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10 JULY 1992

MILITARY HANDBOOK
RELIABILITY PREDICTION OF ELECTRONIC EQUIPMENT

To all holders of MIL-HDBK-217F
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2. Retain the pages of this notice and insert before the Table of Contents.
3. Holders of MIL-HDBK-217F will verify that page changes and additions indicated have been
entered. The notice pages will be retained as a check sheet. The issuance, together with
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FOREWORD

MIL-HDBK-217F, Notice 1 is issued to correct minor typographical errors in the basic F Revision. MilL-

HDBK-217F (base document) provides the ioilowing changes Dasec upon recently compieted studies
{ena Raf AN and 22 hefnrl in Amnnfhv (‘\

\PTT 1T, UV Al we 1ot

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/l.ogic Array Devices
- Monoiithic Bipoiar and MOS Digitat Microprocessor Devices (including Controliers)
«  Monolithic Bipolar and MOS Memory Devices

«  Monolithic GaAs Digital Devices
»  Monolithic GaAs MMIC Devices
«  Hybrid Microcircuits

4 Magnetic Bubble Memo

« Surface Acoustic Wave Devices

This revision provides new prediction modeis for bipoiar and MOS microcircuiis with gaie counts up o
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

active elemants, and GaAs digital ICs with ub to 10,000 transistors. The

A

y davices with improved reliability, and

T TYRIL LVELE

M -
2. A new model for Very High Speed Integrated Circuits (VHSIC/VHSIC Like) and Very Large
s

Scaie integration (VLSi) devices (gate counts above 60,000).

3. The reformatting of the entire handbook to make it easier to use.
4. A reduction in the number of environmental factors (xg) from 27 to 14.

PPN I SR | PRy A
QeI TOI NeTWOIK SISIOIS

A revised fallure rate

wn

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

Supersedes page vii of Revision F ' vii
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, GATE/LOGIC ARRAYS AND MICROPROCESSORS

DES CRIPTION
Bipolar Devices, Digital and Linear Gate/Logic Arrays

2. MOS Devices, Digital and Linear Gate/Logic Arrays
L] Cinld Deamrammahia | Aamisa Arrau (DI A\ and
. [k -1 ") lwldllllllﬂulc LWN r\llﬂ’ \7T vy arnd
Programmable Array Logic (PAL)
4. Microprocessors
Ap= (Cqmy + Cong) ngn tures/106 Hours
Bipolar Digital and Linear Gate/Logic Array Die Complexity Failure Rate - C4
Digitai ____Linear PLA/PAL
Satoee " No. Transistors C. No. Gates C.
VW s WARAL W v1 - T ARAL IWVIVAWI W v" - A RAR W W v1
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 tc 10,000 .060
10,001 to 30,000 .040
30,001 to 60,000 .080
MOS Digital and Linear Gate/lLogic Array Die Complexity Failure Rate - C4*
Digital ____Linear PLA/PAL
No. Gates Cq No. Transistors Cq No. Gates Cq
1 to 100 .010 1 to 100 .010 Up to 500 .00085
101 to 1,000 .020 101 to 300 .020 501 to 2,000 .0017
1,001 to 3,000 .040 301 to 1,000 .040 2,001 to 5,000 .0034
3,001 to 10,000 .080 1,001 to 10,000 .060 5,001 to 20,000 .0068
10,001 to 30,000 .16
30,001 to 60,000 .29
*NOTE: For CMOS gate counts above 60,000 use the VHSIC/VHSIC-Like model in Section 5.3
All Other Model Parameters
Die Complexity Fallure Rate - C Parameter Refer to
O Bcgolar M‘OS P . Saction 58
No. B'ts 01 C1 lvl W wITw oS
then 2 B Anon a4 CO Section 5-9
Upwo .Uov 18 L
Upto 16 12 .28 RE, T KL Section 5.10
Up to 32 .24 .56

‘Supersedes page 5-3 of Revision F 5-3
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NOTICE 1
5.2 MICROCIRCUITS, MEMORIES
DESCRIPTION
1. Read Only Memories (ROM)
2. Programmabile Read Only Memories (PROM)
3. Uttraviolet Eraseable PROMs (UVEPROM)
4. “Flash,”" MNGCS and Fioating Gate Eiectiically

