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MIL-HDBK-217F
NOTICE 1

FOREWORD

MIL-HDBK-2 17F, Notice 1 is issued to correct minor typographical errors in the basic F Revision. MIL-
HDBK-217F (base document) provides the following changes based upon recently completed studies
(see Ref. 30 and 32 listed in Appendix C):

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

.

.

.

.

.

.

.

.

.

Monolithic Bipolar Digital and Linear Gate/Logic Array Devicee

Monolithic MOS Digital and Linear Gate/Logic Array Devices

Monolithic Bipolar and MOS Digital Microprocessor Devices (Including Controllers)

Morrolitho Bipolar and MOS Memory Devices

Monolithic GaAs Dgital Devices

Monotiihic GaAe MMIC Devicae

Hybrid Microcircuits

Magnetic Bubble Memories

Surface Acousfii Wave Devices

This revision provides new prediction models for bipolar and MOS microcircuits with gate counts up to

60,000,tinearmicrocircuitswith up to 3000 transistors, bipolar and MOS digital microprocessor and co-

processor up to 32 bits, memory devices with up to 1 milfion bits, GaAs nwnotithic microwave integrated

circuits (MMICS) with up to 1,000 active elements, and GaAs digital ICSwith up to 10,000 transistors. The
Cl factors have been extensively revised to reflect new technology devices with improved reliabitify, and

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

MOS devices and for memories. The C2 factor remains unchanged from Ihe previous Handbook version,

but includes pin grid arrays and surface mount packages using the same model as hermetic, solder-sealed
dual in-line packages. New values have been included fOr the quafity factor (~), the learnin9 factor (flL),

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

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

provide a method of calculating chip junction temperatures.

2.

3.

4.

5.

6.

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

The reformatting of the errfire handbook to make it easier to use.

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

A revised failure rate model for Network Resistore.

Revised models for TVvTs 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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5.1 MICROCIRCUITS, GATEILOGIC ARRAYS AND MICROPROCESSORS

DESCRIPTION

::
3.

4.

8ipolar Devices, Digital and Linear Gate/Logic Arrays
MOS Devices, Digital and Linear Gate/Logic Arrays
Fiefd Programmable Logic Array (PLA) and

Programmable Array Logic (PAL)
Microprocessors

~= (ClZT + CLW) ~QrtL Fail.res/106 Hours

Bi129kKDigitaland LinearGate/LogicArray Die Complexity Failure Rate -C,

DQital I Linear I PLAliAL
No. Gates c1 No. Transistora c, No. Gates

1 I
1 to 100

101 to 1,000
1,001 to 3,000
3,001 to 10,000

10,001 to 30,000
30,001 to 60,000 J--

.0025 1 “to 100

.0050 101 to 300

.010 301 to 1,000

.020 1,001 to 10,000

.040

.080 1-
.010 up to 200
.020 201 to 1,000
.040 1,001 to 5,000
.060

MQS Digital and Linear Gate/LocricArrav Die ComDlexitv Failure Rate - C,”

c,

.010

.021

.042

.

Digital Linear PLAIPAL
No. Gates ~ c1 No. Transistor

~
c1 No. Gates

! c,

1 to 100 .00085
101 to 1,000 ..0017

1,001 to 3.000 .0034
.00683;001 to 10;000

10,001 to 30,000
30,001 to 60,000

.16

.29 I

.010 up to500

.020 501 to2,000

.040 2,001 to 5,000

.060 5,001 to 20,000

1 I 1 I I 1

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

I All Ofher Mo
Die Complexity Failure Rate - Cl

~
:E

Parameter

Bipolar MOS
No. 8iiS ‘ c1 c1 ‘T

UP tO8 .060 .14
C2

Upto16 .12 .28 ~E, ~Q, ZL

UP to 32 .24 .56

J Parameters
Refer to

Section 5.8

Section 5.9

Section 5.10

Supersedes page 5-3 of Revision F 5-3
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5.2 MICROCIRCUITS, MEMORIES

