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The RELIABILITY ANALYSIS CENTER is a DoD Information Analysis
Center, operated by IIT Research Institute under contract to the Rome Air Devel-

opment Center, AFSC.

The Reliability Analysis Center (RAC) is a Department of Defense Infor-
mation Analysis Center sponsored by the Defense Logistics Agency, managed by the
Rome Air Development Center (RADC), and operated at RADC by IIT Research
Institute (IITRI). RAC is charged with the collection, analysis and dissemin-
ation of reliability information pertaining to parts used in electronic systems.
The present scope includes integrated circuits, hybrids, discrete transistors
and diodes, microwave devices, optoelectronics, and selected nonelectronic parts
employed in military, space and commercial applications.

In addition, a System/Equipment Reliability Corporate Memory (RCM) is also
operating under the auspices of the RAC and serves as the focal point for the
collection and analysis of all reliability-related information and data on
operating and planned military systems and equipment.

Data are collected on a continuous basis from a broad range of sources
including testing laboratories, device and equipment manufacturers, government
laboratories, and equipment users, both government and nongovernment. Automatic
distribution 1lists, voluntary data submittal, and field failure reporting
systems supplement an intensive data solicitation program.

Reliability data documents covering most of the device types mentioned
above are available annually from RAC. Also, RAC provides reliability consulting
and technical and bibliographic inquiry services which are fully discussed at the
end of this document.
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failure information derived from failure analysis of digital devices. In
each of these sections, the data summaries are followed by a detailed

1isting of 1ine entries which allow the reader to make the maximum use of
the information compiled in this compendium,

. In addition to providing field and test results, MDR-17 presents com- ]
parisons between actual field experienced failure rates and MIL-HDBK-217C, i
Notice 1, predicted failure rates. The use of tables and graphs resuits in
high visibility into the parameters which affect device failure rates,
allowing correlation between observed and predicted failure rates to be made
effectively.
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PREFACE

This is one of a series of annual data publications dealing with
microcircuit reliability which includes hybrid, 1linear and interface,
memory and LSI devices, as well as digital SSI/MSI components. Other
volumes specifically treat discrete semiconductor (including optoelec-
tronic and microwave) and nonelectronic components.

Each document contains analyzed reliability information in addition
to the detailed presentation of field, test and failure analysis results.
Digital SSI/MSI microcircuit reliability is now divided into two separate
publications: Digital Failure Rate Data, which presents and analyzes the
results of life testing, equipment level reliability demonstration testing
and field experience; and Digital Evaluation and Failure Analysis Data,
which deals with the results of burn-in and environmental screening tests,
as well as relates the detailed failure analysis results and distributions
from thousands of failure events. This information aids in determining
device fallout rates and the operational test and field reliability
characteristics of devices. Life test results and their relationship to
field experience as well as observed vs. MIL-HDBK-217C predicted failure
rates can be reviewed. The relative risks of screening decisions may also
be examined. Additionally, information is available to form the
foundation for failure mode effects and criticality analyses (FMECA).
Through the data presented, these publications are intended to actively

complement such documents as MIL-STD-883B and MIL-HDBK-217C. The user is

cautioned that the data contained herein may not be used in lieu of other

contractually cited references.

The Rome Air Development Center's computer facilities and the
extensive cooperation of the Reliability and Compatability Division
(RADC/RB) and the Information Sciences Division (RADC/IS) and its
personnel were a vital factor in the generation of this compendium.
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The detailed data sections are generated directly from the

Reliability Analysis Center's computerized data base wutilizing a
customized file system approach developed by the RAC programming staff.

This system allows the generation of special reports and analyses wherein
the data is categorized to match the needs of the user.