Eraseable PROMs (EEPROM). includes both

floating gate tunnel ‘oxide (FLOTOX) and textured
po!ysuhcon type EEPROMS
Static Random Access Memories (S
Dvnamr Random Access Memoaries (D_R__A_M)

o0

Ap = (Cq =y + Cp &g + Agyo) mg my_ Failures/10° Hours

MOS _ Bipolar
PROM, SRAM
UVEPROM, (MOS & ROM,
Memory Size, B (Bits) ROM | EEPROM, DRAM | BiCMOS) | PROM SRAM
CArFrJmW
Up to 16K .00065 .00085 .0013 .0078 .0094 .0052
16K < B < 64K .0013 .0017 .0025 .016 .019 011
84K < B <€ 256K .0026 .0034 .0050 .031 .038 .021
256K < B < 1M .0052 .0068 .010 .062 .075 .042
A4 Factor for lcyc Caiculation _ A, Factor for lcyc Caicuiation
Total No. of Total No. of Programming
Programming Textured- Cycles Over (E:EPHOM Textured-Poly Ay
Cycles Over 1 2 Life,
EEPROM Life, C | |01 Poly
Up to 300K 0
Up to 100 000670 0087
100 < C €200 .0014 .014 300K < C < 400K 11
200 < C <500 0034 .023
500<C< 1K .0068 .033 400K < C < 500K 2.3
iIK<Cs3K 020 061
3K<C<s7K .049 .14 All Other Modal Parameters
7K < C 5 15K .10 .30 , Parameter "~ Referto
15K < C < 20K .14 .30
20K < C s 30K .20 .30 nr Section 5.8
30K < C < 100K .68 .30
100K <C 200K | 1.3 .30 Cn Section 5.9
200K <C<400K | 2.7 .30 € o
400K <C s 500K | 3.4 .30 RE, Ky T Section 5.10
. PP YT A~ (EEPROMS Page 5-5
1. Aq=8817x10"(C) <TYyC * i
2. No underiying equation for Textured- only)
Poly. e
lcyc =0 For all other devices

—

5-4 Supersedes page 5-4 of Revision F
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DESCRIPTION
CMQOS greater than 60.000 gates
ln 7\80 MFGRTCD kBpﬁ;_:ﬁQﬂpT + ).EOS Failures/1 06 Hours
Die Base Failure Rate - Agp All Other Model Parameters
Par Type *BD Parameter Refer 10
. nr Section 5.8
Logic and Custom 0.16 e, T Section 5.10
Gate Array and Memory 0.24 =
Package Type Correction Factor - npT
. npT
Manutacturing Process Correction Factor - tpqeg Package Type Harmetic T Nonhermetic
Manufacturing Process T™MFG
~ DIP 1.0 1.3
Pin Grid Arra 2.2 2.9
QML or QPL .55 Chip Carrier y 7 & 1
Non QML or Non QPL 2.0 (Surtace Mount
Technology)
Die Complexity Cormrection Factor - nop
Feaiure Size Die Area (cm?)
{MICTONS) A< .4 A4<AS.7 J<A<1.0 1.0<A<20 2.0<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 16 24
L ( (37) ( g-\ 64))+ A = Total Scribed Chip Die Area incm® X, = Feature Size (microns)
Die Area Convers»on, cm? = MILZ + 155,000

r'aa(age Base raiiure Raie - ABP

. a2 o

Eiecincai Oversiress raiiure Rate - AEOS

Number of Pins Agp VTH (ESD Susceptibiiity (Voits))* AEOS
24 .0026
28 .0027 0- 1000 .065
40 .0029
44 .0030 > 1000 - 2000 .053
48 .0030
52 0031 > 2000 - 4000 .044
64 .0033
84 .0036 > 4000 - 16000 .029
120 .0043
iz4 0043 > 16000 0027
144 0047
#=======22&====é .0060 xEOS = (-In (1 - .00057 exp(- .0002 VTH)) 1.00876
Anpn = vOOZ-.( 1.72 x 10° HNP\) Ve . = ESD Suscentihility (volts)
DFr W [ ’r i Y
NP = Number of Package Pins Voltage ranges which will cause the part to
fail._If unknown, use 0 - 1000 volts.

