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3 ABSTRACT

Martin Marietta Acrospace has conducted two 12-menth programs. The
first was to collect, study, and analyze reliability infermation and duata
on dormant military electronic equipment and parts and to develep current
dormant failure rates, fa:tors, and prediction techniques. The second was
to collect, study, and analyze reliability informat:on and data on military
electronic systems subjected to power on-off cycling, to correclate failure =
1ncidence with power on=off cycling, and to guantify powur on=olf cyoling ;
effecgs with respect to the dormancy and operating states.
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Over 276 billion part-hours of dormancy information On Variods juart

‘ clusses have been collected from all known sources, Of these data, 2opjrox.a-
g- mateiy 55 billlon part-hours are on Malitary Standard parts, 205 bill:ion on

" - high reliability parts, and 16 billion on "ultimat: veliability"™ devices.

Of the 276 billion part-hcurs, approximately 11 billion are on microelectronic
devices.

I o —

About 118 billion part-cycles ot power on-off information on varicus
part classes have also been accumulated from all known sources. Of thesc
- data, approximately 177 million part-cycles arc on military standard parts
: and 118 billion part-cycles cn high reliability parts of wiich 30 biliion 3
part-cycles are on microcircuits in system applications. In «ddition, 24 1
m:llion part-cycles of vendor microelectronic devices have also been collected
and reported. 3

"

Tngasan

These data have been processed and presented in the form of dormant and 2
cyclic failure rates and factors by part types and subtypes for various part
classes. Dormancy failure rate and cyclic ratio factor charts have buen
constructed and partially validated. Envirommental effocts on the various | 1
parc cla§ses are discussed together with factors relating them to once anothor :
in other energy states.

i

No testing was performed; therefore, no hardware was available tor
detailed failure mode and failure mwechanism analysis. Martin Maricotta,
however, has several on-going programs under which current and detailed long
life failure modes, faillurce mechanisms, design guidelines, potential problems,
test methods, and process control requirements hav. been proparcd. Thege
data have been garnered and culled; only information applicable to dormancy
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;;~ and powel on-off sveiing Lailare fwdes liad e Pooin in~luded an this report _
<. Reliability modeling technigues, including the states of storaye, 3
i dormancy, power on-off cycling, and noymally cnergized (operating), have .
T been developed for military electronic eguipment and parts.  These tech-

nigues are based on interrelationships between the storaje, dormancy, power
on-0ff cycling, and energized states and have beoen initilally validat.d,
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In addition, the medeling techn.iques can also be judiciously applied ]
to reliability prediction for any individual state or combination of states. :
An expansion of the basic modeling technique will permit parametric trade-
offs for gyotem reliability tu be made., Thus, realistic 'weapon system
operdtional and maintenance decisions can be made to obtain optimum relia- CoC
bility while achieving required operational capability within system cost
and time constraints.
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EVALUATION

1. The ohicctives of this stuly were (1) to develoyr failure rates
oI electronic parts as used in domant systeis and (2) to determine
the power on-0ff cycling effects on clectronic parts, This was to
Le accomnlished thyouch the collection and analysis of failure data

fron nilitary electronic cquiprent and! systeas,

2. The first ohjective, eloctronic part dorat Tailure rates, was
fairly well accoplished. Sufficient data were available to ‘levelon
domiant Cfailure rates incluling quantitative dif’crences aonr the
various quality levels as cited in nilitary »art snecifications and
standards, 07 course, cnginecrins judnenent »larved a rart in the
analyvsis where data gaps existed. ‘evertheless, the “inal resilts
appear reasonally valil and can be used in Jorumnt systom malvsis,

3. Lirmite! success was achieved in orkine tovard thc secon.!
ohjective, nower on-o0%7 cvcling 2%lacts, Mlv 2 cmall aous of

data were availahle and these came (rom l1oharatory tests o” ccuirient.
The analvsis was stronnly tevered vith entincerin: indtement and,
because 07 the limited data bese, the conclnsions regawrling neover
cvelins should B treite! as tentative, The cycling analvsis Jocs
grovide o franevor’: and a laboratory Tailure rate *asclire “or Muture
work., "'owrver, a considerahly larzer data base is reauired in arder
to Axternine cvelinn c(focts in actual equimrent smvironaents. ‘o this
data hase micht he sleveloned is outlined in the renort rocomenlations;
‘.m‘.'cvor. consi'crable resourcos woild ho neasded,

L"C"T" I > f”.“,T ”
« % lalnt, Trnoinecring Section
".0111.‘-11-1:_\' sranch

i, gl st

B e

A e,




T

At okl

3
CONTENTS § ;
1.0 INTRODUCTION . . . . « « + « =« + « «+ . .. 1-1
1.1 Interrelationship . . . . . . .« « « o« . 1-2 §
2.0 SUMMARY. . « + v ¢« v & & a e e e e e s 2-1 % i
2,1 General . . ¢ v 0 4 e e e s e e e 2-1 f
2,2 Dormancy Program . . . . . . . « « o+ o+ . 2-2 § .
2.3 Power On-0ff Cycling Program . . . . . . =« 2-10 é
3.0 DORMANCY FAILURE RATES AND FACTORS., . . .+ « « «+ o =« 3-1 § =
3.1 Introduction. . . . . . .+ v« . 4. 3-1 § =
3.2 Previous WOrk . . v v v e e e e e e e 3-3 §
3.3 Part Classes and Failure Rates. . . . . . . . 3-5 i
3.4 Microelectronics ., . . . . . v e e e 3-16 z .
3.5 Factors . . . . . v v e e e e e e e 3-16 i
3.6  Fai.ure Rate Tables . . e e e e e 3-24 : !
3.7 Average Failure Rates, Relationships, Ratios, and %
Enhancement Yactors ., . . . . . . . . .« 3-39
3.8 Parameter Drift During Dormancy . . .« .« .« . . 3-48
3.9 Failure Modes and Mechanisms . . . . . . . . 3-50 3
4.0 POWER ON-OFF CYCLING EFFECTS e e e e e e e a e s 4-1 =
4.1 Introduction e e e e e e e e e e e e 4-1 5
4.2 Previous and Current Work . ., . . .+ . . .« . 4-4 :
4.3 Factors and Models P 4-17
4.4 Failure Rates and Tables C e e e e e e e 4-24
4.5 Failure Modes and Mechanisms . . . . . . . . 4-35 ;.
5.0 RELIAWILITY MODELS . . . .« . P T T . S5-1 E
5.1 Service Life Model . . e e e e e e e 5-1 3 ;~
5.2 Storage and Dormancy Models., . . . . . . . . 5-3 g
5.3 Application of Reliability Models, . . ., . . . 5-4 ? 3

Dl

Qi

yiaad




6.0 +CONCLUSIONS AND RECOMMENDATIONS . . . + . ¢« « & « 6-1 T

s 6.1 COnCluBionE . .« + + v e e e e e e e 6-1
6.2  Recommendations . . . . .+ .« 4 + « . .« . . 6-8 3

b 7.0 GLOSSARY + « « « v « & v o e v e e 7-1 R

s 8.0 SYMBOLS » « + « & v e e e e e e e e e e 8-1 i

- 9.0 KEFERENCES + -« .« + « « v o o o o o o v o o 9-1

5 10.0  BIBLIOGRAPHY . . .« . . .« « « « « « « « « « . 10-1 o

= APPENDICES. . + + « « o v o v o e e e e e e e RS

F A Testing the Equality of Two Life Distributions . . . . A-1

E B Data Collection . . .+ . + « + 4 4« e e e e B-1

;

E :

P

t

wp

-
I

L — o TR AP AT P TR mvmmuwm'"
|




ro

3.7.1.4-1

.
E
¥
%
13
LS
¥
¢
4

ILLUSTRATIONS

Larivatic. cf Cantributors te the Overall Fatlure
Rate of a System During Its Service Life Cycle. .
Relationship of Fower On-Otf Cycles to Service
Life Failure = Hypothetical High Raliability
Eiectronic System | . . . . P . .
General Diaygram of Contributors to the Temperature
Effect Factor C,r During Power On-0ff Cycling .
Typical Dormancy Modes (ldealized)

Reliability Growth for High Reliability Llectronic
Parts in Dormant Electronic Systems . . .

Reliability Growth for High Reliability Electronic
and Electromechanical Parts and Components 1in
Dormant Electronic Systems . . . . . . .

Burn-In ‘Flus Appropriate Group A & B Tests) Eifects

on Dormancy Failure Rates .. e e e e
Typical Power On-Qff Cycle (Idealized) . . .
Typical Fowcr On-0ft Cycies (ldealized) Excluded

General Diagram of Contributors to the Temperatuve
Effecr Factor CT During Power On-Qtf Cycling

Service Lifc Model for Dormant Missile with Constart

Moritor . .. . . . . . .. . . . .

.

Reliability Degradation with No Test Deployment Concept.

Reliability Degradation with Periodic Test Concept

Possible Revision to Figure 1 of Military standard 721B.

11X

1-5




e T e R

Lo, o

[

2.2-11

2.2-1I1

2.2-1V

2.3-1
2.3.11
2.3.111

2.3-1V

2.3-V
3.1-1
3.3-1
3.3.2-1I
3.3.3-1
3.3.4-1

3.4-1
3.4-11

3.5.1-1

3.5.2-1

TABLLS

Estimates of Service Life Failure Rates and Failures
for a Hypothetical High Reliability Electronic System

Catastrophic bormant Failure Rates (\D) for

Microelectronic Devices . . « + « ¢ « v« o v e o
Catastrophic Dormant Failure Rates (XD) for
Resistors and Capacitors. . . . . . . . . . ..

Catastrophic Dormant Failure Rates () ) for
Semiconductors. . . . . . . .

Catastrophic Dormant Failure Rates (ln) for
Low Fopulation DeViCes. . -« « « ¢« v v v v & v o v u W

Estimated Values of CQ for Various Part Types . . . . .
Estimated Values of CE for various Environments . -

Catastrophic Cyclic Failure Rates (XC) for

Microelectronic Devices . . . . . . . . . . . . . . . .
Catastrophic Cyclic Failure Rates () ) for High

Reliability Parts and Components. . . . . . . . . . . .
K Ratics for High Reliability Parte 1l Components .

c/D
Summary of Dormancy Data Collected. . . . . . . . . . .

Description of Electronic Part Classifications . . . .
Observed Dormancy Failure Data, Military Standard Parts
Observed Dormancy Failure Data, High Reliability Parts.

Observed Dormancy Failure Data, Ultimate
Reliability Parts . . . + v ¢« v« ¢ v v e 0 e e e e e

Dormant Integrated Circuit User Data Summary. . . . . .

Failure Rate Factors for Digital and Linear Inteqrated
Circuits by Level A, B, and ¢ of MIL-STD-883. . . . .

Brownlee's Test Results for Dormancy versus Storage
- 1 o

Normalized Dormancy location Mode Factors for High
Reliability Electronic Parts. . . . . . . . . . . . . .

.

1-R E -

L l
WWHMMMW& o HMMWM

e

LIS ]
]
—
o]
I
|
]

:5\
g, ol 1




H

B LR T R L e e ki1

RN TN WIES

A

Wl a

W ey ey

Y LR

RN, PN e

APRITNT o bl

R (e gbr o g

3.7.1.3=1
3.7.1.3-17
3.7.1.4-1

W w
(e o]

. .
—
'
=

)

e
]

—

ey
8
£
)
—

4.2.4-11

4.3.2-1
4.3.2-11

TABLES
{continued)

Normalized Dormancy location Mcde Factors for
Passive and Active High Reliability tlectronic Parts.

Dormancy Dat_ Availabhle to Construct Microelectronic
Device Failure Rate Chart . . . . . . . . « « . . .

Catastrophic Lormant Failure Rates (*» )} for
Microelectronic Devices . . .« « « o « + ¢« « o+ .

Catastrophic Dormant Failure Rates (3 ) for Recistors
and CapacCitors- - « « v & v« v e e e e e e e e

Catastrophic Dormant Failure Rates (ED) for
Semiconductors. « . . . 0 0 e v 0 e e e e e e e

Catastrophilc Dormant Failurc Rates (* )} for Low
Population Devites. . « « v 4 4 v e e e e e e e

Average Catastrophic Dormant Part Failure Rate ()D)
by Part Quality Level for Various Systems . . . . .

Average System Factors for Dormancy by Part Classes

Parameters Calculated for Regression Analysis
(chown in Figure 3.7.1.3=1) . . . . « ¢ ¢ « « « o « &

Parameters Calculated for Regression Analysis
(Sshown in Figure 3.7.1.3-2) . . . . . . . . . . .

Ratios for Various Part Classes (Based on
Average Part Failure Rates) . . . . . . . . « . . .

1968 UJAF Parameter Drift in Dormancy Study . . . . .
Martin Harietta Storage Lifc Tests - . . .
System Failures Occurring dDuring Dormancy . . . . .

Apollo Data - Storage, Power On-Off Cycling, and
Energized -« + « « o+ o e 0 o e 0 0 e e 0 e e e e

SPRINT GRA~8 Missile and LPE Data - Dormancy, Power
On-0ff Cycling, and Energlized . . . . . . . . . . .

Power On-Off Cycling Jomparison Matrix Apollo and
SPRINT ElectroniCs. . « .« « o o v v o o v < o v o o .

Estimated Values of CQ for various fart Types . . . .

Estimated Values of CE for Various Environments'. .

3-23
. 3-24
. 3-25
. 3-27
. 3-32
3-35
. 3-40
. 3-41
. 3-44
. 3-44
. 3-46
. 3-49
3-50
3-51
4-6
. 4-14
. 4-16
4-22
. 4-23

L

I

.



4.4.1-1

4.4.1-11

4.4.1-1I1

4.4.2.1-1

4.4.2.2-1

4.4.2.3~1
4.5-1
5.2-1I
5.3-I

5.3.2-1

6.1.1-1

TABLES
(continued)

Observed Power On-Off Cycling Data, Military
Standard Parts.

S A

Observed Power On-Off Cycling Data, High
Reliability Parts . )

-

e e e e e e e e e e e e e e e e . . 4-26

Vendor Integrated Cir-zuit Power On-0ff{ Cycling Test

Cata. « + .

e e e e e e e e e e e e e .. . 4-29

Catastrophic Cyclic Failure Rates () ) for Micro-
electronic Devices. ¢

S (¢

catastrophic Cyclic Failure Rates (AC) for High
Reliability Parts and Components. . . . . . . . + « . . . 4-32

K Ratios for High Reliability Parts and Components . . 4-34

Cc/D

System Failures Gcocurring During Power On-Off Cycling . . 4-36

Constituent Models of the Service Life Model. . . . . . 5-3
Parts List and Failure Rates of Tactical System Used
for Reliability Model Example . - . . . . . . . . . . . . 5=5

Comparison of Periodic Test Reliability Calculations
With and Without the Effects of On-0ff Cycling. . . . . . 5-11

Failure Rate Factors for Digital and Linear
Integrated Circuits by Classes A, B, and C of

MIL-STD-883

-

e e e e 4 e e e e e e e e e e e . . B-3

xiil

|
a2l wﬁ

st b Ll Al vead bl s o S i M.“l“‘.mwhmmﬂw el B oo

il B i b o A il . bl

i
s
-
3
%
3
j




]
%
E
E
i
é
&

S TR S PEIT Y  H f110 4

o

1.6 INTRODUCTION A

The great majority of available data concerning electronics relia-
bility describes the effects of stresses occurring during the normal opera-
tion {power-on) of equipment. Documents such as RADC Reliability Notebook
and MIL-HDBK-217A depict in detail operational failure rate data, derating
factors, environmental factors, quality factor;, etc. Little or nothing

is extant on the other states of activation -~ storage, dormancy, and power
on-off cycling.

A ploneering effort in this direction is contained in RADC-TR-67-307
"Dormant Operating and Storage Effects on Electronic Equipment and Part
Reliability" (Refercnce 1). Data contained in RADC-TR-67-307 are primarily
on stored devices, frcem 8 to 15 vears old, and can be considered obsolete

wilth the advances in the state-of-the-art 1n microelectronic and some semi-
~onductor devices.

The mission requirement operational capabilities of some systems
demand long periods of storage, dormancy, and/or cyclic operation. A
total systems analysis model is not widely available by which relia-
bility trade-off studies, assessments, and logistic planning can be made
to determine the kest design approach under cost and operational reguire-
ments constraint-. Complete data for this total reliability systems model
are not available for dormancy or for power on-off cycl{ng. Additional
quantification of dormancy effects and power on-off cycling effects is
required.

In order to obtain a more comprehensive and current quantifica-
tion of dormancy failure rates and factors and t:> gain a better under-
standing of power on-off cycling effects on electronic eguipment relia-
bility, Rome Air Dovelapment Center (RADC) awarded two separate contracts
to Martin Marietta in February, 1972. These are:

F 30602-72-C-0243 "Dormancy Failure Rates of Electronic
Equipment and Parts" and,

F 3C502-72-C-0247 "Power On-0Off Cycling Effects on
Electronic Eguirment Reliability.”
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Certain system interrelationships for storage, dormancy, power on—off
cycling, and energized states have been derived and corresponding mathemati-
cal models constructed. The derivation and application of these models are
discussed 1n Section 1.1, which also gives an illustrative example of some
of their uses and limitations as applied to reliability system analyses.

Section 2.0 gives a brief summary of the important findings, which are
presented in tabular form.

Section 3.0 contains the detailed discussion of the dormancy study
and Section 4.0 contains the power on-off study.

Section 5.0 presents service life, dormancy, and power on-off models
for electronic systems.

Section 6.0 contains conclusions and recommendations from Sections
3.0 and 4.0.

Section 7.0 is the Glossary and defines the terms used herein while
Section 8.0 contains a description of pertinent symbols.

Sections 9.0 and 10.0 contain the References and Bibliography,
respectively.

1.1 Interrelationship

1.1.1 General

In order to define in quantitative terms the interrelationship
of dormancy and power on-off cycling, one must make the assumption that
the expected number of failures during the service life of an electronic
system is equal to the sum of the expected number of failures during each of
its states of activation over its total service life. The principal
states of activation are storage (zero activation level), dormancy (ten
percent or less of normal activation level), power on-off cycling (from
zero activation level to normal activation level and back to zero activa-
tion level or vice versa), and energized (normal activation level).
Storage and dormancy include such phases as depot storage, handling,
transportation, standby, stowage, ready alert, etc. Power on-off cycling
may be considered to include all power on-off cycles which occur during
testing, checkout, maintenance, repair, alert, operation, etc.




1.1.2 Quantitative Relationships and Formvlas

The basic failure relationship can thus be readily modeled: %

n=4

F = X F. =F_ + FD + FC + F

SL . i s E (Equation 1.1.2-1)

Note: Symbols are referred to in Section 8.0.

For a mature electronic system, which has been burned in beyond infant -
mortality but not reached wearout, the failure rate has been generally TS
assumed to be constant rather than decreasing or increasing. In general . fﬂ;
terms this hypothesis can be stated:

either F = At (Equation 1.1.2-2)
or F.=AC (Equation 1.1.2-3)

Substitution of Equations 1.1.2-2 and 1.1.2-3 into 1.1.2-1 yields
the following expression:

t = A + 2 . C+A_ ¢t ]

st st T s s T o T et e e :

€ t - t {
sL - s = |+ Ao > * e\ * A tE :
SL SL SL SL E
(Equation 1.1.2-4) _

t t

. . D C E
By substituting re = tS ’ r, < N . NC = Y . and 1
SL SL SL E
te :
r, = —— , Equation 1.1.2-4 can be simplified to Equation 1.1.2-5, , E
SL ! ’

i

|

A = A_r_ +A_r_+ A_N_+A_rx (Equation 1.1.2-5)
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Figure 1.1.2-1 depicts a hypothetical service life cycle that
an electronic missile system might be expected to undergo. It illustratef
the meanings, development, and association of the various terms, symbols,
and expressions used in the foregoing equations. This simplified example
assumes no failure contribution prior to depot storage. Practically speak=-
ing, however, storage at the manufacturing plant, the final test at the
manufacturing plant, or even shipping from the manufacturing plant may be
as great a failure contributor as depot storage alone. These would neces-
sarily have to be accounted for in an overall, service life model, Compli-
cating the situation further is the ract that some subsystems within a
given system may be dormant while others may be energized. An example of
this is power supplies or constant monitor circuitry. Still other sub-
systems such as environmental control systems may be power on-off cycled.
Thus, in reality, the system model of Figure 1.1.2-1 would have to be ex~
panded to the subsystem level to depict accurately subsystem activation
states in order to develop truer quantitative terms.

Simple and readily usable mathematical models can be postulated
for relationships among storage, dormancy, power on-off cycling, and
energized. These are based upon Equations 1.1,2-1 through 1.1.2-5 and
the observations made on more than one trillion part-hours and part-
cycles of electronic system experience in dormancy and on-off cycling
with known reliability grade parts. A review of the experience data has
been made, and the postulations corroborated for the relationship of
storage to dormancy and the relationship of dormancy to power on-off
cycling for similar and identical groups of eclectronic equipment under
2 variety of environments.

The relationship of the storage failure rate (Ag) to the dormant
failure rate (AD) has been found to vary over a narrow range from unity
up to ZAS = AD for specific components. In considering an average elec-
tronic part failure rate for an entire system, no significant statistical
difference has been found to exist between storage and dormancy for the
same quality of parts over a wide range of nonoperating applications and
environments. This means that Equdtion 1.1.2-5 can be restructured by
redefining dormancy and storage as the same state of activatlion and
eliminating one of the terms from the eguations.

Another relationship has also been postulated between full power
on-full power off cyciing and the dormancy failure rate; that is,

A A
C - _ C : _
KC/D = _X;f = KC/S AS (Equation 1.1.2-6)
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It is understood that cyclic failure rates and ratios to dormancy
failure rates are dominated by such characteristics as:

1

Part type

Part quality (classification)

Cyclic rate

Combined temperature effects caused by
electrical energy versus parts derating,
thermal lag, etc,

Transient suppressicn protection

Environmental application.

In order to isolate the effects of the above factors, an
enormous quantity of data on identical componen s and parts is re-
quired. These data are simply not available. c:ufficient data, how-
ever, have become available to establish a cumulative cyoling effect
on generic classes of parts. The ratio K. p May potentially vary from one
to greater than 375 hours of dormancy per cycle.

These observations suggest at least three things:

A simplification of Equation 1.1.2-5 can
be readily and legitimately accomplished
for engineering analysis purposes

A

review must be made of the methodeclogy

used in estaklishing test versus no test
concepts

Modeling techniques by which the frequency
of periodic testing is established must be

updated.

i A i A= A ;
with D rD since D s

In regards to simplifying Equation 1.1.2-5, X5 Ig can be grouped

Equation 1.1.2-5 reduces to:
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¢ £ (Equation 1.1.2-7)
and substituting in Equation l.1.2-6, AC = hC/D AD
= A
gL = (rg * xp) A+ N (Ko p dp) + dp xp
= K 1.2~
SL (rS txpt Nc ¢/D ) AD + AE r. (Equation 1.1.2-8)

. - . . )
Since ro 4+ rp+ry 1 and when re approaches O, then re rp 1. For

systems which must undergo long term storage and dormancy and are energized

1 percent or less of their service life, Equation 1.1.2-8 evolves into
Equation 1.1.2-9 which greatly simplifies the quantitative relationship for
the storage, dormancy, power on-off cycling, and energized states. This does

not imply the term Ap rp should be ignored for the equipment ~perating por-
tions of the mission.

ASL e (1 + KC/D NC)AD (Equation 1.1.2-9)

Use of Equation 1.1.2-9 can be expected to have approximately a five

percent error or less when rg trg 2 0.99.

The combined effects of storage, dormancy, and power turn on -
turn off can now be readily estimated by the use of Equation 1.1.2-9

for making reliability comparisons or for use in trade-offs as Table
1.1.2-1I illustrates.

Use of columns (4) and (5) of Table 1.1.2-T yields equivalent *
expected degradation values as a function of test frequency. These
values can then be directly evalvu d or incorporated into parametric
trade-off studies which =ve used *to Jdecide testing philosophy or to
optimize test intervals cnce periodic testing has bcen decided upon.
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Figure 1.1.2-2 graphically illustrates the relationship of the power on-
off cycle frequency versus expected number of service life failures for
Table 1,1.2-I. Construction and use of figures, such as 1.1.2-2, permit

rapid determination cf quantitative values for trade-off studies and
reliability comparisons.

1.1.3 Validation of Relationships and Formulae

In order to corroborate Equation 1.1.2-9 and preceding equa-
tions, a prediction for the Apollo data of Section 4.2.3 has been made

and then compared to the actual Apollo failure rate experience on elec-
tronic devices.

A, Expected Failure Prediction for Apollo:

+ > 0. :
Check for ro trg 2 0.99

0.4748 x 109
D = = = .
s E 1 where re 15.8559 x 107 0.03

r_+1r_ + 0.03

)]
o]
0
P

lat
+
Lo
1§

s p = 0:97 which is not > 0.99; therefore an error

of approximately 20% low can be expected for the prediction
ky the approximate method versus actual experience.

Prediction by Approuximate Method (Fquation 1.1.2-9):

A = (1 +

A
SL

N_)
KC/D ¢ D

: = K = y !
where KC/D c/s 375 hours,'cycle

N = 5_cycles _ 5 cycles

C month 730 hours

f

0.39 failures

>
L}

for high reliability electronic parts
10" hours
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S 0.39 %
e [ ()] [
SL 730 109 ;

h—
3 - ;
A s (1 + 2.6 1922)= (3.6) 0.30 x 1077 g
SL o0 f-

9 :
ASL z 1,40 failures/10 hours answer (uncorrected) t

A correction for the 20% error can also be made:

ASL % (1.40) (1.20)

. 9
xSL = 1.68 failures/10° hours answer (corrected)

C. Actual Apollo Experience: !

Fo ¢ Fp v+ Fo v Fy

oL * t :
SL
i
where: Fg = 6 observed storage faillures t
FD = not applicable =2 0 ' ~

| ‘FC = 1Y observed power on-off fallures

FE = 4 observed energized failures

tSL = 15,8559 x lO9 calendar part-hours

o - 1 R L

6 + 0 + 19 + 4
15.8559 x 109

X
SL

ol gl T
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9
15.8559 x 10

SL

. 9
ASL = 1.83 failures/l10 hec:urs  answer.

For the above system in which a low rate of cycling was employed,
the use of Equation 1.1.2--2 has been found to yield a good approximation.
The limitations of its applicatior to other electronic systems must be

kept in mind;

1

[0

that is,

The test of rs + rD > 0.99 must be applied. When rs + tD

beceomes less than 0.9%, then Eguation 1.1 2-8 (the full equation)
must 2 employed.

The KC/D factor mus“ be estimated based on similarity

of part type, part quality, cyclic rate, energy rate
and level, and transien" suppress.on protection. Tran-
sient suppression protection is of prime importance as
discussed in Sections 4.2.3 Apollo Data and 4.3.2 )
Factors herein. c
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2.0 SUMMARY

2.1 General

——— T

et

This report comprises the results of two l2-month programs con-
ducted by Martin Marietta Aerospace. One program was conducted in order
to collect, study, and anslyze reliability information and data on dormant
military electronic equipment and parts and tc develop current dormant
failure rates, factors, and prediction techrigques. The purpose of the
other program was to collect and analyze electronic equipment power on- H
off cycling data, to correlate failure incidence with power on-off cy-
cling effects with respect to other energy states.

Jpy—
o

More than 276 billion part-hours of dormancy data have been
collected on various part classes and categorized into three primary
quality grades: Military Standard, high reliability, and ultimate -
reliability. Of the 276 billion part-hours, approximately 11 billion
are on microelectronic devices. For the program concerned with power
on-off cycling, about 118 billion part cycles of data have been col-
lected on various part classes, primarily of high reliability grade.

[T

The 276 billion part-hours of dormancy data contained in this
report are new and in addition to that data collected for RADC-TR-67-307
(Reference 1). The dormancy failure rates for various part types and
classes which were originally given in Reference 1 have been revised
and updated in this report to reflect changes in technology and addi-
tional part-h nrs of experience. The average dormant catastrophic
failure rate for a high reliability part is 0.4 fits as compared to
3.1 fits for military standard electronic parts.

Bt 1 b

P P

No testing was performed; therefore, no hardware was available
for detailed failure mode and failure mechanism analysis. Martin
Marietta, however, has several on-going programs under which current
and detailed long life failure modes, failure mechanisms, design guide-
lines, potential problems, test mcthods, and process control require-
ments have been prepared. These data have been obtained and analyzeAd
such that only information applicable to dormancy and power on-off
cycling failure modes have been included in this rc¢port.

L i Nkl W1 P D

The 118 billion part-cycles of data are presented in tables
by part class and type and part quality grade. Both cycle failure
. rate and cyclic ratio faccor charts have been constructed and initially
validated. 1Insufficient power on-off cycling data prevented inclusion of
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many part types. Quantitative relationships between cycling and dormancy
and between cycling and the normally energized (operating) state have been
developed and examples presented. Much more cycling information is required
to complete the cyclic fallure rate and ratio charts, and future programs
should be directed to recording thesn data. Later analysis can then be

done to update the initial cyclic tables.

During the data collection and analysis phases of these programs,
definite interrelations between the domrmancy, power on-off cycling, and
normally energized states were found, developed, and verified. These
interrelationships have been incorporated into service life equations and
models. Both apply to military electronic equipment and utilize failure
contributions from the dormancy and power on-off cycling states in combina-
tion with those of the normally energized state.

The basic interrelationships, terms, and equations are given in
Equations 1.1.2-1 through 1.1.2-9. The full spectrum of service life models
has been carefully developed, explained, and illustrated in Section 5.0
Reliability Models. The service life modeling techniques of Section 5.0
provide the means by which a system's reliability can be predicted or deter-
mined at any time during its service life cycle.

