i.6 I A.- I 1n :::,:::,uu I ,...IG I 
,.., 

14,000 1.9 

' 
AIF I i2 

Aue 28 
32.000 2.2 I I A, IC" 35 

I 
..,, 

I 65,000 2.5 A-··· ?7 

I 
~HW 

I 
... 

I 120,000 2.8 SF .50 

I MF I 14 I 
ff-. .. ,.. ~4~0.18 I M, I 38 I --vv - ·- ·-

I 
L 

I I CL 690 

Ouailty _Fa~or - n:0 

I Quality I KQ I 

I s I .030 

' I R I .10 I 
I p I 

.30 
I 

I I I M 1.0 

I 
Non-Est. Rei. 

I 3.0 I 
I I I 
I Lower I 10 I 
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10 .1 5 CAPACITORS, FIXED, ELECTROLYTIC (DRY), ALUMINUM 

SPECIFICATION 
M!L-C-62 

STYLE 
CE 

DESCRIPTION 
Aluminum, Dry Electrolyte, Polarized 

An = A. ... nr-\/'Jtn1tc Failures/106 Hours 
,... U VY ~ L. 

Base Failure Rate - At, 
{T = 85°C Max Rated~ 

I Stress 
TA (°C) . , .3 .5 . 7 .9 

Ci I .Oo64 .00i4 .Oil .020 .0341 
10 .0078 ,009 .014 .024 .042 
20 I .0099 .011 .017 .030 -~~~ I 
30 

I 
.013 .015 .023 .040 .o,o I 

40 .018 .02, .031 .055 .096 
50 .026 .030 .046 .08 .14 
60 I .041 .047 .071 .12 .22 I 71'\ n.C,D f'\"70 1., .2, .35 IU 

I 
.uug .v, u ..... 

I 80 .120 .14 .21 .37 .65 

r( S )3 l ( (T+273) 5.9 \ 
~ - .0028 ~ + 1 exp 4.09 ~ I 

u L \ --- / J \ \ --- / ) 

T • Ambient Temperature (°C) 

S - Ratio of Operating to Rated Voltage 

??!~~i~~ ~~~! .. i~:~e sum of applied D.C. voltage I 
c1nu pea11. A.\J. vu1ldy111. I 

Capacitance Factor - rr.cv 
~:::an:::a~it~Hr.P ~ , .. i=, ,r_,.., .. # __ ,... ___ ,. __ ~-, - ,,,_,. , 

.. I.., V 

3.2 .40 
62 .70 

400 ; .o 
1600 1.3 
4800 1 .6 

12,000 1.9 
26,000 I 2.2 
i:;n nnn 2.5 ..... v,vvv 

I 91,000 2.8 

n 10 

rrcv-= . 32C"· '.7 

Quality Factor - n0 
Quality 

MIL-SPEC 

Lower 

Cn"i'""""""'"'"t c..,......+"'-r _ -
1-11v11vHJH01n I avn,.,, - '""E 

t:nvironment 

Ga 

Ge: I ... , f'! 
'-'M 

Ns I Nu 
A,,.. --,v 

AIF 

Aue 
AUF 

ARW 
Q_ 

'-'F I 
MF I 
ML I CL 

10-26 

7tn ..... 

3.0 

iO 

nE 

1.0 

2.0 

12 

6.0 

17 

10 

12 

28 

35 

27 

.50 

;4 

38 

690 

I 
I 

I 
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1O.16 CAPACITORS. VARIABLE. CERAMIC 

SPECIFICATION 
~.11L .. c--s, 

STYLE 
CV 

DESCRIPTION 
var.able, Ceramic 

L = A.. K-2t- Failures/106 Hours 

Base Failure Rate - ;i:> 
(T = 85°C Max P.ated) 

~ D U t:. 

(MIL-C-81 Stvles CV 11. 14, 21. 31, 32. 34, 40, 41) 

lrA(oed .1 .3 ~s .7 .9 I 
I o I .ooao -~~~ -~! -!~ -~! I 

I I I :ifil :~ :~ :; iii I 
I 70 I .oo7s .041 .1, .<is .94 I 

80 .011 n~R ?.4 F:~ 1 ~ 

1 \- .~2•[ u, ).-~-,J-.. ·(;_s. c~) ;:.,) 1 

I ! .. ~bienJ !em~rature J°C) _ _ _ _ I I s • RatiO of Operating to Rated Voltage I 
Operating voltage is the sum of applied D.C. voltage 

I and peak A.C. vohage. I 

R~ic:A F=Alh1rA RmA -)i) 

(T .. 125°C Max Rated) 
(MIL-C-81 Styles CV 35, 36) 

I TA ~"C) I . i .3 St~5 . 7 .9 

I o I .0028 .015 .061 .16 .35 

2100 .0028 .015 .062 .17 .35 
.0029 .016 .064 .17 .36 

I :g I :gg;~ :~~; ::: : ~: :;~ 
50 .0033 .018 .072 .19 .41 
60 .0035 .019 .077 .21 .44 
70 .0038 .021 .084 .23 .48 
80 .0043 .023 .095 .25 .54 
90 .0050 .027 .11 .30 .63 

,...~"!I .. ... l'IILJ .,#.!> .u.:,.:, . ,.. ..:,o . ,o 100 .0062 
110 .0079 .043 .17 .47 .98 

1120 .011 .059 .24 .64 1.4 

fl~\3 1 / /T ... ?7'll\10.h 
I ¾,-.002241 (_17J +, 1•xPf 1.s9 ( ·;0itJ -·· 1 I ~, , .J ' , , / 

I ~ : ~:~w;;t ~~~i~~~~ A:~id Voltage 

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

Quality Factor - x,.,. 

QtJality 

MIL-SPEC 

Lower 

Environment Factor - ,cF 

Environment 

Aue 
AuF 
ARW 

4 

20 

1.0 

3.0 

13 

8.0 

24 

6.0 

10 

37 

70 

36 

.40 

20 

§2 

950 
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10.17 CAPACITORS, VARIABLE, PISTON TYPE 

DESCRIPTION SPECIFICATION 
MIi -r.-u4nq 

STYLE 
PC Variable, Piston Type, Tubular Trimmer 

(T .. 125°C lV.ax fl.ated) 
MIL-C-14409 St les G H J, L 

Stress 

A,...= AL11: ... 1t ... Failures/106 Hours ,., out: 

O..ia!!ty Factor -11:0 
Quailty 

.1 .3 .5 .7 .9 MIL-SPEC 

Lower 
ftftl"'.lllft .. 0051 ft4 .. .uu,;,u .u,~ 

.0041 .0070 .018 

.0055 .0094 .024 

.0075 .O'i3 .033 

,..,.4 .u~, :~: I 
. 11 I 

.010 .017 .044 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

.014 

.Oi9 

.025 

.034 

.047 

.063 

.086 

.12 

.024 

.032 
,043 
.059 
.079 
. 11 
.15 
.20 

.060 

.082 

.11 

.15 

.20 

.27 

.37 

.51 

.042 

.057 

.077 

.10 

.14 

.Hi 

.26 

.35 

.48 

.65 

.88 

:1~ I 
.29 
.39 
.53 
.71 
.96 

Environment Factor - nc 

100 
110 
120 1.2 

1.3 
1.8 
2.4 

I _ 7 r·· 1 s , 3 1 r1 1 T +273, 1 1 l).b-7.3x10 L\·331 +1/~x ... \12.1, 398 / )I 
T .. Ambient Temperature (°C) 
S - Ratin nf OnAratinn tn R:atAl'I VnltAnA I Op~rating ~o_llage_ ;; the s.;m of applied D.C. voltage I 

J and peak A.C. voltage. I 
Base Failure Rate -~ 
(T • 150°C Max Rated) 

'MfL-C-14409 Characteristic O' 
Stres..s 

T"C . 1 .3 .5 .7 .9 
0 .0019 .0032 .0081 .019 .038 

10 .0025 .0042 .011 .025 .051 
20 .0033 .0056 .014 .034 .068 
30 .0044 .0074 .019 .045 .09 
An nru::.a t'\t'\nn ,vu:: nc.n .... -.v .UUJU .UU.:J.:7 .VLJ .vuv . '' 
50 .oon .013 .034 .079 .16 
60 .010 .018 .045 . 11 .21 
70 .014 .023 .060 .14 .28 
80 .018 .031 .079 .19 .38 
90 .024 .041 . 11 .25 .50 

'iOO .032 .055 i4 33 67 I 

H~ :~~ :~? __ :~_;_ ,:_io: ~_~:_-i,9 I I _1~ :1~ :~~ ;; ,.. ~-• I 
_____ 7r / S \3 .1 / __ . /T+273\ \ 

~ .. ,.;jxiu· L\-33} + 1Jex'\12.1 \ 423 }) 

T Ambient Temperature (°C) 
5 • Ratio of Operating to Rated Voltage 
("'\ __ r .... ti.-.- ,,_ .. ___ i ........ _ ~--- _, ___ ,._ .... n,.,. .• _ .. __ _ 
,._,,.,1111:11,aH••~ •un.Cll\:I• •~ 1.111111 -tu,11 u1 a..,.,,nuu u.v. vunayu 
and_pe_ak A.C. voltage. 

10-28 

... 
Environment 

,.. ~e 

I GF 

GM I 
N,.. . ·.:, 

I Nu 
Arc ' A!F I 
Aue I A 

'"'UF I 
ARW 

SF I M.-r I .. IVIL I 
CL 

3 

10 

7[,-··c 
.. n ,.u 

3.0 

12 

7.0 

18 

3.0 

4.0 

20 
... n 
vV 

32 

.50 

18 

""" "tQ 

830 

I 
I 
I 

I 
I 
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1 0. 1 8 CAPACITORS, VARIABLE, AIR TRIMMER 

SPECIFICATION 
M!L-C-92 

STYLE 
CT 

DESCRIPTION 
Vari=lhl"', Air TrimmAr 

i ... = l._11:r,,1t,.. Failures/106 Hours 

I O I 
10 

20 

30 

40 

50 

60 

70 

I 80 I 

Ra!=:.A J=;iilltrA R::rtA - )-b 

CT ~ 85°C Max Rated) 
Stress 

.1 .3 .5 

.0074 .013 .032 

.010 .017 .044 

.014 .023 .059 

.018 .031 .08 

.025 .042 .11 

.034 .057 .15 

.046 .078 .20 

.062 .10 .27 

.083 .14 .36 

t' U U C 

.7 

.076 

.10 

.14 

.19 

.26 

.35 

.47 

.63 

.85 

.9 

.15 

.21 

.28 

.38 

.52 

.70 

.94 

, .3 

1. 7 

1 ~ •:-92x 1~:~~;:!~-:~]--~~~10.8 (T~~) )j 
I , • ""11u11:n11 11:nnpt:trcuure{-"'J I 
I S - Ratio of Operating to Rated Voltage I 
I Operating voltage is the sum of applied D.C. voltage I 

and peak A.C. voltage. 