Supersedes page 5-7 of Revision F

5-7
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MIL-HDBK-217F

5.4 MICROCIRCUITS, GaAs MMIC AND DIGITAL DEVICES

meEaAnRInYTIAM
VioowLniriivmn

Gallium Arsenide Microwave Monolithic Integrated Circuit

{GaAs MMIC) and GaAs Digital Integrated Circuits using
MESFET Transisters and Gold Based Metallization

A =IComerr. o Crre . v F:nlnrnel'|n6 AsIre
Ip l v1 Tw le v vd'bt ’ JULJbu 1 QARSI TN T W/ [ R LS4 % |}~ ]
MMIC: Die Complexity Failure Rates - C Device Appilication Factor - my
~ Complexity Cq Application N
{No. of Elements) ) —
110 100 4.5 MLowwcuoose" 60 & Low Power €100 mW) | 1.0
101 to 1000 7.2 Driver & High Power (> 100 mW) 3.0
PN L o Unknown 3.0
i. C4 accounts for the foilowing active
elements: transistors, diodes.
Digital Devices
All Digital Applications 1.0
Rigitai: Die Complexity Faiiure Rates - C,
....Co.?gff'!...\ C4 All Other Model Parameters
{vO. OF CIemieiny) — =
Parameter Refer to
1to 1000 25 .
1,001 to 10,000 51 T Section 5.8
1. G4 accounts for the following active Cs Section 5.9
elements: transistors, dicdes
RE, RL. 1'!0 Section 5.10
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MIL-HDBK-217F
NOTICE 1

28
(2

DESCRIPTION

Hybrid Microcircuits
Ay =[ENg A ] (1 + 2 ng ) xp ng w Faitures/108 Hours

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

general pfocecure for oeveiopmg an overaii nyorld faiiure raie is io caicuiaie an individuai iaiiure raie
! r o:u-h component tvne usad in the hvbrid and then sum them. This summation is then modified to

account for the overali hybrid function (rg), screening level (ng), and maturity (m,).  The hybrid package
failure rate is a function of the active component failure modified by the environmental factor (i.e., (1 + .2
ng) ). Only the component types listed in the following table are considered to contribute significantly to

the overall failure rate of most hybrids. Ali other component types (e.g., resistors, inductors, etc.) are
considered lo contribute insignificantiy to the overaii hybrid faiiure rate, and are assumed o have a failure
Thiec cimnlifinatinn ic valid tAar mact huhricdle s hmuuaouor i tha huhrid Mln-sisic nt maethy naeciva

fat% 0! Zerg. s SUIRJHIAAGINIT 10 VAIRJ IV TIRJOL ITJUITRID, TRVITEB VD) & LW 1IIJWUIiRJ VW P U VIRSSTY MPUODIVY

components then a failure rate shouid be calculated for these devices. If tactoring in other component
types, assume n = 1, ng =1 and T 5 = Hybrid Case Temperature for these calculations.

Determination of lc

Determine A for These | Handbook Section Make These Assumptions When Determining
Component Types Ac
Microcircults s Co=0,7g =1, =1,T, as Determined from
Qarrdiomens E 40 A N fae LVILIC IS
SBCION 9.1, Agp = U {1Vl VIoiy),
. d 1o © AVAN
ﬂE = | (lUI OAVY)
Discrete Semiconductors 6 q=1, T g as Determined from Section 6.14,
[, ey |
g
Capacitors 10 ng=1,Ta = Hybrid Case Temperature,
e =1.
Mcw
NOTE: It maximum rated stress for a die is unknown, assume the same as for a discretely package
die of the same type. If the same die has several ratings based on the discrete packaged
type, assume the lowest rating. Power rating used should be based on case temperature
for discrete semiconductons.

Circutt Function Factor - ng All Other Hybrid Model Parameters
Circutt Type - .
x|, "Q, g Refer to Section 5.10
Digitai i.0
Video, 70 MiHz < T < § GHz i.2
Microwave, f > 1 GHz 2.6
Linear, f < 10 MHz 5.8
Power 21
‘Supersedes page 5-9 of Revision F_ 5-9
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MIL-HDBK-217F

5.6 MICROCIRCUITS, SAW DEVICES

Quality Factor - 70}

Screening Levei nQ
10 Temperature Cycles (-55°C to .10
+125°C) with end point electrical

tests at temperature extremes.

None beyond best commerical 1.0

practices.

