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1.0 INTRODUCTION AND SUMMARY

This report describes the effort performed under the first phase of a NASA

contract entitlied "Development of Design, Qualification, Screening, and

Application Requirements for Plastic Encapsulated Solid-State Devices for

* Space Equipment" (NAS8-33079) for NASA/Marshall Space Flight Center. The ob-

Jectives of this phase were to:

o Gather field usage failure rate data on the reliability of plastic encap-
sulated semiconductors.,

0 Gather data from manufacturers of plastic encapsulated semiconductors on
the anticipated failure rates of their parts.

o Determine the optimum screens suqgested by the manufacturers, as necessary,
to achieve high reliability at low cost.

o Compite these data into a gquide for use by NASA program managers, design
managers, and parts engineers in the selection and use of plastic encapsu-
lated semiconductors.

As a result of telephone conversations with approximately 50 users, plant

visits to 14 users, and plant visits to seven manufacturers of plastic encapsu-
g@ lated semiconductors, a definite position can now be taken as to the viability

of the use of plastic encapsulated semiconductors in selected NASA applications.

It has bean found from field usage data that the reliability of plastic en-
capsulated semiconductors is now adequate to support their consideration for

use in NASA systems, particularly in low-cost systems. By the application of
strong parts engineering disciplines, the problems of the relative looseness

of control of the manufacturers can be satisfactorily addressed. It is impor-
tant to note tnat only part types that are in high volume continuocus production
may be considered under this concept. This implies that NASA should procure the
plastic encapsulated devices for their application; {low volume buys) from
standard manufacturers' high volume lines and apply screens (as defined later

in this report) to obtain the required device performance.

Section 2 surmarizes the significant findings of the program with a summary

for each of the categories of reliability, manufacturer selection, qualification
testing, cost, and screening. Section 3 describes the actual data search pro-
gram, both at users and manufacturers of plastic encapsulated semiconductors.

)
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Section 4 summarizes the data findings from each source, users and manufacturers.
Analysis of the data findings {is presented in Section 5, which covers the time-
related factors of the failure rata data and incorporates the manufacturers' pro-
Jections of the failure rates for different part types. Section 6 covers the
cost factore determined in the course of the conversations with both the users
and the manufacturers and treats both procurement costs and parts enginzering
costs. The unique factors of qualification invoked by the use of plastic en-
capsulated semiconductors are discussed in Section 7, and Section 8 treats the
special screening requirements that must be considered for th2 development of
high integrity parts for RASA applications.

This report contains four appendices. Appendix A includes the data sources

that were found to be most useful in the analysis of the users data and includes
much of the raw data obtained from the users. Appendix B comprises a complete
selection criteria document for use by NASA project managers, designers, and
parts engineers in the selection and application of plastic encapsulated semi-
conductors. This selection guide is a distillation of the significant findings
of the main tody of the report into a treatise that 1s intended to be usable in
the field of NASA parts selection and control. Appendix C contains the biblio-
graphy. Appendix D contains the tabulated field usage data.

With the publication of this document, the objectives of the first portion of
Contract NAS8-33079 have been met.

~ s
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2.0 SIGNIFICANT FINDINGS OF THE PROGRAM

2.1 Reliability Summary

The reljability data obtained during this program were obtained from users of
plastic encapsulated devices who had actual, documented field reliability data.
There was no interest in obtaining predicted reliability from in-hcdse retia-
bility tests. Over one dozen users had field reliability data that they were
willing to share with this program. The data were reviewed objectively and -
showed that these users are producing quality products with the use of plastic
encapsulated devices. In addition, those users contacted that did not have
field rel1ability data expressed overall favorable comments about the use of
plastic encapsulated devices. There were no “ncrror stories' uncovered during
these interviews with the users.

The environment fn which the devices were used was, {n most cases, benign
Applications included telephony, computer products, commercial products, such
as televisions and microwave ovens and test measurement equipment. Most of
these products are utilized in air-conditiocned, dry environments although some
products did see high heat (microwave ovens and test equipment) and humidi.y
(outdoor TVs and test equipmant). The use of these products with plastic en-
capsulated devices has demonstrated that there are certain applications where
these devices can be used with a high degree of confidence. Most of the users
contacted intend to strive for 100% plastic encapsulkted devices 1n their pro-
ducts, where practical (linear devices in the only exception).

As for NASA applications, plastic encapsulated devices may possibly be used
reliably for benign environments or low cost experiments. This would be better
defined as applications that allow MIL-STD-883, Class C devices (a NASA Grade 3,
if established, would control the use of these devices for NASA applications).
Where cost is a factor and mission success is not placed in jeopardy, plastic
encapsulated devices now seem to be a possible alternative.

It should be noted that the data, to date, on the field experience of plastic
encapsulated devices are not sufficient to support using these devices {n all

NASA applications. Grade 1 as well as Grade 2 devices should remain hermetically

sealed.
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An important finding of this program was that plastic encapsulated devices

can be used reliably in selected applications, if selected and applied correctly. .
These factors are discussed in the following subsections.

2.2 Manufacturer Selection Summary )

Great care must be exercised in the selection of plastic encapsulated semi-
conductor manufacturers to ensure that they are in continuous volume production

of mature products for which they are willing to make a reliability commitment.
The manufacturer must have in place an in-house reliability screening program and
must establish a track record of high integrity parts which they can demonstrate
when the parts are subjected to specific qualification tests.

2.3 Qualification Tests Summary

Qualification tests have been identified that meet the criteria of effectiveness
and low cost. Lot qualification is not normally performed but instead a manufac-
turer's products are subjected to qualification testing at 9-month to 1-year
intervals. Qualification tests found to be cost effective are autoclave tests,
temperature cycling, and extended 1ife test burn in. The tests must be severe
enough to induce failure in a significant number of the parts so that meaningful
comparisons between manufacturers can be made.

2.4 Screening Summary

Low cost reliability effective screens are available that can be performed either
by the part manufacturers or by screening laboratories. BRurn in and 100% electri-
cal measurement can result in a 5:1 improvement in field usage reliability. The
baseline for cost effective screening is the typical manufacturer's own in-house
program such as PEP, Better, or Matrix 6. However, because of minor differences
between these in-house programs, it would be desirable to establish a NASA Standard
Flow for screening of each part type in the same manner, independent of the
manufacturer. This NASA Standard Flow would encompass the important features

of each of the in-house programs esvoused by the manufacturers.

2.5 Cost Summary

In spite of the emphasis that must be placed on use of strong parts management
disciplines in the application of plastic encapsulated semiconductors, the cost
benefits that will result will still be significant as compared to the application
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of hermetic parts. The basic plastic encapsulated part cost is three-fourths

to one-half the cost of hermetic parts, and the screening costs would be signi-
ficantly less than JAN screening costs if standardized simplified screening were
employed. The cost factor precludes the use of custom or unique semiconductors
in plastic encapsulation, since the low costs only accrue for the industry stand-
ard part types for which there i{s continuous production in very large quantities.
Typically, the users surveyed indicated at least a 30% cost saving of screened
plastic encapsulated devices as compared to the equivalent hermetic device.

e~ - - -——— —— et i
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3.0 DATA SEARCH AND CONTACT

The first phase of this contract was directed towards the gathering of data on the
field usage reliability of plastic encapsulated semfconductors and on the manu-
facturer-predicted reliability and cost of screened plastic encapsulated semicon-
ductors. A large number of telephone calls was made to possible user data sources
and supportive manufacturers, and plant visits were made to the contacts who
indicated they had data or would be cooperative in the compilation of data.

3.1 Users of Plastic Encapsulated Semiconductors

The investigation of the available data on field use of plastic encapsulated semi-
conductors began with a thorough review of the published documentation on the
subject. A 1ist of the technical papers and articles that were read is presented
in the bibliography section. From this review, a significant number of authors
were identified who appeared to have data that could be applied to the definition
of field usage relfability, as opposed to screening test data. A series of
telephone calls was initiated that was to continue over a period of three months,
to search for users who would be willing to share their data with this program.
Table 1 is a 11st of the companies who were contacted by telephone in the course
of the investigation. Only fourteen of these companies turned out to have data
that could be shared. The rest of the companies could not participate in the
program for a variety of reasons. Most of the nonparticipants do not have any
data collection system and hence do not have any way of keeping track of the field
failure rates of their semiconductor devices. Apparently in the commercial world
of plastic encapsulated semiconductors, many companies find the cost of data
collection to be too high for the expected benefits. However, the parts engineers
in these companies usually expressed the wish that they could set up a system to
track their field usage reliability performance.

Two  companies indicated that they had significant amounts of field usage relia-
bility data but their company policy would forbid them from divulging this data

to any outside agencies, even in the event of promises to protect their proprietary
{nterests. It appears that there is a fear that their competitors will use the
field usrge reliability to gain a competitive advantage if they were to gain access
to the data. One data source who indicated that he had a significant amount of
data that he was just beginning to collate later disclosed that a fire and flood

PRECEDING PAGE BLANK NOT FILMED
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TABLE la: TELEPHONE CONTACTS MADE

Andahl

Burroughs

Burroughs

Burroughs Corporation
Chrysler Electronics
Compugraphics

Control Data Corporation
Control Datz Corp. Small Systems Division
Delco Electronics

Digital Equipment Corporation
General Electric

General Electric Semiconductor Products Dept.

Harris Computer Systens

Harris Data Systems

Harris RF Communications

Harris Satellite Communications Division
Hewlett Packard

Honeywell Information Systems

IBM Commerical Systems

IBM Commercial Systems

IBM Commercial Systems

IBM Federal Systems

Intel Systems

John Fluke Co., Inc.

Litton Microwave Ovens

Mohawk Data Sciences

Mostek

NCR

NCR

Polaroid Corpecration

PRD Harris

Reliability Analysis Center
Sanders Associates

Sperry Flight Systems

Sperry Univac Communications and Terminals
Sperry Univac Information Systems Division
Sylvania TV

Synertek Systems

Tektronix

Teltone

Teradyne

Teradyne

Texas Instruments Systems Division
Theta Instruments

Vidar TRW

Hang Assoclates

Xerox

Xerox Data Systems

Zenith TY

Palo Alto, California
Downingtown, Pennsylvania
Plainfield, New York
Plymouth, Michigan
Huntsville, Alabama
Boston, Massachusetts
Minneapolis, Minnesota
La Jolla, California
Kokomo, Indiana
Maynard, Hassachusetts
Utica, New York
Syracuse, New York

Ft. lLauderdale, Florida
Dallas, Texas
Rochester, New York
Melbourne, Florida

Palo Alto, California
Phoenix, Arizona
Endicott, New York
Fishkill, New York
Poughkeepsie, New York
Owego, New York

Santa Clara, California
Mountlake Terrace, Washington
Minneapolis, Minnesota
Herkimer, New York
Carrollton, Texas
Miamisburg, Ohio
Hichita, Kansas
Cambridge, Massachusetts
Syossett, New York
Rome, New York

Nashua, New Hampshire
Phoenix, Arizona

Salt Lake City, Utah
Sunnyvale, California
Batavia, New York

Santa Clara, California
Beaverton, Oregon
Kirkland, Washington
Boston, Massachusetts
Sunnyvale, California
Houston, Texas
Fairfield, New Jersey
Mountain View, California
Lowell, Massachusetts
Hebster, New York

Los Angeles, California
Glenview, New York
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in the factory has so disrupted the engineering operations that he would not be
able to get back to start the data reduction for six months, and this contact
had to be omitted.

In all cases of data discussion, the proprietary interests of the respondees were
protected. The data discussions that follow have been sanitized to remove the
{dentities of the responding companies, with the companies being coded for
reference,

The field of plastic encapsulated semiconductors encompasses a large number of
device types beyond the common dual-in-line packaced small scale integrated circuits
such as nand gates and flip flops. Table 2 gives a breakdown of the categories of
parts that were considered in the data gathering. The amounts of data that were
uncovered varied from part type to part type arnd from user to user, and where

any one category was found to have very little data available it would be combined
with others to create a reasonably sized data base.

3.2 Manufacturers of Plastic Encapsulated Semiconductors

The main thrust of the contacts with the manufacturers was to define the in-house
screening programs possible and to 1dentify potential standardized screening that
could be applied to plastic encapsulated semiconductors. Manufacturers' published
information on their in-house screening programs (e.g., PEP, Better, A+) were
studied to determine the appropriate manufacturers to visit. A letter of intro-
duction to the problem was then sent to seven semiconductor manufacturers along

with a chart that summarized the information that would be discussed on a subsequent
plant visit. The letter and chart are shown in Appendix A.S5.

Plant visits were then made to the seven manufacturers who w2re located at eleven
different facilities. The emphasis in the plant visits was to find out what
products were covered by the in-house screens, to define costs if possible, and
to determine the resultant reliability predicted by the manufacturers. Table 1lb
1ists the semiconductor companfes that were contacted.



Fairchild Semiconductor
Intel

Intel

Motorola

Motorola

Motorola

National Semiconductor
Raytheon

Signetics

Texas Instruments
Texas Instruments

D180-25325-1

Mountain View, California
Aloha, Oregon

Santa Clara, Callfornia
Austin, Texas

Mesa, Arizona

Phoenix, Arizona

Santa Clara, Califarnia
Mountain View, Ca.ifornia
Mountain View, California
Dallas, Texas

doustcn, Texas

TABLE 1b. Semiconductowr Manufacturer Plants Visited

10
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MICROCIRCUITS
Bipolar .
SSI
Logic
TTL
LSTTL
STTL
HTTL
ECL
Linear
Amplifier
Voltage Regulator
MSI
Logic
TTL
LSTTL
STTL
HTTL
ECL
LSI
Logic - STTL
RAH
PROM
Linear
MOS

S§SI - Logic - CMOS
MSI - Logic - PMOS
LS1
Hicroprocessor - NMOS
RAM
NHOS
PHOS
Logic - PMOS
ROM - PMOS
TRANSISTORS
Bipolar
Small Signal
NPN
PNP
- Power
NPN

PHP
FET
Small Signal
N-Channel
P-Channel
DIJDES - Small Signal and Zener
SCRs

TABLE 2:  CATEGORIES OF PARTS COVERED BY THIS DOCUMENT

11
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There 1s a significant problem in the incorporation of the manufacturers' {n-house
screens into the NASA relfability assurance regime, The problem stems from the
fact that each of the manufacturers performs the in-house screening on large numbers
of parts and 1s unwilling to make any ravisions to the way in which the screening
is performed. However, since the screening 1s a 1{ttle different from manufacturer
to manufacturer, the manufacturers cannot meet the NASA desire to have a single
part number procurable from each of several manufacturers, unless there is a

custom specification written for each part type, Thus, the emphasis in the
mynufacturer plant visits was to define areas of agreement and reasons for
disagreement in what the optimum, effactive, and low cost screens should be for
NASA purposes.

12
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4.0 SUMMARY OF DATA FROM EACH SOURCE
4.1 Useis
4.1.1 User A Data Findings

User A conducted a controlled measurement of the reliability of plastic encapsulated
microcircuits by installing operating time meters on a numhe- printed circuit
cards so as to generate a record of the rumber of operating hours for each type

of part before failure. The details of the program are discussed in the Appendix A.l,
where the complete report of User A {s reproduced. The report covers faflures
removed and analyzed from 490 printed circuit cards, 7The part types covered

include SSI, MSI, and LSI microcircuits that were fabricated in 1974, The
technology included standard TTL, Schottky TTL, and HTTL. Table 3 summarizes

the data from the 450 metered cards, and Table 4 summarizes data that was calculated
from an additional 2900 circuit cards that were not metered but were faflure
analyzed. These data were calculated by using additional information given to
Boeing by User A during the plant visit that permitted the assessment of the

number of devices of each type in each c¢ircuit card.