e e




TABLE OF CONTENTS

Page
INTRODUCTION 1
i
! SECTION 1: DEFINITION OF TERMS, STATISTICAL METHODS AND 7
ABBREVIATIONS USED IN THE DATA ANALYSIS .
SECTION 2: DIGITAL SUMMARIZED DATA ;
4
Digital Summarized Data - Introduction 1d =
Summarized Generic Failure Rates - Field Data 13
: Digital Microcircuit Observed and MIL-HDBK-217C, 27
i Notice 1 Predicted Failure Rates
b Summarized Generic Failure Rates - Reliability 56
! Demonstration and Equipment Checkout Data
1 Summarized Generic Failure Rates - Life Test Data 78
3 SECTION 3: DIGITAL DEVICE DATA - DETAILED LISTINGS ﬁ
i Digital Device Data - Detailed Listings - Introduction 107 --g
; Usage Guide 109 {
CMOS 116 ;
L PMOS 140 :
3 DTL 141 i
1 HINIL 149 ]
ECL 151
: IIL 166
RTL 168
‘ TTL, High Speed (HTTL) 169
; TTL, Low Power (LTTL) 186
% TTL, Low Power Schottky (LSTTL) 196
! TTL, Schottky (STTL) 212
2 TTL, SUHL 241
TTL 243
SECTION 4: DIGITAL FAILURE ANALYSIS DATA SUMMARIZATION 329
SECTION 5: DIGITAL FAILURE EVENT DATA - DETAILED LISTINGS
Digital Failure Event Data - Detailed Listings - 347
Introduction
Usage Guide 349
Failure Event Detailed Listings 355
APPENDIX A: DEFINITION OF THE FIVE MAJOR FAILURE DESCRIPTOR 395
CATEGORIES AND ILLUSTRATION OF FAILURE EVENT RECORD
STRUCTURE
APPENDIX B: ADDITIONAL RAC SERVICES 403
vii

e O eI L L A R Ny
."{f‘.ﬁﬂ*ﬂ"iw‘%"uﬂﬂz‘ﬁ,ﬁ g ,,&ﬁ(fv{fyn‘ﬁf )

oot bl O o Bt AT ;




: LIST OF TABLES
j Title Page
2 TABLE 1: Field Failure Rates by Environment 15
s
TABLE 2: Field Failure Rates by Operation Type 16
TABLE 3: Field Failure Rates by Screen Class 17 f
TABLE 4: Field Failure Rates by Package Type 18 ;
TABLE 5: Generic Failure Rates - Field Data 19 :
TABLE 6: Digital Microcircuit Observed and MIL-HDBK-217C, 29 3
Notice 1 Predicted Failure Rates for Military ﬂ
Equipment (Grouped by Complexity) :
TABLE 7: Digital Microcircuit Observed and MIL-HDBK-217C 36 1
Notice 1 Predicted Failure Rates for Commercial
Equipment (Grouped by Complexity)
TABLE 8: Summarized Generic Failure Rates - Reliability 59
Demonstration and Equipment Checkout Data
: (By MIL-STD-781B Test Level)
ﬁ TABLE 9: Summarized Generic Failure Rates - Reliability 63
3 Demonstration and Equipment Checkout Data
(By Complexity)
TABLE 10: Summarized Generic Failure Rates - Reliability 65
Demonstration and Equipment Checkout Data -
MIL-STD-781B, Level A-1
TABLE 11: Summarized Generic Failure Rates - Reliability 68
Demonstration and Equipment Checkout Data -
MIL-STD-7818B, Level D
TABLE 12: Summarized Generic Failure Rates - Reliability 69
Demonstration and Equipment Checkout Data -
MIL-STD-781B, Level E
TABLE 13: Summarized Generic Failure Rates - Reliability 72
Demonstration and Equipment Checkout Data -
MIL-STD-781B, Level F
TABLE 14: Summarized Generic Failure Rates - Reliability 76
Demonstration and Equipment Checkout Data
MIL-STD-781B, Level H
TABLE 15: Generic Failure Rates - Reliability Demonstration 77

and Equipment Checkout Data - TCVPC

ix




LIST OF TABLES (Cont'd)

é Title Page
TABLE 16: Summarized Generic Failure Rates (By Test Type) 80
Life Test Data
TABLE 17: Summarized Generic Failure Rates (By Screen Class) 84
Life Test Data
TABLE 18: Generic Failure Rates - Dynamic Life Tests 89
TABLE 19: Generic Failure Rates - Reverse Bias Life Tests 94

TABLE 20: Generic Failure Rates - Static Forward Bias Life Tests 48 ;

TABLE 21: Generic Failure Rates - Storage Life Tests 100

3 TABLE 22: Failure Indicator Distribution 335
] Device Technology: CMOS

TABLE 23: Failure Indicator Distribution 335
Device Technology: DTL

TABLE 24: Failure Defect Distribution 335
Device Technology: ECL

TABLE 25: Failure Mode Distribution 335
Device Technology: ECL.