DESCRIPTION
Surface Acoustic Wave Devices

Ap = 2.1 5y g Failures/105 Hours

Environmental Factor - g

Environment nE
Gg .5
GF 2.0
Gy 4.0
NS 4.0
NU 6.0
AIC 4.0
A
Auc
A, i 8
AGE 8.0
Agw 8.0
S¢ .50
Mg 5.0
M 12
CL 220

5-10
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5.7 MICROCIRCUITS, MAGNETIC BUBBLE MEMORIES

The magnetic bubble memory device in its present form is a non-hermetic assembly consisting of the

TIlw IINAM iU I RrweasusIw RRIwsEe L=

tollowmg two major structural segmems

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 controiied magnetic fieids con sting of permanent magnets,
coils, and a housing.

These two structural segments of the device are interconnected by a mechanical substrate and Iead
frame. The interconnect substrate in the present technoiogy is normaiiy a printed circuit board. it shouid

be noted that this mods! doss not include external support microglectronic devices required for magnetic

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

7“p =A{+ )‘2 Failures/108 Hours

where:
A= Failure Rate of the Controi and Detection Struciure

Ay =g [NcCqymTemw + (NcC21+Colnglnpm
A, = Failure Rate of the Memory Storage Area

Ao = mgNc(Cyontyo + CoomElm

NC = Number of Bubble Chips per
Packaoed Davice C.I 1 = .OOOQS(N.-' )'40

226
Temperature Factor — Cz¢ = .0001(N,
Ny = Number of Dissipative Elements

on a Chip (gates, detectors,
generators, etc.), Ny < 1000

Ry = (-1)9"9[ o3

-
-Ea
3 X

-

3|

j ——
d

05 (7 -:2.73‘
e

Use:
E; = .8toCalculate np4

— [ ~d Yy _ iy __a_
I:a = . 10 LaikCul leﬂTz
T. = Junctinn Tamnaratura (°C)
N sunction [emperaiure ("¢,
HececT.c178
el 2 lJa L E*4

TJ = TCASE+ 10°C
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NOTICE 1

5.7 MICROCIRCUIT, MAGNETIC BUBBLE MEMORIES

Write Duty C,VC'e Factor - L AVY)

- 10D

(RW)-3
ny = 1 forD< .03 or R/W 2 2154
D Avg. Device Data Rate

Mig. Max. Rated Data Rate ~
RW = No.of Reads per Write

NOTE:
For seed-bubble generators, divide

<1

Device Complexity Failure Rates for Memory

Storage Structure - C{5 and Co»

Cyp = .00007(Ny)3
Cop = .00001(N,)-3
22 : 2
N, = Numberof Bits, Ny <9 x 10°

All Other Model Parameters

nyy by 4, or use 1, whichever is Parameter Section
greater.
Co 5.9
, 5.i0
Duty Cycle Factor - np e QL
np = 9D + .1
D Avg. Device Data Rate <1
T Al AMav Detod Mede Deoia =
miyg. Max. naivu wvala naie
5-12 Supersedes page 5-12 of Revision F
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5.9 MICROCIRCUITS, C, TABLE FOR ALL

Package Failure Rate for all Microcircuits - Co

Package Type
Hermetic: DIPs j%
w/Solder or Nonhermetic:
Number of Woeid Seal, Pin | DIPs with Glass | Flatpacks with Cans? DIPs, PGA,
Functional Grid Array Seal Axial Leads on SMT (Leaded
Pins, N, (PGA)!, SMT 50 Mil CentersS 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
10 .0034 0029 .0020 .0031 .0043
12 .0041 .0038 .0028 .0044 .0053
14 .0048 .0048 .0037 .0060 .0062
16 .0056 .0059 .0047 .0079 .0072
18 .0064 .0071 .0058 .0082
22 .0079 .0096 .0083 .010
24 .0087 .011 .0098 .011
28 .010 014 .013
36 .013 .020 .017
40 015 .024 .019
64 .025 .048 .032
80 .032 .041
128 .053 .068
180 .076 .098
224 .097 12
~
1. Cp=28x 1074 (Np) 1.08 2. Cp=9.0 x 10°° (Np)1 51
3. Cp=30x 10°(Ny)!82 4. Cp=30 x 103 (Ny)>20!