The large number of MSI TTL microcircuits that failed in both the metered and
unmetered circuit cards were attributed by User A to the fact that one particular
microcircuit manufacturer (referred to as Vendor A) did not have glassivated
surfaces on his products until late in the program. As a result, there was a
large number of corrosion failures that occurred. When the Vendor A switched

to a glassivated product, the number of corrosion failures dropped to zero.

The data of Tables 3 and 4 have been tabulated onto a summary listing that also
fncludes the identification of the screening the parts recefved and the environment
in which they were used. The codes for the screening and environment are shown

in Table 5. The listing is described in Appendix D.

The parts used in User A's program did not receive any screening except 25°C
electrical measurement. The environment in which the parts and systems are used
is a benign office environment., User A has since instituted 1imited screening
of the type available through the part manufacturers' in-house screening
programs.

13
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TABLE 3. User A Metered Circuit Card Failure Rates

SS1
TTL STTL HTTL TTL
Plastic Encapsulated
Hicrocircuits
§ Device Hours 1.54€7 1.88E7 1.33E8 9.67E7
§ Fatflures 5 1] 15 22
Failure Rate
%/1000 hrs 0.042 .0049 .013 .025
Hermetic Microcircuits
# Device Hours 2.3E6 3.6E6 2.0E7 1.5€7
§ Faflures 0 0 0 1
Failure Rate .04 .025 .0045 .014

%/1000 hrs

MS1
STIL

2.21€7
1

.039

3.3E6

.028

HTTL

5.1E6
0

.018

8ES

.25

Linzar

1.6E6

.058

LSI
STTL

1.6E6
0

.058

3.2E6

.029

Nii0S

1-52652-061Q
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Plastic Encapsulated
Hicrocircuits

# Device Hours
# Failures

Failure Rate
%/1000 hours

Hermetic Microcircuits
# Device Hours
#§ Failures

Faflure Rate
£/1000 hours

TTL

1.3E8

.005

1.9€7
0

.005

TABLE 4.
SSI
STIL HTTL
1.1E8 7.0E8
2 19
.0029 .002
1.5€7 1.1E8
0 0
.006 .0003

User A Unmetered Circuft Card Failure Rates

TTL

7.3t8
53

.0076

1.1t8

.0008

HSI
STTL

1.1e8

.0076

1.1E7

.0055

HTTL

2.3€7

.027

3.5E6
0

.026

Linear

7.4E6

.012

1.1€6
0

.082

LSI
STTL

1.4E6

.063

H}0S

-

4.2E6

.022

1-52€52-0810

Laprod
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TABLE 5: CODES FOR DATA TABULATION FORMAT
Screening Code (entered in Screening Column)
Code lo. Abbreviation Meaning
1 JA MIL-M-38510 Class A (JAN)
2 A-1 HIL-STD-883, llethod SC04 Class A
3 A-2 Vendor Equivalent of A-1
4 J8 MIL-M-38510 Class B (JAN)
5 B-1 . + _ MIL-STD-£33, !lethod4 5004 Class B
6 8-2 Vendor Eguivalent of B-1
7 B-1/J8 Combination of JAN and B-l
8 B-2/H Varying betuween B-2 and HNone
9 Je MIL-11-38510 Class C (JAN)
10 c-1 MIt-STD-883, 'lethod 5004 Class C
11 c-2 Vendor Equivaient of C-1
12 X Non-Standard screen that {ncludes Burn-in
13 None (N) No screening beyond normal vendors QC .
14 NR Not Reported
15 D.0. Data Omitted
16 RT 259C Electrical Measurement Only

17 HR Hot Rail Electrical ileasurement

Environment Code (entered in Environment Column)

1 Al *  Afrborne, inhabited

2 AlU Airborne, inhabitod/uninhabited
3 AU Airborne, uninhabited

) GB Ground, benign

5 G8C Ground, benign, commercial

6 GF Ground, fixed

7 GM Ground, mobile, inhabited

8 GHu Ground, mobile, uninhabited

9 GP Ground, portable

10 GT Ground, transportable

1i MR8 Missile, ground, benign

12 L Missile, launch and flight

13 NS Naval, sheltered

14 NSS Naval, submarine

15 NV Naval, unsheltered

16 SF Satellite, flight

17 SL Satellite, launch
18 SPL Spacecraft, launch and flight

16
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4.1.2 User B Data Findings

This user must use parts fn an appiication that represents a fairly severe environ-
ment: ground, mobile, inhabited. In addition, there are severe pressures to ensure

. high customer satisfaction with extremely low failure rates required. Table 6

shows the failure rates being achieved by this user in the first year of fleld
usage of his parts (warranty returns). These faflure rates are being achieved

on very large numbers of parts: usage quantities of microcircuits are on the order
of 180 million parts per year. Five and a half mi1lion systems were sold in 1977
alone. User B feels that the second year of usage will see these faflure rates
decrease by a factor of two. All parts receive a 100% hot rail test, and in
addition, their part manufacturers must perform perfodic lot qualitication tests
such as 24-hour autoclave tests, This user meets quarterly with his manufacturers
to discuss lot rejections, line removals, and field removals.

4,1.3 User C Data Findings

User € employs an extensive data gathering system to track the failure rates for

16 different types of semiconductors. Not all of the detailea data was obtained,
but User C did provide detailed data on eleven of the device types in both plastic
and hermetic confiqurations. The data are gathered from warranty returns and are
based on an average annual operating time for each system of 2400 hours. The parts
used by User C do not receive any type of screening at all except for what the
manufacturers perform on their own.

Table 7 summarizes the field usage warranty removal data that were provided by
User C. The actual data sheet from which these data were obtained is reproduced
in Appendix A.2. The data are collected every six months so that the trends of
the removal rates can be plotted, as shown in the curves plotted and reproduced
in Appendix A.2. Table 7, however, only surmarizes the data every year over the
last half of 1976, all of 1977, and the first half of 1978. From the data,

User C feels that n-channel FETs are not acceptable in plastic and that variable
voltage regulators would be undesirable in plastic.

4.1.4 User D Data Findings

The parts discussed with User D were not of the conventional novolac plastic
encapsulation. Instead they were of the polymer sealed configuration in which
the ceramic package (afr cavity) is assembled using organic polymer material for

17
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TABLE 6.

Year Part Type

1977 Germanium Power Transistor
1977 Small Signal NPN Transistor
1977 Axial Lead Diode

1978 Light Emitting Diode

1977 PMOS LSI

1978 PMOS LSI

1977 dipolar Linfar SSI

1977 Jipolar Fixed Power Regulator
1977 Bipolar Power Audio Amplifier

User B Field Usage Faflure Rate Data

Package

hermetic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic

Device Hours

'3.6 x 109
2 x 109

2.8 x 109
1.1 x 109
2.0 x 108
2.0 x 108
8.1 x 109
2.2 x 109
4 x 107

Failure Rate

.03%/1000 hrs.
.01%

.0074%

.012%

.25%

.016%

.05%

.11%

.05%

1-62£52-0810
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TABLE 7. User C Removal Rate Data

1976 Parts (Data 5/77) 1977 Parts (Data 5/78) 1978 Parts (Data 11/78)
Failure Rate Failure Rate Fatlure Rate
Part Type Fails Device %/yr. Fails Device %/yr. Fails Device %/yr.
prev. hrs. (2400 %/ prev. hrs. (2400 %/ prev. hrs. (2400 %/
6 mo. hr.) 1KHR  yr. hr.) 1KHR 6 mo. hrs.) 1KHR

Transistor SS-NPH (H) 335 1.44E9 .0592 .025 703 2,92E9 .0576 .024 396 1.60E9 .0595 ,025

Transistor SS-NPN (P) 598 3.556E9 .0404 .017 1093 7.0E9 .0384 .016 4¢&8 3.62E9 .0310 .013
Transistor SS-PHP (H) 315 1.1569 ,0659 .027 585 2.25E9 .0624 .026 280 1,13E9 .0595 .025
Transistor SS-PHP (P) 550 2.44E9 .0541 .023 1041 4,959 .050% .021 460 2.66E9 .0415 .017
Transistor SS NFET (H) 94 3.37e8  .0670 .028 356 7.0E8 .1424  ,051 182 4,108 .1066 .044
Transistor SS NFET (P) 173 2.13e8 .1951 .08l 339 3.95E8 ,2064 .086 152 2.01E8 .1814 .076
Transistor SS PFET (H) 0 1.87e7  --- .005 2 1,357 .,0720 .,030 0 7.85E6  --- .012
Transistor SS PFET (P) 29 9.2E7 L0755 ,031 35 1.1€8 .0792  .033 23 5.54E7  .0997 .042
Transistor Pwr NPN (H 188 2.91E8 .1553  .065 390 5.95e8 .1584 .066 274 2.80E8 .2346 .098
Transistor Pwr NPN (D 146 1.86E8 .1855  .077 246 3.8E8 .1560  .065 87 1.73E8 .1204 .050
~s Transistor Pwr PUP (H) 32 6.85E7  .1121  .047 131 1.5£8 .1320  .055 44 7.31E7 .1445 .060
© Transistor Pwr PNP (P) 56 9.68E7 .1388 .058 68 2.0E8 .1600 .034 38 1.06e8 .0858 ,036
SSI Linear Op Amp (H) 393 7.6688  .1231  .051 726 1.4569 .1200 .050 304 7.72e8  ,0944 ,039
SSI Linecr Op Amp (P) 59 8.66E7 .1635 .08 139 1.8E8 .0624  .026 24 1.09E8 .0529 .022
Voltage Reg - Fixed (H 30 3.33e7 .2164 .090 50 4.45€E7 ,1488 .062 35 5.03E7 .1669 .070
Voltage Reg - Fixed (? 38 4.1387 .2220 .092 112 1.11e8 .2472 .103 33 7.36E7 .1075 .045
Voltage Reg - Adj. (H) 147 1.20E8 .293z .122 296 2.63E8  .2688 .112 118 1.1868 .2407 .100
Voltage Reg - Adj. (P) 20 6.25E6  .7685 .320 44 1.47e7  .7152  .298 16 1.1487 .3359 ,140
SSI ECL (H) 11 1.67E7  .1585 ,066 26 6.8E7 .0912  .038 35 1.00e8 .0837 .035
SSI ECL (P) 38 9.26E7 .0985 .041 70 2.5E8 L0696  .029 51 2.46£8 .0498 .021
SSI/MST CMOS (H) 20 3.59E7  .1337  .056 34 1.07e8 .0792 .033 25 8.14£7 .0737 .031
SSI/MSI CHoS (P) 101 3.54E8  .0685  .029 170 6.8E8 .0600 .025 99 4.11E8 .0578 .024
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the sealant. In this sense, the technology of polymer sealed devices is different
from plastic encapsulation, in that there is no encapsulant in intimate contact
with the surface of the silicon dice. However, from the standpoint of the effect
of moisture on the relfability of the parts, the polymer sealing process presents
the same problems as the plastic encapsulation.

The parts for which data were obtained were multichip random access memories; 8
chips were used per module, and each module (a 1" square polymer sealed package)
thus incorporated from 12K to 25K bits of memory. The parts were screened by
User D (the manufacturer) with a burn in of undetermined configuration. The
environment in which they were used was an cffice environment. Table 8 summarizes
the data that were obtained from User D covering several different time periods.

4.1.5 User E Data Findings

This user employs four basic microcircuits in his small systems which are sold in
the 5 to 6 m{11ion quantity annually. Because the electronics operates only
seconds per year, the primary operating environment is storage. The environment
that the systems see {5 not benign but may run a wide range of temperatures and
humidities. In spite of this, User E has experienced so few semiconductor failures
that they do rot even bother to track the failures. In all the time that they have
been using electronics in their systems, there has only Leen one failure that could
be attributed to the plastic encapsulation. The rest have all been due to conJEn-
tional die-related problems. This may result from the fact that User E requires
qualification testing to be performed every 9 months to control the manufacturer
of their microcircuits, and performs 100% electrical measurement of the circuit
assemblies as an incoming inspection.

4.1.5 User F Data Findings

User F shared the data they had gathered for an electronic system that uses a

large amount of plastic encapsulated microcircuits. An in-house test was recently
conducted on ten of these systems for 1000 hours to gather reliability information,
Although the data were not from actual field usage, they were derived from simulated
field usagé of the complete systems, and are thus flet to be applicable. The parts
in the system were all bought in 1978 from local distributors with no qualification
testing performed. All parts were electrically measured at 25°C and one circuit
type (of the type for which the one failure occurred) was subjected to a 168-hour

20
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Year

TABLE 8.

Model

1973
1974
1975

1973
1974

Adv. Development
Adv. Development

Service Test and Small
Processing Systenm

Adv. Development
Adv, Development

(a) Mot Seal Related
(b) Page Faflure, but not all analyzed. Repair action did not preclude failure being caused by RAM

User D Failure Rate Data

Failure Rate
Memory Type No. of Device Hours Ho. of Failures %/1000 Hours

12K (8 chips) 1.458E6 0 .062
25K (8 chips) 1.463E6 0 .062
25K (8 chips) 9.243E5 1 (a) .22
12K (8 chips) 8.748E6 25 (b) .31
25K (8 chips) 8.778E6 17 (b) .20
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burn in., Table 9 summarizes the results of the test. These data were obtained
by analysis of the make-up of each of the circuit cards in the system. User F
had established the categories shown in Table 9. The quantity of each circuit
card that was used in the system was then multipliied by the number of parts in
each category to obtain the total number of parts used. The cause of failure of
the CMOS part was not determined.

4.1.7 User G Data Findings

This user has tue best data collection system known for the tracking of warranty
returns on all electronic parts used in field deliverable systems. User G employs
a computerized system to track the relifability performance on over 9000 part
numbers on a month-by-month basis, and they are able to compute and identify the
removal rate for any part in use cver the last three years. They estimate that
their systems are in use an average of 1000 hours per year, so the removal rate

in percent per year translates directly into percent per 1000 hours.

Approximately half of the removals are failure analyzed and the results show that
approximately 2/3 of the removals are verified failures.

Only a small amount of the large available data base was recorded for this program.
An entire morning was spent at User G recording the data on just certain basic part
types that corresponded to the parts also reported by User C. Only the most

highly used part types were recorded, resulting in 23 sets of data shown in

Table 10. The quantities of each part used by User G range from 50,000 to 1,000,000
parts per year, so the data represent a large number of part hours. The data for
each year were obtained by lcokipg at the December printout, using the assumption
that the cumulative parts tabulagéd in that month were of the vintage of that year.

User G generally does not use any screening other than 100% electrical measurement
at 259C at incoming receiving inspection. The 25 high \ lume part types are 100%
tested but many other part types are not. The environment that the systems are
used in {s a benign office or laboratory environment.

This user represents an extremely valuable data source, and {f it were necessary

to generate additfonal data it would be wise to investigate the possibility of
researching this data source at greater length to analyze the other part types

22
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Circuit Type

SSI Gate TTL

SSI Flip Flop TTL
MSI Gate TTL

MSI Flip Flop TTL
Linear Amplifier

LST RAM NMOS

LST PROM Bipolar

SSI CHOS Gate

TABLE 9.