TABLE 26: Failure Indicator Distribution 336
Device Technology: HTTL

TABLE 27: Failure Mode Distribution 336
Device Technology: HTTL

TABLE 28: Failure Indicator Distribution 336
Device Technology: LSTTL

TABLE 29:  Failure Mode Distribution 337 .
Device Technology: LSTTL 4

TABLE 30: Failure Indicator Distribution 337
Device Technology: STTL

TABLE 31: Failure Mode Distribution
Device Technology: STTL

TABLE 32: Failure Defect Distribution
Device Technology: STTL




TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

33:

34:

35:

36:

37:

38:

39:

40:

41:

42:

43:

44.

LIST OF TABLES (Cont'd).
Title

Failure Indicator Distribution
Device Technology: TTL

Failure Mode Distribution
Device Technology: TTL

Failure Defect Distribution
Device Technology: TTL

Failure Defect Cause Distribution
Device Technology: TTL

Failure Activating Stress
Device Technology: TTL

Failure Indicator Distribution
Device Technology: ECL
Source: Life

Failure Mode Distribution
Device Technology: ECL
Source: Life

Failure Indicator Distribution
Device Technology: HTTL
Source: Field

Failure Indicator Distribution
Device Technology: LSTTL
Source: Life

Failure Mode Distribution
Device Technology: LSTTL
Source: Life

Failure Indicator Distribution
Device Technology: STTL
Source: Life

Failure Mode Distribution

Device Technology: STTL
Source: Life

X1

sl i P

Page

338

338

339

339

339

339

339

340

340

340

341

341

S S o




LIST OF TABLES (Cont 'd)

Title

TABLE 45: Failure Indicator Distribution
Device Technology: TTL
Source: Field

TABLE 46: Failure Indicator Distribution
Device Technology: TTL
Source: Life

TABLE 47: Failure Mode Distribution
Device Technology: TTL
Source: Life

TABLE 48: Failure Indicator Distribution
Device Technology: TTL
Source: Rel Demo

TABLE 49: Failure Mode Distribution
Device Technology: TTL
Source: Rel Demo

xii

3 = o iy
SIUTRA LY B8 XETT Y MO NPRRRG.

Page

341

342

342

343

343




FIGURE

F IGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

10:

11:

LIST OF FIGURES

Digital Microcircuit Observed and MIL-HDBK-217C,
Notice 1 Predicted Failure Rates From Military
Equipment, Part I (Table 6, Obs. #1-20)

Digital Microcircuit Observed and MIL-HDBK-217C,
Notice 1 Predicted Failure Rates From Mijlitary
Equipment, Part II (Table 6, Obs. #21-39)

Digital Microcircuit Observed and MIL-HDBK-217C,
Notice 1 Predicted Failure Rates From Military
Equipment, Part III (Table 6, Obs. #40-59)

Digital Microcircuit Observed and MIL-HDBK-217C,
Notice 1 Predicted Failure Rates From Military
Equipment, Part IV (Table 6, Obs. #60-77)

Digital Microcircuit Observed and MIL-HDBK-217C,
Notice 1 Predicted Failure Rates From Commercial
Equipment, Part I (Table 7, Obs. #1-20)

Digital Microcircuit Observed and MIL-HDBK-217C,
Notice 1 Predicted Failure Rates From Commercial
Equipment, Part II (Table 7, Obs. #21-40)

Digital Microcircuit Observed and MIL-HDBK-217C,
Notice 1 Predicted Failure Rates From Commercial
Equipment, Part IIl (Table 7, Obs. #41-60)

Digital Microcircuit Observed and MIL-HDBK-217C,
Notice 1 Predicted Failure Rates From Commercial
Equipment, Part IV (Table 7, Obs. #61-80)

Digital Microcircuit Observed and MIL-HDBK-217C,
Notice 1 Predicted Failure Rates From Commercial
Equipment, Part V (Table 7, Obs. #81-100)

Digital Microcircuit Observed and MIL-HDBK-217C,
Notice 1 Predicted Failure Rates From Commercial
Equipment, Part VI (Table 7, Obs. #101-120)

Digital Microcircuit Observed and MIL-HDBK-217C,

Notice 1 Predicted Failure Rates From Commercial
Equipment, Part VII (Table 7, Obs. #121-140)

xiii

33

34

35

44

45

a6

47

48

49

50

P




i sad s ST T T e T P .
' -

LIST OF FIGURES (Cont 'd)

Page

FIGURE 12: Digital Microcircuit Observed and MIL-HDBK-217C, 51
Notice 1 Predicted Failure Rates From Commercial 3
Equipment, Part VIII (Table 7, Obs. #141-160) 1
FIGURE 13: Digital Microcircuit Observed and MIL-HDBK-217C, 52 ‘