-4 1.
5. Cp=36x 1074 (N)

NOTES:

08

1.  SMT: Surtace Mount Technology

2 DIP: Dual In-Line Package

3. if DIP Seal type is unknown, assume gtass
4

The package fallure rate (C,) accounts for failures associated only with the package ftselt.

Faflures assoclated with mounting the package to a circult board are accounted for in
Section 16, Interconnection Assemblies.

5-14
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MIL-HDBK-217F
NOTICE 1

5.12 MICROCIRCUITS, T; DETERMINATION, (FOR HYBRIDS)

Typical Hybrid Characteristics

Thermal
’ Conductivity,
N o L Jypical | _Feature Ki ARV
Matenial Typical Usage Tn':l;;e)ss l-ron:" Z—;gure Win2) kKi ) \Hi)
\ocin ) | (in2 scrw)
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
Solder Chip/Substrate Attach 0.0030 B/E 1.3 .0023
Epoxy (Dielectric) Chip/Substrate Attach 0.0035 B/E .0060 .58
Epoxy (Conductive) Chip Attach 0.0035 B .18 .023
Thick Fitm Dielectric Glass Insulating Layer 0.0030 C .66 .0045
Alumina Substrate, MHP 0.025 D .64 .039
Beryliium Oxide Substrate, PHP 0.025 D 6.6 .0038
Kovar Case, MHP 0.020 F 42 048
Aluminum Case, MHP 0.020 F 4.6 .0043
Copper Case, PHP 0.020 F Q.9 .0020
-

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

z(K)( Li)

O~ = =1
v A

n = Number of Material Layers

Thermal Co e N s \, ,

Inermai Lonal UCIIVT(YO!I Materiai k°Cm

X
n

L; = Thickness of ith Material (in) (User Provided or From Table)

A = Die Area (in®). If Die Area cannot be readily determined, estimate as follows:

ANAATO Ale ol MNn Aablon WUMPen Tacermleoalal o Ad‘,!z
H-l AUUC/O (TWU. U1 UTO ALUVE TIRD 1O} ¢+ .Usi/ ]

Estimate T as Follows:
Ty=Te+Oy0) (PP
Tc = Hybrid Case Temperature (°C). If unknown, use the T Default Table shown in Section 5.11.

o = kimetian ta_ Nasca Tharmal Daed
JC - VU RARJITTIVTWVQOT 111G ul Moo

Pp = Die Power Dissipation (W)

‘Supersedes page 5-19 of Revision F 5-19
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Example 1: CMOS Digital Gate Array

Given: A CMOS digital timing chip (4046) in an airbome Inhabited cargo appiication case temperature

40\, 70I11IVY WWBI Ulbbpdl”l! IIIU UBVW lb plw."w VV'llll l|Ulllldl llldllUldblUIUI D dUITTIINY
consisting of tembarature cycling, constant acceleration, electrical testing, seal test and external

visual inspection, 'in the sequence given. The oomponent manufacturer also performs a B-level
burn-in followed by electrical testmg Al screens and tests are performed to the applucable MIL-

STD-883 screening method. The package is a 24 pin c‘;eldmx. DiP with a glass seal. The device
has been manufactured for several years and has 1000 transisiors.

PRAS UTTE Rar GRS TN STYOIal 1St

Ap = (Cqymp + ang) TQm Section 5.1

~ ~nn DU Y Y T S P AN s AAAO A Tobd. PAloel £l o
l.o1 = (040 TUUU 1TAISISIONS = £OVU Ldies, MuUOo U1 doie, vgnail Lo
=T = .29 Determine T ; from Section 5.11
T . = 48°C . (PR°CAAN N75WN = o
Tj=48°C + (28°C/W)(.075W) = 50°C
orTHnoe w— frnm Qartinn & R Dinital C.ohsrmn
(S o=t AL it =) lll TIVI I WPUWIIV I .00, Ll illll rviwr s Swsessse s,
C, = .01 Section 5.9
g = 4.0 Section 5.10
nq = 3.1 Section 5.10
Group 1 Tests 50 Points
Group 3 Tesis (B-ievel) 30 Points
TOTAL 80 Points
=2+ 87 = 3.1
8
o o= 1 Section 5.10
A =1(.020)(.29) + (.011) (4) 1 (3.1)(1) = .15 Failure/10° Hours
"p L\ -y \*Vv F N 7T I\ AN =
Example 2: EEPROM
Nivan A 190K Fintay CEDRMA that ic avnartad tn hawva a T . af ANSC a avnarianca 10 000
A\~ A J-12} (el 1RUVIN | WIVA L. IV &l 1o wupvmw W ITIEAVY & IJ VI VUV W RV AP VIV TVY LA AL A4
mmrbhocrlbtn manmlon ssnr e IHa Al tha cuicdacom Thoa mad o nreasoarad ¢ta all rarmiiramande Af
ocaw o \"\om VYVl 110 INT VI W ,O[ "i. 1o L KO t-3 leulw VvV afl s WoNroIno Vi
Paragraph 1.2.1, MIL- STg-gg:_;; Class B screening level reguirements and has been in
pmductnon for thrse years itis packaged in a 28 pin DIP with a glass seal and will be used in an