User F Failure Rate Data - 1978 Parts

Failure Rate

Number per System Device Hours Failures %/1000 Hours
2072 2.1 x 107 0 .0044
545 5.5 x 106 0 .017
768 7.7 x 106 0 .012
663 6.6 x 106 0 .014
339 3.4 x 106 0 .027
330 3.3 x 106 0 .028
838 8.4 x 108 0 .0105
28 8.4E5 1 .24

1-52£52-0810
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T 1976 1977 1978
PART NUMBER PART CLASSIFICATION DEVICE HRS R/R | DEVICE HRS R/R | DEVICE HRS R/R
2N3904 70-92 Transistor NPN SS (<100v) 1.4 x 107 .0238 | 1.8 x 109 .0197 } 2.3 x 109 .0146
2115551 70-92 Transistor HPI SS (>100v) 3.2 x 108 .085 |4 x 108 .080 |5 x 108 .063
11IP31A T0-220 Transistor NPH PHWR (<100v) 6.2 x 106 .022 1.2 x 107 .059 1.2 x 107 .069
T1P47 10-220 Transistor MPH PWR (>100v) 1.6 x 10/ ,053 | 1.5 x 10/ .23 | 2.5 x 107 .127
262219 T0-39 Transistor HPN SS (<100v) 7.2 x 107 .096 |8 x 107 043 |1 x 108 .03
213439 T0-39 iransistor NPH SS (>100v) 7.8 x 107 129 | 8.2 x 107 098 |1 x 108 .105
| 212222 T0-18 Transistor HPN SS (<100v) 5.3 x 10’ 022 |7 x 108 0215 | 9.4 x 108 .019
C10682 SCR 1.6 x 107 .092 | 1.8 x 107 116 | 1.9 x 107 .09
Plastic N-Channel JFET 1.1 x 108 .31 | 1.2 x 108 126 |1.6 x 108 .075
Metal N-Channel JFET 8 x 106 .032 2.0 x 107 .065 {2.1 x 107 .026
T0-220 5v Fixed Volt Keq (Plastic) 1.4 x 107 127 | 1.7 x 107 2 2.7 x 107 .073
Variable Voltage Req. (Ceramic) 4.8 x 107 .195 | 4.5 x 107 .17 5.9 x 107 .124
74L500 SSi Gate Low Power Schottky 3.8 x 10/ .01 |1.0x 10° .005 |2.0x 108 .002
741574 MS1 FF Low Power Schottky 3.6 x 107 .013 | .8 x 18 .008 }2.0x 108 .005
7400 SSI Gate Standard TIL 3.4 x 108 .021 | 3.5 x 108 .020 |4.6 x 108 .03
7474 MSi FF Standard TTL 2.4 x 108 .024 | 2.3 x 108 .02t |3.2 x 108 .0235
74500 SSI Gate Schottky TTL 3.6 x 107 017 | 4.5 x 1.7 .018 |8.1 x 107 .02
74574 NST FF Schottky TTL 5.4 x 106 .04 | 1.5 x 107 .007 {2.2 x 107 .0142
10102 SSI Gate ECL (Hermetic) 3.9 x 107 .039 |6 x 107 .631 |7.5 x 107 .039
10131 NSI (Hermetic) 2.9 x 107 Jd0 0 7.2 x 107 .033 | 7.8 x 107 .044
L1741 SSI Op Amp Linear 3.0 x 108 .101 3 x 108 .067 }3.9 x 108 .0867
2102 LSI 1K Static RAM NMOS 5.2 x 107 .06 1.2 x108 .07 1.0 x 108 .055
11 P6800 LSI KMOS Microprocessor | emeee | aeees 1.1 x 107 .05 §1.4 x 107 .157

TABIE 10,

User G Faflure Rate Data

. ey
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that are logged. When one considers that the removal rate for over 9000 part
types is tracked every month, the data analysis possibilities are staggering.

User G does employ a considerable amount of lot qualification testing to ensure
that high integrity lots are being shipped. The primary test used for qualifica-
tion testing is accelerated stress testing. Burn in of 150°C is commonly used
and for linears it has been found that a high voltage stress 1ife test with a
24-volt diffarential applied to the inputs gives an acceleration factor of 1000.

4.1.8 Usar H Data Findings

This user is a small company that manufactures a complex small system for use in

an office environment. They have data on all failures that have been sent back

by field service including the number of hours on the system at the time of faflure.
Table 11 shows the distribution of failures reported in the last three months of
1977. Data were obtained from User H on the reliability performance of two
different versions of their system. The first set of data resulted from parts

that were of the 1976 vintage and were installed in the older model of their

system that has been {n continuous production since 1974. In fact over 100,000
units of the older design have been sold. The data resuiting from the 1976 vintage
parts are shown in Table 12, Thic table also show. data resulting from 1977
vintage parts that were installed in a newer model of the system. Data taken

as of October, 1978, provided 8 months of operating 1ife expcrience, resulting

in 32,546 service months.

User H subjects all parts to a 100% hot rail electrical measurerent at incoming
{nspection.

4.1.9 User J Data Findings

This user manufacturers an electronic system that gets installed {nto an office
environment., Two different versions of the equipment have been developed. The
first was originally built in the 1973 time frame and used older circuit technology.
The second was built in the 1975 time frame and uses some newer circuit types such
as low power Schottky. Data from all of the installed systems have been collected,
providing an extremely large number of part hours as a data base. Table 13
summarizes the data that were collected as a result of the plant visit. The PMQOS
LSI parts are all hermetically sealed ceramic packages. The linear SSI parts are

25
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TABLE 11. User H Failure Modes Found October-December, 1977

LSI Chip Failures

CR8 Dicde Failures

Diodes (Other than (R8)

Transistor Failures

820 pF Silver-Mica Capacitors (Drift)
Capacitors (other than 820 pF)

CHOS Device Failures

Op Amp Failures

Potentiometers [ntermittent, etc.
Line-Split Relay Contact Welding
Line-Split Relay Coil, Timing, etc.
Pulser Relay Failures

Battery-Feed Relay Failures
ResistOfs

Horkmanship/Quality Problems

Mechanical (Broken Wires, atc.; possible, but not

definite Workmanship/Quality Problems)

Fuses
Miscellaneous

No Trouble Found

26
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3%
9%
8%
32
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TABLE 12, User H Failure Rate Data

3 IR

g et 2
-~

Faflure Rate

Year Part Type 4/¥odule Module Hours Device Hrs # Failures %/1KHR K,
1976  SSI CMOS 7 3.6E8 2.52€9 .004 2
1976  40-Pin Custom PHOS LSI 1 3.6£8 3.6£8 045 .
1976  SSI Linear Op Amp (single) 741 10 3.6E8 3.6€9 .001 '
1976  SSI Linear Op Amp (dual) 1458 11 3.6E8 4.0£9 .002 X
1976 Transistor SS HPN 8 3.668 2,969 .0045 3
1976 Transistor SS PHP 8 3.6E8 2.9£9 .0045 %
1976 Diodes Small Signal & Zener 47 3.6E8 1.7€10 .001 4
1977 SSI CMOS 2 2.56€7 5.1€7 4 .0026 ;
1977 LSI PHOS 2 2.56€7 5.1€7 3l .065 o
1977 SSI Linear Op Amp (dual) 1458 8 2.56€7 2.0E8 4 .010 ’g %
1977 Transistor SS NPH 5 2.56E7 1.3t8 6 .0026 B
1977 Transistor SS PNP 5 2.56€7 1.3E8 6 .0026 8 q
1977 Diode Small Signal & Zener 34 2.56E7 8.7E8 28 .0016 N

s
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Year

TABLE 13.

Part Type

1973

1975

Diode, Power

Diode, Switching
Diode, Reference
Diode, Zener

Diode, Light Emitting
Diode, Bridge Assembly
Transistcr 5SS NPN
Transistor Power NPV
Transistor Power PHF
Transistor SS PNP
Photo Isolator

SST LTTL

SSI TTL

MST LTTL

M3 TTL

LSI PMOS (1404, 1101)
SSI Linear Volt, Reg. Fixed

SSI TTL

MSI TTL

SSI STTL

SSI LSTTL

SSIT Linear

LSI FKOS (1404, 1101)
SSI Linear

User J Removal Rate Data

f Failed

Faflure Rate
60% Confidence Level
%/1000 hours

Device Hours

62
1571
337
6

8

0
456
68
100
102
611
656
807
242
351
236
307

OCOO00OO0O

1.60 E9 .G034
2.7 E11 .000s8
5.6 EB .062
4.0 E8 .0018
9.1 k8 .0010
1.1 E8 .00083
4.6 E9 .010
5.6 F8 .013
4.5 EB .023
3.6 E8 .029
2.0 E9 .030
1.4 E10 .0047
9.1 E9 .0090
3.7 &9 .0066
3.1 E9 .012
2.3 E9 (Hermetic) .011
2.8 E9 011
1.02 E6 .090
5.78 E6 .016
1.77 E6 .052
1.80 E7 .0051
4.0 E6 .023
4.2 E6 (Hermetic) .022
4.0 E6 (Hermetic) .023

1-52€5¢-0810
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half plastic encapsulated and half hermetically sealed. No difference in failure
rate has been observed between the two packages. The 1973 parts were not screened
other than for 25°C electrical measurement, but for the 1975 parts, extensive
parts control procedures were instituted, including the use of 168-hour 1250C

burn in. This user employs extensive lot sampling tests on incoming part types,
with a pressure pot test being the primary separator. They measure the medfan
time to faiiure in a 96-hour pressure pot test and look for corrosion,

One additional point in the User J success story is that they invoke strict tests
and inspections of the completed circuit cards and complete systems to weed out
the early failures before they are installed on the customers' facilities. Thus,
the removal rates in Table 13 result from the use of strict parts engineering
disciplines for the entire system assembly process.

4.1.10 User K Data Findings

This user has field failure rate (removal rate) data on plastic encapsulated micro-
circuits that are removed from circuit cards in the first year after introduction
of a new system, Sixty-one systems were monitored for one year. Each system
employed 40U microcircuits and was turned on 16 hours per day, 21 days a week.
Thus, approximately 98,000,000 device hours were accumulated in the first year of
operation., These device hours were about evenly spi{t between CMOS SSI and TTL SSI
parts. Seven CMOS parts and 6 TTL parts were removed from the systems in the
year's time resulting in the following failure rates:
CMOS: 49,000,000 device hcurs, 7 fatlures, 0.017%/1000 hours failure rate
TTL: 49,000,000 device hours, 6 failures, 0.015%/1000 hours failure rate
The systems are used {a a benign office enviranment. The screening to which the
parts are subjected consisted of the part manufacturers' standard in-house reliability
screening such as PEP or A+. In addition, User K performs extensive quaiification
testing and monitoring of the manufacturers to maintain the integrity of the
plastic encapsulated devices. In the LSI area, User K insists on 1C0% burn in of
plastic encapsulated microcircuits, and has found that the relfability of plastic
- encapsulated devices is better than for the ceramic packaged devices because they
are more rugged and can take normal handling with less package breakage.
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4,1.11 Other Data Sources

Significant data were obtained from sources other than those associated with
direct plant visits to users of plastic encapsulated microcircuits. The most
voluminous of these was the Reliability Analysis Center at RADC, and other data
were found by telephone contact to semiconductor manufacturers who identified
customers of theirs who had given them data. Finally, the literature search
uncovered one source of published data.

Reliability Analysis Center

RAC publishes several documents that summarize the experience reported by numerous
companies and agencies in testing ard reliability measurement of microcircuits.

The two documents most applicable to this study are MDR-8, Digital Failure Rate
Data, and MDR-7, Memory/LSI Data. A personal visit was made to RAC to discuss

the avaitlability of any additional data that might bave become known since the

last editfons of these two documents, and it was focund that RAC had new data that
could be shared. A handwritten copy of the data new since MDR-8 was received, and
proved to be quite useful because {t could be assumed that the parts listed were
of a 1977 vintage, whereas the data 1{sted in MDR-8 does not have any indicatfon
of the date of the parts reported. A tabulation of the data in this handwritten
data set was made to sort out the various technologies (e.g., TTL, STTL, etc.) and
the various complexities (SSI, #1SI, etc.). Table 14 sumarizes this tabulation

and represents a summation of the device haurs and faflures for each of the cate-
gories 1isted. This was nacessary because in many cases the number of device hours
was less that 106 with zero failures, which gives an erroneously large failure
rate. By combining all of the device hours and failures for each category a
realistic picture of the overall reliability for each category could be established.
The complete handwritten set of data is reproduced in Appendix A.3.

it was also found that a complete update of MOR-7 (Memory/LSI Data) fs in the works
and RAC provided a computer printout of the data that will be published. The 220
page printout was analyzed for entries labelled "FIELD" that had plastic encapsulated
devices called out. Twenty-nine entries were found, plus 8 more that covered
hermetic devices. These are listed on Table 1S5.

30
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Package

Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic

Hermetic
Hermetic
Hermetic
Hermetic
Hermetic
Hermetic
Hermetic
Hermet{c
Hermetic
Hermetic
Hermetic
Hermetic

Device Technology

LS
SSI
SSI
SSl
MSl
HSI
Msl
K1

SSI
SS!
SSI
SS1
Ssl
SSI
HS1
MS1
Msl1
HS1
Msl
NSl

PHOIS
STTL
LSTTL
TTL
STTL
LSTTL
TTL
TTL

STTL
TTL
TTL
TTL
TTL
TTL
STTL
T7L
TTL
TTL
TTL
TTL

TABLE 14.

Screen

13
12, 13
12, 13
12, 13
13
12, 13
13
12

RAC-Reported Data on 1977 Digital Logic

Environment

’ Failure Rate
Device Hours £ Failures %/1000 Hours

LR R B - ]

SNNNOAWWNSNNWWO O -

10
10

10
6, 10

10

2.4 E8 67 .029
6.8 E6 0 .014
1.3 E6 0 .07
5.5 E6 0 .017
1.1 £7 16 .019
2.3 &7 0 .004
3.2 E6 3 13
4.9 E6 0 .019
4.4 E6 0 .021
7.4 €7 1 .0027
1.7 €7 1 .012
5.8 E6 5 11
1.7 €7 3 .025
2.6 E6 0 .036
2.4 £6 0 .038
4.8 E7 0 .0019
1.3 E6 1 .16
8.3 E7 0 .0011
3.4 E7 7 .025
1.7 E6 0 .054

1-52£52-0810

et Mty g e

Pp——

Py

A kada

s e —
e e sk lha




et

TABLE 15. RAC-Reported Data on Memories & Microprocessors
Device Part Device Failure Rate

Package Year Technology Number Type Screen Environment Hours Failures %/1000 Hours
Plastic 76 MSI STTL 13 5 5.2 E7 17 .036
Plastic 77 MSI LSTTL 25131572507 12 5 2.6 ES V] .036
Plastic 76 LST ECL 1307 PROM 13 5 8.8 E6 1 .023
Flastic 76 LST NMOS 2102 RAM 13 5 1.2 €6 0 .076
Plastic 77 LS. NMOS 4036 RAH 13 5 6.4 E6 2 .049
Plastic 76 LST PHOS 5007 S/R 13 5 2.5 E7 28 .12
Plastic 71 MSI Pl1OS 13 9 2.6 E9 1321 .052
Plastic 76 LSI HMOS 385073851 uP 12 9 4.3 £7 462 1.1
Plastic 77 LSI NWHOS 280 uP 13 5 4.7 E6 6 .16
Plastic 76 LSI CMOS 4020 Counter 13 5 4.5 Eb 0 .021
Hermetic 76 MST STTL 3207A 13 5 3.5 E6 0 .026
Hermetic 76 LSI PMOS 5009 * 13 5 1.2 E7 16 .15
Hermet ic 76 LSI PMOS 1013 13 5 1.0 €7 9 .11
Hermetic 75 LST PMOS .- 13 6 1.8 E7 22 .13

77 LSI NMOS 4096 RAM 13 5 3.1 E6 4 .17

Hermet{c

1-62€52-0810
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Singer Business Machines

Telephone contact with one manufacturer of plastic encapsulated microcircuits
resulted in the information that Singer Business Machines had performed some
research on the field use reliability of plastic devices and had published the
data. A copy of the paper is included in Appendix A.4. The data from this paper
are also reported by RAC in MDR-8. Table 16 summarizes the significant data from
this paper. The data are interesting because they are from the 1972 vintage and
thus antedate the period of the widespread use of the novolac plastics., Vet even
in this case the plastic parts do not show any difference in failure rate between
hermetic parts and plastic encapsulated parts.