DESCRIPTION
1. Read Only Memories (ROM)
2. Programmable Read Only Memories (PROM)
3. Ultraviolet Eraseable PROMS (UVEPROM)
4. “Flash,” MNOS and Floating Gate Electrically

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

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

% = (cl ‘T+ C2 ‘E+ Lcyc)no rtLFailures/l 06 l-lows

Die Complexity Failure Rate - Cl

MOS
PROM, SRAM
UVEPROM, (MOS &

Memory Size, B (8its) ROM EEPROM,
EAPROM

DRAM BiCMOS)

up to16K .00065 .00085 .0013 .0078
16K<B564K .0013 .0017 .0025 .018
64K < B < 256K .0026 .0034 .0050 .031
256K<Bs1M .0052 .0066 .010 .062

‘4‘=or‘“w
Total No’.of

Programming
Cycles Over

EEPROM Lie, C

up to 100
100< CS2OO
200< c s 500
500< CS1K
IK<CS3K
3K<CS7K
7K<C515K
15K < C s20K
20K < C s 30K
3OK<CS1OOK
lOOK < C s 200K
200K < C s 400K
400K < C s 500K

Flotoxl

.00070

.0014

.0034

.0068

.020

.049

.10

.14

.20

.68
1.3
2.7
3.4—

Textured-

Poly2

.0097

.014

.023

.033
.061
.14
.30
.30
.30
.30
.30
.30

1. Al =6.817 x10-6(C)

2. No undertying equation for Textured-
Poly.

*
.0094 .0052
.019 .011
.038 .021
.075 .042

A2 Factor for l..cycCalcdation

Total No. of Programming
Cycles Over EEPROM Textured-Poly A2

Life, C

UP to 300K o

300K c C s 400K 1.1

400K < C s 500K 2.3

All Ofher Mo
Parameter

‘T

C2

~E, XQ, ZL

%YC (EEPROMS
only)

?IParameters
Refer to

Section 5.8

Section 5,9

Section 5.10

Page 5-5

k-= 0 For all other devices

5-4 Supersedes page 5-4 of Revision F
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5.3 MICROCIRCUITS, VHSIC/VHSIC-LIKE AND VLSI CMOS

DESCRIPTION
CMOS greater than 60,000 gates

),P = kg DnMFGrcTncD + LBPZEZQZPT + LEOS Failures/l 06 Hours

I I I Package Type COWW6011Factor - rtpT

‘PT
Manufacturing Process Correction Factor - ZMFG

Packaqe ‘Type Hermetic Nonhermetic
Manufacturing Process ‘MFG

DIP 1.0 1.3

QML or QPL .55 Pin Grid Array 2.2 2.9

Non QML or Non QPL 2.0
Chip Carrier 4.7 6.1

(Surface Mount
Technology)

pie Complexity Corred[on Factor - ZCD.-
Feature Size Die Area (cm2)

(Microns) A<,4 .4< A<.7 .7< As1.O 1.0< A<2.O 2.0< A <3.0
.80 8.0 14 19 38 58

1,00 5.2 6.9 13 25 37
1.25 3.5 5.8 8.2 16 24

“cD=Pfi) (~)’ “64))+”36
A = TotalScribedChipDieArea in cmz X~ = FeatureSize (microns)

Die AreaConversion: cm2 = MlL2+l Ni,000

Package Base Failure Rate - LRP

Number of Pins

::
40
44
46
52
64
64

120
124
<AA

‘BP
.0026
.0027
.0029
.0030
.0030
.0031
.0033
.0036
.0043
.0043
.0047
.0060

kBp = .0022 +((1.72x10-5)(NP))

NP = Number of Package Pins
1

Supersedes page 5-7 of Revision F

Electrical @XStreSS FailureRate- kEOs

VTH(ESD Susceptibility (Voles))+ I ‘EOS
I

o- 1000

>1000-2000

.065

.053

>2000-4000 .044

>4000- 16000 .029

> 16000 .0027

~os = (-h (1 -.00057 exp(- .0002Vw)) LOO1376

VTH . ESD Suaceptibilii (voits)

“ Voltage ranges which willcausethe partto
fail. lfunknown, use O-1000 volts.
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~ 5.4 MICROCIRCUITS, GaAs MMIC AND DIGITAL DEVICES

DESCRIPTION
I Gallium Arsenide Microwave Monolithic Integrated Circuit

(GsAs MMIC) and GaAs Digital Integrated Circuits using
MESFET Transistors and Gold Based Metallizafion

w Die Complexity Failure Rates - C+

L Complexity c,
No. of Elements)

Ito loo 4.5
101 to 1000 7.2

1. Cl acxounts for the following active

elements: transistors, diodes.