The study and investigation efforts of dormancy and power on-off
cycling have been logically combined into this final technical report.
This permits simultaneous retrieval of both sets of failure rates and inter-
relating factors froa library sources. The logic and efficacy of a single
report are also amplified by the fact that both studies have had the same
ultimate goals: ’

1 The development and improvement in design, manufacturing,
quality, and deployment techniques or conditions that pro-
mote attainment of maximum system reliability

2 The updating and upgrading of reliability predictions
through improvements in military electronic system mathe-
matical modeling methodology
3 The quantification of corresponding, viable, and authoritative
failure rates and factors for Jdormancy and power on-off cycling
from available field data.
2.2 Dormancy Program

A statistical analysis of the dormant and storage data collected
during this program indicetes that there 1s nc significant difference be-
tween failure rates for eguivalent part types in the storage and dormant
modes. As a result of this finding, the dormant and storage data have been
combined for all analyses. Because of the unavailability of drift failure
rate information, only catastrophic failure rates and factors have been
deve loped.
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Dormancy data collected were primarily ®n three grades of
electronic devices -~ Military Standard, high reliability, and ultimate.

The data served to verify and strengthen the validity of the
failure rates and factors originally developed in Reference 1. Many of
the data gaps that previously existed have been filled, and changes in
failure rates because of technological advances in design, manufacturing,
and quality control are reflected. In almost all cases, the catastrophic
failure rates have improved for individual electronic parts.

Analysis of the data shows that, on the average, dormant high
reliability part failure rates are between 3 and 7 times better than the
military standard grade. The ultimate grade part appears to be about 50
times better than the Military Standard grade; however, data are still
insufficient to draw good or prove definite conclusions on this grade.

Based upon data from five systems with similar functions but
with different vintages of designs and high reliability parts, dormant
reliability growth trends have been determined. The growth trends indi-
cate a steady i1mprovement in average catastrophic dormant failure rates
from 1964 to 1969. However, the rate of improvement has leveled off some-
what after 1967 and appears to ke asymptotically approaching a level
failuve rate much more slowly after 1969, This failure rate improvement

is primarily due to improved manufacturing control and more effective
parts screening and burn-in.

-~ Parametric drift information was sought on dormant devices, but
has been found to be sparse. In general, however, parametric drift tests
conducted on stored semiconductcrs have shown drift to be negligible on
devices investigated. Positive drift trends have been observed on cer-
tain metal film and wirewound resistors. Even this drift rate does not
indicate these types of resistors can be expected to go outside of end of

life tolerances over a 10 year period. Insufficient drift data exist
for other Jdevices.

Because of the limited temperature ancd humidity ranges observed
on the dormancy data, no pronounced differences in dormant catastrcphic
failure rates can be identified for temperature or humidity changes. Data
from high temperature storage tests on microelectronic devices have keen
analyzed in a further attempt to correlate dormant failure rates with
temperature. In general, the dorment failure rates increase with tempera-
ture, but the lack of more than two high temperature data points prevented

the establishment of an Arrhenius curve and assoclated acceleration facters.

Quantification of relative environmental location factors for
¢lectronic systems has been accomplished for four dormant environments:
satellite, in container in a controlled environment, not 1n container
a :2ontrolied environment, and submarine,
3.5.2-1 and 11.

1n
The factors are listed in Tables
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Preliminary indications from failure mode data collected on approx-
imately 100 electronic parts are that open and short failures occur with
about equal frequency in the dormant state. However, a closer look at the
data reveals that about 60 percent of the shorts experienced are due to con-
taminated integrated circuits. Withcut this failure mode, the opens are
clearly in the majority.

Since the observed failure modes and mechanisms for dormancy are
the same as those for the energized state, ‘it can be concluded that dormancy
itself is not the causative factor. Rather, device material properties or
incipient defects are. Both types of these failure mechanisms can be cor-
relited with dormant time as well as operating time. The rate a2t which
failures occur in dormancy is lower because of zero or near Zero electrical
stresses applied.

Raw catastrophic dormant failure rate data on microelectronic
devices were reviewed, analyzed, and rank ordered by Class A, B, or C
device type per MIL-STD-883. Table 2.2-I is the final result of this
effort. A catastrophic dormant failure rate chart (Table 2.2-II) was
constructed for Military Standard and high reliability grade (or class)
resistors and capacitors.

For semiconductors, diodes and transistors, a dormant catastrophic
failure rate table was formed for Military Standard and tested extra (TX)
categories oOf parts. Table 2.2~III depicts the final rank ordering.

Finally, a catastrophic dormant failure rate table (Table 2.2-1iV)

has been constructed for low population parts of Military Standard and kigh
reliability grade frcm the raw data.
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TABLE 2.2-1 -

Catastrophic Dormant Failure Rates (ip) for Microelectronic Devices

Military - Standard - 883
Class A Class B Class C E

~ 100.0 : )
” ,
o]
k: o
& 70.0 Hybrid IC (Thin Film) - i
1 2
~ %
§ 50.0 Hybrid IC (Thick Film) <
= t
=t {
@
@ 30,0
(/)]
U
5
E 20.0 Hybrid I1C (Thin Filw) —tMonolithic IC, Linear o 3
[ 29
g 15.0 Hybrid IC (Thick Film) 3
o
®  10.0 |
1) . =
5 ‘
ot ]
o
o 10 Monolithic IC, Linear i

. i o

| 8 5.0 }Hybrid IC (Thin Film Monolithic 1C, Digital -

i v

f =

; e 3.0 -Hybrid IC (Thick Film)

i ot

i 0

; o 2.0} Monolithic IC, Linear4Monolithic IC, Digital

; (&)

i

! 1.5

1.0l Monolithic IC, Digital

011l 19 N

Class A — Devices intended for use where maintenance and replacement b
are extremely difficult or impossible, and reliability is :
imperative. 3

Class B - Devices intended for use where maintenance and replacement

can be performed, but are difficult and expensive, and i
where reliability is imperative. 3
{ Class C - Devices intended for use where maintenance and replacement !
: can be readily accomplished and down time is not a critical
factor.
;
2-5 %
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TABLE 2.2-11

Catastrophic Dormant Failure Rates (AD) for Resistors and Capacitors

Rexistors

Capeciters

Milttery Stendard
(MLL-STD)

High Maliability
{ER or Bquivaleat)

Mlitary Standard
(MEL-3TD)

High Reliabilaty
(ER or Equavalent}

Toutslus, wet, olug

| l'l’ht *Ristors
Varietors

Varisble wit

Almimm Rlectrolytic

{Vnrlnln carbon comp,

varisble metei file

arisble cetmmic (CV)

Varisble carbon comp

Varfadblo cermmtc, -1
tubuler

Aluninus Blectrolytic———1i

Variable wir
Variable aetal file

jThermistors

variadble air

antalum, wet, slug
Varisble ceremtc (CV)

Vacistore

Varisble ttimmer, glese

quubln ceremic,
tubuler

|~-Carhon (1l

Corhon film

Tantalum, wot, foil-—]

Matalized eylar
Matalised polycarbosate
Metalised paper

Foil, paper
L'u:u' papet-wylar
ce

|-Tentalum, vet, foil
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TABLE 2,.2-I1 (Cont)
r Re-lstora Capacitors
Milftary Standatd Migh Reliability Mil{tary Standard High Raliabilicy
(MILL-STD) (BR or Bquivalent) (NIL-STD) (ER or Equivelent)
2 -wirewound, precieion Aicas
. (Metalises wyler
~ Met 1 bouace
s Cevanic, genearal __N“:i::“ ::.::“ P
) | putpose Full, paper
4 Foll, paper-mylar
- . (r.muu—. eoltd
) N foll, eylar
N phtl o povar utr 4. praciston r:u: r:lyutbouu !
lrou. Polystyrens
-
3 0.7 Ceramic, genersl purpose
3 . 1
b
<
.4 [‘l‘u\ulu, solld
£ 4, powe FPoll, sylar
2 0.3 wir M * Foil, polycarbonate
= Lrou, polystyrane
3
<
-
3 M
2 00
3
. ¥otl. taflon
.
Caramic, temparature
3 o [{Metal fila ,_',,,,,::u
- iTin oxtde lrrocohln
= Glase
3
s
. 0.1 Tin oxide
3
é 7Foil, tefloa
Catamic, tewperature
u
= 0.1 Carbon composition ———i-Metal film compeneasting _—lh
= Porceletn
M lcln-
a
-
S 0.07 Carbon compoaition
0.0%
'
= 0.02
.0 JO.OI

M
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Catastrophic Dormant Failure Rates (failures/billion part-hours)

TABLE

2.2-I11

Catastrophic Failure Rates (AD) for Semiconductors*

Transistors Diodes
Military Standard | High Reliability | Military Standard {Hich Reliability
(MIL-STD) and TX (MIL-STD) and TX
70
SO0|Unijunction Microwavc diode
‘Silicon controlled
30 rectifier (SCR)
Microdiode
20|Field effect,—j Unijunction ——
(FET)
15 7 Microwave diode
[Microdiode
10 Field effect, l Tunnel diode ———ﬂgsilicon controlled
(FET) rectifier (SCR)
? Varactor =g
5| PNP Tunnel diode
3|NPN Bridge, 4 diodes Varactor
encapsulated
2
1.5 PNP Zener Bridge, 4 diodes —
encapsulated
1 NPN Zener
0.7 Signal diode
0.%
0.3 Sdignal diode
0.2
0.15
0.1

*All devices are silicon, Si
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: 3 Primary battery, siiver sinc Humidity control awitch
5 Incandescent iamp
i 0.0 Accelerometer Luet t lemy
§ h N
= Microevitch
3 so.0 DC power, motors Toggle ewitch U Preasute switch
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3 Toggle eviteh
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o ¥.0 * Quarts crystal, frequency ~———y
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. % AC powar, synchronous mstor i
: | a 0.0 AC power, gameracors Solar cell }
R e Power traneformar )
H :
1 -
. E 15,0 Reley
! i
: 3 :‘6 power, tndu:uoa wotor
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2.3 Power On-Off Cycling Program

The results of the data collection and analysis program indicate
that power on-off cycling can have a definite adverse effect upon elec-
tronic equipment reliability. The degree to which reliability is affected
depends upon several factors such as part quality, cyclic rate, temperature
efrects, environment, and transient suppression capabilities of the sSystem.
The degree of degradation can be controlled or greatly minimized by careful
design and stringent manufacturing control. These factors are not always
independent of one anothe:r. but rather depend upon system design and duty
cycle characteristics, Therefore, great caution and care must be exercised
in construction of any power on-off .vcling mathematical model and develop-
ment of quantitative values for factors in the model,

This report is considered tc be the initial step toward defining
the terms and factors related to power cycling and developing the necessary
mathematical models and quantitative factors required for rellability
prediction purposes. It should ba recognized that this is only a starting
point with more and better power on-off cycling data required before a high
degree of confidence can be obtained in the prediction methods and values.
However, with the partial verification of the models and factors afforded
by the on-off cycling data collected, it appears that there is a reasonable
validity in the approach taken in this report.

Based upon the data collected, a power cycling failure rate mcdel
to estimate the cyclic failure rate (Xc) has been developed and is given
in Eguations 2.3.1-1 and =-2. The model identifies, detines, and correlates
the factors exerting primary influences on cycling failures: part gqualivy,
cyclic rate, temperature effects, environment, anc transient suppression
characteristics of the equipment.

The temperature factor exerts a maior influence over the model
because of the larye percentage (about 90 percent) of observed part
failures which appear tc be related to expansion and contraction result-
ing from temperature change. These factors can range from 1 to greater
than 200. Further quantification of this important factor should be ob-
tained by properly designed experiments in which certain critical influence
factors would be varied while others would be held constant,
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In this initial modealing attempt, the contributing factors
of )¢ have been reviewed. The dependent ones were determined and
grouped into a single Cj factor.

As a result, only the basic cyclic failure rate and five
modifying factors remain. The initial A model, its terms, and
derivation are:

n=5
AC - XCB iEl Ci (Equation 2.3.1-1)
or AC = Aca CQ CNC CT CTS CE (Equation 2.3.1-2)
where AC = field cyclic failure rate of part, component or system

ACB = base cyclic failure rate as related to initial
temperature state

C_. = part quality (grade or class) factor; this factor is a

Q function of the manufacturing process and subsequent
controls imposed such as Group A and B electrical tests,
special screens, or burn-in on individual parts and
components.

O
z
"

cycling rate factor; this factor is a function of the
C expected cycling rate (normally expressed as cycles per

hour); the cycling rate can be estimated for a given
system as:

N = N

tSL

that is, the total number of actual or anticipated power
on-off cycles that will occur on that item during its
entire gservice life expressed in hours. This factor
xepresents all non-temperature related effects such as
mechanical shock, wear, vibration, material fatigue,
creep, or other cyclic indiced stresses,
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C = temperature effect factor; this is a complex factor
comprised of several sub-factors which are dependent:

1 1Initial temperature state

< Applied electrical energy versus part derating
with resultant thermal stresses

3 Thermal lags at turn-on and at turn-off
4 Temperature stabilization state (time to and time
at)
5 Residual temperature effects (a function of time between

cycles),

Refer to Figure 2.3-1 and related discussion_for a more
detailed explanation.

CTS = transient suppression factor; this factor is a functiocn
of the degree to which transient suppression circuitry
and design have been provided to eliminaze or reduce
damaging voltage or current transients at power turn-on
or turn-off. These transients may either be line
conducted or induced by internal or external sources,

C = environmental mode factor; this factor is an adjustment
factor for the various environments in which power on-
cff cycling occurs,

The subfactors of Cp are sometimes dependent and sometimes
independent of one another. This can be better understood by scudying
Figure 2.3-1, This figure shows the initial temperatures state (T;) as
room ambient in the pcwer-off condition., When the power is turned on,
the internal temperature rises at a rate dependent on applied power,
part derating and packaging, etc. The temperature rises until it
reaches a stabilized temperature (Tg) at time tm) providing that
tml > tg. When power is turned off, the internal temperature decreases
at a rate dependent on heat dissipation paths. The temperature decreases
until it again reaches room ambient at time tm) providing th < tp.

The terms tm; and tm, are thermal lag times and their values are
contingent upon energy levels, part derating, equipment configuration
(density, heat sinks, construction, etc,), and ancillary cooling. The
interdependency of the C,r factor contributors can now be readily

seen.
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Stabilized —
Temperature('l‘s A

Temperature (TI)

Power Off and Initial‘ * !

NOTES:
~————Energy Profile for Power On-Off Cycle
= = =Temperature Profile for Power On-Off Cycle

AE = Energy Change (Power Off to Power On or Vice Versa)

&T = 'I‘S-T1 = Maximum Temperature Change

-

ft > t. , then ful} A.r is not realized and this reduces
m; - E

temperature effect.

1f tmq > ty then residual temperature effects increase

temperature effect.

Figure 2.3-1 (eneral Diagram of Contributors to the Tempeiature

Effect Factor C,r During Power Cn-0ff Cycling
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The raw power on-off cycling data have been used to derive pre- 2
liminary quality improvement factors, C, values for the power on-off :
cycling environment. These values are shown in Table 2,3-) and relate to
the amount of improvement which can be expected in going from Military
Standard to high reliability quality levels.

For example, the cycling failure rate of & high reliability tyge
integrated circuit is expected to be 1/14,800 that of a zomparable Military
Standard device. The overall factor for electronic parts appears to be
about 1/3,300. 1In studying the table, it can be observed that screening . B
and burn-in on integrated circuits and transistors are much more effective -4
in removing parts with inherent weakness to cycling effects than is the e
case with resistors, diodes and magnetics. Temperature cycling is well
known to be a beneficial screen for microelectronics and transistors. The
reason fcr snis efficiency can pbe related to the thermal environment which
1s a major contributor to power on-off cycling failures.

TRBLE 2.3-T

'Estimated\Yalues of CQ'for Various Part Types 5

<,
Part Tyre Military Standard to High Reliability*
Integrated circuits 14,800 to 1 ;%
Transistors 4,200 to 1 *;
Capacitors 1,500 to 1 2
Resistors 700 to 1 3
Diodes 500 to 1 E
Inductive devices 10C to 1 3
Average CQ (total experience) 3,300 to 1
| *Normalized to high reliability value for same part type %ﬁ.
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Another factor for A- is Cp. Almost all the usable data
collected and analyzed came from laboratcry conditions. This fact
precluded determining Cp values from the power on-off cycling data;
instead, Cp values have been derived from energized experience and
assumed to be applicable to power on-off cycling. Table 2.3-I1
ﬁ presents the CE values for various environments,

TABLE 2.3-II

Estimated Values of CE for Various Environments

(These modifiers apply only to the cyclic part failure rate. If
an overall part failure rate including dormancy and operating
is to be determined, then caution must be exercised not to

- c——  ——

E double count environmental effects.)
] :
E Environment CE
! E Satellite 0.1
t Laboratory \ 1.0
? Ground, Fixed 5.0 t
: ! Ground, Mobile 7.5
) Aircraft, Manned 6.5
i Aircraft, Unmanned 15.0
E Missile, Checkout 5.0
; Missile, Flight 25.0
% Missile, Ground Launch* SO - 100*
L Missile, Airborne Launch* 100 - 1000*
Shipboard, surface -
Shipboard, Submarine 10.0

* These Cp values apply only to the first few seconds

of missile launch, Missile flight CE then becomes 25.0. i
i
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In addition to the cyclic failure rate model, laboratory cyclic
failure rates and a failure rate table (Tables 2.3-III and 2.3-IV) have
been constructed. The former table is on microelectronic devices and the
latter on high reliability parts. Both tables apply only to electronic
systems in a laboratory environment, having a cyclic rate of 6 cycles or ;
less per 24 hours, having the cycle on time one hour or longer, having the :
time between cyc:es one hour or longer, having an average part derating of :
50 percent or greater, and having transient suppression circuitry designed
in the equipment.

The service life model (Refer to Section 5.0 Reliability Models)
which has been developed reflects the effects of power on-off cycling on |
equipment reliability along with the other service life conditions usually
experienced by equipments: dormancy and the fully energized state. The
model adds a new dimension to trade-off studies involving periodic testing. ) -
Without the effects of cycling taken into account, reliability predictions ! -
can be overly optimistic. Of course the degree of optimism is dependent |
upon the cyclic rate and related cyclic characteristics. In addition, the
service life model is a valuable tool for determining logistics require-
ments. More accurate failure data on specific part types and quantities
can be obtained as a result of including cyclic failure rates.

The incidence of power on-off cycling has been correlated to
othe: states such as dormancy and normally energized. This correlation is
in the form of ratios of the cyclic failure rates to those of dormancy and
energiced. Table 2.3-V is the first such attempt at developing and rank-
ing these factors. By the use of these factors, it is now possible to
estimate how much more stressful the cyclic state is when compared to the
dormant state for similar electronic devices in identical power on-off
cycling conditions. BAnalysis of this data indicates that on the system
level a single power on-off cycle is between 1 and 375 times more stressful
or effective in causing failures than one hour of dormant time. This wide
range demonstrates just how great an effect cycling can have on equipment
reliability. In contrast to this, the ratio cf energized to dormant failure
rate was between 40 and 100, depending upon the part and component mix
within the system.

Correlation of powcr cn-off cycling failure incidence with
environmental application or with equipment type was thwarted. This was
due to the fact that almost all ot the validated power turn-on and power
turn-off failures came {rom miss:ile electreonic systems in a laboratory
environment.
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TABLE 2,3-111

Catastrophic Cyclic Failure Rates (A¢) For
Microelectronic Devices

1. Eavironment - equipment laboratory operation & satellite
2. Cyclic Rate - 6 cycles (or less) per 24 hours

3. Time On sufficient for temperature stabilization
4, Derating = 50 percent or greater on voltage

Military - Steandard - 883 Nen

MIL~-STD-
Class A Clage B Class C 883

30,000

3
;
3
:
]
1
?

.20,000 Hybrid IC (Thin) =
15,000

10, 000 Hybrid IC (Thick):

7,000

i e ol 2

5,000

3,000 Linear I ————

2,000

1,500

1,000 Digital IC
700

500

300

200 Hybrid IC (Thin)

P

100 Bybrid IC (Thick)

Catastrophic Cyclic Failure Rates (failures/billion part-cycles)

70

50 Linear IC

30
20

Bl e e g
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TABLE 2,311
(continued)

15.0 Digital IC
10.0

@

2 .0

(9]

o

v s.0

dd

| 9]

a2 3.0

[~

S 2.0

o—

o

2 1.5

L

-]

¥ 1.0

=]

L]

= 0.70

ol

o 0.50

[

&

& 0.30 Hybrid 1C (Thin)

[ ]

5 0.20 Hybrid IC (Thick) .

;:: -

= 0.15

(9]

= 0.10

[3)

o

©  0.070 FHybrid IC <+ Linear IC

9 (Thin)

4. 0.050 FHybrid IC

o (Thick)

E 0.030 pLinear IC — Digital IC

ot

8 o0.020

0.015 F-Digital IC

0.010

Class A -

Class B -

Class C -

Devices intended for use where maintenance and replacement
are extremely difficult or impossible, and reliability is
imperative.

Devices intended for use where maintenance and replacement
can be performed, but are difficult and expeusive, and where
reliability is imperatcive.

Devices intended for use where maintenance and replacement
can be readily accomplished and down time 1is not & critical
facror.

Non MIL-STD-883 - Devices are not intended for military application, but data
has been included for information purposes only.
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TABLE 2.3-IV

Catastrophic Cyclic Failure Rates (Ac) For High
Reliability Parts and Components*

1. Environment - equipment laboratory operation & satellite
2. Cyclic rate - &6 cycles (or less) per 24 hours

3. Time on - sufficient for cemperature stabilization

4. Derating - 50 percent or greater on electronic devices

$0.00 B Transformers 500000
20.00 200000
|_Transistors, silicen,

10.00 (high power) - 100000

5.00 50000

3.00 30000

Motors
2.00 20000 -Switches
1.00 10000 jLamps, incandescent ———f !

0.50 _Transxstors , 8ilicon

(medium power) S000 pCrystals

0.30 3000

0.20 2000 fLamps, electroluminescent——
Transistors, silicon, Relays

0.10 (low power) — 1000 .- zitors T
Capacitors pa ey

0.0SM Diodes 500

0.03- Resistors 300

0.02 200 rLight emitting diodes (LEDNH

0.01 100 *Capacitor, tantalum, solidJ

Catastrophic Cyclic Pailure Rate (failures/billion part-cycles)

*Note: An estimate of )¢ values for Militarvy Standard parts and
components under similar environmental, cyclic rate,
duty cycle, and derating conditions can be made by apply-

T
o ¥

ing the appropriate C, values of Table 2.3-1 to the i
values shown in this Table.
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1000
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= 500
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a 200
e
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P} 50
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TABLE 2,3-V

KC/D Ratios for High Reliability Parts and Comp

Carbon composition

1. Eavironment - equipment laboratory operation
2, Cyclic rate - 6 cycles (or less) per 24 houre
3. Time on = sufficient for temperature stabi
&, Derating = 50 percent or greater on devices
Resistors Semiconductors
and and Transformers
Resistive Microelectronic and
Devices Capacitors Devices Inductors
1 2 3 4
Trangsformers
Hybrid IC (thin film)
Tantalum, wet, foil|{High power transistor
{Tantalum, wet, slug[iHybrid IC (thick film)
”Heaters
Thermostats Tantalum, solid - LR.P. choke i
Thernestacs -{ml“ ——1-High power diode .F. s and coils
Tewperature sensing
Zener diode
ariable Polystyrene Light emitting diode _{Reactors and inductors
irewound Metal film Monolithic IC, linear Magnetic memory cores
L Carbon Film Monolithic IC, digital
Medium power trgnsistoﬁ
Metal filwm Glass Low power transistor
|\Tin oxide Ceramic Medium power diode

Low power diode
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TABLE 2,3-V

m Ratios for High Reliability Parts and Components®

avironment - equipment laboratory operation

pclic rate = 6 cycles (or less) per 24 hours

Lae on - sufficient for temperature gtabilization

prating « 50 percent or greater on devices in columns 1, 2, and 3

Seniconductors
snd Transformers Electromechanical

Microelectronic and and Rotating

Devices Inductors Devices Blectrical
3 4 5 6
Transformers
irdd IC (thin £ilm) Switches
:h power transistor Relays

rid IC (thick film)

b pover diode ———m—

er diode
ht emitting diode
olithic IC, linear

olithic 1C, digital

LR.F. chokes and coils =

— Reactors and inductors

Magnetic memory cores

Servo motors

|

-{Gyros , integrating

Resolvers
Torquer motors
Blower motors

Counters
Slip rings

4un power transiston

power transistor

Pulsed integrating-—
pendulum

‘{Coupl ings**

Lamps, electrolumines <

{Lamps. incandescent
Fuses

~Lamps, annuncilator —i

——t————

Connectors**
Connector pinsg**

dun power diode

powver diode

2000

1000

500

200

100

50

20

10

connection

*#*per
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Available failure mode and mechanism data indicate an over-
whelning tendency of power on-off cycling to induce failures in the open
mode. Approximately 90 percent of the failures analyzed were opens. The
reason for this high percentage can be attributed to expansion and con-
traction effects which take place when devices are energized and de-
energized. Improper welds, defective solder joints, nicked fine wire,
and marginal structural assemblies can fail when subjected to this environ-
ment. In many cases the malfunctions which occurred can be tied back to

improper process control during manufacturing, a situation which may never
be completely corrected.

Power on-off cycling appears to be particularly effective in
precipitating poor conductivity fault points in a system. This is illug-
trated by on-off cycling failures detected in transformers with opens,
breaks, fractures, o: bad solder joints; in switches with poor solder joints;
in capacitors with bad internal welds and solder joints; and in a tachom-
eter-generator with a poor solder connection. Although thermal cycling
is often used as a screen to detect defects such as those described for
transformers, it is possible that power cycling represents a better way to
identify potential malfunctions of this type. The reason for this is that
power cycling can induce local hot spot heating at the area where the defect

exists. The failure will then become apparent after a period of expansion
and contractiua caused by the power cycling.
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3.0 DORMANCY FAILURE RATES AND FACTORS

3.1 Introduction

The purpose and intent of the Dormancy Program has been the
collection, study, and analysis of electroni< equipment reliability
information and data related to actual dormant conditjgns. These data
have been used to supplement and update Reference 1, including development
of a prediction method for electronic equipment in a dormant state and of
quantifying dormant failure rates and factors for use in the prediction
model. No testing of electronic items has been done to obtain data, but

rather an extensive data survey and collection effort was undertaken to
locate and obtain necessary data.

The equipment studied was typical of those used to perform
electronic functions in military ground, airborne, missile, missile
shiptoard, and satellite applications. Special emphasis was given to
the area of microelectronics. In addition, some data on electrical,
electromechanical, and nonelectronic devices were available and have
been included, but no special effort was made for these categories.

Dormancy is the state wherein a device or equipment is con-
nected to a system in the normal operational configuration and expe-
riences below normal or periodic electrical and environmental stresses
for prolonged periods (up to five years or more) before being used in
a mission. Below normal electrical stresses are considered, for the
purposes of this study, to range from less than 10 percent of the
normal activation (operational) level down to and including the zero
activation level (no clectrical stress). Figure 3.1-1 illustrates. .-,

typical states of dormancy, and the time spans associated with dogxmancy

indi St ., t o, . Vo
are indicated by tDl Dg 03 etc 3

. \
The scope of this study also has been: \

Py To include effects of temperature and
humidity as well as any other environ-
mental stress that may affect reliability
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Activution

Power | ¢ Level

Normal

Exanple 1 Dormant Mode — No power

Normal

<10X Normal

Example 2 Dormant Mode - <101 Power Applied

W | m | | “e | ‘Dy
™ Normal

l’artial_1

L <102 Normal
of

— 2 €70

Example 3 Dormant Mode - With Aperiodic Cycles With

Either No Power or <10Y Normal Power Applied
During Dormancy

NOTE: Symbols are defined in Section 8.0 herein.

Figure 3.1-1 Typical Dormancy Modes (Idealized)
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To develop device failure rate and failure
mode information as a function of dormant
operating time and stresses

3 To develop a capability for predicting the
reliability of an electronic system subject
to given conditions of dormant operation

4 To develop a capability for selecting the

specific conditions of dormant operation
which promote attainment of maximum systom
reliability.

This dormancy study a:nd investigation has shown that during
periods of dormancy the reliability of military electronic equipment
is affected. Preliminary mathematical models have been developed to
quantify this effect. Corresponding dormant failure rate data, factcrs,
and terminology have been developed for use in the models. Analyses
have been performed on the data to determine average system failure
rates, various environmental and improvement factors, and dormant sSystem
reliability growth curves. To the greatest extent possible, failure
analysis results have been sought on field information related to dor-
mancy. These analyses have been summarized in ¢ discussion on failure

modes and mechanisms. A summary of the total quantity of data collected
is shown in Table 3.1-I.

There are areas remaining in which the need exists for additional
data in order to Letter estimate or validate failure rates. The primary
need is for data on state-of-the-art integrated circuits such as Medium
Scale Integration (MSI) and Large Scale Integration (LSI) devices. These
new technology part types had not been used in the dormant systems from
which data were available for this study. Most systems of any complexity
utilizing advanced designs involving MSI, LSI, and hybrids are either
still in the design stages or have not been in the field long enough to
accumulate a quantity of data sufficient tc permit the calculation of
best estimate failure rates.

3.2 Previous Work

A previous RADC study was conducted to cdetermine the effects
of dormant operating and storage conditions on electronic equipment and
parts. This study culminated in July, 1967, with report RADC-TR-&7-307
(Reference 1) which contained over 760 billion part-hours of experience.
Failure rates were given for all major electrical part types and infor-
mation on failure modes and mechanisms was included. Modeling techniques




TABLE 3.1-1

Sumnary of Dormancy Data Collected

Part Classification Part-Hours of Raw Data (x 109)
e e e T S
Military Standard 54.515
High reliability 205.463
Ultimate 16,550
Total 276,528
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wers developed to show the methods by which realistic weapon system
Aaecisions can bo made to obtain maximum nonoperating survivability.
The data and parts contained in this study are from 8 to 15 years old
and can ba conaidered obsolete with the advances in the gstate-of-the-
art in microelectronics and advanced semiconductor devices.