Quality Factor- n0 
Quality I no I 
Mil-SPEC I 5 I 

I I Lower 20 

Environment Factor - 1tE 

Environment xe 
Ge 1.0 

G~ 3.0 . 
G;_., 13 

Ns 8.0 

Nu 24 

A;c 6.0 

A1F 10 

Aue 37 

AUF 70 

SF .50 

MF 20 

ML 52 

CL 950 
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10.19 CAPACITORS, VARIABLE AND FIXED, GAS OR VACUUM 

I 
I 
I 

I 
I 
I 

I 

SPECIFICATION 
MIi -r.-?~1R~ 

STYLE 
CG 

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

(Styles CG 20, 21, 30, 31, 32, 40-44, 51, 60-64, 

I 
67) 
c--.-..-

T"C I .;HI-
.1 .3 .5 .7 .9 

0 I .015 .oa, .33 .88 1.9 
10 I .016 .084 .34 .92 1.9 
20 .017 .090 .37 .98 2.1 
30 .018 .098 .~o ,., 2.2 
40 I .020 .11 .45 1.2 2.5 
50 I .024 .13 .52 1.4 2.9 
50 .029 .16 .64 , .7 3.6 
70 I .038 .20 .83 2.2 4.7 
80 .054 .29 1.2 3.2 6.6 

_ r , s , 3 , , , T +n~, 11"1 1 , 

Ab•.01121 l.11} + 11expl1.59 l .358-)'"·' J 

I 

I 
I 

I 
I 
I 

I 
T • :~bie~t Tempe~ature,(°C) • . /I 
S = Detifl"I f"llf r'\n..a•ati ..... ,. ♦- C-!!111♦-,,l \/-tt'\!!111-a 
- I·-·~,.,, ,,_,,., ... , .... 101~ '"" J ICH'CJU YVIU;;l~V I 
Operating voltage is the sum of applied D.C. voltage 
and -aak A.C. volts-a. 

T"C 

0 
10 
20 
30 
40 
50 

.1 
n1 .A .v,~ 

.015 

.015 
n• t> .u,u 

.018 

.020 

Base Faih.Jre Rate • At, 
(T .. 100°c Max Rated) 

(Styles CG 651 66) 
Siress 

.3 .5 
n"7CI .u,'"' 

.080 

.084 ,., ... 

.Uc;;JD 

.095 

.11 

.33 

.34 

.39 

.43 

.7 
CII:: _.,.., 

.87 

.91 

1.0 
1.2 

.9 
1 Cl ,_., 
1.8 
1.9 

2.2 
2.4 

60 .022 .12 .49 i.3 2.8 
70 .027 .14 .59 1.6 3.3 
80 .034 .18 .74 2.0 4.2 I 1 ~g :g: :~: 1 :~9 ~:~ ~:~ I 

I ' -··- r / s \3 _7 /_ -- /T+273\rn ,, I I 'b - .UII" L \:-U' + lj expl l.tl\,I \ 373 r-·.) 

I T - Ambient Temperatur~ (°C) , 
S • Ratio cf Operating 10 Ratad Voltage 

I ~,!'~~~ ~~~~.}~!~e sum of applied O.C. voltage I 
a,,u t'1:111ar\ rt..v. vuuc:ayt:t. J 

10-30 

DESCRIPTION 
Gas or Vaa.0Jm Dieledric, Fixed and Variablet Ceramic or 
Glass Envelope 

I ~I ., 
I o I .014 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

.014 

.014 

.015 

.016 

.016 

.018 

.019 

.022 

.025 

.031 

.04 

Base Failure Rate - An ., 
(T • 125°C Max Rated) 
- (Style CG 50) . 

Stress 

.075 .31 

.077 .31 

.078 .32 

.08 .33 

.084 .34 

.088 .36 

.095 .39 

.10 .42 

.12 .48 

.14 .55 

.17 .68 

.21 .87 

.., . , 

.82 

.83 

.85 

.88 

.91 

.96 

1.0 

1. 1 

1.3 

1.5 

1.8 

2.3 

1.7 

1.8 

1.9 

1.9 

2.0 

2.2 

2.4 

2.7 

3.1 

3.8 

4.9 

1
1 ,20 1 .055 .29 , .2 3.2 6.8 

" . s . 3 , - -- • . I 
I ~-.0112 I{-:.=,) + 1 lexp(1_59 (T!!:?)10.1)1 

u L \ .•• , J \. \ ..,.,., , } I 
T - Ambient Temperature (°C) I 
S - Ratio of Operating to Rated Voltage 

Ooeratina vottaae is the sum of aDDlied D.C. voltaae I 
and peak A.C. voltage. . . - I 
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10.19 · CAPACITORS, VARIABLE AND FIXED. GAS OR VACUUM 

Configuration Fador-1tCF Environment Factor - "E 

Configuration n:cF Environment ne 

Fixed .10 Ge 1.0 

GF 3.0 
Variable 1.0 

Gu 14 

Ns 8.0 

Nu 27 
Quality Factor - n0 A,c 10 

Quality 7tQ 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 "CO- in the type designation Indicate that the specification is MIL-C-19978 and that II is a Non­
Established Reliability quality level. The 1st "K" in the designation indicates characteristic K. The "E" in 
the designation corresponds to a 400 voh DC rating. The "153" in the designation expresses the 
capacitance in picofarads. The first two diglls are significant and the third is the number of zeros to follow. 

Therefore, this capacitor has a capacitance of 15,000 picofarads. (NOTE: Pico- 10·12• µ. 10-S, 

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 the tables Shown in Section 10.3. Voltage stress ratio 
must account for both the applied DC volts and the peak AC voltage, hence, 

10-32 

s • .68 

At> = .0082 

XCV .., .94 
1tQ = 10 
nE • 2.0 

DC Volts Applied + ..f2 (AC Volts Applied) 
DC Rated Voltage s-

200 + -../2 (50) _ 68 
400 - . 

Substitute S - .68 and TA - 55°C into equation shown 

with Characteristic K At, Table. 

Use Table Equation (Note 15,000 pF = .015 µF) 

"I>= At, 1tcv 1ta n:E = (.0082)(.94)(10)(2) • .15 Failures1106 Hours 

·--- I 
I __ ..,. __ • 

•VVV I 

-
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SPECIFICATION 
MIL-T-27 
MIL-T-21038 
MIL-T-55631 

1HS ("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 

lp = lb"07tE Failures/106 Hours 

Base Failure Rate - At, 
Maxlrrum Rated Operating Temperature (°C) 

1052 ,303 1ss"' 

.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 

>1708 
.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) 15.8 
~ • .0018 • ., 32til MPL-T-27 Pnaulabon Class 0, MIL-T-21038 lnsulalion Class a. and MIL-T-55831 lnsulalion C1au o.· 

2 (T HS + 273) 14 
\ •• 002 exp 352 MIL•T-27 Insulation Cius R, Mll•T-21038 lnaulalion Class R, and MIL•T-55631 Insulation Class A." 

3 r-HS + 273)8.7 
\ • .0018 eicp 384 Mll•T-27 lnsulalion Class S, Mll-T-21038 Insulation Class S, and MIL-T-55631 Insulation Class B." 

4 (-HS+ 273) 10 
\ •. 002 ea:p 400 Mll•T-27 lnaulalion Clasa V, Mll·T·21038 lnaufalion Clasa T, and MIL•T·55631 Insulation Class C." 

5 r-HS + 273) 3.8 
~ • .00125 9)11) 31N3 Mll-T-27 lnsulallon Class T and MIL-T-21038 Insulation Cius U." 

6 (T HS + 273) 8.4 
\• .0015Gexp 477 MIL-T-27 lnaulation Class U and Mll-T-21038 lnsulalion Class V." 

T HS• HDI Spot Temperature (-C), See Section 11.3. •Refer to Tranatormer Appllcatlon Note tor Determination of lnaulatlon CIH■ 
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MIL-HDBK-217F 

11.1 INDUCTIVE DEVICES, TRANSFORMERS 

Quality Factor - 1tQ 

Familv Tvoe• I MIL-SPEC Lower 

Pulse Tiansformers I 1.5 5.0 

Audio Transformers I 3.0 7.5 

Power Transformers and Filters 

I 
8.0 30 

RF Transformers I 12 30 

. R•f•r to Transformer Appllcatlon Not• for 
Determination of Family Type 

Environment Factor - nE 

Environment nE 

Gs 1.0 

GF 6.0 

~ 12 

Ng 5.0 

Nu 16 

A1c 6.0 

A1F 8.0 

Aue 7.0 

AUF 9.0 

ARW 24 

SF .50 

MF 13 

ML 34 

Cl 610 

ii-2 

I 

I 

TRANSFORMER APPLICATION NOTE: 
lnsuiation Class and Family Type 

Determination 

MIL-T-27 Example Designation 

lF ◄ R 01 GA 

I I I I I 
M!L-T-27 Cr&de lr-.ulatloo Farrwty Cue 

Class Symbol 

Family Type Ox!es Are: 

576 

Power Transformer and Filter: 01 thru 09, 37 thru 41 

Audio Transformer: 10 thru 21, 50 thru 53 

Pulse Transformer: 22 thru 36, 54 

MIL-T-2Hi38 Exampie Designation 

TP 4 Q X1100BC001 

I 
MIL-T-21038 Grade Insulation 

Class 

MIL-T-55631. The Transformers are Designated 
with the following Types, Grades and Glasses. 

Type I 
Type II 
Type Ill 

Grade 1 

Grade 2 

Grade 3 

Class 0 

Class A 

Class B 

Class C 

• Intermediate Frequency Transformer 
RadtO Frequency Transformer 

- Discriminator Transformer 

- For Use \AJhan Immersion and 
Moisture Resistance Tests are 
Required 

- For Use \,Vhen Moisture Resisiance 
Test is Required 
For Use in Sealed Assemblies 

85°C Maximum Operating 
Temperature 
'i 05°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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MIL-HDBK-217F 

11.2 INDUCTIVE DEVICES, COILS 

SPECIFICATION 
MIL-C-15305 
MIL-C-39010 

STYLE DESCRIPTION 
Fixed and Variable, RF 
Molded, RF, Est. Rel. 

A.p = A.bncna7tE Failures/106 Hours 

Base Failure Rate - At, Construction Factor - XC 
Maximum Operating Temperature (°C) Construction 

THs(•C) es1 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 .ooo, 
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 - 1tQ 

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 temoerature ratina for a aiven insulation class. 

1. (T HS + 273) 15.tl MIL•C-15305 
~ • .000335 exp 329 lnaulalion Cius o.· 

2 

(T HS + 273) 14 
MIL·C-15305 
lnsulalion Class A and 

\ • .000379 exp 352 MIL-C-39010 
lnauldon Cina A.• 

3. 

(THS + 273) 8.7 
MIL-C-15305 
lnaulalion Cius B and 

\ • .000319 exp 384 MIL•C-39010 
lnlulalion Clau B. • 

4. 

r-HS + 273) 10 
MIL-C-15305 
Insulation Class C and ¾, • .00035 exp 409 MIL•C-39010 
Insulation Class F. • 

T HS • Hot Spot Temperature (°C), See Section 11 .3. 