User L

The same microcircuit manufacturer also disclosed data from a major commercial
system manufacturer whose systems are subjected to a very severe environment.
These 1977 vintage parts were screened by the IC manufacturer to his in-house
reliability screening program that included temperature cycle, burn in, and
electrical measurement at 25°C and 100°C. He reported that the parts (SSI linear
microcircuits) had accumulated 52 mil11ion device hours with a failure rate of
.0079%/1000 hours.

Sanders Associates

The 1iterature review turned up a paper* by Sanders Associated that had data on
field usage failure rates for plastic encapsulated microcircuits. Table 17
summarizes the data from this paper. Again, the vintage of the parts is 1972,
which is very early for the considerations of this report.

4,2 Summary of Data From Each Manufacturer
4.,2.1 Manufacturer (1) Integrated Circuits Division (Bipolar Products)

Manufacturer (1) presented the optimal screens for digital bipolar ICs (SSI, MSI).
They have found that a 1450C 40-hour burn in is very effective, especially when
combined with temperature cycling from =25 to 150°C. The burn in should be static,
not dynamic, to save money; static burn in is good for uncovering migration and
inversion problems. The most effective screen for digital parts, however, is

*J. J. Harrahy, "Assessment of Plastic, Commercial Grade IC Failure Rates Achieved
in Field Operation®, Proceedings of the Symposium on Plastic Encapsulated/Polymer
Sealed Semiconductor Devices for Army Equipment, May 10-11, 1978, Ft. Monmouth, NJ.
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TABLE 16. Singer Business Machines Field Usage Data (1972 Parts)

Failure Rate
Part Classificatfon Screening Environment Package Device Hours %/1000 Hours
SSI TTL 12 4 Hermetic 1.5 €7 .028
SSI TTL 12 4 Hermetic 9.9 E6 .054
SSI TTL 17 4 Hermetic 4.7 €6 .043
SSI TTL 12 4 Plastic 3.3 E6 .028
SSI TTL 12 4 Plastic 8.4 E6 .024
SSI TTL 17 4. Plastic 1.5 €7 .022

Sy

1-52€52~0810
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TABLE 17.

part Classification

sSI TTL Gate

sSI TTL FF

HS1 TTL Gate

MST TTL FF

SSI Linear

LSI PMOS ROM

LS1 PMOS Char Gen
LSI pMOS S/R

LSI PMOS RAH

LSI Bipolar RAM

sanders Associates Field Usag

Screening

16
16
16
16
16
16
16
16
16
16

e Data (1972 Plastic Encapsulated Parts)

| ]
Environment

6

6
6
6
6
6
6
6
6
6

Device Hours

1.9 €9
3.2 €8
1.7 E8
5.6 E8
1.6 E7
5 E7

8.2 E6
1.6 E7
5.0 EB
4.1 E6

Failure Rate
%/1000 Hours
.012
.022
.023
.022
.028
.0078
.029°
.041
.019
.128

1-52£52-0810
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temperature cycling which uncovers bad bonds. Manufacturer (1) feels that at
least 30 cycles should be used, even though their in-house plastic reliability
program uses only 10 cycles. There is a severe penalty in deviating from 10
cycles from -259C to +1500C because that is the way their offshore production
facilities are set up and deviation requires the work to be done onshore.

It was felt that double testing of digital bipolar ICs (repeating electrical tests
to weed out testing escapes) would not be particularly effective, but would not

be costly either. The data show the reject rate to be .8% on first test and .5%
on second test.

Thermal shock (09C ice water to 100°C boiling water) should not be allcwed as a
screen because Manufacturer (1)'s data shows that relfability is degraded by the
shock: corrosion is made worse in 10,000-hours tests.

Manufacturer (1) discussed the optimal screens for linear b1p01a§ microcircuits.
They said the most severe problem in linear ICs 1s the effect of high voltage on
relfabflity and hence a static burn in i{s the best screen for linears. They should
be burned in at 1450C for 40 hours, or some other temperature that would keep the
junction temperature at 155°C. The use of overvoltage screens (zero time screens)
are not effective with 1inears because often the linears have onboard voltage
regulators that absorb any overvoltage. So normal voltage combined with high
temperature is best. Temperature cycling is also valuable and, combined with
(preceding) burn in, the reliability is maximized. However, linears with Bi Fet
technology cannot be operated at high temperatures. For linears, it appears that
tne burn-in screen must be taflored to the individual processes, rather than
applying blanket rules, Static burn in is also preferred for linears over dynamic
burn in. Double testing was felt to be very effective for 1inear ICs.

Manufacturer (1) then developed approximate cost adders for performing reliability
screening above and beyond the in-house screening which has a cost adder of 15¢
per part. A fundamental point was made in the approach to NASA plastic parts, in
that a standardized specification should be written for use by &11 contractors
with no deviation, so that quantities of mixed parts could be increased. The
digital cost adders reflect such an assumption while the linear cost adders assume
a nonstandard flow for the NASA screening. See Table 18.
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TABLE 18.

Screen

Temp Cycle

Functional and DC Parameters
Burn In (Static)

Post Burn In Test

Functional & DC

Repeat Functional & DC
Repeat Functional & DC
Repeat Functional & DC

TOTAL COST

Manufacturer (1) Screening Data

Based on Based on
Standardized Nonstandard
Mfr. (1) Flow For NASA Flow
In-House Screening NASA Digital IC Linear IC
10 cy - 25/150°C 30 cy - 25/150°C  §.10 $.50
----- 100°C .05 .15
40 hrs @ 145°C 87 hrs @ 145°C .10 15
250C 25°¢ No charge No charge
———— 250¢C .04 .15
———— 100°C .05 .15
100°C .05 .15
$.15 $.39 $1.25

1-52¢€52-0810
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For LSI devices such as bipolar memory or bipolar microprocessor devices, the cost
would be obtained by merely doubling the cost of the part. Thus, the adder for a
$4.00 part would be $4.00 and for a $25 part the adder would be $25,

The digital ICs would have a post burn-in percent defective allowable (PDA) of 10%.
The linear parts would not be subject to PDA; Manufacturer (1)'s linear organiza-
tion does not have any system for working the PDA operation.

4,2.2 Manufacturer (1) Discrete Semiconductor Division

The in-house screen program is not useda with discrete semiconductors. The one

most effective reliability screening test for zener diodes js a 100% surge test

of 100ms, 20 watts (or so) followed by 100% Vz and Ip measurement. This test
catches oxide faults. This test is not performed on plastic zeners unless required
by customers. The only 100% screen test performed at present is a 259C elactrical
measurement of zener diode parameters. Burn in at full rated power for 48 hours

is another highl,; effective screen that could be imposed. However, this has a
$5000 minimum Tot charge plus $1 per part. Thus for small lots (say 1000 parts),
the cost per part would be prohibitively expensive. The surge test can be performed
for a 5¢ per part adder. Double measurement would add 5¢ per part for each
temperature/measurement cycle.

The fajlure rate for zeners is felt to be 0.1%/1000 hours at full rated power.
The application of the surge test would reduce this to 0.05%/1000 hcurs, and
burn in would result in several orders of magnitude of improvement.

Operation of zeners at derated power is the preferred way to achieve improved
reliability, using a 1.0ev activation energy applied to the junction temperature.

For rectifiers Manufacturer (1) routinely performs a 100% double voltage dc test
(100 volt rectifiers are tested at 200 volts). There really isn't an optimum
screen for rectificrs. Instead, the application determines the preferred screen.
For OC blocking applications, an HTRB (high temperature reverso bias) test would
be good, but HTRB would not be important for AC rectifying applications.

Double testing was not felt to be a useful test because Manufacturer (1)'s escape
rate for rectifiers at final test is only 0.08%, including marginal parameters and
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the catastrophic escape rate is only 0.001%., The immense quantities of rectifiers
that must be tested works against the use of double testing because of limitations
in additional throughput capability.

The standard tests performed on power transistors include 100% DC tests at 259C
and 100% test of the safe operation area (SOA) as exemplified by second breakdcwn.
The SOA test detects bad die-attach devices and {s much more effective than power
burn in, which s not performed. In fact, since Manufacturer (1) does not perform
burn in of power transistors, they do not have experience on {ts effectiveness.

Manufacturer (1) is not facilitated to perform burn in in-house. Double testing

is performed (effectively) on all parts which are tape-and-reel packaged, once at
final test and once after mounting on the tape. Other parts cannot be double
tested in production but would have to be tested onshore by Manufacturer (1)'s Q.C.

Another effective test applied to power transistors i{s a pcwer Vgp test, which
uses a 3 amp, 3 usec pulse through the base-emitter junction, with measurement of
the resaitant V¢ giving good indication of wirebond integrity.

The faflure rate on outgoing power transistors is predicted to be 0.1% per thousand
hours at full rated power. Ho cost adders were given because Manufacturer (1)
cannot perform any of the additional tests desired in production. However, the

Vbe test and the SOA test should be called out in any NASA specification.

For small signal transistors (T0-92 packaged), Manufacturer (1) normally performs
100% temperature cycling (7 cycles from +259 to +150°C) and 100% measurement of
DC parameters.

It was determined that several additional tests could be performed 100% at a
minimal cost of 5¢ per part for each screen. These are double measurement of DC
parameters, measurement of the power Vpe (forward), measurement of aVgg on (for
two different base currents - measures die attach integrity), and 10COC hot
continuity test.

It was mentfoned that the T0-92 transistors (small signal) use novolac plastic, but
the power transistors and axial lead diodes and rectifiers use silicone encapsulant.
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The in-house screening program contains a requirement for 10 temperature cycles

from 0°C to 1009, They feel that expansfon to -25/150°C would not achieve anything
useful and would be very difficult to perform; since offshore production screening
uses the narrower temperature range, the wide temperature ra.ge would require
performing the tests onshore, resulting in special handling charges.

Burn in is performed at 1550C for 21 hours and uses a 0.56ev activation energy for
the acceleration factor. Because hand wire bonding has now been replaced completely
by automated wire bonding, bond defects have been reduced by two arders of
magnitude.

In discussing multiple testing of functional and DC electrical parameters, Manu-
facturer (2) said that statistically each pass through electrical test catches 92%
of the defects., So if the defect rate were 2%, 0.16% of the parts would still be
defective after one pass and .013% would still be derective after two passes. They
feel that because they impose a 2% PDA after burn in, double screening would not

be necessary, particularly in view of the fact that a 0.1% AQL is imposed by QC

on a sampling basis before lots are shipped. A 0.1% AQL translates to a 0.14%
defective rate allowabie. The discussion resulted in postulating that perhaps the

NASA relfability process document could call for either redundant function/DC parameter

testing or .1% AQL, at the manufacturer's option. No other manufacturer uses
this low an AQL (0.1%) or this low a PDA (2%).

Overvoltage testing was discussed., Manufacturer (2) imposes a 100% overvoltage
test at wafer probe except for Schottky and M0S products. It was felt that imposi-
tion of overvoltage testing on TTL devices would be acceptable (7 volt V¢¢ for
20ms) as a screen for oxide faults after burn in.

Manufacturer (2) then discussed reliability screening of NMOS dynamic and statfc
memories. Oynamic RAMs are all routinely subjected to:

100% temp cycle (10 cycles, -55/1500C)

100% pre-burn-in continuity test {Vcc to ground at 25°C)

100% burn in at 1250C (8 hours at up to 50% overvoltage, 32 hours at nominal

voltage)
100% functional, DC and AC parameters at 259C
100% functional, DC and AC parameters at 709C

The parts cannot be tested at 1000C,

PRECEDING PAGE BLANK NOT FILMED
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This gives a predicted failure rate of 0.025%/1000 hours. For static RAMs whose
reliability 1s much better (0.013%/1000 hours), burn in ard temperature cycling
are not used. Manufacturer (2) discourages the impositicn of burn 1n on static
RAMs, Double testing would be very good for statfc RAMs, however, because of the
lack of pre-burr-in testing.

4.2.5 Manufacturer (2) Discrete Products Division

A1l power transistors are made by Manufacturer (2) in the USA with no offshore
production, because of the highly automated fabrication process. HNormal 100%
screens are:

DC parameters at -40°C, 25°C, and 12%°C ambient

Safe Operating Area (SOA) power rating tests

Vgep at 10 amps

Burn in is not performed and cannot be performed at Manufacturer (2)., Thermal
cycling can be performed for a 2¢ per part adder and is good for catching mechanical
problems., They can also provide a sample test AQL of 0.1% on outgoing products, but
lot charges would be entailed on small (1000 part) lots. They said they felt 100%
high temperature testing is the best screen for power transistors. The escape

rate at power transistor final test is 0.4% when there is no AQL control, but by
imposing AQL control the escape rate can be reduced to 0.1%.

Manufacturer (2) feels that redundant testing would be helpful. For example, when

a 0.4% AQL 1is imposed, 15% of all lots of parts fail. It {s felt that this would

be reduced to 5% of all lots failing if redundant testing were imposed, a 3:1 improve-
ment. The cost adder for redundant testing would be about 5%.

The small signal T0-92 transistors are all manufactured offshore. This raises a
probiem with imposing 100% DC parameter measurement at high temperature, because
currently only a hot rail continuity rest {s performed at high temperature.
Manufacturer (2) feels that full DC parameters should only be measured at 259C;
at 100°C the test should only include limited parameters.

T0-92 burn in cannot be performed by Manufacturer (2). They have no small signal

transistor burn-in facilities. Temperature cycling from -65 to 150°C can be performed
for a 3% to 5% cost adder and would be effective in catching intermittent opens.
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4.2.6 Manufacturer (2) Bipolar Products Division

Low power Schottky (LSTTL) parts usc the in-house reliability process screening
when requested. Additional testing suggested by Manufacturer (2) as helpful would
be ac parameters at 259C. This would have to be performed in the U.S., however,
implying special handling charges, since all in-house screen testing {s done off-
shore. Temperature cycling could be done over a wide temperature range of -25°C

to +1509C, but would also cause special handling costs. The QRA engineering manager
{ndicated that the thermal cycling performed with the in-house screen program (10
cycles, 0°C to 1009C) is actually water to water, but this was later disputed by
the linear product marketer, who insisted that temp cyclirg was air to air. Hater
to water would be very dangerous from a reliability standpoint, according to
Manufacturer (1) test results. Manufacturer (2) feels that redundant testing would
be very effective in catching defects. The escape rate of 0.1% to 0.2% at final
test could be reduced to 0.05% by redundant testing. Cost adders will have to be
obtained through the Seattle sales office.