L19iW me coWJleW Failure Rates- Cl

Complexity c1
(No. of Elements)

I

F1. Cl accounts for the following acfwe

elements: transistors, diodes.

Device Application Factor - rr~,,

I

Application ‘A
I

MMIC Devices
Low Noise & Low Power (s 100 mW) 1.0
Driver & High Power (> 100 mW) 3.0
Unknown 3.0

IDigital Devices
All Digital @plicafions I 1.0

7?E,ZL, XQ

I

Section 5.10

-1

(

5-8
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5.5 MICROCIRCUITS, HYBRIDS

DESCRIPTION
Hybrid Microcircuits

Lp = [ x Nc ?,C] (1 +.2 ZE ) nF rrQ q Failures/l 06 Hours

NC = Numberof Each ParticularComponent
xc = FailureRateof EachParticularComponent

The general procedurefor developingan overall hybridfailure rate is to calculateanindividual failure=rate
for each component type used in the hybrid and then sum them. This summation is then modified to
aCCOUntfOr the overall hybrid funCtiOn(nF), SCreening leVel (IIQ), and MatUrity (nL). The hybrid paCkage
failure rate is a function of the active component failure modified by the environmental factor (i.e., (1 + .2
XE) ). Only the component types listed in the followin9 table are considered to contribute si9nificantfy to
the overall failure rate of most hybrids. All other component types (e.g., resistors, inductors, etc.) are
considered to contribute insignificantly to the overall hybrid failure rate, and are assumed to have a failure
rate ot zero, This simplification ia valid for most hybrkfs, however, if the hybrid consists Of mostly passive
components then a failure rate should be calculated for these devices. If factoring in other component
types, assume nQ = 1, nE =1 and TA = HybridCaseTemperaturefor these calculations.

Determination of k.

Determine Ac for These

Component Types

Microcircuits

Discrete Semiconductors

Capacitors

Handbook Section

5

6

10

Mak\ These Assumptions When Determining

kc

C2 = O,rtQ = 1, nL = 1, TJ as Determined from

Sedron 5.12, ~p = O(for VHSIC),

rtE = 1 (fOrSAW).

~Q = 1, TJ as Determined from Section 6,14,
nE=l.

~ =1, TA . Hybrid Case Temperature,

rr~=l.

UOTE: If maximum rated stress for a die is unkrmwn, assume the same as for a discretely package
die of the same type. If the same die has several ratings based on the cfk.crete packaged
twe. assume the towest ratina, Power ratina used should be based on case tem~eratura

CircuitFuncffonFactor- !tF

CircuitType ‘F

I
Digital 1.0

Video, 10Mf-tz<f<l GHz 1.2

Microwave, f >1 GHz 2.6

Linear, f <10 MHz 5.8

Power I 21

All Other Hybrid Model Parameters
I 1

I rtf-,~Q, XE
I

Refer ta Section 5,10

Supersedes page 5-9 of Revision F 5-9
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I

5.6 MICROCIRCUITS, SAW DEVICES

DESCRIPTION
Surface Acoustic Wave Devices

~= 2.1 rcQ~E Failures/i06 Hours

Quality Factor - ~Q

Screening Level I m I

10 Temperature Cycles (-55°C to .10
+125”C) with end point electrical
tests at temperature extremes.

None beyond best commerical I 1,0
practices. I

Environmental Factor - nE

Environment I %

.GB

I

.5

GF 2.0

+

GM 4.0

Ns 4.0

Nu 6.0

Alc 4.0

‘IF 5.0

%c 5.0

u

I 5-1o
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5.7 MICROCIRCUITS, MAGNETIC BUBBLE MEMORIES