•Refer to Coll Appllcellon Note for Determlnetlon of 
lnaulatlon Claea. 

nc 

1 

2 

7tQ 

.03 

.10 

.30 

1.0 

4.0 

20 
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MIL-HDBK-217F 

11.2 INDUCTIVE DEVICES, COILS 

Environment Factor - xE 

Environment KE 

Gs 1.0 

Gt= 4.0 

Gt.. 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: lnaul■tlon Clas• 
Determination From Part Dealanatlon 

MIL-C-15305. All parts in this specification are 
R.F. ooils. An example type designation is: 

r 
MIL-C-15305 

i 
Insulation 

Class Code 

i 001 

Family 

The codes used for the Insulation Class are: 
ClassC: 1,2,3 
Class B: 4, 5, 6 
Class 0: 7, 8, 9 
Class A: 1 0, 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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MIL-HDBK-21 ?F 

11.3 INDUCTIVE DEVICES, DETERMINATION OF HOT SPOT TEMPERATURE 

Hot Spot temperature can be estimated as follows: 

where: 
THS 

TA 
AT 

= 

"' 
-

Hot Spot Telll)8rature (°C) 

Inductive Device Ambient Operating T amperature (°C) 
Average Temperature Rise Above A;ribient (°C) 

~T 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 
deSCiibed below. 

1 
I. 

2. 

3. 

4. 

t. T AoProximation 
Information Known 

MIL-C-39010 Slash Sheet Numbei 
MIL-C-39010/1C-3C, SC, 7C; 9A; 10A, 13, 14 

MIL-C-39010/4C, 6C, 8A, 11, 12 

Power Loss 
Case Radiating Surface Area 

Power Loss 
Transformer Weight 

Input Power 
Transformer Weight 
(Assumes 80% Efficiency) 

WL = Power Loss (W) 

t. T Aooroximation 

AT= 15°C 

t.T = 35°C 

A "' Radiating Surface Area of Case (in2). See below for MIL-T-27 Case Areas 

Wt. "' Transformer Weight (lbs.) 

w1 .. 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. 

Case 

AF 
AG 
AH 
AJ 
EB 
EA 
FB 
FA 

MIL-T-27 Case Radiating Areas (Excludes Mountino Surface) 
Area lin2) Case Area fin2\ Case 

4 GB 33 LB 
7 GA 43 LA 

11 HB . 42 MB 
18 HA 53 MA 
21 JB 58 NB 
23 JA 71 NA 
25 KB 72 OA 
31 KA 84 

82 
98 
98 

115 
117 
139 
146 
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MIL-HDBK-217F 

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 model is dictated by two failure modes, bearing 
failures and winding failures. Application of the modal to D.C. brush motors assumes that brushes are inspected and 
replaced and are not a failure mode. Typical applications include fans and blowers as well as various other motor 
applications. The model is based on Reference 4, which contains a more comprehensive treatment of motor life prediction 
methods. The reference should be reviewed when bearing loads exceed 10 percent of rated load, speed& 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 section is an average failure rate for the motor operating over time period "t". The motor openmng 
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, 1p, has t>.en obtained by dividing the cumulative hazard rate by t, 
and can be treated as a constant failure rate and added to other part faDure rates from this Handbook. 

¾, • [ 12 
3 + - 1- ] x 106 Fallures/106 Hours 

a 6 °w 

Bearing & Winding Characteristic Life - as and aw 
TA (OC) a8 (Hr.) aw (Hr.) TA (°C) a 8 (Hr.) °W (Hr.) 

-40 310 1.9e+0B 55 44000 2.3e+D5 
-35 310 1.28+08 60 35000 1.Be+OS 
-30 330 7.48+07 65 27000 1.4e+05 
·25 370 4.78+07 70 22000 1.1e+D5 
·20 460 3.18+07 75 17000 8.8e+04 
-15 660 2.0e+07 80 14000 7.0e+04 
·10 1100 1.48+07 85 11000 5.78+04 

-5 1900 9.28+06 90 9100 4.6e+04 
0 3600 6.4e+06 95 7400 3.8e+04 
5 6700 4.58+06 100 6100 3.18+04 

10 13000 3.2e+06 105 5000 2.Se+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.Se+04 
30 78000 8.9e+05 125 2400 1.2e+04 
35 86000 6.6e+05 130 2100 1.0e+04 
40 80000 5.0e+DS 135 1700 B.9e+03 
45 68000 3.Be+OS 140 1500 7.5e+03 
50 55000 2.98+-5 

[ 10 { •·•" ·r,'!';,,} + J «s (20. T '!°:,,) 
.. 

10 A + 300 

[ 2357 1.83) -
aw .. 10 TA+ 273 

ae - Weibull Characteristic Life for the Motor Bearing 

aw - Weibull Characteristic Life tor the Motor Windings 

TA - Ambient Temperature (°C) 

t - Motor Operating lime Period (Hours) 

NOTE: See next page for method to calculate a8 and aw when temperature is not constant. 
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MIL-HDBK-217F 

1 2 .1 ROTATING DEVICES, MOTORS 

<Xcalculation for Cycled Temperature 

The following equation can be used to cala.date a weighted characteristic life for both bearings and windings 
(e.g., for bearings substitute a 8 tor all a's in equation). 

where: 

12-2 

a 

h1 

h2 

h3 

hm 

a1 

a2 

{h 1 + h2 + h3 + - - •• - - hm) 

h1 h2 h3 hm 
-+ -+ -+ -- - - - - - -
a1 a.2 a.3 am 

- either a.a or aw 

= Time at Temperature T 1 

- Time to Cycle From Temperature T 1 to T 3 

= Time at Temperature T3 

= Time at Temperature Tm 

= Bearing (or Winding) Life at T 1 

s Bearing (or Winding) Life at T 2 

NOTE: 

.=--Q) ... 
::> a; ... 
Q) 
0. 
E 
Q) 
I-

T1 

h1 h2 

Hours (h) 

Thermal Cycle 

SEC et al. v. MRI 
SEC Exhibit 1023.0149 

IPR2023-00255



Downloaded from http://www.everyspec.com

Mll-HDBK-217F 

12.2 ROTATING DEVICES, SVNCHROS AND RESOLVERS 

DESCRIPTION 
Rotating Synchros and Resolvers 

NO TE: 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 - 1tN 

T F (°C) )..b TF(°C) )..b Number of Brushes "N 

30 .0083 85 .032 2 1.4 
35 .0068 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 1te 

Ge 1.0 

~ 
(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 

Arc 4.0 

A1F 6.0 

Aue 16 

1t5 

Size Factor - n5 
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 
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MIL-HDBK-217F 

12.3 ROTATING DEVICES, ELAPSED TIME METERS 

Base Faih.Jre Rate• At) 
Type 

A.C. 

Inverter Driven 

Commutator D.C. 

Temperature Stress Factor - nT 

Operating T (°C)/Rated T (°C) 

Oto .5 

.6 

.8 

1.0 

12-4 

Ab 

20 

30 

80 

nT 

.5 

.6 

.8 

1.0 

DESCRIPTION 
Elapsed Time Meters 

Environment Factor - nE 

Environment 

Ge 
GF 

~ 
N5 

Nu 

A1c 

AIF 

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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Example 

Given: 

MIL-HDBK-217F 

12.4 ROTATING DEVICES. EXAMPLE 

Fractional Horsepower Motor operating at a thermal cl.lty cycle of: 2 hOurs at 100°c. 8 
hOurs at 20°c, 0.5 hours from 100°c to 20°C, and 0.5 hours from 20°c back 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. Determine 

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; 

as • 35000 hours; 

as • 39000 hours; 

aw • 31000 hours 

aw = 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 

... -- + - x106 ( 
12 1 ) 

aa3 CXw 

Ap = ( (4000)2 1 ) 10a 
(19600)3 + 146000 X 

)..p = 9.0 Failures/106 Hours 
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I 
I 

MIL-HDBK-21 ?F 

SPECiFiCATION 

MIL-R-83725 

13.1 RELAYS, MECHANICAL 

DESCRiPTiON 
Mechanical Relay 

MIL-R-6106 
MIL-R-19523 
MIL-R-39016 

MIL-R-83726 (Except Class C, Solid State Type) 

Base Faiure Rate - At, 
Rated T emoarature 

T ,_, • 125°C2 I A\..,, 85°C' .... , .0060 

I 
.0059 .:;.J 

30 .0061 .0060 
35 .0063 .0061 
.. o .0065 I .0082 
45 .0068 .0064 
50 .0072 I .0066 
55 .0077 

I 
.0068 

60 .0084 .0071 
65 .0094 .0074 
70 .011 .0079 
75 .013 .0083 
80 .016 .0089 
85 .020 .0097 
90 .011 
95 .012 

100 I .013 
iOS 

I 
.015 

110 .018 
115 .021 
'i20 I .025 
125 .031 

1 . ¾ 
( A + 273) 15.7 - .00555 exp _ 352 , 

2. i. 
(TA + 273\ 10.4 

"b 
.. .0054 exp ~ 3n ) 

T. - Ambient Temperature (°C) "f'I 

Contact Fonn Factor· ff<; 
(Aoolies to Active Conductina Contacts) 

Contact Form nc 
SPST 'i.00 
DPST 1.50 
SPOT 1.75 
3PST 2.00 
4PST 2.50 
DPDT 3.00 
3PDT 4.25 
4PDT 5.50 
SPOT 8.00 

I 
I I 

I 

I 
I 

I 
I 

I 
I 

I 
I 
I 

I 
I 

Load Stress Factor - KL 
Load Tvoa 

s • lnducttve2 
.. 

Resistive' Lamp.:, 

.05 1.00 

I 
1.02 1.06 

I .10 1.02 1.06 1.28 
.20 1.06 1.28 2.72 
.~O 1.'i5 I 'i.7e 9.49 f .40 1.28 2.72 54.6 
.50 1 .48 4.TT I 
.60 1.76 9.49 

I .70 2.15 21.4 
.80 2.72 
.90 3.55 I I 1.00 4.77 

! 

1. 3 . nl. exp (.~) 2 I 
2 ( S) 2 S Operating load Current ,' 

· ffl • exp A • Rated Resistive load Current 

For single devices which switch two different load types, I 
evaluate 7tl for each possible stress load type I 
combination and use the worse case (largest nl). 

Cyciing Factor - JtcYC 

:2: 1.0 

Cycle Rate I 
(Cycles pa, Hour) 

1 

< 1.0 

Cycle Rate 
(Cycles per Hour) 

1tcvc 
(MIL-SPEC) 

Cycles per Hour 
10 
0.1 

Jtcvc 
Clower Qualltv) 

> 1000 
(C~cles eer Hour) 2 

,OQ I 

C~cles oer Hour 
10 · 1000 10 
<10 1.0 

NOTE:Values of 1tcvc for cycling rates beyond the 

basic design limitations of the relay are not valid. 
Design specifications should be consulted prior to 
evaluation of 1tcyc• 
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MIL-HDBK-217F 

1 3. 1 RELA VS MECHANICAL 

Cualily 

A 
p 
X 
u 
M 
L 
Non-Est. A.I. 