Relfability screening for linear microcircuits using the in-house screen program
{s available. The full in-house screen program costs 10¢ per part for linears and
is currently performed in the USA but will scon be moved offshore.

Because of the way that the temperature cycling is performed, a wider temperature
range could not be accommodated, but a larger number of cycles could be. Redundant
testing could be performed as follows:

Continuity test only at 70°C: 5¢ per part adder

DC parameters at 259C: 5¢ to 7¢ per part adder

4,2.7 Manufacturer (3)

The Manufacturer (3) in-house screen program provides a degree of reliability
assurance and {s similar to the in-house screen programs of other manufacturers.

The program has not been used for their NMOS products but there was no objectiun

to providing the program for NMOS products. Manufacturer (3) feels that temperature
cycling is not a very effective screen, but is willing to perform extended numbers
of cycles (say 30) as opposed to changing the range of temperature to greater than
their 0/1000C air-to-air range. Manufacturer (3) feels that it would be very
costly to go to a different temperature range because it would entafl changing

their standard operations overscas.
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For pre-burn-in tests, Manufacturer (3) recommends that 25°C functional and DC
parameters be used but that 100°C testing would not be necessary.

For burn in Manufacturer (3) often uses 40 hours at 150°C rather than 168 hours

at 125°C, based on an activation energy of 1.0ev. For certain high voltage devices,
they recommend that the burn in be 1imited to no more than 48 hours. The feeliny

{s that 95% of the early failures are caught by this time and longer burn in will
result in the migration of contaminants which will shorten the useful 1ife.

Overvoltage testing is felt to be very useful for CMOS parts as a screen for oxide
defects. Manufacturer (3) performs CMOS overvoltage testing at wafer probe on a
100% basis and would be willing to add this test at final electrical test as a
100% screen for the NASA relfability flow.

For post-burn-in electrical test, Manufacturer (3) could live with a 2% PDA. They
alsn indicated that the current practice of only functional tests at 100°9C could

be extended to furctional and DC parameters at 1000C 1f the electrical limits were
widened at the 100°C temperature. Redundant or double testing could be added easily.

The cost adders for performing the in-house screen program or the augmented NASA
flow testing would have to be obtained by written request to the marketing organi-
zatfon through the Seattle office.

4,2.8 Manufacturer (4)

Manufacturer (4) has a relfability assurance program to perform screening on plastic
encapsulated bipolar TTL products, but the program does not extend to NMOS micro-
processors or memory nor to bipolar memory products. Manufacturer (4) feels that
their approach {s one of total commitment to relfability, and thus the in-house
screen program {s only a marketing gimmick. Since the businecs at Manufacturer (4)
is extremely good and they are having difficulty keeping up with the demand for
their products, marketing gimmicks are not really needed and they are unwilling to
extend the in-house screea program to any other products. In addition, they are
unwilling to perform any special testing over and above the in-house screen testing,
such as redundant testing. It was apparent that it will be difficult to consider
participation by this manufacfurer in a NASA standard flow for screening of plastic
encapsulated parts. This is regrettable because their devices probably would be
very reliable because of the tight feedback they use to correct processing problems,
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But since there would be no assurance of the actual integrity of the outgoing
product, it would be necessary to trust the manufacturer completely for reliability,
and this has historically proven to be a dangerous position for parts procurement,
o matter how good the manufacturer claims to be.

One test that Manufacturer (4) uses would be considered very undesirablie, This {s
thermal cycling which, in their case, is a watar-tn-water thermal shock. It s

felt that this is quite dangerous, since tests by Manufacturer (1) have shown that
such an approach caused serious prablems after 10,000 hours of 1ife testing. Even
though Manufacturer (4) claims they have no problems, it is felt that water-to-water
should be avoided in all cases.

4.2.9 Manufacturer (5)

Manufacturer (5) has available a reliability assurance program for screening plastic
encapsulated microcircuits.

Manufacturer (5) is'willing to be very flexible in performing special screens that
may be desirable for NASA parts. In fact, surprisingly, Manufacturer (5) suggested
that two effective screens would be to perform precap visual and x-ray inspection
of all parts; these tests were previously been felt to be very expensive to

perform on a commercial plastic part and have been avoided in previous discussions.

The in-house reliability screening {s all performed onshore, but sometime in the
future this may be moved offshore. Because of the onshore testing, the performance
of special tests is easy to implement.

The temperature cycling performed by Manufacturer (5) fs 0/100°C liquid to 1iquid
(nonwater). For this reason {t would be difficult to go to a wider temperature
range, but they would be willing to go to a Targer number of cycles such as 30.

Pre-burn-in testing consists of 259C functional and DC parameters measured for the
purpose of making class sorts. Burn in is generally 1259C for 168 hours, but some-
times 150°C for 80 hours {s used. Post-burn-in testing could easily be performed
twice (redundant tests) at both 1009C and 259C. Manufaciurer (5) would be willing
to l1ive with a 2% PDA rather than the current 10% PDA.
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It was suggested that for linear devices one of the most effective screens would
be measurement of delta changes in certain parameters. This would cost 50¢ per
part but would be very desirable.

Overvoltage tests are not performed to any great degree by Manufacturer (5) beyond
measurement of the devices at their maximum rated voltage. Implementatfon of a
100% overvoltage test would require a $1500 per part type charge to cover the cost
of making a new test tape.

The only transistors that are plastic encapsulated are quad arrays. They recommend
that the JANTX devices be used instead of plastic transistors since the cost of the
hermetic JANTX parts is very low. This should be verified by an actual cost comparison.

Preparation of a budgetary cost estimate to cover the proposed NASA standard flow
will have to be coordinated through the Seattle representative. The current cost
adder for performing the in-house screen program ranges from 15¢ to $1.00 depending
on the product type and complexity.

4,2.10 Manufacturer (6)

This manufacturer has run extensive relfability tests on their bipolar TTL-type
products that show that {n the first 1000 hours of accelerated 1ife te-t there is
Tittle difference between plastic and hermetic parts but after 4000 hours there is
a significant difference between the two, with plastic having twice the failure
rate.

Manufacturer (6) has an in-house program for relfability screening of some of their
products, with a version that calls for burn in of plastic parts. They are willing
to supply the following part types screened to this version:

TTL

LSTIL

STTL

ASTTL

Bipolar Memory

NMOS Hemory

CMOS

Linears
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There was some question and hesitancy about providing {n-house screening for the

following part types:
NMOS Microprocessors
Bipolar Microprocessors

In-house screening cannot be provided at all for transistors or diodes.

For lot sizes in the range of 1000 parts such are envisioned for NASA procurements,

no special testing such as redundant measurements or special temperature cycling

can be performed by the commercial organization.

Instead, the high reliability

organization would have to perform the testing for significant additional cost.
It is Manufacturer (6)'s contention that {f special testing {s required to achieve
desired reliability goals, then NASA should use JAN Level B parts instead, because

the cost would be lower.

various TTL parts, one an SSI part and the other an MSI part.

SSI (7400 type)

Commercial Temp Range Plastic
Commercial Temp Range Hermetic
Military Temp Range Hermetic
JAN Class B Military Qualified
Commercial Temp Range Plastic
with Double Testing Added
to the in-house screen

MSI (74181 type)

Commercial Temp Range Plastic
Commercial Temp Range Hermetic
Military Temp Range Hermetic
JAN Class B Military Qualified
Commercial Temp Range Plastic
with Double Testina Added
to the in-house screen

The following table shows the cost comparisons for

Basic Adder for In-House Total Cost
Cost Screening
17¢ 25¢ 42¢
19¢  25¢ a4¢
30¢ $1.00 (8838 Screened) $1.30
$1.80 --- $1.80
$2.00 + minimum
order value of
$1000 per lot
$2.50 35¢ $2.85
$3.00 35¢ $3.35
$4.00 $1.00 (883B Screened) $5.00
$6.00 ~--- $6.00
$8.00

It can be seen from this pricing structure that Manufacturer (6) would not want
to participate in any standardized testing of plastic parts that differed from

their {n-house relfability testing.

4.2.11 Manufacturer (7)

This manufacturer has a policy of performing reliability demonstration tests on
all new products followed by a monitoring program that ensures that the products
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do not fall away from the desfred failure rates. The typfcal failure rate number
goal for Manufacturer (7) parts is 0.05%/1000 hours at 55°C with a 60% confidence
level.

Normal flow for all Manufacturer (7) parts, plastic or hermetic, fs as follows:

o 100% classification tests using tight quard bands. Consists of functional and
DC parametric tests at 850 to 90°C to allow for die thermal rise over 70°C.

o Final electrical tests. Microprocessors are tested at high temperature and
memory devices are guard band tested at 259C.

o Sample tests to a 1% AQL.

If burn in were required on a 100% basis, 1t would be performed after final test
and then another electrical post-burn-in test would be performed. Burn in has

been found by Manufacturer (7) to give a 5:1 improvement in the failure rate.

They do not consider a POA (Percent Defective Allowable) after burn in. All parts
that pass are deliverable. Manufacturer (7) favors a burn fn of 44 hours at 125°C.

Temperature cycling can be performed but they do not feel that it accomplishes
anything and would prefer not to perform temperature cycling. A possible flow for
NASA screened parts by Manufacturer (7) would be:

- Double electrical measurement at 859C
Dynamic burn in: 44 hours at 125°9C
Electrical measurement at 85°C
Sample testing at a 1% AQL

The cost adder for performing this test program on a 100% basis in small lot
quantity (1000 parts) would be an increment of 50% to whatever the basic part
cost is.
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5.0 ANALYSIS OF THE DATA

5.1 Field Use Failure Rate Data Versus Time

The data gathered from the users of plastic encapsulated semiconductors described
in the preceding section were tabulated in a single 1isting for analysis on a year-
by-year basis. This tabulation appears in Appendix D. The results of this tabu-
lation are plotted in Figures 1 through 28. Each plot depicts the failure rate

of the particular part classification as a function of time. In cases where

data for hermetic parts were available these data are plotted on the same plots.

5.2 Manufacturers Projection of Failure Rate

In the course of the plant visits to the part manufacturers, a number of relia-
bility reports were obtained that projected the expected in-service failure rates
for certain parts as a function of the type of screening the parts received.

Table 19 summarizes these data. It must be noted that these data items are not
based on actual field failure rates but only on the results of accelerated stress
testing performed by the manufacturers at their own facilities. Most manufacturers
project a significant improvement in the failure rates if burn-in is performed.
This improvement is on the order of 5:1.
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FIGURE 1. SSI TTL LOGIC
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FIGURE 2.  SSI LSTTL LOGIC
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FIGURE 3.,  SSI STTL LOGIC
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FIGURE 5.  SSI ECL LOGIC
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SSI LINEAR AMP

FIGURE 6.

A

B

N

h(
43
R

S
[74d)

)

115

A

J7.n)
K&

-~

Q
1133
9
FY
|t
s

" N o~ OO NN W N L) o~ -
« o . . Tt OO0 O O Q© O o (=] Q

. o »

SHEWH 0001/% = 3LVY WA "H/3uMIvd

.009
.008
.007
.006
.005
.004
.003
.002

.001

1973 1974 1975 1976 1977 1978
YEAR PARTS WERE MADE

1972

1971

55



FATLURE/REMOVAL RATE - $/1000 HOURS

D180-25325-1
FIGURE 7. SSI LINEAR VOLTAGE REGULATOR
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FIGURE 9. MSI LSTTL LOGIC
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FIGURE 10. MSI STTL LOGIC/RAM
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FIGURE 11.  MSI HTTL LOGIC
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FIGURE 14. LSI ECL PROM
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FIGURE 15. SSI CMOS LOGIC

o5

o
.3

1§3H

)

@
@

\rg/

.009

.008

.007

.006

.005

.004

.003

LB
3/

.002

001

1971

1972 1673 1974 1975 1976
YEAR PARTS WERE MARE

64

1977

1978



R

-~

FAILURE/N. OVAL RATE - $/1000 HOURS

D180~25325-1

FIGURE 16.
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FIGURE 18.  LSI NMOS RAM
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FIGURE 20. LSI PMOS RAM
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FIGURE 21.  LSI PMOS ROM
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FIGURE 22. TRANSISTOR SS NPN
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0180-25325-1
TRANSISTOR SS PNP

T IPT

3

.2

.02

42

\uy/

01

Y

.009

.008

007

.006

.005

.00Y4

.003

.002

.001

1971

1972

1973

1976 1975
YEAR PARTS WERE MACE

72

1976

1977

1978

i




FAILURE/RL _.vAL RATE - %/1000 HOURS

et ot - T
e P . T TET Y i |

D180-25325-1

FIGURE 24.  TRANSISTOR NPN FOWER
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FIGURE 26. SCR
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FIGURE 27.  FET TRANSISTOR ] '
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FIGURE 28.
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5.3 Failure Rates Versus Technology and Screening

In order to make a comparison between the reliability of plastic encapsulated .
semiconductors and hermetically sealed semiconductors, several different summaries
of the available data were performed. First, the data plots of Figures 1 through

28 were analyzed to determine the range of the failure rates for the most recent
two years, 1977 and 1978. The results of this summary are shown in Tables 20 and
21. These tables also show the computed failure rate that could be expected if

burn in were used giving a 5:1 improvement in failure rate.