3.3 Part Classes and Failure Rates

Most gsources of the data collected for this contract reported
only catastrophic failuregs. The few cases in which drift failures were
reported were insufficient to allow calculation of drift failure rates
so drift failures and failure rates have not been included in the study.

Brownlee's test (see Appendix A and Reference 15) was used to
test sources within part-classes for consistency wherever sufficient
data were available. The only serious anomaly discovered concerned a
single source, and involved slightly over 2 billion part-hours of data
on Military Standard transistors. The failure rate for this data was
sicnificantly better (Brownlee's test conducted at 5 percent level)
than that for other sources involving the same part type and gquality.
In fact, the failure rates from this source were slightly better than
those in the high reliability part class. The slightly over 2 billion
part-hours involved were deleted from the study. Table 3.3.2-I reflects
this deletion.

There are three primary grades of parts referred to in this
report: Military Standard, high reliability, and ultimate. A brief
description of the tests associated with each grade is given in Table
3.3-1. The high reliability grade is most similar to the select mili-
tary standard type referred to in RADC~TR-67-307 (Reference 1). For
integrated circuits, MIL-STD-883 Class "C" is considered to be Military
Standaxd and MIL-STD-B83 Classes "A" and "B" are high reliability. Only
one source was classified in the ultimate grade, the BTL submarine cable
repeaters. As a lminimum, these parts receive a 6 month burn-in. A
complete description of the production controls and screening programs
for these devices is given in Reference 2.

3.3.1 Commercial Part Class

No data were available on parts of this class.
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TABLE 3.3-!(
Description of Electzonic Part Classirications
Associated Testing Typical Using
Part Classification and Screening Project
1 Military Standard Group » Erivironmental Proof Tests Pershing ~
Group B Electrical Tests
2 High Faliability Class 1, Selected Vendor, Serializing, SPRINT
1000 Receiving Inspection, 1008 Burn~-in Minuteman Il & III
3 Ultimate Class 2, 1000 Extended Burn-in, Bell System
Parameter Drift Screening, Stringent Underaea
Quality Inspections Cable Repeater-
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3.3.2 Military Standard Part Class §
Over 54 billion part hours of experience and 167 catastrophic :
g failures were collected for this part class. This was sufficient to Z
; allow calculation of best estimates of failure rates for high usage E
) parts. Additional experience is still needed for calculation of failure H
: rates for low usage parts.
] Military Standard 883, Class C integrated circuits were included
E in this class of parts. 3
: E %
4 E These data are presented in Table 3.3.2-I. §
;
P 9 7
: E 3.3.3 High Reliability Part Class z
% Over 205 billion part hours of experience and 84 failures were ; .
i collected for this part class. Failure rates were calculated for many H .
4 3 high usage parts, but additional experience is needed to establish fail- :
. E ure rates for remaining categories. § 4

Military Standard 883 Class A and Class B integrated circuits
were included in this class.

Nk

These data are presented in Table 3.3.3-I.

3.3.4 Jltimate Reliability Parts

T S Wy TNETIE S g e
y

o -

Bell Telephone Laburatories contributed 16.5 billion part hours
of data on components intended for use in undersea cables. These parts
were subjected to ext:iemely rigorous screening techiniques including a
4500 hour burn-in. Comparison of this data with that of the high relia-
bility part class indicated that the Bell data had a considerably lower
failure rate and, therefore, should be segregated.

T I DTS

PR WO SV S

RYL T

No failures were observed for these data; therefore, best 23
estimatzs of the upper failure rate limit were calculated assuming i 5
one failure. These have been included in this report as an indication i
of the part reliability which can be obtained if screening procedures f
approaching the ultimate are utilized. : 2

S -
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These data are presented in Table 3.3.4-I.
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TABLE 3.3.2-I

Observed Dormancy Failure Data, Military Standard Parts

! tD FD AD -
Fail- Failure Rate
Part Type Part-Hours (x10) ures {Per Billion Hours) -
Antennas and -
Peripheral Equip. 4.260 0 <234.74 o
Antennas 0.610 0 <1639.34
Attenuators 0.610 0 <1639.34
Circulators,
Four Port 1.010 0 <990.10
Couplers, Antenna 1.220 0 <819.67
Couplers, Directional 0.810 o <1234.57
Capacitors 10876.852 18 1.65
General Class 9406.075 11 1.17
. Ceramic 729,386 3 4.11
) Chip 18. 301 o <54.64
Glass 4,554 0 <219.59
Metalized Paper 329.000 2 6.08
. Mica 296.573 0 <3,37
: Mylar 0.109 ) <9174.31
' Tantalum, Foil 7.698 0 <129.90
Tantalum, Slug, Wet 0.843 2 2372.48
Variable, Trimmer,
Piston B4.313 0 <11.86
Filters 26.586 1 37.61
Ceramic, Bandpass 0.126 0 <7936.51
Ceramic, Feed-Through 0.378 1 2645.50 B
Transmittal 0.378 0 <2645.50 3
RC, Low Pass 25.704 0 <38.90
Flight Instruments,
Missile 264.000 25 94.70
Fuses 1.500 (o} <666.67

okl b L




TMLE 3-3-2-1

(continued)
tD FD AD
Fail- Failure Rate
Part Type Part-Hours (x10) ures (Per Billion Hours)
Inductive Devices 6.174 0 <161.97
Chokes 0.756 (| <1322.75
Coils, RF 5.418 0 <184.57
Inertial Guidance Devices 1.008 0 <992.06
Accelerometers 0.378 0 <2645 .50
Angular 0.252 0 <€3968.25
Linear 0.126 0 <7936.51
Gyros, Rate 0.630 0] <1587.30
Microwave Devices,

Isolator 0.126 0 <7936.00
Relays . 472,000 18 38.14
Resistors 31992.482 17 0.53

General Class 23097.618 11 0.48
Carbon Composition 4652.000 0 <0.21
Carbon Film 6.134 0 <163.03
Metal Film 3290.034 0 <0.3C
Thermistor 95.284 3 31.48
Wirewound 840.846 2 2.38
General Class 135.547 0 <7.38
Power 376.299 2 S5.31
Precision 329.000 (o] <3.04
Variable 10.566 1 94.64
Semiconductors 10351.900 65 6.28
Diodes 6871.000 4] 5.97
General Class 6036.000 41 6.79
Low Power 228.C00 0 <4.39
Zener 607.000 0 <1.63
Integrated Circuits,
Class C 1952.900 8 4.10
Digital 1952.900 8 4.10
Transistors,Silicon 1528.000 16 10.47
Surge Arrestors,

Sparkgap 7.290 <137.17
Transformers 509.000 17.68
Tubes 1.017 14 137€5.98
Valves, Hydraulic, Servo 0.756 0 <1322.75

Total 54,514.951 167 3.06

w— .
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TABLE 3.3.3-1

Observed Dormancy Failure Data, High Reliability Parts

t

D
Part Type Part-Hours {(x10)
Batteries,Silver-Zinc 0.200
Capacitors 13295, 384
General Class 4165.800
Aluminum Electro-
lytic 6.080
Ceramic 3103.041
Feed Through 11.551
Glass 294.843 °
Metallic Film 2.200
Mica 354.207
Mica, Dipped 8.820
Mica, Reconstituted 0.410
Paper 18.645
Plastic 30.222
Polycarbon Film 23,728
Polystyrene 9.500
Tantalum, Gen Class 2612.092
Tantalum, Foil 144.782
Tantalum, Solid 2029.836
Tantalum, Wet 430.093
Teflon 0.376
variable, Air 40.630
Variable, Ceramic 0.322
variable, Glass 8,206
Connective Devices 91158.575
Connectors 800.975
Pins 55437.600
soldered Connec-
tions 34920.000
Crystals 20.065
Electromechanical
Devices 23.720
Counters 1.400
Fans 1.020
Axial 0.610
Centrifugal 0.410
Motors 6.600
Blower 1.500

3-10
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Fail-
ures
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Failure Rate
(Per Billion Hours)

<5000.00

1.13
0.48

<164.47
0.64
<B6.57
<3.39
<454.55
2.82
<113.38
<2433.02
<53.63
33.09
42.14
<105.26
0.77
<6.91
0.43
9.30
<2659.57
24.61
<3105.59
<121.86

0.0l
1.25
<0.02

<0.03
<49.84

<42.16
<714.29
<980. 39
<1639.34
<2439.02
<151.52
<666.70
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TABLE 3.3.3-I

{(continued)
tD l’l) XD
6 Fail- Failure Rate
Part Type Part-Hours (x10) ures (Per Billion Hours)
DC 0.200 0 <5000.00
Servo 1.900 0 <526.32
Torque 3.000 (o} <333.33
Resolvers 8.800 0 <113.64
Sli‘ Rings $.900 0 <169.49
Filters 98.532 ] <10.15
General Class 88.488 0 <11.30
EMI 10.044 0 <99.56
Fuses 1.500 (o} <666 .67
Heaters 1.900 0 <526.32
Inductive Devices 655.527 (o] <1.53
Chokes 9.437 0 <105.97
Coils 364.981 o <2.74
General Class 79.181 0 <12.63
Radio Frequency 285.800 0 <3.50
Delay Lines 0.752 0 <1329.79
Inductors 261.557 0 <3.82
Reactors 18.800 (] <53.19
Inertial Guidance 5.220 8 1532.57
Devices

Accelerometers 2.610 6 2298.85
General Class 0.410 0 <2439.02

Pulsed Integrating
Pendulum 2.200 6 2727.27
Gyros 2.610 2 766.28
General Class 0.410 0 <2439.02

Inertial Reference,
Integrating 2.200 2 909.0%
Lamps 37.500 2 $3.33
Annunciator 0.700 0 <1428.27
Electroluminescent 27.300 1 36.6)
Incandescent 9.500 1 10S5.26
Oscillator / Isolator 0.200 0 <$000.00
Magnetic Cores 24771.000 0 .04
Relays 567.905 10 17.61

3-11
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TABLE 3.3,3-1

. (continued)
| % Po *p
: 6 Fail- Failure Rate
Part Type Part-Hours (x10°) ures (Per Billion Hours)
Resistors 32518.917 2 0.06 e
General Class 4757.200 (o] <0.21 2
Carbon Composi- 5
tion 6896. 740 0 <0,14 47;;;
Carbon Film 107.934 0 <9.26 E
Metal Film 12533.498 1 0.08
Thermal 1.925 0 <519.48
Thermistor 4.578 0 <218.44 3
Tin Oxide 4655.400 0 <0.21 -
Wirewound 3499.183 0 <0.29 I -
General 601.582 0 <1.67 B -
Power 2108.571 0 <0.47
Precision 788.020 0 <1.27
Heater Element 1.010 0 <990.10 B 3
Variable 62.459 1 16.01
General Class 36.898 0 <27.10
Film 23.300 1 42.92
Plastic 0.756 0 <1322.75
Wirewound 1.505% (o] <664.45
Semiconductors 38573.832 33 0.86
Diodes 18761.312 7 0.37
General Class 9415.329 3 0.32
Low Power 7605.035 3 0.39 E
Medium Power ©94.435 0 <1l.44
High Power 133.321 0 <7.50 3
: Micro 11.364 0 <83.00 i
: Tunnel 1.912 0 <523,01 3
: Varactor 1.913 0 <522.74
: Zener 898.003 1l 1.11
: Integrated Circuits 9027.236 14 1.55
i Class A 5863.736 6 1.02
! Digital 5328.202 5 0.94
| Linear 535.534 1 1.87
i Class B 3120.254 7 2.24
J General Class 615.000 c <1.63 B
l Digital 2269.720 5 2.20
: Linear 235.534 2 8.49
: Hybrid Class B 5
(thin film) 43.246 1 23.12
i Silicon Controlled 57.606C G <17.36

Rectifiers
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TABLE 3.3.3-1

(continued).
% 5 *
Fail- Failure Rate
Part Type Part-Hours (x10°) ures (Fer Billion Hours)
Transistors,

Silicon 10662.041 12 1.13
General Class 3146.791 3 0.95
Low Power 5482.804 6 1.09
General Category 1761.401 1 0.57
NPN : 3035.643 4 1.32
PNP 685.760 1 1.46
Medium Power 523.933 0 <1.91
General Class 86.000 0 <11.63
NPN 249.326 0 <4.01
PNP 188.607 0 <5.30
High Power 1435.810 3 2.09
General Class 192.663 1l 5.19
NPN 791.156 2 2.53
PNP 451.991 0 <2,21
Field Effect 71.674 0 <13.95
Unijunction 1.027 0 <973.71
Transistors, Germanium 65.637 0 <15.24
Low Power, NPN 20.834 o] <48.00
Low Power, PNP 44.203 0 <z22.32
Solar Cells 748.583 8 10.69
Switches 50.951 2 39.25
General Class 32.100 0 <31.15
Electronic 1.220 0 <819.67
Humidity Control 0.410 0 <2439.02
Indicator Light 1l.220 0 <819.67
Inertial 0.410 0 <2439.02
Micro 4.226 0 <236.63
Pressure 0.610 0 <1639.34
RF 0.956 0 <1046.03
RF,Ferrite 0.139 0 <7194.24
Stepping 5.000 2 400.00
Thermostatic 3.650 0 <273.97
Toggle 1.010 0 <990.10
Temperature Sensors 0.200 0 <5000.00
Thermostats 3.724 0 <268.53
Transformers 2928.309 3 1.02
General Class 1987.016 1 0.50
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TABLE 3.30 3-1

(continued)
% b *p
Fail-~ Failure Rate

Part Type Part-Hours (x10°) ures (Per Billion Hours)
Audio Frequency €32.810 2 3.16
High Voltage 6.651 0 <150.34
Low Voltage 1.319 0 <758.15
Power 83.028 0 <12.04
Mlge 9.514 0 <105.11
Radio Frequency 207.71 0 <4.81
Saturable 0.200 0 <5000.00
Tubes, Sprytron 0.410 0 <2439.02
Vvideo Signal Detectors 0.€10 0 <1639.34
Total 205,462,764 84 0.41




TABLE 3.3.4-1

Observed Dormancy PFailure Data, Ultimate Reliability Parts
% » b
6 Fail- Failure Rate
Part Type Part-Hours (x10) ures (Per Billion Hours)
l .
Resistors 5330.0 (o] <0.19
Carbon Composition 1220.0 0 <0.82
Vitreous Enamel 210.0 0 <4.76
Wirewound 4000.0 0 <0.25
Capacitors 6320.0 0 <0.16
Mica 3600.0 0 <0,28
Paper 1880.0 (o] <0.53 '
Polystyrene 840.0 0 <1.20 i
Inductors 4350.0 (o] <0,20
Trans formers 550.0 0 <1.82
Total 16550.,0 (o} <0.06
i
{
[
t '
? i
§
|
€
3
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3.4 Microelectronics

Bacause of the current interest in microelectronics by both
industry and government, a detailed discussion of the data collected
on this part class is included.

Nearly 11 billion part-hours of data accumulated from field
experience have been collected from user sources. Failure rates were
calculated for most part classes. This data is presented in Table
3.4-1. .

Table 3.4-II1 presents the user failure rates for digital and
linear integrated circuits normalized in each case to the observed
value for Class A screened parts. For digital devices, moving from
screening Class B to A or from C to B halves the average failure rate.
For linear devices moving from screening Class B to A quarters the
average failure rate. No factor was calculated for linear Class C
since data were not available. It should be noted that these factors
are not intended to apply tc specific microelectronic devices, but to
indicate the average trend in reliability improvement which could
be achieved by tightening screening procedures.

3.5 Factors
3.5.1 Storage Versus Dormancy

Preliminary examination of storage and dormuncy data led to
the tentative conclusion that part failure rates were substantially

the same for both environments. A subsequent statistical analysis of
the data confirmed this conclusion.

3-16
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£ TABLE 3.4-I -
3
: Dormant Integrated Circuit User Data Summary
. s *p )
B D 6 Fail- Failure Rate
: ! Part Type Part-Hours (x10) ure (Per Billion Hours)
' Class A 5863.736 3 1.02 :
i Digital 5328.202 5 0.94 ?
i Linear $35.534 1 1.87 ﬁ ;
Z Class B 3120.254 7 2.24 .
General Class 615.000 0 <1.63 : :
Digital 2269.7°0 5 2.20 ! 3
Linear 235.534 2 8.49 i
! Class C, Digital 1952.900 8 4.10 ) .
; » i
: Total 10936.490 21 1.92 ‘
.i
é

NOTE: Class A and Class B parts are high reliability.
Class C parts are Military Standard.

3-17
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TABLE 3.4-1I

Failure Rate Factors for Digital and Linear
Integrated Circuits by Classes A, B, and C of MIL-STD-883

!
Integrated Reliability
Circuit Type Class

Digital
Class A
Class B
Class C

Linear
Class A
Class B
Class C

t
D

Part-Hours

5328.202
2269.720
1952.900

$35.534
235.534
9]

Failure Rate
Pactors

1.0*
2.3*
4.4+

®
L 3.

-ty —— - = e

Normalized to Class A, Digital
Normalized to Class A, Linear

3-18
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Brownlee's test (refer to Appendix A and Reference 15) for
the comparison of two Poisson distributed observations was used to
determine if a significant difference existed between the storage and
dormancy failure rates.

The initial intent was to perform this test for each individual
part type. This approach could not be used because so many part types
exhibited no failures for one or both environments (Brownlee's test
requires at least one failure from each population). Sufficient data
to perform these tests were available for seven part classifications.

These a§e listed in Table 3.5.1-I with their dormant and storage failure
rateg, -gtatistic calculated using Brownlee's teat, degrees of freedom for
the F-gtatistic, and the rejection value. The null hypothesis of equal
failure rates for the dormant and storage modes cannot be rejected for any
of these classifications at the 5 percent significance level.

Failing to reject the hypothesis of equality is not the same
as accepting it. A real difference could exist between the two popula-
tions, yet its magnitude might be so small that more data is needed to
reveal it. In this case, any real difference is judged tc be so slight
that it can safely be concluded that no significant difference exists.
For this reason dormancy and storage data have been combined for all
analyses in this report.

3.5.2 Environmental

Because environment has a pronounced effect upon operating
failure rates, an attempt has reen made to determine the extent to
which dormant failure rates are affected by various environmental
conditions.

3.5.2.1 Temperature and Humidity

Excluding satellite data, greater than 85 percent of the data
collected from equipment users have been accumulated in a controlled
environment such that temperature and humidity were maintained relatively
constant. Therefore, the average temperature range associated with
these data is 75 ¢ 10°F. Likewise, the avérage humidity experienced by
the equipments is estimated to be 60 $*1S5S percent. Because of the
limited temperature and humidity ranges in most of the data, no pro-
nounced differences in the dormant catastrophic failure rates can be
identified. This is true for both Military Standard parts as well as
high reliability parts.
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3.5.2.2 Location, Transportation, and Handling Factors

The collected data represent several different location environ-
ments which can be categorized for the purpose of deriving numerical
location mode factors. Eleven major systems comprised of high relia-
bility parts have been used to obtain the factors shown in Table 3.5.z-I,
As depicted by the table, there are significant differences among the
four location environments. To make the comparison, only the five primary
part classes common to most systems were used: resistors, capacitors,
diodes, transistors, and integrated circuits.

The location mode factors in Table 3.5.2-1 have been normalized
to the environment consisting of equipment in containers in a controlled
environment. Almost without exception, the containers used are the type
with internal environmental controls for temperature and humidity. 1In
situations where the controls in the containers were not used, they were
located inside an environmentally controlled facility. This environ-
ment is the closest to what might be termed a laboratcry environment.

The satellite and submarine modes are self explanatory. The
remaining mode consists of equipments which were not in a protective
container, but were located in a facility with a controlled environment.

The location factors were calculated by combining the failure
rates of all the electronic parts in each mode and determining the ratio
of the total failure rate of each mode to the normalizing mode. Thus,
the factor of the mcde to which each other mode is normalized is unity.
The location fsctors in Table 3.5.2-I include transportaticn and handling
effects incidental to each mode. It should be noted that the factors
given in this section are not intended as multipliers for the doyrmancy

part failure rates shown in this report, but rather are intended as
severity indicators.

The location mode factors shown in Table 3.5.2-I may be divided
into their passive component f{resistors and capacitors) and active com-
ponent (transistors, dicdes, and integrated circuits) constituents.
Jsing the same data, Table 3.5.2-II has been developed showing these
factors. As to be expected. the passive component factors are signjf-
icantly less than those for the active components. The factors were
obtained by the same methods used for Table 3.5.2-1I.
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TABLE 3.5.2-1I

Normalized Dormancy Location Mode Factors for i
High Reliability Electronic Parts*

(tD)
Dormant Location Mode Part Hours of
Environment Factor Experience (x107)
Satellite 0.3 25.95 ]
Ground - Inside container i
in controlled environ- 1.0 45.48
ment

e e Al i ¢ ) e LA 1 )l i L

Ground - No container in
controlled environment 3.3 4.22

Submarine 9.8 3.95

* Pparts consist of resistors, capacitors, diodes, transistors, and IC's

[
.
b 8 b i i ., i
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TABLE 3.5.2-II

Normalized Dormancy Location Mode Factors for
Passive and Active High Reliability Electronic Parts

Location Mode Factor |

DT S [ IS AT T 2 R PRTIS N P9

Dormant Passive Parts Active Parts :
Envi-onment (Resistors and (Semiconductors and |
Capacitors) Microelectronics) ;
L===============================::———-—~— ————— | !
i

Satellite 0.2* 0.5 ;

Ground - Inside container

é in controlled environ- 1.0 1.0 ?
3 ment

E'. Ground - No container in :
: i controlled environ- 1.9 5.0 i
;! ment :
P Submarine 7.4 13.1 '

v

* One failure was assumed to obtain this factor

W T T, R T 4T T TR e A
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3.6 Failure Rate Tables

3.6.1 Microelectronic Devices

The data in Table 3.6.1-1 were available for
of Table 3.6.1-11, Catastrophic Dormant Failure Rates for Microelectronic

the construction

Devices,
TABLE 3.6.1-1
Dormancy Data Available to Construct Microelectronic
Device Failure Rate Chart
t XD
D F Failure Rate
Microcelectronic Dormancy D -9
Device Experience Number of x10
By Class A, B, or C Part-Hours x10 Failures (fits)
Integrated Circuits
Class A
Digital 5328.202 S 0.94
Linear 535.534 1 1.87
Class B
Digital 2269.720 5 2.20
Linear 235.534 2 8.49
Hybrid(Thin Film) 43.246 1 23.12
Class C
Digital 1952.900 8 4.10

Table 3.6.1-I1 values of 1 and 2 fits chosen for Class A mono-

lithic integrated circuits seem obvious.
fits are also fairly ~bvicus - the rate of 8.49 fits being just closer to

The Class B values of 2 and 7

7 than to 10. The va.ue of 5 fits for Class C Digital was also chosen
because 4.1 1s closer to 5 than to 3 faits.

3-24
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TABLE 3.6.1-11
i Catastrophic Dormant Failure Rates (Ap) for Microelectronic Devices
-3
.3 Military - Standard - 883
Class A Class B Class C
~ 100.0
i o
3
o]
T :
& 10.0 Hybrid IC (Thin Film) = ;
& {
c
s 50.0 Hybrid IC (Thick Film) 4
-
2 306.0
w
Q@
|
2 |
= 20.0 Hybrid IC (Thin pilm)-T-Monolithic IC, Linear A !
o) !
o !
@ 15.0 Hybrid IC (Thick Film) :
E; _
S 10.0 |
3 i
- i
-~ |
i &8 :
o 7.0 Monolithic IC, Linear !
-
2 5.0 rHybrid IC (Thin Film lMonolithic IC, Digital < i
¢ o
& 3.0 Hybrid IC (Thick Film) !
u i
g ! k-
© : g
= 2.0} Monolithic IC, Linear—Monolithic IC, Digital ;
3 |
1.0l Monolithic IC, Digita 3
Class A - Devices intended for use where maintenance and replacement P
are extremely difficult or impossible, and reliability is - g
imperative. ; A

: Class B -~ Devices intended for use where maintenance and replacement

) can be performed, but are difficult and cxpensive, and
where reliability is imperative.

Class C - Devices intended for use where maintenance and replacemont
can be readily accomplished and down time is not a critical
factor. :

R
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The value of 20 fits chosen for Class C linear integrated cir-
cuits (IC's) was based on rank ordering. By clserving Class A, a ratio
can be seen of two to one worse failure rate for linear compared with
digital IC's and three and a half to one for Class B; a ratio of four
fits to one would, therefore, not be unexpected for Class C.

e

o

It should be noted that there is only one data point for hybrid
IC's - that for Class B (thin film) set at 20 fits in the table. Rank
ordering (See Section 7.0, Glossary) has been used for placing the other
hybrids in the table, also realizing the number of failure mechanisms
listed for monriclithic IC's is about 45. The number of failure mechanisms
listed for hyb: id (thick film) includes the 45 for monolithic IC's plus )
about 33 more or 78 total. The known mechanisms for hybrid (thin film) :
; totdl twenty-nine more of which the most significant are electrolytic cor-
: rosion, m-gration, etc. The thin film hybrid is, therefore, regarded as
somewhat more prone to failure than the thick film hybrid and the latter
is set at 15 fits.

"R RT3 P U PR |

o —

sl

P

In Class A the ratio of hybrid (thick film) to the monolithic

digital has been set at 3 to 1 rather than 7.5 to 1 as found in Class
B. These factors tend to narrow down in the better grades and widen :
with the less reliable grades, which is why the hybrid (thick film)

: in Class C is set at 50. The hybrid IC's (thin film) are set at the

. next level hiuner than the thick film in all three classes in keeping
with the judgment that they are somewhat less reliable than thick film
because they are subject to a greater number of and more active type
failure mechanisns.
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3 6.2 Resistors and Capacitors

e,

A catastrophic dormant failure rate table has been constructed :
fcr resistors and capacitors of Military Standard and high reliability |
' grade {or class) of parts, Table 3.6.2-I is this table.

sl Mo il

3.6.2.1 Resistors

|
: ; The carbon composition resistor is a basic type useful for 3

f constructing a failure rate table. The accumulated Military Standard %

! experience data amount to over 4.6 billion part~hours with no failures.

; This yields a failure rate of less than 0.21 fit. Illowever, earlier

! data indicate a rate of 0.1 fit, and this value has been allowed to

; stand. Now if all the Military Standard grade data are added to the

Established Reliability data, i.e., 22.3 billion part-hours with only
one reported failure, the failure rate is about 0.05 fit. However, the
Established Reliability failure rate has been placed at 0.07 fit as a
conse:vative step.
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Catastraphic Dormant Pailura Rates (fotlures/dillion pect-tours)

1000

500

200

100

0

S0

20

20

TABLE 3.6.2-1I

Catastrophic Dormant Failure Rates “D) for Resistors and Capacitors

Rexistors

Capacitors

Nilitary Standacd

High Meliability

Wiltitaey Standard

nigh Reliability

(NIL-8TD) (B8R or Bquivslent) (MIL-3TD) (ER or Bquivalent)
1000
—Reatste
Meaterse Tentslus, wet, slug 100
Variable carboa comg,
Variasbls wir 4 leaims Llectrolytic
Varishle matal fils
[{Thatuietors
Vatistors
crisbie covamic (CV)
r.- Verioble coramic, ~—t-Alunisus Blectrolyttc——f
tubular
Variabls cerbos ceag
variable vir ]
variable metel fils
antelum, wet, slug
{Thermiotore Varisble sir Varishle ceremic (CV) 0
VarTatote aclable trimmar, glace anubh ceramic,
tubular
=Catbon {{in Tantelus, wet, foil -~ — fjlyaristle air
Mscalised wylar
Matalised pelycarbomate
N + Matalised paper =
Carhon fils foll, paper Tantalum, wvet, foil
L’:H. peper-myler
ca
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Cateastrophic Dormsnt Patlure Rates ‘fallures/biliton part-hours)

Q.7

0.3

0.3

6.2

TABLE 3.6.2-1

\Cont)

Ra<latorse

Capacihtora

Alliteiy Standare
(M1L+STD)

nigh hepiiabiiicy
(B8R o Bquivalest)

Mlitcary dcandard
(MIL-3YD)

High Rellability
(SR or Bquivalent)

- virevound . precisien

Mice

Ceramic, geners)

4. precision | Fotl, ayler
. oy

purpose

[Teatalum, eoltd

(Mataliced sylar
Matalised polycarbenste
tMataliced papet

Foll, paper

fotll, psper-sylar

—Carboa composition ———4—Natel (1lm

i * ' wir Lhu. Polycarbonste
feil, Polyectyrens
Levemic, general purpose
Tentslua, solid
4, powe Foll, mylar
v ) ' Foil, polycaronate
Poil, polystyrane
Poil, teflom
Coramic, tempervatute
Matal file - stive
Tin ozide th-ht-
GClese
Tin oride

Foil, teflon
Cotamic, temparature

Carbon composition

ating

Porcelain
Glase
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The Military Standard metal film resistor data yield a failure
rate less than 0.3 fit. This validates the failure rate determined
earlier at 0.2 fit sc it has been left standing. The tin oxide resistor
is deemed equal to the metal film resistor in the Military Standard
grade.

Data accumulated for the Established Reliability grade metal
film resistor amount to about 12.5 billion part-hours with just one
failure thus yielding a failure rate equal to 0.08 fit. This has been
set at 0.1 fit. More recent dita for the Established Reliability tin
oxide resistor indicate a failure rate less than 0.21 so this has been
placed at 0.15 - not quite as good as the metal film type in this grade.

The more recent Military Standard precision wirewound resistor
data yield a failure rate less than 3 fits. This has been set at 2
fits, considerably better than the previous 5 fits. Wirewound power
resistors are generally regarded as more reliable than the precision
type so the failure rate has been set at 1 fit despite the data which
indicates about 5 fits. This is a clear case of rank ordering and will
be seen justified in the Established Reliability grade.