Environment 

Ge 
G,= 

GM 

Ns 
Ni., 
A 

"IC 

AtF 

At.Jc 
"t.F 
~ 
s,: 
Me, 

r 

M. 
"""L 
,.. 
'1.. 

13-2 

n.--""--·F­......,,, __ .-lib 

.10 

.30 

.45 

.60 
1.0 
1.5 
3.0 

Environment Fac10r "'1: 
KE 

MIL-SPEC Lower Oualilv 

,.o 2.0 

2.0 5.0 

15 .... 
8.0 2, 

27 78 

"7" 15 ,.u 

9.0 20 

11 28 

12 38 

46 1-40 

.50 1.0 

25 72 

66 200 

NIA NIA 

I 
i 

I 
I 

I 
I 

I 

I 
I 
J 

I 
I 

Application and Construc:tion Facmr - 1';:' 

"F 
Contllet ~ation Construction Typ. Ml..-

SPEC 
Annllwe (long) I ' ,=, OryAMd 15 
Men:uryWetled I 1 
lilagnetic Llllching ' 0111 loed NffllllUN 7 
SoleHold 7 

0-6 GeMral Nffliiufe ) 3 I Purpose Balllicat Armlllu,. s 
SCMe!IIOid 6 

lliln,e Amain (Long and s 
OOmw) Short) 

Mefou,yw.teed 2 

I 
Me&lf M!l!c; LIIIIDhmg I 
Meter Movement 100 
Baianced Armature 10 

Polarized Annliu9( ) 10 
Meter~ 100 

6 
Wetted 1 
(Balanc»d 25 

Shoft) 
r:..ct ti 

10 

9 

Latching, Dry 10 
Magnetic ~,yW.ned 5 

Balanced Aramture 5 

I:: High vacuum (Glass) 20 
y, vaauum Cenunic 5 
Medium ~(Long and 3 

I Poinf 

..... __ .. 
I 

;;:,,n;Jll"l, 

I MMcuryW.n.d 1 

I I Mag~~ I 2 

I =--~, 3 
SoleflClid 2 

2 
25-800 hort) 

'Amp Mechanical l.lltching 12 
BalancedArmature I 10 
Solenoid 5 

!.OWllt 
Quail 

i 
18 
3 
8 

14 
1• 
; 

10 
12 
10 

6 
12 

100 
20 
20 

100 
i2 

3 
NA 

NA 
20 

1 

20 
10 
10 
40 
10 

6 

3 
6 

6 
6 
6 , .. 

24 
20 
10 
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SPECIFICATION 
MIL·R·28750 
MIL-R-83726 

MIL-HDBK-217F 

13. 2 RELAYS, SOLID STATE AND TIME DELAY 

DESCRiPilON 
Relay, So!id State 
Relay, nme 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 Parts Count Method shown in Appendix A, depending up0n the depth oi knowledge the anaiyst has 
about the components being used. !f insufficient information !s available, the following default model can be 
used: 

lp = At)XQXE Failures/106 Hours 

Base Failure Rate - At, 
Relay Type )..b Environment 1tE 

Solid State .40 Gs 1.0 

Solid State Time Delay .50 
GF 3.0 

GM 12 
H~'biid .50 Ns I 6.0 

Nu I 17 

Quality Factor• n0 
Quality I tto 

MIL-SPEC I 1.0 I 
Lower I 4.0 

A1c I 12 

A1F I 19 

Aue I 21 

AuF I 32 
I 

ARW 23 

I SF .40 

I MF 12 

I ML 33 
,.. 

590 '-'L 
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SPECIFICATION 
MIL-S-3950 
MIL-S-8805 
MIL-S-8834 

MIL-S-22885 
MIL-5-83731 

Base Failure Rate - i.t, 
I Description I MIL-SPEC I Lower Quality I 
I Snap-action I .00045 I .034 I 
J Non-snap Action I .0027 I . 040 I 

Cycling Factor - n:cyc 
Switching Cycles 

per Hour 

~ 1 Cycle/Hour 

ncvc 

1.0 

> 1 Cycle/Hour Number of Cycles/Hour 

Stress 
s 

0.05 
0.1 
0.2 
n "ll 
,.,,V 

0.4 
0.5 
0.6 
n 7 ,., . , 
0.8 
0.9 
1.0 

Load Stress Factor - nL 

Resistive 
1.00 
1.02 
1.06 
1 1 S:: , .. .., 
1.28 
1.48 
i.76 

2.72 
3.55 
4.77 

1.02 
1 .06 
1.28 
1 '71::. 
I•' V 

2.72 
4.77 
9.49 ,, .. " 

~ , ...... 

54.6 

Operating Load Current 
5 = Raled Resistive Load Current 

'"' exp (S/.8)2 for Resistive Load 

1tL = exp {S/.4)2 fnr lnrf11MivA I n~rf 

I ·-· __ ? • . . . I 1tl = exp (~,.~,- ,or Lamp Loaa 

I f\JOTE: \A/hen the switch is ratad by inductive load, 
I then use resistive 1tl. 

14.1 

I 
I 
I 

I 
I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 

SWITCHES. TOGGLE OR PUSHBUTTON 

DESCRIPTION 
Snap-action. Toggle or Pushbutton. 
Single Body 

Contact Form and Quantity Factor - XC 
Contact Form I nG_ 
SPST I 1.0 
DPS'f I 1.5 
~Dr"I.T 4 .,. 
.;Jrl.ll 

I 
I• I 

3PST 2.0 
4PST 2.5 
DPDT I 3.0 
""P"'lr"'\T' JI~ ~ru1 I 

... , 
4PDT 5.5 
6PDT I 8.0 

Environment Factor - 7tr-
C 

Environment I "E 
G9 I i .o 
Gt= I 3.0 

~ I 18 
1\1_ e.o ... ~ I Nu I 29 

AIC I 10 

A!F 18 

A,,_ I 13 • 'UL; I 
AuF J 

22 

ARW 46 

Sc I .50 
' I u_ 25 , ... ~ 

I ML 67 

CL I 1200 

14-1 

,.., 

) 
I 
I 

' I I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 

,.., 
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I 
I 
I 

I 
I 
I 

I 
I 
I 

14.2 5Wll l;Nt:.:S, BASiC 51:N:SITIVt:. 

SPECIFICATION 
MIL-S-8805 

Base Failure Rate - i.t, 

At, • At>e + n At>c (if Actuation Differential is 

> 0.002 inches) 

1. = 1. - ... n 1. - lrf Arh 1liltinn nifforanfo:al ic 
""O - "'Dt: T 

..... DU \•• r -•--•._• • -•••-•-••••-• •-

< n nn? inrhac,\ 
_. V•VV• nn..••v~, 

n • Number of Adive Contacts 

n-... -•:-';-- &~II C'DC:,... I-•••-• ,-..,.,_1:..,. 
U0'-)\,1 IJJIIUI I IVIIL"~ri;;v LVYYC'I 'wlUCIIIIY 

At>e 

"be 

At>o 

r!-•----.>UIS::»::» 

s 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 

.10 

.00045 

.0009 

I n~rl C:tro~r- c~,..,t""r _ --
~VU.\ol ...,II 'w'iii1iii1 I UVIVI - '"L 

I __ _. -r-.. --
LUclU I Yf?!1 

Resistive I Inductive 
1.00 1.02 
1.02 1.06 
i.06 i.28 
1 1 '- 1.76 .. ,..., 
1.28 2.72 
1.48 4.77 
1.76 9.49 
2.15 21.4 
2.72 
3.55 
4.77 

.10 

.23 

.63 

Lamn 
1.06 
1.28 
2.72 
0 AO .,,,,.~.,,,, 

54.6 

Operating Load Current S=-----------------------------"~'---Rated Resistive Load Current 

nl • exp (S/.8)2 

nL - exp (Sl.4)2 

11:L - exp (Si.2;2 

tor Resistive Load 

f(')r Inductive Load 

ior Lamp Load 

NOTE: When the Switch is Rated by Inductive 
Load, then use Resistive 1t1 . ... 

14-2 

I 
I 
I 

I 
I 
I 

I 
I I 
I I 

I 
I 
I 

I 
I 
I 

I 
I 

DESCRIPTION 
Basic Sensitive 

Cycling Factor- xcvc 
Switching Cycles I 

per Hour I 
~ 1 Cycle/Hour I 

> 1 Cycle/Hour 

ncvc 

1 n 
I oV 

Number of 
Cycles/Hour 

Environment Factor - 1tE 

Environment I 1tE 

Ge I 1.0 

GF 

' 
3.0 

~-- 18 """'M I 
N5 I 8.0 

Nu I 29 

A,,... 10 
''-' I .a._ 18 ~IF I Aue 

I 
i3 

AuF 22 

ARW I 46 

~- .50 -... 
MF 25 

ML 67 

CL 1200 

I 
I 
I 

I 
I 
J 

I 
I 
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MIL-HDBK-21 ?F 

SPECIFICATION 
~11L-S--3786 

Base Failure Rate - At> 

R,:,co f,:,ilo ,ro r,:,to l'nl'Viol /'l . \ · ....,....._..,_ ,unw1v ,....._1.v •••--v• \'"'t)J• 

A+- "' A+-c: + nA+..c: (tor Ceramic RF Waters) 
u UL ur 

At,'"" "bE + n "bG (for Rotary Switch Medium 

Power Wafers} 

n- .. , .. -1....-- .-4 A.-&:. •• _,..,,. __ ... _~_ 

l'fUIIIDef UI 1-\l,;IIVt: vorm:11.,;1::; 

Description 

'-bE 

"'bF 

).. -
"'[)l_j 

Stress 
s 

0.05 
0.1 
I'\ ... v., 
0.3 
0.4 
0.5 
I'\ L, v.o 
0.7 
0.8 
0.9 
, .o 

MIL-SPEC 

.0067 

.00003 

.00003 

Load Stress Factor - 1tL 

Load Type 
Resistive I Inductive 

1.00 
1.02 . """ I.VO 

1.15 
1.28 
1.48 ..... ~ 
I. /0 

2.15 
2.72 
3.55 
4.77 

1.02 
1.06 .... ,.. 
1.,0 

1 .76 
2.72 
4.77 
n _.,... 
::1."+::1 

21.4 

Lower Quality 

.10 

.02 

. 06 

Lamp 
1.06 
1.28 ... ....... .:: . I.:: 
9.49 

54.6 

Operating Load Current s ,:: ----"'--"--=....c.=-'-'-'-'-"'-....=.cc..=cc........cc...=_;__;:_;_c__:__ 

Rated Resistive Load Current 

nL .. exp (S/.8)2 

1rL .. exp (St.4) 2 

-- -· ') nL .. exp (:::,1.2,--

for Resistive Load 

for Inductive Load 

for Lamp Load 

NOTE: \.Vhen the Switch is Rated by Inductive Load, 
thAn ui:;e Resistive nL. 

i 
I 
I 
I 
I 

I 
I 
I 

14. 3 SWITCHES ROTARY 

Ut:.:S{;Hlt-' I IUN 
Rotar;, Ceramic or Glass Wafer, Silver A!!oy Cortacts 

Cycling Factor = r"CYC 
Switching Cyeies 

per Hour 

:5: 1 Cycle/Hour 

> 1 Cyc!e/Hour 

1tcvc 

, .0 

N11mhAr nf ~yr.lA~/Hnur 

Environment Factor - 1tE 

Environmeni ttE 

Gs 1.0 

GF 3.0 

r::. •• 18 -M 

Ns 8.0 

Nu 29 

A,,... 
II., 

10 
A • <> 
'"'IF 10 

Aue 13 

AuF 22 

A□,AI 46 n•• 
C' ,-,... 
.:,F .OU 

MF 25 

ML 67 

r.. 1200 -L 

I 

I 
I 
I 
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I 
I 

14.4 SWITCHES, THUMBWHEEL 

SPECIFICATION 
M!L-S-22710 
Line 

MIL-HDBK-21 ?F 

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, iamp) which may be mounted on the switch. H significant 
(relative to the switch failure rate), the failure rate of these devices must be calculated using the 
appropriate section of this Handbook and added to the failure rate of the switch. 