I The magnetic bubble memory device in its present form is a non-hermetic assembly consisting of the
following Iwo major structural segments:

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

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

These two structural segments of the device are interconnected by a mechanical substrate and lead
frame. The interconnect substrate in the present technology is normally a printed circuit board. It should
be noted that this model does not include external support microelectronic devices required for magnetic
bubble memory operalion. The model is based on Reference 33. The general form of the failure rate
model is:

kp = kl + kp Failures/l 06 Hours

where:
k, = Failure Rate of the Control and Detection’ Structure

k, = ?tO[NcCf lltTlnW + (NcC21 +C2)~ElzDzL

~ = Failure Rate of the Menmry Storage Area

Chips Per Package - NC

Nc = Number of Bubble Chips per

Packaged Device I
Temperature Factor – rt~

[

-Ea

(

1
XT= (.1)exp

1-

8.63 X 10-5 ~-%
)-

Use:

‘a = .6 to Calcufate nTl

‘a = .55 to Calculate ~T2

TJ = Junction Temperature ~C),

25s TJ<175

TJ = TcAsE + 10”C

Device ComDlexifv Failure Rates for Control and
Dete~on Structure - C,, and Co,

cl, = .00095( N1).40

C21 = .0001 (N1)’226

N, = Number of Dissipative Elements

on a Chip (gates, detectors,
generators, etc.), N, s 1000

5-11



MIL-HDBK-217F
NOTICE 1

5.7 fmcFfocwfculT, MAGNETIC Buf3eLE MEMORIES

Write Duty Cycle Factor - xw

~w =1 for Ds .03or RIW>2154

D.
Avg. Device Data Rate

Mfg. Max, Rated Data Rate “

FvW . No. of Readsper Write

NOTE:
For seed-bubblegenerators,divide

‘W by 4, or use 1, whichever is
Ireater.

Duty Cycle Factor - rtm

‘D = .9D + .1

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

Device Complexity Failure Rates for Memory
Storage Structure - C12 and C22

C12 = .00007 (N2)3

C22 = .00001 (N2).3

= Number of Sits, N2 ~ 9 x 106

All Other Model Parameters

*

Parameter Section

C2 5.9

nE, rtQ, ~L 5.10

5-12 Supersedes page 5-12 of Revision F
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MIL-HDBK-217F

5.9 MICROCIRCUITS, C, TABLE FOR ALL

Packa~e Failure Rate for all Microcircuits - Cg

Packaqe Type
Hermetic DIPs

w/Solder or Nonhermetic:
Number of Weld Seal, Pin DIPs with Glass Flafpacka with Cans4 DIPs, PGA,
Functional Grid Array Sea12 Axial Leads on SMT (Leaded
Pins, N

P (PGA)l , SMT 50 Mil Centers3 and

(Leaded and Nonleaded)5
Nonleaded)

3 .00092 .00047
4

.00022 .00027 ,0012
.0013 .00073 .00037 .00049

6
.0016

.0019 .0013 .00078 .0011 .0025
.0026 .0021 .0013 .0020 .0034

:0 .0034 .0029 .0020 .0031
12

.0043
.0041 .0038 .0028

14
.0044 .0053

.0046 .0048 .0037 .0060
16

.0062
.0058 .0059 .0047

18
.0079 .0072

.0064 .0071 .0056
22

.0082
.0079 .0096 .0083 .010

24 .0087 .011 .0098 .011
.010 .014 .013

:: .013 .020
40

.017
.015 .024 .019
.025 .046 .032

% .032 .041
128 .053 .088
180 .076 .096
224 .097 .12

1. C2 = 2.6 X 104 (Np) 108 2. C2 = 9.0 x 10-5 (NP)l ’51

3. C2 = 3.0 x 10-5 (NP)l.82 4. C2 = 3.0 x 10-5 (N~2.01

5. C2 = 3.6 X 104 (Np)
1.06

NOTES:

1. SMT: Sutface Mount Technology

2. DIP Dual In-Line Package

3. If DIP Seal type is unknown, assume glass

4. The package failure rate (C2) awounts for failures aewciated only with the package kself.

Failures associated with mounting the package to a circuit board are accounted for in
Section 16, Interconnetijon Assemblies,

I

I
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I 5.12 MICROCIRCUITS, TJ DETERMINATION, (FOR HYBRIDS)

7W !-! , ,,”, ,“ “, ,Cz, CZU,G, ,0,,00

Thermal
Conductivity,

Typical Feature Ki
Material Typkxl Usage Thickness, From Figure

() (

W/in2 ()()~ ‘i
Li (in.) 5-1 _

“Clin in2 “CAV

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 BIE 1.3 .0023

Epoxy (Dielectric) Chip/Substrate Attach 0.0035 BIE .0060 .58

Epoxy (Conductive) Chip Attach ,0.0035 B .15 .023 ~

Th~ Film Dielecfrfc Glass Insulating Layer 0.0030 c .66 .0045

Alumina Substrate, MHP 0.025 D .64 .039

Beryllium Oxide Substrate, PHP 0.025 D 6.6 .0038

Kovar Case, MHP 0.020 F .42 .048

Aluminum Case, MHP 0.020 F 4.6 .0043

Copper Case, PHP 0.020 F 9.9 .0020

NOTE: MtiP: Muftiihip Hybrkl Package, PHP: Power Hybrid Package (Pwr: 22W, Typically)

i: (+)(‘o
eJc =

A

n = Number of Material Layers

Ki
()

Wlin2
= Thermal Conductivity of flh Materfal ~ (Ueer Provided or From Table)

Li = Thickness o! #h Material (in) (Lfser provtied or Fmm Table)

A= Die Area (in2).. If Die Area cannot be readily determined, estimate ae follows:

A= [ .00278 (No. of Die Active Wire Terminals)+ .041712

Tc =

eJc =

PD =

TJ = TC+ (eJc).(pD!

Hybrid Case Temperature ~C). If unknown, use the Tc Defaufl Table shown in Section 5.11.

Junction-to-Case Thermal Resistan@ ~C/W) (Ae determined abve)

Die Power Dissipation (~

Supersedes page 5-19 of Revision F 5-19
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!\

c1 = .020

‘T = .29

C2 = .011

‘E = 4.0

~Q = 3.1

5.13 MICROCIRCUITS, EXAMPLES

Example 1: CMOS Digital Gate Array

Given: A CMOS digital timing chip (4046) in an airborne inhabied cargo application, case temperature
4B”C, 75mW power dissipation. The device is procuredwith normal manufaofurets screening
consistingof temperaturecycling, constantacceleration,electricaltesting, seal test and external
visual inspection, in the sequencegiven. The component manufacturer also performs a B-1evel
burn-in followed by electrical testing. All screens and tests are pertormed to the applicable MIL-
STD-883 screening method. The package is a 24 pin ceramic DIP with a glass seal. The device
has been manufactured for several years and has 1000 transistors.

~= (cI~T + C2@ ~nL section 5.1

1000 Transistors -250 Gates, MOS Cl Table, Digtal Column

Determine TJ from Section 5.11

TJ = 48’W + (28°C/W)(.075W) = 50”C

Determine YtTfrom Section 5.6, Digital MOS Column.