. =2 {CineraCammad YA Section 5.2
e * B Dl B | TETE TYyC’ & ™ YT TTT T
Cy = .0034 Section 5.2
nr = 3.8 Section 5.8
Cr = .014 Section 5.9
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6.8 TRANSISTORS, HIGH FREQUENCY GaAg FET
Matching Network Factor - nty, Environment Factor - ng
Matching NS Environment ng
A - ) Gg 0
input and Output 1.0 =
Gr 2.0
Input Only 2.0 ~ = o
v 7 G 5.0
None 4.0 Ng 4.0
Ny 11
A__ AN
Quailty Factor - nq A 5.0
Quality ®Q Auc 7.0
1A ASTwn g - AI )= 12
JANI AV QU hdl
A a O
JANTX 1.0 AW v
S¢ .50
JAN 2.0 Mg 9.0
Lower 5.0 ML 24
CL 250
Supersedes page 6-15 of Revision F 6-15
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6.9 TRANSISTORS. HIGH FREQUENCY, SiI FET
SPECIFICATION DESCRIPTION
MIL-S-19500 Si FETs (Avg. Power < 300 mW, Freq. > 400 MHz)

Transistor Type Ay

MOSFET 060

JFET 023

Temperature Factor - xr

T40C) Ay T4 00 il s
25 1.0 108 3.9
30 1.1 110 4.2
35 1.2 115 45
40 1.4 120 ‘48
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 71
80 2.7 160 75
85 3.0 165 7.9
90 3.2 170 8.3
95 3.4 175 8.7
100 3.7

1 1

- _ aven [ . 1090C (__—-_;-——\\
Ry = ©OXp |- 19> (TJ + 273 298} }
Ty - Junction Temperature (*C)

Quality Q
JANTXV 50
JANTX 1.0
JAN 2.0
Lower 5.0

Environment Factor - g

Environment L3
Gg 1.0
Gp
cy
Ng 4.0
Ny 11
Aic

IF

Auc 7.0
Ayr 12
Aqw 16
S¢ .50
Mg 8.0
ML 24
cL 250

6-16
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. ALL TYPES EXCEPT TWT AND MAGNETRON

Ap = Ay R

———

DESCRIPTION
All Types Except Traveling Wave Tubes and Magnetrons.

Innbh wdas Dananares DT
HARLURIGO IO VUl O, V.l LIS

Thuratran Crmneecand Fiald Amnlifiar
FHYIGU VI, WIVOIOU 1 IO Fnipmnire ,

Puised Gridded, Transmlttina Vidicons, Twystron, Pulsed
Klystron, CW Klystron

Base Failure Rate - Ap

(inciudes Both Random and Wearoui F

* If the pulsed Klystron of interest is not listed above,
use the Alternate Pulsed Kiystron Ap Table on
the following page.