Notice 1 Predicted Failure Rates From Commercial
Equipment, Part IX (Table 7, Obs. #161-180) ;
: FIGURE 14: Digital Microcircuit Observed and MIL-HDBK-217C, 53 }
‘ ‘Notice 1 Predicted Failure Rates From Commercial

Equipment, Part X (Table 7, Obs. #181-200) ;
FIGURE 15: Digital Microcircuit Observed and MIL-HDBK-217C, 54 :
Notice 1 Predicted Failure Rates From Commercial 3
Equipment, Part XI (Table 7, Obs. #201-220) ;
FIGURE 16: Digital Microcircuit Observed and MIL-HDBK-217C, 55 :
Notice 1 Predicted Failure Rates From Commercial ¢
Equipment, Part XII (Table 7, Obs. #221-243) ' g
E
FIGURE 17: Illustration Of Failure Indicator Hierarchy Structure 331 ;
3
j

S e it




INTRODUCTION

This microcircuit device reliability compendium features failure rate
data for SSI and MSI digital microcircuits. The data used in this
publication were collected, reduced and refined from a broad spectrum of
government and industry sources by the Reliability Analysis Center in
order to present objective and relevant information for widespread usage.
This publication is divided into sections to allow for convenient
referencing of a particular data summary or distribution. A brief synopsis
of each section appears below to provide an overview of the contents and
scope of this data publication.

Section 1 contains the definitions of terms used in the statistical
analysis of failure rate data. Included in this are some common
abbreviations and symbols associated with reliability estimations, as well
as the underlying basis for statistical computations.

Section 2, "Digitai Summarized Data," consists of a useful com-
pilation of failure rates as they have been derived from equipment level
operation and component life test results collected by the RAC. Failure
rates are presented for several generic classes of devices, and subsequent
comparisons are made based upon environment, operational type and other
more detailed criteria. In addition, a presentation of MIL-HDBK-217C,
Notice 1 predicted and observed field experience failure rates is
provided.

Section 2 entitled "Digital Device Data - Detailed Listings" is
comprised of a series of line-entries containing part-level reliability
data. These listings present the detailed parameters pertinent to device
reliability (such as complexity, package type, etc.) and associated
failure information for those components. Included here are life test,
field, reliability demonstration and equipment checkout data sorted by
operational type, device manufacturer and part number.
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INTRODUCTION (Cont'd)

The final two sections (4 and 5) concern themselves with the failure

event record structure and the summarization of failure analysis results.
The failure event records contain detailed information on specific devices
whose failures have been verified and on which failure analysis has been
performed. As such, each failure event record reveals the particular
device and test characteristics, as well as associated stress values and
other failure information (failure mode, failure defect cause, etc.).
These detailed records are then summarized to obtain failure distributions
which reveal the nature of failure trends by operation type. The
distribution summaries form the basis of Section 4, while the detailed
records from which they were derived are included in Section 5.

This publication contains considerably more commercial field data
than any other type of field data. While this type of data is certainly
useful, there are some points which should be given consideration:

(1) In most instances, this data represents replacement rates, not
failure rates. This publication assumes the two quantities to

be equal as a worst case.

(2) Much of this data is warranty data, which means that only the
early life of the part is represented. Thus, the data may be
vulnerable to bias due to infant mortality failure.

(3) Actual stress 1levels are not usually known. Stresses are
typically calculated by using a manufacturer's adopted component
derating guidelines. While this will be a good estimate on the
average, any individual component may vary greatly from the
assumed stress.

In spite of these limitations, it is assumed that the quantities of
data involved are of sufficient magnitude such that the effects of these




INTRODUCTION (Cont'd)

limitations are minimized, rendering the data useful and dependable for
reliability purposes.

The data contained herein may be applied to part selection and device

failure rate estimation. Through the reader's analysis of the data,
operational types exhibiting higher failure rates for a given set of

parametric and environmental conditions can be avoided, thereby decreasing

field repair costs. System and device failure rates can then be reassessed

and adjusted to ensure more accurate and realistic MTBF predictions.
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MICROCIRCUIT DEVICE RELIABILITY
DIGITAL FAILURE RATE DATA

SECTION 1

DEFINITION OF TERMS, STATISTICAL METHODS AND
ABBREVIATIONS USED IN THE DATA ANALYSIS
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DEFINTIONS OF TERMS AND STATISTICAL METHODS
USED IN THE DATA ANALYSIS

Part Hours: The number of parts tested multiplied by the operating

duration in equipment or on test.