Section 5.9

Section 5.10

Section 5.10

Group 1 Tests 50 Points
Group 3 Tests (B-level) 3SLPMUS
TOTAL 80 Poi@

=Q =2+=
80

= 3.1

‘L=l Section 5,10

~= [ (.020)(.28) + (.011) (4)] (3.1)(1)= .15 Failure/106 Hours

Exampfe 2: EEPROM

Given: A 128K Flotox EEPROM fhat is expected to have a TJ of 80”C and experience 10,000

read/write cycles over the Iiie of the system. The part is procured to all requirements of
Paragraph 1.2.1, MI L-STD-883, Class B screening level requirements and has been in
production for three yeare. It is packaged in a 28 pin DIP with a glass seal and will be used in an
airborne uninhabited cargo appliiafion:

~=(C11CT+C2 rtE+~c)m ISL Section 5.2

c1 = .0034 Section 5.2

‘T = 3.6 Section 5.8

C* = .014 Section 5.9
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6.6 TRANSISTORS, HIGH FREQUENCY, GaAs FET

kfatChingFJeh%’OrkFactOr-mM

Matching ‘M

Input and Output 1.0

Input Only 2.0

None .. . 4.0

QuaIii Factor - ~

Quality W

JANTXV .50

JANTX 1.0

JAN 2.0

Lower 5.0

Environment Factor

Environment

GB

G.

GM

N~

Nu

4C

‘IF

%c

‘UF

‘RW

SF

MF

ML

1.0

2.0

5.0

4.0

11

4.0

5.0

7.0

12

16

.50

9.0

24

250

Supersedes page 6-15 of Revision F 6-15



MIL-HDBK-217F

6.9 TRANSISTORS, HIGH FREQUENCY, S1 FET

SPECIFICATION DESCRIPTION
MIL-S-1 9500 Si FETs (Avg. Power c 300 mW, Freq. >400 MHz)

~ = kbtTTltQ7cE Failures/l 06 Hours

Base Failure Rate -~

Transistor Type
I Lb

MOSFET .060

JFET .023

TJ (oC)

25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100—

TemperatureFactor - m
-

‘T

1.0
1.1
1.2
1.4
1.5
1.6
1.6
2.0
2.1
2.3
2.5
2.7
3.0
3.2
3.4
3.7—

-
TJ(oC)

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

W

3.9
4.2
4.5
4.6
5.1
5.4
5.7
6.o
6.4
6.7
7.1
7.5
7.9
a.3
S.7

lq . (( ))eXp -1925 +-~

TJ - JunctionTemperature~C)

Quality Factor - ~

Quality mQ

JANTXV .50

JANTX 1.0

JAN 2.0

Lower 5.0

Environment Factor - XE

Environment ‘E

GB 1.0

GF 2.0

GM 5.0

NS 4.0 ;

NU 11

Alc 4.0

‘IF 5.0

%c 7.0

‘UF 12

‘RW 16 ;

SF .50 I

MF 9.0

ML 24

c, 250
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7.1 TUBES, ALL TYPES ExCEPT TWT AND MAGNETRON

DESCRIPTION
AllTvot?sEXCetltTravelinaWaveTubeaand Magnetrons
Includes Recefiere, CpT,-Thyratron, Crossed Fi~ld Amplifier,

I Pulsed Gridded, Transmitting, Vidicons, Twystron, Pulsed
Klystron, CW Klystron

~= lbttLrrE Failures/IO’ Hours

Base Failure Rate-kh
. (Includes

Tube Type

Receiver
Triode. Tetrode. Pentode
Power’Rectifier’

CRT-.. .
Thyratron
Crossed Field AmDlifier

QK681
SFD261

Pulsed Gridded
2041
6952
7835

Transmitting
Triode. Peak Pwr. s 200 KW. Ava.

Pwr. & 2KW, Freq. s 200 “M”Hz””‘“
Tetrode& Pentode, Peak Pwr.
S 200 KW, Avg. Powers 2KW,
Freq. s 200 KW

If any of the above limits exceeded
Vidican

Antimony Trisulfide (Sb2S3)
Photoconductive Material

Silicon Diode Arrav Pho&onduc~v(
Material “

Twystron
VA144
VA145E
VA145H
VA913A

Klystron, Pulsed’
4KMP1OOOOLF
8568
L3035
L3250
L3403
SAC42A
VA642
Z501OA
ZM3038A

)th Rsndo
Lb

5.0
10
9.6

50

260
150

140
390
140

75

100

250

51

48

850
450
490
230

43
230

86 ‘

::
100

~8
150
190

“ lfthepuIsed Klystron ofinterest isnotlisted above,
use the Alternate Pulsed Klystron ~ Table on
the following page.