Next, the data published by RAC were searched for comparable fieid data on her-
metic parts that could be compared to the plastic encapsulated parts. Four
categories of parts were found for which there were data on the JAN equivalent
screening failure rates: bipolar SSI and MSI TTL, bipolar LSI STIL, and NMOS LSI.Ther
were not enough data available to make the comparisons for any of the other
categories. The RAC data covered parts that were qualified to JAN Class 8, or
which had been screened to the equivalent of JAN Class B (Categories 4, 5, and 6
in Table 5). The results of the RAC summary are shown in Table 22. '

With these data in hand, it then became possible to construct a plot of the
comparative reliability of plastic encapsulated microcircuits versus screened
hermetic parts. Figure 29 shows these comparisons. For each category, the left
hand box shows the results of the field usage data with no screening applied to
the parts. The next box in each category shows the anticipated reliability that
would result if the parts were burned in. The third box shows the prediction of
the manufacturers for the reliability of the parts with no burn in. Note that
the manufacturers seem to be very optimistic in their predictions, since their
predictions seem to match closely the field usage data for burned-in parts,
rather than for non-burned-in parts. Finally, the last box represents the RAC
data for hermetic parts screened to JAN Class B. The failure rates for these
parts are more comparable to the unscreened plastic encapsulated parts. The
reason fgr this may be that the environment for the hermetic parts is much more
severef’ There is not enough information available for definitive identification
of thé reasons for the differences.
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TABLE 20,

Part Classification

Bipolar SSI
TTL
TTL

LSTTL
LSTTL
LSTTL

Linear Amp

Bipolar MSI
TTL

STTL
Bipolar LSI
CMOS SSI Logic

NMOS LSI
Logic (Microprocessor)

Memory

Manufzcturer Production of 55°C Failure Rate Range

Failure Rate With Faflure Rate
No Burn In: %/1000 hr With Burn In: %/1000 hr
Mfr. 4 Hin Max Mfr. # Min
2 .00068 .0041 2 .00035
1, 4 .03 4 .00015
5 .0005 5 .00015
1 .003
2 . .0012
4 .0039 .0135 4 .0005
1 .0125
2 .0041 2 .0031
2 .0041 2 .0038
4 .0088 .138
1 .0012 .005 1 .00088
3 .0065
1 .037
7 .05
3 .0051 3 .0023
2 .013 .025
4 .0066
7 .05

1-62£52-0810
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TABLE 21a,

Part Classification

Bipolar SSI
TTL

LSTTL

STTL

ECL

Linear Amp

Linear Volt. Reg. (Fixed)
Linear Volt. Reg. (Variable)

Bipolar WSI
TTL

LSTTL
STTL
ECL (Hermetic)

Bipolar LSI
STIL (Hermetic)

CMOS SSI
Logic (Plastic)
Logic (Hermetic)

NMOS LSI
Logic (Microprocessor)

Memory

Summary of Microcircuit Field Usage Failure Rate Data (1977-1978)

1978
1978
1977, 1978
1978
1978
1978
1978

1978
1978
1977
1977, 1978

1974

1977, 1978
1977, 1978

1977, 1978
1977, 1978

Actual Field Failure
Rate Range in %/1000 hr.

Hin Hax
.0c45 .03
.002 .005
.018 .033
.02 .04 (Hermetic)
.025 .09
045 075
.1 .15
.013 .024
.004 .042
.007 .045
.036 .044
.03 .07
.01 .25
.03 .05
.08 17
.046 .07

.00o8
.0004
.0036
.004
.005
.009
.02

.006
.002

.01
.009

Expected Fatlure Rate Range
If Burned In:
Min

%/1300 hr,
Max

.006

.001

.033

.008 (Hermetic)
.0018

.015

.03

.0048
.008
.09
.0088

.014

.01
.05

.034
.014

1-62£52-0810
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TABLE 21b. Summary of Discrete Semiconductor Field Usage Failure Rate Data (1977, 1978)

Part Classification Year

Transistor Bipolar

Small Signal NPN 1977, 1978
Small Signal PHP

Power NPN

Power PNP

Transistor JFET
Small Signal N Channel & P Channel

Actual Field Failure
Rate Data in %/1000 hr.

Hin

.0053
.017
.05
.036

.045

tax

.08
.025 (Hermetir)
.13
.06 (Hermetic)

.075

.0011
.003
.01
.0072

.009

Expected Failure Rate Range
if Burac. in:
Min

%/1000 hr.
Max

.016
.005
.0z6
.012

.015

1-62£52-0810
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TABLE 22. Summary RAC Field Usage Data on Faflure Rates of JAN Class B (or Equivalent) Hermetic Parts

part Classification

Bipolar SSI TTL
Bipolar MSI TTL
B8ipolar LSI TTL
NMOS LSI Memory

Hin

.0022
.0068
.016
.087

Fajlure Rate %/1000 Hours
Max

.11
.15
J1
.12

.

1-62€52-0810
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6.0 COST ANALYSIS AND COST FACTORS
6.1 Procurement Cost and Screening

One of the excuses for avoidance of plastic encapsulated semiconductors has been
the position that by the time these parts are screened to the same level of rigor
as the JAN parts they would be just as expensive and, therefore, there would be

no point in their use. The experience of the users of plastic encapsulated semi-
conductors seems to contradict this in that these users have not found is necessary
for employment of the rigorous screens of MIL-STD-883 to achieve the respectable
retiability numbers they require in their systems.

In an attempt to get a handle on the cost picture, the manufacturers were inter-
rogated during the plant visits concerning the additional costs that would be
incurred to perform both the in-house screens and the proposed NASA Standard Flow
screens Tisted in Table 28. In most cases, the manufacturers stated that firm cost
figures could only be provided through the sales offices. For this reason, formal
price estimates were requested from the manufacturers through Boeing Purchasing

for budgetary pricing on 1000 quantity prices of a representative mix of semicon-
ductor devices  Unfortumately, at the time of writing of this report, none of the
manufacturers have responded.

A perspective on the cost pfcture can be reached, however, as a result of some of
the informal pricing information that was obtained during the plant visits. Table 24
summarizes the pricing that was indicated by one manufacturer and can be used to
draw conclusions as to the general posture o the manufacturers concerning pricing.
In this table, it is seen that there are significant differences in the costs for

the commercial temperature range plastic or hermetic parts compared to the JAN-
qualified or JAN-equivalent-screened parts, both for the SSI parts and for the MSI
parts.

In both cases, JAN screening costs 3 to 4 times as much as the standard in-house
screening, and 2 to 2% times as much as the proposed NASA Standard Flow. If it is
assumed that low cost is the primary driver in the use of plastic encapsulated
semiconductors, then the commercial temperature range hermetic parts are seen to
be almost as cost effective, HMore important, though, is that the NASA Standard
Flow is seen to be a reasonable priced alternative to JAN screening and could
become a viable process for achieving low cost reliability assurance. Howaver, it



SSI_(54L/74L TYPE) BASIC COST ADDED FOR MFR
IN-HOUSE REL
' ) SCREEN: TEMP TOTAL COST .
CYCLE, BURM-IN
100% ELECTRICAL

MEASUREMENT )
PLASTIC (0-70°C) 17 .25 .42
HERMETIC (0-70°C) .19 .25 .44
HERMETIC (-55 - +125°C) .30 $1.00 1/

, $1.30

JAN CLASS B (-55 - 41250C) $1.80 --- $1.80
PLASTIC (0-79°C) 47 39 .56
MSI S4L/74L_TYPE)

% PLASTIC {0-70°C) $2.50 .35 $2.85
HERMETIC (0-70°C) $3.00 .35 $3.35
HERMETIC (-55 - +125°C) $4.00 $1.00 1/ $5.00
JAN CLASS B (-550C - +1259C) $6.00 $6.00
PLASTIC (0-70°C) $2.50 49 2/ $2.99

1/ 8838 Screened
2/ Screened to a NASA Standard Flow. See Table 28A for proposed NASA Standard Flow.

TABLE 24 RELATIVE COST FACTORS FOR BIPOLAR MICROCIRCUITS
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must be remembered that some manufacturers will refuse to bid on anything other than
their in-house reliability screening and thus certain sources of supply would be lost
by the imposition of the NASA Standard Flow. The solution to this would be the purch
of unscreened parts with subsequent screening by screening laboratorfes using the NASA
Standard Flow.
Probably the most important factor to be considered in the cost analysis of the
use of plastic encapsulated semiconductors is that only those semiconductor devices
that are in continuous production should be considered for use in Tow quantity
NASA applications. The objective of low cost with reasonable reliability cannot
be met for device types that are only produced sporadically or are essentially
custom devices., All of the users visited stated that they only select device types
and manufacturers that met the criteria of "continuous production”.

o Parts are in high volume production

o Parts are avallable from more than one source

0 Parts are distributor stock items

This constraint should be particularly emphasized for NASA since the quantities of
parts used on any one program are generally going to be very small compared to the
production quantities of modern semiconductors. Where it {s felt necessary to use
part types that are only batch processed or are more custom oriented devices, NASA
should decide that the cost consideration cannot enter in and ignore the cost
advantages of plastic encapsulation, in the interest of assured reliability.

6.2 Cost of Parts Management and Control

An additional factor to be considered in the cost of plastic encapsulated semicon-
ductors is the cost of the engineering staff required to perform the parts engineering
and control functions associated with the procurement of reliability-assured parts.

It turns out that a relatively small staff of parts engineers can perform the periodic
qualification testing and manufacturer coordination necessary to maintain adequate
control over the manufacturers of plastic encapsulated semiconductors. This might
require a staff of 4 or 5 personnal, as seen to be used by many of the users.

However, if this staff must be duplicated for each contractor and subcontractor

that attempts to use plastic encapsulated semiconductors, then the cost would become
prohibitive. Either there must be set up a central NASA organization that would be
responsible for the qualification and selection of manufacturers and part types, or
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the tasks of qualification and manufacturer coordination must be distributed among
the various contractors and subcontractors who are currently participating in NASA-
contract programs.
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7.0 QUALIFICATION REQUIREMENTS !
7.1 Initial Qualification of Manufacturers Products S

Qualification Considerations. In addition to the imposition of reliability screening
requirements on plastic encapsulated semiconductors, it will be necessary to conduct
qualification testing on all parts intended for use in deliverable electronics
systems. Many of the users of plastic encapsulated devices have in-house programs

of device qualification aimed at searching for possible lot oriented problems in

the prodﬁcts being purchased.

The qualification approach recommended is one of comparative evaluation of the
integrity of the products. This means that plastic encapsulated products would
be purchased from several sources, subjected to qualification testing and then
compared as to their relative performance capabilities in the qualification tests.
Any manufacturer's product that is markedly poorer in the response to the tests
would be eliminated from the set of parts to be used on the program.

Table 25 defines a set of qualification tests that have been suggested as useful
by users and manufacturers of plastic encapsulated semiconrductors. It {s recom-
mended that these tests be buflt !nic a NASA standard document for the control of
the reliability of plastic encapsulated semiconductors.

The qualification process for a new part type will have to be tailored to each of
the technologies considered for use in any NASA program. Different device types
require different tests to be applied to uncover any unique process or performance
anomalies. There are some basic qualification tests, however, that can be applied
to all products in plastic packages. These are as shown in Table 25, consisting
of autoclave (pressure pot) tests, temperature-humidity bias (85°C, 85% RH) and
some form of iigh temperature operating 1ife. In addition to these tests, certain
device typ2s would require exploratory testing using such stresses as temperature
cycling, “hermal shock, overvoltage stress testing, and extensive application of
three temperature testing (-40°C, 25°C, and 125°C or 1000C) of electrical parameters
and truth tabie functionality.

As an example of special tests that might be applied to perform qualification of

diffarent devices, it has been found by cre user company that linear op amps can
be accelerated to failure by application of a differential input of 24 volts to the
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30 PARTS
SCLECTED FROM
PROCURELENT LOT

10 PARTS

AUTOCLAVE (PRESSURE COOKER)
SATURATED STEAN AT 1210C

(15 PSIG)
168 HOURS WITH 0/70°C ELECTRICAL
MLASUREMENTS AT:

24 HOURS

48 HOURS

96 HOURS
168 HOURS

10 PARTS

TEHPERATURS HUMIDITY BIAS
85% RH, 85°C ANMBIENT RATED VOLTAGE
APPLIED TO BIAS PART

300 HOURS WITH 0/70°C ELECTRICAL
MEASURENENTS AT:

24 HOURS

48 HOURS

96 HOURS

163 1HOURS

300 HOURS

TABLE 25
LOT QUALIFICATION TESTS TO BE PERFORMED

HIGH TEMPERATURE OPERATIHNG LIFE

1509C LIFE TEST AT RATED
VOLTAGE

300 HOURS WITH 0/709C ELECTRICAL
PLASUREMENTS AT:

24 HOURS

48 HOURS

96 HOURS

168 HOURS

300 HOURS
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input leads. This causes an acceleration factor of 1000 and can be used to compare

the relative performance of different manufacturars products under {dentical tes. §
conditfons. It is also recommended that delta measurements be made on linear
microcircuit parameters. As another example, on2 manufacturer recommends that in
addition to the Table 25 qualification tests, an effective qualification test for

power transistors would be power cycling tests.

The reason for performing qualification tests {is to obtain data to be used in
evaluating the integrity of the various manufacturers' products. Most user companies
that perform qualification tests compare the resuits from the different companies

and reject the manufacturers whose products seem to deviate from the norm estab-
lished by the other manufacturers. The decision as to the degree of deficiency

must be made by parts engineering organizations on a case-by-case basis.

7.2 Continuing Qualification Testing

After the initial qualification of a manufacturer and his product, there must be
established qualification procedures that will ensure that the relfability levels
are maintaii~d as a function of time. Most users achieve this by the periodic
requalification of their purchased parts at intervals of approximately 9 months.

At this interval, the initial qualification tests are repeated, with emphasis on
searching for any ditferences in the device performance as compared to the previous
testing.

Remembering that the users visited generally are using parts in quantities measured
in the millions, the nine-month interval seems to be appropriate for them. However,
for small lot procurement &s is common for NASA, it would be necessary to invoke
lot-by-lot qualification testing regimes. Typically, the parts for a project would
all be purchased at the beginning of the program and, in the event that additional
quantities had to be purchased, then the requirements of lot qualification could

be reinvoked.
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8.0 SCREENING CONSIDERATIONS

Once the parts from a particular manufacturer are qualified, then they must be
100% screened to assure the integrity of the parts. The two options that are
available are the use of the manufacturers' in-house screening (such as "PEP 3
or "Better") or the use of a standardized screen that would be the same for all
manufacturers.

8.1 Manufacturers' In-House Screens

Each part manufacturer has his own in-house screen he makes available as an extra
cost option to purchasers of his parts. Table 26 summarizes the various screens
performed by the manufacturers visited duriing the program. It can be seen that
these screens differ widely from manufacturer to manufacturer, and no real
standardization can be found. In addition, these screens are not available for
all products from each of the manufacturers. Table 27 shows the products for
which the in-house screening is available.

The only way that these screens can be obtained {s to purchase the specific part
number assigned by each manufacturer to his product that identifies the specific
screen, This means that there is no single number to be called out on drawings
that could result in similarly screened parts being purchased from different
manufacturers. Thus, the use of manufacturers' in-house screens could oniy be
used 1f a NASA project were willing to 1ist all of the individual part number
variations for a single part to cover the part from different manufacturers. This
part number callout problem would exist even if there were no screening called for,
because of the r-anufacturers unwillingness to develop any JEDEC numbering systems
for microcircuits as they have for discrete semiconductors.

