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DEPARTMENT OF DEFENSE
WASHINGTON DC 20301

RELIABILITY PREDICTION OF ELECTRONIC EQUIPMENT

Thelc b o odon sl cm adlon s b v wn odim Lo aa -~ [} o4 b b ™
This standardization handbook was developed by the Departmesnt of Datenss
with the assistance of the military departments, federal agencies, and industry.

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

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

Y o PPN Pl - a—— PN ) O ATTA. o pie{ H
Commander, Rome Laboratory, AFSC, ATTN: ERSS, Griffiss Air Force Base,

I'al
New York 13441-5700, by using the self-addressed Standardization Document

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

SEC et al. v. MRI
SEC Exhibit 1023.0002
IPR2023-00255



Downloaded from http://www.everyspec.con;

- MIL-HDBK-217F
_ CONTENTS
SECTIO
ik i-1
1.2 1.1
1.3 1-1
SECTION 2-1
SECTION
3.1 3-1
3.2 3-1
3.3 3-2
3.4 3-2
SECTION 4: RELIABILITY ANALYSIS EVALUATION ...........cccooiimrmmmeniirinreeecennenneaen. 4-1
SECTION §5: MICRCCIRCUITS, INTRODUCTION &1
51 Qatenogic Arravs and Microprocessors 5-3
5.2 MOIMIOMIBS ... evreeeereeeeeeeseeessateeeassesaneeeemeeseemesssasseasseasacesesereseosoessesmmssassssensssens 5-4
5.3 VHSIC/VHSIC Like........... 5-7
5.4 GaAs MMIC and u@‘.ai Devicas . 5-8
85  Hybrids. ... 5-9
5.6  SAW DEVICES .......eoomnrererereoone 5-10
5.7 Magnetic Bubble Memories...... 5-11
5.8 ny Tabie for Ali......ccccnenene. 5-13
58 5-i4
5.10 5-15
5.11 5-17
5.12 5-18
5.13 5-20
SECTION 6: DISCRETE SEMICONDUCTORS
6.0 Discrete Semiconductors, IMrodUCHION ..............cccoiiiiiiiiiiiiiicce e ene e eeesseeenes 6-1
6.1 Diodes. Low Frequency ............................. 6-2
6.2 Diodes, High Frequency (Microwave, R ....... 6-4
6.3  Transigtors, | ow Frequancy Binolar . ... €-8
6.4  Transistors, Low Frequency, Si FET... 6-8
6.5 Transistors Unl]uncﬂon ...................................... 6-9
6.6  Transisiors, LOw NOIS8, HIgh FreQUENnCY, BIDOMAN ...........ceereieeeeieereneeeennnnneerereneeeeeeenns 6-i0
6.7  Transistors, High Power, Hioh Fraquency, BL\e!ar.... .................................... 8-12
6.8 Trans!stors ngh Frequency GaAs F==3 YT O 6-14
6.9  Transistors, High Frequency, Si FET.........cccciiuiiiciiiiiiereeiireeirceeceaesree e eevesn e eeeeeeaans 8-16
B.70  TIYNSION BN STRB ......oovemeeenieiiiceneiiieaecirireiecereresesecissnassasanesnssssesseisinarsens semssensenn 6-17
6.11  Optoelectronics, Detectors, lsolators, Emiiters ... €19
6.12  Optoelectronics, Alphanumeric DISPIAYS ..............cocveereririirieeeeenreeieen e 6-20
6.13  Optoelectronics, Laser DIOAe............cooevrureemeiiiiiiteeneieereeeeeetteeneses e eeesonesnnerans 6-21
6.14 T jDOIOMINGLION .......ccuotiiitieiieiiee s e st b 6-23
6.15  EXAMPIO.....coioiiiiiiiiiiiaiiieeetiiiatteeteeeeeeeaeeeniereeesraraeteeeeraeeee e sesssebnsssssssasseessseseetsenmrannnns 6-25
i

m e mbmambian CartAr - o

SEC et al. v. MRI
SEC Exhibit 1023.0003
IPR2023-00255



Downloaded from http://www.everyspec.com

MIL-HDBK-217F
CONTENTS
SECﬂON 7: TUBES
All Typas Except TWT and Magnetron..........c.cccciviviniineiniiiinresnensneeesceseesnsnaeses 7-1
7.2 Traveling Wave.............iiiviiiiiiiiiiccece e e e e e e e ee e e 7-3
7.3 MAGNOIION .......coviiiiiiiiiiniitiieirc it eetr e eiesessas s essaessssasesn s seansesnasasasnssnassarnens 7-4
SECTION 8: LASERS
£ 0 I T4 o Yo (¥ To: £ o 1o FO U OO RT 8-1
8.1 HelIum @nd ARQON ... ...ttt e e e ee e s e e e bs e b s e e s 8-2
8.2 Camon DIOXIAB, SBAIBM ............oeeeeeeieenecircrreere e snittr s s e e s 8-3
8.3 Carbon Dioxide, FIOWING ........cooeeeerr e te et s ss e e aa s ran e eee 8-4
8.4 Solid State, ND:YAG and Ruby Rod ...........ccccoiiiiiiiiiirmicinn e 8-5
SECTION 9: RESISTORS
5.0 (1111151510 [o1 (=] 1 [N PR St 9-1
9.1 Fixed, Composition (RCR, RC)......ccceiieiireniiirieiericsesniniaiss s snis e saeesaeaeeneeas 9-2
9.2 Fixed, Film (RLR RL RN (R C or N). RN) .......................... 9-3
9.3 Fixed, Fiim, Power(RD) ........................................................................................... 9-5
5.4 NetworK, FIXad, FIIM (RZ)..........coe it creccratcec e s e S-6
9.5 Fixed, Wirewound (RBR, RB)........c.ccoiirirrrrinriiiiiiiininnniicnencnnenreees e nsesesasaens 9-7
9.6 Fixed, Wirewound, Power (RWR, BW) .......cccoiruiiimiiiimiimiii et nnee s 9-8
9.7 Fixed, Wirewound, Power, Chassis Mounted (RER, RE)..........ccccovciniinnniiinenicinnn, 9-10
9.8  Thermistor (RTH) ...ttt et ettt s e e e snnb s ees e s e s essaansnaaen 9-12
9.9  Variable, Wirewound (RTR, RT)..... e 9-13
9.10 Variable, Wirewound, Precision (RR) ............... e e reroeeraens 9-15
9.11 Variable, Wirewound, Semipreccsaon (RA, RK) ..o e e e nce e 9-17
§.12  Varabie, Wirewound, Power (RP) .........ccoooiiiiiiii s 9-19
9.13  Variable, Nonwirewound (RJ, RJRY).........cccccmtiiiiiiiiiiiiiiiiiccere e 9-21
9.14  Variable, COMPOSHION (RV)..c..cuumerieeerererriictitnne e iretinccteterinnrinisass e e e e e s eeaee e esvananans 9-23
9.15 Variable, Nonwnewound an and Precision (RQ RVC) .ottt eeeiiecener e eeeees 9-25
8.16  Calculation of Stress Potent .. 827
Q.17 EXAMDIO. .....oiiiiiiiiiiciciiieisieiissicesiosssssesssissanessassntaasisasssnsiasasssssssresasssantaasasernasens 9-29
SECTION 10: CAPACITORS
1G.1 Fixed, Paper, By-Pass (CP, CA) ... e 10-1
10.2 Fixed, Feed-Through (CZR, CZ) .............ooirimiiii e e rr e er e e e 10-3
10.3 Fixed, Paper and Plastic Film (CPV CAR ANA CQ).ceoeoeeeeeeeeeeeee e eererese e 10-5
10.4 Fixed, Metaliized Paper, Paper-Plastic and Plastic (CH, CHR)............ccccccccceeniiin 10-7
10.5 Fixed, Plastic and Metallized Plastic
10.6 Fixed, Super-Metallized Plastic (CRH) ..
10.7  Fixed, MICA (CM,CMR)....eeiieiierereeecintnenncee e,
10.8  Fixed, MICA, Button (CB) ........................................................................................
10.5 ruéﬁ'.GiiSS(C‘t’ (03 = | TSP
10.10 Fixed, Ceramic, General Purpose (CK, CKR)..........ccccoiiimiiiiiiiiiiniiceennienes 10-18
10.11 Fixed, Ceramic, Temperature Compensating and Chip (CCR and CC, CDR)................ 10-20
10.12  Fixed, Electrolyhc Tamalum. Solid (CSH) ................................................................ 10-21
10.13  Fixed, Electrolytic, Tantatum, Non-Solid (CL, CLR). ..... 10-22
10.14 Fixed, Electrovtic, Auminum (CUR and CL)) ... e, 10-24
10.15 Fuxed Electrolyhc (Dry), Aluminum ({07 =3 T U TRR 10-26
10.16  Variable, CeramiC (CV).......coooii ettt ee e e e e s e 10-27
10.17  Variabie, Piston Type (PC). ..o 10-28
10.18  Variable, Alr Trmmer (CT) ...t e 10-29
10.19 Vanable and Fixed, Gas OFVaCUUM (CG) .e.oeieiiiiieiiiiicecieeecec e 10-30
10,20  EX@IMPIB....ecreiiiiiiiiititiieeeeeeee e e s eteteenbenaas e aeeeebeaee s e s aeeeseaes et sanena it e e e ee st aeaa i arnnes 10-32

SEC et al. v. MRI
SEC Exhibit 1023.0004
IPR2023-00255



Downloaded from 7http://www.everysp7ec.com

MIL-HDBK-217F
CONTENTS

SECTION 11: INDUCTIVE DEVICES

11.1 LIc: 1101017 - O OO RSO OTPORE 11-1

1R - 0« |13 11-3

11.3  Determination of Hot Spot TEMPerature ............c..c.ueeiiiiiiiiiiiiiirerrcc s seesssenes 11-5
SECTION 12: ROTATING DEVICES

12.1 MOTOTS . .. ceneiciieettirerseeresreerenconsiosnreesanensessansasssnssnanssesnmnseesssancenssnansastssanssarnseensssnsnnns 12-1

12.2 Synchros and Resolvers 12-3

iz2.3 uapm Time Meters . iz-4

12.4 1711 S SO EU RPN 12-5
SECTION 13: RELAYS

13.1 MeChaNICAI........c.ccciieriieennecciinenninecnnenee eterecsneransseeennrernsasetensrataanesereansarenenssrennnnrans 13-1

13.2 Solid Stats and Teme Dslna'y' ...................................................................................... 13-3
SECTION 14: SWITCHES

14.1  Toggie of PUSRDUON.........c..coiiiiiiiii ettt e e e 14-1

i4.2 Baskc Sensiive i4-2

143  Rotany. ... 14-3

14.4 Thumbwheel. ... 14-4

145 Circuit Breakers 14-5
SECTION 15: CONNMECTORS

15.1 General (Except Printed Circuit Board) ...........ocoieciiiieiiiiiiii 15-1

15.2 Printed Circuit Board............ccccceuvmuniniirencennn. 15-4

15.3 integrated Circuit Sockets 15-6
SECTION 16: INTERCONNECTION ASSEMBLIES

16.1 Interconnection Assemblies with Plated Through Holes................c..oviiiiiiiiiienieeenn, 18-1
SECTION 17: CONNECTIONS

171 CONNACHONS ... ... ... ..iiiiiiiiiiiiiiiiniinninneineanaconeascossesissseonsemnsseonsosmsssnsennseasss 171
SECTION 18: METERS

i8.1 MBS, PaMBE....cooeei i et ee et er s eraa e e ne s i8-i
SECTION 19: QUARTZ CRYSTALS

19.1 QUAMZ CIYSIaAIS .........iiieieeeteeieiee e eeeeei e e e e et ee e e ettt eaeesssanenseeseeessnnnnneesesnsanaens 19-1
SECTION 20; LAMDGS

20.1 LAMIDS... .ot e s e e e e e e e e s eeeete e mrannns 20-1
SECTION 2i: ELECTRONIC FIiLTERS

211 Electronic Filters, Non-Tumable ... e e neesreees sesssssnsenens 21-1
SECTION 22: FUSES

22.1 LT T T SRR 22-1
SECTION 23: MISCELLANEOUS PARTS

23.1 MISCEHANEOUS PAMS..........ciiiiiiiiieiii ettt ee et et e eeeee e eenees e e e e e e aeeaesennennnae 23-1
APPENDIX A: PARTS COUNT RELIABILITY PREDGICTION. ..o A-i
APPENDIX B: VHSIC/VHSIC-LIKE AND VLSI CMOS (DETAILED MODEL).............. B-1
APPENDIX C: BiBLIOGRAPHY ..ot er e C-i

SEC et al. v. MRI
SEC Exhibit 1023.0005
IPR2023-00255



Downloaded from http://www.everyspec.com

MIL-HDBK-217F
CONTENTS
LIST OF TABLES
Table 3-1: Parts with Multi-Level Quality Specifications.............cccccovviiiiniinniiiicnieenns 3-3
Table 3-2: Environmental Symbol and Description............ccooeiiveir i 3-4
Tabie 4-1: Reilabiiity Analysis CheeKIST ...........ooooiiiiii 4-1
Table 6-1: Default Case Temperatures for All Environments (°C) ...............ccooovieiinniennen. 6-23
Table 6-2: Approximate Thermal Resistance for Semiconductor Devices
iN Vanous Package SIZeS..........eevrveeiuiiiiiiie et e e 6-24
LIST OF FIGURES
Figure 5-i Cross Sectionai View of a Hybrid with a Singie Muiti-Layered Substrate ................ 5-18
Figure 8-1: Examples of Active Optical SUMaces ... ..o 8-1
Figure 9-1: MIL-R-39008 Derating CUMVe..........cccoiiireimiiiiiiiiiitiiteiee st se s eaes 9-1
vi

i -

SEC et al. v. MRI

SEC Exhibit 1023.0006

IPR2023-00255



Downloaded from http://www.everyspec.com

MIL-HDBK-217F

FOREWORD

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

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

»  Monolithic Bipolar Digital and Linear Gate/Logic Array Devices

»  Monolithic MOS Digital and Linear Gate/Logic Array Devices

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

= Monolithic GaAs Digital Devices

= Monolithic GaAs MMIC Devices

»  Hybrid Microcircuits

e Magnetic Bubble Memories

» Surface Acoustic Wave Devices

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

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

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

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

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

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

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

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

4. Areduction in the number of environmental factors (ng) from 27 to 14,

5. Arevised failure rate model for Network Resistors.

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

vii

[JA Y] 1
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1.0 SCOPE

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

for military slectronic systems and squipment. It also sstablishes a common basis for comparing and
evaluating reliability predictions of related or competitive designs. The handbook is intended to bp used

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

1.2 Application - This handbook contains two methods of reliability prediction - “Pant Stress
Analysis® in Sections 5 through 23 and “Paris Count” in Appendix A. These mathods vary in degree of
information needed to apply them. The Part Stress Analysis Method requires a greater amoum of detailed
information and ls appncable during the later design phase when actual hardware and circults are bolno
dgesigned. The Parts Count Method requires iess information, generaliy part quaniities, quaiity ievei, and
the appilication environment. This method Is applicable during the early design phase and during proposal
formulation. In general, the Parts Count Method will usually result in a more conservative estimate (i.e.,
higher {ailure rate) of system refiabiiity than the Parts Stress Method.

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

aiso flags overstressed parts, allows the user to perform tradeoff analyses and provides system mean-

hme—to-faih:re and availability. The ORACLE computer program software (availabie in both VAX and IBM
compatible PC versions) is available at replacement tape/disc cost to all DoD organizations, and to
contractors for application on specific DoD contracts as government fumished property (GFP). A

statement M tarms and mMIlinne mav ha ﬂ"_’l‘nlmd lan wnﬂan rnques! to: Rcme [ aMf‘ﬂ’%Gf‘y‘l’ERSn,

Griffiss AFB, NY 13441-5700. T

1-1
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2.0  REFERENCE DOCUMENTS

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

SPECIFICATION SECTION # TITLE

un s 10.7 Cepecltors, Fixed, Mica-Dislsctiic, Gensral Spscification lor

MIL-R-11 9.1 Resistor, Fixed, Composition (Insulated) General Specilication for

MIL-R-19 9.11 Resistor, Variable, Wirewound (Low Operating Temperature) General
Specification for

MIL-C-20 10.11 Capacior, Fixed, Ceramic Dielectric (Temperature Compensating)
Established and Nonestablished Reliability, General Specification for

MIL-R-22 9.12 Resistor, Wirewound, Power Type, General Specification for

MIL-C-25 10.1 Capacitor, Fixed, Paper-Dielectric, Direct Cutrent (Hermetically Sealed
in Metal Cases), General Specification for

MIL-R-26 9.6 Rasistor, Fixed, Wirewound (Power Type), General Specification for

MIL-T-27 111 Transformer and inductor (Audio, Power, High Power, High Power
Pulse), General Specification for

MIL-C-62 10.15 Capacitor, Fixed Electrolytic (DC, Nummum. Dry Electrolyte,
Polarized), General Specification fo

MIiL-C-8i 10.16 gapadtnr, Variable, Ceramic Dielectric (Trimmer), General Specification

T

MIL-C-92 10.18 Capacitor, Variable, Air Dielectric (Trimmer), General Specification for

MIL-R-93 9.5 Resistor, Fixed, Wirewound (Accurate), General Specification for

MIL-R-94 9.14 Rasistor, Variable, Composition, General Specification for

MiL-V-95 23.1 Vibrator, interrupter and Sel-Rectifying, General Specification for

W 111 201 Lamg, Incandescent Minvatuie, T ungsien FRament

W-C-375 14.5 Cisouit Breaker, Moided Case, Branch Circutt and Service

W-F-1726 22.1 Fuse, Cartridge, Class H (This covers renewable and nonrenewable)

W-F-igid 22.1 Fuse, Cartridge, High Interrupting Capacity

MIL-C-3098 19.1 Crystal Unit, Quariz, General Specitication tor

MIL-C-3607 15.1 -Gonnoctor Coaxial., Radio Frequency, Series Pulse, General

MIL-C-3643 15.1 Connector, Coaxial, R.adoo Frequency, Series NH, Associated Fittings,
General Specification fo

MIL-C-3850 15.1 Connector, Coaxial, Radio Frequency, Series LC

2-1

[ LUWSI

SEC et al. v. MRI
SEC Exhibit 1023.0009
IPR2023-00255



MIL-C-5015

MiL-F-5372
MIL-R-5757

MIL-R-6106

MiL-L-6363
MIL-S-8805

MIL-S-8834

MiIL-M-10304

MIL-R-10509
MIL-C-10950

MIL-C-11015

MIL-C-11272

MiL-C-11693

MIL-R-12934
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4.1

10.13

15.1

221

131

13.1

20.1
14.2

9.2
10.8

10.10
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o
w0

q
)

-
Q

®
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TITLE

Connactor, Pl and Recantacia Floctrical l“mvml Saries Twin) ar

Swiich, Toggie, Envionmentaily Seaied, Generai Speciticaiion for

Capacitor, Fixed, Electrotytic (Nonsolid Electrolyte), Tantalum, General
Speciication for

Connector, Electrical, Circular Threaded, AN Type, General
Speciication for
Fuse. Current Limiter Type, Aircraft

Relay, Electrical (For Electronic and Communication Type Equipment),

Qaoanaral Snacnificatinn for
seneral opecicaton tor

Relay, Electromagnetic (Including Established Reliability (ER) Types).

Canaral Cnanifinatinn fnr
"ESHIGIar wprowe LR

Lamp, incandescent, Aviation Service, General Requirement for

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

Switches, Toggle, Positive Break, General Specification for

Meter, Eieciricai indicaiing, Panel Type, Ruggedized, Generai
Snaciiication for

Spac?
Resistor, Fixed Film (High Stability), General Specification for

Capacitor, Fixed, Mica Dielectric, Button Style, General Specification
for

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

Capacior, Fixed, Glass Dielectric, General Specification for

Capacitor, Feed lnrougn Radio interference Aeduciion AC and DC,
lH-nnnhn-lﬁv Saalad in Matal Gnn\ Estahliched and Nonestabliched

Refiabllity, General Specification for

Tvos) G ool Qmamifinatian fne

{(Pow YPS), GeheTas SPSCHCaION 1O

Danictine Ciuvad Clla. vy
UIRWI, T IAWY, T I (FuUwot

'cap.cnor By-Pass Radio - Interference Reduction, Paper Dielectric,

(PTY A3t ME_a_ S PN\ P

I\b .10 w. (l'l."’mlly Sealed in Metanc aESes), mu

Specification for

Hesistor, Variabie, Wirewound, Precision, Generai Specification ior

N

)
N

B e e
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MIL-+18327

MIL-R-18546

MIL-S-198500
MIL-R-19523
MIL-R-10648
MIL-C-19978

MIL-T-21038

MIL-C-21097

MIL-R-22097

MIL-S-22710

MRL-S-22885
MIL-C-22992
MiL-C-23183
MiL-C-23269

MIL-R-23285

SECTION #

-—b
o
-b
~

22.1

1.2

nN
-
-

-
©
E

211

9.7

13.1
13.1
10.3

15.2

o
Py
W

©
o

-
h
o

14.1
16.1
10.19

109

8.15

Capaciior, Fixed, Paper (Paper Plastic) or Piastic Dielectric, Direct
Cutrent (Hermetically Sealed in Metal Cases) Established Reliability,
Genara! Specification for

Capaciior, Variabie {Piston Typa, Tubuiar Trimmer), Generai
Specification for

Fuse, Instrument, Power and Telephone

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

P P8 e R ______ SN S BN e _at . &

ey, FeEoD “m, m‘l DPBCHEZION TOT

Capeacitor, Fixed, Muta!l!zod (Paper, Paper Plastic or Plastic Film)
Dielectric, Direct Current {(Hermeticaily Sealed in Metal Cases), General
Snacification for

e taoeel et e

Filter, High Pass Low Pass, Band Pass, Band Suppression and Dual
Functioning, General Specification for

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

Specwicaton Df

Semiconductor Device, General Specification for

Ralay, Control, Naval Shinhoard

Relay, Time, Detay, Thermal, General Specification for

Capacitor, Fixed Plastic (or Paper-Plastic) Dielectric (Hermetically
Sealed in Metal, Ceramic or Glass Casaes), Established and
Nonestablished Reliability, General Specification for
Transtormer, Pulse, Low Power, General Specification for

Conneclor, Electrical, Printed Wiring Board, General Purpase, General
Specification for

Resistor, Varighle Nonwirewound {Adiustment ypes), General

7, Variable, Nonwirewour Typas),
Specification for
RAsslstor, Fixed, Fim, Insulatsd, Gensral Specitication for

Switch, Rotary (Printed Glrcuu). (Thumbwheel, In-line and Pushbutton),
Gonord Specification for

Switches, Pushbutton, llluminated, General Specification for
Connector, Cylindrical, Heavy Duty, General Specification for

- Capaocitor, Fixed or,'Variable. Vacuum Dielectric, General Specification
o7

Capadlor Fixed, Glass Dielectric, Established Reliabllity, General
cha(bn for

Resistor, Variable, Nonwirewound, General Specification for

2-3
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2.0 REFERENCE DOCUMENTS
SPECIFICATION SECTION # TITLE

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

MIL-T-23648 9.8 Thermistor, (Thermally Sensitive Resistor), Insulated, General
Spediiication for

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

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

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

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

MIL-C-28748 151 Connector, Electrical, Rectangular, Rack and Panel, Solder Type and
Crimp Type Contacts, General Specification for

MIL-R-28750 13.2 Relay, Solid State, General Specification for

MIL-C-28804 15.1 Connector, Electric Rectangular, High Density, Polarized Central

, General Specification for, Inactive for New Designs

MIL-C-28840 15.1 Connedlor, Electiical, Circular Thieadad, High Density, High Shock
Shipboard, Class D, General Specification for

MIL-M-38510 5.0 Miciocircuits, General Specification for

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

MIL-I-38535 5.0 Integrated Circuits (Microcircuits) Manutacturing, General
Specification for

MiL-C-38900 15.1 Connactor, Electrical, Circular, Miniaturs, High Density, Quick
Disconnect, (Bayonet, Threaded, and Braech Coupling) Environment
Resistant, Removable Crimp and Hermetic Solder Contacts, General
Specification for

MIL-C-39001 10.7 Capacitor, Fixed, Mica Dielectric, Established Reliability, General
Speciiication for

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

MIL-C-39003 10.12 Capadtof Fixed, Electrolytic, (Solid Electrolyte), Tantalum,

Established Reliabllity, General Specification for

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

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

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

General Specification for

N
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SPECIFICATION SECTION # TIMLE

MIL-R-39008 9.1 Resistor, Fixed, Gompodbon (Insulated) Established Reliability,

General Snecification for
= S m—e——r

MIL-R-39009 9.7 Resistor, Fixed, Wirewound (Power Type, Chassis Mounted)
Establiishad Refiability, General Specification for

MIL-C-39010 11.2 Cofl, Fixed, Radio Frequency, Molded, Established Reliability, General
Speciiicaiion for

MIL-C-39012 15.1 Connector, Coaxial, Radio Frequency, General Specification for

MIL-C-39014 10.10 Capacitor, Fixed, Ceramic Dielectric (General Purpose) Established
Reliability, General Specification for

“- - ”“‘ls Q,Q n‘-n-L__' as_._2_a8_ |'n'n........m (l = s'_ as h‘:ﬁaﬁ"‘““) Eatabla 't.ﬁd
Reliability, Gonoml Specification for

MIL-R-39016 13.1 Relay, Electromagnetic, Established Reliability, General Specification
for

MIL-R-39017 9.2 Resistor, Fixed, Film (insulated), Established Reiiabiity, Generai
Mmﬂ!sp ‘nr

MIL-C-39018 10.14 Capacitor, Fixed, Electrolytic (Aluminum Oxide) Established Reliability
and Nonestablished Refiabllity, Gensra! Spscification for

MIL-C-39019 145 Circult Breakers, Magnetic, Low Power, Seailed, Trip-Free, General
Speciication for

MIL-C-39022 10.4 Capodtof Fixed, Metallized Paper Paper-PIasnc Film, or Plastic Film
Dieleciric, Direct and ARemaiing Cufrent (Hermetically Sealed in Metal
Casas) Established Reliabilty, General Specification for

MIL-R-39023 9.15 Resistor, Variable, Nonwirewound, Precision, Genera! Specification for

MIL-R-39035 9.13 Resistor, Variable, Nonwirewound, (Adjustment Type) Established
Roeliablility, General Specification for

MIL-C-49142 15.1 Connector, Triaxial, RF, General Specification for

MIL-P-55110 15.2 Printed Wiring Boards

MIL-R-55182 9.2 Resistor, Fixed, Film, Established Reliability, General Specification for

MIL-C-55235 15.1 Connector, Coaxial, RF, General Specification for

MiL-C-55302 i5.2 Connecior, Printed Circuit, Subassembly and Accessories

MIL-C-55339 156.1 Adapter, Coaxial, RF, General Specification for

MIL-C-55514 10.5 <. Capachtor, Fixed, Plastic (or Metalized Plastic) Dielectric, Direct
Current, In Non-Métal Cases, General Specification for

MIL-C-5552¢ 145 Circuit Braaksr, Magnstic, Unssalad, Trip-Fres, Canara!l Specification
for

IL-T-55631 11.1 Transformer, intermediate Frequency, Radio Frequency, and
Discriminator, Genera! Specification for
25
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SPECIFICATION SECTION # TiTLE

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

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

MIL-C-83383 145 Circuit Breaker, Remote Control, Thermal, Trip-Free, General
Specification for

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

MiL-C-83421 10.6 Capacitor, Fixed Supermetaliized Piastic Fiim Dieieciric (DC, AC or DC
and AC) Hermetically Sealed in Metal Cases, Established Roliabllity
General Specification for

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

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

MiL-R-8372 3.1 Hﬁi‘y‘, Yacuum, Geneia wuuvu ation for

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

133

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

MN_-C-83733 15.1 Connaector, Electricat, Miniature, Rectangular Type, Rack 1o Panel,
Environment Resisting, 200 Degrees C Total Continuous Operating
Temporature, General Specificaiion for

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

MIL-STD-756 Refiability Modeiling and Prediction

MIL-STD-883 Test Methods and Procedures for Microelectronics

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

MIL-S8TD-1547 Parts, Materials and Processes for Space Launch Vehicles, Technical

Requirements for
MIL-STD-1772 Certitication Roequirements for Hybrid Microcircult Faciiities and Lines

Copies of spaclications and standards required by contractors in connaction with specific acquisition

e

functions should be obtalned from the comractino actMty or as directed by the oomrading officer. Single
copies are also avallable (without charge) upon wiitten request to:

Qlandanrﬂ-’aﬁnn NAaramant Nedar Nael
A WIVAAINIITUINL WU W

700 Roblns Ave,

Building 4, Section D
Philadelphia, PA 19111-5094
(215) 697-2667
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3.1 Reliabliity Engineering - Reliabllity is currently recognized as an essential need in military
electronic systems. It is looked upon as a means for reducing costs trom the tactory, where rework of
defective components adds a non-productive overhead expense, to the field, where repair costs include
not only parts and labor but also transportation and storage. More importantly. reliability directlv impacts
force eﬁectiveness. measured in terms of availability or sortie rates and determines the size of the

"logistics tail” inhibiting force utilization.

The achievement of rellabiilty is the function of reliabllity engineering. Every aspect of an electronic
system, from the purity of materials used in s component devices to the operator's interface, has an
Impact on reuability Reliabiiity engineering must, therefore, be applled throughout the systems
development in a diligent and timely fashion, and integrated with other engineering disciplines.

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

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

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

Once a design is seiecied, the reiiability prediciion may be used as a guide to improvement by showing
the highest contributors to failure. if the part stress analysis method is used, it may aiso reveal other frultful
areas for change (e.g., over stressed parts).

The impact of proposed dosugn changes on reliability can be determined only by comparing the rekability

prediciions of the existing and proposed designs.
The ability of the design o maintain an acceptable reliability level under environmental extremes may be
assessed through reliability predictions. The predictions may be used to evaluate the need for

environmental control systems.

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

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

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

3-1
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3.3 Limiations of Rellability Predictions - This handbook provides a common basis for
reliability bredictions, baged on analysis of the best availahle data at tha time of issue. It is intended to

make rehabllny pnedlcmn as good a tool as possble. However, like any tool, reliability prediction must be
used intelligently, with due consideration of its limitations.

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

Even when used in similar environments, the differences between system applications can be significant.
Predicted and achievod reliabiity have always been cioser for ground electronic systems than for avionic
msmbaman s snn s s ardal abtrancaan wran: lana S ased, b omrwn son bhha momcind and haran

VDY VNTNID, MULAUDU urv Ull'llvllll'ul"ﬂl SUTOOUD valy o990 nvin ﬁyﬁlulll |U D,D!Ulll A 1 Ilm I ﬂl‘l 111G RO

the fieid conditions are in aeneral closer to the environment undar which tha data was collected for the
prediction model. However, tailure rates are also impacted by operational scenarios, operator
characteristics, maintenance practices, measurement techniques and difterences tn detinttion ot tatture.

Hanra o sallahifihy neadivicam shaiild mavuar hha asnciirmad 04 vancanant tha avaastad fiald rallahiiih: an
Nsing, a 'VIIGUIIII’ PIVUNIMII OINUI\l IHOVUI UU GOJUNIIOU IV TOPIGOUIIL UIU UANUUWITU TIOR vvnaunuy av

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

Electronic technology is noted for its dynamic nature. New types of devices and new processes are
continually introduced, compounding the difficulties of predncting reliabillty Evolutionary changes may be
handied by extrapolation from the existing modeis; revoiutionary changes may defy analysis.

Another limitation of reliability predictions is the mechanics of the process. The part stress analysis
method requires a signiticant amount of design detall. This naturafly Imposes a time and cost penalty.
More significantly, many of the details are not avaitable in the early design stages. For this reason this
handbook contains both the pant stress analysis methed {Sactions § through 23) and a simpler pars 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 apphcatvon by the user.

Thaea win anmanthy annbh: tha madale and coa tha indAarmadinn in Anneniandisag raliabilihy ruees, waill
TIR/OU Wi LWUITOWIY Qpiily 1LIro 1TROUGIO ans USS e mcTmaweh i a OO mlvlluvua ronaMIny ylwualu Win

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

3.4 Part Stress Analysis Prediction

3.4.17 Appiicapiiity - This method is appiicabie when most of the design is compieied and a detaiied
parts lict Including part siresses le avallable, It can ales be used during later desion phasss for reliability
trade-offs vs. part selection and stresses. Sections 5 through 23 contain failure rate models for a broad
variety of parts used in eiectronic equipment. The parts are grouped by major categories and, where
appropriate, are subgrouped within caxegoﬁes For mechanical and eieclromechanicai parts not covered
e thio Uandihanl, esafaréta Dikiiaseamin, Hame ON and 260 7 Arnnandis N

My UHO 1 I RIMVUVU, 1TI0T IV wwwluyﬂ, lIvIICO — lllI\-l o \ﬂwv NIIA \.I’

The failure rates presented apply to equipment under normal operating conditions, i.e., with power on and

performing its intended functions in its intended environment. Extrapolation of any of the base failure rate
models bevond the tabulated values such as high or sub-zero temperature, electrical stress values above

1.0, or oxtrapolation of any associated model modifiers is complelely invalid. Base failure rates can be
interpolated between electrical stress values from 0 to 1 using the underlying equations.

The general procedure for determining a board level (or system level) failure rate is to sum individually
cakulated failure rates for each component. This summation is then added to a failure rate for the circuit
board (which includes the effects of soldering parts to it) using Section 16, Interconnection Assemblies.

SEC et al. v. MRI
SEC Exhibit 1023.0016
IPR2023-00255



Downloaded from http://www.everyspec.com

3.0 INTRODUCTION

For parts or wires soldered together (e.g., a jumper wire between two parts), the connections model
appearing in Section 17 is used. Finally, the effects of connecting circuit boards together is accounted for

by adding in a failure rate for each connector (Section 15, Connectors). The wire between connectors is
assumed to have a zero failure rate. For various service use profiles, duty cycles and redundancies the

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

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

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

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

dependent on the number of MIL-STD-883 scieans (o equivalont) io which they are subjected.

Table 3-1: Parts With Multi-Level Quallty Specifications

Pant Quality Designators

S, B, B-1, Other: Quality Judged by
Microcircuits Screening Level

JANTXV, JANTX, JAN

Capacitors, Established D,C.S.R,B,P.M, L
Reiiability (ER)

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

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

Relays, Established R P, ML

Reliabiltly (ER)

Some parts are covered by older specifications, usually referred to as Nonestablished Reliability (Non-ER),

that do not have multi-levels of quality. These part models generally have two quality levels designated as

il _OD - », . o N "
MIL-SPEC.", and "Lower". If the part is procured in complete accordance with the applicable

specification, the nc value for MIL-SPEC should be used. If any requirements are waived, or if a

el

commercial part is procured, the g value for Lower should be used.

The foregoing discussion involves the "as procured” part quality. Poor equipment design, production,
and testing facllities can degrade part quality. The use of the higher quality parts requires a total
equipment design and quality control process commensurate with the high part quality. it would make little

sense to procure hich quality narte only 10 have the equinment broduction brocedures damage the parts
or introduce latent defects. Total equipment program descriptions as they might vary with different part
quality mixes is beyond the scope of this Handbook. Reliability management and quality control
procedures are described in other DoD standards and publications. Nevertheless, when a proposed

equipment development is pushing the state-of-the-art and has a high reliability requirement
necessitating high quality parts, the total equipment program should be given careful scrutiny and not just
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the parts quality. Otherwise, the low failure rates as predicted by the models for high quality parts will not

ho raalizad
G,

3.4.3 Use Environment - All part reliability models include the effects of environmental stresses
through the environmentai factor, xg, except for ihe efiecis oi ionizing radiation. The descriptions of
these environments are shown in Table 3-2. The xg tactor is quantified within each par tailure rate mode!.
These environments encompass the major amas of equipment use. Some equipment will experience

Beomom o sl oo aad st Ao abommonm o b Pl ey -To)-Tole In nianbh A Aann tha

moie than one environiment Guing s Nonmal use, &.g., equipiment it spacscraft. In such a cass, the
reliability analysis should be segmented, namely, missile launch (M, ) conditions during boost into and

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

Table 3-2: Environmental Symbol and Description

Equivatent
MIL-HDBK-217E.
Notice 1

Environment ‘—E Sym | Symbol

__ TS

Naarrintinn
wesenpuen

Nonmobile, temperature and humidity
controlled environments readily accessible to
mainienance; inciudes iaboraiory instrumenis
and test equipment, medical electronic
aequipment, business and scientific computer
compiexes, and missiies and support
equipment in ground silos.

Ground, Benign Gg Gg
Gl AC
wo

AnAdaratah: rnntenlind anviennmarte eivrvh ae
[e SV ==

VRS s Wiy VIS I WV s s fet

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

Ground, Mobile GM Gm Equipment instalied on wheeled or tracked
M vehicles and equipment manually transported;
P includes tactical missile ground support
oqunpmom mobile communication oquipmem
taciicai fire direction SYSIOFI'IS nandneid
communications equinment, lasar designations

and range finders.

Naval, Sheltered Ng Ng Includes shehltered or below deck conditions on
N NéB surface ships and equipment instalied in
ennhmarinae

Unprotscted suttacs allrpwl'ﬂs squipment

al
N, o oxposed to weather conditions and equipment
uw immersed in sal water. Includes sonar
A R Sy ey e d me bcodaaball
“H ToVoi

Uqupmsnl and bqupnwm instaned on nyo
vessals.

34
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Table 3-2:

Environmental Symbo! and Description (cont'd)

Environment

_ e b |
RE SYMOO!

tquivaieni
MIL-HDBK-217E,
Notice 1
ng Symbol

Airhorne, Inhabited,

Cargo

Airbaorne, Inhabited,
Fighter

Airborne, Uninhabited,
Fot-Tre o]

G Y

Airhorne,
Uninhabited,
Fighter

Airborne, Rotary
A/

ever-vel
vVigoU

>
@ =10

>

Tvpical conditions in carao compartments
which can be occupied by an alrcrew.
Environment exiremes of pressure,
tamnarsture, shock and vibration are minimal,
Examples include long mission aircraft such as
the C130, CS, B52, and C141. Thncategoty

alaas annlias tn inhahitand aranas in lnuear
S ST

e W ETTSS S W T

performance smaller aircraft such as the T38.

Same as Alr\ but installed on hioh performance

aircraft such as fighters and interceptors.
Examples include the F15, F16, F111, F/A 18
and A10 aircraii.

Environmentally uncontrolied areas which
rannnt ha inhahitad he an sinvveewe dewrinn fliniv

Environmental extremes of pressure,
temperature and ehoek may be severe.

asdon Sned aronman ol bomon,
uﬂlllp’“ l!lulut- ul.llllﬂullw aIBED U wug

mission aircraft such as the C130. CS5, B52 and
C141. This category also applies to
uninhabiied area of ower perionmance smaiier
aircraft such as the T38.

Samae aa A. bul inataliad on high performance

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

Equipment installed on helicopters. Applies to
hath intarnalh: and avtarnalhs meintad

both imernally and externally mounted
equipment such as laser designators, fire
control systems. and communications

vqupuuslu

[ = S U Y B W O

Earin orbiiai. s benign ground
conditions. Vehicie neither under nowered

flight nor in atmospheric reentry; includes
sateiiites and shutties.
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Tabie 3-2: Environmentali Symbol and Description (cont'd)
Equivalent
MIL-HDBK-217E,
Notice 1
Environment n Symbol! Description
ng Symbol =
Missile, Flight M M Conditions reiated io powered fiight of air
MF breathing missiles, cruise missiles, and
A missiles in unpowered free flight.
Missile, Launch M, M, Severe conditions related to missile launch (air,
= Ue ground and sea), space vehicie boost into
St orbit, and vehicie re-entry and landing by
parachute. Also applies to solid rocket motor
propulslon powered ﬂigm and torpedo and
missite launch from submarines.