?uﬁ ?\IM 1 | | T Ah:-q':\m 1.
yw lbb l 1UWO , I\D
Receiver LK&- /Stron, LOwW Power,
Triode, Tetrode, Pentode 5.0 {e.Q. Local Oscillator) 30
Power Rectifier 10 l
[ CRT 9.6 __J§ Kiystron, Continuous Wave*
Thyratron 50 I 3K3000LQ S.0
P roasard ol A relfione 3K50000LF 54
WIVUSISDOU T ioru mpmppomi» % m  wESwTSEW
QK681 260 I 3K210000LQ 150
SFD261 150 3KM300LA 64
Puised Griaded : 3KM3000LA 1S
2041 140 3KMS0000PA 110
6952 300 § 3KMS0000PA1 120
. | oo
ran ng
Triode, Peak Pwr. < 200 KW, Avg. 75 | 4K3sK 29
Pwr. S 2KW, Freq. S 200 MHz | 4xsooooLa 30
4KM50LB 28
Freq. s 200 KW I ﬁxgggf( g?l
If any of the above limits exceeded 250 I .......... < AN
Vidicon i 4KM3000LR 140
C1CC Tricitfra ( QG 4KMS50000LQ 79
T Photmcanductive Mateds 51 | 4KMSQ00OLR 57
Silicon Diode Array Photoconductive I ggzM‘.: 70000LA 3 ;g
Material 48
L 8825 120
Twystron )} ss26 280
VAIS [-3=1¢/]
25 ]| Vasoce
VA145H 490 | vasses 65
VA913A 230 ] vAssse 230
Kiystron, Puised®
Z?(MPngQQI F 43 |
8568 230 | * itthe CW Kiystron of interest is not listed above,
L3035 66 | use the Alternate CW Kiystron Ap Table on the
L3250 69 followi
L3403 o3 | ng page.
SAC42A 100
VAB42 18
Z5010A 150
ZM3038A 190

D
-,
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NOTICE 1

Alternate* Base Failure Rate for Pulsed Klystrons - A,

Leaming Factor - L}

F(GHz) " T (years) m
PMW) 2 4 .6 .8 10 20 40 6.0 =
01 |16 16 16 16 16 16 16 16 1 10
.30 16 16 17 17 17 18 20 21
.80 i€ 17 17 18 i8 21 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 is 22 25 28 31 &5 75
- 8.0 21 25 30 35 40 63 110
10 22 28 34 40 45 75
~ne ~a ar ~e - ~a PY-T.1 - ¢AI'H'2.1 a 2T N
£ 31 VD ouU { 3y ToU 7lL = 1U(1) P = S )
EEE——— = 10, 751
5 - N oa /DY . 10 = 1=T23
M = EPR{FRT ] + 10
F = Operating Frequency in GHz, 0.2<F <6 T = Number of Years since Introduction
P = Peak Outpui Power in MW, .01 < P < 25 and to Field Use
P <490 F2.95
*See previous page for other Klystron Base Failure Environment Factor - ne
Raies.
- - - B Environment g
GB .50
" __ 14 N
X uF 1.V
Alternate* Base Failure Rate for CW Kiystrons - lb a 2
F(MHzZ) M
PKW) | 300 500 800 1000 2000 4000 6000 8000 Ng 8.0
0.1 30 31 33 34 38 47 57 66 NU 24
1.0 31 32 33 34 39 48 57 66 A & n
3.0 32 33 34 35 40 &S 58 ~NC oV
5.0 33 34 35 36 41 50 . o ~
80 |34 35 37 38 42 AlF 5.
i0 35 36 38 39 43 A
30 45 46 48 49 ucC
50 55 56 58 59 AE 12
80 70 7i 73 Uf
100 80 81 Ac 40
RwW
_ o (o 7aY
7 DF y4v)
A = 05P + .0046F + 29 _
v MF 22
P = Average Ouput Powerin KW, 0.1 <P <100
and P £ 8.010)5) 17 ML 57
F = Operating Frequency in MHz, C. 1000
300 < F < 8000
*Qaa nra re nana far nthar Khvetrnn Raca Failira
See previous page for other Klystron Base Failure
Rates.
.5 Q. inarcadae nana 7.9 nf Rovicinn £
4 & Uuyvv WOWUUIO pugv I & VI 1YW VIOV 1

O vrELcinuch P
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12.2  ROTATING DEVICES, SYNCHROS AND RESOLVERS