8.2 NASA Standard Flow

As a result of the discussions with the manufacturers during the plant visits, it
was possible to define certain relatively universal scr2ens that a majority of the
manufacturers might be willing to perform instead of their normal in-house screens.
This definition was determined by discussion of the cost factors of performing
"nonstandard" (to the manufacturer) screens and the capability to communicate the
screen test parameters to their offshore test facilities whe-e the

screening is performed. Tables 28A and B spells out the proposed HASA Standzrd Flow
screening procedure that might have a tolerable degree of acceptability to the

9
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MANUFACTURER MANUFACTURER MANUFACTURER
ROGRAM HANUFACTURER | (2), LEVEL 3 HAUEACTURER (4) HAIUEACTURER s
= 3
SCREEN (1) pIsi-fUINeAR s | LEVEL B | ievelz | LEVEL 5
HIGH VOLTAGE STRESS
AT WAFER PROBE YES

PRECAPR VISUAL - YES YES YES YES

) 0 o | Scy, 0/100°C |15cy,0/100°C |15cy 0/100°c | 15cy 0/100°C
TEHP CYCLE 10cy,-25/150°C} 10cy,0/100°C air’to air Hater shock Liquid shock }Water shock
Continuity (I..) 100%¢
Functional 1060°% 100%| 25% |  25% 25°¢ 25%C
DC PARAMETERS 100%¢| 25° 25°¢ 25°¢ 25°¢

40hrs @ 145°C

BURN-IN or 21hrs @ 155%C| 4ohrs @ 150°C|24hrs @ 155°C |168hrs @ 125°C| 168hrs @ 125°Q
0 or
168hrs @ 125°C g0hrs 6 150°C
FUNCTIONAL 25%¢C 70% | 25% | 100°, 25° }100°C, 25°C 100°¢ 100°¢C
OC PARAMETERS 25% 70%c| 25% 25%¢ 25% 25%¢C 25°%C

TABLE26 COMMERCIAL HI-REL BASELINE SCREENS
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RIPOLAR SSI -no BIPOLAR MSI  [BIPOLAR LSI o
PROGRAM LIKZAR cros| MMOS LST | tRaN-|DIODE
TTL,LSTTL.ECL TTL,LSTTL.ECL | RAM | LOGIC wp | Ram PISTOR
MANUFACTURER (2) YES YES YES _l_l_O_ YES - _li(_)_ y_g _N_Q [{_(_)_
; LEVEL
MANUFACTURER (3) YES YES YES NO YES KO | no | B --
- -— -—- _ ONLY
MANUFACTURER (4) YES YES YES no | vEs | -- o | m | - --
MANUFACTURER (5) YES YES YES Ho Ho - - - - -
HANUFACTURER (6) YES YES YES YES _NO YES Hg YES NO ﬂg
MANUFACTURER (I) - - - - _Pi()_ - @_ N_O_ - -~
YES MEANS YES,‘APPLIES TO THIS PRODUCT
NO MEANS DOES NOT APPLY TO THIS PRODUCT
-~ MEAHS NO PRODUCT IN THIS CATEGORY
TABLE 27

COMMERCIAL HI-RELIABILITY SCREENING PROGRAMS
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TEMPERATURE CYCLING

100% FUNCTIONAL TEST
100% DC PARAMETERS

BURN-IN

100% FUNCTIQNAL TEST
PERFORMED TWICE (THO PASSES)

100% DC PARAMETERS TEST
PERFORMED TWICE (TWO PASSES)

TABLE 28

30 CYCLES: 0°C to 100°C, GAS TO GAS

70%C, 25%
70%c, 25% ,

168 HOURS AT 125%C (OR EQUIVALENT
USING 1.0ev ACTIVATION ENERGY)

8 < 150°¢

70%¢c -
259¢C

70°¢C
25%¢

PROPOSED NASA STANDARD FLOW FOR
RELIABILITY SCREENING OF PLASTIC ENCAPSULATED MICROCIRCUITS

1-52652-0810
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SHMALL
SCREEN POWER TRANSISTORS SIGNAL ZENER DIODES RECTIFIERS .
TRANSISTORS -
TENPERATURE CYCLING 30 CYCLES 0 TO 100°C (GAS TO GAS)
100% FUNCTIOHAL AND 269¢ AND 25°C o
PARAME TRIC TESTS @
?
S
(9% ]
(2t )
w
N
100% SPECIAL OVERSTRESS SAFE OPERQTING vagF AT RATED SURGE TEST: 100ms HTRB
SCREEN AREA (SOA,'VBEF Ic. 300}‘SEC . .0
AT RATED I ¢300used PULSE, 10% RATED 48 HR @ 125°C
POWER OF PIODE :
100% PARAMETRIC
TESTS 0 0
(THO PASSES AT EACH 70°C AND 257C
TEMPERATURE )
TABLE 28B

PROPOSED HASA STANDARD FLOW FOR RELIABILITY SCREENING OF PLASTIC ENCAPSULATED DISCRETE SEMICCMNDUCTORS ,

ST 4
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manufactrrers. Several of the manufacturers indicated that they would not be
interested in performing any screens that they do not have covered by their in-
house screening program, It must be noted that there was no full commitment by
any manufactirer to perform the NASA Standard Flow screens. Such a commitment
could only be obtained by direct contractual negotiation with each of the
manufacturers involved.

g.2.1 Temperature Cycling

Ther2 was evidence put forth by Manufacturer (1) indicating that 30 cycles of
temperature cyciing does a significantly better Jjob of intercepting weak bonds

than does just 10 cycles. This manufacturer also indicated that water-to-water
thermal shock should be avoided because of the possibility of introduction of water
into the package hy such a process. This manufacturer also believes in the
tempe—ature cyciing temperature range of -25°C to +150°C, but this would impose
severe prnblems to the other manufacturers who universally use 0°C to 100°C.

Thus, the use of 30 cycles, from 0°C to 1C0°C, gas to gas is the preferred
temperature cycling screen,

8.2.2 100% Pre-Burn-In Electrical Measurement

The manufacturers perform functional test and parametric measurement to differing
temparatures. It was decided that pre-burn-in measurement is an important test
and should be performed both at 70°C and gs°c, with functional test (truth table
test) and DC parameters both being measured at both temperatures. The basic
intent of all of the electrical measurements {s to screen out the parts that have
defects built into them at the outset.

8.2.3 Burn In

For microcircuits, standard static burn-in techniques should be used to subject
all parts to 100% burn in. Static burn in i{s recommended for two reasons. First,
it provides the capability to detect migration and inversions; and second, it {s
muck easier and much cheaper than dynamic burn in. Instead of 168 hours at 1259°C,
many manufacturers employ accelerated testing that assumes a 1.0ev activation
energy, and this results in such variations such as 40 hours at 145°C or 21 hours
at 1559C. Any of these equivalent arrangements would be permissible as long as
the junction temperature is restricted to less than 155°C for linear and MOS and
1759C for bipolar digital.
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For discrate semiconductors, none of the manufacturers provide for burn in with
their {n-house screen programs. Instcad, a varfety of special screens were recom-
mended, because they were felt to be more effective in intercepting problem parts
than was burn in.

For power transistors, the manufacturers recommend that all devices be tested for
Safe Operating Area (SOA) at one point on the characteristic curve to cnsure that
there are not problems with the die attach, and that they recetfve a 300 microsecond
pulse of rated collector current applied to the base-emitter junction to look for
bad wire bonds.

for small signal transistors, the VOEF test 1s again recommended, again performed

at the rated collector current. Zener and reference diodes should be subjected to
a 100 millisecond 20 watt surge test to look for oxide faults, Full power burn in
of 1 watt for 48 hours is felt to be most effective but is too costly in the large
quantities and {s generally avoided.

for rectifiers, there_{s no one special test felt to be most effective. For blocking

voltage applications, HTRB 1s felt to be the most effective screen, but for AC
rectifier applications HTRB {s not felt to be important., The recormended duration
of HTRB {s 48 hours at 125°C.

§8.2.4 Post-Burn-In Electrical Measurements

Following burn in, electrical measurement of the truth table and DC parameters
should be made not once but twice at both 76°C and 25°C. This means a total of
four passes tirough the tester, and more {f functional testing must be done
scparately from DC parameter testing.,

The reason for the double testing s that {t has been found that each pass through
the tester can yield a significant number of escapes of parts that test good but
are in fact defective, In general, approximately 10% of the reject parts escape
detection at any pass through the tester. User B indicated that after the first
pass through the tester there would still bdbe 0.1% bad parts {2 any given lot of
parts. By subjecting the lot to a second pass through the tester the number could
be reduced to 0.01% (this fs 100 parts per million) and it would take a third pass
to reduce the percent dafective to .001% or 10 parts per mill{on, the numbar that

97
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is being achieved by the Japanese. On this basfs, 1t was determined that two
passes would be the minimum number allowable for NASA parts, with the additional
proviso that the testing alsc be performed twice at 700¢.

As can be seen from Table 24, the additional cost for screening commercial plastic
encapsulated parts to the NASA Standard Flow would be only $.39 to $.49, depending
on the relative complexity of the parts. This dollar figure must be firmed up for
each of the various part types, however, and should not be used as a general
indicator for all part types.
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PURPOSE
The purpose of this study was to:
Determine the failure rate of bipolar 1Cs encapsulated in Novolac plastic packages.,

INTRODUCTION

This report summarizes the field phase results of the Novolac Plastic Bipolar 1C Study.

The field phase involved menitoring Novolac encapsulated 1Cs from four vendors identified
as A, B, C, and D 1n equipment, the MP which was designed by Company 1 and manufactured
by both Company 1 and Company 2, that has been installed n the field. The circuits selected
for this evaluation were standard TTL SSI and MSI circuits, high speed TTL SSI and MS1
circuits and Schottky TTL SS1 and MSI1 circuits.

Nine different types of MP related Printed Wiring Assemblies (PWAs) were selected as the
vehicle to perform the evaluation. All PWAs of the nine types manufactured between 6/1/74
and 6/1/77 by either Company 1 and Company 2 became a part of this evaluation. A sample
of four hundred and ninety (490) PWAs were metered with elapse time meters have a range
of ten thousand (10,000) hours. All meters were installed between 1/1/75 and 3/1/76.

Although failure information was obtained on all PWAs, metered and not metered, the failure
rate for Novolac encapsulated bipolar 1Cs established by this report is based solely on the
metered PWAs. The failure information on the PWAs not metered 1s tncluded to support

these findings.

For the purpose of this report, the collection of failure data was discentinued on 8/1/77
with the final meter readings being taken i1n january of 1978. The operating environment,
although originally expected to be various, resulted in almost totally computer room envi-
ronment domination. Therefore, for the purposes of this report, all conclusions are more

applicable to a computer room environment than other categories of environments.

A-6
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CONCLUSIONS

1.

e ooy o

The failure rate of Nnvolac encapsulated Integrated Circuits (ICs) with
protective die glass passivation is calculated to be 0.04 failures per
million device hours at a 60% confidence level.

The failure rate of Novolac encapsulated ICs without protective die glass
passivation is calculated to be 0.2 failures per million device hours at

a §0% confidence level.

No broken wires due to the expansion/contraction properties of the materiais
meking up a Novolac plastic encapsulated IC were found. Therefore, the
intermittent open failure mode previously associated with Plastic packages
is no longer a major failure mode.

No metal corrosion was in evidence in Novolac plastic encapsulated ICs that
had a protective glass passivation over the die; however, for die that does

not have a glass passivation metal corrosion is the major failure mechanism.

The failure information from the PWAs that were not metered supports the
findings of this study.
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o
TEST RUSULTS .
l
GENERAL
< -

During the period of 6/1/74 thriough 6/1/77, 3359 of the nine types of MP

PYAs were manufactured. 490 of these were metered for the purpose of ac-

cunulating device hours so as to accurately predict the failure rats of

Hovolac encapsulated bipolar ICs. The 3398 PWAs represent 394,203 bipolar

ICs. The 490 metered PWAS represent 13% of this count.
I aid II for details of the IC distribution by PWA type, package type and

See Appendix I, Tables

manufacture.

All PYWAs returned toCompany 1 for any type of digposition were tracked from

receipt until final disposition. Table I is a summary of all PWAs, by PWA

type, returned tc Company 1 during the period 6/1/74 through 8/1/77.

<A-8-
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-e=——. —-TABLE I RETURNED PWA SUMMARY BY ASSEMBLY TYPE

o - -;-:3
3
-
o
-
L

t - PAILURES
- - Ho.of No. of * No. of
. PWAS PWAS No. of ICs
- Assembly Built | Returned | Failures | Rerlaced Remarks
ALU 415 ° 86 49 45 Includes
- - . 17 82S16 RAM
- - - - failures. !
control 1 365 57 29 19 24 PWAs |
- returned for !
BECO update. !
Control 2 583 s4 50 - 27 9 PWAs returned|
ro - -t for ECO update
SMT 545 31 14 14. i
Transform 323 160 .51 34 Includes .18 i
82S115 FROMS|
Memory I/F “ 117 13 Y o.
fpanel I/F 492 69 31 27 Includes 9
825123 PROMS
i
T/0 TTY 248 84 32 26
CP/LP 311 15 8 7 i
1
TOTALS 3399 . 569 244 199

]

* Includes sultiple returns of the same PWA

- A-9=-
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The three bipolar devices referenced in the remarks section of Table I were
specifically excluded from the stady at the onset because of potential prob-
lems associated with each device type. The 82516, a 256 X 1 RAM, was under-

going a design change due to a problem which resulted in device pattern

sensitivity, the 825123, a 32 X 8 PROM, was subject to pattern changes through-

out the study and both devices dissipated in excess of 600 MW of power. The
825115 is a 24 pin 512 X 8 PROM and was supplied in ceramic and CERDIP only.

Table II is the same data summary information organized by returning organi-
zation.

The purpose of Tables I and II is solely to show the amount of activity that
occurred over the length of the program. This data is strictly raw return
data. That is, it includes PWAs returned for Engincering change only, re-
turned with no problems found, returned that had ICs with propagation delay
problems and returned with non-IC problems. The pertinent bipolar IC failure
data is contained in the next two portions of this section.

TABLE II RETURNED PWA SUMMARY BY ORGANIZATION

Facility Totals NPF IC Non-IC Missing L/

* CEX 211 104 68 23 16°

® STAOPS 259 129 107 19 4

T Te vy ST os0°” 40 9 1 0
* LJLOPS 14 "8 4 2 0

® Others 35 23 11 0 1

Total

569 304 199 45 21

KPF = No Problem Found

1/ 3 of the 21 missing Failure Reports are from metered PWAs. (Two

Tranaforms and one ALU)
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ORIGINAL PAGE IS
OF POOR QUALITY

The 430 PWAs metered for this study resulted in 51,122 ICs being monitored with

the four principle vendois (A, B, ¢, and D) accounting for 95% of the

total sample. Table III i3 3 summary of the ;enaor/package distcibution and

Teble IV gives each vendor's percentage of contribution by package type.

TABLE III.

VENDOR/PACKAGE DISTRIBUTION OF THE ICs USED IN THE 490 METERED ROARDS

& mv——

-

VENTOR
. OTHERS TOTALS
PACKAGE -t B Cc D — —
Novolac |13,912(27.2]16,388{32.1 |5,487{10.7{ 6,562{12.811,786 | 3.544,135{ 86.3
Cerdip | 5,909{11.6] 170f .4 | 25| o0 8l o | s46 | 1.1] 6,657] 13.1
Others 37| o 10} 0 1} o 73} 0.1 209 | 0.4| 330 .6
Totals |12,858]38.2 16,568 [32.4 |5,512(10.8] 6,643 {13.0]2,541 | s.0ls51,122(500.0
, .
A-11 .
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TABLE IV VENDOR % OF THE TOTAL SAMPLE BY PACKAGE 1YPE

% Of Total Sample
Package A B Q D TOTAL {%4)
Hovolac 31.51 37.1;12.4 ] 14.9 95.9
Cerdip 28.6 2.7 0.4 0.1 91.8

-

As can be seen by Table III Novolac accounts for only 86.3% of the total sample.
The CERDIP sample, accounting for 13.1%, thus allows for a comparison of tae two

types of packages in the same operating cnvironment.