Cannon, Launch CL CL Exiremeiy severe conditions related o cannon
launching of 155 mm. and 5 inch guided
pfo}ectiles. Conditions apply to the projectile
from launch to target impact.

3.4.4 Part Fallure 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:
Ap = hp BT TARR A T C RO TE
where:
A.p is the pan failure rate
Ay  Is the base tailure rate usually expressed by a mode! ralating the influence of slectrical and
temperature stresses on the par,
ng  and the other = factors modify the base failure rate for the category of environmental
application and other parameters that affect the part reliability.
The ng and n~ factors are used in most all models and other x factors apply only to specific models. The

annlicahility of x factors is identified in each section.

The base tailure rate (A,) models are presented in each part section along with identification of the
applicable model factors. Tables of calculated Ab values are also provided for use in manual calkculations.

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

of pants beyond these cut off points will overstress the pant. The use of the A, models in a computer
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program shoukd take the part rating limits into account. The A, equations are mathematically continuous
beyond the pan ratings but such failure rate values are invalid in the oversiressed regions.

All the part models include failure data from both catastrophic and permanent drift failures (e.g., a resistor
nermanently falling out of rated tolerance hounds) and are based upon a constant failure rate, excent for
motors which show an increasing failure rate over time. Failures assoclated with connection of parts into
circuit assemblies are not included within the part failure rate models. Information on connection reliability
is provided in Seciions 16 and i7.

3.4.5 Themal Aspecls - The use of this predidlon method requires the determination of the

temperatures to wihich the pans are SUD]BCIOO Since pans rellamuty is sensiiive fo mrfpommre. ine
tharmal anahmsie of anv daclan shanld la-rtu mnmnlu nmvids the amhiant inmr_n"hlrn noadad in ucinn

IV S AT JUIV W1 GIl) WUVONR I Wi RIS 16808 VAT CIIWEY WY RS LT TS RS wAwL T el g

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

AnAd inAbidasd in All tha trada A 1rdine Amurarines immant narfiarmanaa ralinhilitu  wainht valima
QIRJ TRIUVUTU BT Gl L1IT Jaue vt °lu\‘l7° VAV GIIIN U’\'ulvl'lvlll MPULIVINIQINIVG, TUNGAUHIRY, VWURIn, vVIUIIm,

environmental control systems, etc. References 17 and 34 listed in Apbendix C may be used as guides in
determining component temperatures.
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Cae tamann tha sahanblicd Inakidan antanaran dnr rakahilih madalins and Ib\naﬁnn wininh arn
vl wulplvlvuvaa. lllv VTTLIIOL ITRAUUGD WHRIUYUVIITD 1V TURAWIIILY IRV aing nlmuvu, VIR @

somatimes delivered as part of a prediction reporl. It should be noted that the scope of any reiiability
analysis depends on the specmc requiremenm called out in a statement-of-work (SOW) or system
specification. The inclusion of this checklist ie not intended to change the scope of these requirements.

Table 4-1: Reliablliity Analysis Checklist

Major Concerns

Comments

MODELS
Are all functional elements included in the

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

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

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

[N e
neIvuwere.

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

Unit failure rates and redundancy oquahons are used

___an

from ihe deiaiied part predictions in ihe sysiem maih
modael (See MIL-STD-756. Reliability Prediction and

Modeling).

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

Does the allocation process consider
compiexity, design fiexbiiity, and sajety
marains?

Useful levels are defined as: equipment for
subcomractors assemblies for sub-subcontractors,

[T WU PR JRgRpT PR sy
urwn voarus 1ur UUSU"B’S

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

PREDICTION
Does the sum of the parts equal the value of

the module or unit?

Are environmental conditions and part quality
representative of the requirements?

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

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

Are alternate (Non MIL-HDBK-217) fallure rates
nighiighted aiong with the rationaie for their
yae?

I tha laval of datail for tha nart failire rata
:S INe eve; Of getal 1or Ine pari lanure rate

models sufficient to reconstruct the result?

Ara rritinal amvmnnnanta aush aa \LIQIN
Are CraKa: COMPONSnis SUCH &8 viiom,

Monolithic Microwave Integrated Circuits
(MMIC) Apphcation Spocmc Integratod

PN e AL/
WITGWILD \AOCv) of rlyunua mgnugmw l'

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

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

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

Identification is needed so that cormrective actions for
reliability improvement can be considered.

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

Each component type should be sampled and failure

rataa anln'nlv rnN\r\n'n wtad Inr anrira
faieS npTelE SLAISU WIS 10T alLuialy.

Prodncuon methods for advanced technology parts should

e samsedoilh, aareliiaboard e o Bhno ...d..l.. et
o wuﬂuu, Tvauaiou 1uT uu..ua,l VI e 1HUU Ul auig

system.

21
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This section presents tailure rate prediction modeis for the following ten major classes of microelectronic
devices:

~

..

E 4 Lianalithia Qinalar Nindal and | inaar Ratal/l Anic Arrav Davicrae

. WWIRIIIIN -1 Uullﬂl QGRS LITTOQI WG LUy ne rviay wvvivouo

5.1 Monolithic MOS Digital and Linear Gate/l.ogic Array Devices

5.1 monoiithic Bipoiar and MOS Digital Microprocessor Devices

5.2 Monolithic Bipolar and MOS Memory Devices

53 Very High Speed integraied Circuit {(VHSIC/VHSIC-Like and VLSi) CMUS Devices (> 60K

Gates)

54 Monolithic GaAs Digital Devices

C A Adarmalidthin MaAs LAVMIN

[ e 4 VIV RAILTLIR, \JQFMO IVIVING

5.5 Hybrid Microcircuits

[ = [ag 2y N o mblio WAoo Thancioaa

2.0 UHACT ACUUDLIL YYAYE JECVYILED

5.7 Magnetic Bubble Memories
B Al o A2 e o e e A e oM e e e AL A S A Mlmalan cmrmmasacda N TTY ACTTY T ] rad ¥ 1
HT U U guSCIIpIoN Ul B¢ 1 T Mg UUvEKe yw, Dlpuldl TOPIGSTINS an 1 1L, MO 1 1L, VIL, CulL, UL,
ALSTTL, HTTL, FTTL, F, LTTL, STTL, BICMOS, LSTTL, iiL, i°L and iSL devices. MOS represents aii
metal-oxide microcirciite, which includes NMOQ PMOS, (‘ A0S and MNOS fahricated on various

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

Monolithic memory complexity tactors are expressed in the number of bits in accordance with JEDEC STD
y all government and industry agencies that deal with microcircuit

21A. This standard, which is used b
memories, states that memones of 10:

bits. For example a i6K memory na
1 048 578 hite. Exact numhers of hitc ara r

Sy Tesw S o v ~

-
-

a
24 bits and greater shall be expressed as K bits, h ere 1K = 1024

5,364 Dils, a 64K memory has 65,536 bils and a iM memory has
not 11 end for mamariae of 1024 hite and araatar

ASIAT RaTIwA gt wLARLIY o

Ul
-

For devices having both linear and digital functions not covered by MIL-M-38510 or MIL-I-38535, use the
iinear modei. Line drivers and iine receivers are considered iinear devices. For iinear devices not covered
e RAKD _RAC r.m:qn or AASL l_qn:a: nea tha trancictar Anunt fenm tha ernhamatin Adia arn nf tha dAdavian ¢t

, IWHILLTIWWITOUWUW LA 0] S Rl WL & 20 L WHOUT I1IG LTI IDIDIWVI VAW IIVIII WIS D\;Ilwlllﬂll\l Ulﬂulﬂlll Vi IV UUYRG WV

determine circuit complextty

For dightal devices not covered by MIL-M-38510 or MIL-I-38535, use the gate coum as determlned trom
ll IU luy;u U;GUI ulll l“\ \.I l’\ Ul r\-o ll;p uup ia B\.'.llvululll IU 0 udlcb "'llvll UWU aa pdll Ul dll I-OI bilw;l I'UI lllﬂ
pburpose of this Handbook, a gate is considered to be any one of the mnaw.m functiong; AND, OR,

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

Tachnalaav Gate Annmyimatinn

Bipolar No. Gates = No. Transistors/3.0
CMOS No. Gates = No. Transistors/4.0
All other MOS except CMOS No. Gates = No. Transistors/3.0

o
b

SEC et al. v. MRI
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o
©
!l

A detailed form of the Section 5.3 VHSIC/VHSIC-Like model is included as Appendix B to alow more
detailed trade-offs to be performed. Reterence 30 should be consulted for more information about this
model.

Rafaranca 22 ehniild ha canenitart far mara infarmatinn ahmt tha madale annaarinng in Cantinne 81 £ 92
v Wi ™~ WV rVTY SPprprU T ROV T W ¥y Weiey

[
TIVIUT O v &Y s WV U RV TV VWIIIFRIAVIT GWVWL 17TV 1V IVUY W TV vy

5.4,5.5, and 5.6. Reference 13 should be consulted for additional information on Section 5.7.

&
N
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5.1 MICROCIRCUITS, GATE/LOGIC ARRAYS AND MICROPROCESSORS

DESCRIPTION

1. Bipolar Devices, Digital and Linear Gate/l.ogic Arays

2. MOS Devices, Digital and Linear Gate/Logic Arrays

3. Field Programmable Logic Array (PLA) and
Programmabile Array Logic (PAL)

4. Microprocessors

Ap= (Cyxy + Comg) xgmy Failures/106 Hours

Biolar Digital and Linear Gate/Logic Amay Die ComplexRy Failure Rate - C,

Digital Linear PLA/PAL
No. Gates Cq No. Transistors C, No. Gates Cq
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 Complexiy Failure Rate - C4*

Digital _ Linear PLA/PAL
No. Gates C4q No. Transistors Cq No. Gates Cq
1 1o 100 .010 1 to 100 .010 Up to 500 .00085
101 to 1,000 .020 101 to 300 .020 501 to 1,000 .0017
1,001 to 3,000 .040 301 to 1,000 .040 2,001 to 5,000 .0034
3,001 to 10,000 -080 1,001 to 10,000 .060 5,001 to 20,000 .0068
10,001 to 30,000 16
30,00t to 60,000 .29

“‘NOTE: For CMOS gate counts above 60,000 use the VHSIC/VHSIC-Like model in Section 5.3

Microprocessor All Other Model Parameters
Die Complexity Failure Rate - C4 Parameter Reler to
_Bipolar MOS
No. Bits C, C, T Section 5.8
Upto 8 060 14 C2 Section 5.9
Upto 16 12 .28 TE, B T Section 5.10
Upto 32 .24 .56

SEC et al. v. MRI
SEC Exhibit 1023.0025
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MICROCIRCUITS, MEMORIES

Ultraviolet Eraseable PROMs (UVEPROM)
“Flash,” MNOS and Floating Gate Electrically
Eraseabis PROMs (EEPROM). inckidses both

floating gate tunnel oxide (FL OTOX) and textured

polysilncon type EEPROMS
5. Static Random Access Memories (SRAM)
6. Dynamic Random Access Memories (DRAM)

D

2. Prowammable Read Only Memories (PROM)
3.

4

Failures/108 Hours

2 =[{\..'_4.n"..4.1 ) W o,
p=Cin+Canp+igdmam
Die Complexity Failure Rate - C4
MOS Bipolar
PROM, SRAM
INMEDDMNAS Y Vet ) "~ rwe s
i i EEPROM. | DRAM BIMOS) PROM SRAM
Memory Size, B (Bits) ROM EAP )
Up to 16K .00085 .00085 .0013 .0078 .0094 0052
16K < B < 64K .0013 .0017 .0025 .016 .019 .011
64K < B < 256K .0026 .0034 .0050 .031 .038 .021
256K <B< 1M .0052 .0068 .010 .062 .075 .042
A4 Factor for l[_,yg Calculation A, Factor for ch Calculation
Total No. of Total No. of Programming
Programmmg Textured- Cycles Over EEPROM | Textured-Poly A,
C Over i 2 iite, C
e py:'{sf‘ Lite C Flotox Poly“
Up to 300K 0
Up to 100 .00070 .0097
100 < C 200 .0014 .014 300K < C < 400K 1.1
200 < C <500 .0034 .023
500 <C< 1K .0068 .033 400K < C < 500K 2.3
1K< C<s3K .020 .061
3K<C<7K .049 .14 All Other Model Parameters
7K <C < 15K .10 .30 Parameter Refer to
15K < C £ 20K .14 .30
20K < C 5 30K -20 -30 T Section 5.8
30K < C < 100K .68 .30 ’
100K - P(DMI( 112 2an ~ Cardian O
100K < C 200K 1 1.3 .30 C, Seciion 5.5
200K < C <400K §| 2.7 .30
400K < C < 500K | 3.4 .30 rE, XQ. T Section 5.10
1. A1 = 6.817 x 10'6 (C) "cyc (EEFﬁGMS Fage 55
2. No underlying equation for Textured- only)
Poly.
}‘qc =0 For all other devices

54

SEC et al. v. MRI
SEC Exhibit 1023.0026
IPR2023-00255



Downloaded from http://www.everyspec.com

MIL-HDBK-217F
5.2 MICROCIRCUITS, MEMORIES
EEPROM Read/Write Cyciing induced Faikire Raie - Agye
All Memoiy Devices EXCept Fiotox and Acyc =0
Textured-Poly EEPROMS
Fiotox and Textured Poly EEPROMS Aeve .] Ay By + == lﬂecc
L
P —— N
Aq Pags 54 Pags 54
B4 Page 5-6 Page 5-6
Ao Ay =0 Page 5-5
By B8y,=0 Page 5-6
nQ Seciion 5.10 Seciion 5.10
Error Coivection Cods (ECC) Cptions:
1. No On-Chip ECC REQQ = 1.0 ficr~=1.0
v {7 [ =4 4 92
2. On-Chin Hamming Code fean = .72 fle~n = .72
- hd [ =L Vg i\
2. Two-Needs-One Mem~ = 68 M=~ = .68
= cou | =\ 2

Radindant Call 4 Annmar'h

TS et T~

NOTES: 1.

See Reterence 24 for modeling off-chip error detection and correction

I— |

]

(A

schemes at ine memory sysiem ievei.
If EEPROM type is unknown, assume Flotox.

Error Correciion Code Opiions: Some EEFROM manuiaciurers nave incorporaied
Aan_rhin armr cormactinn rirmitry indn thair EEDDRDNA rinulnn_ Thie ie rnarecnnhvl ws

NIEE A VI WA H -t WATWASTLI Y IR I TON hmbed § SN T RN O W VRV Y

the on-chip hamming code entry. Other mamufacturers have taken a redundant cell

approach which incorporates an extra storage transistor in every memory cell. This
is represenied by the two-needs-one redundant ceii eniry.
4. The A. and An factors shown in Section 5.2 were developed based on an assumed

svst_em life of 10 000 operating hours. For EEPROMs used in systems with
sngmfncanﬂy longer or shorter expected litetimes the A4 and A, factors should be

multiplied by:

P Y

System Litetime Operating Hours

(.I]V'I
on
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5.3 MICROCIRCUITS, VHSIC/VHSIC-LIKE AND VLSI CMOS

DESCRIPTION
CMOS greater thain 60,000 gaies
2 - w4 ) ww w1 ) . Failwwroec/1 n6 re
Y = *BD*MFGTTRCD * MBPTEFQRPT * AEOs Faitres/10° Hours
Die Base Faliure Rate - Agpy All Other Model Parameters
S T Parameter __Reter to
Sl Lt ~BD
Logic and Custom 0.16 T Section :":o
Gate Array 0.24 e 7Q n>
Package Type Correciion Facior - xpt
Ad e ol nrnds st Dommnnns £ o o bl ”PT
“uwug rlm vvuwv r'w '“uFG PM& m mc No'mm'c
Manuiaciuring Process ™FG
MNiD “+ N 4
[ .V 1.9
QML or QPL 55 Pin Grid Array 2.2 2.9
N it Chip Carmmier 4.7 6.1
NON WML OFr NON WIFL <.U (Sur[ace Mount
H eChﬁG;:gy)
Die Complexity Correction Factor - xon
Feature Size Min Acec foee2)
Yo o (Ui
(Microns) A<.4 4<A<.7 7<A<1.0 1.0<A<20 20<A<3.0
.80 8.0 14 19 38 58
1.00 5.2 8.9 13 25 37
1.25 3.5 5.8 8.2 i6 24
72 \2 N =
®cp = ( & 2) { X, \ (-64))+.36 A= Total Scrbed Chip Die Areaincm® X = Feature Size (microns)
J
Die Area Conversnon cm - MIL‘? + 155 000
Package Base Faiiure Rate - Agp Electncai Overstress Failure Rate - lEOS
Number of Pins Agp VT4 (ESD Susceptibility (Volts))* Ae0s
'''' 24 .0026
28 .0027 0- 1000 .065
40 0022
44 .0030 > 1000 - 2000 .083
48 .0030
52 .0031 > 2000 - 4000 .044
64 0033
84 .0038 > 4000 - 18000 .020
120 .0043
124 .0043 > 16000 0027
i44 .0047
220 nNNRN PR
— e AEOS = (-in (1 - .00057 exp{- .0002 VTH” /.00876
1 FaYalelsd (ld A v 4 n'5\ lun\\ Al _ ECDP Cuianandikilibe, fumbs)
~BP VU + \{1.72 X IU V) (NP YTH = =ov SUSTeptisiny {Vons)
NP = Number of Package Pins * Voltage ranges which will cause the part to
_ _ fail. i unknown use 0 - 1000 volts.
5-7
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DESCRIPTION

Gallium Arsenide Microwave Monolithic Integrated Circuit
(GaAs MMIC) and GaAs Digital integrated Circuits using
MESFET Transistors and Gold Based Metallization

=l Cunema 4+ Cone 17 1~ Fallures/106 Hours
VT 1A eI T Y b
MMIC: Die Complexity Failure Rates - C, Device Application Factor - x5
"Complexity C, Application XA
(No. of Elements) _
110100 4.5 Mwanm Low Power (< 100 mW) | 1.0
101 to 1000 7.2 Drivaer & High Power (> 100 mW) 3.0
_ o . Unknown 3.0
1. C4 accounts for the following active
elements: transistors, diodes.
Dighal Devices
All Digital Appiications 1.0
Digital: Die Complexity Faiture Rates - C,
_ Complexity C4 All Othor Mads! Paramatare
(No. of Eiements) e P ey
Parameter Refer to
1 1o 1000 25
1,001 to 10,000 51 L3 1 Section 5.8
i. C4 accounts for the foilowing active C, Section 5.9
elements: transistors, diodes.
Le B 7o} Section 5.10

SEC et al. v. MRI
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5.5 MICROCIRCUITS, HYBRIDS

DESCRIPTION

ah A _caanr____-

yorno MICTOCITQUIS
dp=[ENgA;1(1 + 2xg) xprgqm Failures/108 Hours

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

The general procedure for developing an overall hybrid failure rate Is to calculate an individual failure rate
tor each component type used in the hybrid and then sum them. This summation is then modified to
aCCoUTR for e overail ybiid funciion (xg), scieening evei (xq), and maiurity (x;). The hybrid package
tallure vats is a funclion of the aciive commponent fallure ModHed by the environmentiai facior (i.e., (i + .2
xg) ). Only the component types listed in the folowing table are considered to contribute significantly to
the overall failure rate of most hybride. Al other component tynes (e.g., resiciors, inductors oic) are
considered to contribute lnslgnMcanny to the overall hybrld \‘allure rate and are assumed to have a iallure
rate of zero. This simpliﬂcatlon is valid for most hybnds however, it the hybnd consists of mostly passive
components then a faiiure raie shouid be caicuiaied for these devices. ii lactonng in other component
types, assume ny = 1, ng =1 and TA = Hybrid Case Temperature for these calculations.

Determination of ’“c
Determine ;.c for These Handbook Section Make These Assumntions When Determining
Component Types Ac

Microcircuits 5 Cy=0,nq=1,m =1,T; as Determined from
Section 5.12, Agp = 0 (for VHSIC).

Discrete Semiconductors 6 nq = 1, T; as Determined from Section 6.14,
1CE = 1.

Capacitors 10 xq =1, Tp = Hybrid Case Temperature,
RE = 1.

NQTE " m'lm m m’ed e!mee for a rlln k L nn_I(.n'cn'.':“ aSSums i-"-e Sane as :Ul a umvl mcly' pacRags

die of the same type. i the same doe has several ratings based on the discrete packaged
type, assume the lowest rating. Power rating used should be based on case temperature

ior discreie semiconduciors.

Circuit Function Factor - g All Other Hvbrid Mode! Parameters
Circuit T
iind i L MQ. ME Refer to Section 5.10
Digital 1.0
Video, 10 MiHz < i < i GHz 1.2
Microwave, f > 1 GHz 2.6
Linear, f < 10 MHz 5.8
Power 21
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5.6 MICROCIRCUITS, SAW_ DEVICES -

DESCRIPTION
Surtace Acoustic Wave Devices

Ap = 2.1 g =g Failures/10® Hours

Quality Factor - ry Environmental Factor - xg

Screening Level xQ Environment xE
Gg 5

10 Temperature Cycles (-55°C o .10

+125°C) with end point electrical Ge 2.0

tests at temperature extremes. Gy 4.0

None beyond best commerical 1.0 Ng 4.0

practices.
NU 6.0
A'C 4.0
A 5.0
Auc 5.0
AyF 8.0
ARw 8.0
Sg .50
Mg 5.0
ML 12
CL 220

SEC et al. v. MRI
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5.7 MICROCIRCUITS, MAGNETIC BUBBLE MEMORIES

The magnetic bubble memory device in its present form is a non-hermetic assembly consisting of the
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 permanem 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. it should
be noted that this model does not include extemnal support microelectronic devices required for magnetic

bubble memory operation. The mode! is based on Reference 33. The general form of the fallure rate
model is:

7\p = Aq + Ap Failures/1 05 Hours

where:
11 = Failure Rate of the Control and Detection Structure
Ay = nq INcCqyrTymy + (NCC2 +Colnglrpr
A, = Failure Rate of the Memory Storage Area
Az =mQNc(Cqamra + Coomp)my
Chips Per Package - N Device Complexity Failure Rates for Control and
Detection Structure - C44 and Cp4
Ne = Number of Bubble Chips per —
Packaged Device Cyq = .0D095(N4)-40
Temperature Factor — L2y Coq = .0001(N, >
T -Ea [ L \ 1 Ny = Numt‘)‘e.r.ot' D@sipa?i\fe E!emems
T= “7 863 x 1075 LTJ + 273 7 298 ) ona U:'P (93108 geteaog
/ generawrs, etc.), g ST00V
TN

Us
E; = .8toCakulate npq
E—

= 5510 Calculate ny,

T, = Junction Temperature (°C),
25<T;<175
TJ = TCASE + 10°C

SEC et al. v. MRI
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5.7 __MICROCIRCUIT, MAGNETIC BUBBLE MEMORIES

Write Duty Cycle Factor - myy Device Complexity Failure Rates for Memory
100 Storage Structure - C4, and Cpp
"W T oan3
\rvvy; 3
Cq2 = .00007(Ny)
Ty = 1 torD<.30orR'W 22154
Cpp = .00001(Np)-3

Avg. Device Data Rate
Mig. Max. Raied Daia Rate

N, = Numberof Bits, Ny <9x 10°

RW = No.of Reads per Write

NOTE:
For seed-bubbls generators, divide Aii Other Modei Parameters
nyy by 4, or 1, whichever is greater. Parameter Section
Co 5.9

“*D KE.ﬂQ, ﬂL 5.10

A
@]

D = Avg. Device Data Rate <1
~ Mfg. Max. Rated Data Rate

SEC et al. v. MRI
SEC Exhibit 1023.0034
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5.8 MICROCIRCUITS, xy TABLE FOR ALL
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5.9 MICROCIRCUITS, C, TABLE FOR ALL

Package Failure Rate for all Microcircuits - Co

Package Type
Hermetic: DiPs
w/Solder or Nonhermetic:
Number of Weld Ssal, Pin | DiPs with Glass | Flatpacks with Cans* DiPs, PGA,
Functional Grid Amay P Axial Leads on SMT (Leaded
- o oear . h
Pins, Ny | (paay!, sMT 50 Mil Centers3 and
{Leaded and Nonleaded)5
Nonleaded)
3 .00082 .00047 .00022 .00027 .0012
4 .0013 .00073 .00037 .00049 .0016
6 .0019 .0013 .00078 .0011 .0025
8 .0026 .0021 .0013 .0020 .0034
4N AN 4 AADA Falsdeds) Foteic & | nnrAaa
"V NI AT =) W P A1V -« PP
12 .0041 .0038 .0028 .0044 .0053
14 .0048 .0048 .0037 .0060 .0062
16 .0056 .0059 .0047 .0079 .0072
18 .0064 .0071 .0058 .0082
22 .0079 .0096 .0083 .010
24 .0087 .011 .0098 .011
28 .010 .014 .013
36 013 .020 017
40 .015 .024 .019
64 .025 .048 .032
80 .032 .041
128 .053 .0es
180 .076 .098
224 .097 12
. - - o A . 108 - ~ ~ A A5 ... 161
1. Cp=28x 107 (Np) ™ 2. Cp=9.0 x 107 (Ny) ™"
3. Cp=30x 10 (Np)‘ 82 4. Cp=30 x 10> (Np)2'°1
4 1.08
5. C5=36x 107" (Ny)
NOTES:
1. SMT: Surface Mount Technology
2 DIP: Dual In-Line Package
3. It DIP Seal type is unknown, assume glass
4 The package failure rate (Cp) accounts for failures associated only with the package itseli.
Failures associated with mounting the package to a circuit board are accounted for in
Section 186, Interconnection Assembilies.

SEC et al. v. MRI
SEC Exhibit 1023.0036
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5.10 MICROCIRCUITS, xg, ) AND xn TABLES FOR ALL

Environment Factor - xg

Quality Factors-xg

Environment g Description xQ
Gg .50 .
Ge 2.0 Class S Categories:
Gy 4.0 1. Procured in full accordance
—_— 5 with MIL-M-38510, Class S
=S Db requirements.
Ny 6.0
— — 2. Procured in full accordance .25
AiC bt with MIL-}-38535 and
A’F 5.0 Appendix B thersio (Class U).
Auc 5.0 3. Hybrids: (Procured to Class
Ayr 8.0 S requirements (Quality Level
A o K) of MIL-H-38534,
I'\Rw 8.0
'S¢ 50
Oloacs B Natamarias:
M 12 1. Procured in full accordance
c 220 with MiL-M-38510, Ciass B
L requirements.
Leaming Factor - x| 2. Procured in full accordance i.0
YearsnBr onY L with MIL-1-38535, (Class Q).
<3 2.0 3. Hybrids: Procured to Class B
5 i.8 requirements (Quality Level
1.0 1 :5 H) of MIL-H-38534.
1.5 1.2
220 - - 1.0 Class BR-1 Cateoory-
n = .01 exp(5.35 - .35Y) Fully compliant with all
requirements of paragraph 1.2.1
Y = Years generic device type has been of MIL-STD-883 and procurad to a 20
in production ﬁi&‘."_’i"!ﬂ?_-fff‘ii’_' Swinp or
N WAIIT guverinilenn -ppluvw
documentation. (Does not include
hybrids). For hybrids use custom
screening section below.
5-15
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5.10 MICROCIRCUITS, ng, x; AND ng TABLES FOR ALL

Quality Factors (cont'd): ): xg Calculation for Custom Screening Programs

Group MIL-STD-883 Screen/Test (Nole 3) Point Valuation
T™ 1010 (Temperature Cycie, Cond B Minimum) and TM 2001
(Constant Acceleration, Cond B Minimum) and TM 5004 (or 5008
1 for Hybrids) (Final Eledrmls@Terrp Extremes) and TM 1014 50
{Seal Test, Cond A, B, or C} and TM 2008 {Extema! Visual)
T™ 1010 (Temperature Cycie, Cond B Minimum) or TM _29(_)1_
(Constam Acceleration Cond B Minimum)
2 T™ 5004 (or 5008 for Hybrids) (Final Electricals @ Temp Extremes) 37
and TM 1014 (Seai Tesi, Cond A, B, or C) and TM 2009 (Exiemai
Viguah
Pre-Bum in Electricals
3 T™M 1015 (Bum-in B-Level/S-Level) and TM 5004 (or 5008 for 30 (B Level)
Hybrids) (Post Bum-in Electricals @ Temp Extremes) 36 (S Level)
4° T™ 2020 Pind (Particle impact Noise Detection) 11
5 TM 5004 (or 5008 for Hybrids) (Final Electricals @ Temperature 11 (Note 1)
Extremes)
6 T™M 2010717 (intemal Visual) 7
7" TM 1014 (Seal Test, Cond A, B, or C) 7 (Note 2)
8 T™M 2012 (Radiography) 7
9 T™ 2009 (Extermnal Visual) 7 (Nhols 2
10 T™M 5007/5013 (GaAs) (Water Acceptance) 1
11 T™M 2023 {Non-Destructive Bond Pull) 1
Q=2+ 87
X Point Valuations
*NOT APPROPRIATE FOR PLASTIC PARTS.
NOTES:
1. Point valuation only assigned if used independent of Groups 1, 2 or 3.
2. Point valuation only assigned if used independent of Groups 1 or 2.
3. Sequencing oi iesis within groups 1, 2 and 3 must be ioilowed.
4. TM refers to the MIL-STD-883 Test Method.
5. Nonhermetic parts should be used only in controlied environments (i.e., Gg and other
temperature/humidity controlied environments).
EXAMPLES:
87
1. Mig. performs Group 1 test and Class B bum-in: nQ=2+50 30 =3.1
2. Mtg. performs internal visual test, seal test and final electricaltest: nq =2+ 7:;:1 s 55
Other Commercial or Unknown Screening Levels ng=10
5-16
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MICROCIRCUITS, T; DETERMINATION, (ALL EXCEPT HYBRIDS)

Ideally, device case temperatures should be determined from a detailed t rmal analysis of the
equipment. Device kinction temperature is then calculaised with the following relationship:

TJ - TC + eJcP
T; = Worst Case Junction Temperature (°C)
Tc = Case Temperature (°C). i not avaliable, use the foliowing detauk table
Default Case Temperature (T¢) for all Environments
Envionment [ Gg Gr Gu[ Ns Nyl Ac Ar Auc Aur Apw] Sk _Mp My C
TC("C) 35 45 50| 45 50 60 60 75 75 60 35 50 60 45
0,c = Junction-to-case thermal resistance {(°C/watt) for a device soldered into a printed circult
board. If 6, is not available, use a value contained in a specification for the closest
equivalent device or use the following table.
Die Area > 14,400 mil® 6 ¢ Die Area < 14,400 mif®
Package Type () 0 1 CCW
(Ceramic Only) uc CCW)
Dual-In-Line 11 28
Fiat Package 10 22
Chip Carrier 10 20
Pin Grid Array 10 20
Can - 70
P = The maximum power dissipation realized in a system application. !f the applied power

equivalent device.

not available, use the maximum power dissipation from the specification for the closest

517

SEC et al. v. MRI
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5.12 MICROCIRCUITS, T; DETERMINATION, (FOR HYBRIDS)

This section describes a method for estimating junction temperature (T 4) for integrated circuit dice

mounted in a hybrid package. A hybrid is normally made up of one or more substrate assemblies mounted
within a sealed package. Each substrate assembly consists of active and passive chips with thick or-thin
film metaliization mounted on the substrate, which in turn may have multiple layers of metallization and
dielectric on the surface. Figure 5-1 is a cross-sectional view of a hybrid with a single multi-layered

——b ol Cotak. 8 & AL hermal

substrate. The layers within the hybrid are made up of various maierials with different thenm
characteristics. The table foliowing Figure 5-1 provides a list of commonly used hybrid materials with
typical thicknesses and comresponding thermal conductivities (K). If the hybrid internal structure cannot be

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

CHIP (A)

CHIP ATTACH (B) _ \ ‘g o
\ N

INSULATING
LAYER (C)

SUBSTRATE (D) 7 l
/ MATERIAL  __ |

THICKNESS, L ; PACKAGE

/ LEAD

CASE (F)

A
l
I

m\

Figure 5-i: Cross-sectionai View of a Hybrid with a Singie MuRti-Layered Substrate

5-18
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5.12 MICROCIRCUITS, T, DETERMINATION, (FOR HYBRIDS)

Typical Hybrid Characteristics

Thermal
Conduciivity,
Twnical Featura K; AV
Materia! Typical Usage Thickness, | From Figure 2 (’R") (Li)
Lj in) 5-1 wans) ),
\"Wil | {in© °C/W)
Silicon Chip Device 0.010 A 2.20 .0045
GaAs Chip Device 0.0070 A .76 0092
Au Eutectic Chip Attach 0.0001 B 6.9 .000014
Soider Chip/Subsirate Attach 0.0030C B/E 1.3 .0023
Epoxy (Dieieciric) Chip/Subsiraie Atiach 0.0035 B/E 0060 .58
Epoxy (Conductive) | Chip Attach 0.0035 B 15 .023
Thick Film Dielectric Glass Insulating Layer 0.0030 o] 66 .0045
Alumina Substrate, MHP 0.025 D .64 .039
Beryllium Oxide Substrate, PHP 0.025 D 6.6 0038
Kovar Case, MHFP 0.620 F .42 048
Aluminum Case, MHP 0.020 F 4.6 0043
Copper Case, PHP 0.020 F 9.9 .0020
NOTE: MHP: Muttichip Hybrid Package, PHP: Power Hybrid Package (Pwr: = 2W, Typically)

n = Number of Material | avers

> - X
v

= Thermal Conductivity of it Material [

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

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

Estimate T Jgas Follows:

T~ = Hvhrid Case Tomnaratura (°C)
C nyonag Case femperatur

vy Wy

J (User Provided or From Table)

i unknﬂ\un ueco tha TC Datault Tahle chown in Sastinn § 11,

IR I ASUMIRSI L o

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

(&)
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513 MICROCIRCUYTS, EXAMPLES

Given: A CMOS digital timing chip (4046) in an airborne inhabited cargo application, case temperature
48°C, 75mW power dissipation. The device is procured with normal manufacturer's screening
consisting of temperaxure cyciing, oonstam acceleration, electrical testing, seal test and external
visual inspection, in the sequence given. The componen manufacturer aiso performs a B-levei
bum-in followed by electrical testing. All screens and tests are performed to the anplicable MIL -
STD-883 screenlng method. The packaoe is @ 24 pin ceramic DIP with a glass seal The device
has been manufactured for several years and has 1000 transistors.

Cardine £ 4
9. F

}\.p = 1 T+ vz»E) e B SSCHoN

cy = .020 1000 Transistors = 250 Gates, MOS C, Table, Digital Column

nr = .29 Determine T ; from Section 5.11
T = 48°C + (28°C/W)(.075W) = 50°C
Determine ny from Section 5.8, Digital MOS Column.

Cp = .0 Section 5.9

- _ - A D CQantinn £ 14N

llE - .V WOV J. TV

g = 3.1 Section 5.10
Group 1 Tests 50 Points
Group 3 Tests (B-level) 30 Points
TOTAL 80 Points

. 87
1[0: 2+ '8_'0" = 3.1
o= 1 Section 5.10

lp = [ (.020)(.29) + (.011) (4) ] (3.1)(1) = .15 Failure/10® Hours

Exampile 2: EEPROM

Given: A 128K Fiotox EEPROM ihat is expecied io have a T g of 80°C and experience 10,000
read/write cycles over the ilfe of the system. The part is procured to all requnremems ot
D

ragr ph 1.2.1, MIL-STD- -883, Class B scrssning leve! lvquuuuvvnta and has bssn in

productlon torthree years. It is packaged in a 28 pin DIP with a glass seal and will be used in an
airborne uninhabited cargo application.

- (C. o ~e— a2 Ve e
mp vy 'T 2 E'rl\cyc’uQuL

C, = .0034 Section 5.2
nr = 3.8 Section 5.8
C, = .014 Section 5.9

SEC et al. v. MRI
SEC Exhibit 1023.0042
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5.13 _MICROCIRCUITS, EXAMPLES

KE = 50 Section 5.10
g = 2.0 Section 5.10
x = 1.0 Section 5.10
Acyc = .38 Section 5.2:

) [ B AsBo
J‘c:yc"‘!_‘H 1% Tag J nece
= B, = 0 for Flotox
2

Assume No ECC,

V\C

fad
=9, /RSC

at botiorn oi B4 and B, Tabie)

Ap = [ (:0034)(3.8) + (.014)(5.0) + .38] (2.0)(1) = .93 Failures/10 Hours

Example 3: GaAs MMIC

Given:

A MA4GM212 Single Pole Double Throw Switch, DC - 12 GHz, 4 transistors, 4 inductors, 8
resistors, maximum input Pr\ = 30 dbm. 16 pin hermetic flatnack, maximum T.. H=145Cina
ground benign envimnment The part has been manutfactured for 1 year a_g is screened to
Paragraph 1.2.1 of MIL-STD-883, Class B equivalent screen.

l.p =[Cynynp + Cong ] LRe) Section 5.4
Cy = 45 Section 5.4, MMIC Table, 4 Active Elements (See Footnote to
Table)
RT = .061 Section 5.8, TJ = TCH = 145°C
np = 3.0 Section 5.4, Unknown Application
Cr = .0047 Section 5.9
g = .50 Section 5.10
. = 15 Section 5.10
rq = 2.0 Section 5.10

A= [(4.5)(.061)(3.0) + (.0047)(.5)] (1.5)(2.0) = 2.5 Failures/10 Hours

NOTE: The passive elements are assumed to contribute 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 ars

conductive epoxy and soider, 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
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5.13 _MICROCIRCUITS, EXAMPLES

screened to MIL-STD-883, Method 5008, in accordance with Table VI, Class B requirements.
The hvhrid containg the fallowinn aomnanornts:

IYWUIng LIRS LIV TUINUIY I R WA/ RV IVE IO .

Active Components: 1 - LM106 Bipolar Comparator/Bufier Die (13 Transistors)

1 - LM741A Bipolar Operational Amplifier Die (24 Transistors)
2 - SiNPN Transistor
2
2

- Si PNP Transistor

- Sl General Purpose Diodes

- Ceramic Ciip Capaciiors
Thick Fiilm Reslstors

Ao = [ENGALJ(1 + 2ng) mprgmy Section 5.5

Estimate Active Device Junction Temperatures

Passive Componenis

NN
1

1

'y

It limited information is available on the specific hybrid materials and construction characteristics
the detault case-to-junction temperature rises shown in the introduction to Section 5.12 can be
used. When detailed information becomes availabie the foliowing Section 5.12 procedure

should be used to determine the Jiunmn'n_!o_casu IAJC) thermal! resistance and TJ values for

each component.