The recent Established Reljability wirewound resister data for
precision and power types are of the right order yielding failure rates
of less than 1.27 and less than 0.47 fit respectively. These have been
set at 1 and 0.5 fit respectively.

The more recent data for Military Standard carbon film resistors
are not as plentiful as the earlier data. When the two sets of data are
combined, the resulting failure rate remains about S fits where it
stands. The Established Reliability grade of this resistor has a failure
rate set at 3 fits by rank ordering, and is consistent with the more
recent data yielding a2 failure rate of less than 9 fits.

The more recent data for Military Standard thermistors are con-
sidered better than previocus data so the resulting failure rate of about
30 fits has been placed on the table along with varistors. The Estab-
lished Reliability grade has been set at 10 fits by rank ordering be-
cause of too little available data.

In evaluating the data for variable resistors, it was not possible

to segregate thz data by type since then too little data wovld be avail-
able for each separate type; so data for all types were combined as being
Established Reliability grade yielding a failure rate set at 15 fits.

The Military Standard grade falilure rate is set at 50 fits by rauk order-
ing, there being insufficient data to do otherwise.
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3.6.2.2 Capacitors

Both previous and recent data for Military Standard grade
ceramic capacitors were combined for a failure rate of about 1.7 fits
based on over 1.75 billion part-hours experience with 3 failures. This
type was placed at 1.5 fits. The Established Reliability grade failure
rate has been place at 0.7 fit based on 3.1 billion part-hours data with
2 failures yielding 0.64 fit. This also satisfies rank ordering.

The Established Reliability grade of solid tantalum capacitors
has been set at a failure rate of 0.5 fit based on over 2 billion part-
hours data with one failure. The Military Standard grade was set at 1
fit based on rank ordering, no recent data being available.

In the earlier report no distinction was made between wet foil
and wet slug capacitors. When recent and previous data for the Military
Standard grade capacitore are combined, the foil type appears inherently
more reliable than the wet slug type. The Military Standard grade foil
data yields a failure rate of just over 4 fits and has beer set at 5
fits while the wet slug type is set at 100 fits based on 6 failures in
€0.460 million part-hours. The Established Reliability grade wet foil
capacitor is based on data yielding a failure rate of less than 6.9
fits and rank ordering. The Established Reliability wet slug failure
rate 1is set at 10 fits based on data yielding a failure rate of 9.3
fits. It will be seen that the data now clearly support a distinction
between wet foil and wet slug in both Military Standaxd and Established
Reliability grades.

The failure rate for the Established Reliability aluminum

electrolytic capacitors was set at 20 fits based on data yielding a failure

rate of less than 164 fits and other capacitor experience. The Military
Standard grade failure rate was set at 50 fits.

The failure rate for the Military Standard grade mica capacitor
was set at 3 fits based on data yielding a failure rate less than 3.4
fits. When the recent data are combined with the previous data, the fail-
ure rate is still ‘ess than 4 fits. The failure rate for the Established
Reliability grade has been set at 2 fits based on rank ordering even
though the data yield a failure rate of 2.8 fits.

In setting a failure rate for the Established Reliability glass
capacitor, all the recent data were added to the previous and recent Mil-
itary Standard grade data for a total of over 1 billion part-hours with
no failure; then the failure rate was set at 0.1 fit. This can be jus-
tified as a conservative step since the Military Standard gquality is
regarded as less than that of the Established Reliability grade. The
Military Standard grade failure rate of 0.2 fit was set by rank ordering-.
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The Military Standard grade metalized paper capacitor failure
rate was left at 3 fits where it was set previously, rather than show a
worse failure rate of € fits as indicated by a somewhat limited amount
of data. The Established Reliability grade was set at 1.5 fits by rank
ordering. All other metalized dielectric capacitors were set at least
equal to the metalized paper dielectric capacitor type by rank ordering.

The Military Standard variuble trimmer piston (glass) capacitor
failure rate was set at 10 fits based on data yielding a failure rate of
less than 11.8 fits. Other variable capacitor types in both Military Stand-
ard and Established Reliability grades have failure rates set by rank order-
ing.

Any other capacitor types in both Military Standard and Estab-
lished Reliability grades not having substantial data have failure rates
based on rank ordering.

+

3.6.3 Semico?ductors: Transistors and Diodes

|

A catastrophic dormant failure rate table (Table 3.6.3~I) has
been constructed for semiconductors of Military Standard and high relia-
bility grade.

3.6.3.1 Diodes

The high 'reliability and tested extra (TX) category of semi-
conductor data appears to be adequate for constructing a failure rate
table because it cdmprises a larger quantity of data on a larger variety
of semiconductors. The Military Standard grade of semiconductors has
been arranged in the' table mostly by rank ordering using the small
amount of available data where possible.

The high reliability and TX grade of diodes has a failure rate set
at 0.3 based on over 7.6 billion part-hours and 3 failures yielding 0.39 fit,
The Military Standard grade has been allowed to stand at 0.7 fit based on
previous data and satisfied rank ordering.
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Catastrophic Dormant Failure Rates (faflures/billion part~hours)

1000
500
200
100

70

50
30

20

15

10

0.1

0.05
0.02
0.01

TABLE 3.

Catastrophic Failure Rates

6.3-1

(AD) for Semiconductors*

*Al]l devices are silficon, Si

Transistors* Diodes*
Military High Military High
Standard Reliability Standard Reliability
(MIL-STD) and TX (MIL-STD) and TX
1000
100
mUnijunction Microwave diode
Silicon centrolled
rectifier, SCR
icrodiode
L Field effect, | Unijunction
(FET)
Microwave d10CEe
Field effect, | Tunnel diode icrodiode d 10.0
(FET) Silicon controlled
rectifier (SCR)
Varactor
. PNP Tunnel diode
Bridge, 4 diodes Varactor
-NPN aumd A ——————— s
encapsulated
Bridge, 4 diodes
PNP Zenec encapsulated
NPN Zener 1.0
Signal diode
...{} Signal 4icde e
0.1
0.01

I

[ T ——
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The Military Standard grade microdiode failure rate has been left
standing at 30 fits as before. The failure rate for the high reliability
and TX grade wis set by rank ordering.

Too little data have been found available for yaractors, tunnel
diodes, and microwave diodes; therefore, failure rates have been set by

rank ordering as found in Table 3.6.3-I.

The failure rate for the high reliability and TX gqrade zener -i..de
has been set at 1.0 fit based on the recent data of 898 million part-hours
of high reliability and TX experience plus the (higher risk) Military
Standard data of 607 million hours, which is a conservative step. The
Military Standard grade failure rate has heen set at 1.5 to satisfy the

data failure rate of less than 1.65 fits and is also in accord with rank
ordering.

Failure rates for the encapsulated four diode bridge rectifiers

were set by rank ordering in both Military Standard and high reliability
and TX grades.

The high reliability and TX qgrade silicon controlled rectifier
(SCR) failure rate has been set at 10 fits in accordance with the recent
data failure rate of l:ss than 17.4 fits. The Military Standard grade
silicon controlled rectifier failure rate has been set at 3" fits by rank
ordering. The SCR's have been included with diodes rather than transistors
for consistency with other government publications.

3.6.3.2 Transistors

The failure rate of the NPN silicon transistor in the high reli-
ability and TX crade has been set at 1 fit based on over 3 billion hours
experience and 4 failures. Similarly the PNP failure rate has been set at
1.5 fits bhased on the recent data failure rate of 1.46 fits. The Military
Standard failure rate for the PN gsilicon transistors has been set at 3 fits
based on the recent data failure rate of less than 4.4 fits. Three fits is
also the same rate established previously. The failure rate for the PNP
Military Standard grade low power transistor has been set by rank ordering.

The high reliability and TX grade of ficld effect transistor has
a failure rate set at 10 fits based on the recent data rate of less than 14
fits. The Military Standard grade failure rate was set at 20 fits based on
rank ordering.

The high reliability and TX grade of uniiunction transistor failure
rate was set at 2C fits based or. rank ordering, and the Military Standard
grade failure rate was set at 50 fits based on rank ordering. There 1S very
little recent data available.

In suwnary, thc same may be sai1d for the transistor failure rate
table as has been said fcr the diode takle. That is, the lowoast Y:asic
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failure ra*es are those best supborted by data. Rank ordering has only
been used where gaps in the collected data have appeared.

3.6.4 Low Population Parts

A catastrophlic dormant failure rate table (Table 3.6.4-1) has been

constructed for low population parts of Military Standard and high reli-
ability grade.

3.6.4.1 Transtormers and Other Inductive Devices

To dotermine a failure rate for RE chokes and coils, all the
3 ieu - and rc:ent data were added to yield 414 million part-hou:s with
zero failures and failure rate less than 2.4 fits. The failure -ate has
thus been set at 3 fits for high reliability and S fits fcr the Military
Standard . .ue. This represents a considerable improvement over rates
set formerly. In addition, there are the high reliability grade data
for RF transformers yielding a failure rate of less than 4.8 fits based

on 208 million hours and zero fai_ures. This further confirms the set
falilure rates.

The best data for tnhne audio transformer come from the high
reliazility source and yield a failure rate of 3.2 fits based on 633
million part-hours experience with 2 failures. On this basis a failvre
rate of 3 fit:- nas been set for the high reliakility grade and 5 fits for
the MiliFary S$zardard grade by rank ordering.

. Power transformer data trom high reliability sources yinld a
failure rate of iess than 12 fits based on 83 million part-hours with no
observed failures. The Military Standard source data amount to S09
million part-hours with 9 failures and a failure rate of 17.7 fits for
transformers. The failure rates have thus been set at 1) fits for high
reliability and 20 fits for Military Standard grades bascd on data and
rank ordering. '

Pulse transformer data from high reliability ‘ces have bheen
combined with previcus data to yield 42.6 million part- with no failures
vielding a failure rate of less than 21.6 fits. A failure rate of v
fits has thus.lLeen set for high reliabiltiy grade and 20 fi«s for thne
Military Standard grade.

»

Inductor and reactor date from high reliability sources total
23C.4 million rart-hours with no failures and failure :rate less thar 3.5
fitz, A failure rate of 2 fits lias been set for the high reliab. lity
grade and 3 fits for the Military Standard grade. .
able with those previously established.

These rates are compar-
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K Magnetic memory core data from high reliability sources amount
- to 24.77 billion part-hours experience with no failures yielding a failure
rate less than 0.04 fits. The failure rate set for this is 0.02 fit for
the high reliability grade and 0.03 for the Military Standard grade based
on rank ordering.
P TABLE 3.6.4~1
E Catastrophic Dormant Failure Rates (XD) for low ropulation Devices
L4
t Militery Stendard Nigh Militscy Stendard Nigh
i MIL-STD) Reltabiliey MIL-$TD) Reljabtifty
E 1000.0 }OC Torquers
i 300.0 fAC wotor tieh DC torquers Stepping svitch, telephone
Cyron
Clreuie breaker
g Inertis) switch, contacter
- 200.0 |AC 00rvos ——m e AC sotor techomater herwoscat, thermal evite s ~e—i Stepping awitch, telephone —|
g Cyros Hueldizy control switch
Incendescent lLemp . ircuit breaker
Iﬂlcronltch nertial avitch, contactor
E —~ 100.0 pAicelarometer AC servos Pressure ewitch (The-mostar, thermal "ll:h——‘
: H Primery battery, otlver sinc Humidity control switch
; 3 Incendescent lamp
2
i v 70.0 ACCOlatCantef e | Lusineecent lemp —_——]
¥ a
E § Microeviteh
. = < pover, motors [ Toggle wwitch
~ = 30.0 — Pressure awicch —
; r3 UC pover. generatore Quarts crystal, Frequency Primary batiery, silver simc
-
L4
H Toggle mriteh
2 :]0C power, wotors
- 3.0 Relay Quarts cryotel, frequenc
: :': !\oc power, genarstore L_‘-“:‘ l‘ 4
E t AC power, inductios motor
1 s AC power, syuchronous motor
1 3 2.0 - . gemsretate Solar cell
- Power trenaforeer
]
% 135.0 — — Relsy
L 3
3 ;‘ AC pover, 1nduction moter
L, POwet, SYOchNTODOUS WOl( -
: H 10.0 AC power, gene ‘atore - folar coll ——emmeeee e
3 Powsr trasnsforver
t g 1.0 — -
¢ 3
S 3 AP trsosflofmere 1
.. KAP chokss and cotle %
: udio trasasforwer
: RF trenelorwece
: 3.0 Linductors, resctors ——————HAF chokes snd colle =} Consectots
10 tramsformer
2.0 ~—1- Inductors, reectore [+ .
|
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Catastropbic Dorment Tatlure Retes (faflures/billlon part-dours)

TABLE 3.6.4-1 (Cornt)

Militacy Stemdard
MIL-3TD)

High
Relfabiliey

Militery Standard
(MIL-3TD)

Righ
Raliobiltty

0.3

I-fagavt ic ssmory cove

BSolder commection

€ pin, asle or socket

Solder

tion

of pis, wals or ooch:—-jo,m
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3.6.4.2 Relays and Switches

0

High reliability relay data yield a failure rate of 17.6
fits from 568 million part-hours experience and 10 failures. Military Stand-
ard grade data amount to 472 million part-hours with 18 failures and failure
rate of 38 fits. Failure rates of 15 and 30 fits respectively have been
set for both grades.

Lot b o

TR

High reliability data for stepping switches amount to 5 mil-
lion part-hours with 2 failures and failure rate of 400 fits. A failure rate
of 200 fits has ber . set for the high reliability grade and 500 fits for
the Military Standard grade, which is better than previous rates. A
telephone type stepping switch is assumed.

o T
o

s RN L 4 b

Total data from recent and previous experience for toggle
switches amount to about 10 million part-hours and no failures with failure
rate less than 100 fits. Thus the Military Standard grade failure rate 2
could be left at 100 fits and the high reliability grade at 50 fits as 3
before. However, the general class of high reliability switch data E:
indicates a failure rate of less than 3l fits with 32 million part-hours 2
exper_ence and no failures. For this latter reason, the failure rates :
have been set at 30 fits for the high reliability grade and 50 fits for
Military Standard grade.

Microswitch and pressure switch failure rates have been set k-
at 50 fits for high reliability and 100 fits for Military Standard 4
grade by rank ordering. Too little experience data were available for 3
decision making. 3

Thermostat, thermal switch, and humidity control switch
failure rates have been set at 100 fits for high reliability and 200
fits for Military Standard grades by rank ordering, with tco little
data available for other bases for decision making. These rates are -
somewhat better than those set previously.

The inertial switch, contactor, and circuit breaker failure
rates have also been left at 200 fits for the Military Standard grade
and 100 fitz for the high reliability grade as before. Lack of avail- ]
able data precludes any change at this time. . -

3.6.4.3 Solar Cells

A failure rate of 10 fits has Leen set for golar cells of
high reliability grade based on 748 million part-hours data with 8 failures
and failure rate of 10.7 fits. The failure rate for the Military
Standard grade has been set at 20 fits based or. rank ordering.

-




3.6.4.4 Quartz Crystals

A failure vate of 30 fits has been set for frequency determin-
ing quartz crystals of high reliability grade based on 20 million part~hours
experience with no failures and failure rate of less than 50 fits. The
Military Standard grade failure rate ic set at 50 fits by rank ordering.
These rates represent an improvement factor ¢f about two times.

3.6.4.5 Lamps

High reliability data for incandescent lamps amount to 9.5
million part-hours with 1 failure and failure rate of 105 fits. The fail-
ure rate has thus been set at 100 fits for this grade and 200 fits for
Military Standard grade.

High reliability data for electroluminescent lamps amount to
27.3 milliorn part-hours with one failure and failure rate of 37 fits. The
failure rate has so been set at 30 fits for high reliability and 70 fits
for the Military Standard grade.

3.6.4.6 Primary Ratteries, Silver Zinc

The high reliability data for these batteries are too small to
develop a failure rate with any validity. It only indicates a failure
rate less than 5000 fits. A failure rate of 100 fits for Military
Standard grade and 50 fits for high reliability is, thercfore, set based
on other information.

3.6.4.7 Rotating Devices

Too little data are available to warrant any change in fail-
ure rates from those previously set for motors, generators, or electric
motor driven devices. The previnus rates have been retained for this
entire category. The same holds true for gyros.

3.6.3.8 Connectors and Connections i

Connector data from high reliability sources amount to 800 i
million part-hours with 1 failure and failvre rate of 1.25 fits. The failure
rate has thus been conservatively set at 2 fits for this grade and 3 fits
for Military Standard grade. These rates include an indeterminate number
of pins per connector. ’

A large quantity of 55.4 billion pin-~hours has been collected
from high reliability sources for connector pins with no failures and
resulting failure rate of less than 0.02 fit. A failure rate of 0.0l
has thus been set for high reliability grade pins and 0.02 fit for
Military Standard grade. These "pins" include socket (receptacle) pins
or male pins. ' '
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Soldered connections data from high reliability sources in-
clude 34.9 billion joint-hours with no failures and failure rate of less
than 0.03 fit. Based on this a failure rate for high reliability has

been set at 0.015 fit while 0.03 fit has been set for the Military Stand-
ard grade.

3.7 Average Failure Rates, Relationships, Ratius, and Enhancement
Factors
3.7.1 Electronic Systems

The system data collected have been grouped and analyzed to
determine average dormant failure rates and factors and to evaluate the
reliability growth of electronic systems.

3.7.1.1 Average Dormant Part Failure Rates for Various Systems

Fifteen systems were used to determine the average dormant
part failure rates for the different part classes shown in Table
3.7.1.1-I. The systems are coded by alphabetical letters and ranked
in order of increasing failure rate within each part class. 1In the
table, the category, Basic Electronic Parts, consists of capacitors,
resistors, diodes, transistors, and integrated circuits. The other
category, Electronic and Zlectromechanical Parts, includes the basic
electronics plus such parts as relays, inductive devices, transformers,
and switches. The average catastrophic failure rate for each part class
is denoted by x in the "System" coluun.

As evidenced by Table 3,7,1.1-1I, there is a wide variation in
average electronic part failure rates for the variocus high reliability
systems. This is due to a number of “actors such as the part mix in-
volved; the actual high reliability grade used; e.g., established relia-
bility grades for passive devices may be 1, m, p, r, s or IC's may be
class A or B; the vintage of the design and parts used, which varies by
several years; and the failure reporting methods used by the different
sources. Therefore, it is not practical to attempt a further breakdown
of the high reliability categories.

3.7.1.2 Dormant Part Class Factors

The data contained in Table 3.7.1..~1 may be used to obtain
factors depicting the relative differences between the average failure
rates in each part class. These factors are shown in Table 3.7.1l.2-1I,
which has been developed by normalizing the average part class failure
rates to the basic electronic, high reliability failure rate.—Fhe-table
shuws that the average dormant electronic failure rate for military
standard parts is approximatr.ly 4 times as high as that for high reliia-
bility parts. The dormant faiiure rate for ultimate class parts appears
to be 7 to 10 times better than that for high reliability; however, there
are not sufficient data in the ultimate class to make good comparisons.
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Average System Factors For Dormancy by Part Classes

TABLE 3.7.1,2-I

—— &

Paxrt Class or
Quality Level

Commercial
Milltéry Standard
High Reliability

Ultimate ##*¥

Electronics &
Basic Electronics Electromechanical
Part Factor Part Factor
* *
3.7 4.5
1*x 1.3 ;
<Q.14%** <O, 10%*>*

* No Data
t 2 4

All Other Factors Normalized to this Part Class and Type
o One Failure Assumed
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3.7.1.3 Reliability Growth for Dormant Electronic Systems Utilizing
High Reliability Parts

Five systems with similar functions and containing high relia-
bility parts have been used to determine reliability growth for dormant
systems. Fiqures 3.7.1.3-1 and 3.7.1.3-2 show the system catastrophic

dormancy failure rates versus the average vintage of the design and parts
used in the systems.

A cu:vilinear regression analysis has been performed to .letermine
failure rate :rends. The curves cbtained as a result of the regression
analyses are on the respective Figures 3.7.1,3-1 and 3.7.1.3-2. Values
calculated and the equations derived during the regression analyses are
shown in Tables 3.7.1.3-I and 3.7.1.3-II1. The curve for Fiygyure 3.,7.1.3-2
has the best fit to the data since its coefficient of determination is
94.3% as compared tc 84.1% for the curve for Fiqure 3.7.1.3-1, The closer
this coefficient is to 100%, the better the fit; 100% is a perfect fit.

Based upon the data trends indicated by the two curves, there
has keen a steady improvement in catastrophic dormancy failure rates from
1964 to 1969. However, the rate of improvement has leveled off somewhat
after 1967 ar' appears to be asymptotically approaching a level failurc
rate line at a much slower rate after 1969.

The guestion of the cause of these apparent improvement trends
in high reliability parts arises. The answer is a combination of stand-
ardizing to as few types of components as possible, of developing and
enforcing stringent parts specifications, of captive (or dedicated)
manufacturing lines under strict process control, and of much more
stringent screens and longer burn-in hours. Paragraph 3.7.1.4 discusses
in depth the effects of screening and burn-in.

3.7.1.4 Screening and Burn-In Enhancement Factors

The question is often asked: "Why spend the money to burn-in
another 100 hours, e.g., from 168 hours to 268 hours, when you can
scarcely cut the dormant failure rate in half?"” The answer is that
while it is true that the dormant failure rate is only about halved
(thus doubling the trouble free time in dormancy) it is also true that
the ground operating failure rate is cut by at least four or five times
(thus increasing the trouble free time of operation on the around by
the same factor of four or five times). Table 3.7.1.4-1 shows this to be
true because of the change in enhancement factors for different reliability
grade parts.




System Catastropnic Dormancy

System Catastrophic Dormancy

Failure Rate (Fits)
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where: XC = X-1960

~
o

C.D. = 0.841

o

d

Average Vintage of Design and Parts

Figure 3.7.1.3-1 Reliability Growth for High Reliabilicy Electronic
Parts in Dormant Electronic Systems

® Cbsecrved
_.— where: X _ = X-196C
- C
Y = 6.15-1.i2X_ + C.05X_"
4.0 )
C.0. = G.yq3
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o
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Average Vintage cof Design and Parts

Figure 3.7.1.3-2 Relliability Growth Ior High Reliability Electronic
and Electromechanical Parts and Components in Dormant
v leztronic Systems
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TABLE 3.7.1.3-1

Parameters Calculated for Rejression Analysis

{Shown

in Figure 3.7.1.3-1)

Actual Observed Coded Values of x Calculated Values
Valuves X = x = 1906) of y

x(YR.) y(Fits) (Years} (Fits)

1964 2.3 4 2 54

1365 2.3 s 501

1966 1.9 o 150

1267 0.4 . 100

1969 9.2 9 0.06

ritted Equation: y = 3.826 -

Coefficient of Determination:

0.606x + 0.00854x2
[ (%4
84.1%

TABLE 3.7.1.3-11

Fararm:ters Calculdted for kKegression Analvsis

(Shown 1

n Figure 3.7.1.3-2)

Actual bserved Coded Values of x Calculated Values
Values Xx_ = x - 1360 of y
x(YR.) y(Fits) (Ycars) (rite)
1964 2.3 4 2.47
1965 2.1 S 1.80
1966 1.3 6 1.23
1967 0.5 7 0.76
1969 u.2 9 C.13
) _ . 2
fitted Eguatisn: y = .13 - 1.12x  + £.056x

Coetticicent ~f Decaormanaiion:

3-414
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The data in Table 3.7.1.4-1 tend to display a linear relation-
ship on the log - log plot shown on Figure 3.7.1.4-1, The usefulness of
this curve is veadily apparent because it directly relates burn-in time
{and cost) to those dormancy failure rates that are realistically achievable
for state-of-the-art devices under current manufacturing processes, con-
trols, and tests,

The plot of Figure 3.7.1.4-1 takes the asymptotic form for
| the linear portion, as

y = ax " (Equation 3.7.1.4-1)

y axis value (average part failure rate) |
x axis value (burn-in hours) ]
coefficient (to be derived empirically) i
neg.tive exponent (to be derived empirically).

where:

Y
x
a
n

For the linear portion of Figure 3.7.1.4-1 the general form,
Equation 3.7.1l.4-1 becomes:

1.72 x-l.235

Yy = —4-———-E;°~—- (Equation 3.7.1.4-2)
10
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TABLE 3.7.1.4-1

KE/D Ratios for Various Part Classes

(Based on Average Part Failure Rates)

Ground
Operating
Part Class or Failur: Rate €
lit -9 i B
Quality Level (x}o ) Ratio Fallurngate
‘E (x1077) Burn-1In
(Note 1) KE/D Ap Hours
Commercial (Est.imated) 5G0-700 50-70X 10-15
Military Standard 166 35X 4.7
Standard Burn-In 80 25X 3.08 168
JANTX 40 15X 2.6 200
SPRINT (High
Reliability) 15 7.5X% 2.3 268
Minuteman I (High
Reliability) 1.5 6X 0.25 1000

Also an estimate of the failure rates that are the "ultimate" for
today's technology can be derived from Bell System undersea cable

repeater parts as follows:

Transistors <5 3X <2.0 4500
Diodes <1 3X <0.3 4500
Resistors and
Capacitors <0.1 3X <0.03 4500
Overall Electronic <0.15 3X <0.06 4500
- ~ >

Estimated Value (no observed failures)

Note 1: Ground cperating covers a wide range of environmerts from
relatively benign to ground mobile,
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3.8 Parameter Drift During Dormancy

While it is well known that catastrophic electronic part fail-
ures occur in dormancy, the problem of parameter drift with age is of
equal importance. Yet, very little guantitative data exist in this 2rea,
Available information is summarized below.

3.8.1 USAF Electronic Equipment Age and Wearout Evaluation

In 1978, the U. S. Air Force conducted a study on a total of
1074 high reliability electronic parts which had been in dormant opgera-
tional use for approximately 5 years. A statistical comparison of
critical par* parameters was made before and after the 5 years of field
experience in a controlled enviromment. The total sample of parts, as
shown in Table 3.8.1-1, had been subjected to high reliability burn-in
and screening. The results showed that parameter drift was occurring
but at a very slow rate. Conclusions, based on the assumption that
drift was linear with time, indicated that the lifetime of the discrete
parts being studied was greater than 10 years. End of life is defined
as mean parameter drift outside of the specified tolerance band. Thus,
it is pessible for some parts to drift outside of specification limits
while the group mean will be within tolerance. To have complete confi-
dence that eleccronic part parameter drift will not present a problem
after 10 years of dormancy, the extrapolated i3 sigma values should be
within the tolerance band.

3.8.2 Martin Marietta Parts Certification Program

In 1971, Martin Marietta completed the first phuse of parametcr
drift tests on 7619 high reliability electronic parts which had been in

laboratory storage for an average duration of 3.4 years. The total sample
sizes for the various parts included in the study are shown in Table 3.8.2-I.
The samples were representative of the various part types commonly used by

the aerospace industry.

Parameter measurements were taken before, during, and after
storage. Trend lines were calculated using linear regression analysis
for both the group means and the %3 sigma values. Observed drift of the
semiconductors and capacitors was so small that the differences were
within the accuracy of the test equipment. Wet tantalum and aluminum
electrolytic capacitors were not included in the program. Positive
drift was noted with both film and wirewound resistors. However, these
devices were originally purcnased with group means below the nomiral
value so a linear extrapolation of the observed driic indicates a life-
time of greater than 10 years. The %3 sigma trend line for wirewound
resistors passed outside the upper tolerance limit alt approximately 9

RS VIR KD @ RN AR A

P EN——

. MWMWI&MWMM;WM

ij

et e o bl




years. The small sample sizes for relays and switches precluded meaning-
ful statistical analysis of parameter drift. Less than 1 percent of the
magnetic devices under test can be expected to drift out of specification
limits after 5 years storage. Additional details can be found in Ref-
erence 3.

3.8.3 MARX 12 Aging and Surveillance Program

The U. S. Air Force is presently conducting a Mark 12 Aging .
and Surveillance Program in which representative samples of electronic e
assemblies are periodically removed from storage and tested to determine '
parameter drift. The collected data are then analyzed by a computer pro-
gram which results in service life estimates for replaceable items, This 3
program is significant because approximately 335 IC's are being subjected =
to aging. The first data on these microelectronic devices is expected
to be available late in fiscal year 1974.

TABLE 3.8.1-I

1968 USAF Parameter Drift In Dormancy Study

N .

D {
¢ .
High Reliability Toial Parts ‘Total bormancy ! =
Part Category . In Dormancy Part-Hours Accumulated
_%r——————————r— — ————————————————n]

Resistors 395 17,881,050
- Diodes 294 13,309,380
' Transistors 291 13,173,570 E

L
Cagpaciters 94 4,255,380
Total 1C74 48,619,98C

T T T
4
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TABLE 3.8.2-I

Martin Marietta Storage Life Tests

N ,

S _.

High Reliability Total Part-Hours . --
Part Category Total Parts Accumulated i
} :
Magnetics 775 11,786,580 :
- i
g Capacitors 330 10,485,720 :
1
4 Resistors 4951 135,869,352 |
¢ Semiconductors 1534 55,100,620 i
E Relays and Switches 28 1,042,440 g

; Total 7€19 224,284,712

3.9 Failure Modes and Mechanisms

A list of 98 failures, whose modes and mechanisms have been {
identified as occurring during dormancy, is contained in Table 3.9-1. :
These failures occurred on parts which were assembled into complete systems .
so the environment is not shelf life but rather storage in a container or :
operational use unde:r dormant conditions.