Descriotion 

'-b1 

This mod&I applies to a single switch saction. This type cf switch is frequently ganged to provide the 
required function. The model must be applied to each section individually. 

MIL-SPEC Lower Qualhv 

.0067 .086 

Cycting Factor - 1tcyc 
Switching Cycles 

oar Hour • 
:S 1 Cycle/Hour 

1tcvc 

1 .0 
J 

)..b2 .062 .089 

> 1 Cycle/Hour 
I 

Number of Cycles/Hour I 
I 

Number of Active Contacts Factor - 1tN 

nN .. Number of Active Contacts Environment Factor - 1tE 

Environment KE 

Load Stress Factor - 1tL Gs 1 .0 

Stress Load Tvoe 
s Resistive Inductive Lamo 

0.05 1.00 1.02 1.06 

GF 3.0 

GM 18 

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 

I Ns 8.0 I 
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 

A1F ,a 
0.9 3.55 Aue 13 
1.0 4.77 

s O~eratlno Load Current 
= Rated Resistive Load Current 

7tL = exp (S/.8)2 for Resistive Load 

nl "' exp (S/.4) 2 for Inductive Load 

7tl = exp (S/.2)2 ior Lamp Load 

AUF 22 

I ARW 46 

SF .50 I .. 25 MF 

I ML 67 

CL 1200 I 
NOTE: When the Switch is Rated by Inductive 

Load, then use Resistive 7tL. 
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SPECIFICATION 
MIL-C-55629 
MIL-C-83383 
MIL-C-39019 
W-C-375 

Base Failure Rate - Ao 
Description 

Magnetic 

Them1al 

Thermal-Magnetic 

MIL-HDBK-21 ?F 

14.5 SWITCHES, CIRCUIT BREAKERS 

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

"-p = A.. 1t,...1t. ,1t-1t_ Failures/106 Hours --b 1., u u t= 

Quality Factor- 1to 
)..b Quality 

.020 MIL-SPEC 

.038 Lower 

.038 

Environment Factor - 1tE 

Environment I 

1.0 

8.4 

,.,._ 
.. t:: 

I 
I 

I 
Configuration Factor - nc 

Gs I 1.0 Configuration 1tc 

SPST 1.0 

GF I 2.0 

GM 15 DPST 2.0 
3PST 3.0 
4PST 4.0 

Ns I 8.0 

I Nu I 27 

Use 1tu 
Use Factor - 1tu 

A,c I 7.0 I A1F 9.0 

Aue I 11 I 

I AuF 12 

Not Used as a Power 1.0 ARW I 46 
OniOff Switch 

Also Used as a Power 10 
On/Off Switch 

SF I .50 

MF 25 

M 66 I L I 
CL I NIA 
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MIL-HDBK-21 ?F 

1 5. 1 CONNECTORS, GENERAL (EXCEPi PRINiED CIRCUIT BOARD) 

SPECIFICATION• 
MIL-C-24308 
MIL-C-28748 
MIL-C-28804 
MIL-C-83513 
ML-C83733 
MIL-C-so,s 
MIL-C-26482 
Ml:C-2SW) 
MI L-C-38999 
MIL-C-81511 
MJL-C-83723 

DESCRIPTION 
Rack and Panel 

Cirrular 

• NOTE: See following page for connector configurations. 

SPECIFICATION* 
MIL-C-3607 
MIL-C-3643 
MIL-C-3650 
MIL-C-3655 
MIL-C-25516 
MIL-C-390i2 
MIL-C-55235 
MIL-C-55339 
MIL-C-3767 
MIL-C-22992 

MIL-C-49142 

DESCRIPTION 
Coaxial, RF 

Power 

Tria:xial, RF 

APPLICATION NOTE: Tho failure rate model is for a mated pair of connectors. It is sometimes desirable to assign 
half of the overall mated pair connector (i.e., single connector) failure rate to the line replaceable unit and half to the 
chassis (or backplane). An example of when this would be beneficial is for input to maintainability prediction to allow a 
failure rate weighted repair time to be estimated for both the LAU and chassis. This accounting procedure could be 
significant if repair times for the two halves of the connector are substantially different. For a single connector divide A.P by 

two. 

To (oC) 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 

Base Failure Rate• At) 

.00006 

.00008 

.00009 

.00011 

.00014 
,00016 
.00020 
.00023 
.00027 
.00032 
.00037 
.00043 
.00050 
.00059 
.00069 
.00080 
.00094 
.0011 
.0013 
.0016 

I .0019 
.0023 I .002s 

I :g~i 
.0053 

Insert Material. 

B2 c3 
.00025 
.00033 
.00044 
.00057 
.00073 
.00093 
.0012 
.0015 
.0019 
.0023 
.0029 
.0036 
.0045 
.0056 
,0070 
.0087 
.011 
.014 
.018 
.022 

.0021 

.0026 

.0032 

.0040 

.0048 

.0059 

.0071 

.0087 

.011 

.013 

.016 

.020 

.024 

.0038 

.0048 

.0062 

.0078 

.0099 

.013 

.016 

.020 

.026 

.033 

.043 

.056 

.074 

• If a mating pair of oonnectors uses two tvoes of 
insert materials, use the average of the base failure 
raies for ihe iwo insert materiai types. See foiiowing 
page for insert material determination. 

Base Failure Rate - At) (cont'd) 

1. ((•1592.0) (T04+7:73)5.36) >-t, • .020 exp To + 273 + 

2. (( ·2073.6 ) (To+ 273) 4.66) At>• ·431 exp TO + 273 + 423 

3. ((·1298.0) (T03~:73)4.25) ¾,•.190exp To+ 273 + 

T0 a Internal Contact Operating Temperature (°C) 

T0 • Connactor Ambi&nt Temperature+ lnsen 
Tampaiatura Risa 

See following page for Insert Temperature Rise 
Determination. 
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MIL-HDBK-217F 

15.1 CONNECTORS, GENERAL (EXCEPT PRINTED CIRCUIT BOARD) 

j P:;;~~sert I 
Insert Material Determination Insert Terrature Rise (AT °C) Determination 

1
1 Amperes I Contact Gauge 

Configuration Specification I A I B r C I D I 
Per Contact 22 20 I 16 12 

2 4 2 1 0 

Rackaoo PaMI ~lt:g::!~i!ll X ll ~rnl II 

MIL-C-28804 X X 

Circular 

Power 

Coaxial 

Material 
T e 

A 

B 

MIL-C-83513 I X I X j I I 
MIL-C-5015 
MIL-C-26482 
MIL-C-28840 

lxl~I I~ I 
MiL-C-:38999 

MIL-C-83723 

MIL-C-3767 
MIL-C-22992 

MIL-C-3607 
MIL-C-3643 
MIL-C-3650 
MIL-C-3655 
MIL-C-25516 
MIL-C-39012 
MIL-C-55235 
MIL-C-55339 

MIL-C-49142 

Common Insert Materials 
Vitreous Glass, Alumina 

I Ceramic, Poiyimide 

I ~:i~r!71~~:~~.~.~~:::~~e. 

X 
X 

X 
X 
X 
X 

X 
X 

Temperature 
Ra °C • 
-55 to 250 

-55 to 200 

3 8 5 2 1 
4 13 8 4 1 
5 
6 
7 
8 
9 

10 
15 
20 
25 
30 
35 
40 

AT 

AT 

AT 

AT 

= 
= 

= 

= 

19 
27 
36 
46 
57 
70 

... 1 AS:. 0,989 (i) I ,u.., 

0.640 (i) 1 .as 
◄ oc 0.274 (i) I ,gi,1 

• DC 0.100 (i) I ,O;;J 

1 ':I ,.., 
18 
23 
30 
37 
45 
96 

i::. ., 
8 

10 
13 
16 
19 
41 
70 

1n~ 
IVU 

2 
3 
4 
5 
6 
7 

15 
26 
39 
54 
72 
92 

22 Gauge Contads 

20 Gauge Contads 

16 Gauge Contads 

12 Gauge Contads 

AT == Insert Temperature Rise 
i ... Amperes per Contact 

RF Coaxial ConnectoiS 

RF Coaxial Connectors 
(High Power Applications) 6T = 50°0 

MatingiUnmaiing Factor- JtK 
C 

Rubber, Polysulfone, 
I Epoxy Resin 

I rt~rii~~~fluorethylene ·55 to 1 25 I Mating/Unmating Cycies• 

D 
I Chlorotrtfluorethylene 

(Kel-1) 

I ~~i~~~~r~~~!~~'l). I 
I (Ne-oprene)1 Polyethylene l 

1 
(per 1000 hours) 

> .05to.5 
> .5 to 5 

1.0 
, .5 
2.0 

.55 to 125 
111 

Oto .05 

I > 5 to 50 3.0 

I C-u.!s~1ng:~8ti!h~e;s~ermat;:,e~~n.;a:,s~:'e~nfe:rra!~,,1v:hnaa1!v,~e~a-~r~e.~d:u~c~e0drs I , ......... >..,5_0 
____________ 

4_._o __ ...,. 
,,. ·one cycle includes both connect and disconnect. l 

I temper~tur~ r~nge ~au~~d _by-other considerations of I I connector aes1gn. App11cao1e connector I 
specifications contain connector operating 
temperature range. 
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MIL-HDBK-21 ?F 

1 5. 1 CONNECTORS, GENERAL (EXCEPT PRINTED CIRCUIT BOARD) 

Active Pins Factor - np Environment Factor - nE 

Number of Number of 
Active Active nE 

Contacts 7tp Contacts 7tp 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 1.0 5.o. 