.’1 71 N
Z (% )@

- = .
8 = "A—J———‘A (Equation 1)
JaRY AYAY i
| avar Firmirea E.1 Faatuira kK }\ ’
Layer igure 5-1 Feature
(m2 °Clw)
Silicon Chip A .0045
Conductive Epoxy B .023
Two Dielectric Layers C (2)(.0045) = .009
Alumina Substrate D .03S
Soider Substrate Attachment E .0023
Kovar Case F 048
)Y ARTIAM 1258
AN
A = Die Area = [.00278 (No. Die Active Wire Terminals) + .04'!7]2 (Equation 2)
TJ = TC + eJC PD (Equation 3)
5-22
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§.13  MICROCIRCUITS, EXAMPLES

TM10E T1MTA1A Ci NDN Ci PP Ci Nincla Coliren
=iV ' VI i Xiadrlal A B AJIEA] bR L] ek d oA ] WV WG
No. of Pins 8 14 3 3 2 Vendor Spec. Sheet
Power Dissipation, .33 .35 .5 .6 .42 Circuit Analysis
Pg (W)
IR - X 0041 0065 0028 0025 0022 | Ecui 2 Ahove
Area oi Chip (in.<) A B et yYES o vves i A
8¢ (°CW) 30.8 19.4 50.3 50.3 56.3 Equ. 1 Above
T. o) 75 72 Q8 [-1Y ’Q Fem 2 Ahnva
T;(C) 5 72 o5 o8 89 Equ. 3 Above
2. Calculate Failure Rates for Each Component:
A) LM106 Die, 13 Transistors (from Vendor Spec. Sheet)
kp=[C1 TtT+02 RE]KQRL Section 5.1
Because 02 =0;
Ap = Cymrmgm ny: Section 5.8; nq, x; Defaultto 1.0

= (.01)(3.8)(1)(1) = .038 Failures/108 Hours

RY 1M744 Nia 22 Trangiciare llca Cama Dermnadiira ne Ahauan
D) Lwiifs] wiC, €0 11aliDioilio. UST sailivc 7 IVLOUUIT ad MuUuUvo.
Ap = Cqmprgm =(01)3.1)(1)(1) = .031 Failures/108 Hours

C) Silicon NPN Transistor, Rated Power = 5SW (From Vendor Spec. Sheet), Vap/Vog = -6,

Linear Application

n PP TPy

(.00074)(3.9)(1.5)(1.8)(.29)(1)(1)

nnnn r—,:l_._‘_:.ns [ P,
= UUuco rdmres tu- nours

D) Silicon PNP Transistor, Same as C.

Ap = .0023 Faitures/108 Hours

A.p = }'\.b T ™A TtR ﬁs T(Q TIE Section 8.3; ﬁO, KE Defau

Ty Py

a ~
niw I1.v

E) Silicon Generai Purpose Diode (Anaiog), Voitage Stress = 60%, Metailurgically Bonded
o #i

lp = lb ﬂT NS KC RQ ’:E Section 6.1 ; RQ, EE Default to 1.0

(.0038)(6.3)(.29)(1)(1)(1)
.0069 Failures/108 Hours
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5.13 MICROCIRCUITS, EXAMPLES
L,eramnc Chip Capacitor, Voltage Stress = 50%,
- T_ __ Sar tha Liidwisd 424N nC 4980 Datad T‘-—n

'A = ICASE V' UG NyUnkd, 199V pPir, 1o U NaICU 181p.

kp = ApToy TQRE Section 10.11; n, ng Defaultto 1.0
- { OR(1 AV (1){(1)
\rVWVERWINT-TINTINGYT
= .0039 Failures/105 Hours
G Thick Film Resistors, per instructions in Section 5.5, the contribution of these devices is

considered insignificant relative 10 the overaill hybrid faiure rate and they may be ignored.
;'p = [ENcA J(1+2ng) mprqm
g = 6.0 Section 5.10
ng = 58 Section 5.5
g = 1 Section 5.10
L Section 5.10
2 - [ {4\ NRA) . (1\ N1 L D9\ { NP2 . (D) [ NND72)
Ap = [{1(.038) + (1)(.031) + (2) (.0023) + (2) {.0023)

+ (2)(.00689) + (2)(.0039) }(‘- + .2(6.0)) {5.8) (1)(1)
Ap = 1.3 Failures/ 0% Hours
5-24
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6.0 DISCRETE SEMICONDUCTORS, INTRODUCTION

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

e Bl sabnla A2 oo b o &
The applicable MIL specitication for transistors, and optoe!wuur‘uc dev

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

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

S P P Sy Py SF SISt SRpUay YUy o la mremlalemad i Qmadioe B @

i0 case ihermai resistance. Determenation of Junciion temperallines i expiained in Section 6.14.

Reference 28 should be consulted for further detailed information on the models appearing in this
section.

SEC et al. v. MRI
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6.1 DIODES, LOW FREQUENCY

MIL-HDBK-217F

SPECIFICATION
Ml _S.10500

" w T s wwwvw

Base Faiure Raie - A,

DESCRIPTION

| rasr Erarmwansy

NRanaral Diumasas Analna Quitahine

Nindae-
UV T IVYUGI ] WU Y. WG | U RASOU T U IGRAY, \IVV KL I R,

Fast Recovery. Power Rectifier. Transient Suppressor, Current
Regulator, Vokage Regulator, VoRage Reference

Failures/108 Hours

2 =2 Trww o w
Ap = AP RgRa R E ras/

Temperature Factor - ny

Diode Type/Application (Voltage Regulator, Vohage Reference,
and Currsnt Requlator
-~ ‘= P T.(°C) X~ T, C) x
Generai Purpose Anaiog g ] g i
Switching
Power Rectifier, Fast Recovery 25 1.0 105 3.9
Power Rectlifier/Schottky 30 1.1 110 4.2
Power Diode 35 1.2 115 4.5
Power Rectitier with 40 1.4 120 48
High Voltage Stacks 45 1.5 125 5.1
Transient Suppressor/Varistor 50 1.6 130 5.4
Current Regulator 55 1.8 135 5.7
Voltage Regulator and Voltage 60 2.0 140 6.0
Reference (Avalanche 65 2.1 145 6.4
and Zener) 70 2.3 150 6.7
[ — 75 2.5 155 7.1
) 80 2.7 160 7.5
__ Temperatre Factor - ny 85 3.0 165 7.9
{General Furpose AnNRalog, SWICHhing, rasi Hecovery, 90 3'2 170 83
Power Rectifiar, Transient Suppressor) ar A a e o =
A b o 9.% [ ] O.rs
Ty (0 T T,00 100 3.7
25 1.0 105
C . 1 1 i
35 V4 118 T = °*p("925(TJ¢273'ﬁ\\
40 1.6 120 \ \ JJ
gg ;g : gg Ty = Junction Temperature (°C)
58 2.6 135
60 3.0 140
65 3.4 145
70 3.9 150
75 4.4 155
80 5.0 160
85 57 165
90 6.4 170
85 7.2 175
100 8.0
g g 1'
mTom o exp(- 3091 [ ¥T57 ¢ 2
\ \ Vv /
T; = Junction Temperature (°C)
6-2
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MIL-HDBK-217F

6.1 DIODES, LOW FREQUENCY

Electrical Stress Fadlor - ng Luatiy o)

Stress ng Quality el
Transient Suppressor, JANTXV 0.7
Voltage Regulator, Voltage
Reterence, Current JANTX 1.0
Reguiaior 1.0

JAN 2.4

All Others: Lower 5.5
Vg<.30 0.054

. . ) Plagtic /g0

3c< Vs < .40 0.11 m— o

4<Vg<.50 0.19

B5<Vg<.60 0.29

B<Vg<.70 0.42

.7<Vg<.80 0.58 Environment Factor -

B8<Vg<.90 0.77 Environment g

8<Vg<1.00 1.0 ~ P

Cg 1.0
Gp 6.0
For All Except Transient Suppressor, Voltage Gpm 9.0
Regulator, Voltage Reference, or Current Ng 9.0
Regulator Ny 19
ng = .054 (Vg < .3) Ac 13
M = V 2:43 (3 < Ve 1) A 29
sT Vs : s = IF
A 20
. uc
V4 = Voltage Stress Ratic = Yoltage Applied AyUE 43
s J Voltage Rated UF
ARW 24
Voltage is Diode Reverse Voltage
Sg .50
Mg 4
I"'L A=
Contact Construction Factor - t~ ~ .
n —~ CL 320
Contact Construction nc
Metallurgically Bonded 1.0
Non-Meiaiiurgicaiiy Bonded and 2.0
Spring Loaded Contacts
6-3
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MIL-HDBK-217F

6.2 DIODES, HIGH FREQUENCY (MICROWAVE, RF)

SPECIFICATION DESCRIPTION
MIL-S-12500 Si IMPATT; Bulk Eftect, Gunn; Tunnel, Back; Mixer, Datactor,
PIN. Schottky; Varactor. Step Recovery
= i 6
lp = xbn:Tn ATRTQ™E Failures/10° Hours
Base Failure Rate - Ay Temperature Factor- =y
Diode Type Ay (IMPATT)
T, (°C) s 1,00 *r
Si IMPATT (s 35 GHz) 22
Gunn/Bulk Effect .18 25 1.0 105 42
Tunnel and Back (Including 30 1.3 110 50
Mixers, Detectors) .0023 35 1.8 115 60
PIN .0081 40 23 120 71
Schottky Barrier (Including 45 3.0 125 64
Detectors) and Point Contact 50 3.9 130 99
{200 MiHz < Frequency s 35 GHz) .027 55 5.0 i35 120
Varactor and Step Recovery 0025 60 6.4 140 140
65 8.1 145 160
70 10 150 180
75 13 155 210
80 16 160 250
Temperaiure Facior - ny 85 i9 i85 280
{All Types Except IMPATT) o 2e 17 3
Ty (°C) ol s T,0) T 100 35
25 1.0 105 4.4
30 1.1 110 4.8 1 1
as 1.3 115 5.1 xp = exp(-5260 [ 7——>=2 - 52
40 1.4 120 55 k gt })
45 1.6 125 59
Y 1.7 13C 6.3 T, = Junciion Temperature {°C)
55 1.9 135 6.7 J pe S
60 2.1 140 7.1
&5 23 145 7.8
70 25 150 8.0
75 2.8 155 8.5 Application Factor - mp
[-1%] 9.V tov J.V - " n
8s 3.3 165 9.5 Diodes Application TA
90 3.5 170 10
85 3.8 i75 ii Varactor, Voltage Control .50
100 4.1
Varactor, Multiplier 25
i 5 All Othsr Dicdss 1.8
T = exp(-2100(1'._4273-§:\\
\ (N ]
T; = Junction Temperature (°C)
6-4
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MI-HDBK-217F

6.2 DIODES, HIGH FREQUENCY (MICROWAVE, RF)

Power Rating Factor - ng

Quality Factor - xqy

Rated Power, Py (Watts) nQ : __{Schottky)
Quality* 7%
PiN Diodes -
Pr £ 10 .50 JANTXV .50
10 < Py £ 100 1.3 JANTX 1.0
100 < P 1000 2.
<frs 0 JAN 1.8
1000 < Py s 3000 2.4
—— Lower 2.5
All Other Diodes 1.0 Plastic -
PIN Diodes ng = .326 [(Py) - .25 * For high frequency part classes not specified to
MIL-S-19500 equipment quality classes are
AN e . defined as devices meeting the gsame
AllUtner Lioges ng = 1.0 requirements as MIL-S-19500.

Quality Factor - nQ

Environment Factor - ne

(All Types Except Schottky) Environment TE
Quality * nQ Gg 1.0
(] A~
JANTXV 50 “F =
Gm 50
JANTX 1.0
NS 4.0
JAN 5.0 Ny 11
Lower 25 Ac 4.0
Plastic 50 AF 5.0
* For high fraquency part classes not specified to Apr 12
MIL-S-19500 equipment quality classes are
defined as devices meeting the same Apw 16
requirements as MIL-S-19500. < £0
‘\'F ~
Mg 9.0
M 24
CL 250

(o))
1
o
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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)

—_e - - Annfiratinn Fartar . = .
m rawm Hme - % I‘WIWINII 1 AWV ll-A
Type Ap Application L7
P Linear Amnlification 1.5
NPN and PNP .00074 es AT
Switching .70
Temperature Factor - wy
T Power Rating Faclor - ag
T,(C b
(9 1 29 T Rated Power (Py, Watls) =
g‘i’ ]9 ]% ?f P.< 1 43
30 1.1 110 2.0 T
35 1.3 115 5.2
40 1.4 120 5.6 P =5 77
45 1.6 125 5.9
50 1.7 130 8.3 P. =10 1.0
55 1.9 135 6.8
60 2.1 i40 7.2 -
65 2.3 145 7.7 Pr= 5.0 1.8
70 25 150 8.1
75 2.8 156 8.6 Pr =100 2.3
80 3.0 180 a1
85 3.3 165 9.7 Pr= 50.0 4.3
90 3.6 170 10
g5 3.8 175 " Pr = 100.0 5.5
100 4.2
P, =500.0 10
(2514 1 UL VR
o= o[- elit | 70273 " 208 |
\ \ s/ ng =43 Rated Power < .1W
T; = Junction Temperature (°C) L (P,)-37 Rated Power > .1W

S IFAAAS ArA AAT ARIIRTAA Taa CiMiira G5 §nr

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

TRANSISTORS, LOW FREQUENCY, BIPOLAR

S

Voltage Stress Factor - ng Environment Factor - ng
Lk \S o e AT b d A f e ronmeont -
cU Vbtlndlw Vbtu “S TENSEIREILE AL n.t
GB 1.0
0 < Vs <3 A1
” 7 - A an GF 6'0
& < Vs S 9 .10 i
a 2 s © e &l 9-0
4 <Vgs b .21 ™
5 < Vs < 6 .29 Ng §.0
6 <Vgs 7 .39 Ny 19
7 < Vgs 8 .54 A~ 13
8 <Vg=< 9 .73 ~
9<Vg<10 1.0 AF 29
AUC 20
= 045 ayn (2 1{\/el) NV <10} AUF 43
.045exp (3.1{Vs)) {0 <V <1.0)
= Applied VCE / Rated VCgO o en
OF AV
= Voltage, Collector to Emitter MF 14
= Voltage, Collector to Emitter, Base ML 32
Opean CI 320
~ [
Quality Factor - i
Quality nQq
TXV 70
JANTX 1.0
2.4
55
8.0
o _<2
=17

EC etal. v. MRI
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MIL-HDBK-217F

6.4 TRANSISTORS, LOW FREQUENCY, SI FET

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

= ; 6
lp = lbnTn AT Failures/10° Hours

Base Failure Rate - Ab Application Factor - np
Transistor Type Ay Application
(Py. Rated Output Powaer) A
MOSFET .012 . s
Linear Amplification 1.5
JFET .0045 (P < 2W)
Small Signal Switching .70
Temperature Factor - ny
T .(°C °C Power FETs
g (0 T Lo T (Non-linear, P, > 2w)
25 1.0 105 3.9
30 1.1 110 4.2 2<Pr< 5W 2.0
K 1.2 115 4.5
40 1.4 120 4.8 5< Pr < 50W 4.0
45 1.5 125 5.1
5 .
o e 130 - 50 < P < 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
gg gg :gg gg Environment Factor - ng
95 34 175 8.7 Environment nE
100 37
Gg 1.0
Gr 6.0
1995 [ =—— 1 L
o= ( ( Ty +273 ° 299) ) Gm 9.0
Ng 9.0
Ty = Junction Temperature (°C) NU 19
Ac 13
i -
— Quality Factor Tq Ae 29
a
Y e AU 20
JANTXV .70 AUF 43
JANTX 1.0 ARw 24
JAN 2.4 Sg ‘ .50
Lower 5.5 Mg 14
Plastic 8.0 ML 32
CL 320
6-8
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MIL-HDBK-217F

SPECIFICATION

DESCRIPTION
Unijunction Transistors

MIL-S-19500
1 —_— ) = e s
Ap = AT AT
Base Faiiure Rate - A,
Type My
All Unijunction .0083
Temperature Factor - ny
T,4¢0 ny T,(°C) T
25 1.0 105 5.8
30 1.1 110 6.4
35 1.3 115 8.9
40 1.5 120 7.5
45 1.7 125 8.1
50 1.9 130 8.8
55 2.1 135 9.5
60 2.4 140 10
65 2.7 145 11
70 3.0 150 i2
75 3.3 155 13
80 3.7 160 13
85 4.0 165 14
30 4.4 170 i5
95 4.9 175 16
100 53

i

i
n o= exp ( - 2483 ( T,+ 273 " 398

Ty = Junction Temperature (°C)

1)
) )

j4nB Ll
1U° nours
Quiaiity Factor - ngy
ma"ty Ro
JANTXV 70
JANTX 1.0
JAN 2.4
Lower 5.5
Piastic 8.0
Environment Factor - ng
Environment L3
Gg 1.0
G.',: 8.0
Gy 8.0
Ng 9.0
Ny 19
Ac 13
Ayc 20
ARW 24
Sg .50
Mg 14
M 32
CL 320

M

6-9
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MIL-HDBK-217F
6.6 TRANSISTORS, LOW NOISE, HIGH FREQUENCY, BIPOLAR
SPECIFICATION DESCRIPTION

MIL-S-19500

Appiication Note: TI

Rinnlar Microwave RF Transistor

>

(Frequency > 200 MHz, Power < 1W)

— ; 8
lp_ lbnTanSuQnE Failures/10° Hours

iel appilies to a single die (for muitipie die use the hybrid modei). The model does
]

appy o gangsd transisiors on a singvs Jis.
Power Rating Factor - xg
Base Failure Rate - A, Ratad Power (P, Wafts) o
Type A
L) Pr < 1 .43
d<iPrs.2 .55
All Types 18 2<Pr<3 64
3 < Pf < 4 71
4 <Pr< B 77
Temperature Faclor - =y S<Prs.6 -83
T C T 6 <Pr<.7 .88
40 T NI ™ 7<Pr<a8 82
25 1.0 105 45 B<Pr=9 -96
30 11 110 4.8
35 i3 iis 5.2 nR-A‘:‘i Pr <.1W
40 1.4 120 5.6
45 1.6 125 5.9 a7 - .
50 1.7 130 6.3 o =Fr P Fr>.aw
58 1.9 135 6.8
60 2.1 140 7.2
65 2.3 145 7.7
70 25 150 81 Voltage Stress Factor - xg
75 2.8 155 8.6 Applied Vce/Rated VoED ™
80 3.0 160 9.1 )
85 3.3 165 9.7
90 3.6 170 10 0<Vy<.3 A1
95 39 175 11 3 <Vs < 4 16
100 4.2 4 < Vs < .5 .21
5 <Vg< 6 29
i i
nr o= exp(-2114(T_$273-§-:\] 8 <Vgs.7 .39
L LY J ) 7 < Vgs .8 .54
. B8<Vgs< .9 .73
T, = Junction Temperature (°C)
J T v 9 <V 510 1.0
ng = .045exp(3.i(Vs)] (0<V 31.0)
Vg = Applied VoE / Rated VoEO
VCE = Volage, Collector to Emitter
VCEO = Voltage, Collector to Emitter, Base
Open
6-10
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MIL-HDBK-217F

6.6 TRANSISTORS, LOW NOISE, HIGH FREQUENCY, BIPOLAR

Quality Factor - nq Environment Factor - ng
Quality L) Environment e
Gg 1.0
JANTXV .50 ~ ]
Gp 2.0
JANTA LY GM 5.0
JAN 2.0 N~ an
Ng .0
iLower 5.0 Ny id
Aic 4.0
NOTE: For these devices, JANTXV quality class must
include IR Scan for dig attach and screan for barrier i 5.0
layer pinholes on gold metallized devices. A ’n
r‘\UC .V
Ayr 12
Se .50
r
Mg 3.0
ML 24
C 250
£ 44
o= 11
= n 1 (&) L - D N (3] Al

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

6.7 TRANSISTORS, HIGH POWER, HIGH FREQUENCY, BIPOLAR
SPECIFICATION DESCRIPTION
MIL-S-19500 Power, Microwave, RF Bipolar Transistors
(Average Power 2 1W)
= H 6
Xp = kbnTnAnMnQuE Failures/10° Hours
Base Failure Rate - A,
Frequency Outpm Power (Watts)
(GHz) 1.0 5.0 10 100 200 300 400 500 600
<05 .038 .039 .040 .050 .067 .12 .20 .36 .62 1.1
1 .046 .047 .048 .080 .080 14 .24 42 .74 1.3
2 .065 .067 0695 .086 A1 .20 .35
3 .093 .095 .098 12 .16 .28
4 A3 14 .14 147 .23
5 .19 .19 .20 .25
lb = .032 exp(.354(F) + .00558(P)) F = Frequency (GH2) P = Output Power (W)

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

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

Temperature Factor - n

T
(A

emperaiure Factor -

(Goid Metaliization) iuminum Mexalnzanon)
Vs (VCE/BVCES) Vs (VCE/BVCES)
T,°C) < .40 45 50 55 T, (°C) <.40 a5 50 55
<100 10 20 30 40 <100 -38 75 T 15
110 12 .25 .37 .49 110 57 1.1 1.7 2.3
120 .15 .30 .45 .59 120 .84 1.7 2.5 3.3
130 .18 .36 54 .71 130 1.2 2.4 3.6 4.8
140 .21 43 .64 .85 140 1.7 3.4 5.1 6.8
150 .25 .50 .75 i.0 150 2.4 4.7 7.1 3.5
160 .29 59 .88 1.2 160 3.3 6.5 9.7 13
170 .34 .68 1.0 1.4 170 4.4 8.8 13 18
180 .40 .79 1.2 1.6 180 5.9 12 18 23
190 .45 .91 1.4 1.8 190 7.8 15 23 31
200 .52 1.0 1.6 2.1 200 10 20 30 40

1 1
np = exp(- 2903 (TJ 273 - 3_73))

. 1 1
ny - .389xp(- 5794 (7:7'2—73 - 57—3)}

7 (Vg < 40)
Ve 49 7.55 (V, - .35) exp [ - 5794 7 LY
7y = 2(V - .35 exp[- 2903 [T—lsmn - bo =798 Vs r I exp (- ST TN 27 IR )
T Vs o/ F7F Ty +273 373 \ N 77/
(.4 < Vg £.55)
(4 < Vg <.55)
Vg = VCg/BVCES
v = Vce/BVCES
s VCE = Operating Voltage (Volts)
Vv = Operating Voha it
CE perating ge (Voits) BVces = Coliector-Emitter Breakdown
BVgcgs = Collector-Emitter Breakdown Vohage with Base Shorted to
Voitage with Base Shorted to Emitter (Voits)
Emi (Volts) - o Lo oA
miner (Volts TJ - Peak Juncton Temperature (°C)
T. = Paak Junction Tambparatura (°C)
J ~ R od A
6-12 )
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MIL-HDBK-217F

6.7 TRANSISTORS, HIGH POWER, HIGH FREQUENCY, BIPOLAR
Application Factor - ns Quality Factor - nq
Application Duty Factor A Quality L%}
CW N/A 7.8
JANTXV .50
Pulsed <1% .46
5% 70 JANTX 1.0
10% 1.0
15% 1.3 JAN 2.0
20% 1.6
25% i.9 Lower 5.0
2 0% 2.2
NOTE: For thess devices, JANTXV quality class
A = 7.6 CW must inciude IR Scan for die attach and screen for
A ' barrier layer pinholes on gold metaitized devices.
nma = .06 (Duty Factor %) + .40 , Pulsed

Environment Factor - ng

Environment ne
Gg 1.0
Gg 2.0
Gm
NS 4.0
Ny 1
— AIC 4.0
A 5.0
Auc 7.0
Ay 12
AW 16
Sg .50
Mg 9.0
M 24
CL 250

~ - - T R e e . P |

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

6.8 TRANSISTORS, HIGH FREQUENCY, GaAs FET

SPECIFICATION DESCRIPTION
MIL-S-19500 GaAs Low Noise, Driver and Power FETs (2 1GHz)
= i 6
kp "b"T" A" o E Failures/10® Hours
Base Failure Rate - A,
Operating Average Output Power (Watts)
Frequency (GH2) <.l 1 R 1 4 6
1 .052 - - - - - -
4 .052 054 066 .084 14 .36 .98
5 .052 083 10 13 .21 .56 1.5
6 052 13 16 .20 .32 .85 23
7 052 20 24 .30 .50 1.3 35
8 052 3¢ 37 47 .76 2.0
S 052 48 .56 72 1.2
10 052 71 .87 1.1 1.8
Ay = .052 1sFs10, P<.1
A, = .0093 exp(.429(F) + .486(P)) 4sF<10, .1sP<6

F = Frequency (GHz)

P = Average Output Power (Watts)

The average output power represents the power output from the active device and should not account for any duty

cycle in puised applications.

Temperature Factor - ny

Application Factor - mp

T~ (°C) ntr T~ (°C) v
o 4 H L9 4 ]
25 1.0 105 24
30 1.3 110 28
35 1.6 115 33
40 2.1 120 38
45 2.6 125 44
50 3.2 130 50
55 4.0 135 58
60 49 140 66
65 5.9 145 75
70 7.2 150 85
75 8.7 185 97
8o 10 16C 111G
85 12 165 120
90 15 170 140
a5 18 175 150

100 21

Application (P < 6W) A
All Low Power and Pulsed 1
Ccw 4

P = Average Output Power (Watts)

7 7

1 15y
rr o= °"p(‘ 4485 (TC+273 - ﬁ))

Tg = Channei Temperature (°C)

SEC et al. v. MRI
SEC Exhibit 1023.0060
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MIL-HDBK-217F

6.8 TRANSISTORS, HIGH FREQUENCY, GaAs FET

Matching Network Factor - my; Environment Factor - g

Matching M Environment ne

Gg i.0

input and Output 1.0 Gr 20

input Only 2.0 G 5.0

None 4.0 Ng 4.0
Ny 11

Ac 4.0

Quaiity Facior - ng A 5.0

Quality nq Auc 7.0
— AUF 12
JANTXV .50 Ay 16

JANTX 1.0 Sg .80

JAN 2.0 e 7.5
Lower 5.0 M 24
— c, 250

(o))
'

-

o

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

=

SPECIFICATION
MIL-S-19500

- ; 6
Xp- XbenQnE Failures/10° Hours

Base Failure Rate - A

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

Quality Factor - ng

Transistor Type Ap

MOSFET .060

JFET .023

Temperature Factor - ny

T,(C) ny Ty €) n
25 1.0 105 3.9
30 1.1 110 4.2
35 1.2 115 45
40 1.4 120 4.8
45 1.5 125 5.1
50 1.6 130 5.4
55 1.8 135 57
60 2.0 140 6.0
65 2.1 145 6.4
70 2.3 150 6.7
75 25 155 7.1
80 2.7 160 7.5
85 3.0 165 7.9
90 3.2 170 8.3
95 3.4 175 8.7
100 3.7

1 1
ny = exp ( 1925 (W - ﬁ)

T, = Junction Temperature (°C)

)

Quality nQ
JANTXV .50
JANTX 1.0
JAN 2.0
Lower 5.0

Environment Factor - ng
Environment RE |

Gg 1.0
Ge 2.0
Gy 5.0
Ng 4.0
Ny 11
Ac 4.0
A 5.0
Auc 7.0
AUE 12
ARw 16
Sg .50
Mg 9.0
ML 24
CL 250

SEC et al. v. MRI
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6.10 THYRISTORS AND SCRS

SPECIFICATION DESCRIPTION
MIL-S-18500 Thyristors
SCRs, Tnacs
Ap = A mpmongnon. Failures/i 0% Hours
Base Failure Rate - A, Current Rating Factor - ng
Device Type Ap Rated Forward Current
( Yems (Amps)) R
All Types .0022
.05 .30
10 .40
.50 .78
Temperature Factor - =y 1.0 1.0
T 1o - T .o - 50 19
IJ‘U‘ IT IJ\V’ le 10 2.5
20 3.3
25 1.0 105 8.9 30 3.9
30 1.2 110 9.9 40 4.4
35 1.4 115 11 50 4.8
40 1.6 120 i2 60 5.1
45 1.9 125 13 70 5.5
50 2.2 130 15 80 5.8
55 2.6 135 16 90 6.0
60 3.0 140 i8 100 6.3
65 3.4 145 19 110 6.6
70 3.9 150 21 120 6.8
75 4.4 155 23 130 7.0
80 5.0 160 25 140 7.2
85 57 165 27 150 7.4
90 6.4 170 30 160 7.6
95 7.2 175 32 170 7.8
100 8.0 175 7.9
.40
T = exp (- 3082 (= ! L\ 3\ "R = (lf.rm.s)
T Vk k J+273 298) )
lfrms = RMS Rated Forward Current (Amps)
7y = Junction Temperature {(*C)
6-17
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6.10 THYRISTORS AND SCRS

Voltage Stress Factor - ng

bt

Environment Factor - ne

Vg (Blocking Voltage Applied/ Environment e
Dimnlriomo Vabama Datad) - -~ a =~
C"lM"lg VUllduﬂ r\alw’ ﬂ-s uB 1 .U

Ve < .30 10 Gr 6.0
3<Vg< 4 18 Gm 9.0
4V . < & 27 [N an
B vs —_— e . o l‘S 7.
1Y vV < R 38 o <=
S5<Vg< 8 .38 Ny 19
B<Vgs 7 .51
1

7<Vgs 8 .65 Ac 3
o . \7 - 0O on Aif:‘ 29
0O < Vs = .7 Oc i
$<Vgs1D 1.0 Auc 20

Aur 43

ARW 24

ne =.10 V. <0.3)

S Vs Se .50
- nt* \19 VAV R o T, §Y AR 44
g = (VgJ \Vg > VU.0) wig L

M 32

CL 320

Quality Factor -
Quality A
7 L
JANTXV 0.7
JANTX 1.0
JAN 2.4
Lower 55
Plastic 8.0
6-18
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6.11 OPTOELECTRONICS, DETECTORS, ISOLATORS, EMITTERS
SPECIFICATION DESCRIPTION
MIL-S-19500 Photodetectors, Opto-isoiators, Emitiers
A=A n_x-n. Failures/10® Hours
; [ DI WE
! Base Failure Rate - A, Quality Factor - ne
f Opioeiecironic 1ype "o Cuatty *q
| Photodetectors IANTXV .70
Photo-Transistor .0055 ToUT
Photo-Diode 0040 JANTX 1.0
Opto-lsolators JAN 2.4
Photodiode Output, Single Device 0025
Phototransistor Output, Single Device .013 Lower 55
Photodarlington Output, Single Device .013 Plastic 2.0
Light Sensitive Resistor, Single Device .0064
Photodiode Output, Dual Device 0033
Phototransistor Qutout, Dual Device .017 o b |
r cnvitoniment racor - Tg
Photodarlington Qutput, Dual Device .017 — :
" Environment nE
Light Sensitive Resistor, Dual Davice .0086
Gg 1.0
Emitters Gi
infrared Light Emitiing Diode {(iRLD) .0013 2F
Light Emitting Diode (LED) .00023 Gu 8.
- Ng 5.0
T e
emperature Facior - ny Ny, 12
0, 0, ~
TJ( C) “I, TJ ( C) ﬂT , P 2.0
Ac 4.0
25 1.0 75 3.8 Ap 8.0
30 1.2 80 4.3
a5 1.4 85 4.8 Auc 6.0
40 1.6 90 53 Avre 8.0
45 1.8 95 5.9 Av' ‘v
50 2.1 100 6.6 Anw L
55 2.4 105 7.3 - —
60 2.7 110 8.0 SE 50
§§ :3(‘) 115 8.8 Mg 9.0
TAY 3.4
M, 24
1 1 “L 480
Ty = expf- 2790 ( T T 57a - :ﬁ\ \
1 k \ IJ + &/O cao) )
T, = Junction Temperature (°C)
6-19
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6.12 OPTOELECTRONICS, ALPHANUMERIC DISPLAYS
SPECIFICATION DESCRIPTION
MiL-S-18500 Aphanumeric Dispiay
Ap =A . n,n. Failures/108 Hours
Raea Faikira Rata - 2, amnarahira Fariar & o
AV F UIRAT Y T WAL Ib LA lwl‘llulu 1 SR Ll
ot Y - L W — T 1oy
Number Ab Ab IJ \ nT IJ \wVv) T
of Segment Diode Array
Characters Display 2§ 1.0 l § 3.8
30 1.2 80 4.3
! .00043 .0002€ 35 1.4 8s 4.8
1 w/logic Chip .00047 .00030 40 1.6 g0 53
2 .00086 .00043 ' 2 QL £ Q
2 wiLogic Chip .00090 .00047 gg ;? 1 gg g'g
3 o 0013 oooet 55 2.4 105 7.3
3 wil.ogic Chip oo gossa 60 27 110 8.0
4 wiLogic Chip .0018 .00081 65 3.0 115 8.8
5 .0022 .00094 70 3.4
6 .0026 .0011
7 .0030 .0013 . P 1\ N
8 .0034 .0015 Lo oxp{- 2790 {'f+—27§ - ﬁ) )
g .0038 .0016 N Y ) )
10 .0043 .0018
1 .0047 .0020 ;
12 0052 "0021 T; = Junction Temperature (°C)
13 .0058 0023
14 .0060 0025
15 .0065 0026
Environment Factor - nc
Ay, = .00043(C) + M, for Segment Displays Environment ng
A, = .00009 + .00017(C) + Ay, Diode Array Displays Gg 1.0
C = Numberof Characters Gg 2.0
Mc = .000043 for Displays with a Logic Chip GM 8.0
= 0.0 for Dispiays without Logic Chip Ng 5.0
NOTE: The number of characters in a display is the NU 12
number of characters contained in a singie seaied A 4.0
package. For exampie, a 4 character display iIC ’
comprising 4 separately packaged single characters Aic 6.0
mounted together would be 4-one character displays, "
net 1 _fnue aharamar dienlaw PP, an
UL 1 SIVU LG Gvisl WIopIay . ~ucC C.v
. Quality Factor - ny Arw 17
Quality L 7o)
——— Sg .50
JANTXV 0.7 M 9.0
JANTX 1.0 M" iy
JAN 2.4 L
Lower 5.5 Co 450
Plastic 8.0
6-20
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6.13 OPTOELECTRONICS. LASER DIODE

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

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

Ap = AR T QM T\ KR Failures/10€ Hours

Base Failure Rate - A, Forward Curreni Facior, x;
Laser Diode Type Ap Forward Peak Current (Amps) n
.050 0.13
GaAs/Al GaAs 3.23 .075 0.17
.1 0.21
In GaAs/In GaAsP 5.65 .5 0.62
1.0 1.0
2.0 1.6
3.0 2.1
Temperature Factor - np ;g :238
T, (°C) i 10 48
15 6.3
25 1.0 20 7.7
30 1.3 25 8.9
35 1.7
40 2.1 n = (158
45 2.7
50 3.3 | = Forward Peak Current (Amps), | < 25
5§58 41
60 51 NOTE: For Variable Current Sources, use the Initial
65 6.3 Current Vaiue.
70 7.7
75 9.3 PP S
Appiication rFactor
Application Duty Cycle 7Y
1 1 ——
ny = exp(-4635 ({552 - 5ar [e] 4.4
T ( (TJ +273 298) ) ‘ Pulsed A 32
2 .45
T, = Junction Temperature (*C) 52 Eg
5 71
.6 .77
7 .84
Quality Factor - =~ -8 -89
z sl .9 .95
Quality %5 1.0 1.00
-
Hermetic Package 1.0 np =44, CW
0.5
Nonhermetic with Facet Coating 1.0 %A = Duty Cycle ™%, Puised
. NOTE: A duty cycie of one in puised appiication
Nonhermetic without Facet Coating 3.3 represents the maximum amount it can be driven in
a pulsed mode. This is different from continuous
wave application which will not withstand pulsed
operating levels on a continuous basis.
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MIL-HDBK-217F

6.13 OPTOELECTRONICS, LASER DIODE

Power Degradation Factor - np

Environment Factor - ng

Ratic P/Pg . Environment g
G 1.0
0.00 .50 B
0S .53 GF 2.0
.18 .56 - -
A5 .59 Gm 8.0
.20 .63
25 &7 Ng 5.0
.30 NA
35 77 Ny 12
40 .83 2 4.0
45 91 ~ic
.50 1.0 AIF 6.0
.55 1.1
.60 1.3 AUC 6.0
.65 1.4
70 1.7 Aur 8.0
.75 2.0
80 25 ARw 7
.90 5.0 F
.95 10 MF 9.0
M 24
1 Pr
P S . — 450
ip = Pr 0« Ps < 95 CL
2 (1 - Ps
Ps = Rated Optical Power Output (MW)
P, = Required Optical Powser Output (mW)
NOTE: Each laser diode must be replaced when power
sutput falis 1o Pr for failure rata prediction to be valid.
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6.14 DISCRETE SEMICONDUCTORS, T; DETERMINATION

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

rae. an PP PP PRy o N

ecppmem Device pncuon lenpemure is then caicuiaied wiih ine IOIUW'II‘U reiauonsnp.

T—J-TC"'Q.,CP

where: B _
T; = Junction Temperature (°C)
Tc = Case Temperaiure (°C). it nd thermal analysis 6Xisis, ihe osiaiilt case

temperatures shown in Table 6-1 should be assumed.

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

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

derating fevel. For example, a device derating recommendation of .16 W/*C would
mmnanﬁdgonomw HAJCtmmwhadsummnadncmnmann-vﬂmnl

ToUwN Wi TV AN MR T YNt SR STNat JC T vy

T0°0 AN

iv NGV,

P = Device Worse Case Power Dissipation (W)

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

Table 6-1: Default Case Temperature c nvironmen
Environment TA (°C)
Gp 35
Gg 45
G_l_" 50
Ng 45
N, 50
A 60
A 80
A. . 78
Ajc 78
A b 4 -4
"‘UF I 7
ARw 60
DF 35
Mg 50
M 60
CL 45
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6.14 DISCRETE SEMICONDUCTORS, T, DETERMINATION

Table 6-2: Approximate Junction-to-Case Thermai Hesistance (0 ;c) for Semiconductor
Devices In Various Package Sizes®

Package Type 0Jc (°CW) Package Type 0JC (°CW)
TO-1 70 TO-205AD 70
TO-3 10 TO-205AF 70
TO-5 70 TO-220 5
TO-8 70 DO-4 5
TO-9 70 DO-5 5
TO-12 70 DO-7 i0
TO-18 70 DO-8 5
TO-28 5 DO-9 5
TO-33 70 DO-13 10
TO-39 70 DO-i4 5
TO-41 10 DO-29 10
TO-44 70 DO-35 10
TO-46 70 DO-41 10
T0-52 70 DO-45 5
TO-53 g DO-204MB 70
TO-57 5 DO-205A8B 5
TO-59 5 PA-42A B 70
TO-60 5 PD-36C 70
TO-81 L3 PD-50 70
TO-63 5 PD-77 70
TO-66 10 PD-180 70
TO-71 70 PD-319 70
TO-72 70 PD-262 70
TO-83 5 PD-975 70
TO-89 22 PD-280 70
T0-92 70 PD-2i6 70
TO-04 5 PT-2G 70
TO-99 70 PT-6B 70
TO-126 5 PH-13 70
TO-127 5 PH-i6 70
TO-204 10 PH-58 70
TO-204AA 10 PY-58 70

PY-373 70

“When available, estimates must be based on military specification sheet or vendor values, whichever 6 ;~

is higher.

6-24

SEC et al. v. MRI
SEC Exhibit 1023.0070
IPR2023-00255



Downloaded from http://www.everyspec.com

MIL-HDBK-217F

6.15 DISCRETE SEMICONDUCTORS, EXAMPLE

Example

Given:

Silicon dual transistor (complementary), JAN grade, rated for 0.25 W at 25°C, one side
only, and 0.35 W at 25°C, both sides, with Tmax = 200°C, operating in linear service at

55°C case temperature in a sheltered naval environment. Side one, NPN, operating at
0.1 W and 50 percenti of rated voltage and side two, PNP, operating at 0.05 W and 30
percent of rated voltage. The device operates at less than 200 MHz. ;

[ 2a2 At A L

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

i i i H § b ol aaimmeadah o d ol
device is a dual device, it Is necessary to compute the faikire rate of sach side separately and sum them

n o Irvueovaly

together. Also, since © C Is unknown, 6~ = 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.