E As a marked contrast to the effect observed with power on=-off

: cycling (see Section 4.5), open and short failure modes are about equally )
divided in the dormancy table. Major causes of shorts are capacitor i
dielectric breakdown and wet electrolyte leakage together with conductive
particle contamianation in IC's. Surface passivation will prevent fail-
ures attributed to conductive particles. Although examples of "purple l
plague” are no loncer seen, other types of intermetallic problems are i
still observed as evideaced by integrated circuit failures in the open !
mode from sources A ané D. I

Electrolysis of metal film resistance elements with entrapped
humidi ty can create opens after a period of time in dormancy. Use of i
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TABLE 3,9-I

Systems Failure Occurring During Dormancy
N

System Quantity Part Type Failure Mode
A,D 4 Integrated Circuit Open Lifted B
P
A 1 Integrated Circuit Short Corrosio
E 1 Integrated Circuit Open Bond Fai
F 29 Integrated Circuit Short Contamin
F 3 Integrated Circuit Open Cracked '
F 1 Integrated Circuit Short Oxide De
A,B,F 10 Transistor Open Bond Lif
B,F, 3 Transistor Short Contamin
F 2 Transistor Open Corrosia
A 1 Capacitor, Tantalum Drift Excessiv
C,F 12 Capacitor, Ceramic Short Defectiv
F 2 Capacitor, Tantalum, Wet Short Eiectrol
A 2 Lamp Open Defectiv
, A 1 Thermistor Drift Resistan
A 6 Accelerometer Leakage Seal Fai
F 9 Resistor, Metal Film Open Nichrome
3 4 Resistor, Metal Film Open Flaking
C,F 2 Resistor, Variable Open Defectiv
F 1 Resistor, Wirewounad Open Nicked W
c,D,F 3 Diode Open Lcose/Brx
E 1 Filter, Feedthrough Open Crack In

98 Total

System Code

A = Space Vehicle
B = Interceptor
C = Ground support

D = Satellite

]

(Ground Test)
= Surface To Air Missile

I = Surface To Surface Missile

BT T T IR T
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TABLE 3,.9-I E]
k|
Systems Failure Occurring During Dormancy 4
)
FPart Type Failure Mode Description i
e s —————— — —— — ——— | é
Integrated Circuit Open Lifted Ball Bond, Intermetallic j
Problem i
Integrated Circuit short Corrosion Over Metalization i
Integrated Circuit Open Bond Failure, Cause Unknown :
Integrated Circuit Short Contamination §
Integrated Circuit Open Cracked Die }
Integrated Circuit Short Oxide Defect
Transistor Open Bond Lifted From Die Y
Transistor Short Contamination g
Transistor Open Corrosion 1
Capacitor, Tantalum Drift Excessive Electrical Leakaq 3
Capacitor, Ceramic Short Defective Dielectric i 1
Capacitor, Tantalum, Wet Short Electrolyte Leakage 3
Lamp Open Defective Termination i
Thexrmistor Drift Resistance Change, Unknown Cause . .;
Accelerometer Leakage Seal Failure L
Resistor, Metal Film Open Nichrome Electrolysis ; 5
Resistor, Metal Film Open Flaking From Ceramic Core j
Resistor, Variahle Open Defective Weld 1
Resistor, Wirewound Open Nicked Wire in Manufacture §
Diode Open Loose/Broken Chip L :
Filter, Feedthrough Open ) Crack In Ceramic Sleeve i
Total

i s

round Test)
ir Missile
urface Missile

Y4
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thicker film elements will presvent this problem. Although not listed in
the table, it is theoretically possible for electromigration to cause

opens in integrated circuit aluminum metalization when subjected to low
level power in a dormant application. Extensive research, resulting in
quantification of this phenomenon, has been performed by Dr. John Venables
of the Martin Marietta Corporate R & D Laboratories/Research Institute
for Advanced studies. Details of Dr. Venables' work are given in Ref-
erence 18. This problem is being solved by vendor control over gtain
size and the use of relatively thicker metalization. -




4.0 POWER ON=OFF CYCLING EFFECTS

4.1 Introduction

QNI LS L T SLOBITE e BN TGS R SN

The purpose and intent of the Power On-Off Cycling program
has been the collection, study, and analysis of electronic equipment
reliability data to determine power on-off cycling effects on reliab-
ility of military equipment. No testing of electronic items has been
done to obtain data, but rather an extensive data survey and collection
effort was undertaken to locate and obtain the necessary data.

The equipment studied was typical of those used to perform
el2ctronic functions in military ground, airborne, missile, missile
shipboard, and satellite applications. Special emphasis was given to
the area of microelectronics. In addition, some data on electrical,
electromechanical, and nonelectronic devices applicable to electronic
military systems were available and have been included, but no special
effort was made for these categories.

4.1.1 Limitations of Study

A power on-off cycle has been defined as that state during
which an electronic system goes from the zero or near 2erc (dormant)
electrical activation level to its normal system activation level
{(turn on) plus that state during which it returns to zero or near zero
(turn off), or vice versa. Figure 4.1.1-1 illustrates some idealized
typical power on-off cycles. The normal system activation level, for
this study, has been defined as that electrical stress/energy which,
under normal systeéms operation, is applied to each and every part or
component which may or may not have been derated for reliability
enhancement.

The scope aof this study also has been

1l To include failures occurring during, or as a result
of normal turn-on or shut down

To correlate failure inciden¢e with power on-off cycling
rates and energized state

To correlate failure incidence with application (ground,
airborne, etc.) and with equipment type (radar, communication,
etc.)
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Power Activetion
}_.___ tSL . _|Level
t t t t t
D E D D
on| 1 ! ! 2 E2 3 |_Normal
Off Zero

NOTE: Symbols are defined in Section 8§ herein.

Figure 4.1.1=1, Typical Power On-0ff Cvele (Idealized)

4 To correlate failure incidence with other electronic equip-
ment characteristics (part tvpes. part guality, thermal
and elactrical stress, cycling rates, and electrical
transient suppression).

Thie study does not include power cycles which have varying
levels of electraical power applied, nor does 1t include on-off power
cycles which impose a lengthy time constraint for power turn on ot
turn off. Figure 4.1.1-2 depicte such power on-off cycles excluded from
this stuay. >

3.1.2 Need tor Additional Data

The validation of best nstimate cyclic failure rates A and of
the cyclic to dormancy failure rate ratio K. . 1§ incomplete. This incom-
pleteness, in general, is due to the limited amounts cf data con =imilar
equipment which not only have undergone dormancy or storage but alsc power
on-off cyzlirng and for which an cbscrved failure can be validly attrivuted
to the state during which it occurred. Much data had to be discarded
because ¢f the latter criterion.

Additicrally compoundiny the problem is the fact that for high
reliability parts and compcncats, both a billion vart-hours in JGormancy
and a billien part-cycles in power on-off cycling must be accunuiated
before the ftirst valid failures can be expected to be observed tor both
states. These billion part-hours and part-cycles ot data that are necded
for each part are greatly increased if guantification of environmental
ettects, cycling rates, part quality, transient suppression, <tc., 1€
desared.

A desianed experamental test approach to obtain this data c¢n
a parts level is not viable from bot' cust dand schedule constraints.  Thas
mears that a continued data collection effort on tajor military «lectrems
systems 1s the only alternative. cons:ideration shculéd lic given to the
structuring of an ex1stlng military uata system to inorporate valid power

e oot
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Power Activation
. Level
SL T
t 13 t
N S Y
on | ! E1 £2 2 B2 2 3 Normal
Partilg XX Normal
off J Zero

Example 1 Power Off-On-Off (2 Cycles)- Stepped Cycle

Normal

Partial #2 YX Normal

Parcial #1 XX Normal
Off Zero

Example 2 Power Off-On-0ff (3 Cycles)- Varying Activation

Levels
t t t t t t t
D Ey ' 52' Ey %, euf Es| “Es 0q Nermal
Cn -y =
PartialT | XX Normal
n p LW 29
off | Zero

Example 3 Power Off-On-Off (2 Cycles) - Slow Turn On and
Turn Off and Varying Activation Llevels

NOTE: Symbol:- are defined in Section 8 herein.

Figure &4.1.1-2 Typical Power Un-0ff Cycles (Idealized) Excluded
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on-ofi cycling data collection and retention ireguirements on a specifically E
desiynated system, )

Also, an independent, low-key effort to collect powar on-off
cyclng data, as it becomes available, should be undertaken, When such
data are adequate, then appropriate data analysis and validation of
¢yclic failure rates and factors should he accomplished. 3

4.2 Previous and Cuirent Work

The problem of on-off cycling effects on electronic equipment

has been under formal study since 1946. The original investigations - 4

centered on the large number of electron tube removals which were related b

to filament failures. 1In later years, costing analyses determined that

the actual number of maintenance actions was higher for continuously

operated solid state eguipment. This result was contrary to the idea that

the increase in reliability obtained py continuous operation of electronic :

eguipment would be accompanied by a reduction in the number of maintenance : =
. actions, but was not too surprising however, for it was well known that ' 3

operating failure rates were higher than nonoperating, When equ.ipment 1s E

cycled,on and off, the propoertion ot off time to total calendar time is -
—t — - - normally wmuch higher than the on time proportion., Taus, one might suspect E
that the total expected number of failures during the properly selected
combination eof dormancy and cyclic operation will be lower than that of =
continuous operation,

More recently, on-otf cycling studies have ccncentrated on the ;i
fracturing of transistor and IC internal interconnecting wires. =

tc break next to the chip bond. Another problem related to cy:ling has )

been power transistor chip cracks and failures of the mounting interface, : F
A summary of thc past and present investigations of power on-off cycling : 4
problems is presented in the following paragraphs. =

4.2.1 ARINC Study

A circa 1360 study was conducted by the Department 2t the Navy,
aboard the aircraft carrier U.S.S. Forrestal on tube type electronic
equipment., Four basic equipment classes were cvaluated: rec=ivers, 3
transmitters, radar repeaters, and fire control systems. The individual ' §
assemblies in each equipment type were divided betwecrn a continuous and
a cycled mode of operation and the orlginal mode assignaent was main- 7
tained throughout the test. The study results are repcrted in detail -
by Reference 4; however, the two most significant conciusions are that:

1. Equipment reliability is enhanced by coniinuous
operation
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2. The mode of operation does not induce a specific failure
mechaniim. Cycling and continuous operation oth contra-
bute to the causes of failure, and the respective
contributions are inseparable except at the level of
highly fvecialized laboratory analysis.

4.2.2 Planning Research Corporation (PRC) Study

PRC, unde ' the sponsorship vf the Navy Space Systems Activaty,
has made a comprehensive .investigation of on-off cycling effects on
electronic equipme it operating in space, The data base encompassus
approximately 40 perceat of all U.S. spacecraft launched. Details of
the study can be found in References 5 ©, and 7. A typical example of
the magnitud . of the data was the sample of S1 transmitters which had
beer. striected te 517 on-off cyclas on each of 27 dafferent occauions.
The study las concluded that no general decision on the impact of cy.cling
can be raached on th= basis of currentlv available data.

.2.2 Apollo Data
4.2.3.1 General Discussion

The Apollo data comprise three distinct sets of Jdata involving
the samu kinds of electronic parts and assemblieg. ‘These data are
summarizcd an Table 4.2.3-I. The first column contains data for the
do'mant mcode, the second columr. 1ists data tor the power on-off cyclang
test mode, and the third column lists data: for the energized mode. These
data are mo:t useful for analysis and evaluation of the stresses produced
on electronic rarts and aisemblies by the power on-cff cycling as com-
pared with t'.© basic dormant mede. Similarly, a comparison may also be
nade of the energized with the dormant mode data.

The difficulty in separating power on-off tailures toom
energized state failures must bLe realized since all these fa:lures wculd :
previously have beel. charged to the energized state. In this casc, i
all tests were supz2rvised by cogunizant sclentists and engineers assignad
to the project. Similarly, it was determined what failures were ts be ;
attributed to the power cn-off c¢ycling mode as well as what failures !
were assigned tc the enecrgized state by MIT research scientists assigned '
to the Apollo program.

Power on-off cyciing data were obtained by turning on the
eguipment an average of five times a montn and allewing it to remain
in the energized state for abou: three hours after whicn it was tutned
cif again. This cyvling was accomplished in a room ambient temperaturc
about 25°C. The energized on time was deemed sufficient to allow
thermal e¢quilibriwn to be reached; :.e., all parcs of the eguipnient
reasined the full temp:~ature risc condition.
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The Apollo dormancy data amount to 95.8 billion part-hours
experience with 16 failures resulting in a failure rate of less than
0.2 x 10’9. When connectore-pins, connectors, lamps, fuses, and magnetic
memory coreg are subtracted, the dormancy data amount to 15.5 billion
part-hours with 14 failures. The dormancy failure rate computed with the
latter cata equals 0.9 x 1079 part-hours or 0.9 fit. This dormancy rate
appears to be about 2.5 times hetter than one would expect from parts
rated ac with 240 hours burn-in. however, this may pe accounted for by
the limited production of equipment involved and the increased attention
given to gquality assurance in the form of stricter standardizatior, more
screening tests, introduction of Flight Processing Specifications
(FPS's), etc. '

The power on-off cyciing data amount to about 627 million
cycies with 20 failures and a failure rate of 28.7 per 109 Zvcles. when
connector-pins, connectors, lamps, fuses, and magnetic memory cores are
suttracted, the remaining cycling data amount to 127 million part-cycles
with 1Y failures and a failurc rate of 14%.5 per 102 cy les.

4.2.3.7 Derivation of KC/D Factors

From these data it beccomes possible tc form some idea of how
much more stiressful the power on-off cycling rode is when compared with
the basic dormant mode. When the total data including connector- _:ins,

eto., are compared, then KC/“ carn: be established
. ) 5 9
K. ,. = 20 failures * (0.697 x 10~ part-cycles)
R
. Q
le failures * (95.34€ x 10” part-hours)
-o .
KC/D = (28,7 x 10 qfallure) per cvcle
(2,157 » 10 ~ failure) per hour
K = 172 hours of dormarcy/cycle.
c/D ysey
when the data exclude the connector-plns, connectcocrs, lamps, and
fuses, FC/D becomes
. L 9
Kep = 12 Ffailures : (5.127 x 10" part-cycles)
/
; . 9
14 failures i (15,53 x 107 part-howrs)
. < « =9 . N N
RC/D = (143.5 x 10 failure! per cyc.e
: -9 .
(0.9 x 10 failure) per hour
K... = 166 hours of dcrwnancy/cysle.,
)
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And when the inertial rate integrating gyro (IR1G), and pulsed

integrating pendulum accelerometer (PIPA) are excluded, KC/D becomes :

KC/D = 19 failures ¢ (0.127 x lO9 part-cycles)
6 failures + (15.54 x 109 part-hours)
Ko p = 11495 x 10”2 failure) per cycle
(0.4 x lO-9 failure) per hour
KC/D - 374 hours of dormancy/cycle,

Thus, it appears that a single power on-off cycle to thermal
equilibrium and back tu room ambient temperature is between about 165
tc 375 (dv.e¢nding upon system component mix) or an average of abkout 270
times more stressful or effective in developing failures than one hour
of dormant time. Another way of saying this is that one would expect
33 power on-off cycles as described to be equivalent to just over one
year of dorraancy in precipitating failures.

-.c.3.3 Derivation o Factors
o f KE/D r
It also becomes possible to develop an idea of how much more

Strescful the - nergized state i1s when compared with the basic dormant
mode. When the total data including connector-pins, etc., are ccmpared,

K = 28 failures * (1.602 x lO9 par t-hours)

16 failures + (95.846 x 109 part hours)

K = (17.5 x lO.9 faiiure) per hour

(0.167 x 10™° failure) per hour
K = 102.8 hours of dormancy/energized hour.

Now, by excluding the connector-pin, cornector, lamp, and fuse data,

KE/D becomes :

28 failures * {0.482 x 109‘part-hours)

Xesp © 5

14 failures = -+55 x 10 part-hours
Ky p = 4581 x 10™2 failure) per hour

(0.9 x 10~7 failure) per hour
K = 64.6 hcurs of dormancy/energized hour.

E/D




And finally excluding the IRIG and PIPA data, Kg/p can be seen to decrease
Co:

9 failures ¢ (0.482 x 109 part-hours)

- Xe/0 ~

6 failures + (15.54 x 109 part hours)

Kv/o = 41.5 hours of dormancy/energized hour.

So an energized hour appears to be about 40 to 10C times moxe
stressful or effective in developing failures than a single hour of dormancy
depending upon the part and component mix within the system.

It should be noted that this Kg/p factor of 41.5 times is about 6
or 7 times higher than the ratios of 6X and 7.5X shown in Table 3.7.1.4-1 for
High Reliability Classes of Parts apparently similar to those of APOLLO. The
ratio of 41.5 times decreases to 21.5 when the 4 relay failures are censored
and should therefore be regarded as properly indicating a trend based on a
limited amount of uncensored data from one project - APOLLO. On the other
hand, the Kg/p ratios of 6X and 7.5X shown in Table 3.7.1.4-1 are based on
much more data from many other projects and are rank ordered with other
classes of parts as well. The rates in Table 3.7.1.4-I are thus recommended
for prediction work purposes since nearly 800 billion part-hours experience
were involved in their development compared with about 16 billion hours for
APOLLO.

i

4.2.3.4 Apollo Failure History

The reliability history of the Apollo Guidance Cemputer, Reference

§, states: "In general, many of the faults were the result of electrical
transients of many types. Power-line transients and transient behavior of
subsystems during power up and power down were the most ccmmon."” These tran-

sients did not apparently result in the failures counted above since "A series
of design changes, related to shielding and grounding, eliminated electrical
interference problems..."

4.2.3.4.1 Transformers

The type of failures induced by the power nn-off cycling can be well
illustrated by reviewing the nine failures that occurred on transformers:

Failure Rep. No.

023578-1 Lead magnet wire fractured where 1t
exits the sclder connection.

021618-1 Internal lead wire breakage because of i
) poor bonding of epoxy due to flux con-
3 tamination.

021612-1 Secondary magnet wire (to terminal 4)
was fractured just below point of i
egress from coil-a tension break.

0169331 Intermittent open 1in primary, cause
unkncwn.
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0173%52-1 Internal broken lead at terminal 7.

these transformers. All suffered some failures, so the problem cannot
be placed on one manufacturer, Rather, each transformer manufacturer
i must take special precautions in providing stress relief loous,
preventing wire nicks, assuming gcod secoldering to terminals, etc.

017291-1 Open primary caused by nick in the
second stress relief loop.
017222-1 Cpen secondary (no added description).
014859-1 Magnet wire open near solder connection !
to green terminal. 3
--6201-1 Open in fine wire transformers - a . é
generic problem when exposed to ioA
thermal cycling. g
There are several notes to be taken from the transformer experience: i 3
i ,All the failures were opens, breaks, or fractures. Open [
windings in‘fine wire transformers are a generic problem during the A
manufacturing cycle wheM™ exposed to thermal cycling. No shorts were 'ig
reported. E
2 No fewer than three vendors were involved in supplying fii%

3 Assuming that thermal c¢ycling is ordinarily used as a .
i screen to precipitate these kinds of failures in manufacturing it is —=s

i possible that power on-off cycling actually represents a more rigorous
| form of thermal cycling. It is possible that the power on-off cycling i
| induces local hot spot heating at potential conductivity faults £
resulting in wire and connection "working" due to expansion and i
contraction, ' !

\
|
b bt il o

"y
)
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The next largest group of failures develcped by the power
on-off cycling mode is found in switches.

4.2.3.4.2 Switches
! The failures reported for switches are listed:
! _ Failure Report No.

i 020420-1 Appears to bc 1 defective contact or
i poor solder connection.

m\‘”

i 020321-1 Defective solder joint.
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ii

017249-1 Confirmed broken braid or open where ‘

tab connects to chip on shaft 3

assembly of switch. 3

014857-1 Defective shaft assembly within -1

- : 3

push-button switch. g

i _‘;

Observations from these data are: %

1 The pattern of opens or intermittent opens appears to be 3

continued by the power on-off cycling mode. This is sustained by the }
balance of failures reported on other parts as well, 3
1

2 The power on-off cycling mode appears to be a good screen g

for developing poor solder connection faults. Poor welds are also . 2
detected., Potential poor conductivity faults appear to be screened by G K
power con-off cycling. 1

4

hs

v

4.2.3.4.3 Capacitors

e

021621-1 open due to poor internal weld
within solid tantalum capacitor..

. il

017221-1 open due to poor internal lead
solder connection.

Newis e

Observations: p
1l The pattern of cpens is continued.
2 Poor weld and solder connections are detected by power

on-off cycilng. The sameé will be found true for poor bonds and metal-
lization faults in semiconductors.

4.2.2.4.4 Transistors

017183-1 Oggn base circuit due to metallization
fault within transistor.

015615-1 open collector lead due to poor
chip bonding.

Observations:*

1 The pattern of opens is continued.

it o sl VAR

2 Poor connections including bonding and poor conductive
paths; i.e., metallization faults are detected by the power on-off
cycling mode, which produce potential conductivity problems.

:
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4.2.3.4.5 Light, Pilot

019080-1 Open electrical connection or
defective lamp.

4.2.3.4.6 Motor, Tachometer, Generator

014520-1 Poor solder connection of brown lead
to inner stator magnet wire.

4.2.3.4.7 Thermistor

010469-1 Thermistor wafer fractured,

probably because of unequal stregses
due to a potting void.

~

4.2.3.5 Conclusions from Apollo Experience

1l It appears that a single power on-off cycle to thermal
equilibrium for about trree hours and back to room ambient temperature
at about 25°C is between 165 to 375 or an average of about 270 times
more stressful or effective in detecting failures than one hour of dormant
time. Another way of saying this would be that we would expect 33 power
on-off cycles as described to be equivalent to just over one year of dormant
: time in precipitating failures. It also appears an energizZed hour is about
40 %0 100 times more stressful or effective in detecting {ailures than one
hour of dormant time. An average Kg,, for Apollo of 50 has been selected
based on average electronic device experience of 40 to 6C hours excluding
connectors, etc. =

a. The data were developed over a period of akout three
years during which power on-off cycling was applied an
i average of five times a month.

b. Power on-off cycling as described appears to be about

five times more stressful or effective in developing failures
than the energized steady state. (Refer to paragraphs 4.2.3.2
and 4.2.3.3 herein).

2 The total failures of a system similar to Apollc and its S
service life constraints may now be computed:

= A X
FSL (AD tD)+( CC)+( E tE)

= (A > ;
FSL ( D tD)+(270 AD C)+ (50 »D) ;
FSL = (tD + 270C + 50 tE; XD (Eguatio. 4.2.3.5-1) 3

when tE - 0,
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then Equation 4.2,3,5~1 reduces to:

FSL = (CD 4+ 270C) AD (Equation 4,2.3,5-2)

3 The power on-off cycling state as described herein appears
to be particularly effective in precipitating failures caused by
potential conductivity faults. This is well illustrated:

a. No fewer than three vendors were involved in transfcrmer
fault history of opens, breaks, fractures or bad solder
joints where the largest number of tailures was found. All
manufacturers need to be careful with stress relief loops,
wire nicks, good solder joints at terminals, etc. Open
windings in fine wire transformers is a generic problem
during the manufacturing cycle when exposed to thermal
cycling., However, power on-off cycling may be more

, rigorous in that it induces hot spot heating at faults

resulting in wire and connection "working" due to expsrsion

and contraction especially at potential poor conductivity
fault points.

b. The tendency to precipitate potential poor . vity
fault points was alsc noted in switches with poo:  _._uer
joints, in capacitors with bad internal welds and solder
joints, in transistors with poor bonds and bad metallization,
and in a tachometer-generator with a poor solder connection.

This effect of power on-off cycling is of special interest
because there is no present method known which facilitates checking fcr
pocr solder or weld joints or other potential conductivity faults in
a system other than continuous monitoring during vibradion testing,
which is both difficult and expensive.

~
4.2.4 SPRINT Data N

\

The data accumulated on SPRINT missile GRA-8 and its S !
Launch Prep Equipment (LPE) are amenable to establishing power on-cff
cycling factors. Over a continuous 472 day period, detail test records
were kept during horizontal marriage tests, Electro Magnetic Interferencae
Tests, and other system laboratory tests. Table 4.2.4-I summarizes
these data for the dormancy, power on-off cycling, and fully energized states.
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TABLE 4.2.4-I

SPRINT GRA~8 Missile and LPE Data - Dormancy
Power On-Off Cycling, and Energized

on-0Off

Dormancy Cycles Energized
tD tE
Part-Hours Part-Hours
9 9
-8 b
GRA x10 PD N Fc x10 Fo
S
Missile
Electronics 0.128879 0 4,391 0 0.0005 0
LPE
Electronics 0.074889 0] 8,970 (0] 0.0004 0

Totals 0.203768 0 6,oszf})o 0.0009 0

(1) oQuantities of cycles are not additive because GRA-8
Missile and LPE on-of” cycles are not mutually exclusive,
s0 a weighted value m' 3t be determined as follows:

128 75 _ _ 5
(203) (4,391) + (333)( 8,ﬂ70) = 2768 + 331 = 6,082

Using the data of Table 4.2.4-1, the value Keyp may be calcu-
lated using Equation 1.1,2-2 providing rg + ry > 0.99. Checking
for rg + rp > 0.99, it is found thac:

rs + rD =] - r.

0.0009 x 109

0.203758 x 10° + 0.0009 x 10°

rs + rD =1 -

rS + rD = 0.9956; hence,

Equation 1,1.2-9 is applicable and yields the following value for K“/D: 3
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Agp, = 1 * Kop N 2y

0+0+0 ( )(e 082 ) 6 .
|- 1 + . e t———
0.204668 x 10° [: “ero)\t7z37] || 3 7o0n = 10°

4.886** <= (l + 0.537 KC/D) (2.300)

*® Demonistrated XD for SPRINT electronics.

** assumes 1 failure for AQL computational purposes.

The derived K value of less than 2.1 for SPRINT electronics
leads to interesting cogfgcture on why such a difference between this and
the Kc/p value of 172 observed for Apollo (Reference Paragraph 4.2.3.2
herein). This difference can be examined by constructing a matrix of
all those factors affecting power on-off cycling for both systems and
examining for significant differences. Table 4.2.4-II is this comparison
matrix and shows two significant differences.

4.2.5 Other Studies

Between 1970 and 1972, the U.S. Air Force conductad an
investigation to determine if maintenance costs could be decreased by
reducing needless ground operation of aircraft electronic equipment,
The results of this study are detailed in References 9 and 10. A
reduction in ground operating time was found to cause a decrease in
failures. Therefore, it was concluded that it might be possible to
effect maintenance savings of 13 percent to 17 percent with the use of
a Ground Automatic Disconnect System (GADS). Collected data from
aircraft with and without GADS was inconclusive as to the impact of
cycling on the equipment.

A NASA ALERT (Reference 11), identified a transistor failure
mode that was directly related to power on-off cycling. Part failures
waere caused by the thermal compression bonding process as used on the
1 mil diameter aluminum lead wires interconnecting the 2N2222A
transistor chip and header. The small wires were fracturing next to
the thermal compression bond on the chip. The bonding process reduced
the wire diameter at the bond which became the weak point in the wire
when it was subjected to expansion and contraction during power cycling.
subsequent tests have demonstrated that this failure mode is not so
likely to occur when wires are ultrasonicilly bonded to chips. Use
of gold wire or greater than 0.003 diameter aluminum wire also alleviates
the problem.
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TABLE 4.2.4-1I

Power On-Off Cycling Ccmparison Matrix Apollo and SPRINT Electroni

Other ) - 3

CYCLING
PACTORS AROLLO SPRINT
N
F:L Part Types and Mix ‘
Typs =% Sl Dape —
Resistors “, - 37 Resistors - 54
Capacitors ° - 8 Capacitors - 17
Diodes - 23 Diodes -1
Transistors' - 9 Transistors - 12
IC's ; - 20 IC's - 3
Other - 3

2. Part Class or Quality (CQ)

1€8 to 240/ hour burn-in
+ standardization

+ limited production

+ axtra pcreens

+ process specs

240 hour burn-in

+ standardization )
+ controlled lines A
+ extra screens

+ process specs

3. Cyclic Rate (C_ )
NC

P, qua—

= 0,007 cycles/hour

* 0.537 cycles/hour

4. Temperature (CT)
a.Initial ambient
b.Temperature Stabilization

c.Thermal Lag
d.Derating

e.Applied power

20 - 25°C

3 hours power on

Temperature stabilized
and reaches peak effect

Not Applicable

Registors SON
Capacitors
Tantalum 25%
Ceramic 608
Div s SO - 758
Transistors S0 - 75%

IC's - 15V devices used at SV
Unknown

20 - 25°C

10 seconds power on

Temperature not stabiliz
nor reaches peak effect

Not Applicable

Resistors 30 - 4
Capacitors SOa

Diodes . 40 - T
Transistors 40 - 6

IC's - Below voltage
Unknown

5, Transient Suppression (CTS)

Parts Derated = 50%
Designed In, Details Not Avail.

Parts Derated =50%Z
Designed In, Datails Not

6. Environment (CE)

Laboratory

Laboratory

4-16
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TABLE 4.2.4-II

ECycanq Comparison Matrix Apollo and SPRINT Electronics

\ SIGNIFICANT
SPRINT DIFFERENCE
£ Yes ¥o Unknown
E = Type ) 2Ty $ 2108 + T<108
F ~ 37 Resistors - 54 45 + 9N x
s - 8 Capacitors - 17 12 + & X
- 23 Diodes - il 17 + 6 X
] -9 Tranaistors - 12 11 + v X
3 - 20 IC's -3 12 + 9 X
E - 3 Other - 1 3 + os X
40 hour burn-in 240 hour burn-in b ¢
dization + standardization X
production + controlled lines p ¢
. sCrogens + extra screens X
8 specs + process specs X
:
cycles/hour = 0,537 cycles/hour X
C : 20 - 25°C X
power on 10 seconds power on
ure gtabilized Temperature not stabilized
Ches peak effact nor reaches peak eftect X
icable Not Applicable X
] SOos Resistors 30 - 40w X
s Capacitors S0s X
um 25%
c 608
50 - 7158 Diodes 40 - 708 X
re SO0 - 758 Transistors 40 - 60% b ¢
15V qevices used at 5V IC's - Below voltage X
Unknown } 4
ated = 508 Parts Derated =50%
In, Detajls Not Avail. Designed In, Details Not Avail. X
Laborztory p ¢

:
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Comprehensive on-off cycling tests have been performed by RCA
on a large sample of 2N3055 power transistors, The results of this
program are described in Reference 12. Two separate tliluie modes
were observed that were precipitated by cycling. Below 10" cycles,
cracked pellets weve observed but this problem was attributed to process
variations which were subsequently brought under control. Between 104
and 105 cycles, a wearout type mechanism resulting in pellet lifting
was noticed. The interface consisted of nickel/tin materials which
were expanding and contracting at different rates durang the cycling.
fn appraciable amount of shearing was taking place which caused fatigue
failures at the contact point. This problem was not considered critical
because the failures were occurring well beyond the normal use of the
device.