4 1.7 80 18 ~ 8.0 21 
5 1.9 85 19 
6 2.0 90 21 N5 5.0 10 
7 2.2 95 23 
8 2.3 100 25 Nu 13 27 
9 2.4 105 27 
10 2.6 110 30 Arc 3.0 12 
11 2.7 115 32 
12 2.9 120 35 AfF 5.0 18 

13 3.0 125 37 
14 3.1 130 40 

Aue 8.0 17 

15 3.3 135 43 
16 3.4 140 46 
17 3.6 145 50 

AUF 12 25 

ARW 19 37 
18 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 contact is the conductive element 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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MIL-HDBK-217F 

15.2 CONNECTORS, PRINTED CIRCUIT BOARD 

SPECIFICATION 
MIL-C-21097 
MIL-C-55302 

DESCRIPTION 
One-Piece Connector 
Two-Piece Connector 

Base Failure Rate - At, Connector Temoerature Rise (ti.T °C) Determination 

To ("C) Ab To ("C) Ab Amperes Contact Guaoe 
Per Contact 26 22 20 

0 .00012 110 .0018 
10 .00017 120 .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 6T = 2.100 (i) 1-85 26 Guage Contacts 
90 .0012 200 .015 

100 .0015 
i:\T = 0.989 (i) 1·85 22 Guage Contacts 

6T = 0.640 (i) 1-85 20 Guage Contacts 

( -2073 6 CO+ 273) 4.66) An • ·216 exp (TO + 2.73) + 423 
ti T = Contact Temperature Rise 

i = Amperes per Contact 
f 

TO = Internal Contact Operating Temperature (°C) 

Mating/Unmating Factor - nK 

Mating/Unmating Cycles• rtK 
(Per1000 Hours) 

0 to .05 1.0 
> .osto.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 
,...f "!S ,...,...nn.o,,..+,...r 
UI Cl """'llll'G"'"'l\-"1• 
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MIL-HDBK-217F 

15.2 CONNECTORS, PRINTED CIRCUIT BOARD 

Active Pins Factor - 1tp Environment Factor -~ 
Number of Number of 

Active .. -..&.~. - -

I\C11Ve 

Contacts ltp ContaC'ts 7tp 
,cE 

Environment MIL-SPEC Lower Quality 

1 1.0 65 13 
2 1.4 70 1C:. ... 
3 1.6 75 16 
4 1.7 80 18 
5 1.9 85 19 
6 2.0 90 21 
7 2.2 95 23 .. .... iOO 25 0 .::.~ 

Gs 
I 

1.0 2.0 

GF I 
3.0 7.0 

~ 8.0 17 

N5 I 5.0 10 

Nu 13 26 i 
9 2.4 105 27 
10 2.6 110 30 
11 2.7 115 32 
12 2.9 120 ~5 
13 3.0 125 37 
14 3. i 130 40 
15 3.3 135 43 
16 3.4 140 46 
17 3.6 145 50 

A1c I 6.0 14 

AJF 11 22 

Aue I 6.0 14 

AuF I 1 1 22 

ARW 19 37 
18 3.7 150 c-:i ..,.., 
19 3.9 155 57 SF I .50 .80 
20 4.0 160 61 
25 ;I 0 • C.t::. r,c-..... I g;;, .,., 
30 5.6 170 69 
35 6.5 175 74 
An "7 A 180 78 '+V I ... 

45 8.4 185 83 

MF I 10 20 

Ml I 27 54 

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 

"' Numbei of Active Pins '" -

An active contact is the conductive element 
which mates with another element for the 
puipOse of trar.sferring electrieai energy. 
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MIL-HDBK-21 ?F 

1 5 .3 CONNECTORS, INTEGRATED CIRCUIT SOCKETS 

SPECIFICATION 
MIL-S-83734 

DESCRIPTION 
IC Sockets, Plug-in 

Base Failure Rate - An Environment Factor - 1tE 

Type i..b Environment 

All MIL-S-83734 .00042 Gs 

GF 

GM 

Number of Active Contacts 7tp 

Active Pins Factor - 1tp Ns 
Nu 

6 2.0 Ate 
8 2.3 

10 2.6 AIF 

14 3.1 
16 3.4 

Aue 
18 I 3.7 
20 4.0 
22 I 4.3 
24 4.6 
28 5.3 

AuF 

ARW 

SF 

36 6.7 MF 
40 7.4 
48 9.1 ML 

50 9.5 
64 13 

CL 

1tp = (N•1) q exp ""io" 

n = 0.51064 '"1 

N = Number of Active Contacts 

An active contact is the conductive element 
which mates with another element for the 
purpose of transferring electrical energy. I 
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8.0 

12 

1 1 

13 
,...,. 
~~ 

.50 

14 

36 

650 

VU'lllll;i'VlUI •Wlf~II IIIGl'Cili> .,.....llll QIIUlll'l:.I lwlWIIICil 

SEC et al. v. MRI 
SEC Exhibit 1023.0166 

IPR2023-00255



Downloaded from http://www.everyspec.com

16.1 INTERCONNECTION ASSEMBLIES WITH PLATED THROUGH HOLES 

DESCRIPTION 
Circuit Boards, Primed (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 
insuiated wires laid down on an adhesive coaied substrate. The primary cause of faiiure for both printed wiring 
and discrete wiring assemblies is associated with plated through hole problems (e.g., barrel cracking). 

Base Failure Rate -At, 
Technology Ab 

Printed Wiring Assembly/Printed .000041 
Ci;cuit Boards wiih PTHs 

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

Factor 

Number of PTHs Factor - N1 and N2 
I Quantitv 

I I Quantity of Wave Soldered Functional 
PTHs 

I Quantity of Hand Soldered PTHs 
I 

Complexity Factor - 1tc 
Number of Circuit Planes, P 1tc 

~2 i 1.0 
3 1.3 
4 I 1.6 
5 1 .8 
6 I 2.0 
7 2.2 
8 I 2.4 
9 2.6 

10 2.8 
11 2.9 
12 3.1 
13 3.3 
i4 3.4 
15 3.6 
16 3.7 

Discrete Wirino w/PTH 1 

1tc = .65 p-63 2 ~ P ~ 16 

I 
I 

I 
I 

Quality Factor -1tQ 

Quality I xa 

I MIL-SPEC or Comparable Institute for I 1 
interconnecting, and Packaging 

I 
Electronic Circuits (IPC) Standards 

Lower I 2 

Environment Factor - 1tE 

Environment 11:r---c 

Ga 1.0 

I GF 2.0 

I GM 7.0 

N5 5.0 
.. , i3 '"U 
Ate 5.0 

A1F e_o 
A •• ,.... 16 --u1., I A 28 ""UF I 
ARW 19 

SF .50 

MF 10 I 
ML 27 

CL 500 
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MIL-HDBK-21 ?F 

17 .1 CONNECTIONS 

DESCRIPTION 
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. 

¾,"" At>1ta1tE Failures/106 Hours 

Base Failure Rate - At, 

Connection Type At> (F/106 hrs) 

Hand Solder, w/o Wrapping .0026 
Hand Solder, w/Wrapping .00014 
Crimp .00026 
Weld .00005 
Solderless Wrap .0000035 
Clip Termination .00012 
Reflow Solder .000069 

Quality Factor - ,ca 
Quality Grade 1ta Comments 

Crimp Types 

Automated , .o Daily pull tests 
recommended. 

Manual 

Upper 1.0 Only MIL-SPEC or 
equivalent tools and 
terminals, pull test at 
beginning and end of each 
shift, color coded tools and 
terminations. 

S1anoaro I 2.0 I Mil-SPEC toois, puii test at I h11>ninninn nf o:u:al'h ~hift I Lower 

I I --a,••" ""II -· ---.. -· ..... I 

I All Tvoes I Except -Crimp 

120.0 'Ar:tyt~ing less than standard' 
cmena. 

iJr-vn ... r 

Environment Factor - nE 

Environment 

Gs 

GF 

GM 

Ns 
Nu 
A1c 

A1F 

Aue 

AUF 
ARW 

SF 

MF 

ML 

CL 

nE 

1.0 

2.0 

7.0 

4.0 

11 

4.0 

6.0 

6.0 

8.0 

16 

.50 

9.0 

24 

420 

17-1 

SEC et al. v. MRI 
SEC Exhibit 1023.0168 

IPR2023-00255



Downloaded from http://www.everyspec.com

MIL-HDBK-217F 

SPECIFICATION 
MIL-M-10304 

Base Faik.lre Rate -~ 

Type 

AJI 

Application Factor - nA 

Application I 

Direct Current '1 

Alternating Current I 
Function Factor - 1tF 

Function I 
Ammeter I 
Voltmeter 

I 

I Other• 

).b 

.090 

1.0 

1. 7 

1tf 

1.0 

1.0 

2.8 

I ~ Meters whose basic meter movement 
construction is an ammeter with associated 
conversion elements. 

I 

I 

1 8 .1 METERS PANEL 

DESCRIPTION 
Meter, Electrical Indicating, Pane! Type, Ruggedized 

Quality Factor - XO 
Quality 

MIL-M-10304 

Lower 

Environment Factor· 1tE 

Environment 

I 

N5 i 
Nu I 
Ate I 
AIF I 
Aue I AuF 

ARW 

SF 

MF 

ML 

CL 

nQ 

1.0 

3.4 

1.0 

4.0 

25 

12 

35 

28 

42 

58 

73 

60 

1.1 

60 

NIA 

NIA 

18-1 
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SPECIFICATION 
MIL-C-3098 

MIL-HDBK-21 ?F 

1 9 .1 QUARTZ CRYSTALS 

DESCRIPTION 
~rvc:t,:,I I lnltc:, I"\, ,.,,,t.,. -• J ._,•-• ...,. 111w1 "'°U~I I-' 

i ... = ,._, 1t-1t- Failures/106 Hours .., D U t: 

Base Failure Rate · Ao 
Frequency, f(MHz) I 

0.5 
1.0 I 5.0 

I 10 
15 I 20 
25 

I 30 
35 I 40 

I 45 
50 
55 I 
60 I t::: t:: 
U-J 

I 
70 
75 
80 I or: u-., 

I 90 
95 I 100 

1 nr:: 
I U,J 

I 

Ab= .013(f)· 23 

Quality Factor - 1ta 
Ow1litv -----~,, 

MIL-SPEC 

Lower 

,._b 

.011 

.Oi3 
n10 .v 1.:7 

.022 

.024 

.026 
n,.-, 

.U£. I 

028 
.029 
.030 
.031 
.032 
.033 
.033 
.034 
.035 
.035 
.036 
.036 
.037 
.037 
.037 
.038 

1.0 

2.1 

I 

Environment Factor - 1t,.. 
C: 

Environment 

Gr,_4 

Ns 
Nu 
AIC I 
AIF I A 
"UC I 
AuF I ARW 

S,-

I 
~r 

lA 
IVIF I 

, .0 

3.0 

10 

6.0 

16 

12 

17 

22 

28 

23 

13 

32 

500 

.50 
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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 Faillre Rate - At, Environment Factor- "E 

Rated Vottage, vr (Vohs) lb Environment "E 

5 .59 G9 1.0 

6 .75 
12 1.8 
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 

Ab• .074{V r) 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 'tr.A 

Alternating Current 1.0 

Direct Current 3.3 

20-1 

SEC et al. v. MRI 
SEC Exhibit 1023.0171 

IPR2023-00255



Downloaded from http://www.everyspec.com

SPECIFICATION 
MIL-F-15733 
MIL-F-18327 

., 

MIL-HDBK-217F 

21.1 ELECTRONIC FILTERS. NON-TUNABLE 

DESCRIPTION 
Filters, Radio Frequency Interference 
Fibers, 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 Individual 
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. 