Ap

Ap

A, = .00074

Ty = 2.2 Side 1, T;=Tc+8,c P=55+70(.1)=62°C
nTy = 2.1 Side 2, T = 55 + 70(.05) = 59°C

EA = 1 5

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

ngo = .11 Side 2, 30% Volage Stress

ﬁc = 2.4

E = 8

SIDE 1 SIDE 2

= ApmTy MATR Mg TQ Mg + Ay N1 Tp R Mgp Mg M

= (.00074)(2.2)(1.5)(.68)(.21)(2.4)(9) + (.00074)(2.1)(1.5)(.68)(.11)(2.4)(9)
= .011 Failures/10% Hours
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inciudes Receivers, CRT,

DESCRIPTION
All Types Except Traveling Wave Tubes and Magnetrons.
Thyratiron, Crossed Fieid Ampiifier,
Pulsed Gridded, Transmitting, Vidicons, Twystron, Pulsed
Klystron, CW Klystron

Ap = Apm e

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

Failures/10® Hours

* If the pulsed Klystron of interest is not listed above,
T

100 thn Aldarnata Dilans W n.-n—\ by
UsSeé tne AiteMmaie ruises l’\lyal Vil AD

the following page.

Tube Type Tube TyT)é Ap
Receiver Kiysiron, Low Power,
Triode, Tetrode, Pentode 5.0 {e.g. Loca! Oscillator) 30
Power Rectifier 10
| _CRT 9.6 Klystron, Continuous Wave*
Thyratron 50 3K3000LQ 9.0
,,,,, g A e asennnn! F 84
\.JOSSB(J I‘IelD Ampimer ERE;BBSBLQ 1-516
QK681 260
SFD261 150 3KM300LA 64
" 3KM3000LA 19
Puised Gridded 140 3KM50000PA 110
6952 390 3KM50000PA1 120
7835 140 3KMS50000PA2 150
Transmitting 4K3CC oY
4K3SK 29
Triode, Peak Pwr. < 200 KW, Avg. 75
Pwr. < 2KW, Freq. < 200 MHz 4K50000LQ 30
Tetrode & Pentode Peak Pwr. ;‘5&152}2 ?2
< 200 KW, Avg. Power < 2KW, 4rmoULL 19
Frag. < 200 KW 4KMS50S 38
It any of the above limits exceeded Ok R ot
Vidicon 4KM50000LQ 79
Antimony Trisulfide (Sb2S3) 4KM50000LR 57
Photoconductive Materiai
Siticon Diode Array Photoconductive ggzwy 70000LA 1\1,3
Material 8825 120
Twystron 8826 280
VAl44 VAB00OE 70
VA145E VA853 220
VA145H VA856B 65
VAQ13A VABBSE 230
Klystron, Pulsed®
4KMP10000LF
8568 * i the CW Klystron of interest is not listed above,
tgggg use thg Alternate CW Kiystron Ap Table on the
L3403 following page.
SAC42A
VA842
Z5010A
ZM3038A

~
1
-
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Ahernate*® Base Failure Rate for Puised Klystrons - Rb

Learning Factor - n;

F(GHz) T (vears) n,
PIMW) | .2 .4 .68 1.0 20 4.0 6.0 =
01 |16 16 16 16 16 16 16 186 <1 10
.30 16 16 17 17 17 18 20 21
.80 6 17 i7 18 i8  2i 25 30 2 2.3
1.0 17 17 18 18 19 22 28 34
3.0 18 20 21 23 25 34 51 >3 1.0
5.0 i9 22 25 28 3i 45 75
8.0 21 25 30 35 40 63 110
10 22 28 34 40 45 75
25 31 45 80 75 50 180 m = 10(“‘)‘2-1" 1<T<3
= 10, T<1
- PR T PPN . 1 > 1
Ay = 284 (F)(P)+ 10 = n =9
F = Operating Frequency in GHz, 0.2<F <6 T = Number of Years since Introduction
P = Peak Output Powerin MW, .01 < P < 25 and to Fieid Use
P < 490 F2-95
“See previous page for other Klystron Base Faillure Environment Factor - e
Rates.
Environment T
En
\JB IV
R GF 1.0
Alternate” Base Failure Rate for CW Kiystrons - &,
FMHz) Gm 14
P(KW) | 300 500 800 1000 2000 4000 6000 8000 Ne 8.0
~
0.1 30 31 33 34 38 47 57 88 Ny 24
1.0 31 32 33 34 39 48 57 66
3.0 32 33 34 35 40 49 58 Aic 5.0
5.0 33 34 38 38 41 50O
8.0 | 3¢ 35 37 38 42 Alp 8.0
10 35 36 38 39 43
30 45 48 48 49 Auc 6.0
50 55 56 58 59 A 12
80 70 71 73 UF
100 !0 a4 A V- ¥s)
100 80 84 Agw 40
SF 20
L = 08P » DD046F 4+ 29
© Mg 22
P = Average Output Powerin KW, 0.1 < P < 100
<817 M 57
dailu r > o.u(1v) (r)
e e i aALs C, 1000
© = wpuialily rigyuoiivy i wirng, -
300 < F < 8000
“See previous page for other Klystron Base Failure
Rates.
7-2
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7.2 TUBES, TRAVELING WAVE

DESCRIPTION
Traveling Wave Tubes

A, = A, . Failures/10¢ Hours
p b"E
Environment Factor - ¢
Base Failure Rate - Ay, Environment
Frequency (GHz)
Power|f .1 1+ 2 4 6 8 10 14 18 CGg
100 11 12 13 16 20 24 29 42 61 Gg
500 i1 12 i3 16 20 24 29 42 @82 G
1000 11 12 14 16 20 24 29 43 62 M , -
3000 12 13 14 17 21 25 30 44 65 N
5000 | 12 13 15 18 22 26 32 46 68 S
8000 13 14 16 19 23 28 33 49 72 N. .
10000 | 14 15 16 20 24 29 35 51 75 Y
15000 i5 16 18 22 26 32 39 56 83 AIC
20000 17 18 20 24 29 35 43 62 9N
30000 20 22 24 29 36 43 52 76 110 AE
40000 25 27 30 36 43 53 64 93 140
A 11
uc
1101.00002)P (1.1)F Aur 18
Ay (1.00002)" (1.1) . e
P Rated Power in Watts (Peak, if Pulsed), S 10
.001 < P < 40,000 F
. . MF 22
F Oneratinng Freaaguencv in GHz 3<Fc18
Operating Frequency in GHz, 3<F 518,
M, 66
It the operating tfrequency is a band, or two difterent
values, use the geometric mean of the end point C 1000
frequencies when using table.
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7.3  TUBES, MAGNETRON —

DESCRIPTION
Magnetrons, Pulsed and Continuous Wave (CW)

Ap = A myrcne Failures/10® Hours

Base Failure Rate - A,

i ) Frequency (GHz2)

P(MW) 1 .5 1 5 10 20 30 40 50 60 70 80 90 100
.01 14 46 7.6 24 41 &7 91 110 130 150 170 180 200 220
.05 1.9 6.3 10 34 56 93 120 150 180 210 230 260 280 300
1 2.2 7.2 12 39 64 110 140 180 210 240 270 290 320 350
3 28 80 15 48 8 130 180 220 260 300 330 370 400 430
.5 3.1 10 17 54 89 150 200 240 290 330 370 410 440 480

1 3.5 11 19 62 100 170 230 280 330 380 420 470 510 550
3 44 14 24 77 136 210 280 350 410 470 530 580 630 &80
5 4.9 16 26 85 140 230 310 390 460 520 580 640 700 760

Puised Magnetrons: CW Magnetrons (Rated Power < 5 KW):
Ay = 1973 (P20 Ay =18
F = Operating Frequency in GHz, .1<F <100
P = Output Powerin MW, .01<Pg5

Utillization Factor - my; Environment Factor - e
Utilization (Radiate Hours/ Environment mg
Filament Hours) Ty Py P
= Gg i.0
nnNn AA
v.v &4
0.1 50 Gg 2.0
0.2 .55 Gm 4.0
0.3 .61
0.4 .66 Ng 15
0.5 .72 n A7
0.6 78 Ny 47
0.7 .83 Aic 10
0.8 .89
0.9 .94 A 16
1.0 1.0 Auc 12
) . A e 23
ny = 0.44 + 0.56R ur
Apw 80
R = Radiate Hours/Filament Hours
S¢ 50
. M 43
Construction Factor - ng F
Construction no M 133
CL 2000

CW (Rated Power < 5 KW) 1.0

Coaxial Pulsed 1.0

Conventional Pulsed 5.4

74
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The models and failure rates presented in this section apply to |aser pecyliar items only, i.e., those items
wherein the lasing action is generated and controlled. In addition to laser peculiar tems, there are other
assemblies used with lasers that contain electronic parts and mechanical devices (pumps, vaives, hoses,
etc. ) The failure rates for these pans should be determined with the same procedures as used for other

....... JE PR T PP YRy | de Ak PP Py

eiecironic and mechanicat devices in the equifpimeint or systeim of wiich the iaser is a part.

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

P PP

iaser luﬂCanal mooels are lnCIUOBO n lﬂlS nanuooox in ihe lﬂIBYBS[ Dl COIMpPIBIeness. lﬂB’SB laser
madole will ha rovicad ta inchida niw nart madale and athar lacer Nl_nee whan tha data hacome availahla,

ITVMUIY TR W WY R AW S T e WIS PRI L B e Al T e ——n '~ wvevare e e S

Because each laser family can be desloned usmg a variety of approaches, the failure rate models have

been struciured on ihree basic iaser functions which are common {0 Most iaser families, but may difier in
the hardware imnlementation of a nuon functinn. Theee functione ara the Ineinn madia tha Ineer nnmnnm

A vV ear v o Lt e AT WAV T ST W WP i Teswrs o wwesay

mechanism (or pump_) and the coupllng method.

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

pressure, vacuum integrity, gas mix, outgassing, and tube diameter. The electrical discharge, the

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

Some of the laser models require the number of active optical surtaces as an input parameter. An active
optical surface is one with which the laser energy (or beam) interacts. Internally reflecting surfaces are not
counted. Figure 8-1 below iiiustrates exampies of aciive opiicai suriaces and count.

Totally Reflective Mirror

One Aciive Tpticel Suriace

II

—

Two Active Optical Surtaces

Two Active Optical Surtaces

NOTE: The Two Active Optical
Surtaces Priam has only 2 active
irterior

——/‘ /'\ /'\ are mlwb’et'xlo-mnulpaniculde

]

Laser Beam

Figure 8-1: Examples of Active Optical Surfaces

8-1

SEC et al. v. MRI
SEC Exhibit 1023.0076
IPR2023-00255



Downloaded from http://www.everyspec.com

MIL-HDBK-217F

8.1 LASERS, HELIUM AND ARGON
DESCRIPTION
Helium Neon Lasers
Heiium Cadmium Lasers
Arnnn | acare
Argon Lasers
lp = x.‘.‘.ED!A”E *+ AooupLNG™E Failures/10® Hours
Lasing Media Failure Rate - 7~M§DIA Environment Factor - ng
Type xMEDI A Environment ne
Gp .30
He/Ne 84 =
Gg 1.0
He/Cd 228 GM 4.0
Argon 457 Ng 3.0
Ny 4.0
AiC 4.0
A 6.0
Coupling Failure Rate - AcqupLING Auc 7.0
Types AcoupLing AUF 9.0
N _ Apw 5.0
Helium o
S’F .10
A 6
rgon Mg 3.0
ML 8.0
NOTE: The predominant argon laser failure
[ g CL N/A
ashanian s ealada . thA P o esreTall I—nflnabaﬁl

melnanism is reial ed
in AMEDIA; howev r, when the tube is refilled
periodically (preventive maintenance) the mirrors
(as part of ACOUPLING) can be expected to
deteriorate after approxtmately 104 hours of

il Ammtant wasibbe b Adimmbarma ramiam
ledllull it lll bUllIdbl wllll UIE Ulb\-lldlyu IUQIUII

AcouPLING is negligible for helium lasers.

@)

d
N
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IAQFQQ CARRBRON DIQXIDE SEALED

Ap=2

Lasing Media Failure Rate - A, ...

DESCRIPTION
CO, Seaied Continuous Wave Lasers

MEDIATO™B e * 10 %

Failures/10® Hours

Tube Current (mA) AMAEDIA
10 240
20 930
30 1620
40 2310
50 3000
100 6450
150 9900

OS'E
Optical Surface Factor - oS
Active Optical Surfaces nos
1 1
2 2

MaEDIA = 69(1) - 450

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

Gas Overfill Factor = npy

nog = Number of Active Optical Surfaces

NOTE: Only active ootical surfaces are
counted. An active optml surtace is one with
which the iaser energy or beam interacis.
Internally refiecting surfaces are not counted.
See Figure 8-1 for exampies on determining the
number of optical surtaces.

CO,, Overtill Percent (%) o
~ Environment Factor - xg
0 i.0 Environment ng
25 .75 Gg .30
50 50 Gr
Gaa 4.
Ry = 1 -.01 (% Overfil) Ng 3.0
Ovetlill percent is based on the percent increase NU 4.0
over the optimum CO»2 partial pressure which is AIC 4.0
normally inthe range of 1.5©03 Top (1 T =1
anmm Ll Drnnaiiral dnr moant analad A laaare AIF 6.0
nwn I’IU Ty TR} U ITIUSL STAITU WAJ/ Kadow 3. L
AUC 7.0
A an
Ballast Factor - g ~UF S.v
Percent of Ballast ~ Apw 5.0
Volumetric increase b3
B Sk 10
0 1.0 Mg 3.0
50 .58 M. ] 0
100 .33 L o
150 .i5 CL A
200 .11
1 = (173) (% Vol. Inc./100)
8-3
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DIOXIDE, FLOWING

Ao = AcoupLing™os™E

Coupiing Failure Rate - A

Failures/10% Hours

Environment Factor - ng

COUPLING —
Power (KW) ACOUPLING Environment ne
Gg .30
.01 3 -
R 30 Ge 1.0
1.0 300
(Y 4.0
AcoupLING = 300P Ns 3.0
P = Average Power Output in KW, .01 s P < 1.0 Ny 4.0
...... A 4.0
Beyond ihe iKW range other giass failure mechanisms "~
begin to predominate and alter the KCOUPUNG values. A'F 6.0
It should also be noted that CO,, flowing laser optical Auc 7.0
devices are the primary source of faiiure occurrence. AUF 9.0
A taiiored opiicai cieaning preventive mainienance Apw 5.0
program on optic devices greatly extends laser life.
SF 10
Mc 3.0
F
M 8.0
Optical Surface Factor - tAe n Lo
- 4 == CL N/A
Active Optical Surtaces n5g
1 1
2 2

"os = Number of Active Optical Surfaces

An active optical surface is one with which the Iasor
energy or beam interacts. internally refiecting
surfaces are not counted. See Figure 8-1 for
examples on determining the number of optical
surfaces.

SEC Exhibit 1023.0079
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(xenon Fiashiamps)

nou L1
nonog) % Failures/106 Hours
C*0S’
Pump Pulse Failure Rate - A.PUMPO

(Krygo n Flashiamps)

The empirical formula used to determine Apyaap

(Failures/108 Hours) for Xenan lamps is:

- (3500) (Pf s;[zgog {Ii,—_)s 58}

APUMP s the failure rate contribution of the Xenon
lluum&l‘n;‘: or flashiube. The ﬂi:‘ihfi‘:r‘ﬁps
evaluated herein are linear types used for
military solid state laser systems. Typical
detfault model parameters are given below.

.

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

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

Defauit vaiue: EI = 40,

d is the flashlamp or tlashtube inside
diametar, in millimeters.
Detault value: d = 4.

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

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

for any truncated pulse width exceeding 100

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

of the maximum current amplitude. Default

value: t = 100.

RCOOL s the cooiing factor due to various cooiing
media immediately surrounding the
flashlamp or flashtube. t~~~: = 1.0 for

COOL
any air orinsrigas cocling. R = .1 o7
all !iq-..-d conind dneigne Default value

The empirical formula used to determine Apyp for
Krypton lamp is:

A = [625) [1 o9 ] [xcoa_] Failures/105 Hours

A = Aaileaa PSR TSPy Y - - gy
A is the failure rate contribution Of the Krypton
PUMP
flashiamp or Nlashtube. The flashiamps
p The p

avaluted herein are the continuous wave
(CW) type and are most widely used for
commerciai soiid staie appiications. They
are approx-imately 7mm in diameter and 5 to
6 inches long.

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

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

TcooL s the cooling factor due to various cooling

cooled.

o

Ruby (3600) (PPS) [43.5 F2-52

PPS is the number oi puises per second

F is the energy density in Joules per cm.2/pulse
over the cross-sectional area of the laser

beam, which is nominally squivalent to the

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

parameter of the laser rod utilized.

NOTE: AME_ED!.A. is negligible for ND:YAG lasers.

o4}
1
wn

L] Dl Anws [ TRin 1 nnnan 1 nnna s
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8.4 LASERS, SOLID STATE, ND:YAG AND RUBY ROD

Coupling Cleanliness Factor - no Environment Factor - xg
Cleaniiness Level xc Environment ng
Rigorous cleanliness procedures 1 GB 30
and vained maintenance Gp 1.0
______ s. Beiows provided over F
optical train. GM 4.0
Minimal precautions during opening, 30 Ng 3.0
maintenance, repair, and testing. ar s
Beliows provided over optical train. Ny 4.U
Minimal precautions during opening, 60 Ac :
maintenance, repair, and testing. No A 6.0
bellows provided over optical train. IF :

Auc
NOTE: Although sealed sysiems tend 10 be reliable Al
once compatibie materials have been selected and ur
proven, extrems cars must stilt be taken 1o prevent AF{W 5.0
the entrance of particulates during manufacturing,
field flashlamp replacement, or routine maintenance/ Sg .10
rapair, Contamination is the major cause of solid
state laser malfunction, and special provisions and MF 3.0
vigilance must continuaily be provided to maintain the M 8.0
daeantiness level required. L :
CL N/A

Optical Surface Factor - xng
Active Optical Surfaces oS

1 1

2 2

n5g = Number of Active Optical Surfaces

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

SEC et al. v. MRI
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9.0 RESISTORS, INTRODUCTION

The Established Reliability (ER) resistor family generaity has four qualification failure rate levels when
tested per the requirements of the appiicable specification. These qualification failure rate ievels differ by
a tactor of ten (from one level to the next). Howaver, field data has shown that these failure rate levels

differ by a facto‘r of about only three, hence the xq values have been set accordingly.

The use of the resistor models requires the calculation of the electrical power stress ratio, Stress =
operating power/rated power, or per Section 9.16 for variable resistors. The modeis have been structured
such that derating curves do not have to be used to find the base failure rate. The rated power for the
stress ratio is equal to the full nominal rated power of the resistor. For example, a MIL-R-39008 resistor has
the following derating curve:

70
100
‘2
O 80
-
Q \
'u—J 60
< \
[+
40
€ \
'&J 48] N
130
0 SN
0 40 80 120
AMBIENT TEMPERATURE IN
DEGREES CELSIUS
Flaura Q.1: i1l .R.20NNA Daratina Curuva
v e w - e PENIEs VI WUYWVW "'—l'll' L W

This particular resistor has a rating of 1 watt at 70°C ambient, or below. If it were being used in an ambient
temperature of 100°C, the rated power for the stress caiculation would still be 1 watt, not 45% of 1 watt (as
read off the curve for 100°C). Of course, while the derating curve Is not needed to determine the base
failure rate, it must still be observed as the maximum operating condition. To aid in determining if a resistor
is being used within rated conditions, the base failure rate iables show entries up to certain combinations
of stress and temperature. If a given operating stress and temperature point talls in the blank portion of
the base failure rate table, the resistor is overstressed. Such misapplication would require an analysis of
the circuit and operating conditions to bring the resistor within rated conditions.

9-1
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9.1 RESISTORS, FIXED, COMPOSITION

SPECIFICATION STYLE DESCRIPTION

ARl D _2aanno oro Dacictare Civand Oamnrnc#inn finciilatand)l Eatahlichad Daliakilihvy
VLTV "OIVVO nwn MNTOIIVIO, T HATU, WWUITRIAJOIIIVIT {ITToWUidalTy),; Lolaulionivu nunauvimy
MIL-R-11 RC Resistors, Fixed, Composition (Insulated)

Ap = A mom me Failures/1 0% Hours

Base Failure Rate - Ay,

Quaility Factor - ny

Stress Quality nQq
TA(C) .1 .3 .5 .7 .9
S 03
(o] .00007 .00010 .00015 .00020 .00028
10 .00011 .00015 .00021 .00030 .00043 R 0.1
20 .00015 .00022 .00031 .00045 .00064 :
30 .00022 .00031 .00046 .00066 .00096 o
40 .00031 .00045 .00067 .00098 .0014 F 0.3
50 .00044 00066 .00098 .0014 .002i
60 .00063 .00095 .0014 .0021 .0032 M 1.0
70 .00090 .0014 .0021  .0032 .0048
80 .0013  .0020 .0031  .0047 MIL-R-11 5.0
90 .0018  .0029  .0045
100 .0026  .0041 .0065 Lower 15
110 .0038  .0060
120 .0054
Environment Factor - n¢
A =45x10% exp (1_2’T'f2,73\\9xp (S (T+273Y Environment e
b {\ 33/ 6\ 273 / )
Gg 1.0
T = Ambient Temperature {(°C)
P~ 1 7 GF 3 0
S = Ratio of Operating Power to Rated Power G 8.0
NS 5.0
NU i3
Resistance Factor - ng Ac 4.0
Resistance Range (ohms) nR A 50
A 7.0
<1M 1.0 ucC
AUF ii
Arw 19
>1.0Mto10M 1.6 Se 50
>10M 2.5 Mg 11
M 27
CL 490
g9-2
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9.2 RESISTORS, FIXED, FILM
SPECIFICATION STYLE DESCRIPTION
MIL-R-39017 RLR Fixed, Film, Insulated, Established Reliability
MIL-R-22684 RL Fixed, Film, Insulated
MIL-R-55182 RN (R, C,or N) Fixed, Film, Established Reliability
MiL-R-10509 RN Fixed, Film, High Stability

2

A=A n_n.7. F
P b"R"QE

Base Failure Rate - lb
(MIL-R-22684 and MIL-R-33017)

Base Failure Rate - 7‘b
{MIL-R-10509 and MIL-R-55182)

Stress Stress
Ta(°C) B .3 .5 .7 .9 TA("C) 1 .3 .5 7 .9
o .00059 00073 .00089 .0011 .0013 (4] .00061 00074 00091 .0011 .0014
10 | .00063 .00078 .00096 .0012 .0014 10 | .00067 .c0082 .0010  .0012 .0015
20 .00073 00091 .0011 .0014 0017
20 .00067 00084 .0010 .0013 .0016 30 00080 .0010 0013 0016 .0019
30 .00072 00090 .0011 .0014 .0018 40 .00088 .0011 .0014 .0017 .0022
40 00078 00098 0012 0016 0019 50 .00096 .0012 .0015 .0020 .0025
- ) 60 .0011 .0013 .0017 .0022 .0028
50 00084 0011 .0014 .0017 0022 70 0012 0015 0019 0028 0032
60 00092 .0012 .0015 .0019 0024 80 .0013 .0016 .0021 .0028 'I .0036
70 0010 0013 0017 0021 0027 90 .0014 .0018 .0024 .0031 .0040
100 .0015 .0020 .0026 .0035 .0045
80 | .0011  .0014 0018  .0024 110 | .0017 .0022 [0028  .003% .0051
90 .0012 .0016 .0021 0027 120 .0018 0024 .0033 .0043 .0058
100 AR Anea Anma 130 0020 .0027 .0036 .0049 0065
Vv BV RS Uvio uuLo
140 0022 .0030 .0040 0054
110 .0015 0020 0026 150 0024 .0033 0045
120 .0017 0023 160 .0026 .0036
a0 aneo 170 .0029
1oV UUITY
140 0022
)“b" 5x10'50xp(3.5 (ngga))exp(s T+2 )‘)
AN A Y T / \ A ) r
V4 V4 ATAY \ - R
A = 3.25 x 104 oxp ( T+273) exp(S (T;;éo ) ) T = Ambient Temperature (°C)
S = Ratio of Operating Power to Rated Power
T = Ambient Temperature (°C)
S = Ratio of Operating Power to Rated Power NOTE: Do not use MIL-R-10509 (Characteristic B)
below the line. Points below are overstressed.

SEC et al. v. MRI
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9.2 RESISTORS, FIXED, FILM

Resistance Factor -
esista 2 R Environment Factor - ne

Resistance Range (ohms n
sista nge ( ) R Environment ne
<.1M 1.0 Gg 1.0
201 Mio1 M 1.1 Gg 2.0
8.0
>1.0Mto 10M 1.6 Cm
Ng 4.0
=>10M 2.5
NU 14
Alc 4.0
P ST A. 20
Quality Factor - ny AjF 8.0
Quality nQo Auc 10
A 18
s .03 UF
R 0.1 o o0
Sk .20
LEll D _4anEAn cn CI 510 l
ML= 1UOoVUY .V —
MIL-R-22684 5.0
Lower 15

9-4
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9.3 RESISTORS, FIXED, FILM, POWER

SPECIFICATION STYLE DESCRIPTION
MIL-R-11804 RD Fixed, Film, Power Type
6
JL = Xb R*a™E Failures/10° Hours
Base Failure Rate - Ay, Quality Factor -
Stress Quality xQ
ToCC)| .1 3 5 7 9
o | .0088 0088 011 013 015 MIL-SPEC 1.0
10 .0090  .010 .011 013 .015 Lower 30
20 .0092  .010 .012 014  .016
30 .0094 .010 .012 .014 .017
40 .0096  .011 012 015 .017
50 .0098  .011 013 .015
80 .010 .011 .013  .016 Environment Factor - ¢
70 .010 012 .014 .016
80 010 012 014 .017 Environment R
20 .01 012 .015 o »
100 011 013 015 B -0
110 011 .013 .016
120 012 014 016 Gr 2.0
120 Nn1o n1i4 n1{7 ~ - -~
Vv DAY Ty BN "U
140 012 014 M
150 .013 .015 Ng 5.0
160 .013 .016
170 .014 .016 Ny 17
180 .014 PP
190 [ .015 Ac 6.0
200 015
210 016 A 0
.3 7 / T+273\ 2.6 N AUC
A, = 7.33x10 exp L.ZO ( 208 ) ) x AUF 18
exp (( S ) f T+2 d) .89 1.3 Apw 25
1.45 273 Sp 50
T = Ambient Temperature (°C) Mg 14
S = Ratioof Operating Powsr to Rated Power ML 36
cL 660
Resistance Facior - np
Resistance Range (ohms) TR
101 100 1.0
> 100 to 100K 1.2
> 100K to 1M 1.3
> 1M 3.5

9-5
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9.4 RESISTORS, NETWORK, FIXED, FILM -

SPECIFICATION STYLE DESCRIPTION
MIL-B-83401 RZ Resistor Networks, Fixed, Film

kp = 00006 T RS Failures/10® Hours

|
! NHE U
|
l Temperature Factor - Quality Factor - n~
| T ~ T Quality A
! Tc (°C) T T (°C) nT Q
MIL-SPEC 1
25 1.0 80 8.3
30 1.3 85 9.8 Lower 3
35 1.6 =1o] 11
40 1.9 95 13
45 2.4 100 15
50 2.9 105 18
5§ 3.5 110 21 Environment Factor - i
60 4.2 115 24 Environment g
65 5.0 120 27
70 6.0 125 31 GB 1.0
75 7.1
GF 2.0
Ga s 8.0
Ty = Oxp (_-405(5(.r 1....... - :j:\ N PP
klc-ﬁtld (Sd} I‘JS v
Te = Cass Temperature (°C) — fN—U - 1717
A.— 8.0
NOTE: H TC is unknown, it can be estimated as F
follows: Auc 9.0
A 1
Te = Tap+55(5) UF 8
ARW 19
Ta = Ambient Temperature (°C)
A SF .50
s Operaiing Power Mg i4
* Package Rated Power
Any device operating at TC > 125°C is overstressed. CL 510
Numoer of Resisiors Facior - ayR
..~ = Numhar nf Film Racictare in | lea
NR Number of Film Resistors in Use
NOTE: Do not include resistors that are not used.
9-6
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9.5 RESISTORS, FIXED, WIREWOUND

SPECIFICATION STYLE DESCRIPTION B 7
MIL-R-39005 RBR Fixed, Wirewound, Accurate, Established Reliability
MiL-R-83 RB Fixed, Wirewound, Accurate
= H 6
Xp = anRuQnE Failures/10° Hours
Base Failure Rate - A Quality Factor - =
Stress Quaiiy "q
TACO)] 1 3 5 7 9
S 030
0 | .0033 0037 .0045 .0057 .0075
10 | .0033 .0038 .0047 .0059 .0079 R .10
20 .0034 0038 .0048 .0062 .0084
30 | .0034 0040 .0050 .0066 .0090 p 30
40 | .0035 .0042 .0052 .0070  .0097 :
50 .0037 .0043 0055 .0075 011 M 1.0
60 | .0038 .0046 .0059 .0081 .012 :
70 | .0041 .0049 0064 .0089 .013 W Dan £ N
80 | .0044 .0053 .0070 .0099 .0i5 MIL-R-83 5.0
g0 | .0048 .0059 .0079 .011 .017
100 | .0055  .0068 .0092 .013 .020 Lower 15
110 § .0065 .0080 .011 .016 .025
120 | 0079 0099 .014 O .033
130 | .010 .013 .018 .028
140 | .04 Environment Factor - xg
Environment g
10 1.5
. e fT+273\ (o fT + 273\ " Gn 1.0
Ay = .0031 exp\ 398 ) exp kb \-————273 }J (=]
GF 2.0
T « Ambient Temperature (°C) GM 11
S = Ratio of Operating Power to Rated Power NS 5.0
Ny 18
Resistance Factor - g A i5
Resistance Range (ohms) nR AE 18
Up to 10K 1.0 Auc 28
-A-' 'F ‘.5
> 10K to 100K 1.7 . o
I'\Rw rs
> 100K 1o 1M 3.0 Sk 80
> 1M 5.0 Mg 14
M 38
CL 610

o
O
~
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RESISTCRS, FIXED, WIREWOUND, POWER
SPECIFICATION STYLE DESCRIPTION
MIL-R-39007 RWR Fixed, Wirewound, Power Type, Established Reliability
MiL-R-26 RW Fixed, Wirewound, Power Type
A 4 - a— CailiomatanB L. .
Ap = A RRgRQTE FANUTES/TUT Hour
Base Faiiure Rate - lb Resistance Factor - xg
Stress {MIL-R-39007)
TAPC) 1 .2 S 7 .8 Rasistance Range (ohm
MIL-R- Up »500 | >1K >8 | »75 | »10K
(o] .0042 .0062 .0093 .014 .021 39009 | ©5001 to to 10 Ko .
10 .0045 .0068 .010 .016 .024 Style K SK ] 75K | 10K | 15K 20K
20 .0048 0074 011 017 027
30 .0052 .0081 .013 .020 .031 RWR 1.0 101121121161 1.6 NA
40 .0056 .0089 .014 .022 .035 71
50 } .0061  .0087 .016  .025 |.040 AR 10 l10l1o0l12016]1
60 .0068 011 .017 .028 74
70 0072  .012 .020 .032
80 | .0078  .013 022 -037 VRl 10 110l 10l10l12l12 1.6
90 .0085 .014 .025 .042 78
100 .0093 .016 .028 .048
110 .010 031 .08 RwR 1 1o l12l16l 18l nalnalnalna
120 .01 .036 .063 80
130 .012 .022 .040
140 014 025 048 AR 1ol islNa il Na TNl NA T NA T NA
150 .015 .028 .052 81
160 | o017 .0%2 [ .060 AVR| 10 |16] 16| NAINAINAINA|NA
170 .019 .036 .068 82 . .
180 .021 040 .078
190 '023 -046 A 1N 1N 1 1 14 9 14 9 + o AA AIA
200 '028 .052 rivvi .y .v LI 1.6 1.€ 1.0 nres 1 'a)
210 .029 .059
220 .033 . RWR | 1.0 1.0 145 NAJNA | NA | NA | NA
230 .037 .077 89
240 .042
250 .047
260 .054
270 .061
280 .06 Quality Factor - L7o}
290 .079 -
aoo | oo Quality no
310 .10
S 03
R i0
A = 00148 exn le??a\zgyn[(—-s—\ IT+273\\
° T\ 298 ) \\-5] \ 273 /} P .30
T = Ambient Temperature (°C) M 1.0
i ) i MIL-R-26 5.0
S = Ratio of Operating Powar to Rated Power
Lower 5
NOTE: Do not use MIL-R-39007 Resistors below the
line. Points below are overstressed.
9-8
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9.6 RESISTORS, FIXED, WIREWOUND, POWER

MIL-HDBK-217F
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9.7 RESISTORS, FIXED, WIREWOUND, POWER, CHASSIS MOUNTED

SPECIFICATION STYLE DESCRIPTION
MIL-R-30009 RER Fixed, Wirewound, Power Type, Chassis Mounted,
Established Reliability
MIL-R-18546 RE Fixed, Wirewound, Power Type, Chassis Mounted
Ap = A TR R Failures/10% Hours
Ap = ApTR Qe
Base Failure Rate - Ay, Resistance Factor - ng
Stress (Characteristic G (inductive Winding) of MIL-R-18546 and
T (°C) 1 3 5 7 g Inductively Wound Styles of MIL-R-39009)
A . i . ' i Resistance Range (ohms)
Rated [ Up 500 >R >BK >10K
0 .0021 .0032 .0049 .0076 012 Snie | Powar ! 10 10 [ 10 20K
10 0023 .0036 .0056 .0087 .014 w) | soo hLS | wx | 20K
20 0025 .0040 .0064 0100 .016
36 | 0028 0045 0072 012 019 REGO | 5 1101121121161 NAINA
40 .0031 .0050 .0082 .013  .022 RERE0
50 0034 .0056 .0093 .016  .026
80 .3037 0083 .gﬁ 018 RE6s | 10 | 10t 101121161 NATNA
70 .0041 0070  .012 .021 RER65
i . . .024
5 | 0s ooss ots 028 rE7o | 20 [ 10 f1o a2z )16l ma
100 .0055  .0098  .018 .032 RER70
110 .0060  .011 .020
120 0066 012 023 RE 75 30 1.0 1.0 1.0 1.1 1.2 1.6
130 .0073 014 .026 RER75
150 008 017 ‘oad re77 | 7s liolioliol1ol12l1s
1g0 | ooes  o1e
170 011 ‘022 REso | 120 10 |10} 10|10 {12} 186
180 012 .024
180 .013 027
200 .014 .030
210 .016 Resistance Factor - ng
;g; ';1'9’) (Characteristic N (Noninductive Winding) of MIL-R-18546
240 .021 and Noninductively Wound Styles of MIL-R-39009)
350 '023 Resistance Range (ochms)
: Rated [ Up >500 | >1K 5K [ >10K
= Style Power tc to to ] to 20K
W) 500 1K & 10K 20K
T
Ay = .00015 exp(2.64(T;§;3))ex 7% (—33—;3‘)) RE6O | 5 | 1.0 [ 1216 | NA | NA | NA
’ RER40
T = Ambient Temperature (°C) RE 65 10 1.0 1.2 | 1.6 NA NA | NA
RER45
S = Ratio of Operating Power to Raied Power
RE70 | 20 } 10 | 10 |12 |16 | NA | NA
RERS0O
RE7s | 30 10l 10l 1141121141 NA
RERSS

RE 77 75 1.0 1.0 1.0 1.2 1.6 NA

RE 80 120 | 1.0 1.0 1.0 1.1 1.4 NA

SEC et al. v. MRI
SEC Exhibit 1023.0091
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MIL-HDBK-217F

9.7 RESISTORS, FIXED, WIREWOUND, POWER, CHASSIS MOUNTED

Quality Factor -

Environment Factor - x¢

Quality nQq Environment ng

s 030 %8 0
Gg 2.0

R .10 Gy 10

P .30 Ng 5.0

M 1.0 Ny 16

MIL-R-18546 5.0 Ac 4.0

Lower 15 A o0
AUC 9.0
Aur 18
ARw 23
Sg 50
Mg 13
ML 34
cL 610

9-11
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MIL-HDBK-217F

9.8 RESISTORS, THERMISTOR
SPECIFICATION STYLE DESCRIPTICN
MIL-T-23648 RTH Thermally Sensitive Resistor, Insulated, Bead, Disk
and Rod Types
Ap = A moRg Failures/10® Hours
Base Failure Rate - A, Environment Factor - ng
Toammo 1 Cruiranmant - _
1ypo I\b Cnivnvinioin nE
1.
Bead 021 Gs 0
(Styles 24, 26, 28, 30, 32, GF 5.0
34, 36, 38, 40) Gas 21
DNick 085 ') P
gy g NS [ ]
(Styles 6, 8, 10)
Ny 24
Rod .105
(Styles 12, 14, 16, 18, Ag 1
20, 22, 42) A 30
AUC 16
AyrF 42
Apw 37
Quality Factor - n —
Y Q Sr 50
Quality nq
—= Mg 20
MiL-SPEC i M, 53
Lower 15 CL 950
9-12
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MIL-HDBK-217F

9.9 RESISTORS, VARIABLE, WIREWOUND

SPECIFICATION STYLE DESCRIPTION
MIL-R-39015 RTR Variahle, Wirewound, | ead Screw Actuated,
Established Reliability
MIL-R-27208 RT Variable, Wirewound, Lead Screw Actuated
= i 6
Ap = xbnT APS®R™Q™E Failures/10° Hours
Base Faiure Hate - A‘b o Potentiometer Tiaipsiiactor - ,KTAPS
Stress N x N x N
TA (c) 1 3 5 7 9 TAPS TAPS TAPS TAPS TAPS TAPS
| 3 1.0 13 2.7 23 5.2
) 0 .0089 .011 .013 .016 .020 4 11 14 20 24 £s
| 10 .0094 .012 .014 .017 .021 5 1.2 15 3.1 25 58
20 .010 .012 .015 .019 .024 6 1.4 16 3.4 26 6.1
30 011 .013 .017 .021 .026 7 1.5 17 3.8 27 6.4
40 .012 .015 .018 .023 .029 8 1.7 18 3.8 28 6.7
{ 50 .013 .016 .020 .026 .033 9 1.9 19 4.1 29 7.0
AN nN14 n1a na22 n2a na7 an ~ e ~a 4 a ~e - .
Sy 0 B v B Bt i0 2.1 20 4.4 30 7.4
70 .0186 .020 .026 .033 .043 11 23 21 4.6 31 7.7
80 .018 .023 .03 .039 .050 12 2.5 22 4.9 32 8.0
90 .021 .027 .035 .046 .060
100 .024 .032 .042 .055
110 .029 .038 .051 3
120 .035 .047 f \2
130 .044 .059 (Ntaps)®
140 | .0s6 “taps = 25 *07%
N Numbser of Potentiomster Taps,
lb - .0062 exp ( T;igs) 5 oxp l/ s ( T;;;s) \) TAPS including the Wiper and Tﬁ“‘ﬁﬁ’iléﬁ.s.
- - AN h M 7/
T = Ambient Temperature (°C) Voltage Factor - T,
S = Ratio of Operating Power to Rated Power. Applied Voitage® -
Seae Section 9.16 for Calculation of S. Rated Voltage v
0to 0.1 1.10
>0.110 0.2 1.05
>0.216 0.6 .00
Resistarice Facior - x >0.610 0.7 1.10
R >0.710 0.8 1.22
Resistance Range (ohms) L >0.810 0.9 1.40
>0.9t0 1.0 2.00
10 to 2K 1.0 o
~2K 10 5K 1.4 Vappied = VAPapplied
>5K to 20K 2.0 R = Nominal Total Potentiometer
’ Reasistance
P Applied = Power Dissipation
Rated = 40 Volts for RT 26 and 27
\ = 90 Volts for RTR 12, 22 and 24; RT 12
naec
and 22
9-13
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MIL-HDBK-217F

RESISTORS, VARIABLE, WIREWOUND _
Quality Factor - rt Environment Factor - .