Unpublished studies by IhM have determined that equipment
operated a large percentage of its service life is expected to
eéxhibit a greater number of failures than the same equipment operated
a small percentage of its service life. A prcblem arises when the using
services count all observed failures against operating time only. This
results in a misleading operating failure rate, because it shows more
fajlures per operating hour. This situation has an important impact on
cost of maintenance. 1In general, continuously operated systems have a
higher incidence of failure which results in a higher overall cost than
a properly selected dormant system. This is because of increased organiza-
tional and maintenance costs. IBM has observed very few turn-on failures
with their military computer equipment, which employs voltage sensing.
Logic turn-on 1is deleyed until power has stabilized, and transient suppres-
sion circuitry is also utilized.

4.3 Factors and Models
4.3.1 Cyclic Failure Rate (AC) and Models

There are several factors which contribute to or influence
field cyclic failure rates (As) of electronic systems. Based upon
observations of power on-off cycling data from four major electronic
systems, these contributors are not always independent of one another.
Rather than depending upon system design and duty cycle characteristics,
a contributor can be seen in one system to influence another contributor,
but in another electronic system with a short on-time, this influence
18 not exhibited, This means grcat caution and care must be exercised
in construction of any power on-off cycling mathematical model,

The approaches taken by Martin Marietta must be viewed as a
first step. Initial definitions of terms, grouping of factors,
construction of the initial model, and partial quantification of the
factors have been accomplished. These must be considered as the
starting point from which additional improvement can be made as more
and better field power on-off cycling data become available.
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4.3.1.1 General Part, Component, or System Model for AC

In this initial modeling attempt, the contributing factors
of Ac have been reviewed., The dependent ones were deturmined and
grouped into a single C; factor.

As a result, only the basic cyclic failure rate and five
modifying factors remain. The initial A; model, its terms, and
derivation are:

n=5

c (Equation 4.3.1-1)

| Ao = rep il €y

- { 2 -
or AC XCB CQ CNC CT CTS CE (Equation 4.2,1-2)

where A = field cyclic failure rate of part, component or system

= bage cyclic failure rate as related to initial
temperature state

C. = part quality (grade or class) factor; this factor is a
function of the manufacturing process and subseguent
controls imposed such as Group A and B electrical tests,
special screens, or burn-in on individual parts and
components.

C.. = cycling rate factor; this factor is a function of the
C expected cycling rate (normally expressed as cycles per
hour); the cycling rate can be estimated for a given
system as:

N = N
t

(284
-’ h

g

that is, the total number of actual or anticipated power
on-oft cycles that will occcur on that item during its
entire service life expressed in hours. This factor
represents all non-temperature related effects such as
wechanical shock, wear, vibration, material fatigue,
creep, or other cyclic induced stresses,

gy T

s,

1




™

L)

g

° ——

T T T TP TR TR S TRINORY, SO

© ey o ——pinre

t

Cc = temperature effect factor; this is a complex factor
corprised of several sub-factors which are dependent:

'u

Initial temperature state

2 Applied electrical enerqgy versus part derating
with resultant thermal stresses
3 Thermal lags at turn-on and at turn-off

4 Temperature stabilization state (time tu and time
at)

5 Residual temperature effects (a function of time between
cycles).

Refer to Figure 4.3.1-1 and related discussion for a
more detailed explanation.

C.. = transient suppression factor; this factor is a function
of the degree to which transient suppression circuitry
and design have been provided to eliminate or reduce
damaging voltage or current transients at power turn-on
or twrn-off. These transients may either be line
conducted or induced by internal or external sources,

C = environmental mode factor; this factor is an adjustment
factor for the various environments in which power on-
off cycling occurs.

The subfactcrs of Cp are sometimes dependent and sometimes
independent of one another. This can be better understocd by studying
Figure 4.3.1-l. This figure shows the initial temperature state (T1) as
room ambient in the power-off counditicn. When the power is turnea on,
the internal temperature rises at a rate dependent on applied power,
part derating and packaging, etc. The temperature rises until it
reaches a stabilized temperature (Tg} at time ty; providing that
tml 3_tg. When power is turned off, the internal temperature decreases
at a rate dependent on heat dissipation paths. The temperature decreases
until it again reaches room ambient at time tmy providing tmy, < tg-

The terms tmy and ““2 are thermal lag times and their values are
contingent upon energy levels, part derating, equipment configuratien
(density, heat sinks, construct:ion, etc.), and ancillary cooling. The
interdependency of the CT factor contributors can now be readily
seen.

o~ T 1l ) T NI N N

H
3
?

il

[

il



Power Off and Tnitial

Stabilized

Temperature(T¢)

Temperature(T,)
'S

Figure 4.3.1-1 General Diagram of Contributors tc the Temperature

NCTES:
w——Enerpgy Profile for Power Ou-0ff Cvcle

- = #Temperature Profile for Power On-0ff Cvcle

L]

EFnergv Change (Power Off to Pover On or Vice Versa)

T.-7, = Maximum Temperature Change

S 1
n > tF , then full AT is not realized and this reduces
.} - . R
temperature effect.
I tD , rthen residua:i temperatnre effects increase

temperarure effect.

Effect Factor CT During Power Ou-Off Cycling
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4.3.1.2 General Electronic Part, Component, or System Model for
Power On-Power Off Reliability Prediction

The probability of success, or reliability, of a part,
component, or system can be expressed by the exponential relationship:

Poe = Re = eFC (Equation 4.3.1.2-1)
substituting in equation 1.,1.2-3 (where Ac is constant with cycles),
Equation 4.3.1.2-1 becomes:

R. = e AcC (Equation 4.3.1.2-2)

4,3.1.3 Gerieral Electronic Part, Component, or System Model for
Service Life Prediction

. Based upon the earlier discussion contained in Section 1.l.1,
Interrelationship, a service life model can be expressed in terms of
the exponential relationship:

-F
P, = R_ =e SF

SL St (Equation 4.3.1.3-1)

The negative Fg; tern of Equation 4.3.1.3-1 can be represented
by several expanded expressions which account for service life.
Equations 1.1,2-4, 1.1.2-5, 1.1.2-7, cr 1.1.2-9 are just a few. A
delniled Jdiscussior and examples of the expansion of an Fgp term
based on typical service life cycles are given in Section 5.0.

4.3,2 Prelimi-ary Quantification of A, Factors

The data contained in Section 4.4 has been used to derive
preliminary quality improvement factors, Co values for the power on-cff
cycling eavironment. These values are shown in Table 4.3.2-1 and
relate to the amount ¢f improvement which can be e:pected in going
from Military Standard to high reliability quality levels.

For example, the cycling failure rate of a high reliability
type integrated circuit is expected to be 1/14,800 that of a comparable
mrirtary standard device. The overall factor for electronic parts
appears to be #bout 1/3,300. 1In studying the table, it can be observed
that screening and burn-in on integrated circuits and transistors are
much mere effective in removing parts with inherent weakness to
cycling effects than is the case with resistors, diodes and magnetics,
Temperature cycling is well known to be a beneficial screen for micro-
electronics and transistors. The reason for this efficiency can be
related to the thermal environment which is a major contributor to
power on-off cycling failures.
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A high reliability system which uses a large percentage of inte-
grated circuits as opposed to discrete transistors would have a higher reli-

ability because integrated circuits can withstand cycling effects abont 20
to 1 better than transistors.
TABLE 4.3.2-1
Estimated Values of CQ for Various Part Types
“

Part Type Military Standard to High Reliability*
Integrated Circuits 14,800 to 1
Transistors 4,200 to 1
Capacitors 1,500 to 1
Resistors 700 to 1
Diodes 500 to 1
Inductive Devices 100 te 1
Average CQ (total experience) 3,300 to 1

*Normalized to high reliability value for same part type.

The temperature effect factor Cp exerts a major influence over

the model because approximately 90 percent of power on-off cycling
induced failure modes appear to be related to temperature change and
resulting expansion and contraction which cre. tes malfunctions in
inherently weak electronic parts. As has beel. seen in Section 4.2.4,
this factor can range from 1 to greater than 200. Further quantifica-
tion of Cp should be obtained by properly designed experiments in
which certain critical influence factors would be varied while others
would be held constant.

Short duration power on-off transients in the order of nano-
seconds are a well known problem with inductive and many other types of
electronic circuitry. Since these transients are typically less than
twice the normal steady state operating parameters, derating of
electronic parts by 50 percent or more can usually be expected to
effectively combat the transient problem. If larger transients are
observed, special transient suppression circuitry can be employed.
Systems evaluated by this study which had been severely derated, i.e.,
operating at about 10 percent of the part specification ratings, do not
exhibit failures which can be attributed to transients, Thus, it
appears that there are very few damaging transients at levels an order
of magnitude greater than ncrmal operation., The effects of transients
and their interrelationchip with power on-off cycling as well as part
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derating are thus included in the model. The actual quantification of
the transient suppression factor C_,. as well as the base cyclic failure
rate Acg is not possible from currently available data. Quantification
of Crs and Acp requires comprehensive ctatistically controlled
laboratory experimentation.

The final factor for A, is Cp. Almost all the usable data
collected and analyzed «came from Jlaboratery conditions. This fact
precluded determining Cg values from the power on-off cycling data;
instead, Cp values have been derived from energized experience and
assumed to be applicable to power on-off cycling., Table 4.3.2-I1I
presents the cE values for various environments.

TABLE 4.3.2-I1

Estimated Values of CE for Various Environments

(These modifiers apply'only to the cyclic part failure rate, If
an overall part failure' rate including dormancy and operating
is to be determined, then caution must ke exercised not to
double count environmental effects).

Environment Cg
Satellite - ;.1
Laboratory : 1,0
Ground, Fixed 5.0
Ground, Mobile 7.5
Aircraft, Manned ) 6.5
Aircraft, Unmanned 15.0
Missile, Checkout 5.0
Missile, Flight 25.0
Missile, Ground Launch* SO - 100+
Missile, Airborne Launch* 100 - 1000*
Shipboard, 3urface -
Shipboard, Submarine 10.0

* These Cr values apply only to the firstc few seconds
C

of missile launch. Missile flight CE then becumes 25.C.




4.4 Failure Rates and Tables
4.4.1 Failure Rates A\~ For Laboratory Environment

The power on-off cycling study resulted in the collection of
approximately 177 million part-cycles of data on Military Standard
parts and 118 billion part-cycles on high reliability (TX, ER, Class A
& B) parts. Vendors also supplied 24 million part-cycles of data on
microelectronic devices. Almost all of the data are from laboratory
environmental conditions.

The . est estimates of Ac for Military Standard parts in the
laboratory enviromnment have been made and are contained in Table 4.4,1-1I.
Unfortunately the small quantity of data and observed failures permit
only a "less than” best estimate for all components except low power
NPN and high power NPN transistors. Much additional data are required
in the Military Standard category to permit better estimate of the A
values or to allow construction of a ranking analysis table similar
to thogse done for dormant failure rates.

Estimates of Ac for high reliability grades of parts are
shown in Table 4.4.1-II. These data also apply to the laboratory environ-
ment. Again many parts types have not accumulated sufficient experience
in part-cycles or failure to obtain a close estimate of Ac-

Finally vendor supplied information on integrated circuits has
been compiled. ‘'JPable 4.4.1-TI1 presents these data for informational pur-
poses only and it applies to the laboratory environment also.

4.4.2 Cyclic Failure Rate and Ratio Tables
d.4.2.1 Microelecironic Device kc Table

The data available for the construction of Table 4.4.2.1-1
are for the laboratory environment. The data for the integrated circuits
are from Tables 4.4.1-I, 4.4.1-1I, and 4.4.1-I11. No data were available
for hybrid devices. Therefore, conservative engineering judgment tempered
by similarity of device ratics in dormancy to those known for power
on-off cyciing, was used to fix device locations for the various
devices for MIL~STD-883 Class A, B, C and non MIL-STD-883.

4.4.2.2 Cyclic Failure Rate (As) Table - High Reliability Parts
The data from Table 4.4.1-1I1 have been reviewed for ranking.
Insufficient data for ranking A- by parts categories exist so a general

Ac ranking table has been prepared. Table 4.4.2.2-I is this table
and applies to the laboratory environment,
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TABLE 4.4.1-1

Observed Power On-Off Cycling Data, Military Standard Parts

3¢
D c Failure Rate
. Part-Cycles Fe (per billion
pPart Type x 106 J; Failure part-cycles)
tennas and Peripheral
Equipment 0.171 0 <5848
Antennas 0.013 0 <76923
] Atteruators 0.026 o <38462
Circulators, 4 Port 0.044 0 «22727
Couplers, Antenna 0.053 0 <18868
Couplers, Directional 0.035 0 <28571
Capacitors 6.758 0 <148
General Class 0.534 o <1873
Ceramic 0.640 (o) <1563
Glass 3.152 0] < 317
Mica 0.065 0] <15625
Paper ¢.320 ° 0 <3125
Plastic 0.272 0 <3676
Tantalum, Foil 0.288 0 <3472
Tantalum, Solid 1.120 0 <893
Tantalum, Wet 0.368 0 <2717
Choppers 0.016 0 <62500
Filters 0.011 0 <90909
Fuses 0.104 0 <9615
Relays 0.923 0 <1083
. Resistors 48,231 0 <21
B Carbon Composition 14, 384 0 <70
E Metal Film 32,135 o} <31
Wirewound ' 0.960 c <1042
: variable 0.752 0 <1330
2 Semiconductors 118,156 242 2048
¢ Diodes 24,382 0 <41
' Low Pcwer 22.818 0 <44
| High Power 0.112 0 <8929
C Zener 1.457 0 <689
. - Transistcrs 93.774 242 2581
o Low Power 92.794 241 2597
; NPN 82.320 241 2928
] PNP 10.474 0 <95
Medium Power 0.304 0 <3289
NPN 0.048 o] <20833
PNP 0.256 0 <3906
High Power 0.676 1 1479
NPN 0.404 1 2475
PNP 0.272 0 <3676 !
Surge Arrestors, Spark Gap 0.322 0 <3106
Switches 1.200 0 <813
Transformers 0.837 o <1165
]
TOTAL ] 176.729 l 242 1369 N
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TABLE 4.4.1-1I

Observed Power On-Off Cycling Data, High Reliability Parts

Part

Capacitor
Aluminum
Ceramic
Glass
Metal Film
Mica
Mica, Reconstituted
Mylar
Paper
blastic/Paper
Polystyrene
Tantalum, General Class
Tantalum, Foil
Tantalum, Solid
Tantalum, Wet
Variable
Connective Devices
Connectors
Connector Pins
Crystals
Electromechanical Devices
Counters
Fans, Axial
Fans, Centrifugal
Motors
Blower
DC
Servo
Torque
Regolvers
Slip Rings
Filters
Heaters
Illuminating Devices
Lamps
General Class
Annunciator
Electroluminescent
Incandescent
Light Emitting Diode

c

Part-Cycles
x 106

20101.477
0.269
9539.056
277.905
0.012
0.720
0.017
0.705
0.044
0.012
0.096
10273.777
2.053
8.742
0.012
0.057
9493.722
9075.331
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Ac
Failure Rate
(per billion

rt-cycles)

0.10
<3717.47
<0.10
<3.60
<833133,33
<1388.89
<58823.53
1418.44
<22727.27
<83333.33
<10416.67
<0.10
<18867.92
114.39
<83333,33
<17543.86
<0.11
<0,11
<2.39
<28571.43
5128.21
£83333.33
<38461.54
<58823.53
22727.27
<125000,00
<250000.00
6..70.00
<62507 .00
<15873.02
<3C303.03
<250000,00
<8333,33
2066 .86
7334.96
7668, 71
<125000.00
<6451.61
10869.57
241,98




TABLE 4.4.1-II

(continued) R
A

o] Failure Rate

Part-Cycles F¢ (par billion

part Type x 106 Failures part-cycles)
Inductive Davices $53.830 0 <1.81
Chokes 0.016 0 <62500.00
Coils 499,090 0 <2.00
General Class 498,200 0 <2,01
Radio Fregquency 0.890 0 <1123.60
Delay Lines . 54,304 0 <18.41
Inductors 0.248 0 <4032.26
Reactors 0.172 0 <5813.95
Inertial Guidance Devices 0.016 0 <62500.00
Accelerometer 0,008 0 <125000,00
Gyros 0.008 0 <125000.00
Magnetic Cores 150,528 0 <6.64
Oscillators, Isolator 0.004 0 <250000.00
Relays 0.798 o] <12S53.13
Resistors 36119.508 1 0.03
General Class 1.733 0 <577.03
Carbon Composition 122,312 0 <8.18
Carbon Film 0.185 0 <5405.41
Metal Film 32309.048 0 <0.03
Thermistor 0.033 1l 30303.03
Thermal Resistor 16.380 0 <61.05
Tin Oxide 39.110 o] <25,57
Wirewound, General Class 3590.500 0 <0.28
Wirewound, Power 11.502 0 <86.94
wirewound, Precision 0.040 ¢] <25000.00
Wirewound, Heater Element 0.040 0 <25000.00
Variable, General Class 0.394 o] <2538,07
Variable, Metal Film 1.031 0 <969.93
Variable, Wirewound 27.200 0 <36,76
semiconductors 51066 ,.492 S 0.10
Dicdes 13226.508 0 <0,08
General Class 0.022 0 <45454,54
Low Power 10928.512 0 <0,09
Medium Power 0.483 0 <2070, 39
High Power 463,399 0 <2.16
Tunnel 0.331 0 <3021.15
2ener 1833,761 0 <0.55
Integrated Circuits 29721.597 o] <0.03
Digital 28267.103 0 <0.04
Class A 22.717 0 <44.02

Class B 28244.386 0

<0.04




= TABLE 4.4.1-11

(continued)
: A
= c hﬁute Rate
o Part-Cycles Fe (per billion
Part Type x 10 Failures part=-cycles)
Linear 1454.49%4 0 <0,.69
Class A 0.134 0 <7462.69
; Class B 1454.360 o] <0.69 E
: Trangistors, Silicon 8118.387 S 0.62 33
‘ General Class 0.008 0 <125000.00 -
Low Power 7523.568 0 <0,13
: NPN 4571.260 ) <0,22
‘ PNP 2952.308 0 <0.34
Medium Power 3.936 o <254.07
NPN 2.907 ) <344.,00 .
PNP 1.029 0 <971.82 3
: High Power 589,444 s 8.48
o ‘ NPN 507.841 ) 9.85
PNP 81.603 0 <12.25
Field Effect = 1.085 0 <921.66
SCR 0.342 0 <2923.98 )
NPNP 0.161 0 <6211.18 L %
"PNPN 0.181 0 <5524.86
Unijunction 0.004 0 <250000,00
Switches 0.550 4 7272.72
General Class _ 0.201 4 19900.50 ‘
Electronic R 0.053 0 <18867.92
Indicator Light 0.053 0 <188€7.92
Inertial 0.008 (o] <125000.00 -
Humidity Control 0.017 . 0 <58823.53 3
Pressure ) 0.013 0 <76923.08 3
Thermostatic 0.161 0 <62111.80 b
Toggle 0.044 0 <22727.27 g~
Temperature Sensors 0.004 0 <25000C.00 : ¥ -
Thermostats 0.021 0 <47619.05
Transformers 138.618 9 64.93 :
General Class 138.201 9 65.12
Audio Frequency 0.017 0 <58822,53 ]
Power 0.111 o} <9009.01 ]
Pulse 0.066 0] <15151.52 -
Radio Freguer-y 0.215 0 <46511.63 N~
| Saturable 0.008 ) <125000.00 . '
Tubes, Sprytron 0.017 ) <58823.53 I X
Video Signal Detectors . 0.026 0 <38461.54 ’ : 3
TOTAL 117636 .985 45 0.38
4-28 * .
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| A
I C
i (o Failure Rate
| Part-Cycles rc (per billion |
| Failures pu:t-c cles) |
Generaj Class 1.750 0 <571
Digita} 22.418 10 446
Non MIL-STD-883 2,748 3 1092
Class B 16.900 0 <59 ‘
Class C 2.770 7 2527
Linear: 0.613 1 1631
Non MIL-STD-883 0.291 1 3436
Class C 0.322 0 <3106
TOTAL 24,781 11 444
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30,000
20,000
15,000
10, 000

7,000

5,000

3,000
2,000
1,500
1,000
700
500
300

200

Cacastgppﬁic Cyclic Failure Rates (failures/billion part-cycles)

150

N\ 100

TABLE 4.4.2.1-1

Catastrophic Cyclic Failure Rates (\c) For
Microelectronic Devices

1. Eanvironment - equipment laboratory operation & satallite
+ Cyclic Rate = 6 cycles (or less) per 24 hours

- sufficient for temperature stabilization

= 50 percent or greater on voltage

2
3. Time On
4., Derating

Military - Standard - 883

Class A

-Class B

Class C

Non
MIL-STD-
883

Hybrid IC (Thin) o

Hybrid'IC (Thick){

Linear IC ————vol

Ligital IC ———

Hybrid IC (Thin)

Hybrid IC (Thick)

-

= Linear IC
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TABLE 4.4.2.1-1
{(continued)

15.0 Digital IC

10.0

7.0

3.0

2.0

1.5

1.0

0.70

0.5C

0.30 Hybrid IC (Thin)

0.20 Hybrid IC (Thick)

0.15 !

0.10

0.070 rHybrid IC -r-Linear IC
(Thin)

0.050 |-Hybrid 1€
(Thick)

0.030 Linear 1C —i- Digital IC

L A

Catastrophic Cyclic Feilure Rates (failures/bil)ion part-cycles)

0.020

0.015 |-Digital IC

0,010

Class A - Devices intended for use where maintenance and replacement
are extremely difficult or impossible, and reliability is
imperative.

Class B - Devices intended for use where maintenance and replacement
can be performed, but are difficult and expensive, and where
reliability is imperative. o

Class C - Devices intended for use where maintendance and replacement
can be readlily accomplished and down time is not a critical

actor,
Non MIL-STD-883 - Devices are not jintended for military application, but data
have been included for informational purposes only.
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TABLE 4.4.2.2-1

‘ Catastrephic Cyclic Failure Rates (M) For High
: Reliability Parts and Components*

l. Environment - equipment laboratory operation & aatellite
2. Cyclic rate - 6 cycles (or less) per <4 hours

: 3. Time on sufficient for temperature stabilization

: 4, Derating 50 percent or greater on electronic devices

L LU o B

: S0.00r Transformers —————w= 500000
20.00 200000
Transistors, silicon
10.00— X ! !
z (high power) 100000 +
5.00 S0000
; 3.00 30000
H Motors
2. -
00 20000 Switches
1.00 10000 FLamps, incandescent ———

_Transistors, silicon
(medium power)

5000 |Crystals

0.30 3000

: 0.20 2000 FLamps, electroluminescent—-

E Transistors, silicon, Rela
0.10 {low power) - 1000 -Ce Yi T

k Capacitors ‘ apacitors, i1ylar

§ 0.05} Diodes 500

; 0.03~ Resistors 300

0.02 200 FLight emitting diodes (LEDNH
0.01 100 “Capacitor, tantalum, solidJ

Catastrophic 7yclic Pailure Rate (failures/billion part-cycles)
o
v
(a]

*Note: An estimate of Ac values for Military Standard parts and
components under similar environmental, cyclic rate,

' dutv cycile, and derating conditions can be made by apply-

I ing the appropriate Co values of Table 4.,3.2-1 to the

values shown in this Table.
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4.4.2.3 Construction of KC/D Table

The construction of a preliminary Keo,p table has been
attempted based on several billion hours of dormancy and cycling experience
on identical parts in identical eguipment and on the engineering judge-
ment of gpecialists who applied a ranking analysis technique to the
various categories of parts using a 50 percent decade scale.

parts descriptions, as available, were studied along with,
failure modes and mechanisms. The raw data were censored so that it
could be applied judiciously in the construction of Table 4.4,.2,3-1. 1In
so doing, several categories had to be combined or discarded; for example,
connectors, listed in column 6, are actually comprised of five smaller
subcategories which contained too little data tu be considered separately.

In those cases for which no failures were observed, ther a most
likely range with upper and lower limits was derived. This aided in
rough ordering each part or component with respect to the others.

Some apparent anomalies may be observed. For instance, the
ranking of the light emitting diode (LED} is much higher than that of
low or medium power diodes, which are of similar construction. But on
the basis of two independent cyclic LED failures, a lower kC/D
value cannot be justified at this time,

Limitations of Table 4.4.Z2.3-1 are many, ot which a tew are:

1 The ratio KC/D can be assumed to be approximately equal to
KC/S because no significant statistical difference has
been found between Ag and Ap.

The cyclic rate will affect the ratios and this chart is
for a slow cyclic rate of not more than 6 times per day
and in which temperature stabilization occurs after each
turn-on and turn-coff.

(L)

|

The transient suppression protection provided is consistent
with good design practices,

|&

That only higher quality grades of parts are represented,
such as TX, ER, or Class A and B for microelectronics.
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i
KC/'D Ratios for High Reliability Parta und (‘.o.nponent:s*j

Environment - equipment laboratory operation

Cyclic rate =~ 6 cycles
Time on

(ur less) per 24 hours

3
1

- sufficient for temperature stabilizati

tCarbon composition

Low power diode

. Derating = 50 percent or greater on devices in coll
Resistors Semiconductors 1
and and Transformers Electy
Resistive Microelectronic and and §

Devices Capacitors Devices Inductors
1 2 3 4 :
3
3
Transformers B
i
Hybrid 1C (thin film) Switchd
. A
Tantalum, wet, foil]|(High power transistor jRelayti
Tantalum, wet, slug[lHybrid IC (thick film) \Servo !
4
1

Heaters

[ 7 Resolvi
Thermostats Tantalum, sond-———--High power diode —————=R.F. chokes and coils-L Torque|
Thermistors Mylar Blower
Temperature sensing E
1abl Polyst zener diode Reacti d ind Gyzos, |
wir a ed Mo y; ziine Light emitting diode ._{Mefc ?;s and in uctorg__‘Countei
rewoun eta m Monolithic IC, linear agnellc memory cores 1511‘, r‘
FCarbon Film go:;nthic IC; digit:l Pulsed’
ediuwn power transistorf pendq
rmtal film Glass Low power transistor '
Tin oxide Ceramic {Medium power diode <

st

i mm‘wl -




TABLE 4,4.2,3~-1

ihtioa for High Reliability Parts and Components*

lic rate = 6 cycles
on
rating

{roument » €quivMENnt lAaDOratory operation

(or less) per 24 hours

- sufficlent for temperature stabilization
= 50 percent or greater on devices in columns 1, 2, and

‘Seniconductors

s and Transformers Electromechanical
Microelectronic and and Rotating

g Devices Inductors Devices Electrical
o 3 4 S 6
v

\

P

L

r Transformers

L 4

.:.

itid IC (thin film) Switches

t

Eh power transistor {Relays

rid IC (thick film)

i
£
v
v

5

Fh power diode —

er diode
ht emitting diode
olithic IC, linear

—

olithic 1C, digital

-R.F. chokes and coils =

{Reactors and inductors|
Magnetic memory cores

1Servo motors

Resolvers
Torquer motors
Blower motors

Gyros, integrating
Counters
(S1lip rings

ium pover transistor

power transistor

Pulsed integrating—
pendulum

Lamps, electrolumines

{Lamps, incandescent
Fuses

Connectorg**

+Coup1 ings**
Connector pins**

=Lamps, annunciator————

ium power diode

pw power diode
|3

**Per connection
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4.4.2.3 Construction of KC/D Table

The construction of a preliminary K., table has been |
attempted based on several billion hours of dormancy and cycling experience
on identical parts in identical equipment and on the engineering judge-
ment of specialists who applied a ranking analysis technique to the
-various categories of parts using a 50 percent decade scale.

Parts descriptions, as available, were studied along with
failure modes and mechanisms. The raw data were censored so that it
could be applied judiciously in the construction of Table 4.4.2.3-I. 1In
so doing, several categories had to be combined or discarded: for example,
connectors, listed in column 6, are actually comprised of five smaller
subcategories which contained too little data to be considered separately.

In those cases for which no failures were observed, then a most
likely range with upper and lower limits was derived. This aided in
rough ordering each part or component with respect to the others,

Some apparent ancmalies may be observed. For instance, the
ranking of the light emitting diode (LED) is much higher than that of
low or medium power diodes, which are of similar construction. But on
the basis of two independent cyclic LED failures, a lower K
value cannot be justified at this time. c/b

Limitations of Table 4.4.2.3-1 are many, of which a few are:

1 The ratio KC p €an be assumed to be approximately equal to
KC /s because no significant statistical difference has
been fourd between Ag and Ap.

2 The cyclic rate will affect the ratios and this chart is
for a slow cyclic rate of not more than 6 times per day
and in which temperature stabilization occurs after each
turn-on and turn-off.

3 The transient suppression protection provided is consistent
with good design practices.

il

That only higher quality grades of parts are represented,
such as TX, ER, or Class A and B for microelectronics.
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4.5 Failure Modes and Mechanisms

A list of 29 failure modes and mechanisms which have been
identified as occurring during power on-off cycling is provided in
Table 4,5-1I. These failures occurred cn parts which were assembled
into systems and are the same types which are expected to be observed
in the future. In many cases, the malfunctions can be tied back to
improper process control during manufacturing, a situation which may
never be completely corrected. Even though electronic parts are subjected
to screening and burn-in, followed by several functional tests at the
assembly and system level, a small quantity of potentially defective
items get into operational equipments. Power on-off cycling is one
forcing mechanism which can cause those parts to fail in a catastrophic
mode. As can be obsexrved from the table, failure analysis of the part
malfunction is still not a requirement on all major programs.