snd WearOut Fallurea)
Tube Type

Klystron, Low Power,
(e.g. Local Oscillator)

Klystron, ContinuousWave’
3K3000LQ
3K50000LF
3K210000LCI
3KM300LA
3KM3000LA
3KM50000PA
3KM50000PA1
3KM50000PA2
4K3CC
4K3SK
4K50000LQ
4KM50LB
4KM50LC
4KM50SJ
4KM50SK
4KM3000LR
4KM50000LQ
4KM50000LR
4KM170000LA
8824
8825
8826
VA800 E
VA853
VA856B
VA888E

30

9.0
54

150
64
19

110
120
150
610

29
30
28

::
37

140
79
57
15

130
120
280

2;:

2%

“ lfthe CWKlystron of interest ianotlisted above,

use the Alternate CW Klystron ~ Table on the
following page.
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7.+ TUBES, ALL TYPES EXCEPT TWT AND MAGNETRON

Alternate’ Base Failure Rate for Pulsed Klystrons - k

F(GHz)
P(W .2 .4 ,6 .8 1.0 2.0 4,0 6.0

.01 16 16 16 16 16 16 16 16

.30 16 16 17 17 17 18 20 21

.60 16 17 17 16 1S 21 25 30
1.0 17 17 18 16 19 22 26 34
3.0 le 20 21 23 25 34 51
5.0 19 22 25 26 31 45 75

--6.0 21 25 30 35 ““40 63 110
10 22 26 34 40 45 75
25 31 45 60 75 90 160

~ = 2,94(F)(P)+16

F = OperatingFrequencyin GHz,0.2s Fs6
P . PeakOutputPowerin MW,.O1sPs25 and

p ~ 490 F-2.95

“See previouspagefor otherKlystronBaseFailure
Rates.

Alternate” Base Failure Rate for CW Klystrons - ~

F(MHz)
P(KW) 300 500 6001000 2000 4000 6000 600C

0.1 30 31 33 34 36 47 57 a6
1.0 31 32 33 34 39 46 57 66
3.0 32 33 34 35 40 49 5s
5.0 33 34 35 36 41 50
e.o 35 37 36 42

10 2 36 3e 39 43
30 45 46 4S 49
50 55 56 58 59
80 70 71 73

I00 60 81

%“ 0.5P + .0046F + 29

P - Averageoutput PoWerin KW,0.1s Ps 100
and P.5e.o(lo)6(F)”1.7

F = OperatingFrequemyin MHz,
300< F<6000

‘See praviouspagefor othar KlystronBaseFailura
Ratas.

Learning Factor - n,

I T (years) I ‘L

LLLi
YIL = 10(T)-2.1, 1 sT<3

= 10, Ts1
= I,T>3

I T = Numl.?erof Years since Introduction
to Field Use

Environment Factor - XC

Environment

GB

GF

GM

N~

Nu

J?c

‘IF

%c

‘UF

ARw
SF

MF

ML

CL

.

‘E
.50

1.0

14

8.0

24

5.0

8.0

6.0

12

40

.20

22

57

1000

I 7-2 Supersedes page 7-2 of Revision F
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12.2 ROTATING DEVICES, SYNCHROS AND RESOLVERS

NOTE:

DESCRIPTION
RotatingSynchrosand Resolvers

kp=kbnSmNnE Failures/106 Hours

Synchros and resolvers are predominately used in eervice 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.

30 .0083
35 .0088
40 .0095
45 .010
50 .011

.013
:: ,014
65 .018

__ii-H-

85
90
95

100
105
110
115
120
125
130
135—

Lb

.032

.041

.052

.069

.094

.13

.19

.29

.45

.74
~

~.= 00535exp(-)85
TF = Frame Temperature~C)

If Frame Temperature is Unknown Assume
TF. 40 “C + Ambient Temperature

Sie Factor-me
— .