Quality nq Environment ng
n_ 10N

S 020 ~B '
Ge 2.0

n .JOou GM 12

P 20 Ng 6.0

M 60 Ny 20

MIL-R-27208 3.0 Ac 5.0
A 8.0

Lower i0 IF
AUC 9.0
AUF 15
ARw 33
Sg .50
'M‘F 18
ML 48
CL 870

-i4

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

9.10  RESISTORS, VARIABLE, WIREWOUND, PRECISION
SPECIFICATION STYLE DESCRIPTION
MIL-R-12934 RR Variable, Wirewound, Precision

A

Base Failure Rate - Ab

Stress
TACC)| 3 5 7 9
4} .10 .11 .12 .13 .14
10 1 12 .13 .14 15
20 12 .13 .14 .16 17
30 .13 .i4 .i6 A7 .19
40 14 .15 A7 .20 .22
50 15 A7 .20 .22 .26
60 A7 19 22 .26 .30
70 .19 .22 .26 .30 .36
80 .21 .25 .30 .36 .43
80 .24 .30 .36 44 .54
100 .28 .35 44 54
110 .33 42 54
120 .40 .52
130 .49 .65
140 .60

rd 7 — LY “. “'5 ~
A =.0735exp[1.03 (222 )*° )«
° \ \ Ty Y/
S T+27a\ 3.51 ‘]
oxp
( ( 2 74) ( 273 J
T =  Ambient Temperature (°C)
S = Ratio of Operating Powser to Rated Power.
See Section 9.16 for Calcuating S.
Construction Class Factor - s
Construction Class L
RROS00A2ASJ103" 2.0
3 1.0
4 3.0
5 1.5

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

= ; 6
p= lbnTAPannRuvnQnE Failures/10° Hours

Resistance Factor - e

Resistance Range {ochms) L
100 to 10K 1.0
>10K to 20K 1.1
>20K to 50K 1.4
>50K to 100K 2.0
>100 K to 200K 2.5
>200K to 500K 3.5
Potentiometer Taps Factor - TrAPS
N, x N = N -
TAPS | TAPS TAPS TAPS TAPS | “TAPS
3 1.0 13 2.7 23 5.2
4 1.1 14 2.9 24 55
5 1.2 i5 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 i8 3.8 28 8.7
9 1.9 19 4.1 29 7.0
10 2.1 20 4.4 30 7.4
11 2.3 2i 4.6 31 7.7
12 2.5 22 4.9 32 8.0
3
(Nraps)?
\_TAPS)
taps  ~ 25 +0792
NT APS " Number of Potentiometer Taps,

including the Wiper and Terminations.

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

9.i0 RESISTORS, VARIABLE, WIREWOUND, PRECISION
Voltage Factor - Ty Quality Factor - T
Applied Voltage* Quality ®Q
Rated Voltage Ty
MIL-SPEC 2.5
0to 0.1 1.10
Lower 5.0
>0.1100.2 1.05
>0.210 0.6 1.00
Environment Factor - =
>0.6 10 0.7 1.10 E
Environment g
>0.7 10 0.8 1.22
GB 1.0
>08t0 09 1.40 Gg 2.0
>0.91t01.0 2.00 Gpm 18
Ng 8.0
. RP. N 30
Vappioa = VRPPapplied 4 —
AIC 8.0
Rp = Nominal Total Potsntiomster A 12
Resistance \F
L AUC 13
PAppliod = Powar Dissipation A in
AUF 18
VRawd 250 Volts for RR0900, RR1100, ARw 53
RR1300, RR2000, RR3000, S 50
RR3100, RR3200, RR3300, F :
RR3400, RR3500
Mg 29
Rated = 423 Volts for RR3600, RR3700 ML 76
C 1400
VRated = 500 Vots tor RR1000, RR1400, L
RR2100, RR3800, RR3900
9-16
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MIL-HDBK-217F

9.11 RESISTORS, VARIABLE, WIREWOUND, SEMIPRECISION

SPECIFICATION STYLE DESCRIPTION
MIL-R-19 RA Variable, Wirewound, Semiprecision (Low Operating
Temperature)
MIL-R-39002 RK Variable, Wirewound, Semiprecision
Ay = A, oonaon T Failures/10® Hours
P b TAPS RV Q E
Dase Eail'.u.re Da.e 9. acictanra Eartar _ w
(=] ¥ L L mav I\b TICoIoIAQIl AvT T auiur ILR
Stress Resistance Range (ohms) x
T (°C) 1 3 5 7 9 R
10 to 2K 1.0
o] .055 .063 .072 .083 .095
10 .058 069  .081 095 .11 >2K to 5K 1.4
20 .063 .076 .092 11 .13 >5K 1o 10K 2.0
30 .069 .086 11 13 17
40 .076 .098 13 .16 21
50 .085 11 .15 .20 .27 )
60 096 13 19 26 (37 Potentiometer Taps Factor - TIAPS
70 M .16 24 [35 .52 Nraps | raps | Mraes | *raps | Mraes |™raes
80 .13 .20 l .31 .48 .75
90 .16 .26 .42 .69 1.1 3 1.0 13 27 23 52
100 19 .34 .59 1.0 4 1.1 14 2.9 24 55
110 24 45 -85 5 1.2 15 3.1 25 | 5.8
120 .31
130 42 6 1.4 16 3.4 26 6.1
7 1.5 17 3.6 27 6.4
, = 0308 oxp 514 (Z2R)528 N A R T
? \ \ / / g9 1.9 19 4.1 29 7.0
( S T+273\ 4.46 \
exp | A 77 10 2.1 20 4.4 30 7.4
44\ 273
11 2.3 21 4.6 31 7.7
T = Ambient Temperature (°C)
12 2.5 22 4.9 32 8.0
S = Ratio of Operating Power to Rated Power.
See Section 9.16 for S Calculation.
3
2
AREAMTE. Mo s oo~ AR D e b 'Y S Dol (NTAPS)
NUIC. UU UL USE MIL-P- 1T DUIOW LN Ny, rFunits = . - L + 0792
below are overstressed TAPS 25
NTAPS = Number of Poientiomeier Taps,
including the Wiper and Terminations.

9-17
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MIL-HDBK-217F

9.11 RESISTORS, VARIABLE, WIREWOUND, SEMIPRECISION

Voltage Factor - ny Environment Factor - *e
Arnnlind \faltama?® Cruiranmemant -
MPPIHICU VVILAQT n Lnviunnnncin Il E
Rated Voltage \%
Gg 1.0
0to 0.1 1.10 Gp 2.0
>0.1100.2 1.05 G 16
>0.210 0.6 1.00 Ns 7.0
Ny 28
>0.6t6 0.7 1.10
Aic 8.0
>0.7t0 0.8 1.22 A
IF 12
>0.810 09 1.40 Auc N/A
>0.910 1.0 2.00 AUF N/A
ARw 38
. - S .50
VApplied = RpP Applied . ,F
MF IN/A
Rp = Nominal Total Potentiomstsr
P ) ML N/A
Resistance
C N/A
P Applied = Power Dissipation —
VRated 50 Volts for RA10
= 75 Volts for RA20X-XC, F
= 130 Volts for RA30X-XC, F
= 175 Volts for RA20X-XA
= 275 Volts for RK09
= 320 Voliis for RA30X-XA
Quaiity Factor - nq
Quality nQ
MIL-SPEC 2.0
Lower 4.0
5-18
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MIL-HDBK-217F

RESISTORS, VARIABLE, WIREWOUND, POWER

Variable, Wirewound, Power Type

; 6
kp = kb"TAPs“H"v“c“Q"E Failures/10° Hours

Resistance Factor - x,

9.12
SPECIFICATION STYLE
MIL-R-22 RP
Base Failure Rate - A,
Stress
TA(C) A .3 5 7 .9
0 .084 .074 084 .097 ii
10 067 .078 091 1 12
20 071 084 099 12 14
30 076  .091 1 13 16
40 081  .099 12 15
50 087 11 14 17
60 095 12 15
70 .10 14 18
80 i2 i5
90 13 18
100 15
110 17
120 20

Resistance Range (ohms) L
1to 2K 1.0
>2K to 5K 1.4
>5K to 10K 2.0

Potentiometer Taps Factor - TrAPS

T = Ambient Temperature (°C)

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

Nraps | raps | Mraps | Traps | Mraps | maes
3 1.0 13 2.7 23 52
4 1.1 14 29 24 55
5 1.2 15 3.1 25 5.8
6 1.4 16 3.4 26 6.1
7 1.5 17 3.6 27 6.4
8 1.7 18 3.8 28 6.7
9 1.9 19 4.1 29 7.0

10 2.1 20 4.4 30 7.4
11 2.3 21 4.6 31 7.7
12 2.5 22 4.9 32 8.0
3
(Mraps)?
TeAps = a5 +0.792
NT APS = Number of Potentiometar Taps,
including the Wiper and Terminations

SEC etal. v. MRI
SEC Exhibit 1023.0100
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12 RESISTORS, VARIABLE, WIREWOUND, POWER

MIL-HDBK-217F

Voltage Factor - T

Quality Factor - .
7 Q

Amnmbind \/altamat aialihy -
I"\EEIIVU VUlIdHU T wﬂl“’ th
Rated Votitage \'4 ~
MIL-SPEC 2.0
0to 0.1 1.10
Lower 4.0
>0.110 0.2 1.05
>0.210 0.6 1.00
<N&INT 140 e s o o i 1 L Cnmbme o
FV.U W V. .1 v crviornnernit racuon - YCE
>0.7t0 0.8 1.22 Environment B e
>0.810 0.9 1.40 Ga
G" *.;g
>0.91t0 1.0 2.00 - .
UM 10
Ng 7.0
"V appli VReP appii
Applied pplied Ny 28
N Aimcmmimm? Tmdod PAmdm bl m o md e o A~ 8]0
ﬂp = NOomindl 1 olal roenuomeies e g
Resistance A 12
P Applied = Power Dissipation Auc N/A
AUF N/A
VRated 250 Volts for RP06, RP10 Arw 38
= 500 Volts for Others Sg 50
Mg N/A
ML N/A
~ & at ~1 g 4 C' N/.A
Construction Ciass Factor - ng L

Construction Styie ne
Class
Enclosed RPO7, RP11, RP16 2.0
Unenclosed All Other Styles are 1.0
Unenciosed
9-20
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HDBK-217F

9.13 RESISTORS, VARIABLE, NONWIREWOUND

ATION STYLE
IL-R-22097 RJ
IL-R-39035 RJR

nEc/nDIibDTIAM
MmO W Iiir 11wV

Variable, Nonwirewound (Adjustment Types)
Variable, Nonwirewound (Adjustment Types),

Established Reliability

- ; 6
).p = )"buTAPSnRﬂVnOnE Failures/10° Hours

Base Failure Rate - Ay, Resistance Factor - L
Stress Resistance Range (ohms) T
TA(C) .1 .3 .5 7 .S )
0 021 .023 024 026 .028 10 to 50K 1.0
10 .021 .023 .025 .027 .030
20 .022 .024 .026 .029 .031 >50K to 100K 1.1
30 .023 .025 .028 .030 .033
40 .024 .026 .029 .032 .036 >100K to 200K 1.2
50 .025 .028 .031 .035 .039
60 .026 .030 .033 .038 .043 >200K to 500K 1.4
70 .028  .032 .036 .042 047 )
80 .030 .035 .040 .046  .053
90 034 033 045 053 061 >500K to 1M 18
100 .038 .044 .052 .061
110 .043 .051 .060
120 .050  .060 Potentiometer Taps Factor - r
130 .060 .073 N " ™ APS
140 074 taps | raps Taps | "Taps TAPs | "raps
3 1.0 13 2.7 23 5.2
T+273\7.3
A, = 019 exp(-“s (":ﬁ~ )" 4 1.1 14 2.9 24 55
'S fT+273\ 2.46 \ 5 1.2 15 3.1 25 5.8
exp kz.sg \ 2737)
6 1.4 16 3.4 26 6.1
T = Ambient Temperature (°C) 7 15 17 3.6 27 6.4
S = Ratioof Operating Power to Rated Power. 8 1.7 18 3.8 28 6.7
See Section 9.16 for S Caicuiation.
S 1.8 18 4.1 25 7.0
10 2.1 20 4.4 30 7.4
11 2.3 21 4.6 31 7.7
i2 2.5 22 4.9 32 8.0
3
N \2
! NTAPS )
n - +0.792
TAPS 25 :
NTAPS = Number of Potentiometer Taps,
including the Wiper and Terminations.

SEC e

t al.
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MIL-HDBK-217F

Environment Factor - n

VoRage Factor - T, E
Applied Voltage® x Environment T
Vol \

Rated Voltage GB 10
0100.8 1.00 G 3.0
>0.810 0.9 1.05 G 14
50.9 10 1.0 1.20 Ns 6.0

NU 24
A 5.0
. = RpPancr Ic
Applied P" Appiied
pp AlF 7.0
Rp = Nominal Total Potentiometer Auc 12
Resistance 1
P : = Power Dissipation
Applied P ARw 39
VRated = 200 Volts for RJ and RJR2E; Sk .50
RJ and RJR50 MF 22
= 300 Volts for All Others ML 57
C 1000
Quality Factor - g
Quality Lie}
S .020
R .060
P .20
M 80
MIL-R-22097 3.0
Lower 10
9-22
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MIL-HDBK-217F

9.14 RESISTORS, VARIABLE, COMPOSITION
SPECIFICATION STYLE DESCRIPTION
MIL-R-94 RV Variable, Composition, Low Precision
= ~ — s PP . -
= i 10°
: lp xb"'TAPSanVnOnE Failures/10° Hours
Base Failure Rate - Ay, Resistance Factor - L
Stress Resistance Range (ohms) T
Tp(°C) 1 .3 .5 7 .9 Il
o | 027 o030 032 035 038 50 to 50K 1.0
10 .028 .031 .034 .038 .042 >50K to 100K 1.1
20 .029 .033 .037 .042 .048 >100K to 200K 1.2
30 031 .0368 041 048 056 >200K to 500K 1.4
40 .033 .039 .047 .056 .067 >500K 1o 1M 1.8
50 .036 .044 .054 .067 .082
60 .039 .050 .065 .083 11
Potentiometer Taps Factor - TAPS
70 .045 .060 .08 11 14 —
Nraps | "raps | Mraps | *raps | “raps | "raps
80 .053 .074 .10 .15
3 1.0 13 27 23 | 52
90 .065 .096 .14
100 084 13 4 1.1 14 2.9 24 55
iin 5 1.2 15 3.1 25 58
ii0 i1
[ 1.4 i6 3.4 26 6.1
9.3 7 1.5 17 3.6 27 6.4
lb = .0246 exp (.459 (%@) )x
8 1.7 18 3.8 28 6.7
oxo (S Tx273) 5-3
a4 kz_az \ 273 / } b} 1.9 i9 4.1 29 7.0
10 2.1 20 4.4 30 7.4
T = Ambient Tomperature (°C)
) . 11 2.3 21 4.6 31 7.7
S = Ratio of Operating Power to Rated Power.
Ses Section 9.16 for S Calculation. 12 25 22 4.9 32 8.0
3
£as A2
!NTAPS !"
LS +0.792
“TAPS 25
NTAPS = Number of Potentiometer Taps,
including the Wiper and Terminations.

(P
N
W

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

9.14 RESISTORS, VARIABLE, COMPOSITION

Environment Factor - "E

’ ’ Vv
Avmomllomed Vol o @ Ermusivanman ] -
Ial pllcu vyoullayes HIwvnuinnicin ILE
Rated Voltage Ty
0to 0.8 1.00 Gg 2.0
=081 083 1.05 Gt 19
>0.910 1.0 1.20 Ns e
Nu 29
o _——- Ac 40
Y Applied VHPF Appiied A 85
A 88
Rp = Nominal Total Potantiometer Auc 48
Racictanra
dgsis AuE 78
pApplied = Power Dissipation Apw 46
- - .50
VFlated 500 Volts for RV4X--XA&XB SF
ME 25
= 500 Voits for 2RV7X--XA&XB
ML 66
- 3OU VOIS 10 MVZA—-ARAGAD CL 1 200
= 350 Volts for RV4X--XA&XB
= 350 Volts for RVEX--XAZXB
= 350 Volts for RV6X--XA&XB
= 250 Volts for RV1X--XA&XB
= INN \iahe $ar All Nthar Tunac
= 200 Vohts for All Othsr Typss
Quality Factor - =
Q
Quality nQ
MIL-SPEC 2.5
Lower 5.0
9-24

SEC et al. v. MRI

SEC Exhibit 1023.0105

IPR2023-00255



Downloaded from http://www.everyspec.com

MIL-HDBK-217F

9.15 RESISTORS, VARIABLE, NONWIREWOUND, FILM AND PRECISION

SPECIFICATION STYLE DESCRIPTION
MIL-R-32023 RQ Variable, Nonwirewound, Film, Precision
MIL-R-23285 RVC Variable, Nonwirewound, Fllm
i 6
kp = xbnT APSTR™™Q™E Failures/10° Hours
Base Failure Rate - A, Base Failure Rate - A,
(RQ Style Only) (RVC Styie Only)
Stress Stress
T. (°C) 1 3 5 7 (e} T. (°C) 1 a 5 7 9
TAlC) 3 8 .3 9 T4l 3 5 Q
0 .023 .024 .026 .028  .031 0 .028 .031 .033 .036 .039
10 .024 .026 .029 .03t .034 10 .029 .032 .035 .038 .042
20 .026 .029 .032 .035  .039 20 .030 .033 .037 041 .046
30 .028 .032 .036 .040 .045 30 .031 .035 .040 .045 .051
40 .032 .036 .041 .047 053 40 .032 .037 .043 .050 .058
50 037 042 .045 .057 .65 50 .034 .040 .047 .056 .066
60 .044 .051 060 .070 .083 60 .036 .044 .053 .064 .078
70 .053 .064 .076  .091 11 70 .039 .049 .060 .075 .093
80 .068 .083 .10 12 80 .043 .055 .070 .09 A1
90 .092 11 14 90 .048 .063 .083 11 15
100 13 A7 100 .055 .075 10 .14 19
110 .20 i10 .064 .091 i3 .i8 .26
120 .077 11 17 .25 .37
130 .096 15 23 .36 .55
140 12 .20 .33 .53
3 018 expf TE2B\74 150 | 47 20 50
- P eaa, 180 | 24  aa
([ S\ [ T273) 36 70 | .87
b k\z.ss} \ 273 ) )
) nmes . fT+273\ 79
T = Ambient Temperature (°C) Ap = Ued/exp \ 398 } X
S = Ratio of Operating Power to Rated Power. pf/—s—\ / T+273\ 4.3 \
See Section 9.16 for S Calculation. (\245] \ 273 ) )

T = Ambient Temperature (°C)

Resistance Factor - n S = Ratio of Operating Power to Rated Power.
Resistance Range (Ohms) En See Section 9.16 for S Calculation.
Up to 10K 1.0
>10K fo 50K i1
>50K to 200K 1.2
>200K to 1M 1.4
>1M 1.8

9-25
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MIL-HDBK-217F

9.15 RESISTORS, VARIABLE, NONWIREWOUND, FILM AND PRECISION
Potentiometer Taps Facior - R APS Guality Facior - T
tars | "taes | Mraps | Traes | Mraps | Traes Quality Q
3 1.0 13 27 23 5.2 MIL-SPEC >
4 1.1 14 2.9 24 5.5 Lower 4
S 1.2 15 3.1 25 5.8
6 1.4 16 3.4 26 6.1
Environment Factor - n_
7 1.5 17 3.6 27 6.4 [
Environmant L
8 1.7 18 3.8 28 6.7 — —
GB 1.0
9 1.9 19 4.1 29 7.0 GF 3.0
10 2.1 20 4.4 30 | 7.4 Gy 14
11 2.3 21 4.6 31 7.7 NS 7.0
12 2.5 22 4.9 32 8.0 NU 24
3 Aic 6.0
(Nraps)? AlF 12
nTAPS - 35 +0.792 AUC 20
- i A 30
NTAPS Number of Potentiometer Taps, UF
including the Wiper and Terminations. ARw 39
SF .50
Vohage Factor - «,, _ 55
V M 22
Apnlied Valtage® o - 57
Rated Voltage i L
CL 1000
010 0.8 1.00
>0.8t0 0.9 1.05
>0.9101.0 1.20
Vo otiod V RPPApoIied
Applied f
Rp Nominal Total Potentiometer
Resistance
P applied Power Dissipation
250 Volts for RQ090, 110, 150, 200,
Rated
300
500 Volts for RO100, 160, 210
350 Volts for RVCS, 6
9-26

SEC et al. v. MRI
SEC Exhibit 1023.0107
IPR2023-00255




Downloaded from http://www.everyspec.com

MiL-HDBK-217F
9.18§ CALCULATION OF STRESS RATIO FOR POTENTIOMETERS
Stress Ratio (S) Calculation for Rhaostats Stress Ratio (S) Calculation tor Potertiometers
Connected Conventionally
I'f) \2 _
S- \°Pmax) Q PAPPLIED
o 2 -
_._A__k_l(_:l_:_D( '-'“J.-.-.:.-,a) XgrF X *GANGED * PRATED
L Maximum current which will Pa__... = Equivalent power input to the
OPmax - potentiometer when it is not
be passod through the rheostat ioaded (i.e., wiper lead
in iive CcuR. disoonnecied). Caicuiaie as
followse:
'max,r ated ™ Current rating of the
potentiometer. ¥f current V;.\z
rating is not given, use: Plﬂlied - RF—‘
! - e R
maXrated N "rated”'p Vin = Input Voltage
v.a = Power Rating of Potentiometer Rp = Nominai Totai Potentiometer
ratsC Resisiance
Rp = Nominal Total Potentiometer PRaTED =~ Power Rating of Potentiometer
Resistance
= Factor to comrect for the reduction
o sasme = Factor to correct for the TGANGED
"GANGED ’ """’,;n ":';;d e ating in effective rating of the
reduction in effect ating potentiomstsr dus to the close
of the potentiométer due to ;vroximi!y of two or more
the ciose proximity of two or polontbmeters when they are
more P“n;:d"'z;“-;;-;?o‘:‘*‘:" they ganged together on a common
are ga . shaft. See below.
common shaft. See below.
REFF = Correction factor for the electrical
loading effect on the wiper
contact of the potentiometer. s
value is a function of the type of
potontlomotor. its resistance,
and the load rssistancs. Sss
next page.
Ganged-Potentiometer Factor - TG ANGED
AN\ L
First
Number of Potentiometer Second in Third in Gang | Fourth in Gang | Fifth in Gang | Sixth in Gang
Sections Next to Mount Gai
Singe 1.0 - NS Applicable
Two 0.75 0.60 Not_Applicable
Three 0.75 0.50 0.60 Not Applicable
Four 0.75 0.50 0.50 0.60 Not Applicable
Five 0.75 0.50 $.40 0.50 0.60 ot Appiicable
Six 0.75 0.50 0.40 0.40 0.50 0.60
9-27
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Loaded Potentiometer Derating Facior - nppp Style Constant - Ky
KH Potentiometer
R Rp 0.2 0.3 0.5 1.0 ML-SPEC Style Type Ky
0.1 .04 03 .02 .01 MIL-R-19 RA 0.5
0.2 13 .09 .05 .03
0.3 22 .16 .10 .05 MIL-R-22 RP i.0
0.4 .31 .23 .18 .08
0.5 .38 .29 20 11 MIL-R-84 Rv 0.5
0.8 45 35 25 -4 MIL-R-12834 | RR1000, 1001, 0.3
V.7 -~ -V =T oV 7
0.8 .55 .45 .33 .20 1003, 1400,
0.9 .59 .49 .37 22 T
1.0 .63 .53 .40 .25 2100, 2101,
1.5 .74 .65 .53 .36
2.0 .80 73 .62 .44 2102, 2103
3.0 .87 .81 .72 .58
4.0 a0 86 78 ; MiL-R-12934 All Other Types 0.2
5.0 .92 .88 .82 .69
100 ‘96 ‘04 ‘90 ‘83 MIL-R-22097 RJ11, RJ12 0.3
100.0 | 1.00 99 -89 -98 MIL-R-22097 | All Other Types 0.2
MIL-R-23285 RvVC 0.5
R MIL-R-27208 | RT22, 24,26, 27 0.2
TEFF -
RLZ . Ky ( RPZ . ZRPP‘L) MIL-R-27208 Al Other Types 0.3
MIL-R-39002 RK 0.5
R, = Loadresistance (i R is variable, MIL-R-39015 | RTR22,24 0.2
use lowest value). Ry is the total MIL-R-39015 RTR12 0.3
resistance between the wiper arm MIL-R-39023 RQ 0.3
and one end of the poieniiometer.
MIL-R-39035 RJR 0.3
Rp - Nominal Total Potentiometer
Resistance
Ky = Style Constant. See K;; Table,
9-28
SEC et al. v. MRI

SEC Exhibit 1023.0109
IPR2023-00255



Downloaded from http://www.everyspec.com

9.17 RESISTORS, EXAMPLE

Example

Given:

..... ™ Aaa __a_.2 _a A~

Type HV1 SAYSAS05A variabie 500K ohm resisior procured per Mii.-R-94, raied at 0.2

watls is being ussed in a fixed ground environment. The resistor ambient temperature Is

40°C and is dissipating 0.06 watts. The resistance connected to the wiper contact varies

between 1 megohm and 3 megohms. The potentiometer is connected conventionally
without ganging.

The appropriate model for RV style variable resistors is given in Section 9.14. Based on the given
information the following model factors are determined from the tables shown in Section 9.14 and by
following the procedure for determining eiectricai siress for potentiomeiars as described in Seciion 9.18.

From Section 9.16
PAPPLIED
REFF
TGANGED

TRATED

S

From Section 9.14
Ay
TR
RTAPS
Ty

e}
g

<

06w

.62 Ky = Sfor MIL-R-94 (Section 9.16 Table)

1.0 Not Ganged (Section 9.16 Table, Single Section,

First Potentiometer)
2W
PAPPLIED . .06 - 48

TEFF X "GANGED X "RATED  (-62)(1.0)-2) ~~

.047 Tp= 40°C, S Rounded to .5

1.4 500K ohms

1.0 3 Taps, Basic Single Potentiometer

1.0 VRATED = 250 Volts for RV1 prefix
VAPPLERD (500,000)(.06) = 173 volts
v N 173 o
VAPPLIED'VRATED = 250 = -°°

2.5

2.0

Ao *TAPS "R *V "Q "E
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MIL-HDBK-217F

10.1  CAPACITORS, FIXED, PAPER, BY-PASS

SPECIFICATION STYLE DESCRIPTION
MIL-C-25 CcP Paper, By-pass, Filter, Blocking, DC
MIL-C-12889 CA Paper By—pass Radio Interference Reduction AC
and DC
Failures/10¢ Hour
7L kbCVQE ailures/10° Hours
Base Failure Rate - Ay, Base Failure Rate - A,
(T = 85°C Max Rated ) {T = 125°C Max P_.-‘)
(All MIL-C-12889; MI -C-25 Styles CP25, 26, 27, 28, 29, {MIL-C-25 Styles CP 4, 5,8, 9, 10, 11, 12 13;
40, 41, 67, 69, 70, 72, 75, 76, 77, 78, 80, 81, 82; Characteristic K)
Characteristics E, F) Siress
Stress Tp(%C) A .3 .5 .7 .9
TA (°C) A .3 .5 .7 .9
0 .00086 .0011 .0035 .015 .051
0 .00088 .0011 .0036 .015 .051
iG .00087 .0011 0035 015 .051
10 00089 .0011 0036 .016 .052
20 00087 0011 0035 015 051
20 00092 0011 0037 0i8 054
30 00088 0011 0035 015 051
30 00097 0012 0039 017 057
40 00089 .0011 .0036 015 .052
40 .0011 .0013 .0044 .019 .063
50 00091 0011 .0037 016 053
50 .0013 .0016 .0052 .022 .075
60 00095 .0012  .0039 017  .056
60 .0017 .0021 .0069 .030 .10
70 0010 0013 .0041 .018 060
70 .0027 .0034 .011 .048 .16
80 0011 0014 .0046 020 067
80 .0060 .0074 .024 .10 .35
S0 0014 .0017 0056 .024 081
100 0019 0023 0076 033 11
S\5 T+273\ 18
x = .00086] ()7 + 1]exp(2.5( et ) 110 | .0030 .0037 012 052 .18
o L\-*/ Jd \ \ °°° ) )
120 0063 .0078 026 11 37
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage [ /75\5 [ {T+273\ 18 \
xb-OOOBGI-\—“) +1Jex ( \ ) J
Operating voltage is the sum of applied D.C. voltage ) \ y
and peak A.C. voltage.
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage
Opaerating voltage is the sum of applied D.C. voltage
mnd mnaall A P uAalbama
aliv Pvﬂl\ lali e VUI!HHU
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MIL-HDBK-217F

10.1  CAPACITORS, FIXED, PAPER, BY-PASS

Capacitance Factor - r~v,

v

Environment Factor - T

Canacitance C (u [, Fau C nuiranmant -
ap , G (uF) cV Environment T
MIL-C-25* Gg 1.0
.0034 0.7 Gp 20
.15 1.0
23 1.3 G 9.0
16. 1.6 al cn
l‘s .V
MIL-C-12889 Ny 15
’ Ac 6.0
A 8.0
.095
ncy = 1.2C Auc 17
AUF 32
Agw 22
Quality Factor - x Sk .50
Qualny nQ IlV‘lF 12
ML 32
MIL-SPEC 3.0
cL 570 .
Lower 7.0
10-2
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MIL-HDBK-217F

-10.2 CAPACITORS, FIXED, PAPER FEED-THROUGH
SPECIFICATION STYLE DESCRIPTION
MIL-C-11693 CZRand CZ Paper, Metallized Paper, Metallized Plastic, RFI
Feed- Through Establlshed Reliability and
NOn-:S‘aD"Sneﬂ Hﬂlldulllly
An = A .k~ %. Failures/10% Hours
I\.p I\.buCVuOWE
Base Failure Rate - Ay, Base Failure Rate - Ay,
(T = 85°C Max Rated ) (T = 150°C Max Rated)
(Characteristics E, W) (Characteristic P)
Stress Stress
TA(C)| -1 3 5 7 e TAlC)] 1 3 5 78
0 .0012 0014 0047 020 .068
10 .0012 .0015 0048 021 .070 (V] .0012 .0014 .0047 .020 .068
20 .0012 .0015 .0050 021 072 10 .0012 .0014 .0047 .020 .068
30 0013 .0016 .0083 023 .076 20 0012 .0014 .0047 .020 .068
40 0014 .0018 .0058 025 .084 30 0012 .0014 .0047 .020 .068
50 0017 .0021 0069 .030 .10 40 .0012 .0014 .0047 .020 .068
60 0023 .0028 00892 .039 .13 50 0012 .0C15 .0048 .020 .069
70 0037 .0048 018 .064 .21 60 .0012 .0015 .0048 .021 .070
80 0080 0099 032 14 47 70 .0012 .0015 .0049 .o21 .071
80 .0013  .0016 .0051 .022 .074
r/s\5 F fTa273\ 18 20 0013 .0017 .0055 023  .079
A= 00115] (‘5\ + 1 |9xp{2 5( 258 ) \ 100 L0015  .0018 .0060 .026  .087
L\ 40U\ 7 110 0017  .0022 .0071 .03 .i0
T - Ambient Temperature (°C 120 | .0022 0028  .0091 039 .13
S = Ratio of GWI-?!?II g {0 éat;d ‘vlcnag% 130 0033 -0040 013 .057 N !9
140 .0058 .0072 .024 .10 34
Operating voltage is the sum of applied D.C. voltage 150 014 017 057 24 .82
and peak A.C. voltage.
Base Failure Rate - A, I 75y 7 /T+273\ 18
T - 125°C Max Rated) 00115!_(‘ 4,) + 1Jexp(\2 5(‘ 53 ) |
Characteristic K)
Stress ) T = Ambient Temperature (°C)
Tp(O)] 1 .3 .5 7 .9
0 | 0012 0014 _ .0047 .020  .068 § = Ratio of Operating to Rated Vohage
PPN Anan NN a nnaz na2n NRAQ
ég 3;;‘2‘ ‘0014 ‘0047 020 068 Operating valtage is the sum of applied D.C. vohage
. . - e maale A M ualtama
30 | .0012  .0014 0047 .020  .069 and psak A.C. voliage
40 .0012 .0015 .0048 .021 .070 -
50 .0012 .0015 0049 .021 .072
60 .0013 .0016 .0052 .022 .075
70 .0014 .0017 .0055 .024 .08
80 0015 .0019 .0082 027 .09
90 .0018 .0023 .0075 .032 11
100 0025 .0031 .010 .044 .15
110 0040 .00S .016 .07 24
120 0084 .010 .034 .15 .49
[(E)° + 1]ow( ( LEE)™®)
A =.00115| { — + 1[exp|25
T = Ambient Temperature ("
S = Raiio of Operating o Raied Voitage
Operating voltage is the sum of applied D.C. voltage

and peak A.C. voltage.
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MIL-HDBK-217F

10.2 CAPACITORS, FIXED, PAPER, FEED-THROUGH
Capacitance Factor - xe, Environment Factor - &t
Capacitance, C (uF) rCV Environmeni e
0.0031 70 Gg 1.0
Ge 2.0
0.061 1.0 "
GM S.0
1.8 1.5 NS 7.0
Ny 15
0.12 -
Ap 8.0
Auc 17
Quality Factor - m. AUF 28
Quality ) Apw 22
Sg 50
M 1.0 x
Mg 12
Non-Established Reliability 3.0 ML 32
Lower 10 CL 570
70-4

SEC et al. v. MRI
SEC Exhibit 1023.0114
IPR2023-00255



Downloaded from http://www.everyspec.com

MIL-HDBK-217F

30.3
SPECIFICATION STYLE DESCRIPTION
MIL-C-14157 CPV Paper and Plastic Film, Est. Rel.
MIL-C-19978 : CQR and CQ Paper and Plastic Film, Est. Rel. and Non-Est. Rel.
6
JL = lanVnQnE Failures/10° Hours
Base Failure Rate - Ap Ba Fai.‘ure Rate - }‘b
(T = 65°C Max Ratad ) {T = 85°C Max Raied)
(MIL-C-14157 Style CPV07; (MIL C—141 57 Style CPV17;
MIL-C-19978 Characteristics P L) MIL-C-19978 Characteristics E, F, G, M)
Sirass Stress
Ta (°C) A .3 5 7 .9 T, (0 ! .3 8 7 .9
) .00053 00065 .0021 0092 .031 0 .00051 00083 .0021 .0088 030
10 .00055 .00069 .0022 .0096 .032 10 .00052 .00064 .0021 .0090 .030
20

20 .00061 .00075 .0025 011 .036
30 .00071 .00088 .0028 .012 .042

40 .00094 .0012 .0038 .016 .055
50 .0015 .0019 .0061 .026 .088
§0 .0034 .0042 014 .058 .20
[(53)° + 1]ew(25(52R)")

= .0005 - + 1|exp[ 25
lb (SN 4l J \ \ 338 7/ J

T = Ambient Temperaiure (°C)

S = Ratio of Operating to Rated Voltage
Operating voltage is the sum of applied D.C. voltage
and peak A.C. voltage.

Base Failure Rate - Ap
f-r = 1258°C Max Pn!nd\
(MIL-C-141 57 Style CPV03 and MIL-C-1 9978
Characteristics K, Q, S)

Cbomac

DHIBSD
TA(C) A 3 5 7 .9
o] .00050 .00062 .0020 .0087 .029
10 .00050 .00062 .0020 .0088 .029
20 .00051 .00062 .0020 .0088 .030
30 .00051 .00063 .0021 .0089 .030
40 .00052 .00064 .0021 .009 .030
50 .00053 .00066 .0021 .0092 .031
60 .00055 .00068 .0022 .0096 .032
70 .00059 .00073 .0024 .010 .035
80 .000867 .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 .018 .084 .21
A = 0005[{—87\5 + 113;(9(2.5(1},273\18 \
b L\-4) i G W A
T = Ambient Temperature (°C)
S - Ratio of Operatina to Ratad Volaas
S Operating to Rated Voltage
Operating voltage is the sum of applied D.C. voltage
and peak A.C. voitage

.00054 .00066 .0022 .0093 .031
30 .00057 00070 .0023 0089 .033
40 .00063 .00077 .0025 .011 .037

50 .00074 .00092 .0030 .013 .043
60 00088 .0012 .06040 017 .058
70 .0016 .0020 .0064 .028 .093
80 .0035 .0043 .014 .061 .20

= ==

- 000s| (5Y® & 1 1o (25 (TE223) 18
BTTTIN4) T J"K °\ 358 ) )

T = Ambient Temperature (°C)

S = Ratioof Opornlmg to Rated Volage
Operating voliage is ihe sum oi appiied D.C. voiiage
and peak A.C. voitage.