¾, • At> 1ta 1te Failures/106 Hours 

Base Failure Rate -~ Environment Factor - ~E 

Type Ab Environment ne 

MIL-F-15733, Ceramic-Ferrite .022 Ga 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 N5 4.0 

Components. (Styles FL 37, 53, 74) Nu 9.0 

MIL-F-18327, Discrete LC .12 AIC 7.0 
Components (Composition 1) 

A1F 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 - no ML 15 

Quality JtQ CL 120 

MIL-SPEC 1.0 

Lower 2.9 

21-1 
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SPECIFICATION 
,., r ,.-,,,.,.r 
vv-r- 11.::0 

W-F-1814 
MIL-F-5372 
ML-F-23419 
MIL-t--lolt>U 

MIL-HDBK-217F 

DESCRiPTiON 
C11tr-.t"!t. f"""'.'.lrtrirtno. f""l~ee 1,...1 
I U.:>V I '-"01 ll ~1.,il ....,,Q~.,;;JI I I 

22.1 

Fuse. Cartridoe. Hiah lnterruotina Caoacitv 
Fuse: Current Limiter Type, Aircraft . • 
Fuse, Instrument Type 
Fuse, Instrument. Powei and Telephone 
(Nonindicating), Style F01 

¾> "" An 1tE Failures1106 Hours 

FUSES 

A,..,..L,~A 11uN NU, t:: The re11ao11ny mooeiing of fuses presenis a unique problem. Unlike n-.ost other 
cofT'.ponents, there is very litt!e correlation between the number of fuse replacements and actual fuse failures. 
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 
shortmg fatlure modes due primariiy to mechanicai fatigue and corrosion. A short iaiiure mode is rnosi eommoniy 
caused by electrically conductive material shorting the fuse terminals together causing a failure to open 
condition when rated current is exceeded. 

Type ' /\.b 

\A/=F=1725, \"l=F=1814, ~.,~!L-F- .010 
5372, MIL-F-23419, ML-F-15160 

I 
I 
I 

' 

C::r"111ir,..nrn.o.r,t c~,...tr\r _ -
L-IIYIIVIHll'll;illl. I Q\,,,\VI - '"'E 

Environment 

Gs I 
G ... I ~r 

I ,,... 
~ 

Ns i 
Nu I 
/1._ I • 'K.; 

AIF I 
Aue I 
AuF I 
11--·. I 
'"HVV 

SF 

MF 

M1 ... 
f". 
'"'L 

1.0 I 
2.0 I 

I on o.u 

5.0 I 
11 I 
9.0 

12 

15 

18 

16 

.90 

10 

21 

-,~n .... ..,v 
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MIL-HDBK-217F 

23.1 M15CELLANl:OU5 PARTS 

¾>·Failure Rates for Miscellaneous Parts (Failures/106 Hours) 

Part Type I Failure Rate 

Vibrators (~.1IL=V=-95) 
so-cycle 15 
120-cycle 20 
400-cycle 40 

Lamps 
Neon Lamps 0.20 

Fiber Optic Cables (Single Fiber Types Only) o., (Per Fiber Km) 

Sing!e Fiber Optic Connectors· 0.10 

Microwave Eiements (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 & c;rculators (~100\A/) 

Isolators & Circulators (>100W) 

Phase Shifter (Latching) 

Dummy Loads 
< ,oow 

100W to s 1000W 

> ,ooow 

Tei'iTiliiaiioiiS (Thin Of Thick Film Loads Used in Sti'ipiine and Thin 
FIim Clrr.11lr1:) 

~caution: Excessive Mating-Demating Cycies May Seriousiy Degrade Reiiabiiity 

0.20 x 1tE 

0.10 x 1tE 

0.030 x JtE 

0.10 x JtE 

0.030 x nE 
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23.1 MISCELLANEOUS PARTS 

23-2 

Environment Factor - n_ 
t:: 

1~ ... 4icrowave Ferrite Devices\ 
Environment 

Aue 

. ,.. 
1.V 

2.0 

8.0 

5.0 

i2 

5.0 

8.0 

?.O 

i i 

17 

.50 

9.0 

24 

450 

MIL-HDBK-21 ?F 

Environment Factor - ,c_ 

Environment 

'"U 
AIC 

A!F 
A •• _ 
··uv 
A 

'"'UF 

ARW 

SF 

Mr-·r 

ML 

CL 

. c 
1Dumm" Loads' 

I 

I 
I 
I 

I 

. ,.. 
1.U 

2.0 

10 

5.0 ... 
I I 

6.0 

8.0 

14 
,..,.. 
;:. t:. 

25 

.50 

14 

36 I 660 

I 

I 
I 
I 

I 

I 
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MIL-HDBK-21 ?F 

APPENDIX A: PARTS COUNT RELIABILITY PREDICTION 

Pans Count Rellablllty Prediction - This prediction method is applicable during bid proposal 
and ear1y design phases when insufficiem imormation is available to use the part stress analysis models 
shown in the main body of this Handbook. The information needed to apptythe method is (1) generic part 
types (including complexity for microcircuits) and quantities, (2) part quality levels, and (3) equipment 
environment. The equipment failure rate Is obtained by IOoking up a generic failure rate in one of the 
following tables, muhlptylng it by a quality factor, and then summing it with failure rates obtained for other 
components In the equipment. The general mathematical expression for equipment failure rate with this 
method is: 

A.EQUIP = 
1 ... n 
L, N• (Lw-\. . 1 I ""Q'"V'I ,_ 

for a given equipment environment where: 

Equation 1 

A.EQUIP • Total equipment failure rate (Failures1106 Hours) 

A.g ,., Generic failure rate for the i th generic part (Fallures/106 Hours) 

no "" 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 environmem. These "environment-equlpmenr failure rates should be 
added to determine total equipment faik.Jre rate. Envlronmemal 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, nL, 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, ¾J 
should be rrultiplled by the appropriate nl factor (See page A-4). 

It should be noted that no generic failure rates are shown for hybrtd microcircuits. Each hybrtd Is a falrty 
unique device. Since none of these devices have been standardized, their complexity cannot be 
determined from their name or function. Identically or similarly named hybrids can have a wide range of 
complexity that thwarts categoriZation for purposes of this prediction method. H hybrids are anticipated for 
a design, their use and construction should be thoroughiy investigated on an individuai basis with 
•!Hv1,H, .. ~&.,.,n .,..f thn. ... rn.rl&,,.t""'-n ft'V'Ulliftl In ~ftM&,.._n I: 
Qfr,11-'tl\,,,CIIIIJII \II IIIV l"'V'-'"4"-'11 ll"""VI Ill VVli,IIV'II -,. 

The failure rates shown in this Appendix were calculated by assigning model default values to the 
failure rate models of Section 5 through 23. The specHlc default values used tor the model parameters are 
shown with the Ag Tables for n-Jcr\.lCii'Ciilts. Default pa.--am&t&ii for an ott.er pa.-'1 classes are summai'.zed In 

the tabies starting on ?age A-12. For parts with characteristics which differ signHicaniiy jrom ihe assUn18d 
defaults, or parts used in large quantities, the underty!ng models in the main body of this Handbook can 
be used. 
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MIL-HDBK-217F 

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

This appendix contains the detailed version of the VHSICNLSI CMOS model contained in Sec1lon 5.3. It 
is provided to allow more detailed device level design trade-offs to be accomplished for predominate 

failure modes and mechanisms exhibited in CMOS devices. Reference 30 should be consulted for a 
detailed derivation of this model. 

VHSICNHSIC-LIKE FAILURE RATE MODEL 

Ap(t) - Aox<t> + ~t) + ~(t) + ~N(t) + As,AC +~so+ ~is(t) 

lp(t) - Predicted Failure Rate as a Function of Tame 

Aox<O a Oxide Failure Rate 

).MET(t) = Metallization Failure Rate 

¾c(t) - Hot Carrier Failure Rate 

AcoN(t) .. Contamination Failure Rate 

)._PAC = Package Failure Rate 

~SD - EOS/ESO Failure Rate 

'-M1s(O = Miscellaneous Failure Rate 

The equatiOns for each of the above failure mechanism failure rates are as follows: 

OXIDE FAILURE RATE EQUATION 

"'ox (in F/106) - A - 0 (·O 88 e ) (A- ) (e ) A ArvPEoxrOox) [ 7 -7.7to -7.7 AT0xt 
R R . Tox 

.399 ( -.5 2)] 
+ (t+to)aox exp ao/ ( In (t + to) - In tsoo x) 

A Total Chip Area (In cm2) 

ATYPEox - .n for Custom and Logic Devices, 1.23 for Memories and Gate Arrays 
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MIL-HDBK-217F 

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

A Tox 

A Vox 

8-2 

= 

= 

= 

ox;pE FAILURE RATE EOUA TION tCONTINUEm 

.21 cm2 

Oxide Defect Density (If unknown, use :0 ) where x0 = 2 µm and Xe is the feature (
v_,2 

. ~) -
size of the device) 

1 Defect/cm2 

Effectr,e Screening Time 

(,...., __ ,Time-· Test,,_ .. n 6 hrs\\. (A , ... }Unct"'" '"cree"1"" ternn \ ,'.1n ov,,,,· 
~wd, u, , , 11 ,u -n lox ,a, ""'" ;a, '""Y •• ..,., " 

Temperature Aoc:eleration Factor, - exp - - --[ -.3 ( 1 1 )u 
8.617x10·S TJ 298 

Maxirrum Power Supply Voltage v 00, divided by the gate oxide thickness (in 

MV/c.m) 

1.3x1022 (OML) 6 
(in 10 hrs.) 

ATox AVox 

(QML) = 2 if on QML, .5 if not. 

Sigma obtained from test data of oxide failures from the same or simHar process. If 

not available, use a a ox value of 1 . 

tl·me fin 1 06 Ho""') , ... ' ·-"""'""' 
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APPENDIX B: VHSICNHSIC-LIKE AND VLSI CMOS (DETAILED MODEL) 

METAL FAILURE RATE EQUATION 

r-AA n_ . __ . _, 
I,, ~PEt,AET LJO_MET 1 18 t _, 18 A t I 

A.r'T = --_--- --- ( .00102 e • . 0HA He . TMET ) """'' L AR UR ' - - - - - - " TMET ,. - - - , J 

A 

A 
TYPE 

MET 

A.., 
n 

= 

= 

[ 
.399 

+ (t+tn)cr.~ exp 

~ -· 
r ... -,5 2 ( in (t + t0) - in t50MET) 2]1 
\_ "MET ' - , 

,, 
Total Chip Area (In cm, 

.88 for Custom and Logic De--1ices. 1.12 for ~ ... 4emory and Gate Arrays 

.21 cm2 

2 
&111~.&-l ,...._ _ _. _ __._ F"'lt.---=.... __ #U ---•------- ---- lxo ... 
Me1a1 ue,eci: uens11y \R urnmown use Ix) where Xo = 2 µrn and Xs is the feature size of 

s 

t 
50;,ET 

J 

= 

the device) 

1 Defect/cm2 

Temperature Acceleration Factor 

Effective Screening Time (in 106 hrs.) 