Point Estimate or Maximum Likelihood Estimator (1):

X =r/n

where
r = number of reported failures
n = number of reported part hours.

This number is generally normalized to failure/lO6 hours.

Confidence Interval or Limits: The confidence intervals given in
this book are two-sided 60% intervals computed from the Chi-square
distribution using 2r and 2(r+l) degrees of freedom, respectively.
The lower limit of the interval is the 20% level, and the upper limit
is the 80% level. The Chi-square 60% confidence interval is the
statistical range of values which would, with a 60% probability,
include the actual mean of an infinite sample.

In those instances where no failures occur, it is not possible to
derive a lower 1imit for the confidence interval. It is possible to
define an upper 80% confidence level such that there is a probability
of 80% that the mean of an infinite sample will be less than this

value.

No. Records: Gives the number of data entries which have been merged
to arrive at the point estimate or maximum likelihood estimator (1).




5. Primary Failures: A failure not caused either directly or indirectly
by the failure of an associated item(s).

f 6. Secondary Faijlure: A failure which is the direct result of a primary
failure - one which is caused by a failure of an associated item(s).

i -

7. Abbreviations: Abbreviations for Operational Type (OP Type) are:

CMOS Complementary, Metal Oxide Semiconductor

DTL Diode - Transistor Logic

ECL Emitter - Coupled Logic

HINIL High Threshold Logic (High Noise Immunity Logic)
HTTL High Speed, Transistor - Transistor Logic

IIL Integrated - Injection Logic

LTTL Low Power, Transistor - Transistor Logic

LSTTL  Low Power Schottky, Transistor - Transistor Logic
PMOS P-Channel, Metal Oxide Semiconductor

RTL Resistor - Transistor Logic
} STTL Schottky, Transistor - Transistor Logic
: SUHL Sylvania Universal High - Level Logic
TTL Transistor - Transistor Logic

8. Data is collected by the RAC from many sources. It is common to find
several data entries for a particular device which has been used in
the same general environment in different systems. In the data
analysis described in this book, these records are often merged to
arrive at one overall failure rate. A significance test for the
hypothesis that the merged records are in fact from the same
distribution is applied at the 5% significance level. The test is
attributable to Brownlee (see Brownlee, K.A., Statistical Theory and !
Methodology in Science and Engineering, pp. 142-144). When this test i;

Iy
]
[

indicates the data entries should not be merged, there is a
possibility that the system application significantly affects the
failure rate for thg particular device type.




MICROCIRCUIT DEVICE RELIABILITY
DIGITAL FAILURE RATE DATA

SECTION 2

DIGITAL SUMMARIZED DATA
(Tables 1 through 5)

W'y, it 3 B
Jr AT "tf' -?ﬁ-‘f“'uf“q‘w’”’




e

DIGITAL SUMMARIZED DATA

E Introduction

The summarized data are presented to allow a more meaningful insight
into the effects of such factors as package type, logic type, device gate

complexity, device junction temperature, environmental stress and screen i
class levels upon the failure rates of SSI and MSI digital microcircuit ?
devices. j

This summary section is segmented into four different subsections,
the first of which is entitled "Summarized Generic Failure Rates - Field
Data" and provides several cross-sections of summarized field data
covering the calendar time period 1974 to the present. The second A
subsection, "Digital Microcircuit Observed and MIL-HDBK-217C, Notice 1 7
Predicted Failure Rates," analyzes the most significant relationships
between the summarized field data and theoretically predicted failure rate
values. The remaining two subsections represent a summarized presentation
of microcircuit device failure rates as they occur during equipment-level
testing and life testing and are entitled "Summarized Generic Failure
Rates - Reliability Demonstration and Equipment Checkout Data" and |
"Summarized Generic Failure Rates - Life Test Data," respectively.

The primary purpose of Section 2 is to serve as an efficient aid to
those who require generic failure rate information on digital SSI/MSI
microcircuits from a varied selection of available formats. Individuals
requiring a more customized approach concerning the failure rate
information of these devices are invited to contact the Reliability 1
Analysis Center directly.

11
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SUMMARIZED GENERIC FATLURE RATES - FIELD DATA

The summarized generic field failure rates represented in Tables 1
through 5 are a compilation of detailed equipment level field experience

information. The data are presented using two levels of summary and are
grouped according to those parameters or operational characteristics

deemed most applicable to the user's need.