Base Failure Rate - Ap
(T = 170°C Max Rated)
(MIL-C 19978 Characteristic T)

Stress
T4 (°C) R .2 .5 7 .9
0 .00050 .00062 .0020 .0087 .029
10 .00050 .00062 .0020 .0087 .02%
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
S0 .00054 .00066 0022 .0083 .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 .0018 .006 .026 .087
160 .0028 .0032 .011 .046 .15
170 .0061 .0075 .025 .11 .36
I/ [ {T+273\ 18 \
Ab-UUDbL\4} +1Jexp(25\ 443)
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage
Operating voltage is the sum of applied D.C. voltage
and peak A.C. voltage.
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MIL-HDBK-217F

10.3 CAPACITORS, FIXED, PAPER AND PLASTIC FiLM
Capacitance Factor - oy Environment Factor - e
Capacitance, C (uF) o, Environment e
MIL-C-14157: * Gp 1.0
0017 .70 Ge
027 1.0 )
.20 1.3 GM 8.0
1.0 1.6 -
) T Ng 50
MIL-C-19978: **
.00032 .70 Ny 14
.033 1.0 A 20
1.0 1.3 4G
15.0 1.6 AF 6.0
Auc 11
ncy = 1.6C° 7 Ayp 20
0.077 ARw 20
* ey =1.3c” S =0
Mg 11
M 29
Quality Factor - T CL 530
Quality %O
S .03
R .10
P .30
M 1.0
L 3.0
MIL-C-19978, Non-Est. Rel 10
Lower 30
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MIL-HDBK-21

7F

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

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

lp = lb"CV"Q

Base Failure Rate - “\‘b

DESCRIPTION

Metallized Paper , Paper-Plastic, Plastic
Metallized Paper, Paper-Plastic, Plastic,

Established Rehabihty

n Failures/1 0% Hours

Base Failure Rate - 7“b
(T = 125°C Max Rated)

(MIL-C-39022 Characteristic 9 and 12 (above S0 Volts

ratad) Charamariatine 1 10 10 20 E£Q: and

(T = 85°C Max Rated )
(MIL-C-39022 Characteristic 8 and 12 (50 Volts rated),
Characteristic 49; and MIL-C-18312 Characteristic R)
Stress

TA(C) 1 3 .5 .7 .9
[¢] 00070 .00087 .0026 012 041
10 .00072 .00089 .0029 .012 .042
20 .00074 .00091 .0030 .013 .043
30 .00078 .00097 .0032 .014 .046
40 .00086 .0011 .0035 .015  .051

50 0010 0013 0041 018 .06

60 0014 0017 0055 024 .08

70 .0022 0027 .0089 038 .13

80 0048 0058 019 oB4 .28

T = Ambient Temperature (°C)

S = Ratio of Operating to Rated Voltage

ﬁmrahng voltags is the sum of appliad D.C. Vul:ayu

a i e
VURGYS IS e SUM

and peak A.C. voltage.

rated), Characteristics 1, 10, 18, 23, 59; and
MIL-C-18312 Characteristic N}
Stress

TA(KS) .1 .3 .5 7 .9
0 .00069 .00086 .0028 .012 .041
i0 00069 00086 0028 012 041
20 00070 00086 0028 .012 041
30 00070 00087 0028 012 041
40 00071 00088 .0029 012 042
50 00073 .00090 003 .013 .043
80 00076 .00094 .0031 013 045
70 00082 .0010 .0033 014 048
80 00092 0011  .0037 016 054
90 0011 0014 .0045 018 065
100 0015 0019 .0061 026 088
110 0024 .0030 .0098 042 14
120 0051 0063 020 088 30

LY v

o 18
SE O

N

'_J é’x’p(Z.S

T = Ambient Temperature (°C)

S = Ratio of Operating to Rated Vo

Oparating voltage is the

and peak A.C. voltage.

sum of applied D.C. volta

\"ee) )

ltage
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MIL-HDBK-217F

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

Capacitance Facior - noy Environiment Factor - L
Capacttance, C (uF) nov Environment ~ ng
n NnNnan N GR 1 0
v.Uuco iv =)

3 2.0
0.14 1.0 r o
. ) W 5.V
2. 1.
Ns
0.092 Ny !
Quaiity Facior - n Auc "o
_Q Aye 20
Quality nQ =
Agw 20
S 0.03 Sg 50
R 10 Mg t
M 29
P 30 L
Ci 530
M 1.0
L 3.0
MIL-C-18312, Non-Est. Rel. 7.0
Lower 20
10-8
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MIL-HDBK-217F

10.5 CAPACITORS, FIXED, PLASTIC AND METALLIZED PLASTIC

SPECIFICATION STYLE DESCRIPTION
MIL-C-55514 CFR Plastic, Metallized Plastic, Est. Rel.
= i 6
xp xbncvanE Failures/10° Hours
Base Failure Rate - A, Base Failure Rate - Ay,
(T = 85°C Max Rated ) (T = 125°C Max Rated)
(Characteristics M, N) (Characteristics Q, R, S)
Stress Stress
TA(°C) A .3 .5 .7 .9 TA(°C) A .3 .5 .7 .9
0 .0010 .0012 .0041 .018 .059 0 .00099 .0012 .0040 .017 .058
10 .0010 .0013 .0042 .018 .060 10 .0010 .0012 .0040 .017 .058
20 .0011 .0013 .0043 .018 .062 20 .0010 .0012 .0041 017 .059
30 .0011 .0014 .0045 .020 .066 30 .0010 .0012 .0041 .018 .059
40 .0012 .0015 .0050 .022 .073 40 .0010 .0013 .0041 .018 .060
50 .0015 .0018 .0059 .026 .086 50 .0011 .0013 .0043 .018 .062
60 .0020 .0024 .0079 .034 .11 60 .0011 .0014 .0044 .019 .064
70 .0032 .0039 .013 .055 .18 70 .0012 .0015 .0048 .020 .069
80 .0069 .0085 .028 12 .40 80 .0013 .0016 .0054 .023 .077
90 .0016 .0020 .0065 .028 .094
5 18
A.b = .00099 [ (%) + 1:] exp(?_.s (T:;_EZ_S) ) 100 .0022 .0027 .0087 .038 .13
110 .0035 .0043 .014 .06 .20
T = Ambient Temperature (°C) 120 | .0073 .0090  .029 13 .43
S = Ratio of Operating to Rated Voltage
Operating voltage is the sum of applied D.C. volage s\S T+273\ 18
and peak A.C. voltage. l‘b =.00099( (7} + 1]exp|2.5 ( “3qg
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage
Operating voltage is the sum of applied D.C. voltage
and peak A.C. voltage.
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MIL-HDBK-217F

10.5 CAPACITORS, FIXED, PLASTIC AND METALLIZED PLASTIC

Canacitance Factor - w~.; Environment Factor - n_
htulabehtibasih Vv E
Capacitaincs, C (iuF) ToV Environment RE
0.0049 70 Gg 1.0
Gg 2.0
0.33 1.0 o 10
~M
7.1 1.3 Ng 5.0
38. 1.5 Ny 16
0.085 e ®
KCV = 1.1C A": 11
Auc 18
Quality Factor - m ARw 23
Quality Q Sy 50
s .030 Mg 13
M 34
R 10 L
(o 610
P .30 -
M 1.0
Lower 10
10-10
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MIL-HDBK-217F

10.6 CAPACITORS, FIXED, SUPER-METALLIZED PLASTIC

SPECIFICATION STYLE DESCRIPTION
MIL-C-83421 CRH Super-Metallized Plastic, Est. Rel.
H 6
| x = xbncv Q™ Failures/10° Hours
Base Failure Rate - )'b Capacitance Factor - LY,
(T = 125°C Max Rated) Capacitance, C (uF) oy
Stress
TA(C) 1 .3 .5 .7 .9 001 64
) .00055 .00068 .0022 .0096 .032 0.14 1.0
10 .00055 .00068 .0022 .0096 .032
20 .00056 .00069 0023 .0097 .033 2.4 1.3
30 .00056 .00069 .0023 .0098 .033 ’ '
40 .00057 .00070 .0023 .0099 .033 23 1.6
50 .00058 .00072 .0024 .010 .034 :
60 .00061 .00075  .0025 .01 .036
70 .00065 .00081 .0026 .on .038
80 .00073 .00091 .0030 .013 .043 P 4 =1 ZCO'O92
90 .00089 .0011 .0036 .015 .052 CV :
100 .0012 .0015 .0049 .021 .07
110 .0019 .0024 .0078 .033 11
120 .0040 .0050 .016 .070 .24
Environment Factor - e
A, - 00055[ _.) . 1] 0"?(2 5 (ng'sm ) Environment nE
Gg 1.0
T = Ambient Temperature (°C) Gg 4.0
S = Ratio of Operating to Rated Voltage GIM 8.0
Operating voltage is the sum of applied D.C. voltage Ng 5.0
and peak A.C. voltage. Ny 14
Ac 4.0
Quality Factor - = AlF 6.0
Quality Q Auc 13.0
A 20
UF
3 .020 Arw 20
P .30 Mg 11
M 1.0 ML 29
C 530
Lower 10 L
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10.7 CAPACITORS, FIXED, MICA
SPECIiFICATION STYLE DESCRIPTION
MIL-C-5 CM MICA (Dipped or Molded)
MiL-C-39001 CMR MICA (Dipped), Established Reliability
= /106 Hour
k lb"cv ao™E Failures/10° Hours
Base Failure Rate - An Base Failure Rate - Ap
(T=70°C Max Rated) (T=85°C Max Rated)
(MIL-C-5, Temp. Range M) (MIL-C-5, Temp. Range N)
Stress Stress
Tp (°C) .1 .3 5 7 .9 TA(°C) .1 .3 .5 7 .9
0 .00030 .00041 .00086 .0019 .0036 o .00017 .00024 .00051 .0011 .0021
10 .00047 .00066 .0014 .0030 .0058 10 .00027 .00038 00079 .0017 .0033
20 .00075 .0011 .0022 .0047 .0092 20 .00042 .00059 .0012 .0027 .0052
30 .0012 .0017 .0035 .0075 .015 30 .00066 .00083 .0018 .0042 .0081
40 .0019 .0027 .0056 .012 .023 40 .0010 .0015 .003 .0065 .013
50 .0031 0043 .0089 .019 .037 50 .0016 .0023 .0047  .0i0 .020
60 .0049 0068 .014 .030 .059 60 .0025 .0036 .0074 .016 .031
70 .0078 011 .023 .049 .095 70 .0040 .0056 .012 .025 .048
80 .0062 .0087 .018 .039 .076
.10 [7s\3 ’ 7 T+273%
A, = 86x10 “\—4) + |exp[18(\ 343,) ) i - 86y 10710 {(s}3+ lJex (iG (nzn) \
b : 4 358
T = Ambient Temperature (°C) )
S = Ratio of Operating to Rated Voltage T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage
Opgrating voltage is the sum of applied D.C. voltage Operating voltage is the sum of applied D.C. vottage
and peak A.C. voltage. an d peak A.C. voltage. e hd
. Base Failure Rate -
Base Failure Rate - Ap (T=150°C Max Rat J)‘b
Mo Tem i 125°C Max Rated) (MIL-C-5. Temp. Range P; MIL-C-39001, Temp. Range P)
{IVIIL-\ -0, | BHIP. Ndiigo v, MiL-L_-39UU 1 18mp. mange v) Slmss
Stress TACO) A 3 5 7 8
TAl9) ! 3 i 7 2 00003 .00004 00008 .00017 .00033
.00 .0
i0 00008 .00011 .00022 .00048 .00093 ) ) 0003
20 00011 .00016 .00033 .00071 .0014 gg ggggg ggg?g 832;2 'ggggg _ggggg
30 00017 .00024 .00050 .0011 .0021 40 00012 00017 .00035 .00076 .0015
40 00025 .00036 .00074 .0016 0031 50 00018 .00025 00051 .0011 0022
50 00038 .00053 .0011 .0024 0046 60 00026 .00036 00075 .0016 0031
60 00057 .0008 .0017 0036 .0069 70 00038 00053 0011 0024 0048
70 | .00085 .0012  .0025  .0053 .010 80 | .00055 .00077 .0016 .0034  .0067
o oore nemy  pemtcovs o2l® 90 | .0008 0011  .0023 .0050  .0098
100 | .0028 .0040 .0083 .018  .035 110 | 0017 o024 0050 011 ‘021
110 .0042 .0059 .012 .027 .052 120 0025 0035 0073  .016 030
10[7S\3 .1 /.. {T+273\ 140 0053 0074 .015  .033 065
A= 8:6x10 U‘;) + 1J9xp[\16 ( 398 ) /] 150 .0078 011 023 .049 095
- s)\3 T+273
T = Ambient Temperature (°C) lb = 86x10 10[ ('Z) + 1] exp (1 i (Tza_) )
S = Ratio of Operating to Rated Voltage ' , )
Operating voltage is the sum of applied D.C. voltage T = Ambient Temperature (°C)
and peak A.C. voltage. S = Ratioof Operatmg to Rated Vohage
Operating voitage is the sum of appiied D.C. voitage | _
and peak A.C. voltage. ]
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MiL-HDBK-217F

10.7 _CAPACITORS, FIXED, MICA

Capacitance Factor - ngy

y - Environment Factor - =
Capacitance, C (pF) oy _ E
Environment g
2 50 Gg 0
38 .75 Gg 2.0
300 1.0 G i0
2000 1.3 Ns 6.0
_ Nij 16
8600 1.6 AV ENn
ni‘- o .V
29000 1.9 AIF 70
84000 2.2 AUC 22
AUF 28
14
"oy = 0.45C Arar 23
Sk .50
Mg 13
Quaiity Facior - rc M 34
1
Oualnty ‘RQL CL 810
T .010
S .030
R 10
P .30
M i.0
L 1.5
MiL-C-5, Non-tst. Rel. Dipped 3.0
MIL-C-5, Non-Est. Rel. Moided 6.0
Lower i5
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MIL-HDBK-217F

10.8 CAPACITORS, FIXED, MICA, BUTTON

SPECIFICATION STYLE DESCRIPTI
MIL-C-10850 CcB MICA, Bution
An = A A, m R Failures/1

r U vV \d4 [

ON
Style

08 Hours

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

(Style CBSO) X
e — )
Ta(C)| .3 5 7 9 Ta(C) 1 3 .5 7 9
0 0087 .onad 019 042 08’2 0 0058 0081 .017 036 071
10 0071 0099  .021 044 086 i0 0058 0083  .0i7 037 072
20 0076 011 .022 047 092 20 0061 0085 .018 038 074
30 0082 ot .024 .051 10 30 0082 0087 018 039 076
40 009 013 026 .056 11 40 .0064 .009 .019 .040 .079
50 010 014 029 063 12 50 .0067 .0094 .019 .042 .082
~e nan ~nao ~nan ~Y a4 /N nn7zn nnaRr n20 (Y- V. NRA
ouv Uig Ul ua3a v/ e Uv Ui SO A Uess Yoo
70 013 019 .039 084 16 70 0074 010 .022 046 090
80 016 023 .047 10 20 80 0079 011 .023 049 096
SC 05085 gi2 g25 053 .10
oy VA4 AN N
= =3~ T+2 100 0093 013 027 058 1
kb OOSSL( 4) + 1Jexp(1 .2 ( 358 ) )

110 010 014 .03 064 12

T = Ambiant Temnaratira (°C) «nn e e AnA ~a A
T TITY TEITTIEEEEEEET A T U AVENI viIo oo Usre R

S = Ratio of Operating to Rated Voltage 130 013 018 038 082 16
Operating voltage is the sum of applied D.C. voltage 140 018 021 044 095 18

and peak A.C. voltage. o T i
150 .018 .025 .052 1 .22

[78\3 /£ T+273\ 6.3

Ab= .OOSSL(‘4) + 1|exp(1 (‘ 423) ]

T =

S =

Ambient Temperature (°C)

Ratio of Operating to Rated Voiiage

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

10-14

SEC et al. v. MRI
SEC Exhibit 1023.0124
IPR2023-00255




Downloaded from http://www.everyspec.com

MIL-HDBK-217F

10.8 CAPACITORS, FIXED, MICA, BUTTON

Guiality Faclor - Tq Environment Factor - R
Quality nQ Environment ng
Gp
MIL-C-10950 5.0
G- 2.0
Lower 15 ,\,r I
L’M 10
Ng 5.0
Capacitance Factor - oy NU 16
Capacitance, C (bF) . S A e
g i Al vV ~e 2.
8 50 ArF
_ _ Ayc 22
50 76
AI e 28
wr
160 1.0 nn
500 1.3 SF 50
1200 1.6 Mg 13
M, 34
2600 1.9 N
CL 610
5000 2.2
0.23
KCV = 310 ’
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MIL-HDBK-217F

10.9 ,APACITORS, FiXED, GLASS _
SPECIFICATION STYLE DESCRIPTION
MIL-C-11272 Cy Glass
MIL-C-23269 CYR Glass, Established Reliability
- = - _— el 1 . 6 s &
kp A‘b"CV"Q“E Failures/10° Hours
Base Failure Rate - A, Base Failure Rate - Ap
(T=125°C Max Rated) (T =200°C Max Rated)
(All MIL-C-23296 and MIL-C-11272 Temp. Range C) (MIL-U-112/2 1 emp. Hange U)
Stress Stress
Ta (°C) 1 3 5 7 K) Ta (°C) A .3 5 .7 .9
AN [a)
o | .00005s .00005 .00010 .00023 .00055 o et BoRELouhe . Dusos - Do
10 .00001 .00001 .0000<Z .000Ub 00014
10 -00007 .00008 .00014 .00035 .00083 20 .00002 .00002 .00003 .00008 .00019
20 .00011 .00012 .00022 .00052 .0012 30 .00002 .00003 .00005 .00011 .00027
40 .00003 .00004 .00007 .CO016 .00038
30 .00016 .00018 .00032 .00078 .0018
50 .00005 .00005 .00009 .00022 .00053
40 00024 .00027 .00048 .0012  .0028 60 .00006 .00007 .00013 .00031 .00074
50 .00036 .00041 .00072 .0017  .0041% 70 .00009 .00010 .00018 .00044 .0010
60 00054 00061 0011 0026 0082 80 .00013 .00014 .00025 .00061 .0015
90 .00018 .00020 .00035 .00086 .0020
70 -0008  .00091 .0016  .0039  .0092 100 .00025 .00028 .00050 .0012  .0029
80 0012 0014 .0024 .0058 014 110 .00035 .00039 .00070 .0017 .0040
90 o018 0020 0036 0087 021 120 .00049 .00055 .00098 .0024  .0056
130 .00069 .00078 .0014  .0033  .0079
100 |} .0027 .0030 0054 .013 .03 140 | .00096 .0011  .0019  .0047  .011
110 0040 .0045 0080 019 046 150 .0014 .0015 .0027 .0065 .016
120 cosc  oose  4p 625 083 160 0018 .0021 .0038  .0092  .022
170 .0027 0030 .0053 .013 .031
_ ] — 180 .0037 0042 .0075 .018 .043
4q
A = 825x100] (Y 4 1 |exp(16 (12222) ) 190 | 0052 o00ss 010 025  .060
[e] L \D, J \ \ S9J0 , )
200 .0073 0083  .015 .035 .084
T = Ambient Temperature (°C)
107 75\ 4 | s 7T74+273\%
S = Ratio of Operating to Rated Voltage A = 825x10 l (_5) + 1 | 9"9[ 16 ( 273 ) ]
“ N 4 - \ Y 7 /
Operating voltage is the sum of applied D.C. voitage
and peak A.C. voltage. T = Ambient Temperature (°C)
S = Ratioof Operating to Rated Vollage
Operating voltage is the sum of applied D.C. voltage
and peak A.C. vohags.
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MIL-HDBK-217F

Capacitance Factor - noy, Environment Factor - T
ranacitance C (nF) T Crnuirnnmand
Rt ey, T\ g LV —HIVOVID G ILE
1 .62 CGp 1.0
G 2.0
4 .75 )
(e 10
™M
30 1.0 " =
NS o.U
200 1.3 Ny 16
900 1.6 A~ 5.0
A 7.0
3000 1.9 IF
A 22
8500 2.2 ue
AuF 28
0.14 Arw 23
oy = 0.62C7
cv Sg .50
MF 13
Qualty Factor - x M 34
Quaitty " Cp 610
S .030
R 10
P 30
M 1.0
L 3.0
MIL-C-11272, Non-Est. Rel. 3.0
Lower 10
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MIL-HDBK-217F

10.10 CAPACITORS, FIXED, CERAMIC, GENERAL PURPOSE

SPECIFICATION STYLE DESCRIPTION
MIL-C-11015 CK Ceramic, General Purposs
MIL-C-39014 CKR Ceramic, General Purpose, Est. Rel.
= H 6
Ap = lb"cv"QnE Failures/10° Hours
Base Failure Rate - Ap Base Failure Rate - A5
= 85°C Max Rated) (T =15 CMaxRated)
(MIL-C-39014 Styles CKR13, 48, 64, 72; (MIL-C-11015 Type C Rated Temperature)
MIL-C-11015 Type A Rated Tomparature) Stress
Stress TA{C) 1 3 .5 7 9
T (°C) .1 .3 .5 7 .9 -
0 | 00067 0073 0036 0088 .08 © ] 00059 0011  .0032 .0078  .016
10 .00069 .0013 .0037 .0091 .019 10 00061 0012 0033 008 016
20 .808071 0014 0038 6083 019 ) '
30 .00073 .0014 .0039 .0096 .020 PO RN PR R PR PR
40 00075 ‘0014 004 ‘0099 020 20 00062 .0012 .0034 0082 017
50 .00077 .0015 .0042 .0i0 .02i
60 | 00079 0015 0043 010 .02 30 | 00064 .0012  .0035  .0084  .017
?0 00081 001 6 0044 oM -022 A0 Q0085 [a7e} ke 003s 0086 o018
80 .00083 .0016 .0045 .011 .023 b e b e h
3 ] 50 00067 0013 .0036 0088 018
x - ooo3| (2Y% . 1] gxp{ngga )
4\ / 60 00068 .0013  .0037  .009 018
T = Ambient Temperature (°C) on Anmon Aman o mn e
S = Ratio of Operating to Rated Voltage A LUUsu DUt S vuss - .UUSc vty
Operating voltage is the sum of applied D.C. voltage 80 00072 .0014 0039 0095 019
and naalk A C uvaltana
and peak A.C. voltage.
20 .00073 .0014 0040 0097 020
Base Failure Rate - Ap 100 00075 0014  .0041 .0099  .020
(T = 125°C Max Rated)
(MiL-C- 39014 Styles CKR05-12, 14-19, 73, 74; 110 .00077 .0015 .0042 .010 .021
MIL-C-11015 Type B Rated Temperature)
Stress 120 00079 0015 0043 10 .021
Ta (°C) R .3 .5 .7 .9
Al 130 .00081 0016  .0044  .011 022
0 .00062 .0012 .0033 0082 .0t17
10 .00063 .0012 .0034 .0084 017 140 .00083 0016 0045 011 022
20 .00065 .0013 .0035 .0086 .018 S o
30 .00067 .0013 .0036 .0088 018 150 00085 .0016 0046 011 023
40 .00068 .0013 .0037 .0090 .018
50 .00070 .0014 .0038 .0093 .019
60 .00072 .0014 .003% 0085 .01S
70 | .00074 .0014 0040 .0097 020 x = o003l (33 . 1] oo fT2273)
80 00076  .0015  .0041  .010  .020 " LN 1 7F\ 423 )
SO .006077 .6015 .0042 .010 .021
100 .00079 .0015 .0043 .010 .021 - ALl rae
110 | .00081 .0016 .0044 .011  .022 'oo=  Amblemt iempsraiure (7
1y e ——— e ————— o3 S = Ratio of Operating to Rated Vohage
[fs\3 .7 T+273 .
A = .0003| {3) + 1] exp Operating voltage is the sum of applied D.C. voltage
b .3 308
and peak A.C. voltage.
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage
" NOTE: The rated temperature designation (type A,
Operating Xc:ltagalls the sum of applied D.C. voltage B, or C) is shown in the part number, 6.g.,
and peax A.C ‘”‘..a"ﬂ CKG‘AW22M)
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MIL-HDBK-217F

10.10 CAPACITORS, FIXED, CERAMIC, GENERAL PURPOSE

Capacitance Faclor - "oy Environment Factor - e
Capaciiance, C (pF) nCvV Environment ng
6.0 50 - 0
Gr 2.0
240 .75 - A
UM ¥.U
[SIe AV 1.V NS 5 0
36,000 1.3 Nu 15
AAn AAA a ~ A AN
24V, ulu 1.0 ~iC sV
1,100,000 1.9 AIF 4.0
AUC 8.0
4,300,000 2.2
o ” . AUF 1 2
o011 ARw 20
oV = 41 SF 40
Mg 13
Onialins FEartnr _ o« MI 34
\-uulu’ LAwiwi "O -
Quality nq CL 610
S .030
R 10
P .30
M 1.0
L 3.0
MIL-C-11015, Non-Est. Rel. 3.0
Lower 10
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‘ 10.11 CAPACITORS, FIXED, CERAMIC, TEMPERATURE COMPENSATING AND CHIP
} SPECIFICATION STYLE DESCRIPTION
MIL-C-20 CCRand CC Ceramic, Temperature Compensating, Est.
| and Non Est. Rel.
MIL-C-55681 CDR Ceramic, Chip, Est. Rel.
| Ap = AgRey®oPE Failures/10% Hours

Base Failure Rate - 3, Capacitance Factor - gy

(T = 85°C Max Rated) Capacitance, C (pF) oy
(MIL-C-20 Styles CC 20, 25, 30, 32, 35, 45, 85, 95-97)
Cirasa 1 .59
TACO) ] 3 5 7 9 7 75
— o1 1.V
0 | .00015 00028 .000BO 0019 0040 720 13
10 .00022 .00042 .0012 .0029 .0059 4.100 1 '6
20 | .00033 .0CC63 .0018  .0043 .0C88 17°000 b
30 .000489 .00094 .0026 .0064 013 4 :
40 .00073 .0014  .0039 .0096 .020 58,000 2,2
50 L0011 .0021 .00585 .014 025 0.12
60 10016 .0031 .0088 .021 .044 noy = -59C
70 .0024 .0046 .013 .032 .065
80 .0036 .0069 019 .047 .087 Quality Factor - RO
kb-zsx.c'9”§\3+11u {43/T+273 ) Quality nQa
L3/ 7L ] ) S 1030
T = Ambient Temperature (*°C) 5 19
S « Ratio of Operating to Rated Volage :" , -g”
Operating voltage is the sum of applied D.C. vottage Non-Est. Rel. 30
and peak A.C. voltage. Lower 10
Base Failure Rate - Ap Environment Factor -
(T = 125°C Max Rated) E
(MIL-C-20 Styles CC 5-9,13-19, 21, 22, 26, 27, 31, 33, Environmeni ng
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 Sty$es) GB 1.0
St
T sormy 4 [ I’OSS; 7 o Gl: 2.0
lA‘ V, -1 od e o r T T
O .00005 .0000S .00027 .00065 .0013 G.-M 10
10 .00007 .00014 .00038 .00093 .0019
20 .00010 .00019 .00055 .0013 .0027 Ng 5.0
30 00014 .00028 .00G78 .001S .003S N 17
40 .00021 .00040 .0011 .0027 .0056 U
50 00030 .00057 .0016 .0039 .008 A 4.0
60 .00042 .00082 .0023 0056 .011 iC .
70 00061 .0012 .0033 .008 .016 A 8.0
g0 | .00087 .0017 .0047 .011  .023 IF
90 0012 .0024 0068 .016 .034 AUC 16
100 .0018 .0034 .0097 .024 .048
110 0026 0049 014 .034 .069 AUF 35
120 0037 0071 020 .048 .099
ARW 24
A = 26 xia'g[(§)3 . 1]3){;{143 (1273 ) SE 50
= e .3 398
- N Mg 13
T = Amhiant Tamnaratura °0)
T = Ambient Temperaturs (°C)
S = Ratio of Operating to Rated Voltage ML 34
Operating voltage is the sum of applied D.C. voltage C, 610
and peak A.C. voltage. L
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MIL-HDBK-217F

10.12 CAPACITORS, FIXED, ELECTROLYTIC, TANTALUM, SOLID

SPECIFICATION STYLE DESCRIPTION
MIL-C-39003 CSR Tantalum Electrolytic {Solid), Est. Rel.
Ay = Aoy msRT e Failures/108 Hours
CV'SR™QE
Base Failure Rate - &y Series Resistance Factor - ngg
Stress Circuit Resistance, CR {ohms/voli) TSR
Ta0) | 1 .3 5 .7 .9
) .0042 0058 .012  .026 051 >0.8 .066
10 .0043 0080 .012 .027 .052
20 .0045 .0063 .013 .028 .055
30 | 0048 0067 014 030  .oss >0.610 08 10
40 .0051 0072 .015  .032 .083
50 | .0057 .0079 .016 .035  .068 >041006 13
60 .0064  .009 .01 .040 .078
70 0075 .01 022 .047 .092 >0.210 0.4 .20
80 .0092 013 .027  .058 11
80 012 .017 034 074 .14 >0.1t0 0.2 .27
100 .016 .023 .047 10
110 .024 .034 .07 15 0to 0.1 .33
120 .039 .054 11 .24
A = .00375[-/5\3 e exp| 2.6 (12273 1\ 9 CR EH. Res, Botween Cap. and Pwr, Supply
b L\-4) ] k \ 398 ) ) = Voltage Appiied to Capacitor
T = Ambient Temperature (°C)
S = Ratio of Operating to Rated Voltage
Opot ting vohage is the sum of applied D.C. vohage
and peak AC. voitage. Environment Factor - n_
Capacitance Factor - may Environment g
Capacitance, C (uF) oy Gg 1.0
.003 0.5 Gp 2.0
.091 .78
1.0 1.0 8.0
8- 1.3 Ng 5.0
50 1.6 o
210 1.9 NU 14
710 2.2
Ac 4.0
Rovu = 1000 12 AIF 5.0
\>ad
Auc 12
Quau‘_y FGGOI' = KA A AN
Q AUF 20
Quality “Q Apqw 24
D 0.0010 -
c 0.010 S 40
B 0.030
R 0.10 M 29
P 0.30
M 1.0 CL 530
L 1.5
Lower i0
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10.13 CAPACITORS, FIXED, ELECTROLYTIC, TANTALUM, NON-SOLID —
SPECIFICATION STYLE DESCRIPTION
MIL-C-3985 CcL Tantalum, Electrolytic (Non-Solid)
MIL-C-39006 CLR Tantalum, Electrolytic (N n-Sohd) Est. Rel.
= 6
kp = lb"cv"c o7 Failures/10® Hours
Base Failure Rate - A, Base Failure Rate - A,
(T = 85°C Max Rated) (T = 175°C Max Rated)
(MIL-C-3965 Styles CL24-27, 34-37) MIL-C-3965 Styles CL10, 13, 14, 16-18)
St ——n
TA(°C-) 1 .3 .5 .7 Re) T;‘(°C-) 1 3 .5 7 9
[} .0021 .0029 0061 013 .02¢
10 .0023 .0032 .0067 .014 .028 0 0017 0024 .0050 .01 .021
20 .0026 .0036 .0075 .016 .031
30 .003C .0042 .0087 .01¢ .036 1C 0017 0024 0051 .01 021
40 .0036 .0051 .011 .023 .044
50 .0047 .0066 014 .029 .057 20 .0018 0025 0052 011 .022
80 .0085 .0081 018 .041 .078
70 .0098 .014 .029 .062 12 30 .0018 0025 .0053 011 .022
80 .017 .023 .048 .10 .20
T 40 .0018 0026 0054 .012 023
2 - 55(18\3_" :'prfzs 13_2.13_\90\
" {\4) B it S WEEC Y ) 50 .0019  .0027 0056 .012  .023
T = Ambient Temperature (°C) 60 002 0028 0058  .013  .024
S = Ratio of Operating to Rated Voltage
Operating voltage is the sum of applied D.C. voltage 70 -0021 0030 0062 013 02v
and peax A.L. vollage. 80 | .0023 0032  .0066 .014 .028
90 .0025 0035 0072 .016 .030
Base Failure Rate - A,
(T = 125°C Max Rated) 100 .0028 .0039 0080 .017 .034
{MiL-C-3965 Styies CL20-23, 30-33, 40-43, 46-56, 64-
67. 70-73; and all MIL-C-39006 Styles) 110 .0032 .0044 0092 .020 .039
Stress
TA C) 1 3 5 7 9 120 .0037 .0052 .011 .023
4] .0018 .0026 .0053 011 .022 130 .0046 .0064 .013 .029
i0 .0018 .0026 .0055 .012 .023
20 .0020 .0028 .0057 .012 .024 140 .0059 .0082 .017 .037
30 .0021 .0029 .0061 .013 .026
40 .0023 .0032 .0066 .014 .028 150 .0079 011 .023 .049
50 .0025 .0035 .0072 .016 .030
60 .0028 .0040 .0082 .018 .034 160 0N .016 .033 071
70 .0033 .0046 .0096 .021 .040
80 .0041 .0057 .012 .025 .049 170 .018 025 .051
80 .0052 .0073 .015 .033 .084
100 .0071 .010 .021 .045
110 .011 .018 .031 .066
120 .017 .024 .050 11 3 T+27 9.0
A= 400165[(%) + 1] exp(2.6 {_:_fag )
A, 00165L\ ) + 1Jexp db(T+273 200 ° . \
- 4 398
L } ) T = Ambient Temperature (°C)
T = Ambient Temperature (°C) . )
S = Ratio of Operating to Rated Voltage S = Ratio of Operating to Rated Voltage
Operating voltage is the sum of applied D.C. voltage Operating voltage is the sum of applied D.C. vofta
and peak A.C. voltage. and peak A.C. voltage. I
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MIL-HDBK-217F

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

Capacitance Factor - Quality Factor - =
ap cv Q
Capacitance, C (uF) ®oV Quality rq
.081 .70 S .030
20 1.0
1100 1.3 R .10
P 30
0.066
oy = 82C M 1.0
L 1.5
Construction Factor - nc MIL-C-3965, Non-Est. Rel. 3.0
Construction Type A~
— Lower 10
Slug, Al Tantalum .30
Foil, Hermetic * 1.0
Slug, Hermetic * 2.0
Foil, Non-Hermetic * 2.5 Environment Factor -
Slug, Non-Hermetic * 3.0 E
Environment nE
*Tuna nf Saal ldantifi aec Fallawe: GR 0
Type of Seal dentitied as Follows: B
Ge 2.0
1) MIL-C-3965 (CL) - Note Last Letter in Part Number: r
G - Hermetic E - Non-Hermetic Gm 10
Example: CL10BC700TPG is Hermetic NS 6.0
2) MIL-C-39006 (CLR) - Consult Individual Part Ny 16
Specification Sheet (slash sheet)
AlC 4.0
NOTE: a an
Foil Types - CL 20-25, 30-33, 40, 41, 51-54, 70-73 AIF e.u
CLR 25, 27, 35,37,53,71,73 AUC 14
Slug Types - CL 10, 13, 14, 16, 17, 18, 55, 56, AUF 30
64-66, 67
CLR 10, 14, 17, 65, 69, 89 Agw 23
All Tantalum - CL 26, 27, 34-37, 42, 43, 46-49 Sg .50
CLR79
Mg 13
ML 34
C, 610
|
10-23

SEC et al. v. MRI
SEC Exhibit 1023.0133
[PR2023-00255



Downloaded from http://www.everyspec.com

MIL-HDBK-217F

10.14 CAPACITORS, FIXED, ELECTROLYTIC, ALUMINUM

SPECIFICATION STYLE DESCRIPTION
MIL-C-39018 CURandCU Electrolytic, Aluminum Oxide, Est. Rel. and Non-Est. Rel
= res/106 r
l xbncv Q™ Failures/10° Hours
Base Failure Rate - A Base Failure Rate - A,
{T = 85°C Max Rated) (T = 125°C Max Rated)
(MIL-C-39018 Style 71) (Al MIL-C- 3901 Styles Except 71, 16 and 17)
Stress Stress
TA("C) 1 3 5 7 .9 Ta (°0) 1 .3 .5 7 .9
0 .0095 on .019 .035 .064
i0 012 .015 .024 .046 .084 Y .0055 .0067 011 o241 038
20 017 .020 .033 .062 11
30 .023 .028 .046 .087 .16 10 .0065 .0078 .013 .024 .044
40 .034 .042 .068 .13 .23
50 .054 .085 .11 .20 .36 20 .0077 .0083 .015 029 052
60 .089 11 .18 .33 .60
70 .16 .19 .31 .58 1.1 30 0094 011 .019 035 064
80 .29 .35 .58 1.1 2.0
40 012 014 .023 044 080
k_ - 00254"(8\ + 1—|exo(5 09 (T:g; ) ) 50 015 019 .030 .057 .10
60 021 025 041 077 i4
T = Ambient Temperature (°C)
70 029 035 057 1 20
S =« Ratio of Operating to Rated Voftage
Operating voltage is the sum of applied D.C. voitage 80 042 850 083 16 28
d k A.C. volt .
anc pea C. votage 90 064 .077 13 24 43
AAAAA 100 10 12 20 38
Base Failure Rate - A.b
(T = 105°C Max Rated) 110 17 .21 .34 .63
(MIL-C-39018 Styles 16 and 17)
Stress 120 30 .37 60 1.1
Tp (°C) A1 .3 .5 7 .9
[ .0070 .0084 .014 .026 .047 - « - , . =
i0 .0085 .010 017 .03i .057 S\° 4 T+273\ ° )
20 | o011 013 021 040 072 A, = 00254 l_ (5) + 1_| °"p(5'°9 ( 398 ) J
30 .014 .017 .027 .051 .094
40 .019 .022 .037 .069 .13
50 ‘028 ‘031 ‘052 ‘097 ‘18 T = Ambient Temperature (°C)
60 .038 .046 .076 .14 .26 . .
70 059 071 12 22 40 S =« Ratio of Operating to Rated Voltage
gg ?25 ;é ;g g? 1:5‘4 Operating voltage is the sum of applied D.C. voltage
100 30 36 59 1.1 2.0 and peak A.C. voltage.
———

5

“))

+273

}“b = 00254 [(%)3 + 1:] exp(5.09 (
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

3
)
bl

SEC et al. v. MRI
SEC Exhibit 1023.0134
[PR2023-00255



Downloaded from http://www.everyspec.com

MIL-HDBK-217F

10.14 CAPACITORS, FIXED, ELECTROLYTIC, ALUMINUM

Canartanca CartAar _ e . EFnuirnnmaoant FEantar _ o
Capacitance Fadlor - npy Environment Faclor-x
Capaciiance, C (uF) ToV Environment ng
25 40 Gg 1.0
Gp 2.0
55 70 ~ n
w 1 &
400 1.0 Ng 6.0
1700 1.3 Ny, 17
meaa ~ A 4N
J0UV 1.0 ~IC v
14,000 1.9 AIF 12
Auc 28
32,000 2.2
65,000 2.5 A .. 27
Aniii 27
120,000 2.8 Sk .50
Mg 14
m~vs = 340018 M, 38
vV [
o 690
Quality Factor - ®q
Guatty *q
S .030
R 10
P .30
M 1.0
Non-Esi. Rei. 3.0
Lower 10
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MIL-HDBK-217F

ALUMINUM

DESCRIPTION
Aluminum, Dry Electrolyte, Polarized

A = A, %~ AT Failures/108 Hours
Ld W wyY Nal —

Quality Factor - rt

SPECIFICATION STYLE
ML -C-62 CE
Base Failure Rate - Ay,
{T = 85°C Max Rated)
Stress
TA(C)] .3 .5 7 .9
0 .0064 0074 .01 020 034
10 ‘no7a .009 014 024 042
20 .0099 011 017 030 .053
30 .013 .015 .023 040  .070
40 018 021 .031 055 098
50 .026 .030 .046 .08 .14
60 .041 .047 071 12 .22
70 088 078 12 21 .as
80 120 14 21 .37 .65
5.9
A= oozs[ “ + 1-| exp (4 09 T,‘;EZB \

T = Ambient Temperature (°C)

S = Ratio of Operating to Rated Voltage

Oparatmg vonage is the sum of applied D.C. voltage
and

Capacitance Factor - «t

~\
sV

b
O
<

En nnn

Lo R aRVE VY

91,000

ONMNODOWS N
oo

NN < 2 a

Quality Lde}
MIL-SPEC 3.0
Lower i0
Environment Factor - «
E
Environment e
Gg 1.0
Ge 2.0
n . 12
\.IM L
Ng 6.0
Ny 17
Alﬁ 1 0
[\
A 12
AyUF 35
Apw 27
c_ ED
\JF ~ v
Mg 14
ML 38
CL 690

0.1
1ICV = .32C""

w
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MIL-HDBK-217F

10.16 _CAPACITORS, VARIABLE, CERAMIC

CIFICATION

DESCRIPTION

\fariahla aramin
vaiaoiv, woiaimn

A_=A n_=n_ Failures/10® Hours
v D QUL

Base Failure Rate - &,
{T = 85°C Max Rated) Quality Factor - s
(MIL-C-81 Stvles CV 11, 14, 21, 31, 32. 34, 40, 41) Qualty xq
Stress
TA(C) .1 .3 .5 .7 .9 MIL-SPEC 4
0 .0030  .016 .0866 .18 .37 B
iC .0031 017 065 .18 .35
20 | 0033 018 073 .20 .41 Lower 20
30 .0036 .020 080 .21 .45
40 .0041 .022 089 .24 .50
50 .0047 .026 .10 .28 .59
60 .0058 .031 13 .34 72 Environment Factor - e
70 .0076 041 i7 .45 .94 - —
so | 011 058 .24 63 1.3 Environment ne
G 1.0
3 10 B
2 = o0224] ()2 . 1]axp (150 {Tf??a\ a . o
b L\-17/ 7L 358 ) ) Gp 3.0
T = Ambient Temperature (°C) Gy 13
S = Ratio of Operating to Rated Voltage N 8.0
Operating voltage is the sum of applied D.C. voltage S )
and naalk A 8 ualtana Al A
TS OGRS Vuliays. Ny e
Base Fallure Rate - A Ac 6.0
(T = 125°C Max Rated) AiF 10
(MIL-C-81 StylesCV 35,36) Auc 37
Stress A -n
IA(‘“C) I .3 .5 7 .9 ~UF i
4] .0028 015 .061 .16 .35 ARW 36
10 .0028 .015 .062 A7 .35
20 .0029 .016 .064 17 .36 SF .40
30 .0030 .016 .066 .18 .37 )
40 0031 017 o088 18 .39 Mg 20
50 .0033 .018 .072 .19 .41 £n
60 .0035 .019 077 .21 .44 ™ML o<
70 .0038 .021 .084 .23 .48
80 | .0043 023  .095 .25 54 G 950
90 .0050 .027 11 .30 63
100 .0082 .033 14 .36 .76
110 .0079 .043 A7 .47 .98
120 .01% .059 .24 .64 1.4
s\3 4 T4273\ 101N
Ay = 00224[ (-1—7-) + 1|exp(159( 308 ) ]
4 \ . r /
T = AmbientTe mparature { {(°C
S = Ratio of Oparating 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

10.17 CAPACITORS, VARIABLE, PISTON TYPE

SPECIFICATION STYLE DESCRIPTION
MIL-C-14409 PC Variable Pigton Tyne Tubular Trimmer
Ay = A n . Failures/10® Hours
P 0 Q
Base Failure Rate - A Quality Factor - q
(T = 128°C May Ratad) P —Tyy
" v )
(MIL-C-14409 Styles G, H, J, L, T) Sy e
Stress
TA(°C) A .3 .5 7 MIL-SPEC 3
AUV JUNO ) BRYAR-] U1 VoI
10 | .o041 0070 018  .042 .085 Lower 10
20 .0055 .0094 .024 .057 11
30 L0075 013 033 077 .i6
40 .010 .017 .044 .10 .21
50 .014 .024 .060 .14 .29 Environment Factor -
60 .019 .032 .082 .19 .39 =
70 .025 .043 11 .26 .53 Environment ne
80 .034 .059 .15 .35 71 — —
90 .047 .079 .20 .48 .96 B t.v
100 .063 1 .27 .65 1.3
110 | .os6 15 37 88 1.8 G 3.0
120 .12 .20 .51 1.2 2.4 Gy 12
A -73x10‘7[(§.\3 . 1-laxn(121 T:?Z:’\ \ Nea 7.0
[\-.33) U \ 3% ) ) S
T = Ambient Temperature (°C) Ny 18
S - Ratio of (')nanmnn to Rated Vnhnnn
Operating voltage is s the sum of applied D. C voltage AIC 3.0
and peak A.C. voitage. A!F 4.0
Base Failure Rate -
(T = 150°C Max Rat:db Auc 20
= )
{MiL-C-14405 Characierisiic Qj AUF 30
Stress
TC 1 3 5 7 .9 ARw 32
0 .0019 .0032 .0081 .019 .038 S o o 50
10 .0025  .0042 .OoM1 .025 051 F )
20 .0033 .0056 .014 .034 .068 M~ 18
30 .0044 0074 .019 .045 .09 v
40 .0058 .00SS .025 .080 12 -‘v‘uL 4%
50 .0077 .013 .034 .079 .16
60 .010 .018 .045 1 .21 CL 830
70 .014 .023 .060 14 .28
80 .018 .031 .079 .19 .38
90 .024 .041 11 .25 .50
100 .032 .055 .id .33 .67
110 .043 .073 .19 44 .89
120 .057 .097 .25 .59 1.2
130 .076 13 .33 .78 1.6
140 .10 A7 44 1.0 2.1
150 .13 .23 .59 1.4 2.8
A.b=73x10—'7[\ )3+1:l'ex /1‘31\ *273) \J
33 pL 223
T = Ambient Temperature (°C)
S = Ratioof Oporating to Rated Voftage
Ops.'a%ing 'Gh"gv is the sum of apptisd D.C. voltage

and peak A.C. voltage.
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MIL-HDBK-217F

10.18 CAPACITORS, VARIABLE, AIR TRIMMER

SPECIFICATION STYLE DESCRIPTION
MIL-C-a2 cT Variable, Air Trimmer

Ap=A m Mo Failures/10 Hours

Base Failure Rate - A, Environment Factor - e
(T = 85°C Max Rated) Environment g
Stress
TA(C) .1 3 .5 7 .9 GB 1.0
. Ge 3.0
(o] .0074 .013 .032 .076 .15 !
Q.. 12
10| 010 017 044 10 .21 M
NS 8.0
20 .014 .023 .059 .14 .28 N 24
U
30 .018 .031 .08 .18 .38 A 60
iC o
40 .025 .042 a1 .26 .52 A"_— 10
50 .034 .057 .15 .35 .70 Auc 37
60 .046 .078 .20 .47 .94 AUF 70
70 .062 .10 27 83 13 Anw 36
go | .o83 14 36 85 1.7 Se 50
MF 20
LI t\33) 7 (T ess ] ) cL 950
T « Ambient Temperature {(°C)
S = Ratio of Operating to Rated Voltage
Operating voltage is the sum of applied D.C. voltage
and peak A.C. voltage.