It is interesting to note that 90 percent of the failures
listed in Table 4.5-1 are opens. The reason for this high percentage
can undoubtedly be attributed to expansion ard contraction effects
which take place when devices are energized and de-energized. Improper
welds, defective solder joints, nicred fine wire, and marginal structural
assemblies can fail when subjected to this enviroament.

Open windings in fine wire transformers are a generic
manufacturing problem. Failures are normally associated with stress
relief loops, wire nicks, and soldering of lead wires to the windings.
Although tkermal cycling is often used as a screen to detect these kinds
of defects, it is pcssible that power on-off cycling represents a better
way to identify potential malfunctions of this type. The reason for
this is that power cycling can induce local hot spot heating at the
area where the defect exists. The failure will then become apparent
after a period of expansion and contraction caused by the power cycling.

Code B failures were obtained from a tontrolled experiment
in which a 4000 hour cycling test was conducted, with each cycle consisting
of 25 minutes power on and 5 minutes power off. Transistor internal lead
wire/bond failures are believed to be the same mechanism which is discussed
in more detail by Reference 13. The cycling rate for the Code A and C
equipment was that which was normally exPerienced during operational use.

Although Table 4.5-I does not contain any integrated circuit
failures, power on-off cycling and resultant differential expansion and
contraction can create malfunctions in these devices especially when
a glassivation layer has been employed for passivation purposes. A
detailed discussion of this situation can be found in Reference 14,
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TABLE 4,5-1I

System Failures Occurring During Power On-Off Cycling

4-36

System Quantity Part Type Failure Mode
- ——
A 6 Transformer Open
A 2 Transformer open
A 1 Transformer Oopen
A 3 Switch Open
A 1 Capacitor, Solid TA Open
A 1 Capacitor open
B 1 Capacitor, Wet TA Short
B 1 Capacitor Open
A 1 Transistor Open
A 1 Transistor Cpen
B 1 Transistor Open
B 1 Transistor Short
C l Transistor, Power open
B 4 Diode Open
B 1 Diode Short
A 1 Lamp, Pilot Open
A 1 Motor, Tach. Gen. open
A 1l Thermistor Open
29 Total
System Code

A = Space Vehicle
B = Surface-to-Surface Missile
C = Satellite




TABLE 4.5-I

Failures Occurring During Power On-Off Cycling

t Type Failure Mode Description §
4‘%;—;____———-—:.———_____————___# %
former Open Magnet Wire Fractured i
jsformer Open Internal Lead Wire Broken é
sformer Open Nick In Stress Relief Loop E |
h Open Defective Solder Joints and Connections 1
itor, Solid TA Open Defective Internal Weld 3
itor Open Defective Internal Solder Joint
itox, Wet TA Short Electrolyte Leak %
itor Open Manufacturing Defect E
istor Open Metalization Defect i
istor Open Improper Bond of Collector Lead
istor Open No Failure Analysis
sistor Short No Failure Arnalysis
mistor, Power Open Broken Internal lead Wire %
Open No Failure Analysis ]
Short No Failure Analysis
Pilot Open Broken Filament E
, Tach. Gen, Open Improper Solder Connection
stor Cpen Wafer Fractured i
3
E|
1
i
3
) ]
' E
, :
face Missile
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:4.5 FPailure Modes and Mechanisas

A list of 29 failure wmodes and mechanisms which have been
identified as occurring during power on-off cycling is provided in
Table 4,.5-I. These failures occurred on parts which were assembled
into systems and are the same types which are expected toc be observed
in the future. In many cases, the malfunctions can be tied back to
improper process control during manufacturing, a gituation which may
never be completely corrected. Even though electronic parts are subjected
to screening and burn-in, followed by several functional tests at the
assembly and system level, a small quantity of potentially defactive
items get into operational equipments. Power on-off cycling is cne
forcing mechanism which can cause those parts to fail in a catastrophic
mode. As can be observed from the table, failure analysis of the part
malfunction is still not a requirement on all major programs.

It is interesting to note that 90 percent of the failures
listed in Table 4.5-I are opens., The reason for this high percentage
can undoubtedly be attributed to expansion and contraction effects
wvhich take place when Jdevices are energized and'de-energized. Improper
welds, defective solder joints, nicked fine wire, and marginal structural
assemblies can fail when subjected to this environment.

Open windings in fine wire transformers are a generic
manufacturing problem. Failures are normally ,associated with stress
relief loops, wire nicks, and soldering of lehd wires to the windings.
Although thermal cycling is often used as a gcreen to detect these kinds
of defects, it is possible that power on-off/cycling represents a better
way to identify potential malfunctions of this type. The reason for
this is that power cycling can induce local/hot spot heating at the
area where the defect exists. The failure

ill then become apparent
after a period of expansion and contractioch caused by the power cycling.

Code B failures were obtained ffom a controlied experiment
in which a 4000 hour cycling test was copducted, with each cycle consisting
of 25 minutes power on and 5 minutes powpr off. Transistor internal lead
wire/bond failures are believed to be tlhe same mechanism which is discussed
in more detail by Reference 13. The cycling rate for the Code A and C
equipment was that which was normally gxperienced during operational use.

Although Table 4.5-I does t contain any integrated circuit
failures, power on-off ¢ c-ling and rgsultant differential expansion and
contraction can create malfunctions/in these devices especially when
a glassivation layer has been emplgyed for passivation purposes., A
detailed discussion of this situation can be found in Reference 14.
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5.0 RELIABILITY MODELS

In recent years, an increasing number of electronic systems have been
developed which are likely to be in a nonoperating or dormant mode for long
periods, varying from a year to 5 or 10 years, before being used in their
intended missions or replaced. Most of these systems must be capable of
successful operation at any time with short notice. This greatly increases
the importance of having a reliability mathematical model which accurately
portrays the system reliability at any period during its life cycle.

5.1 Service Life Model

The basic modeling techniques required for the prediction of system
reliability in the dormant mode were established and validated in 1967 in
Reference 1. These and subsequent techniques have resulted in a service
- life model that is a function of numerous system, subsystem, and device
characteristics. The service life model evaluates system reliability in

terms of the system’s unique deployment schemes and design characteristics,
which include the effects of:

Service life environmental (deployment) modes

2 Expected time in each mode

3  Power on-off cycliné during test and checkout or operational usage
4  Failure detection capability of the system

5 Accumulation of operation, dormant, and cycling failures

6 Frequency of periodic test and checkout.

A simplified service life model is shown in Figure 5.1-1 for a missile
system which {s constantly monitored for failures after deployment. Prom
the figure, note that the reliability of the wissile after the dormant mode
is a function of:

1 The undetecteu failures cumulated from prior modes

18

The dormancy failure rate and time in dormancy

1w

The effectiveness, ags of the system test eouipment.
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If this missile system had been tested at periodic intervals during deploy-
went rather then being constantly monitored, a fourth factor affecting the

reliability of the missile would be the cumulative effects of power on-off
cycling,

3.2 Storage and Dormancy Models

Strictly speaking, there are two primary types of submodels, each of
which may or may not be present in a given service life model at the same
time. These consist of a storage model and a dormancy model, which are
broken down further in Table:5.2-I. The primary difference between the
storage and dormancy models is in terminology. As the definition of storage
implies, the storage model applies when an equipment is placed in storage
or ‘‘on-the-shelf’’ for a certain time interval before either being deployed
or used in {ts intended mission. While in storage,- the equipment may or
may not be periodically tested. The methods and failure rates used for de-
termining equipment reliability are the same for the storage and dormancy
models. Therefore, the paragraphs and examples describing the dormancy

models will also apply to the equivalent storage models; i.e., periodic test
and no test,
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TABLE 5.2-1

et a2 i AL b Mt A il L 1 il

Constituent Models of the
‘ Service Life Model

ol

Service Life Model

1., Storage Model
a. No test
b. Periodic test

Dormancy Model
a. No test
b. Periodic test

The dormancy model is used in conjunction with two basic deployment
survival techniques utilized for systems which are unlikely to be used in
their intended mission for long perinds of time after deployment. The first
and simplest technique is the “‘no test’’ plan. Under this concept the
syster is deployed and never tested until used in its intended mission. For
some of the less complex systems, this is the best method. However, as
system complexity increases, other means must be found to assure that an
acceptable reliability is maintained.

it L el b AL b il o e L
N
-
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The second deployment survival technique is used for higher complexity
systems which can experience considerable degradatior over long periods of
dormancy. In this technique, which is the periodic test concept, the de-
ployed system is tested at periodic intervals, such as every 6 months, and
any necessary repairs are made after each test.
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5.3 Application of Reliability Models

‘fo visualize the differences between the two basic deployment survival
techniques, an example is provided which compares the two techniques by
applying them to a tactical electronic system. The system is assumed to
congist of high reliability parts and to be contained in a controlled en-
vironment during deployment. A parts list of the system with associated
operating and dormancy failure rates is shown in Table 5,3-1.

In referring to Figure 5.1-1, Mode 4 of the service life model (deploy-
ment) 1is the only variation to be considered by this exumple., Therefore,
the undetected failures through Mode 3 can be calculatad to datermine the
system reliabilicy, R3, at the end of Mode 3 or the bLeginning of deployment:

F3 s (1~ u1) A + (1~ 03) (ADt + ) t_ )

t
E E, D, E'E,
where F3 = expected failures through Mode 3
XE = 1,186,966.7 fits = System operating failure rate

tE = 340 hours = Total operating time prior to shipment
AD = 14,876.25 fits = System dormancy (sforage) failure rate

ty = 720 hours = Total dormant (storage) time through.Hode 2
CE = 5 hours = Total opérating time during predeplovment checkout

Ay = 0.95 = Test efficiency of factory test
ay = 0.90 = Test efficiency of predeployment checkout test

Fy = 0.05(1,186,966.7x10"7) (340) + 0.10 [(14,876.25x1077) (720)+
1,186,966.7x1079(5))
F, = 0.0218

3
Thus R3 - e-0.0218

Therefore, the system reliability at the beginning of deployment is 0.978.

= 0.978

5.3.1 No Test Deployment Concept

If the “‘no test'’® concept is chosen fnr the system, then the system
will remain in a dormant, unenergized stste throughout the deployment wmode
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of its service life. No system failures will be detected during this period,

and the total undetected failures occurring during Mode 4 (deploymwent) of
the system gervice life are found as follows:

Fne = 20 by

where FN& = Expected failures during Mode 4 under ‘‘no test’® concept

XD = 14,876.25 fits = Dormant fallure rate

t, - ! to 5 years = Expected deployment time

The model may be solved for the total expected failures for various time

durations, and by utilizing the exponental equation, system reliability can
be calculated.

Figure 5,3.1-1 shows the system reliability degradation during the de-
ployment mode under the ‘‘no test’’ concept. Note that the initial relia-
bility is not 1,0, but 0.978 which is a resulct of the undetected failures
through Mode 3. Therefore, at the end of five years the system reliability
would be 0.51, which is not acceptable for most tactical systems.

5.3.2 Periodic Test Concept

In order to maintatq a higher reliability throughout deployment, a
periodic test strategy may be chosen, As previously mentioned, complex
trade studies are involved in selecting the optimum checkout interval.
However, it shall be assumed that the trade studies have already been pers
formed, and a periodic test interval of one year selected.

An important consideration with the periodic test concept is the effects
of power on-off cycling on the system reliability. If the system does not
have adequate transient suppression circuitry, the power cycling may have
a disastrous effect upon system reliability and availability. It shall be
assumed that the system under coysideration does have protection against

transients.
\
\

For calculating the estimated number of failures that occur between
periodic test (including the effects of cycling during the test), certain
values relating to the test must be established. The interval between
periodic tests will be one year. The total operating time during a periodic
test is assumed to be 3,0 nours, which also is sufficient time for the in-
ternal temperature rise to stabilize at the maximum operating value. The
wmodel for calculating the estimated failures is based upon the models
derived in »>ection 1.1 of this report which incorporated the effects of
on-ulf cycling. The model used is taken from Equation 1.1,2-8 with I = 0:

+ ) . r.lt

Fp = [y + No Koop) Ap + 0p 1l £

4

where FP = Expected failures during one periodic test interval
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r, = 0.99966 = Ratio of total dormant time to total periodic
test interval time

NC = 0.000Z3 = Ratio of total power cycles to total periodic test
interval time (cycles per hou:)

KC/D = 270 = Ratio of cyclic failure rate to dormancy failure rate
(estimated for an average mix of high reliability parts)

AD = 14,876.25 fits = System dormant fajilure rate
AE = 1,136,966.7 fits = System energized failure rate

rp = 0,00034 = Ratio of total operating time to total periodic
test interval time

[ad
]

D 8760 hours = Total periodic test interval time

The failure rate values are taken from Table 5.3-I1. The ratios, rp and rg,
are based upon the assumption of a one year periodic test interval (8760
hours) with a 3 hour operating time during test. A total of 2 power on-off
cycles are as_.umed per test interval, from which N¢ is obtained. The value
of Kp/p is assumed to have been determined for this sysiem based upon such
factors as high reliability parts, part min, cyclic rate and duration,
transient suppression capabilities, and energy level attained during cycling.
Substituting these values into the model:

Fp = {[(0.99966) + (0.00023) (270)] 14,876.25x10°7 +
(1,186,966.7x10°9) (0.00034)} 8760
Fp = 0.1419

By combining the value calculated for Fp with that of F3 previously calcu-
lated and applying the sum to the exponental equation, the system relia-
bility just prior to the first periodic test is obtained:

R = e-0.1637

= 0.849

Thus, by using the exponential equation, system reliability can be
calculated at the time of test. Immedliately after the periodic test, the
reliability will be higher since detected failures will have been repaired.
However, the reliability will not regain its former level at the previous
periodic test because there are undetected failures remaining in the system.
For ccmparative purposes, it shall be assumed that the value of a (efficlency
of the test in detecting failures) can be either 0.5C or 0.95 depending
upon the design and test equipment. The system reliability following test
can be calculated in the following manner:

=((1=a) (F,) + F,]
R=e P 3

ok
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For a = 0,50:
R a e [(1°0.50) (0.1419) + 0.0218]

=
f

0.911
For a = (0.95:

R = e-[(1-0.95) (0.1419) + 0,0218)

0.972

Figure 5.3.2-1 shows the resulting reliability degradation over a five
year period for Foth a values. As evidenced by the graphs, there is a
considerable difference in rcliability when the percentage of failures de-
tectable is increased. Other than dormancy failure rate, the most signifi~
cant contributors to achieving long term dormancy system ieliability are
the test efficiency and the frequency of periodic test.

It is interesting to note what effect power on-off cycling has on system
reliability. If cycling were not taken into account, the model for the
expected failures at the end of the first yearly periodic test would be:

F= (1=a) (( )+F3]

ALt
D D“
3 Failures undetected prior to deployment

where F

>
[}

Dormancy failure rate

[ad
"

Periodic test interval

Test efficiency
(.5) [(14,876.25x10°9) (8760)) + 0.0218
0.0870

SRR SRR P 90 v 1| v AR ARG U W ‘

‘T M o &
L}

Therefore,
-0.0870
R =e

R = 0,917 = Reliability without effects of cycling assuming
i ' 0.50 test effiziency

A comparison is shown in Table 5.3.2-1 between the system reliabilityv
values calculated when the effects of on-off cycling are taken inte account
i and when they are not considered. The values reflect an assumed test effi~
cliercy of 0.50 and a periodic test interval of one yuar. The differences
are small, but hecome more significant when it is remembered that only 2 on-
off cycles per year are being applied to the system,

5-3

|
|
i
%




A —

1.00
Q. \
> \
A&
-l
o
o 0.6
©
-l
—i
o
ol
g
«» 0 . Ac
>
©
0.20
1 2 4 5
1)
Years of ﬂoruancy
Test Efficiency (a) = 0.50
1.00
0.8
>-0.60
-l
—l
ol
o
[}
-l
9.0.40
;g..o.u
a
)
)
(2]
>
(7]
0.20
1 { 3 4 3
Years of Dormancy
Test Efficiency (a) = 0.95

Figure 5.3.2-. Reliability Degradation With
Periodic Test Corncept

£-10




TABLE 5.3.2-1 4

‘Comparison of Periodic Test Reliability Calculations
With and Without The Effects of On-0ff Cycling

Reliability Calculations 7
~.-] Time Interval | With Cycling | Without Cycling T
(Years) Effects Effects
1 0.911 0.917
] 2 0.849 0.859
: 3 0.791 0.805
4 0.736 0.754 ‘
5 0.686 0.706 :

- TTIR, AR R W'“W'FwWﬂ"‘”‘m‘"m”"“"mﬂ“ﬂu“‘wm

Note: 2 on-off cycles per year are assumed
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6.0 CONCLUSIONS AND RECQ:MENDATIONS

6.1 Conclusions

Martin Marietta has thoroughly conducted and successfully
concluded both RADC sponsored programs.

1l F30602-72-C-0243, "Dormancy Failure Rates of
Electronic Equipment and Parts,” and

2 F3060z-72-C-0247, "Power On-Off Cycling Effects
on Electronic Equipment Reliability,”

During the data collection and analysis phases of the above
programs, definite interrelations between the storage, dormancy, power
on-off cycling, and normally energized ctates were found, developed,
and verified. These interrelationships have been incorporated into
service life equations and models. Both apply to military electronic
equipment and utilize failure contributions from the dormancy and power
on-off cycling states in combination with those of the normally energized
state.

The basic interrelationships, terms, and equations are given in
Equations 1.1,.2=1 through 1.1.2-9, The full spectrum of service life N
models has been carefully developed, explained, and illustrated in Sec-
tion 5.0 RELIABILITY MODELS. The service life modeling techniques of
Section 5.0 provide the means by which a system's reliability can be
predicted or determined at any time during its service life cycle.

The study and investigation efforts of dormancy and power on-
off cycling have been logically combined into this final technical
report. This permits simultaneous retrieval of both sets of failure
rates and interrelating factors from library sources. The logic and
efficacy of a single report are also amplified by the fact that both
studies have had the same ultimate goals:

1l The development and improvement in design, manu-
facturing, quality, and deployment techniques or
conditions that promote attainment of maximum
system reliability
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The updating and upgrading of reliability predic-
tions through improvements in military electronic
system mathematical modeling methodology

|w

The quantification of corresponding, viable, and
authoritative failure rates and factors for dormancy
and power on-off cycling from available field data.

6.1.1 Dormancy Program Conclusions

A statistical analysis of the dormant and storage data collected
during this program indicates that there is no significant difference
between failure rates for equivalent part types in the storage and dor-
mant modes. As a result of this finding, the dormant and storage data
have been combined for all analyses. Because of the unavailability of
drift failure rate information, only catastrophic failure rates and
factors have been developed. '

6.1.1.1 Failure Rates, Factors, and Models -

Dormancy data collected were primarily on three grades of
electronic devices -- Military Standard, high reliability, and ultimate.

The data served to verify and strengthen the validity of the
failure rates and factors originally developed in Reference 1. Many
of the data gaps that previously existed have been filled, and changes
in failure rates because of technological advances in design, manufac-
turing, and quality control are reflected. In almost all cases, the
catastrophic failure rates have improved for individual electronic
parts. These are summarized in Table 3.6.1-I1 for microelectronic
devices, Table 3.6.2-1 for resistors and capacitors, Table 3.6.3-I
for semiconductors, and Table 3.6.4-1 for low population devices. !

Integrated circuit reliability has been expanded by categorizing
the failure rates by the screening classes given in MIL-STD-883. Table
6.1.1-1I shows the relative differences found to exist among the different
classes for both digital and linear integrated circuits. Insufficient -
field data were available to make dormant failure rate estimates for .-
MOS, MSI, and LSI devices. .

Analysis of the data shcws that, cn the average, dormant high
reliability part fajlure rates are between 3 and 7 times better than the
Military Standard grade. The ultimate grade part appears to be about 50
times better than the Military Standard ograde; however, data are still
insufficient tc draw gczd or prove definite conclusions on this grade.
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TABLE 6.1.1-I

Failure Rate Factors for Digital and Linear Integrated

Circuits by Classes A, B, and C of MIL-STD-883 ©oe

Integrated Circuit Reliability Relative
Type Class Faiiure Rate fractors
Digital Class A 1{
Class B 2%
Class C S
Linear Class A 1xx
Class B 3.5%*
Class C 10**

* Normalized to Class A, Digital

** Normalized to Class A, Linear

Based upon data from five systems with similar functions but
with different vintages of designs and high reliability parts, dormant
reliability growth trends have been determined. The growth trends
indicate a steady improvement in average catastrophic dormant failure
rates from 1964 to 1969. However, the rate of improvement has leveled
off somewhat after 1967 and appears to be asymptotically approaching a
level failur- rate much more slowly after 1969. This failure rate
improvement is primarily due to improved manufacturing contrnl and more
effective parts screening and burn~in as shown in Table 3.7.1.4-I and
tigure 3.7.1.4-1.

Parametric drift information was sought on dormant devices, but
has been found to be sparse. In general, however, parametric drift tests
conducted on stored semiconductors have shown drift to be negligible on
devices investigated. Positive drifc trends have been observed on cer-
tain metal film and wirewcund vesistors. Even this dritt rate does not

6-3
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indicate these types of resistors can be expected to go outside of end of
life tolerances over a 10 year period. 1Insufficient drift data exist
for other devices.

Because of the limited temperature and humidity ranges observed
on the dormancy data, nc pronounced differences in dormant catastrophic
failure rates can be identified for temperature or humidity changes. Data
from high temperature storage tests on microelectronic devices have been
analyzed in a further attempt to correlate dormant failure rates with tem-
perature. In general, the dcrmant failure rates increase with temperature,
but the lack of more than two high temperature data points prevented the
establishment of an Arrhenius curve and associated acceleration factors.

Quantification of relative environmental location factors for
electronic systems has been accomplished for four dormant environments:
satellite, in container in a controlled environment, not in container in
a control led environment, and submarine. The factors are listed in Tables
3.5.2-1 and II.

The service life model previously mentioned has been developed
to reflect the entire life cycle of a system from factory to replacement
or use in its mission. The model enables the system reliability to be
calculated at any given time throughout this cyclie. Many of our strategic
missile systens, both in the field today and under development, have a
planned life cycle of approximately 10 years and must be capable of suc-
cessful operation at any instant dusing this period. Thus, the importance
of having a reliability mathematical model which accurately portrays the
system reliability prior to deployment becomes paramount. The addition
of power on-off cycling effects to this model increases the accuracy even
more and is discussed in paragraph 6.1.2.1.

6.1.1.2 Dormancy Failure Modes and Mechanisms

Preliminary indications from failurc mode data collected on
approximately 100 electronic parts are that open and short failures
occur with aktout equal frequency in the dormant state. However, a
closer look at the data reveals that about 60 percent of the shorts
experienced are due to contaminated integrated circuits. Without this
failure mode, the opens are clearly in the majority.

The most prevalent type of open failures are lifted bonds on
transistors and integrated circuits and electrolysis of Nichrome metal
film resistors with entrapped humidity.

The shorted failure modes are primarily due to contaminated
IC's, dielectric breakdown in ceramic capacitors, and electrolyte leak-
age in wet tantalum capacitors. Although examples of "purple plague”




were not revealed, other types of intermetallic problems are still present.
This is evidenced by failures of this type from two sources.

A major contributor to failures which occur during dormancy is
out-of-control manufacturing processes. Metal film resistors have ex-
hibited two failure mechanisms attributable to manufacturing processes.
One was the presence of sealed-in moisture which initiated an internal
electrolysis process that created voids in the Nichrome film. The other
failure mode is caused by the resistive Nichrome element flaking off

because the ceramic base cores were insufficiently cleaned before film
deposition.

The integrated circuit contamination failures are also attribut-
able to manufacturing processes, Sources reported that loose conductive
particles on the substrate surface caused shorts in the cevices. These
are particularly devious failures to validate because of the mobility of
the particles. For example, assume a dormant system in an airborne en-
vironment experiences sufficient vibraticn to cause a conductive con-
taminant to short an integrated circuit; the module containing the IC
is removed for repair and transported to the repair facility. During
transit, however, should the conductive particle move to another location
on the substrate, the module will test perfectly good. All evidence of
faiiure has vanished. One way of controlling this type of failure mech-
anism is to perform a screening test which monitors the electrical para-
meters of the device during vibration testing. Another way of avoidina
this problem is to eliminate the failure mode by design and use of devices
which have a surface passivation layer which negates any possible inter-
mittent shorts from any contaminants that may be present.

Since the observed failure modes and mechanisms for dormancy
are the same as those for the energized state, it can be concluded that
dermancy itself is not the causative factor. Ratner device material
properties or incipient defccts are. Both types of these failure mech-
anisns can be correlated with dormant time as well as operating time.
The rate at which failures occur in dormancy is lower because of zero
or near zero electrical stresses applied.

6.1.2, Fower On-Off Cycling Program Conclusions

The results of the data collection and analysis program indicate
that pcwer on-off cycling can have a definite adversc effect upon elec-
Lronic equipment reliability. The degree to which reliability is aZfected
depends upor. several factors such as part qualicty, cyclic rate, temperature
~ffects, environrent, and trdisient suppressicon capabilities of the system,
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These factors are not always independent of one another, but rather
depend upon system design and duty cycle characteristics. Therefore,
great caution and care must be exercised in construction of any power
on-off cycling mathematical model and development of quantitative values
for factors in the model,

This report is considered to be the initial step toward defin-
ing the terms and factors related to power ¢ycling and developiny the
necessary mathematical models and quantitative factors required for
reliability prediction purpocses. It should be recognited that this is
only a starting point with more and better power on-off cycling data
required before a high degree of confidence can be obtained in the pre-
diction methods and values. However, with the partial verification of
the models and factors afforded by the on-off cycling data collected,
it appears that there is a reasonable validity in the approach taken
in this report.

6.1.2.1 Failure Rates, Factors, and Models

The service life model which has been developed reflects the
effects of power on-off cycling on equipment reliability along with the
other service life conditions usually experienced by equipments: storage,
dormancy, and the fully energized state. The model adds a new dimension
to trade-of f studies involving periodic testing. Without the effects of
cycling taken into account, reliability predictions can be overly opti-
mistic. Of course the degree of optimism is dependent upon the cyclic
rate and related cyclic characteristics. In addition, the service life
model is a valuable tool for determining logistic requirements. More
accurate failure data on specific part types and quantities can be
obtained as a result of including cyclic failure rates.

Based upon the data collected, a power cycling failure rate
model to estimate the cyclic failure rate().) has been developed and is
given in Equations 4.3.1-1 and -2. The moéél identifies, defines, and
correlates the factors exerting primary influences on cycling failures:
part quality, cyclic rate, temperature effects, environment, and transient
suppression characteristics of the equipment. Preliminary quantification
of these factors has been accomplished and tables are given with values for
the factors in paragraph 4.3.1.

The temperature factor exerts a major influence over the model
because of the large percentage (about 90 percent) of observed part
failures which appear to be related to expansion and contraction result-
ing from temperature change. These factors can range from 1 to greater
than 200. Further quantification of this important factor should be ob-
tained by properly designed experiments in which certain critical in-
fluence factors would be varied while others would be held constant.

6-6




In addition to the cyclic failurs rate model, cyclic
failure ratas (Tables 4.4.2.1-I and 4.4.2.2-1)

have been constructed. The former table is on microelectronic devicas

and the latter on high reliability parts. Both tables apply only to
electronic systems in a laboratory environment, having a cyclic rate of

6 cycles or less per 24 hours, having the cycle on time one hour or longer,
having the time between cycles one hour or longer, having an average part
derating of S0 percent or greater, and having transient supression cir-
cuitry designed in the equipment.

The incidence of power on-off cycling has been correlated to other
states such as dormancy and normally energized. This correlation is in the
form of ratios of the cyclic failure rates to those of dormancy and energized.
Table 4.4.2.3~] is the first such attempt at developinyg and ranking these
factors. By the use of these factors, it is now pussgible to estimate how
much more stressful the cyclic state is when compared to the dormant state
for similar electronic devices in identical power on-off cycling conditions.
Analysis of this data indicates that on the system level a single power on-
off cycle is between 1 and 375 times more stressful or effective in causing
failures than one hour of dormant time. This wide range demonstrates just
how great an effect cycling can have on equipment reliability. 1In contrast
to this, the ratio of energized to dormant failure rate was between 40 and
100, depending upon the part and component mix within the system.

Correlation of power on-off cycling failure incidence with
environmental application or with equipment type was thwarted. This
was due to the fact that almost all of the validated power turn-on and
power turn-off failures came from missile electronic systems in a lab-
Qratory environment.

6.1.2.2 Failure Modes and Mechanisms

Available failure mode and mechanism data indicate an over-
whelming tendency of power on-off cycling to induce failures in the
open mode. Approximately 90 percent of the failures analyzed were opens,
The reason for this high percentage can be attributed to expansion and
contraction effects which take place when devices are energized and de-
energized. Improper welds, defective solder joints, nicked fine wire,
and marginal structural assemblies can fail when subjected to this en-
vironment. In many cases the malfunctions which occurred can be tied
back to improper process control during manufactur., a situation which
may never be completely corrected.

Powcr on-off cycling appears to be particularly effective in
precipitating poor conductivity fault points in a system. This is
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illustrated by on-off cycling failures detected in transformers with
opens, breaks, fractures cr bad solder points; in switches with poor
solder joints; in capacitors with bad internal welds and solder joints;
and in a tachometer-generator with a pcor solder connection. Although
thermal cycling is often used as a scraeen to detect detects such ag those
described for transformers, it is possible that power cycling represents
a better way to identify potential malfunctions of this type. The reason
for this is that power cycling can induce local hot spot Leating at the

area where the defect exists. The failure will then become apparent after

a period of expansion and contraction caused by the power cycling.
6.2 Recommendations

The following recommendaticons are submitted for considerat:ion
and possible implementation:

1l Government documents establishing and defining cverall
reliakility program requirements should be updated and upgracded to
include management and/or technical provisions that stipuiate and
implement reliability requirements in terms of orerational service
life, rather than just the enevgized (operating) state.