The data presented herein are provided as a complement to, but not a
replacement for, the failure rate information in MIL-HDBK-217C.  The
structured format of these field experience presentations will enable
greater insight into the inherent reliability of each defined generic
class and reflect the reliability influence of logic types, environmental
stresses, gate complexities, quality levels, package types and junction
temperatures. The user is again cautioned that the data presented in this
publication may not be used in Tieu of other contractually cited references
and specifications. A graphic illustration of the levels of summarization
of the detailed data used to derive the tables included in this section is
presented below, beginning with the most detailed (least generic) of the
summarized tables:

THE RAC DATABASE

l

TABLE 5

| lJL !

TABLE 1 TABLE 2 TABLE 3 TABLE 4

13 ~ PRECEDING PAGE BLANK-NOT FI1LMED

|
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| Within this hierarchy, Tables 1 through 4 represent the most generic
device classifications. Each of these tables 1lists digital SSI/MSI
failure rates for the unique categories of environment (Table 1),
operational type (Table 2), screen class (Table 3), and package type (Table
4) without regard to any of the secondary influences which might affect the ‘

categorical failure rate. For instance, Table 1 ("Field Failure Rates by .
? Environment") does not explicitly reveal the distributions and hence the 4
effects of screen class level and/or device gate complexities between
unrelated field environments. Therefore, care must be exercised in the
interpretation of these failure rates.  Once these limitations are ]
understood, these four tables provide the reader with an overview of :

digital microcircuit reliability under actual field conditions.

Table 5 is compiled directly from the RAC data base and represents the
most highly detailed of the field data summaries. Each line entry is
categorized according to operational type, application environment, screen
class, package type, gate complexity (specified as a range) and junction
temperature (designated Tj and also specified as a range). Failure rates
are calculated for each of these entries based on the total quantity of
failures and part hours obtained by grouping the detailed failure data into
the above device classes. The qualifications utilized for calculation of
the point estimate failure rate and the 60% confidence interval failure
rates (see the "Definitions of Terms, Statistical Methods and
Abbreviations Used in the Data Analysis" on page 7) are based upon the
following minimum data requirements:

1. 0 failures with 2 500,000 accumulated part hours
1 failure with 2 250,000 accumulated part hours
2 failures with > 125,000 accumulated part hours

2. The device must have had an applied power/voltage stress.
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DIGITAL MICROCIRCUIT OBSERVED AND MIL-H[?BK-ZNC, NOTICE 1
PREDICTED FAILURE RATES
(Tables 6 and 7)

Tables 6 and 7 present a comparison of users' experienced field
failure rates compared to those predicted by the monolithic bipolar and
MOS, digital SSI/MSI microcircuit reliability prediction model specified
in MIL-HDBK-217C, Notice 1, Reliability Prediction of Electronic Equip-
ment.

Observed failure rates are based on the Chi-squaie distribution with
a 60% confidence (20% lower and 80% upper) interval. The lower and upper
1imits were calculated using 2r and 2(r+l) degrees of freedom,
respectively. Where failures were reported, the point estimate (maximum
Tikelihood estimator) is given. The figures show the point estimate as a
circle, while entries without failure are represented by a single "V"
indicating the upper 80% Chi-square 1imit. For these data points the lower
Chi-square 1imit and estimate are indeterminable.

Tables 6 and 7 present those factors used in computing device failure
rates according to the reliability prediction model of MIL-HDBK-217C,
Notice 1. The junction temperatures were calculated (as in the Detailed
Listing) by the formula:

T p

3= Prve * Ta

where TJ is the junction temperature, TA is the ambient temperature, PTYP
is the typical power dissipation for the device and QJA is the thermal
resistance (junction to ambient) of the package. When the necessary
parameters were not available, the junction temperature was determined

using the method set forth in MIL-HDBK-217C, Notice 1, Table 2.1.5-4.
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Tables 6 and 7 along with Figures 1 through 16 present the military
and commercial equipment observed vs. predicted failure rates for digital
SSI/MSI devices. The data is presented in ascending order by device
complexity.
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Figure 1: Digita) Microcircuit Observed and MIL-HDBK-217C, Notice 1
Predicted Failure Ratas from Military Equipment, Part I
(Observations 1-20)
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Figure 2: Digital Microcircuit Observed and MIL-HDBK-217C, Notice 1
Predicted Failure Rates from Military Equipment, Part 11
(Observations 21-39) '
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Figure 3: Digital Microcircuit Observed and MIL-HDBK-217C, Notice 1
Predicted Failure Rates from Military Equipment, Part 111
(Observations 40-59)
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