Quality Factor - nt

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

10.19 CAPACITORS,

VARIABLE AND FIXED, GAS OR VACUUM

SPECIFICATION STYLE
MIL-G-23183 cG
l =AT

Base Failure Rate - Ah..

(T = 85°C Max Rated)
(Styles CG 20, 21, 30, 31, 32, 40-44, 51, 60-64,

67)
Stress
T°C 1 .3 .5 .9
0 .018 .081 .23 .88 1.9
10 .016 .084 .34 .92 1.9
20 017 .090 37 .98 2.1
30 .018 .098 .40 1.1 2.2
40 .020 11 .45 1.2 2.5
50 .024 .13 .52 1.4 2.9
€0 .02¢9 18 .84 1.7 38
70 .038 .20 .83 2.2 4.7
80 .054 .29 1.2 3.2 6.6
. 0112rli\3 ] / 9 /T 23\1'01’\
lb-. I (.17) + 1|expl1.5 ( ) J
- = - - N e
T = Ambient Temperature (°C)
S = Ratic of Opsrating to Rated Volage

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

Aand nanale A 0 ualtama
ang pedar A.u. voiags.

Base Failure Rate - 7‘b

(T = 100°C Max Rated)
(Styles CG 65, 66)

Stress
TC 1 3 5 7 .9
ol o014 o7e a0 85 18
10 015  .080 a3 87 18
20 | .015  .084 34 91 19
N nae noo ne ne "~
IV vIio Yoo 20 .J0 .U
40 018  .095 .39 1.0 22
50 020 .11 .43 1.2 2.4
80 022 12 49 1.3 28
70 .027 .14 .59 1.6 33
80 .034 18 74 2.0 4.2
90 045 24 99 2.7 5.6
100 066 36 15 3.9 8.2
LAY 1-'ex (159 (2222)10.1)
b= 0112 | (7)1 eme{ns (7))

mbient Tempera!ure (°C)

tim A Nnnrabin o~ Dmtnd Vinibmman
IIU v \J'.IUIHIHIB IU hﬂlBU VUI 9“

________

DESCRIPTION

Gag or Vacuum Dielectric Fix

IES U

and \V/ariahla Coaramis nr
vacuur ICeCING, FiXeg ang Vanabie, Leramic of

Glass Envelope

6
b cE Q™ E Failures/10® Hours

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

(Style CG 50)
Stress
T°C i .3 .5 7 .S
0 .014 .075 .31 .82 1.7
10 .014 .077 .31 .83 1.8
20 .014 .078 .32 .85 1.8
30 .015 .08 .33 .88 1.9
40 .016 .084 .34 9 1.9
50 .016 .088 .36 .96 2.0
60 .018 .095 .39 1.0 2.2
70 .019 .10 .42 1.1 2.4
80 .022 12 .48 1.3 2.7
90 .025 14 .55 1.5 3.1
100 .031 17 .68 1.8 3.8
110 .04 21 .87 2.3 49
120 .055 29 1.2 3.2 6.8
- oz | (5)° . Iexph so (212)10)
v LN/ \ =%/ )
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

CAPACITORS, VARIABLE AND FIXED, GAS OR VACUUM

Configuration Factor - Top

Environment Factor - e

Configuration "CF “Environment g
1.0
Fixed 10 ®s
Gr 3.0
Variable 1.0 GM 14
NS 8.0
NU 27
Quality Factor - L% Ac 10
Quality nQ AIF 18
MIL-SPEC 3.0 Auc 70
Lower 20 AyF 108
ARW 40
Sk 50
Mp N/A
ML N/A
CL N/A
10-31
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environment, 55°C component ambient temperature, and 200 VDC appiied with 50 Vims
@ 60 Hz. The capacitor is being procured in full accordance with the applicable
specification.

The letters "CQ" in the type designatlon indicate that the specification is MIL-C-19978 and that it is a Non-
Established Reiliability quality level. The 1st "K" in the designation indicates characteristic K. The "E" in
the designation corresponds to a 400 volt DC rating. The "153" in the designation expresses the

capacitance in picotarads. The first two digits are significant and the third is the number of zeros to follow.
Therefore, this capacitor has a capacitance of 15,000 picofarads. (NOTE: Pico = 1071 2, H= 10'6)

The appropriate model for CQ style capacitors is given in Section 10.3. Based on the given information
the following model factors are determined from the tables shown in Section 10.3. Voltage stress ratio
must account for both the applied DC volts and the peak AC voltage, hence,

S - 68 s . _DC Voits Applied + V2 (AC Voits Appiied)
' DC Rated Voltage

200 + V2 (50) _ o

= .5

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

Ap = Ap Ray % g = (-0082)(.94)(10)(2) = .15 Failures/10° Hours
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11.1  INDUCTIVE DEVICES, TRANSFORMERS

o

SPECIFICATION STYLE DESCRIPTION
MIL-T-27 TF Audio, Power and High Power Pulse
MIL-T-21038 T Low Power Pulse
MIL-T-55631 - IF, RF and Discriminator
" 4 _ 6 u
xp = lannE Failures/10° Hours
Base Failure Rate - Ay,
] Maximum Rated Operating Temperature (°C) . ]
Thg (°C) 85’ 1052 130% 1554 170° >1708
30 .0024 .0023 .0022 .0021 .q018 .0016
35 .0026 .0023 .0023 .0022 .0018 .0018
40 .0028 .0024 0024 0022 .001¢ 0018
45 0032 .0025 .0025 .0022 .0019 .0016
50 .0038 .0027 .0026 .0023 .0020 .0017
55 .0047 .0029 .0027 .0023 .0020 .0017
60 .0060 .0032 .0029 .0023 .0021 .0017
65 .0083 .0035 .0030 .0024 .0021 .0017
70 012 .0040 .0033 .0025 .0022 0017
75 .020 .0047 .0035 .0026 .0023 .0017
80 .036 .0057 .0039 .0027 .0024 .0017
85 .075 .0071 .0043 .0028 .0024 .0017
a0 .0003 .0048 .0029 .0025 .0018
95 .013 .0054 .0031 .0026 .0018
100 .019 .0062 .0033 .0027 .0018
108 .030 .0072 .0035 .0028 .0018
110 .0085 .0038 .0030 .0019
115 .010 .0042 .0031 .0019
120 .013 .0G486 .0032 6018
125 .016 .0052 .0034 .0020
130 .020 .0059 .0036 .0020
i385 .0068 .0038 .002i
140 .0079 .0040 .0021
145 0095 .0042 0022
150 011 .0044 0023
155 014 0047 0024
160 0050 .0025
165 0053 .0026
170 0058 .0027
175 0029
180 0030
185 0032
NOTE: The models are valid only if THS is not above the teinperaturs rating for a given insulation class
HS * 273\ 158
A, = 0018 &xp 358 MIL-T-27 Ingulabon Class Q, MIL-T-21038 insulation Class Q. and MIL-T-§5631 insulation Class O.*
N A Y e 1 4
” [Tyg + 273\
€ 3y -.002exp \—-—55-2———} MIL-T-27 Insulation Class R, MIL-T-21038 Insulation Class R, and MIL-T-55631 Insulation Class A.°
[Tus * 273\ 87
iy 0018 exp \ 364 , MiL-7-27 insuiaton Ciass S, MiiL-T-21038 insuiation Ciass S, and MiL-T-55631 insuiation Ciass B.*
(THS‘ 273\ 10
)h = .002 exp \_500 / MIL-T-27 Insulation Class V, MIL-T-21038 Insulation Class T, and Mit -T-55631 Insulation Class G *
’THS + 273\ 38
lb = 00125 exp ( 368 MIL-T-27 Insulation Class T and MIL-T-21038 insulation Class U.*

MIL-T-27 insulation Class U and MIL-T-21038 insulation Class V.*

lation Clase

= Hot Spot Temperature (°C), See Section 11,3, *Refer to Transtormer Application Note tor Dstermination of In
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11.1 INDUCTIVE DEVICES, TRANSFORMERS
Quality Factor - nny TRANSFORMER APPLICATION NOTE:
- - — insuiaiion Ciass and Family Type

Family Type MIL-SPEC| Lower Determination
Puilss Transformers 1.5 50
Audio Transformers 3.0 7.5 MIL-T-27 Exampie Designation

TF 4 R 01 GA 576
Power Transformers and Filters 8.0 30 I , I I
oo T : i 5 ar MIL-T-27  Grade Insulation Family Casze
H+ {ranstormers 12 30 ass Symbol
Family Type Codes Ara:
* Reter to Transformer Application Note for
Determination of Family Type Power Transtormer and Fitter: 01 thru 09, 37 thru 41

Audio Transformer: 10 thru 21, 50 thru 53

e s e Pulca Tranciormar: 22 thrii 38 KA
Environment Factor - Pulse Transformer: 22 thru 36, 54
Environment nE
— MiL-T-29038 Exampie Designation
Gp 1.0
- ™ 4
Gp 6.0 I I l
G 12 MIL-T-21038 Grade  Insulation
Clnee
Ng 5.0
NU 16 .
MIL-T-55631. The Transformers are Designated
A.~ 8.0 with the following Typas, Grades and Classes.
-lb v -4 Pl r
AF 8.0 Type | - Intermediate Frequency Transformer
Type !l - Radio Frequency Transformer
A 0 [ Surs ey 4
uc Type Il - Discriminator Transformer
Aur 0 Grade 1 - For Uss When Immersion and
Amas 24 Moistpre Resistance Tests are
ALl Required
Sg 50 Grade 2 - For Use When Moisture Resisiance
Test is Required
Mg 13 Grade3 - For Use in Sealed Assemblies
M_ 34 Class O 85°C Maximum Operating
c, 610 e Temperature
L Ciass A - 105°C Maximum Operaiing
Temperature
ClassB - 125°C Maximum Operating
Temperature
ClassC - > 128°C Maximum Operating
Temperature
The class denotes the maximum operating
temperature (temparature rise plus maximum
ambient temperature).
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MIL-HDBK-217F

SPECIFICATION STYLE DESCRIPTION
MIL-C-15305 - Fixed and Variable, RF
MIL-C-39010 - Molded, RF, Est. Rel.
H 6
l lb c™a™e Failures/10° Hours
Bass Failure Rate - &, Construction Factor - nc
Maximum Operating Temperature (°C) Construction L1o
Tye (°C) 1 2 3 4
HS 85 105 125 150
30 .00044 .00043 60635 .00037 Fixed b
35 .00048 .00044 .0004 .00037
40 | .00053  .00046  .00042  .00037 Variable 2
45 .0006 .00048 .00043 .00038
50 .00071 .00051 .00045 .00038
55 .00087 .00055 .00048 .00038
60 .0011 .0006 .00051 .0004
65 0015 .00067 .00054 .00041
70 .0023 .00076 .00058 .00042
75 .0037 .00089 .00063 .00043 Quality Factor - rQ
80 .0067 .0011 .00069 .00044 -
85 .014 .0013 .00076  .00046 Quality Q
a0 .0018 .00085 .00047
95 .0024 .000%6 .0005 S 03
100 .0036 .0011 .00052
105 .0057 .0013 .00055 R 10
110 .0015 .00059 .
118 .0018 .00063
120 .0022 .00068 P .30
i25 .0028 .00075
130 .00083 M 1.0
135 .00093
140 .0011 MIL-C-15305 4.0
145 .0012
150 .0014 Lower 20
NOTE: The models are valid only if T is not above
the temperature rating for a given insulation class.
1. (Ths * 273 156\ 15308
Ay = 000335 exp ( 229 ) insulation Class O.°
2
T +273 e ML .C-18208
A, = 000379 exp ( Tus - 272) Insuiation Class A and
/ insulation Ciass A"
3
MIL-C-15305
Tys + 273\ &7 insulation Class B and
A = 000319 exp | MIL-C-39010
insulation Ciass B.*
a4
273\ 10 MiL-C-15305
- s (2577°) i
Insulation Class F.*
THS = Hot Spot Temperature (°C), See Section 11.3.
*Refer to Coil Application Note for Determination of
Insulation Class.
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11.2 INDUCTIVE DEVICES, COILS

Ol APPLICATION NOTE: Insulation Class

Determination From Part Designation

MiL-C-15305. Ali parts in this specilication are
R.F. coils. An example type designation is
T 4 K 001
MiL-C-15305 insuiation Family
Class Code

The codes used for the Insulation Class are:

ClassC: 1,2,3
Class B: 4,56
ClassO: 7.8,8
Class A: 10, 11, 12

Environment = e
Gg 1.0
Gp 4.0
Gy 12
Ng 5.0
NJ 16
Agc 5.0
AE 7.0
Auc 6.0
AUF 8.0
Arw 24
Sg .50
MF 13
M,_ 34
C.:.L 610

MIL-C-39010. An example type designation per

this specification is:

M 39010/01 A
[ Y HE ey Nt tom et lnmsilatinn
vunlal y vuULCUIgiit miouiaiivil
Designator Sheet lass
Number

SEC et al. v. MRI
SEC Exhibit 1023.0146
IPR2023-00255




Downloaded from http://www.everyspec.com

MIL-HDBK-217F

11.3  INDUCTIVE DEVICES, DETERMINATION OF HOT SPOT TEMPERATURE
Hot Spot temperature can be estimated as follows
where:
Tyg = Hot Spot Temperature (°C)
Ta = Inductive Device Ambient Cperating Temperature (°C)
AT = Average Temperature Rise Above Ambient (°C)

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

described below.
AT Approximation

Information Known AT Approximation
1 MIL-C-38010 Siash Sheet Number
MIL-C-39010/1C-3C, SC 7C, 9A, 10A, 13, 14 AT =15°C
MIL-C-39010/4C, 6C, 8A, 11, 12 AT =35°C
2. Power Loss AT =125 wL/A

Case Radiating Surface Area

3. Power Loss - .6766
Transformer Weight AT =115 W /(W)

4. Input Power AT =21 W,/(Wt.,.6766

Transtormer Weight
{Assumes 80% Efficiency)

I

W = Powerloss (W)
A = Radiating Surface Area of Case (in2). See below for MIL-T-27 Case Areas
Wt. = Transformer Weight (Ibs.)

W, = Input Power (W)

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

MIL-T-27 Case Radiating Areas (Excludes Mounting Surface)
Case Area (in) Case Area (in?) Case Area (in?)
AF 4 GB 33 LB 82
AG 7 GA 43 LA 98
AH 11 HB . 42 MB 98
AJ 18 HA 53 MA 115
EB 21 JB 58 NB 117
EA 23 JA 71 NA 139
FB 25 KB 72 OA 146
FA 31 KA 84
i1-5
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12.1 ROTATING DEVICES, MOTORS

The foliowing failure-rate model applies to motors with power ratings below one horsepower. This model is applicable to
polyphase, capacitor start and run and shaded pols motors. It's application may bs extendsd to other types of fractional
horsepower motors utilizing rolling element grease packed bearings. The model is dictated by two tailure modes, bearing
failures and winding failures. Application of the model to D.C. brush motors assumes that brushes are inspected and
replaced and are naot a failure mode. Typical applications include fans and blowers as well as various other motor
applications. The mode! is based on Reference 4, which contains a more comprehensive treatment of motor life prediction
methods. The reference should be reviewed when beanng loads exceed 10 percent of rated load, speeds exceed 24,000

rpm or molor loads inciude motor SpGBO Sllp of gl’OalOl’ than 25 percem

The instantaneous failure rates, or hazard rates, experienced by motors are not constant but increase with time. The
failure rate model in this section is an average failure rate for the motor operating over time period “1". The motor operating

time period (1-hours) is selected by the analyst. Each motor must be replaced when it rsaches ths end of this pariocd to

make the calculated valid. The average failure rate, has been obtained by dividing the cumulative hazard rate by t,
and can be treated as a constant failure rate and added to other part failure rates from this Handbook.

Bearing & Winding Characteristic Life - ag and o

TA Q) ag {(Hr) ayy (Hr) T4 °C) ag {Hr) oy (Hr)
~40 310 1.96+08 55 34000 2.36+05
-35 310 1.26+08 60 35000 1.80+05
-30 330 7.46+07 65 27000 1.40405
-25 370 4.70+07 70 22000 1.16+05
-20 460 3.10407 75 17000 8.80+04
-15 660 2.06+07 80 14000 7.06404
-10 1100 1.4407 85 11000 5.70404

5 1900 9.20406 90 9100 4.60404
0 3600 6.40+06 95 7400 3.86404
5 6700 450406 100 6100 3.10404
10 13000 3.26406 105 5000 2.50+04
15 23000 2.36+06 110 4200 2.10404
20 39000 1.66+06 115 3500 1.8e+04
25 60000 1.26406 120 2900 1.56+04
30 78000 8.9e+05 125 2400 1.2e404
35 86000 6.60+05 130 2100 1.08+04
40 80000 5.00+05 135 1700 8.96+03
45 68000 3.80+05 140 1500 7.56403
50 55000 2.9e+-5
r V4 2257 \ =1 i
. [ (2% Tazm) 1 [
a = 10\ 7 +
° == |
L 10\ A*22) | 300 J
2357
e - 189l
(!W = 10 A

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

t = Motor Operating Time Period (Hours)

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

12.1 ROTATING DEVICES, MOTORS

The following equation can be used o calculate a weighted characteristic life for both bearings and windings

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

(h1 +h2 + h3 + - = - == - hm)
*=h, h, ha h_
I < 2 me

u—+ ;—4— -‘x——-c— ------- a——

1 2 3 m

a = either og Of cyy
hy = Time at Temperature T4

h, = Time to Cycle From Temperature Ty to T4

hg = Time at Temperature T3

hy = Time at Temperature T,

o4y = Bearing (or Winding) Life at T4

o, = Bearing (or Winding) Life ai T,

NOTE: T, = — T4 =5
T3

Temperature (T)
Y
N .
Sy

hy | ho h3

Hours (h)

[V Y o T [y
hermal Cycle
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MIL-HDBK-217F -

12.2  ROTATING DEVICES, SYNCHROS AND RESOLVERS

DESCRIPTION
Rotating Synchros and Resolvers

Ap=A momymo Failures/106 Hours

n Wt e
Ld v o N

NOTE: Synchros and resolvers are predominately used in service requiring only slow and infrequent motion.
Mechanical wearout problems are infrequent so that the electrical failure mode dominates, and no
mechanical mode failure rate is required in the model above.

Base Failure Rate - Ay, Number of Brushes Factor - npy
Te (°C) Ay Te (°C) Ay Number of Brushes N
30 .0083 85 .032 2 1.4
35 .0088 20 .041
40 .0085 §5 .052 3 2.5
45 .010 100 .069
50 .011 105 .094 4 3.2
55 .013 110 .13
60 014 115 .19
85 .016 120 .29
70 .019 125 .45 Environment Factor - t_
75 .022 130 74 o - E
80 .027 i35 i.3 cnvironment TE
Gg 1.0
) 00535 /T+273 \8.5 Ge 2.0
oo exP (334 ) Gy 12
Te = Frame Temperature (°C) Ng 7.0
Ny 18
it Frame Temperature is Unknown Assume T
Te = 40 °C + Ambient Temperature Aic 4.0
AE 6.0
Auc 16
Size Factor - ng Aur 25
7S Apw 26
DEVICE | Size8or Size 10-16 Size 18 of Sk 50
TYPE Smaller Larger Mg 14
Synchro 2 1.5 1 M 36
Resolver 3 2.25 1.5 CL 680
12-3
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MIL-HDBK-217F

12.3 ROTATING DEVICES, ELAPSED TIME METERS
DESCRIPTION
Elapsed Time Meters
- H [
lp = kb"TnE Failures/10°® Hours
Base Failure Rate - Ay, Environment Factor - n_
Type Ap Environment TE
AC. 20 Gs 1.0
Gp 2.0
Inverter Driven 30
Gm 12
Commutator D.C. 80 Ne 7.0
=3 o
Ny 18
Ac 5
Temperature Stress Factor - nr A
Operating T (°C)/Rated T (°C) nr A 16
[N
T (& L
- - - A 3
0io 5 .5 AUF e
5 5 Apw 26
Sg .50
.8 .8
M 14
1.0 1.0 M, 38
CL N/A
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MIL-HDBK-217F

12.4 ROTATING DEVICES, EXAMPLE

Example
Given: Fraciional Horsepower Mcior operating at a thermai duty cycie of: 2 hours at 160°C, 8
hours at 20°C, 0.5 hours from 100°C to 20°C, and 0.5 hours from 20°C back 10 100°C.
Find the average failure rate for 4000 hours operating time.

Tha hasgic nrocadiure is to first datarmine gnearatina temnerature at each time interval lnr avemse
PIIC waoilw 'Jlu\ocuulv O IV IOl UTILOIINININIVU VMUTALINY (UH)pUT@aiuivy al vawer AW VRl Rvwiyw

temperature when traversing from one temperature to another, e.g. To = (100 + 20)/2 = 60°C. Determlne
ag and ayy at each temperature and then use these values to determine a weighted average ag and ayy
to use in the )'p equation.

hy = 2hr T, = 100°C; ag = 6100 hours; @y = 31000 hours
hy =hy = 05hr. T, = 60°C; ag = 35000 hours; ou = 180000 hours
hg = 8hr Ty = 20°C; ag = 39000 hours; ay = 1600000 hours
ag = ——=2+9.5+8+405 __ 19600 hours
B 2 0.5 8 0.5
nann + ACANAN + ANNANN + ACARN
[« BRIV} [o2e iV 0 V) SIVUV VUVUVV
Qs = ~ 2,.+.-0.5 + 8 t 0.5 ~ = 146000 hours
vy r4 V.o -] U.o
31000 * 180000 * 1600000 * 180000
A - (X, 1Y, 408
(eg® W)
A v
SR 1
p (19600)3 * 146000
Ap = 9.0 Faiures/10® Hours
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MIL-HDBK-217F

13.1  RELAYS, MECHANICAL

SPECIFICATION DESCRIPTION
MIL-R-5757 Ml -R-19648 Mechanical Relay
MIL-R-6106 MIL-R-83725
MIL-R-19523 MIL-R-83726 (Except Class C, Solid State Type)
MIL-R-39016
a1 = = = = = o Caihiean/1n6 Lia:ira
I\;p - nannCnCYCnFnQuE raluIiIcoa/ 1v nuuio
Base Failure Rate - A, Load Stress Factor - &
Rated Temperature Load Type
T forsy 4 ” [ 4 - A
‘ALY 85°C' 125°C< = Resistive ' Inductive< Lamp®
25 .0060 .0858 .05 1.60 1.02 1.06
30 .0061 .0060 .10 1.02 1.06 1.28
35 .0063 .0061 .20 1.06 1.28 2.72
40 .0085 .0082 .30 1.18 1.78 9.49
45 .0068 .0064 .40 1.28 2.72 54.6
50 .0072 .0066 .50 1.48 4.77
55 .0077 .0068 .60 1.76 9.49
60 .0084 .0071 .70 2.15 21.4
65 .0094 .0074 .80 2.72
70 .011 .0079 .90 3.55
75 .013 .0083 1.00 4.77
80 .016 .0089
85 .020 .0097
s\2 3 s\2
90 .on Lo - oxp (—) * M = exp (—)
o5 012 L -8 L -2
100 .013 "
105 .015 S\ 2 Operating Load Current
110 .018 2. m =exp (4) S = Hated Resistive Load Current
115 .021
};g ~8§? For single devices which switch two different load types,
S avaluate iy for each possible stress load type
TA + 273y 15.7 combination and use the worse case (largest "L)‘
1. A, = .00555exp (T)

npara

Ta =  Ambient Temperature {°C)

Cycie Rate
(Cycles par Hour) cye
M i ! (MIL-SPEC)
Cycles per Hour
210 10
<1.0 01
Cycie Rate neve
(Cycles per Hour) (Lower Quality)
f Cycies per Hour‘):?
> 1000 ( 100
L\ Vi
Cycies per Hour
10 - 1000 10
<10 1.0

{Appiies io Active Conducting Contacis)
Contact Form T
SPST 1.00
DPST 1.50
SPDT 1.75
3PST 2.00
4PST 2.50
DPDT 3.00
3POT 4.25
4PDT 5.50
6PDT 8.00

NOTE:Values of no v for cycling rates beyond the
basic design limitations of the relay are not valid,
Design specifications should be consulted prior to
evaluation of roYe:
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13.1 RELAYS, MECHANICAL

___li!-,'Fusn.r-zo Agolication and Construction Factor - x=
Quality q e
Contact | Application { Construction Type MIL- Lower
R .10 i Type SPEC | Quakity |
P .30 Signal Dry Gircut | Armature (Long) 4 []
X LS Current Dry Reed (3 18
v .80 (Low mv Mercury Wetted 1 3
M 1.0 and ma) Magnetic Latching 4 8
L 15 Balanoced Armature 7 14
Non-Est. Rel. 3.0 Solenoid 7 14
Yy Y o Rrmaure (Long) 3 3
Purpose Balanced Armature L] 10
Solenoid [ 12
Environment Factor - x_ Sensiive | Armature (Long and 5 10
(0 - 100 mw) | Short)
e Momwy Wetted 2 [}
Environment MIL-SPEC__|__ Lower Quaiity m‘., Movement E' 10: 1:,(2,
Gg 1.0 2.0 Baianced Armature io Fat)
Polarized | Armature (Short) 10 20
GF 2.0 $5.0 Meter Movement 100 100
. s “ [Visraiig | Dry Fieed €112
M Reed Mercury Wetted 1 3
Ne 8.0 24 High Speed | Armature ( S L.
y Dry Frowd e | m
27 78 NA__|
My Thermal Bimetal 10 20
A 7rn g8 Tiwwm Malass
Aic 7.0 18 Time Delsy
. o a —— Electronic 9 12
Ay 5.0 E Time Delay,
Auc 1 28 ,n"“" ,
Ay 12 38 | Uatching Fieed 10 20
Maanetic Mercury Watted [ 10
Agw 46 140 Balanced Aramture 5 10
5-20 High Vacuum (Giass) 20 40
SF S0 1.0 Amp | Voltage Vacuum (Ceramic) 5 10
Me 25 72 Medem Armature (Long and 3 °
= rower DN
M &8 200 w Wetted 1 3
LS o T Magnetic 2 6
g N/A N/A Mechanical Latching
Balanced Armature 3 6
Solenoid 2 6
2 (]
55600 | Contaciors | Armature (Short) 7 14
Amp (g Mechanicai Laiching ic 24
) Balanced Armature 10 20
Solenoid 5 10
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MIL-HDBK-217F

13.2 RELAYS, SOLID STATE AND TIME DELAY

Yt dale -k dVa T V]

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

The most accurate method for predicting the failure rate of solid state (and solid state time delay) relays is to sum
the failure rates for the individual components which make up the relay The individua! component tanlure rates
can either be calculated from the models provided in the main body of this Handbook (Pans Stress Melhod) or

from the Parts Count Method shown in Appendix A, depending upon the depth of knowiedge the analyst has
about the components being used. If insufficient mfnrrnahnn is available, the follo ";ng detault mods! can ba
used:

kp = AyianE Failures/10% Hours

Bass Failure Rate - Ay Environment Factor - e
Relay Type Ay Environment nE
Solid State 40 Cg 1.0
Gr 3.0
Solid State Time Delay 50 . _
Gpm 12
Hybrid 50 Ng 6.0
NU 17
Ac i2
Quality Factor - Tq A 19
Quaiity nQ Aue 21
MIL-SPEC 1.0 AuF 32
A 23
Lower 4.0 “RW
SF .40
Mg 12
M. 33
CL 590

—

(IJJ
w
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MIL-HDBK-21

14.1

7F

SWITCHES, TOGGLE OR PUSHBUTTON

SPECIFICATION

DESCRIPTION

MIL-S-3850 MIL-S-22885 Snap-action, Teggle or Pushbution,
MIL-S-8805 MIL-S-83731 Single Body
MIL-S-8834
Ao = A, M, ~T, T Failures/108 Hours
P~ "b CYCL'C"E
Base Failure Rate - A, Contact Form and Quantity Factor - g
Description MIL-SPEC Lower Quality Contact Form e
Crmm ambime AMANALE Nn°2a §E§I 1'9
Liiap-aclivn (VAVAVL, 29} Vo DPST 1.5
SPDT 1.7
Non-snap Action 0027 040 3PST 2.0
4PST 2.5
DPDT 3.0
Curlinn FartAr . aa. .~ AnAT P
Myvwiyg VA T SCY(C orui 4.c
Swilching Cycles TCYC 4PDT 5.5
per Hour 6PDT 8.0
<1 Cycle/Hour 1.0
Environment Factor - T
> 1 Cycle/Hour Number of Cycles/Hour Environment xE
GB i.0
Load Stress Faclor - G 3.0
F
Siress Load Type
S Resistive Inductive Lamp Gm 18
0.05 1.00 1.02 1.06 Ne 8.0
0.1 1.02 1.06 1.28 S -
0.2 1.06 1.28 2.72 Ny 29
0.3 1.15 1.76 .48
0.4 1.28 2.72 54.6 Aic 0
0.5 1.48 4.77 Ac 1
0.6 1.76 9.49 "
n 7 N 4B N4 A . 13
V. r . I = V. ULI .
0.8 2.72 55
0.9 3.55 AUF ce
1.0 4.77 ARwW 457 )
Nnaratina | nad Chirrant S: ~50
S = WOl QLI IM =WVAMW WU DIt v
Ratled Resistive Load Current Mg 25
™ o= exp (s1.8)2 for Resistive Load ML 67
r, = exp(S/.4)%  tor Inductive Load G 1200
n = exp(S/ 2)2 for Lamp Load
NOTE: When the switch is rated by inductive load,
then use resistive .
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MIL-HDBK-217F

i 14.2 SWITCHES, BASIC SENSITIVE
' SPECIFICATION DESCRIPTION
MIL-S-8805 Basic Sensitive
. P As P
Ap = Ab"CYC e Faiiures/10° Hours
Base Failure Rate - Ay, Cycling Faclor - neye
Switching Cycles Tave
Ap=Apg + N (if Actuation Differential is per Hour T
> 0.002 inches)
< 1 Cycle/Hour 1.0
. =2 - ax N A, - (if Actuation Differential ic
Ap=2p+ g {if Actuation Differential ic
< 0 NND inchac)
= Vevve nResy > 1 Cycle/Hour Number of
n= Number of Active Contacts Cycies/Hour

Environment Factor - &

aaaaa o~~~ ARIl oDCA (R PPP N o N Y]
L/GOUIILIVI WL Oor LUYWEI \Juainy
AoE 10 10
e .00045 23
Abo .0009 63
1 Aad Qirace Eantar _ e
=WaW W Too | Awilwv) IIL
Stiess Load Type
S Resistive inductive Lamp
0.05 1.00 1.02 1.06
0.1 1.02 1.06 1.28
0.2 1.06 1.28 2.72
0.3 1.18 1.78 .48
0.4 1.28 2.72 54.6
0.5 1.48 4.77
0.6 1.76 9.49
0.7 2.18 21.4
0.8 2.72
0.9 3.55
i.0 4.77

ﬁnnr:hnn L oad Current

AL A 2]

Rated Hesnstwe Load Current

M = exp (S/.8)2 for Resistive Load
m_ = exp(S/4)2  for Inductive Load
n = exp(S/ 2)2 for Lamp Load

NOTE: When the Switch is Rated by Inductive
Load, then use Resistive .

E
Environment ng
Gg 1.0
Ge 3.0
Gia 18
NS 8.0
Ny 29
Ap 10
A._ 10
Air 8
AUC i3
AUF 22
ARW 46
Q- 8N
Sg .80
Mg 25
ML 67
C,_ 1200

142
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MIL-HDBK-217F

14.3 SWITCHES, ROTARY

DESCRIPIIUN

SPECIFICATION

MIL-S-3786 Rotary, Ceramic or Glass Waler, Silver Alioy Contacts
. = A x...x % Failures/108 Hours
p b "CYC'L'E
Dacn Caikira Data _ 2 Curlin~ CamMar _ e _
DA I adiIIT Malvc ’\-b U’\’lll IS P auviut II.CY
Swiiching Cycies nCoYC
Base failure rate model (Ay): per Hour
Ay =Ang + Mg (for Ceramic RF Waters) < 1 Cycle/Hour 1.0
Ap=Apg +NApg  (for Rotary Switch Medium > 1 Cycle/Hour Number of Cycles/Hour
Power Waters)
n = Number of Active Contacts
Description MIL-SPEC Lower Quality Environment Factor - ;rgE
le 0067 10 Environment g
Gg 1.0
A 00003 02
bF Ge 3.0
A ononl 08 G. . iR
i [T At it > ‘e
Ng 8.0
Load Stress Factor - m;_
Stress Load Type Ny 29
S Resistive Inductive Lamp Aic 10
0.05 1.00 1.02 1.06 R ‘e
0.1 1.02 1.06 1.28 ANF 1o
0.2 1.06 1.28 2.72 A 13
0.3 1.15 1.76 9.49 uc
0.4 1.28 2.72 54.6 AUF 22
0.5 1.48 4.77
0.6 1.76 .45 ARw 46
0.7 2.15 21.4 S 50
0.8 2.72 F :
0.9 3.55 Mg 25
1.0 4.77
ML 67
Onaratina | nad Currant 1200
S = Operating Load Current CL 200
Rated Resistive Load Current
m_ = exp (S/.e)2 for Resistive Load
T, = oxn I,Q/_A,\z for Inductive L oad
L D (S/.4) or Inductive Load
T = exp (S/.2)2 for Lamp Load
NOTE: When the Swiich is Rated by inductive Load
then use Resistive n; .