< Government. technical manuals, nandbooks, and guidelines
should be issued or revised to include the anethods, data, ana references
on how to cohesively conduct ané to cystematically perform quantitative
reliability analyses for the total scrvice life of military equipment.
Such analyses must be based on required operational capabilities over
the anticipated service life. Degradation effects on e¢lectrcnic eguip-
ment in various activation states, such as shelf-life, transportation,
handling, testing, dormancy, and power on-off cycling must be considered
in addition to only those of the ncrmally energized (active) state. Tor
example, Figure 6.2-1 depicts a possible revision to Figure 1 of MIL-STD-
721B. This Military Standard should be updated in the INACTIVE TIME area
and added to in the TRANSITION TIME area.

3 Detailed Government procurement documents, cpecifications,
and contracts should also be revised and written to includc reliabilirny
requirements and studies based upon total service life consideraticns.
The reliability studics, including mathematical models, trade-offs,
parametric analyses, allocativons, or predictions, should be directed
with the intent to promote attainment of optimum system reliability
consonant with minimum cost and time impacrs. These ctudies are
arplicable to all phases of thie Gevernment procuroment cvele; i.e.,
Concept Formulation, Advanced Develooment, kesearch and Develoument,
Production, Deployment, and operational . .

6-g




2IZ( MIVGNVIS AYVIIIIH 30 1 21n815 03 uojsjady 37q¥8804

_.I

mN3L 3N
Him .u.vq.._kUK
ONV u>0-cu¢

V43N
r<( 2ivd3y
>O!wx

Kl ) ._.u

ﬁ

<m 3

1-2'9 2andyy

ﬁ iy u:; 3t T T T (ONNOYV-NEN L)
Iy | ELTH NOILYBBITvD| NOILD3INMOD | INIWNIVIEO| NOILLVLO7 LI ELIPY INNL
AnNYIT3 ANON93KD | -1M3NisNPraY 130v4 Wil .S:q.. zo:.«xémxa :o:uuawz ONIJIAN IS
,|-—.1|| --ahuww-
Imil IntL
,,, IniL Iy 3NN inivw | IINYNILINIV I
: IALLYELSININGY AY13Q Aeans 311230800 | IAILNIAIYD
. —— fnialiuhiy —
[ - I
T o
INIL 3N ELLIN ELIN Il _ ET LD I_
. Aw¥I30 wu'dtwkz_dx ZQ..—(U_M_O NOISS' NOIL1DVIN | LY3W _
\ _—— —— .
/ { _ B D _ [ |
INILNMOG 3miLan
i b
.l'lvt.ll-la. '-I"'nl-l_ ~|II|\||'IJ .Il.l||||l|_ Fe- == ) Piadidadied s
s T amwiL L, I T TR | toawWl ] 3wy !
| LNVWM00 ! | 1BOASNYEL! ! ONIIaNYR ! | 3DYXO0LS 430-N¥NL, ! NO-N¥ni
e e L e = e - - P | ) L e e s oL - [P gl |
T [as T -—=Tyr-s-== - ) T
e e e - - —b e - d - ——- P .Iollllllnll.
- S e--- p
- N amit , ECTRY { 3 '
S IAILIUNS IALLOV ¢ e~ortisnvur !
o Lo mpm e = 2
o L | o __2
og ﬂ
. =
]
z m 3Imi L
g

et

TN LT S NPTy, 7 8




|
|

4 Consideration should be given to the feeusibility of
restructuring or of incorporating the_means by which larg. quantities
Qf dormant and power on-oif cvcling data can be collected through ex-
isting data collection systems. No such provisions now exist; nor are
complete dormancy or power on-off cycling data on any current major

. ——" o A A AT
‘ ’

= military systems availakle from a single sourca., 4
: 3 In order to pirovide the huge quantities of dormancy or :
R power on-off cycling data necessary, consideration should be given to :

. selecting and marking a future major military electronic system for
: special data collection provisions on dormancy ana power on-otf cycling.
These special provisions must include the necessary detailed and docu-
mented failure analysis provisiens down to the part level to ascertain
and validate the state in which failure occurred.
/

b The possibility of establishing, at an existing facility,
a central collection point for military electronic hardware failures
(and their history) that are attributed to dormancy or power on-off
cycling should be considered. At appropriate times, detailed failure
analysis to pinpoint rfailure mode and failure mechanisms can then be
readily accomplished to validate the failure and the state in which 1t
occurred.

7 To establish power on-off cycsling effects (factors, base
failure rates, etc.) on specific electronic components, carefully con-
structed and designed experiments are needed. Careful contemplation

= should be made before attempting this hecause of hardvare quantity and
time constraints.

8 The efficacy of a low key effort to collect, when and as
it cccurs, power on-off cycling data of interest on m;litary electronic
equipment should be investigated. In the study just completed, a grow-
ing tendency has been noted. This tendency 1s a reluctance, oOn the part
of major military weapon system contractors, to furnish uncontracted-for
data free. This is due to material and manpower cosus 1ncuried by them
in reconstructlng or resorting past or present applicable data and roct
receiving monetary compensaticn for the added scope. This reluctance
is further heightened by curvent cutbacks 1n military defense spending
whizh directly results ir purse-string tightening on the part of private

.

e

PR

) contractors.

' 9 should any of the recommendations of 4 through 8 be imple-

H mented, then additicnal ctudy and investigation of any and all collected
data should be undertaken. Although this technical report nhas provided

- new and updated dormancy failure rates and factors and provided an
initial and unigue approach to guantificatlion of power on-uff cycling
effects, additionai work is rejuired to:




jo

Validate the preliminary dormancy failure rates arrived

at by the ranking analysis method for both thick and thin
film hybrid integrated circuits. This validation includes
Class A, B, and C devices of MIL-STD-883,

(o

Establish and validate dormancy failure rates for other
microelectronic devices such as MST and LSI.

10

Establish and/or validate dormancy failure rates for
special electronic items such as MOS devices, field effect

transistors, microwave diodes, or varactor and step recovery
diodes.

o

validate dormancy failure rates for low population items.

o

Develop additional values for the power on-off cycling to

dormancy ratio (KC.D) for use in the service life model.
/

f Validate the preliminary power on-off cycling failure
rate (A¢) model and provide further and bet.er guanti-
fication of the base cycling failure rate (Acp! and
contributing factors Cw, C C., and CE'

N T
c - i

g Provide more comprehensive rank . ing tables for the
base failure rate (AC).

>

Provide a better delineation of the independent effects of !
temperature and humidity on dormant electronic devices.

I~

Provide a better correlation of power on-off cycling
effects with environment and equipment type

3 Provide a better delineation of environmental node factors
for dormancy and power on-off cycling especially for han~
dling, transportation, or mobile states.

16 Power on-off cycling be investigated as an additional
(and more cffective) screening test for cerctain components-transformers,
capacitors, thermistors, power transistors, inductors, switches, relays,
motors, generators; i.e., those ccmponents or parts that utilize wire,
wire connections, welds, solder 3oints, or filaments. It appears power
on-off cycling is a mocre rigorous form of thermal cycling. It induces }
"local hot-spots” at potential conductivity faults resulting in wire, 4
cvuhnection, or filament failure at that fault because of a correspcndingly
greater amount of expansion and contraction (work-hardening) induced.
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11 The effect of power on-off cycling on poor solder joints
or weld JOlhtS should be further investigated and developed because of

a lack of low cost, reliable methods to tast for or eliminate potential
conductivity faults on the part,

chassis, subassembly, or assembly levels.

12 Update the data on the effects of burn-in on the dormant

and operatlng reliabilities of electronic systems and expand the data
to individual parts and components.

13 Extend dormancy work into the area of nonelectronics

associated with electronic equipment. No such compendium of information
now exists.

6-12

component ., module, printed circuit board,




E
;
£
3
f
{
{
;
i_

7.0 GLOSSARY

Activation Level - The level of electrical stress applied to an electronic
system; power-off is 2zero activation level; dormancy is 10 per-
cent or less of normal activation level; power-on is normal acti-
vation level.

Activation State - The state orimode in which an item is; these states
include storage, dormant, power turn-on, normal operating

(energized) and power turn-off for this study.

Alternative Hypothesis - The hypothesis which will be accepted if the
null hypothesis is rejected.

Calendar Time - Total elapsed time.

Catastrophic Failure - A change in the characteristics of a part result-
ing in a complete lack of useful performance of the item.

Commercial Parts - See part class.
Cyclic Rate ~ The number of cycles that occur over a given time period.

Derating - The design practice of applying some fraction of the rated
stress of a part in order to increase service life.

Dormant Mode - The state wnerein a device is connected to a system in
the normal operational conf:iguration and experiences below
normal or pericdic clectrical and environmental strescas for
prolonged periods up Lo 5 years or more before being used¢ in
a missicn.

Crift Failure - A change in a measurement above ov below the individua)
parameter range reguirements stipulated in the part specification.

Energized - The state of normal activation.
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ER - Established reliability;

FET - Field effect transistor.

Fit - A failure per billion hours.

High'Power Device - A device rated greater than 5 watts.
High Reliability Parts - See part class.

IC - Integrated Circuit,

IRIG - Inertial rate integrating gyro.

Infant Mortality - Part failures due to deficiencies in manufacturing
processes which occur soon after stress is applied.

LED - Light emitting diode.

LSI ~ Large scale integration.

Low Power Device - A device rated less than or equal to 1 watt.
MOS - Metal oxide semiconductor.

MSFC - Marshall Space Flight Center

MSI - Medium scale integration.

Medium Power Device - A device rated greater than 1 watt but less
than ¢ 2qual to S watts.

MIL-STD - Military Standard.

Military Standard Parts - See part class.

Noncperating Mode - Equipment in the storage and/or dormant mode.
Null Hypothesis - The hypothesis under test in a statistical test.
PIPA - lulscd integrating pendulum accelerometer.

Part Class

Commercial - A part which receives limited testing by the vendor

and is not subjected to screening.

7-2

Gl bt o




¥

Military Standard - Group A environmental proof tests,
and Group B electrical tests.

High Reliability - Military standard tests plus: selected
vendor serializing; 100 percent receiving inspection; 100
percent burn-in.

Ultimate Reliability - High reliability tests plus: 100
percent extended burn-in; parameter drift screening;
stringent quality inspection.

tr ol et bl w1 kb

o 2

Part Quality - See part class.
Population -~ The larger set of cbjects from which a sample is drawn.

Power Cn-Off Cycle - That state during which an electronic system
goes from the zero or near zero {(dormant) electrical activa-
tion level to its normal system activation level (turn on)
plus that state during which it returrs to zero or near zero
(turn off) or vice versa.

Rank Ordering - Application of engineering judgment to produce a
relative scale of reliability within a part class.

SCR - Silicon controlled rectifier.

SSI - Small scale integration. %

i

Service Life - Useful life of an electronic system and measured in i

calendar hours or time. %

Service Life Cycle - The individual mode or modes of service life 3

such as depot storage and predeployment checkout. }

1

l Significance Level - Probability of accepting the alternative hypothesis :
! when the null hypothesis is true. H
4 Storage Mode - The state wherein a device is not connected to a system %
1 but is packaged for preservation and experiences somewhat 5
l benign environments. g

1 TX - Tested extra. 1

Transient Suppression - The inclusion of electronic circuitry or special
design characteristics to eliminate voltage spikes which could 3
cause anomalous operation.

N ¢ bl

Ultimate Reliability Parts - 3See part class.
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8.0 SYMBOLS

These symbols are used throughout the text of this report. 1In

special instances where a specific symbol is used once and explained on
the same page, it is not included in the followiug list. '

Significance level

System test efficiency, i.e., that fraction of failures which

are detectable in a system.

Total number of cycles during the service life.

Environmental mode factor; this factoxr is an adjustment
factor for the various environments in which power on-
off cycling occurs.

Cycling rate factor; this factor is a function of the
expected cycling rate (normally expressed as cycles per

hour); the cycling rate can be estimated for a given
system as

that is, the total number of actual or anticipated power
on-off cycles that will occur on that item during its
entire service life expressed in hours. This factor re-
presents all non-temperature related effects such as
mechanical shock, wear, vibration, material fatigue, creep,
or other cyclic induced stresses.
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Part quality (grade or class) factor; this factor is a func-
tion of the manufacturing process and subsequent controls
imposed such as Group A and B electrical tests, special
screens, or burn-in on individual parts and components. In
addition CQ is improved on equipment and systems which in
turn, have assembly limited environmental tests and/or burn-
in tests imposed.

Temperature effect factor; this is a complex factor comprised
of several sub-factors which are dependent:

1l initial temperature state,

2 applied electrical energy versus part
derating with resultant thermal stresses

3

thermal lags at turn-on and at turn-off,

4 temperature stabilization state (time to
and time at),

5 residual temperature effects (a function
of time between cycles),

6 environment.

Transient suppression factor; this factor is a function of
the degree to which transient suppression circuitry and
design have been provided to eliminate or reduce damaging
voltage or current transients at power turn-on or turn-off.
These transients may either be line conducted or induced
by internal or external sources.

Cycle

2.71828,.. = base of natural logarithms

Established Reliability (as covered by Established Reliability
specifications)
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SL

Cc/D

c/s

Failures per billion part-hours
Expected number of failures
Statistic calculated for Brownlee's test

Expected number of failures during the power on-off cycling
state within the service life of an electronic system.

Expected number of failures during the dormancy state within
the service life of an electronic system.

Expected number of failures during the energized state within
the service life of an electronic system,

Expected number of failures during the i'th state within the
service life of an electronic system.

Rejection value for Brownlee's test.

The i'th percentage point of an F distribution with Yy and
Y, degrees of freedom.

Expected number of failures during the stcrage state within
the service life of an electronic system.

Expected number of failures during the service life of an
electronic system.

Alternative hypothesis
Null hypothesis

Index of summation, multiplication, etc.

-;E— = ratio of cyclic failure rate to dormancy failure
D rate (in hours of dormancy per cycle).
AC

5 < ratio of cyclic failure rate to storage failure
s rate (in hours of stnrage per cycle).
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Xe/s

———— R

xg ratio of energized failure rate to storage failure
S rate (in hours of storage per energized hour).

Conatant failure rate, expressed as failures per unit of
time, cycles, miles, etc.

Cyclic failure rate

Dormant failure rate

Energized failure rate

Failure rate of i‘'th population
Estimate of Ai

Logarithm of X

Storage failure rate
Service life failure rate

Average number of cycles expected
= . Average cycling rate expected during the service life
SL of an electronic system (in cycles per total unit time

of service life).

The number of states, items, failure rates, etc., to be
operated upcn by T or w

Number of failures observed from population i

Total quantity of parts
Probability of success

Probability of success during service life




R. = Reliability of component e
Ri = Quantitative system reliabllity at end of i'th period
tD
rn, = < - Ratio of total dormant time to total service lifetime
SL

E .
i L = T = Ratio of total anergized time to total service lifetime
' SL
E t
3 r, = = Ratio of total storage time to total service lifetime
B SL
-
£
% Rg, = Reliability during service life
3
é TI = Initial temperature
£
5 TS = Stabilized temperature
g ,
r t = Total time
E tB = Time of burn-in (in hours)
£

t. = Total dormant time in the service life of an electronic system

Caran

+ - . )
D. tD for i'th pericd
i
tE = Total energized time in the service life of an electronic system
& t = t_ for i'th period
’ E, E
i
Li = Number of part hours observed for population i
3
= t = Time required to reach T
: ™ S

{ t = Time reguired to return to room ambient
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Total storage time during the service life of an electronic
system :

ts for i'th period

Total elapsed time (calendar time) during the service life of
an electronic system

Therefore

Voltage

Arithmetic average
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APPENDIX A
TESTING THE EQUALITY OF TWO LIFE DISTRIBUTIONS

It can be observed that v; and t) are from population 1 and v2
and t; from population 2 where v, is the numker of failures observed
in t part-hours from the i'th populatlon The failure rate A; of the

i th populatlon can then be estimated as Si= Vl/t A test of the null
hypothesis Hy: = Az versus the alternative hypothe51s Ha: Ay # X3

with significance level a'is desired.

The following procedure from Brownlee (Reference 15) accomplishes
the desired test:

A\l Vo
1. Choose notation such that >
t t2
o ~ vy 2
2. Calculate the statistic F =
v, +1 t

3. Determine the rejection value F; = Fy/2 (Yl, Yz) from a table
of the "F distribution" for Y, = 2(v2+l) degrees of freedom and
Yz = 2vl degrees of freedom.

4. 1f ; 3.¥r' reject Ho and accept Hy decnarlng that populations 1
and 2 have different failure rates. If F < Fr' additional con-
sideration is necessary before accepting H, and stating that
population 1 and population 2 are identical. If the diffecrence
between A7 and i, is smail, a large quantity of data will be
needed for it to be detected. If the experimenter deems that
sufficient data are present to detect any important difference
in the two populations, then F < F does imply that H, should
be accepted and the two populatlons can be declared identical.

Browinlee's test requires that an estimate cf the failure r. : exists
for both of the populations being compared. Thus, if no failures .ave
been observed in either population, then Brownlee's tzst cannot be applied.
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APPENDIX B

DATA COLLECTION

Data have been collected by Martin Marietta from aporoximately 50
contractors and government agencies and as a result of a comprehensive
literature review.

I. Literature Review

More than 650 documents have beenr reviewed for information or data
pertinent to dormancy and/or power on-off cycling. These documents were
obtained from the Defense Documentation Center (DDC), RADC, GIDEP, FARADA,
other government data sources and agencies, private contractors and ven-

dors, research institutions, and the Martin Marietta Technical Information
Center.

A primary source was the CDC from which two classified bibliographies
were obtained consisting of abstracts and titles of documents related to
dormancy and cycling. After reviewing these bibliographies, all appropriate
documents were requested from DDC and reviewed in more detail. The most
significant documents obtained from DDC and the other sources are listed
in the bibliography of this report.

1I. Data Source Contacts

Through initial literature and telephone surveys, those government
agencies, military installations, private research institutions, and
electronic manufacturing firms lhaving data pertinent to dormancy and
power on-off cycling were contacted.

A summary of those data sources contrikbuting to these study pro-
grams is shown in Table B-1. The fcllowing paragraphs give a brief de-
scription of the cype of data obtained from each source.

a. Autonetics
Anaheim, Calif.

Nonoperating data on Minuteman III were provided by Autonetics
personnel. Since Minuteman III is powered up after site activation,
only data generated before silo installation could be used.

b. Bell Telephone Laboratories, Inc.
Wwhippany, N. J.

A large amount cf dermancy data was obtasiv:d from BTL on three sources:
an Air Force missile guidanc2 system, SPRINT/SPAKTAN missile guidance sets,
and cocmponents associated with the Bell System undersea cable repeaters.
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TABLE B-I1

Data Source Contacts

Autonetics
Anaheim, Calif.

Bell Telephone Laboratories, Inc.
Whippany, N. J.

Boeing Company
Seattle, Wash.

Cubic Corporation
San Diego, Calif.

Dale Electronics
Columbus, Neb.

Fairchild Semiconductor
Mountain View, Calif.

Film Capacitors, Inc.
Passaic, N. J.

General Dynamics
Pomona, Calif.

General Electric Company
Pittsfield, Mass.

General Electric Company
Syracuse, N. Y.

General Electric Company
Utica, N. Y.

George C. Marshall Space Flight Center
Huntsville, Ala.

Harris Semiconductor
Melbourne, Fla.

B-2

Hewlett-Packard
Palo Alto, Calif.

Honeywell, Inc.
Minneapolis, Minn.

Lockheed - lissile Systems Div.
Sunnyvale, Calif.

Lockheed - Satell.te Systems Div.
Sunnyvale, Calif,

Manred Spacecraft Center
Houston, Texas

Martin Marietta, Denver Division
Denver, Colo.

Martin Marietta, Orlando Div.
Orlando, Fla.

Massachusetts Institute of
Technology

Charles Stark Draper Laboratories
Cambridge, Mass.

McDonnell-Douglas Astronautics Co.
Huntington Beach, Calif.

Monsanto
Cupertino, Calif.

Motorola
Phoenix, Ariz.

National Semiconductor
Santa Clara, Calif.




TABLE B-I
(continued)

Naval Ammunition Depot (NAD)
Crane, Ind.

Naval Weapons Station

Fleet Missile Systems Analysis
and Evaluation Group (FMSAEG)

FARADA Section

Corona, ‘Calif.

Newark Air Force Station
Newark, Ohio

Ogden Air Material Area (OOAMA)
Hill Air Force Base, Utah

Pezkin-Elmer
Danbury, Conn.

Phiico Ford
Palo Alto, Calif.

RCA
Somerville, N. J.

Raytheon Company
Mountain View, Calif.

Raytheon Company
West Andover, Mass.

Reliability Analysis Center (RAC)
Griffiss Air Force Base, N. Y.

Rome Air Development Center (RADC)
s Griffiss Air Force Base, N. Y.

Sandia Corporation
Albuguerque, N. M.

Signetics
Sunnyvale, Calif.

Siliconix
Santa Clara, Calif.

Singer-Xearfott, Inc.
Little Falls, N. J.

Strategic Air Command Headquarters
Offutt Air Force Base, Neb.

TRW Systems
Norton Air Force Base, Calif.

TRW Systems
Redondo Beach, Calif.

Texas Instruments Inc.
Dallas, Texas

U. S. Air Force Flight Test Center
Edwarde Air Force Base, Calif.

U. S. Alir Force Space and Missile
Systems Organization (SAMSO)
Norton Air Force Base, Calif.

U. S. Army Electronics Command
(USAECOM)

Fort Monmouth, N. J.

U. S. Navy Special Projects Office
Washington, D. C.
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c. Boeing Company ! . !
Seattle, Washington *

Data on parts parameter drigt over long periods of time were obtained
from Boeing. .

d. Cubic Corporation v s
San Diego, Calif. .

Data were received on digital integrated circuits used in vote counters
manufactured by Cubic. These counters are in storage between elections,
and therefore, are a good source of data.

L e | e

e. Dale Electronics
Columbus, Neb. 3 ’

High temperature storage data on resistors were provided'by Dale.

f. Fairchild Semiconductor
Mountain View, Calif.

High temperature storage data on lipgear, digital, and MSI integrated
circuits were obtained from Faircnild. On-off cycling data were also
received. i

g. Film Capacitors, Inc.
Passaic, N. J.

’

High temperature storage data on paper mylar capacitors were obtained s
from this source.

h. General Dynamics
Pomona, Calif.

U T T e

A e

A report containing testing and dormancy data on the REDEYE missile
was provided by General Dynamics.

Tl

- i. General Electric Company 22
Pittsfield, Mass.

A Qescription of the operational profile and failure reporting tech-
nigues for the Polaris,Poseidon Fire Control systems was given by GE - I
Pittsfield personnel. Reports were also obtained relating to the Fire
Control systems.
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Je General Electric Company
Syracuse, N. Y.

A small amount of dormancy data on transistors was obtained from
this souice.

k. General Electric Company
Utica, N. Y.

A considerable amount of on-off cycling and dormancy data was ob-
tained from GE - Utica on satellite equipment.

1. George C. Marshall Space Flight Center
Huntsville, Ala.

NASA da‘a on aluminum wire fatigue problems during power cycling
were obtained from this source.
~
m.’ Harris Semiconductor
Melbourne, Fla.

High temperatureé storage data were provided on digital, linear, and
MSI integrated circuits.

n. Hewlett-Packard
Palo Alto, Calif.

High temperature storage data on LED's were obtained from Hewlett-
Packard.

o. Honeywell, Inc.
Minneapolis, Minn.

Data generated at Honeywell or power on-off cycling tests on air-
borne equipment were provided.

p. Lockheed - Missile Systems Division
Sunnyvale, Calif.

Tab runs containing generation breakdowns of the Polaris and Poseidon
missiles and failure data were obtained from Lockheed-MSD. Begause of in-
sufficient identification of part types in the generation breakdowns, )
absence of sufficient information in the failure tab runs, and lack of qime
periods in the dormant state for the missiles; it was determined that
dormancy data could not be obtained on Polaris/Poseidon missiles within
the time and manpower limitations of this contract.




q. Lockheed - satellite Systems Division
Sunnyvale, Calif.

Dormancy data on satellites and dormancy failure mode information
were obtained from Lockheed-SSD personnel.

r. Manned Spacecraft Center
Houston, Texas

NASA personnel provided failure summary reports on Apollo dormancy
and on-off cycling failures.

s. Martin Marietta, Denver Division
Denver, Colorado

Dormancy data related to failure mechanisms, manufacturing processes

and contrels, and screening techniques were provided by the Denver Division
of Martin Marietta.

t. Martin Marietta, Orlando Division
Orlando, Florida

Dormancy and power cycling data on the SPRINT system as well as
power cycling data on the Pershing system were provided by the Orlando
Division of Martin Marietta.

-
v .

u. Massachusetts Institute of Technology I
Charles Stark Draper Laboratories
Cambridge , Mass.

A large and well documented quantity of on-off cycling and dormancy
‘data on the Apollo electronics was provided by the MIT personnel.

v. McDonnell-Douglas Astronautics Company
Huntington Beach, Calif. -

Data on the SPARTAN missile were obtained from McDonnell-Douglas
through BTL.

w. Monsanto
Cupertino, Calif.

Life test data on LED's and information on LED failure mechanisms
were ocbtained from Monsanto.




X. Motorola
Phoenix, Arizona

On-off cycling and high temperature storage data were provided on

various types of integrated circuits, transistors, and diodes by Motorola
personnel.

Y- National Semiconductor
Santa Clara, Calif.

High temperature storage data and on-off cycling data on integrated
circuits were obtained from National Semiconductor.

z. Naval Ammunition Depot (NAD)
Crane, Indiana

A considerable amount of dormancy data related to the Poseidon Fire
Control system was obtained from NAD, Crane including failure evaluation
reports, part lists, and nonoperating times.

aa. Naval Weapons Station

Fleet Missile Systems Analysis & Evaluation Group (FMSAEG)
FARADA Section

Corona, Calif.

Several reports concerned with on-off cycling and dormancy were
received from FARADA. Dormancy data on the Terrier missile were also pro-
vided through FMSAEG.

bb. Newark Air Force Station
Newark, Ohio

A very useful tab run containing failure summaries of Minuteman I1I
burn-in and zero time failures was loaned to Martin Marietta for use on
the program.

cc. Ogden Air Material Area (OOAMA)
Hill Air Force Base, Utah

Tab runs containing Minuteman II and III failure data were obtained
from OOAMA personnel.

dd. Perkin-Elmer
Danbury, Conn.

Dommancy data on electronic equipments were provided by the Perkin-
Elmer personnel.
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ee. Philco Ford
Palo Alto, Calif.

Dormant satellite data from several satellite systems were provided
by Philco Ford.

ff. RCA
Somerville, N. J.

Data concerning power on-off cycling tests on transistors were ob-
tained from RCA.

qag. Raytheon Company
Mountain View, Calif.

High temperature storage data on transistors, diodes, and inteyrated
circuits were provided by the Semiconductor Division of Raytheon.

hh. Raythecon Company
West Andover, Mass.

Dormancy data on the Improved Hawk missile were obtained from the
Raytheon perscnnel.

ii, Reliability Analysis Center (RAC)
Griffiss Air Force Base, N. Y.

Information concerning reports pertinent to dormancy and on-off cycling
was obtained from RAC.

33 Rome Air Development Center (RADC)
Griffiss Air Force Base, N. Y.

Reports and pertinent data related to dormancy and power cycling
were provided by RADC. In addition, RADC-TR-67-3C7 (Reference 1) and
the RADC Reliability Notebook (Reference 16) were used during the per-
formance of the program effort and in compiling this final report.

xk. Sandia Corporation
Albuquerque, N. M.

Dormancy data on electronic parts were received from Sandia, but
because of unforseen delays the data arrived too late to be analyzed
or included in the report.
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11. Signetics E
Sunnyvale, Calif, . 2

A small amount of storage data was obtained on integrated circuits.

mn, Siliconix
Santa Clara, Calif.

A small amount of high temperature storage data was obtained on
integrated circuits.

nn. Singer-Kearfott, 1Inc. {?
Little Falls, N. J.

Dcrmancy data on electronic eguipment manufactured by Singer-Kearfott E
were used in this report. These data were obtained from a published report
(Reference 17) of the company.

oo, Strategic Air Command Headquarters
Offutt Air Force Base, Neb.

Air Force personnel provided a description of the computerized tab
runs used for recording Minuteman field failure data and discussed the 3
major failure mechanisms observed after periods of dormancy. i h

PP. TRW Systens
Norton Air Force Base, Calif.

Dormancy data on the Minuteman II missile were obtained from TRW E
through SAMSO. TRW was very helpful and provided a magnetic tape and e
supplementary tab runs of dormancy data. h

qq. TRW Systems -
Redondo Beach, Calif. 2

i

TRW provided data generated on satellite systems. Severa) reports
were also provided ‘which were pertinent tc dormancy. |

rr, Texas Instruments Inc. ;‘
Dallas, Texas

Pertinent data on integrated circuits and LED's were provided by i Er
Texas Instruments.

SS. U. 5. aAlir Force Flight Test Center : E
Edwards Air Force Base, Calif. ‘ A

Data were provided which contained cycling information on the C-5A
aircraft,




tt. U. S. Air Force
Space and Missile Systems Organization (SAMSO)
Norton Air Force Base, Calif.

SAMSO approved release of Minuteman II dormancy data and served as
the pivotal point of release for the data which included failure events
and dormancy times.

uu, U. S. Army Electronics Command (USAECOM)
Fort Monmouth, N. J.

Dormancy and on-off cycling data were obtained from special tests
being conducted in Panama. Other potential socurces of data were also
given by USAECOM personnel.

. U. 5. Navy, Special Projects Office
Wwashington, D. C.

Information related to the Polaris/Poseidon missiles and fire con-
trol systems was provided as well as specific contacts from which to
obtain additional data.