%
DEVICE ~;a~er Size 10-16 Size 180r -
lYPE Larger

Synchro 2 1.5 1

Resolver 3 2.25 1.5

Numberof BrushesFactor- m.,

T
Environment Factor - rtE

Environment ‘E

GE 1.0

GF 2.0

GM 12

Ns 7.0

NU 18

AC 4.0

‘IF 6.0

%c 18

‘UF 25

‘RW 28

sF .50

MF 14

ML 38

cL 680

Supersedes page 12-3 of Revision F 12-3
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Base Failure Rate - L

DESCRIPTION
ElspsedTime Meters

1P = kbXTrtE Failures/l 06 Hours

“

Type Lb

A.C. 20

InverterDriven 30

Commutator D.C. 80

Temperature Stress Factor - rcT

Operating T ~C)/Rated T (W)
‘T

o to .5 .5

.6 .6

.6 .8

1.0 1.0

Environment Factor - rc,-
E

Environment
! ‘E

GB 1.0

GF 2.0

GM 12

NS 7.0

Nu f8

Alc 5.0

‘IF 6.0

%c 16

‘UF 25

‘RW 26

SF .50

MF 14 ~

ML 38 ~

CL N/A I



MIL-HDBK-217F

..
APPENDIX A: pARTS cOUNT RELIABILITY PREDICTION

Parts Count Reiiablllty Prediction - This prediction method is applicable during bid proposal
and early design phases when insufficient information is available to use the part stress analysis models
shown inthemain bodyof this Handbook. Theinformation needed toapply themethod is(l) generic pafi
types (including complexity formicrocircuils) andquanfifies, (2) part quality levels, and (3) equipment
environment. The equipment failure rate is obtained by looking up a generic failure rate in one of the
following tables, multiplying it by a quafify factor, and then summing if with failure rates obtained for other
components in the equipment. Thegeneral mathematical expression for equipment failure rate wifh this
method is:

Equation 1

for a given equipment environment where:

‘EQUIP =

‘9 =

‘Q =

Ni =

n

Total equipment failure rate (Failures/1 06 Hours)

Generic failure rate for the i ‘h generic part (Failures/1 06 Hours)

Qualiiy factor for the i ‘h generic part

Quantity of i ‘h generic part

Number of dflerent generic part categories in the equipment

Equation 1 applies if the entire equipment is being used in one environment. If the equipmenf
comprises several unfis operating in different environments (such as avionics systems with units in
airborne inhabited (Al) and uninhabited (Au) environments), then Equation 1 should be applied to the

Portions of theequipmenf in each environment. These "environment-equipmenf'' failure rates should be
added todetermine total equipment failure rate. Environmental symbols aredefined in Secfion3.

The quality factors to be used with each part type are shown wtih the applicable ?.9tables and are not

necessarily thesame values that areused in the Part Stress Analysis. Microcircuits have anaddifional
multiplying factor, rtL, which accounts for the maturity of the manufacturing process. For devices in

production fwoyears ormore, nomodticetkcn isneeded. Forthose inpmducfionl essfhanfwoyears,~
should bemuMpfied by fheappmpriate ~Lfa~Or (See Pa9e A4). .

ltshould benot~th~m generic failure rates areehownfor hybrid micmimufis. Eachhybrid isafairfy
unique device. since none of these devices have been standardized, their complexity cannot be
determined fromtheir name or function. ldefically orsimilady named hybrids canhave awide range of
mmplextythat t~atiscategorization for~~ses oftMsprWMion method. Ifhybrids areanficipatedfor
a design, their use and consfrucfion should be thoroughly investigated on an individual basis with
appficafion of the prediction model in Section 5.

The failure rates shown intMs@endx were calculded byassigning model default values to the
failure rate models of Section 5through 23. Tfrespeciflffi defauffvaIues used forthemodel parametera are
shown with the~Tablesformicrocircuifs. Default parameteraforallotherpartclasses are summarized in

thetables starting on Page A-12. Forpafiswith charaderisti= whchdtifer &gn~cantly fmmthe assumed
defaults, or parts used in large quantties, the underlying models in the main body of this Handbook can
be used.

A-1
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