DESCRIPTION

[ o PV e gy cam b o o ot

Rotating Synchros and Resolver

'Dp ".b"s"N"E - -y
NOTE: Synchros and resoivers are predominately used in service requiring only slow and infrequent motion
Mechanical wearout problems are infrequent so that the e!;.‘.nc_! failure mode dominates, and no
mechanical mode failure rate is reaned in the model a
Raca Faihira Rata _ 1. Nurnhar of 1ishes Facf_gf - T
RCOU ¢+ QAIRMIC | YCALT I‘b 5 1% 2] s § T W ~ N
TF (°0) Ap Te (°C) Ab Number of Brushes N
30 0083 85 032 2 1.4
35 0088 90 041
40 0095 95 052 3 2.5
45 010 100 069
50 011 105 .094 4 3.2
55 .013 110 13
60 .014 115 .19
65 .016 120 .29
70 018 125 .45 Environment Factor - e
75 .022 130 .74
80 .027 135 1.3 Environment nE
[ - s |
Gn 1.0
(Tg +273\8. 5 B
Ap = 00535 exp (357 ) Gr 2.0
- - GM 12
] = Frame Temperaiure (°C)
F P i Ng 7.0
¥ Erama Tamnaratiira ie | Inknawuen Aectima ' «0
LI ERL- 1R L-] lvllwlﬂtulc W WEHITU RNV YVEE 7 ZWWOWIN e "U 10
Te = 40 °C + Ambient Te rature )
¥ AD 4.0
AF 6.0
Al L~ 1 6
Size Factor - oo n .
~7 HUF [ =]
- s A 26
DEVICE | SzeBor Size 10-16 Size 18 or RW
TYPE Smaller __Larger _ Sg 50
_ M 14
Synchro 2 15 1 r
M 36
Resolver 3 2.25 1.5
CL 680
Supersedes page 12-3 of Revision F 12-3
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12.3 _ROTATING DEVICES, ELAPSED TIME METERS

kp - lbeuE Failures/10€ Hours

Base Failure Rate - Ay,

Environment Factor - &

Type Ay Environment "e
AC. 20 Gg 1.0
Bomecomad mor Mhcin cmom an GF 2’0
niveler wiwveli [ AV, -
Gy 12
Commutator D.C 80 uM -
NS 7.0
Ny 18
A 5.0
Temperature Stress Factor - ny o n
Operating T (°C)/Rated T (°C) e F i
: Auc 16
Oto 5 5 AUF 25
6 6 Arw 26
Sg .50
.8 8 7
1.0 1.0 Mr 1
M 38
Cy N/A
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APPENDIX A: PARTS COUNT RELIABILITY PREDICTION

Parts Count Rellabllity Prediction - This prediction method is applicable during bid proposal
and early design phases when insutficient information is available to use the part stress analysis models
shown in the main body of this Handbook. The information needed to apply the method is (1) generic par

types (including complexity for microcircuits) and guantities, (2) part quality levels, and (3) equipment

environment. The equipment failure rate is obtained by looking up a genenc failure rate in one ‘of the
following tables, mumplymg it by a quality factor, and then summing it with tailure rates obtained for other

_ Cn o tal an:

components in the equipment. The generai mathematicai expression ior equipment faiiure rate with this
method is:

i=n
Aruir = :Z‘ N; AgnQ)i Equation 1
=1

for a given equipment environment where:

Aequip = Total equipment tailure rate (Faitures/ 08 Hours)

xg = Generic tailure rate for the i th generic part (Failures/1 08 Hours)
nQ = Quality factor tor 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. Iif the equipment

comprises several units operating in different environments (such as avionics systems with units in
airborne inhabited (A|) and uninhabited (A()) environments), then Equation 1 shouid be appiied to the

portions of the equipment in each environment. These "environment-equipment” failure rates should be
added to determine total equipment failure rate. Environmental symbols are defined in Section 3.

The quality factors to be used with each part type are shown with the applicable x tables and are not

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

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

it should be noted that no generic falure rates are shown for hybrid microcircults. Each hybrid is a tairly

dl'“q‘ue deavice. Sincs nona of thess davices have been af‘nnrlnn‘ﬁ7nd their mmnlnvﬂ'v cannot he

determined from their name or function. ldentically or similarly named hybnds can have a wnde range of
complexity that thwarts categorization for purposes of this prodicﬂon mgthod if hybrids are annapated for

a design, their use and construction shouid be ihoroughiy investigai n an individuai basis with
application of the prediction model in Section 5.

The failure rates shown in this Appendix were calculated by ass anlng model detault values to the

a_a_ _ _a a_ P P

faiiure rate modeis of Section 5 ihrough 23. The spediiic defaull vaiues used i r ine modei parametiers are

shown with the A, Tables for microcircuits. Default parameters for all other pan classes are summarized in

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