H
'
w
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MIL-HDBK-217F

14.4 SWITCHES, THUMBWHEEL
SPECIFICATION DESCRIPTION
MIL-§-22710 Switches, Rotary (Printed Circuit) (Thumbwheel, in-
Line and P shbunon)
= i 6
kp = (A + Ty M) oy T Failures/10% Hours
CAUTION:  This model applies to the switching function only. The model does not consider the contribution of any
discrete components (e.g., resistors, diodes, lamp) which may be mounted on the switch. if slgnmcam
(relative to the switch fallure rate), the failure rate of these devices must be calculated using the
appropriate section of this Handbook and added to the failure rate of the switch.
This mode! applies to a single switch section. This type of switch is frequently ganged to provide the
required function. The mode must be ied to each section individually.
Base Failure Rate - 1,4 and A5 Cycting Factor - noyg
Description MIL-SPEC Lower Quality Switching Cycles REVE
CcYC
‘per Hour
A1 0067 086
< 1 Cycle/Hour 1.0
)‘bz .062 .089
> 1 Cycle/Hour Number of Cycles/Hour

Load Stress Factor - m_

Stress Load Type
S Resistive Inductive Lamp
0.05 1.00 1.02 1.06
0.1 1.02 1.06 1.28
0.2 1.06 1.28 2.72
0.3 1.15 1.76 9.49
0.4 1.28 2.72 54.6
0.5 1.48 4.77
0.6 1.76 9.49
0.7 2.15 21.4
0.8 2.72
0.9 3.55
1.0 4.77
s Operating Load Current
Rated Resistive Load Current
™. = exp (S/,e)z for Resistive Load
m_ = exp(S.4)% for Inductive Load
T = exp (S/.Z)2 for Lamp Load
NOTE: When the Switch is Rated by Inductive

Environment Factor - e

Environment ng
Gg 1.0
Gg 3.0
G 18
Ng 8.0
NU 29
Ac 10
AF 18
Auc 13
AUF 22
Apw 46
S¢ .50
Mg 25
ML 67
C|_ 1200
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MIL-HDBK-217F

14.5 SWITCHES, CIRCUIT BREAKERS

SPECIFICATION DESCRIPTION
MiL-C-55629 Circuit Breakers, Magnetic, Unsealed, Trip-Free
MIL-C-83383 Circuit Breakers, Remote Control, Thermal, Trip-Free
MIL-C-39018 Circuit Breakers, Magnetic, Low Power, Sealed, Trip-Free Service
W-C-375 Circuit Breakers, Moided Case, Branch Circuit and Service
= _n._ Fai s/108 Hours
}"p lbncnununt Failures/10°% Hou
Base Failure Rate - Ay Quality Factor - o)
Description Ap Quality xQ
Magnetic .020 MIL-SPEC 1.0
Thermal .038 Lower 8.4
Thermal-Magnetic .038
Environment Factor - T
Environment TE
Configuration Factor - TG GB i.0
Configuration ng Gp 20
SPST 1.0 Gm 15
DPST 2.0
3PST 3.0 Ns 8.0
AlC 7.0
Ap 9.0
Use Factor - Ty Auc 11
Use Ty AUF 12
Not Used as a Power 1.0 ARw 46
On/Off Switch Sg .50
Also Used as a Power 10 Mg 25
On/Off Switch ML 66
Cp N/A
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i5.9 CONNECTORS, GENERAL (EXCEPT PRINTED CIRCUIT BOARD)
SPECIFICATION® DESCRIPTI 0 SPECIFICATION® DESCRIPTION
MIL-C-24308 Rack and Pane MIL-C-3607 Coaxial, RF
MIL-C-28748 MIL-C-3643
MiL-C-28804 MIL-C-3650
MIL-C-83513 MIL-C-3655
MLC 83733 MIL-C-25516
MIL-C-5015 Circular MIL-C-38012
MIL-C-26482 MiL-C-55235
MRC-28840 MiL-C-55335
MIL-C-38999 MIL-C-3767 Power
MIL-C-81511 MIL-C-22992
MIL-C 83723
* NOTE: See foilowing page for connector configurations. MIL-C-49142 Triaxial, RF

Ap = Ammpn, Failures/1 0% Hours

APPLICATION NOTE: The failure rate model is for a mated pair of connectors. I is sometimes desirable tc 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 LRU 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 kp by

two,
Base Failure Rate - Ab Base Failure Rate - A, (cont'd)
Insert Material*
T, (°C) Al B< c° (0 1on e (/ -1592.0 \ T +273\5.36
0 .00006 .00025  .0021  .0038 Ap =020 sxp kLT + 273 ) L 473 ) }
10 .00008 .00033 .0026 .0048
20 .00009 .00044 .0032 .0062
30 .00011 .00057 .0040 .0078 ” -2073.6 /T + 273\4 66
40 .00014 .00073 .0048 .0099 e ib- .431 exp T 273 )
50 00016  .00093  .0059  .013 k * } J
60 .00020 .0012 .0071 .016
70 .00023 .0015 .0087 .020
80 00027 0019 011 026 3. r-1298.0 N (To +273)4.25)
90 00032  .0023 013  .033 Ao =190 exp| (5505 )+ |~ 373 |
700 .00037 .0029 .016 .043 \ v / t /J
110 .00043 .0038 .020 .058
120 .00050 .0045 .024 .074 T 4+ 273 \4.72
130 00059  .0056 45 . :1528.8 ( ° ) ' )
140 .00069 .0070 Ap =770 exp T +273|* |3 )
150 .00080 .0087 / %
160 .00094 .011
170 0011 .014 .
180 0013 ‘018 To = |nternal Contact Operating Temperature (°C)
180 .0016 .022
200 0018 .028 '."o = Connector Ambient Temperature + insen
g;g gggg Temperature Ris
230 0034 See following page for Insert Temperature Rise
ggg gggg Detarmination.

" if a mating pair of connectors uses two types of
insert materials, use the average of the base failure

rates for the two insert maieriai iypes. See louowmg
page for insert material determination.

pury

(4]
1

—
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15.1 CONNECTORS, GENERAL (EXCEPT PRINTED CIRCUIT BOARD)

Insert Material Determination

Insert Temperature Rise (AT °C) Determination

Pgssible Insen Amperes Contact Gauge
Materials Per Contact 22 20 16 12
Configuration Specification | A Bj C ] D 2 4 2 1 0
Rack and Panel | MIL-C-28748 X 3 8 5 2 1
MIL-C-83733 X 4 13 8 4 1
MIL-C-24308 | X | X 5 19 13 5 2
MIL-C-28804 X1 X 6 27 18 8 3
MIL-C-83513 | X | X 7 36 23 10 4
8 46 30 13 5
Circular MIL-C-5015 X X 9 57 37 16 6
MIL-C-26482 | X | X X 10 70 45 19 7
MIL-C-28840 X1 X 15 96 41 15
MiIL-C-38999 | X | X 20 70 26
MIL-C-81511 X 25 106 35
MIL-C-83723 X 30 54
35 72
Power MiL-C-3767 X X 40 92
MiL-C-22882 X X
Coaxial MIL-C-3607 X AT = 0989 ()8 22 Gauge Contacts
MIL-C-3643 X AT = 0.640 ()18 20 Gauge Contacts
ARl ’J::n N 4 oC
WIHL™ W JUUW N 1.0V
MIL-G- 3655 X AT = 0274 (!)‘ o 16 Gauge Contacts
MIL-C-25516 X AT = 0.100 (i) '-°° 12 Gauge Contacts
MIL-C-39012 X ,
MIL-C-55235 X AT = Insent Temperature Rise
MIL-C-55339 X | x i = Amperes per Contact
Triaxial MIL-C-49142 X | X
insent RF Coaxial Connectors AT =5°C
Material Temperature
Type Common Insert Materials Range (°C)* RF Coaxial Connectors
A Vitreous Glass, Alumina -55 to 250 (High Power Applications) AT = 50°C
Ceramic, Poiyimide
B Diallylnhtalate Mealamine, -551¢ 200
Fluorosilicione, Silicone
Rubber, Polysulfone,
Epoxy Hesin Mating/Uinmaiing Facior - ny
c Polytetratiucrethylens 5510 125 Mating/Unmating Cycles”
(Teflon), Imar 40NN kA _
Chiorotrifluorethylene (per 1000 hours) "K
(Kel-f)
N Dnlunmnr{n Il\l\llnn\ .BEB 1t 1928 0to .05 1.0
L ]'V ’ e IW e
Polychloroprene >.05t0 .5 1.5
(Neoprene), Polyethylene >51t05 2.0
> 51050 3.0
*These temperature ranges indicate maximum 250 40

W UIC oI Tnalviiar LONNeciors

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

hnp:hnlrfu of the insert material onlvy. Connectors

“One cycle includes both connect and disconnect.
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15.1 CONNECTORS, GENERAL (EXCEPT PRINTED CIRCUIT BOARD)

Environment Factor - n

7 F -E
Number of Number of n
Active Active - E -
Contacts p Contacts p Environment MIL-SPEC Lower Quality
G 1.0 2.0
1 1.0 65 13 B
2 1.4 70 15 Gp 1.0 5.0.
3 i.6 75 i6 :
4 1.7 80 18 Gpm 8.0 21
5 1.9 85 19
6 2.0 90 2i Ng 5.0 i0
7 2.2 95 23
8 2.3 100 25 Ny 13 27
9 2.4 105 27
10 2.6 110 30 Aic 12
11 2.7 118 32 A 5.0 18
12 2.9 120 35 r
42 AN 44 NDCc a7 A n N a"y
"W 9.V 1£90 27 A o.U V7
14 3.1 130 40 uc
15 3.3 135 43 AUF 12 25
16 3.4 140 46
17 3.6 145 50 ARw 19 37
18 37 150 52 S 50 80
19 3.9 195 o/ r i
20 4.0 160 61 . 16 20
25 4.8 165 65 F
30 5.6 170 69 ML 27 54
35 65 175 74
40 7.4 180 78 c 480 870
45 8.4 185 83 —
50 95 190 89
55 1 195 94
60 12 200 100
b/ = ex M 9
P= &P{70o
g = 0.51064

= Number of Active Contacts

z

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

contact is counted as an active contact.
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M m mon Failures/1 06 Hours

15.2 CONNECTORS, PRINTED CIRCUIT BOARD
SPECIFICATION
MIL-C-21097
MIL-C-55302
Ap = Apmy
Base Failure Rate - )"b
Ty (°C) Ap Ty (°C) Ap
0 .00012 110 .0018
10 .00017 120 .0022
20 .00022 130 .0028
30 00028 140 .0035
40 00037 150 .0044
50 00047 160 0055
60 00059 170 0069
70 00075 180 .0088
80 .00083 190 .01
90 .0012 200 015
100 0015

-2073.6

T, + 273

7"0 =.216 exp ((To 3 273

) - (o

=

T, = Internal Contact Operating Temperature (°C)

18

Connector Te rature Rise (AT °C) Determination
Amperes Contact Guage
Per Contact 26 22 20
1 2 1 1
2 8 4 2
3 i6 8 5
4 27 13 8
5 41 19 13
AT = 2.100 (i)1-85 26 Guage Contacts
AT = 0.989 (i)1-85 22 Guage Contacts
AT = 0.640 (i)1-8° 20 Guage Contacts
AT = Contact Temperature Rise

Amperes per Contact

—

Mating/Unmating Factor - m
Mating/Unmating Cycles* nK
(Per1000 Hours)

0to .05 1.0
>.051t0 .5 1.5
>5t05 2.0
>51t0 50 3.0
> 50 4.0

SEC et al. v. MRI
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15.2 CONNECTORS, PRINTED CIRCUIT BOARD

Active Pins Factor - np

Environment Factor - T

Number of Number of e
Active x Active - (=5 .
Contacts P Contacts %p Environment MIL-SPEC Lower Quality
Gg 1.0 2.0
1 1.0 65 13 o
2 1.4 70 15 G 3.0 7.0
3 1.6 75 16 &y 17
4 1.7 80 18
5 1.9 85 19
6 2.0 90 21 Ng 10
o L3 19, ¢ 4]
9 2.4 105 27 N -
10 2.6 110 30 Aic 6.0 14
11 2.7 115 32
12 2.9 120 as Ar 1 22
13 3.0 125 37 A~ 6.0 14
14 3.1 130 40 i
15 33 135 43 AUF 11 22
16 34 140 46
17 3.6 145 50 Apw 19 37
18 3.7 150 53
19 3.9 155 57 S .50 -80
20 4.0 160 61
25 4.8 165 85 Mg 10 20
30 5.6 170 69 M 27 54
35 6.5 175 74
40 7.4 180 78 CL 490 570
45 8.4 185 83
50 95 190 89
55 11 195 94
60 12 200 100
(N-1)\4
TIP = exp ( 10)
q = 0.51064
N = Number of Active Pins
An active contact is the conductive element
which mates with another element for the
purpose of transferring elecirical energy.
15-5
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INTEGRATED
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CIRCUIT

SOCKEIS

SPECIFICATION

DESCRIPTION

MIL-S-83734 IC Sockets, Plug-in
An = A n,,. Failures/108 Hours
Ld U r | = .
Base Failure Rate - A Environment Factor - e
Type A Environment ng
All MIL-S-83734 .00042 Gg 1.0
Ge 3.0
Gm 14
Active Pins Factor - np Ng 6.0
Number of Active Contacts p Ny 18
6 2.0 AlC 8.0
8 2.3
10 2.6 AlF 12
14 3.1 Al 11
16 3.4 i
18 3.7 AUF 13
22 4.3 RW
24 4.6 Sg .50
28 53
36 6.7 Mg 14
40 7.4 M, 36
48 9.1 L
50 9.5 CL 650
64 13
N-1\ 4
Tp = exp ( 10 )
q = 0.51084
N = Number of Active Contacts
An active contact is the conductive element
which mates with another element for the
purpose of transferring electrical energy.
15-6
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16.1 INTERCONNECTION ASSEMBLIES WITH PLATED THROUGH HOLES

DESCHIPTION
Circuit Boards, Prinied (PCBs) and Discreie Wiring

I|
—|
-k

N, (n~ + 13)1 nan_ Failures/108 Hours
4 (" J WE

1:1
2
0

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

and discrete wiring assemblies is associated with p.a!eﬁ :hf’“wy'"h hole pl'w"h'velua \8.Gg., barral cracking IU’

ele wiring asgemblies
Base Failure Rate - Ay . Quality Factor - n
Technology }‘D Quality nQo
Printed Wiring Assembly/Printed .000041 MIL-SPEC or Comparable institute for 1
Circuit Boards with PTHs interconneciing, and Packaging
Electronic Circuits (IPC) Standards
Discrete Wiring with Electroless .00026
Deposited PTH (< 2 Levels of Circuitry) Lower 2
Number of PTHs Factor - Ny and N,
Factor Quantity Environment Factor - n
Environment e
Ny Quantity ot Wave Soldered Functional c
PTHs Gg 1.0
Ny Quantity of Hand Soldered PTHs Gr 2.0
Gm 7.0
Complexity Factor - n Ng 5.0
Number of Circuit Planes, P nc Ny 13
<2 1.0
3 1’5 Ac 5.0
g :.g Ap 8.0
6 2.0 Auc 16
: 22
9 2.6 ARw
10 2.8
11 2.9 S¢ 50
12 3.1 M~ 10
13 3.3 r
14 3.4 M 27
15 3.6
16 3.7 °L 500
Discreie \ vwrlng w/PTH 1
nc = .65 P83 25Ps16
16-1
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17.1 CONNECTIONS

DESCRIPTION
Connections Used on All Assemblies Except Those
Using Plated Through Holes (PTH)

ot o Anmmantiano m~em ol meana bl

ADDI INPATIALAM MATE. Tha faibiirea rsata rmmadal i;m dhais -An&inn amelia e
AN LINATIWVIY INVJVILL. 111 1anuic raltc n I U oLt ppll:b w Wil ulcuuuua U§UU Uil all ad>ousiliivined
except th ose u using nlated through holgs Use the Interconnection Assembly Model in Section 16 to aocoum

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 doas not debend on a tension induced connection. The _fg!!gwing

model is for a single connection. o

Ap = Myrgrg Failures/1 08 Hours

Base Failure Rate - A Environment Factor - e

Connection Type Ay, (F7108 hrs) Environment g
Hand Solder w/0 Wrapping .0026 Gg 1.0
Hand Solder, w/Wrapping .006014
Crimp .000286 G 2.0
Weld .00005 G 7.0
Solderless Wrap .0000035 M i
Clip Termination .00012 Ng 4.0
Reflow Soider 000069

Ny 11
Quality Factor -

. Y ™Q Ac 4.0
Quality Grade | nq Comments A cn
Crimp Types n u ;-

R AUC O
Automated 1.0 | Daily puii tests
recommended. AuF 8.0
A 16
Manual aw
Sg 50
Ubbper 1.0 10Onlv MIL-SPEC or . s ~ A
Uppe -0 1 Only MIL-SPEC o Mg 3.0
equivalent tools and
terminals, pull test at M 24
beginning and end of each
shift, M'f?r coded tools and CL 420
termnnahons
Standard | 2.0 | MiL-SPEC ioolis, puii test at
beginning of each shift.
Lower 20.0 | Anything less than standard
criteria.
All Types 1.0
Except Crimp
7T
XY AY] ] 1 Hjrvimn.r 1 NIZe A0 NI7E 111 MNI7O T NT el o
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18.1 METERS, PANEL

SPECIFICATION DESCRIPTION )
MIL-M-10304 Meter, Electrical Indicating, Panel Type, Ruggedized
= H 6
lp = A MARERQTE Failures/10° Hours
Base Failure Rate - Ay, Quality Factor - nn
Type Ap Quality o
All .090 MIL-M-10304 1.0
iLower 3.4
Application Factor - mp
Application TA Environment Factor - n-
Direct Current 1.0 Environment nE
Alternating Current 1.7 Gg 1.0
Ge 4.0
Gy 25
Function Factor - n¢ Ns 12
Function nE Ny 35
A_ic 28
Ammeter 1.0 A 40
I‘\IF 4
Volitmeter 1.0 Ayuc 58
Other* 2.8 Aur 73
Anw 60
* Meters whose basic meier movement Sg 1.1
construction is an ammeter with associated M 60
conversion elements. F
ML N/A
CL N/A
18-1
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19.1 QUARTZ CRYSTALS

SPECIFICATION
MIL-C-3098

DESCRIPTION

Crystal Units, Quar

A. = A n.m_ Failures/10% Hours
4 D Q &t

Base Failure Rate - Ab

>
w

Environment Factor - "E

Environment

g
Gg 1.0
Gp 3.0
G 10
Ng 6.0
Ny 16
Aic 12
AE 17
Auc 22
AuE 28
Apw 23
S¢ 50
Mg i3
ML 32
CL 500

Frequency, f{(MHz) Ap
0.5 .011
i.0 .013
5.0 018
10 .022
15 .024
20 .026
25 .027
30 .028
35 .029
40 .030

45 .031
50 032
55 .033
60 .033
85 .034

70 .035
75 .035
80 .036
&5 .036
90 .037
95 .037
100 .037

185 038

Ay = .013(f)-23
Quality Factor - 7o)

Quality nQ
MIL-SPEC 1.0
Lower 2.1

19-1
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20.1 LAMPS

SPECIFICATION DESCRIPTION

Al ) B8 | amne Inca crent Aviation Service

WML LSOO U0 LGS, IVGTRIUSLTN, SViGion OUr VLG !
W-L-111 Lamps, Incandescent, Miniature, Tungsten-Filament

Ay = A n man. Failures/108 Hours

v

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

Bass Failure Rate - Ay Environment Factor - L
Ratad Vnhana \V (VaHec) 1. [P P By . — -
QiU vvnaye, -r \ Y Vs '\D ENvnomnmnoiil “E
5 59 Cs 10
6 .75 Gg 2.0
1. '
4 272 G 3.0
24 4.5 Y P
28 54 Ng 3.0
37.5 7.9 Ny 4.0
A!C 4.0
Y SV YiVi \1 29 A.~ 40
Ay = U/4(V) ~iF v
Auc 5.0
AUF 6.0
Utilization Factor - &y B Apw 5.0
Utilization (llluminate Hours/ S 70
Equipment Operate Hours) ny F
Mg 4.0
0.10 0.10
< M 0
0.10 to 0.90 0.72 CL 27
> 0.50 1.0

Appilication Factor -

Application LI
Aiternating Current 1.0
Direct Current 3.3

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

_____________ PR SN T e iy ] —

Suppression, and Duai Functioning {Non-tunabie)

AL e Al A s

The most accurate way to esiimate the iaiiure rate jor eiecironic fiiiers is io sum ihe faiiure raies for the individuai
comnonents which make up the filter lo g, IP': diodes, resistors, etc.) ||c|nn the nnnmnnn_e models rnuuded

TP D) PWSISIVIS, wiwe] e

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

modei can be used.

).p =iy Qg Failures/108 Hours

Base Failure Rate - A, Environment Factor - x
Type Ay Environment ng
MIL-F-15733, Ceramic-Ferrite .022 GB 1.0
Construction (Styles FL 10-16, 22, Gg 2.0
24, 30-32, 34, 35, 38, 41-43, 45,
4750, 61-65, 70, 81-93, 95, 96) Gm 6.0
MIL-F-15733, Discrete LC A2 Ns 4.0
Components, {(Styles FL 37, 53, 74) Ny 8.0
MIL-F-18327, Discrete LC 12 Ac 7.0
Components (Composition 1) Ar 9.0
MIL-F-18327, Discrete LC and .27 Auc 11
Crystal Components o n
(Composition 2) AUF 'o
Apw 1
Sg 80
Mg 7.0
Quality Factor - i M 45
7 d IVIL "o
Quality T CL 120
MIL-SPEC 1.0
Lower 2.9

SEC Exhibit 1023 0172
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22.1 FUSES

SPECIFICATION DESCRIPTION
W-F-1726 Fuse, Carnridge Class H
W-F-1814 Fuse, Cartridge, High Interrupting Capacity
MIL-F-5372 Fuse, Current Limiter Type, Aircraft
ML-F-23419 Fuse Instrument Type
MIL-F-15160 Fuse, instrument, Power and Telephone
(Nanindicating), Stvle FO1
\ Dudaaks 27 J
Ay = Ay np Failures/10% Hours
APPLICATION NOTE: The reiiabiiity modeiing of fuses presenis a unique probiem. Unlike most other
comnonants there is very little cormralation hetween the numbar of fuse renlacements and actual fuse failures.

Wllwuvl O, HITIU 10 YOIy L LAVTTDIAINU T WWyrwwrs ks st .~ w3 TepRalelt LE- 14 use

Generally when a fuse opens, or "blows,” something else in the circuit has created an o;erload condition and
the tuse Is simply tunctioning as designed. This model is based on life test data and represents fuse open and
shomng iauure modes due pnmarily to mechanicai iatigue and corrosion. A short iaiiure mode is most commonity

caused by electrically conductive material shorting the fuse terminals together causing a tailure to cpen

condition when rated current is exceeded.

Base Failure Rate - Ay Environment Factor - no
Type Ap Environment T

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

5372, MIL-F-23419, ML-F-15160 Ge 2.0
~ on
\JM Q.v
Ng 5.0
Ny 11
A Q0
Ac 9.0
Auc 15
Aye 18
A—... 18
Agw 16
Sg 90
Mg 10
M, 21
o 230

-

N
n
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MISCELLANEOUS PARTS

Ap - Failure Rates for Miscellaneous Parts ( Failures/106 Hours)

_ Part Type Failure Rate

\lilwntare (AAIL \/ QY
viiawvio \I'IIL‘ v Iv)

60-cycle 15

120-cycle 20

400-cycle 40
Lamps

Neon Lamps 0.20

Fiber Optic Cables (Single Fiber Types Only)

Single Fiher O

(S LSS =

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

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

Microwave Ferrite Devices
lonmlmtmrn O Nivmilatavs (4NN \
RDVIAIVIO O wilWUIAQiVIO (S 1VVYY])

"

Isolators & Circulators (>100W)

Phase Shifter {Latching)

Dummy Loads
< 100W

100W to < 1000W

> 1000W

0.1 (Per Fiber Km)

See Resistors, Type RD

Negligible

*Caution: Excessive Mating-Demating Cycies May Seriously Degrade Reliabiiity

23-1
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23.1 MISCELLANEOUS PARTS

Environment Factor - n_

Environment Factor - n_
[S E

(A mwravy
LryviiCTowWa

o Farrito Naowvir
S —on +C

ac)
S/

Environment nE Environment nE
Gg 1.0 G 1.0
Gg 2.0 Gp 2.0
Gm 8.0 Gpm 10
Ng 5.0 Ng 5.0
Ny i2 Ny i7
Aic 50 A 6.0
A 8.0 A 8.0
AUF ii Ay 22
ARw 17 ARw 25
Sg .50 Sg .50
Mc 9.0 M. 14
M 24 M 36
CL 450 CL 660
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APPENDIX A: PARTS COU

Parts Coumt Rellabllity Prediction - This prediction method is applicable during bid proposal
and early design phases when insufficient information is availabie to use the pan stress analysis models
shown in the main body of this Handbook. The information needed to apply the meihod is (1) generic part
types (including compiexity for microcircuits) and quantities, (2) part quality ievels, and (3) equipment
environment. The equipment failure rate Is obtained by looking up a generic failure rate in one of the
following tables, mumptylng it by a quality tactor, and then summlng it with failure rates obtained for other

oomponents in the equipment. The general mathematical expression for equipment failure rate with this

i=n
*aue = Z N Ggra) Equation 1

for a given equipment environment where:

Apquip = Total equipment failure rate (Failures/1 0% Hours)

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

N; = Quantity of i th generic part

n = Number of different generic part categories in the equipment

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

portions of the equipment in each environment. These "environment-equipment” failure rates shouid be
added to determine total equipment iaiiure rate. Environmentai symbois are defined in Section 3.

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

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

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

it shouid be noted that no generic failure rates are shown for hybrid microcircuits. Each hybrid is a fairly
1n Mdavien Clm. ~t tha, Aadane ha ha andardieoad thaler Aanrmnalavih: Aaannat ha
Ul"\.'UU UOVYIVO. (541 IUU INIIU Ul IIIGDV ucvmve llavl: UGCII DICIIUGIUIL‘:U, UITH VUIIIJITAILY valnivl uco

determined from their name or tunction. ldentically or similarly named hybrids can have a wide range ot
complexity that thwarts categorization for purposes of this prediction method. HIf hybrids are anticipated for
a design, their use and construction shouid be thoroughly investigated on an individual basis with
application of the pradiction mods! In Ssction 5.

The failure rates shown in this Appendix were calculated by assigning model default values to the
1a||ure rate models of Simnn 5 through 23. The specmc default values used for the model! parameters are

shown with the 2\9 Tabtes for microcircuits. Default parameters for all other pant classes are summarized in
the tabies starting on Page A-12. For parts with characteristics which differ significanti y from the assumed
defaulls, or parts used in large quantities, the underlying models in the main body of this Handbook can
be used.
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APPENDIX B: VHSIC/VHSIC-LIKE AND VLS! CMOS (DETAILED MODEL)

is provided to ailow more detaiied device ievei design trade-ofis io be accomplished for predominats
$aihira mndae and machanieme exhibited in CMOS devices. Reference 30 should be consulted for a2

1GHUIT 1HRAJUTO QIRJ 1ITCUIANITIDNIIID CATHUIRGW 111 UVITIW L UL T iurwud. 1TIViViViive e o

detailed derivation of this model.

This appendix contains the detailed version of the VHSIC/VLSI CMOS model cornair}ed in Section 5.3. 1t
§

Ap(t) - Aox( + Aer() + Ae(t) + AcoN(® + Apac + Agsp + Mais(t)
Aplt) = Predicted Failure Rate as a Function of Time
Aox(h) = Oxide Failure Rate
At = Metallization Failure Rate
At = Hot Carrier Failure Rate
Aconll) = Contamination Failure Rate
= DParlktana Failiiro Rato
Xoac = Package Failure Rate
Acen - EOS/ESD Failure Rate
o
Maislt) = Miscellaneous Failure Rate
The equations for each of the above {ailure mechanism failure rates are as follows
OXIDE FAILURE RATE EQUATION
, 6. 2 Prveeox (Poox) | -7.710 7.7 AToxd
Ao, (in F/10°) = - (=2 | (o788 ¢ Y(Ax ) (e )
VA k UR l-‘ |ox

4399 oun (=5 fin (1 +15) - Intgg Bl
(1+10)o 5y lo.o 2\ 0 504/ J"
X
\ 7
A =  Total Chip Area (in cm?)
ATYPEgy = .77 tor Custom and Logic Devices, 1.23 for Memories and Gate Amrays

o
4
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APPENDIX B: VHSIC-VHSIC-LIKE AND VLSI CMOS (DETAILED MODEL)

AAVINE AN TIDE DATE A LATIAM /AAARMTIA ICN

AR = .21 amz
Xo 2
Doox = Oxide Defect Density {if unknown, use (;,A;-) where Xq = 2 um and X is the feature
size of the device)
— e e 2
Dp = i Deiect/cm=
1) = Effective Screening Time
= {Actual Time of Test {In 106 hrs.)) * (At ox {at junction screening temp.) {In°K)*
. -.3 1 1
A - Temperature Acceleration Factor, = exp [——~—~— - - ==& ]
Tox 8.617x10™> {1y 298

(w‘ ere TJ = TC + GJCP (In oK.))

1.1

A, = 9-192 (on 25
Vox
Eox - Maximum Power Supply Voltage Vpp. divided by the gate oxide thickness (in
MV/cm)
22
1.3x10<< (QML) . 6
t = in 10° hrs.
S0ox ATox AVox ( )
(QML) = 2 on QML, .5if not.
Oox = Sigma obtained from test data of oxide failures from the same or similar process. If
not available, use ac ox value of 1.
+ = timo [in 1ﬂ6 Hore)
3 WHIrD () v v TIVWIG)
B-2
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-

=28 oyp (=5_¢ in(t+t,)-int V)l
l.(‘+'o)0m L°m2 ( 0 soMET) JJ

o

Total Chip Area (incm'

AR far Cihicinm a ! Amin siroe 1 19 far Mamnru a 2ato Arrave
VD TV WOV QT TU LUYIV WU YILO0) 1. Ta U VTV ) SR ARV T TGy w
21 cm?
2
Xg .
Metai Defect Density {if unknown use (x—) where Xq = 2 um and Xq is ihe feafure size of
S

the device)
1 Defect/em®
Temperature Acceleration Factor
ax pr =55 {1— - 1_\-‘ J TCASE‘QJCP (iﬂ °K)\

Le.617x105 Ty 298 Jj \ J
Eftective Screening Time (in 105 hrs.)
A lod Qocnmeioma Tmcmnen flom OLZAY o A ok oo O e feme T Fiam ,,,..6 B e L}
HT!ET (at oCreening 1emp. (in "R )) * (ACtuar oScreemng 1ime (I v Nirsj)
(QML) .JOD 'Q(Melal type) (m 106 hrs)

J AT%‘.EY

(QML) = 2ifon QML, .5 if not.
mMetal Type = 1 for Al, 37.5 for Al-Cu or for Ai-Si-Cu
The mean absohste value of Metal Currert Density (in 106 Amps/em?)

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

process. f this data is not available use s, _ _= 1.
L A

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

HOT CARRIER FAILURE BATE EQUATION
.399 -5 2‘|

= ex In(t+ty)-Int

ch (t‘ng)c'n'c. p[n ,2 ( ( 0) SOH C.)
L¥HC \ 7

| _ (OML)3 74x10' 25
50nc -

IOMAAL Y _ D Aan MAL £ i mnnt

ANKIVIL. ] = & 1T VI NVl . & 1 TRJL

AT =e r 039 5 /1_ - (Wlléfe IJB Ic+UJC ’:_l QK))

he ™" g e17x105 (T~ 298 )
L _ [ VT PR VP S b e I A E o -.00157 T. (In °K) fem AN
x = urain wurrern at wvperatn lllpeldlUlU Il UNKNOWN uSe ld =9 © J IUlaY)
tsub = Substrate Current at Operating Temperature. f unknown use
lgyp, = 0058 00889 T (in °K) (ma
Oc = sigma derived from test data, if not available use 1.
io = ATuc (at Screening Temp.(in °K)) * (Test Duration in o6 nours)
t = time (in 108 hrs))
CONTAMINATION FAILURE RATE EQUATION
-.0028 to -.0028 AT t
Acon = -000022e ATeon © CON
A . exp[—ﬁ—g (LI J (where T, = T + 8,cP (in °K))
CON 8.617x105 (T ~ 298

to = Effective Screening Time

= ATcon (at screening junction temperature (in °K)) + (actual screening time in 106 hrs.)
t = time (in 105 hrs))
B-4
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A0S (DETAILED MODEL)

APPENDIX B: VHSIC/VHSIC-LIKE AND ViLSi C

2

-

P P Y e o T el a7 s Ta TN

0024 + 1.85 x 1072 (#Pins)) ag %g p + Apyy

-~

Apac =

n
w

a

o]

o
]
5
—
3
=3
3

)

L
o
N o

(]
(=}
8
=
T
@
2
&
v

399 r-s ,. " -2 - .
- 'OPHexp!_s Hz(ln(t)-ln(tsopH)) Jtorplasncpacxages
= r 2 -1 1 \1 r 296 1
= 86x107exp| ——"—7% (- - 555 || &P| RH__|
LU.OlIiIU - \ A - ’/J | . =rrJ

= Ambient Temp. (in °K)

g I I .

(for example, for 50% Relative Humidity, use RH = .50)

= .74

= time (in 108 hrs.)

|

@
[5,]
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APPENDIX B: VHSIC-VHSIC-LIKE AND VLSI CMOS (DETAILED MODEL)

ENC/ECN CAN LIRE DATE ENLIATINN
o S X Sl bt & L A b ) D ] ML b bl £ 2L el LN

Aeos

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

MISCELLANEQUS FAILURE BATE EQUATION

. o 221g 'y ie 22 ATsiis L
Ais = (Ote ) (ATpys) (@ )

= Temperaiure Acceieration Facior

xp[ -.423 SR ]
8.6317x10°> (TJ 298)

ATmis

t, = Effective Screening Time

O

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

t = time(in10%hrs)

B-6
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Publications flisted with "AD" numbers may be obtained trom:

National Technical information Service
5285 Port Royal Road

Springfield, VA 22151
(703) 487-4650

U.S. Defense Contractors may obtain copies from:

Detanse Taechnical information Center

Cameron Station - FDA, B“l:g 5
Alexandria, VA 22304-6145
(703) 274-7633

Documents with AD number prefix with the letter "B~ or with the suffix "L": These documents are in a
"Limited Distribution” category. Contact the Defense Technical Information Genter for ordering
procedures.

Copies of MIL-STDS's, MIL-HDBK's, and specifications are available from:
Standardization Document Order Desk

700 Robins Ave

o ve.

Building 4, Section D
Philadelphia, PA 19111-5094
(215) 697-2667

The year of publication of the Rome Laboratory (RL) (formerty Rome Air Development Center (RADC))
documents is part of the RADC (or RL) number, e.g., RADC-TR-88-87 was published in 1988.

1. "Laser Reliability Prediction,” RADC-TR-75-210, AD A015437.

2 “Retliability Mode! 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-77-408, AD A050179.

o

- . . .
Development of Nonelactrenic Part Cyclic Failurs Ratss,” RADC-TR-77-4

[+
3
0
[
7]
(4]

7. "Quantification of Printed Circuit Board Connector Reliabifity,” RADC-TR-77-433, AD A049580.
8.  "Crimp Connection Reliability,” RADC-TR-78-15, AD A050505.

9.  "LSIMicroprocessor Reliability Prediction Model Development,” RADC-TR-79-97, AD A068911.
10. "A Redundancy Notebook,” RADC-TR-77-287, AD A050837.

-
-
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12.
13.

16.

17.

18.

19.

20.

21.

22.

23.

N
(3]

“Traveling Wave Tube Failure Rates,” RADC-TR-80-288, AD A096055.
"Reliability Prediction Modeling of New Devices,” RADC-TR-80-237, AD A090029.

This study developed failure rate models for magnetic bubble memories and charge-coupled
memories.

"Failure Rates for Fiber Optic Assemblies,” RADC-TR-80-322, AD A092315.

"Primed Wiring Assembly and Interconnection Reliabllity,” RADC-TR-81-318, AD A111214,

This study developed failure rate models for printed wiring assembilies, solderiess wrap
assemblies, wrapped and soidered assembilies and discrete wiring assemblies with
electroless deposited plated through holes.

"Avionic Environmentai Factors for MIL-MDBK-217," RADC-TR-81-374, AD B064430L.

"RADC Thermal! Guide for Reliability Engineers,” RADC-TR-82-172, AD A118839.

LY,
"Reliability Modeling of Critical Electronic Devices,” RADC-TR-83-108, AD A135705.

|

This report developed failure rate prediction procedures for magne

] i G
ray tubes, semiconductor lasers, helium-cadmium lasers, helium-neon lasers, Nd: YAG lasers,
electronic filters, solid state relays time delay relays (electronic hybrid), circuit breakers, |. .C.
Sockets, thumbwheel switches, electromagnetic meters, fuses, crystals, incandescent lamps,

By hraaas e andd Vo - W-loe T it oo,
neon glow lamps and surfacs acoustic wave devices.

"impact of Nonoperating Periods on Equipment Refiablity,” RADC-TR-85-91, AD A158843.

hic chiidv davalanad failnira rat,
TIhD 2N A A A A LX- {11

-

"RADC Nonelectronic Reliability Notebook,” RADC-TR-85-194, AD A163900.
This report contains failure rate data on mechanical and electromechanical parts.
"Reliability Prediction for Spacecraft,” RADC-TR-85-229, AD A149551.

Thig study investinated the ral u:hgg“, yvﬂOﬂ?‘-af‘M historias of 300 Sateltite vehicles and is the

basis for the halving of all model . factors for MIL-HDBK-217E to MIL-HDKB-217E, Notice 1.

Sulfaca Mount Technoiogy A Re“abtmy Review,” 1986, Available from Reliability Analysis Center,

PO Box 4700, Rome, NY 13440-8200, 800-526-4802.

“Thermal Resistances of Joint Army Navy (JAN) Certified Microcircuit Packages,” RADC-TR-86-97,
AD B108417.

ok

This study developed models to calculate memory system reliability for memories
incorporating error detecting and correcung codes. For a summary of the study see 1989
IEEE n""ab"ﬁ" and Ma:maanam..., u‘,n mposium Procseedings, page 157, " rwu.mlmug for Sott

Errors in Memorv Reliability Prediction.”

"Reiiabiiity Analysis of a Surface Mounted Package Using Finite Element Simulation,” RADC-TR-87-
177, AD A189488.
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26. "VHSIC Impact on System Reliability,” RADC-TR-88-13, AD B122629.

27. TReliability Assessment of Surface Mount Technology,” RADC-TR-88-72, AD A193759.

28. “Reliability Prediction Models for Discrete Semiconductor Devices,” RADC-TR-88-97, AD A200529.
This study developed new failure rate prednchon models for GaAs Power FETS, Transiem

PR Oy Y

DUerSSOY UIOOGS, infrared LCUS Diode Anay una)lays ana vumemn neg.ualor UDGBS
29. “"Impact of Fiber Optics on System Reliability and Maintainability,” RADC-TR-88-124, AD A201946.

"VHSIC/VHSIC Like Reiiability Prediciion Modeiing,” RADC-TR-B3-171, AD AZi146017.

(4]
[=1]

This study provides the basis for the VHSIC model appearing in MIL-HDBK-217F, Section 5.
31. “Reliability Assessment Using Finite Element Techniques,” RADC-TR-89-281, AD A216807.

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

32. "Reliability Analysis/Assessment of Advanced Technologies,” RADC-TR-90-72, ADA 223647,

_____ b fmnn LA - -
llllb aluuy pruvm l"U Udbm IUI |IIU IUVIWLI um.luuu.’u it Mmoaeis (CAVER VIOV diI DUDDIR

Memories) appearing in MiL.-HDBK-217F, Section 5.
33. "lmproved Reliability Prediction Model for Field-Access Magnetic Bubble Devices,” AFWAL-TR-81-

) uSc
34. "Reliability/Design Thermal Applications,” MIL-HDBK-251.

"NASA Paris Ap "!K:alb N lal"lul.auu!\,- MiL-HDBK-578-

This hand:ook is a five volume series which discusses a tull ranae of electrical, electronic and
electromechanical component parts. It provides extensive detailed technical information for
each component part such as: definitions, construction details, operating characteristics,
derating, tailure mechanisms, screening techniques, standard parts, environmental
considerations. and circuit application.

W
n
w

36. "Nonelectronic Pans Rellablllty Data 1991 NPRD-91.
This re| lvpuu contains fiekd taikire rate dataon a va"cly of slectrical, i
electromechanical and microwave parts and assemblies (1400 differ
available from the Reliability Analysis Center, PO Box 4700, Rome,
(315) 337-0900.

mechanical,
ent p. types). Ris
NY 13440-8200, Phone:

Custodians: Preparing Activity:
Amy - CR Air Force - 17
LN Y VY f\
Navy -
Air Force - 17 Project No. RELI-0064
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