A (at Sc;aening Te111JJ. (in °K))" (Actual Screening Tirne (in 106 hrs)) 
TM=T 

(QML) 
.388 '" (nAetai iype) 

? (in 106 hrs.) 
J .. A 

Te.u~T 

(QML) = 2 if on OML, .5 if not. 

Metal Type = 1 for Al, 37.5 fOi Al-Cu Oi for Al-Si-Cu 

o M:T = sigma obtained from test data on electromigration ta~ures from the same or a similar 

process. If this data is not available use a._ -= 1. 
-=• - time (in i06 hrs.) 
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APPENDIX B: VHSIC-VHSIC-LIKE AND VLSI CMOS (DETAILED MODEL) 

HOT CARRIER FAILURE RATE EQUATION 

.399 [ -.5 2] 
(t+to)crHC exp OHC2 ( In (t + to) - In 150H c) 

(QML) .,. 2 if on OML, .5 if not 

~ = exp [ · 039 _5 (-i -29
1 

8 )~ (where TJ .. Tc+ 9JcP (in °K)) 
HC 8.617x10 J ~ 

k:t = Drain Current at Operating Temperature. If unknown use Id"' 3.5 e -.00157 TJ (in °K) (mA) 

lsub = Substrate Current at Operating Temperature. If unknown use 

'sub= .0058 e -.00689 TJ (in oK) (mA) 

crHC sigma derived from test data, if not available use 1. 

t0 = AT HC (at Screening Temp.(in °K)) • (Test Duration in 106 hours) 

time (in 106 hrs.) 

CONTAMINATION FAILURE RATE EQUATION 

"cON 
-.0028 t0 -.0028 Ar t 

= .000022 e AT e CON 
CON 

~CON [ -1.0 ( 1 1 )~ 
= exp 8.617x10·5 TJ - 298 U 

t0 = Effective Screening Time 

= AT-- (at screening junction temperature (in °K)) • (actual screening time in 106 hrs.) 
"vUII 

= lime (in 106 hrs.) 
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APPENDIX B: VHSICNHSIC.LIKE AND VLSi CMOS (DETAiLED MODEL) 

= 

-

= 

"" 

PACKAGE FAILURE RATE EQUATION 

(.0024 + 1.85 x ,o-5 (#Pinsjj "E ffa XpT + ApH 

See Section 5.1 o 

See Section 5.1 o 

Package Type Factor (DPT) 

Package Type 

DIP 
Pin Gr'id Array 
Chip Carrier (Surface Mount Technology) 

Package Hermetictty Factor 

O for Hennetic Pacic.ages 

300 r -s , . ) 21 
, 0 :: exp I .... · 2 { ln(t) - ln(t50PH) I for piastic packages 

rr1 L vpH . J 

as x 10-6 exp [ ·2 
5 (;4 - 2_;_· 8_ ,l exp[:~~] 

8.617x1 o· ~ JJ 
- Armient Temp. (in °K) 

, .0 
2.2 
4.7 

RHeff = 
r -23- 1.1.. J....')l c1 ......... ,RH' ....... ... ... e ... c· ,,.,. 

(OC)(RH)le:> u lTJ - TAJJ+ ·UvJ J n,lt'Jre 'J• 'c+ xr- ,n-n., 

(for exarT4>le, for 50% Relative Humidity, use RH .. . 50) 

a-PH = . 74 

• time (in 106 hrs.) 
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APPENDIX B: VHSIC-VHSIC-UKE AND VLSI CIIOS (DETAILED MODEL) 

¼os = 

B-6 

----- --■ 

EOS!E$P FAILURE P.ATE EQUATIPN 

-in (i - .00057 e -.0002 VTH) 
.00876 

VTH - ESD Threshold of the device using a 100 pF, 1500 ohm discharge model 

MISCELLANEOUS FAILURE RATE EOUATlON 

ATMIS = Temperature Acceieraiion Factor 

= exp l- -.423 (i -_i_)~ 
8.6317x10·5 TJ 298 LJ 

t0 .. Effective Screening Time 

,::, 

= ATMIS (at Screening Te"1). (in °K)) • Actual Screening Time (in 1ou hours) 

= time (In 106 hrs.) 

I - - - - - -
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APPENDIX C: BIBLIOGRAPHY 

Publications fisted with • Ao· 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 Tec.-'lnicaJ Information Center 
Cameron Station - FDA, Bldg. 5 
Alexandria, VA 22304-6145 
(703) 274-7633 

Documents with AD number prefix with the letter ·s• or with the suffix •L ": These documents are in a 
·um1ted Distribution• category. Contact the Defense Technical Information Center for ordering 
procedures. 

Copies of MIL-STDS's, MIL-HDBK's, and specifications are available from: 

Standardizaiion 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 (AL) (fonnerty Rome Air Development Center (RADC)) 
documents is part of the RADC (or Rl) number, e.g., RADC-TR-88-97 was published in 1988. 

1. •Laser Re!!abi!ity Predietion; RADC-TR-75-210, AO A016437. 

2. •Rellabllity Model for Miniature Blower Motors Per MIL-B-23071B,• RADC-TR-75-178, AD A013735. 

3. •High Power Microwave Tube Reliability Study,• FAA-RD-76-172, AD A0033612. 

4. ·Electric Motor Reliability Model," RADC-TR-n-408, AD A050179. 

5. ·0evetopment of Noneloctronic Part Cyclic Failure Ratas: RADC-TR-n-417, AD A050678. 

This study developed new failure rate models for relays, switches, and connectors. 

6. ·Passive Device Failure Rate Models for Mll-HDBK-2178; RADC-TR-n-432, AO A050180. 

This study developed new failure rate models for resistors, capacitors and inductive devices. 

7. "Ouant!tication of Printed CiraJlt Board Connector Rellablftt;,• RADC-TR-TT-433, AD A049980. 

8. •crimp Connection Reliability,• RADC-TR-78-15, AD A050505. 

9. "LSI/Microprocessor Reliability Prediction Model Development,· RADC-TR-79-97, AD A068911. 

10. •A Redundancy Notebook,• RADC-TR-77-287, AD A050837. 

11. "Revision of Environmental Factors for MIL-HOBK-2178," RADC-TR-80-299, AD A091837. 
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12. -rraveling Wava Tube Failure Rates: RADC-TR-80-288, AD A096055. 

13. •Reliability Prediction Modeling of New Devices.• RADC-TR-80-237, AO A090029. 

This stua-1 developed failure rate models for iTiagnetic bubble memories and eharge-coupied 
memories. 

14. ·Failure Rates for Fiber Optic Assemblies.■ RADC-TR-80-322, AD A092315. 

15, ·Printed W!r!ng Assembly and Interconnection Reliab!!tty,- RADC-TR-81-318, AD A 111214. 

This study developed failure rate rnodets for printed wiring assembfies, solder1ess wrap 
assembiies, wrapped and soldered assemblies and discrete wiring assembiies with 
etectroless deposited plated through holes. 

16. •Ayionic Erwironmentaf Factors tor MIL-HOBK-217,- RADC-TR-81-374. AD B064430L. 

17. "AADC Thermal Guide for Reliability Engineers,• RADC=TA-82-172, AD A118839. 

18. •Reliability Modeling of Critical Electronic Devices,• RADC-TR-83-108, AD A 135705. 

This report developed failure rate prediction procedures for magnetrons, vidicions, catr.oda 
ray tubes, semiconductor lasers, helium-cadmium lasers, helium-neon lasers, Nd: YAG lasers, 
electronic filters, solid state relays, time delay relays (electronic hybrid), cirwit breakers, I.C. 
Sockets, thumbwheel switches, electromagnetic meters. fuses, crystals, incandescent lamps, 
neon glow la"l)S and surface acoustic wave devices. 

19. "Impact of Not,oper11Hng Periods on Equipment ReHat,ttfty,- RADC-TR-85-91, AD A158843. 

This st1..'dy developed failure rats l"fl0d81s for nonoperating par.ods. 

20. •RADC Nonelectronic Reliability Notebook. ■ RADC-TR-85-194, AD A163900. 

This report contains failure rate data on mechanical and electromechanlcal parts. 

21. ·Reliability Predietion tor Spacecraft,'" RADC-TR-85-229, AD A149551. 

This st'Jdy Investigated the rellab!!!ty psrformanc:8 histories of 300 Satenita vehicles and is tha 
basis for the halving of all model 1te 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, NY 13440-8200, 800-526-4802. 

23. "Thermal Resistances of Joint Army Navy (JAN) Certified Microcircuit Packages,· RADC-TR-86-97, 
AD B108417. 

24. ·Large Scale Memory Error Detection and Correction.■ RADC= TR-87-92, AD B 11 n65L. 

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 
!EEE Reliability and Maintainability Symposium Proceedings, page 197, "Accounting for Soft 
Errors in Memory Reliability Prediction.· 

25. "Aeiiabiiity Analysis of a Surface Mounted Package Using Finite Element Sirn.,Jation," RADC-TR-87-
177, AD A189488. 
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26. "VHSIC Impact on System Reliability," RADC-TR-88-13, AD B122629. 

27. ·Reiiability Assessment of Surface Mount Technoiogy," RADC-'fR-88-12, AD A1937'59. 

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, inirared LEDs, Diode Array Dispiays and Current Reguiaior Diodes. 

29. •1"1)8ct of Fber Optics on System Reliability and MaintainabHily,• RADC-TR-88-124, AD A201946. 

30. ''VHSiCtvl-iSiC Like Reiiabiiiiy Prediciion Modeiing," RADC-TR-89-i 71, AD A2i 460i. 

This study provides the basis tor the VHSIC model appearing in MIL-HDBK-217F, Section 5. 

31. ·ReUability Assessment Using F'anile Bement Tecmique&.■ RADC-TR-89-281, AD A216907. 

This study addresses surface mounted solder interconnections and mierowire board's plated­
thru-hole (PTH) oonnections. 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 stuet; pr-ovides the basiS foi the ;evisad mic~-trcuit n.oc.tels (except VHSIC &rd Bubble 
Memories) appearing in MIL-HOBK-217F, Section 5. 

33. •improved Reliability Prediction Model tor Field-Acce&s Magnetic Bubble Devices; AFWAL-TR-81-
1052. 

34. "Reliability/Design Thermal Applications,· MIL-HDBK-251. 

35. "~..JASA Parts Application Handbook,• MIL-HDBK-978-8 (t-,.JASA). 
This handbook is a five volume series which discusses a full range of elearical, electrQnlc and 
electromechanical component parts. It provides extensive detailed technical information for 
each component part such as: definitions, construction details, operating characteristics, 
derating, failure mechanisms, screening techniques, standard parts, environmental 
considerations, and circuit application. 

36. ·Nonetectronic Parts Reliability Data 1991,;; NPRD-91. 

Custodians: 

This report contains field failure rate data on a Y-Srietf of et&.&~. mechanical, 
electromechanical and microwave parts and assemblies (1400 different part types). n is 
available from the Reliability Analysis Center, PO Box 4700, Rome, NY 13440-8200, Phone: 
(:315) 337-0900. 
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