The first PWAS were metered and mapped in January of 1975 with the last PWA
petered and nmapped in March of 1976 (a IC placement chart was filled out for
ocach of the 490 monitored PWAs; information included vendor, date code and
package type). Since there were two manufacturing facilities involved with

the MP program PWAs from both facilities were included as part of the monitored
Table V is a summary of the monitored PWAs manufactured by the two

sample.
facilities as well as a summary of the failure information accumulated on these

PHAs.
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TABLE V

SUMMARY OF COMPANY I AND COMPANY 2

METERED PWAS

Metered PWA Quantities

Assembly Manufactured Returned Prob'ems Found
Generic Name co,l cn.2 Total | co,l co.2 Total | co,1 co.2 Total
ALU 32 24. 56 10 8 18 4 3 7
Control 1 46 24 70 10 15 6 4 12
Control 2 30 41 7 8 13 21 1 9 14
SMT 34 39 73 4 4 8 1 4 L]
ITransform 23 29 58 18 16 34 y 6 11
Memory I/F 1 13 14 0 L 0 0 0
Fanel I/F 42 31 73 16 2 18 10 2 12

0 TTY 26 34 60 6 16 22 3 7 10
CR/LP 7 8 13 3 3 s 2 4
TOTAL 247 243 490 . 75 68 143 36 39 75
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- As can be seen from Table V that the metered PWAs were evenly distributed ~ )
between theitwo companies and the number of PWAs returned and the number of
problema found were approximately the same. The following is a description
of all of the failure information by PWA type-and Table VI summarizes this
information. .

Control 1

The 70 Control 1 PWAS accounted for 8 IC failures and 4 non-IC failures. Two

of the ICs (74H10 and 74175) were infant mortality failures with 100 ana 300
hours respectively. Of the useful life failures five were SSI circuits (74H08(2),
74H10, 7414, 74H20) and one was an MSI circuit (74H74). The failures occurred :
at 4200, 7500, 3S00, 5400, 3400 and 1000 hours respectively. The 74H74 failure
was in a CERDI? package.

COntrdt 2
The 71 Control 2 PWAs accounted for 13 IC failures and 1 non-IC failure.

Two_of the ICs (74136 and 745175) were infant mortality failures with 300 hours
on each, onc was an Epoxy "A" package (745175) which failed at 300 hours, six
were 74191s with AC problems and two 74155s had supply margin sens.tivity pro-
blems (both were marginally good). Of the useful life failures all were MSI
circuits (74155(2), 74156, 74191, 74S175). The failures occurred at 900, 10,000,
2000, 1500 and 3000 hours respectively. The 74191 was in a CERDIP package.

. AUz
The 73 SMI PWAs accounted for 5 IC failures. .gg;_of these, a 74175 was an infant
sortality failure which had 300 hours on it. Also a 74175 was removed whach had
. 3350 hours on 1t but could not be verified as a failure by DSLD or CQL. Of the
ueeful life failures two were SSI circuits (74H51 and 7437) and one was an MSI
eircuit (74175). The failures occurred at 2000, 200G and 3300 hours respectively.
The 74H51 was in a CERDIP package.

A-14-
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Menovy I/F

No failures were recorded against the 14 PWAs,
< -

Panel I/F

The 73 Panel I/F PWAs accounted for 8 IC failures and 4 non-IC failures, Two
of the failures (9309 and 825123) were infant mortality failures with 10 and 50
hours on them respectively. One failure, a 74161, with 600 hours on it could
aot-be verified by DSLD or CQL, (one was a(82$123)with 2500 hours on it (825123s
were excluded from the study) and one failure, a 9602, with less than 10 hours
on it was an AC failure. Of the three useful life failures, one was an SSI cir-
cuit (74K51) and two were MSI circuits (9309 and 74194). The failures occurred
at 1400, 3500 and 6500 hours respectively.

Transforn . -

The 58 Transform PWAs accounted for 7 IC failures and 4 non-IC failures. Three
of the failures were 825115 failures. Of the four useful life failures one
was an SSI circuit (74H04) and three were MSI circuits (74151(2) and 74150).
The failures occurred at 500, 1500, 3000 and 1000 hours respectively.

ALU

The 56 ALU PWAs accounted for 7 IC failures. One of these, a 7489 with %00
hours on it was in an Epoxy "A' package, (one was a 82516) one, a 74151, had an
AC problem, one, a 745181 with 300 hours on it, could not be verified by DSLD

or CQL and one, a 745174, was an infant mortality failure with 200 hours on it.
O0f the two useful life failures one was an SSI circuit (7402) with 500 hours on
it and the other an MSI circuit, 74175, in a CERDIP package with 600 hours on 1it,

/0 TTY

The 60 I/0 TTY PWAs accounted for 10 IC failures. Two, a 74HO0 and a 74H04, with

100 hours on cach of them were infant mortalaty failures. Of the eight useful
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life failures four were SSI circuits (74H20(3) and 74H10) and four were MSI
[
circuits (74175(4)). The failures occurred at 900, $00, 900, 5000, 6000, 6000,
1000 and 3500 hours respectively.

Card Reader/Line Printer

The 15 CR/LP PvWAs accounted for four failures, all useful lifs failures. Two
wers SSI circuits (74H00 and 74H04) and two were MSI circuits (74157 and 74175).
The failures occurred at 3700, 8000, 4000 and 4C00 hours respectively. The
74157 was in a CERDIP pachkage.

«A-16-

TABLE VI  METERED PWA FAILURE SUMMARY .
#ofmeflo xeref U ds)
No,. of No. of Non- Non-Catastrophic Infant Useful Life Failures

Assembly ICs Replaced ICs Replaced IC Replacement Mortality SST MST LSI
c1 8 4 0 2 TP s 1 ()]
() cerdes) '

c2 13 1 8 2 %0 O '3"’

: . 030 (1undy)

SMI s o 1 1 e 2 it (]
nr/r o o 0 0 (v O 0 o
PI/F 8 4 3 2 jo3v 1 2 0
™ 7 4 3 0o 6385@ 1 3 ]
ALY 7 o 4 1 G700 1 w9
/0 TTY 10 0 0 2 6BV 43h 4hem o
CR/LP 4 ) e 0o S 2 P Ak A

,’;‘3? Js00ke S
TOTALS 62 13 .19 10 390 16 17 0

st
Is tite SST
!/ h,,,!‘{ Si
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PHWAs NOT METERED

There were a total of 2909 PWAs of the ninq MB  types manufactured betw-en

the period of 6/1/74 and 6/1/77: 426 were returned for various reasons, in-
oluding ECO updates, with 1768 problems fcund of which 137 were IC replacements
{see Table VII for details)., Removing the failures from the three ICs described
in Table I and the 745194 and 74194 AC problems associated with the ALU PwA
there was 89 suspected functional and/or parametric failures with six of these
being CERDIP failures. The following is a description of all of the failures
information by PWA type and Table VIII summarizes this information.

Control 1

The 293 Control 1 PWAs accounted for 11 IC failures (10 Novolac and 1 CERDIP)
and 6 nun-IC failures. The IC failures were seven SSI circuits (74H08(4),
TAHO04, 74504, 74S11) and four MSI circuits (74H74(2), 8214(2)). All IC failures
wore verified to be functionally and/or parametrically defective however none
of the circuits were failure analyzed.

Control 2° .

IC failures were two SSI circuits (74504, 74H10) and twelve MSI circuitfé (74191(3),

The 512 Control 2 PWAs accounted for 14 IC failures and 2 non-IC fnilurzi,_ﬁxhp

74156(3), 74S5175(3), 9309, 74157, 74H74). All IC failures were verified to
functionally and/or parametrically defective, however, none of the circuits

were failure analyzed. The 74191 failures were AC parameter failures.

SHI

The 472 SMI PWAs accounted for 9 IC failures. These failures were two SSI cir-
cuits (7437, 74H04) and seven MSI circuits (74175(3), 74H74(2), 745175, 9318),

.A.l7-
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All failures were verified as functional and/or parametric failures however,

none were failure analyzed.

Hemory I/F S -

o failures were recorded from the 103 Memory I/F boards.

Panel I/F . .

Tho 419 Panel I/F PWAs accounted for 19 IC failures. These failures were four
SSI circuits (74H01(2), 74400, 74H51) and (fifteen MSI circuits(Zg;;;ggzzz)

74161(3), 7486, 74174, 74175, 9602). All failures were verified as functional

and/or parametric failures. Two circuits were failure analyzed and both were

found to contain oxide defects.
Transform

The 265 Transform PWAs accounted for 27 IC failures and 13 non-IC failures.

The IC failures were three SSI circuits (74H04, 74500, 74H00), nine MSI failures
(8123(s), 74174, 745175, 74137, 74150) and fifteen LSI circuits
All SSI and MSI failures were verified as functional and/or parametric failures.

One circuit was failure analyzed and found to contain a mask defect.

ALU

The 359 ALU PWAs accounted for 38 IC failures and 4 non-IC failures. The IC
failures were two SSI circuits (74H04(2)), sixteen MSI circuits({Z4
9309(3), 74175(2), 745182, 8214) and twenty LSI circuits
748181(3)). The 82S16 RAMS, as previously stated, were fcund to be pattern

sensitive problems and the 74194/745194 problems were found to be AC problems

essociated #ith a left or right shift operation.

A-18 -
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/0 TTY

The 188 I/0 TTY PWAs accounted for 16 IC failures and 6 non-IC failures. The
IC fnilures were four SSI circuits (74421, 74R00, 7407(2)) and twleve MSI cir-
cuits (74175(3), 8214(3), 74161(2), 74191, 7497, T4H74).

Card Reader/Line Printer

The 296 CR/LP PWAs accounted for 3 IC failures and 1 non-IC failure. The
IC failures were two SSI circuits (74504(2)) and one MSI circuit (9615).

«A-19=-
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part TABLE V11
(o]
RETURNED PWA STATUS
[tem  PWA Ho. of FliAs No. of No. of Asscm- HNumber of Number of Huzber of railure
0. Type Hanufactured Control FWAs blies Returned Failures . Failed ICs * +Reports llissing ee
TOTAL | HETERED| NOT METERED
1 Mem. I/F 117 14 13 0 0 ! (4] (0] 1 2
H ALU 415 56 86 49 45 7 .38 3 ]
; Panel I/F 492 73 69 31 27 8 19 2 R
i Control 1§ 36? 72 57 29 19 8 11 1 3
§ 1/0 TTY 248. 60 84 32 26 10 16 4 8’ 4
5 SMI 545 73 31 14 14 8 9 ' 0 <
7 Control 2 583 71 54 30 27 13 14 2 ’
; CR/LP 311 15 15 8 I 3 , 1 -,
) Transfora 323 58 160 51 L 34 7 27 7 ;
]
TOTALS 3399 490 569 244 199 62 137 . } i
] 1 n
' ‘ 3
- A
00 3
® IC Failures include both AC and LT and Infant Mortality failures. _': g
o= ‘
2¢ The three missing failure reports from the metered PiWiAs were exclude. since the S § ;
probability of any one of the three containing a Non-Vendor A Novolac IC was 7%, for .cc:) g ¢ @
two to contanin ICs was 0.5% and 211 throe only 0.03%. 2 ] 1
35
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TABLE VIII

FAILURE SUMMARY OF PWAs NOT METERED

%l pssiubly eptaced. Cs ‘Replaced St msi o ies #T6Sen
295 c1 11 6 7 4 0 3”%@?/
51 €2 14 2 2 12 o Y3520

{72 SuT 9 0 2 7 0o 4gw3

63 MI/F o a 0 0 o H¥ineg
4q PL/E 19 0 4 13 o 62577
205 T 27 13 3 9 15 §7%2§
3¢ AL 38 4 2 16 20 3YY(Y

1$8 1/0 TTY 16 s a4 12 o /946

316 cr/rp 3 1 2 i o SVeyo

TOTALS 137 33 26 76 35

- A-21.
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PAILURE ANALYSIS

During this phase of the program there were a total of thirty-two ICs failure
analyzed from metered PWAs including three®infTant mortality failures. Sixteen
of these were A's devices of which three were CERDIP. Of the remaining sixteen
failures analyzed, three could not be confirzmed by CQL, eight were overstressed,
four had oxide defects and one had a lifted bond.

Bxcluding the A's Novolac encapsulated failures the primary failure mechanisn
were overstress conditions which resulted from pin hole defects and mask de-
fects, the mcst common non-package related defects found in bipolar ICs.

During the early manufacturing phase of the program A'S Plastic encapsulated
IC3 did not have a protective passivation over the die. This lack of die pro-
tection was initially discovered via observing numerous failures during the
qualification phase of this program. For this phase, of the thirteen (13) A's
Novolac devices analyzed at CQL eleven did not have passivation over the die.
Nine of thess devices were aetermined to be non-functional with metal corrosion
being either the failure mechanisn or in evidence. The tenth could not be veri-
fied as a failure by CQL and the eleventh had an overstress condition. Both
of the A's passivated devices analyzed had an overstress condition. The re-
paining seven A'S failures, which were not analyzed includirg 4 infant mor-
tality failures, were of the same device types and date codes as those analyzed

and fcund to be non-passivated (dated coded between 7350 and 7415).

— o e amrn e ae es - —— —— . —.e -— -

The significance of this failure analysis is that for the vendors which supplied
ICa encapsulated i1 Novolac and having a glass passivaticn over the die there
were not any corrosion problems dectected. Also, none of the failures exhibited
any broken or stressed wires due to expansicn/contraction properties of the

variocus materials making up the package.

The apparent difference in ratio of failures from metered PWAs and PWAs not
psotered can be explained by the number of CERDIP devices being used and the

«A-22 -
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usage of A's die passivated circuits. That is, the majority of PWAs built

after the metered PWAs were shipped were manufactured by Company 2 where the per-
centage of CERDIP circuits were less than 3% of the tctal as compared to 13%
for the metered PWAs. Also, A's Novolac ex—;ca;sulated circuits manfactured
after mid-1975 were passivated thus removing the corrosion failure mechanism. »
Taking these two factors into account the ratios of failed Novolac and CERDIP

packaged ICs are reasonably proportionate for the metered and not metered PWAs.

That is, of the 27 Novolac Failures, out of 430 metered PWAS, 9 were non-37's

failures and of the 89 failures for the 2909 PWAs not metered 60 were non-A's
failures (see Appendix 1 Figure 1 for the distribution of A's failures by date
code and metered/not metered PWAs). The ratio of norn-A's Novolac failures to

both metered PWAs and PWAs not metered is approximately 2%.

* Although A's stopped processing non-passivated wafers in mid-1975 their
non-passivated wafer inventory resulted in some non-pass:vated die being
packaged, date coded and shipped to customers, as lat as the fourth quarter
of 1976.

. =A-23-
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FAILURE RATE PREDICTION
Cbgerved ‘
1 -

0f the 490 metered PWAs shipped during the peried 1/1/75 through 3/1/76 one
hundred and seventeen (117) meters were read between 8/1/77 and 1/31/78. The
majority of these, 87, were read in the field by Customer Enginearing between
10/1/77 and 1/15/78. The time from the remaining thirty was taken from in-
house mochines (10) and PWAs that had been returned to DSLD during this same
period (20). This data along with readings from an additional one hundred and
one netered PWAs that had been returned to DSLD prior to 8/1/77 were used as

a basis from calculation the Novolac failure rate. The readings from these
two hundred and eighteen PWAs accounted for 123,896,400 device hours being
accumulated, exclusive of the package type.

§T333% devie havwrs pe, £ UA

The observed failure rates for Novolac and CERDIP are given in Table IX.

-

e

2480 0 me

It con be seen in Table IX that Vendor A's Plastic encapsulated IC data was

rexmoved from the other vendors data in order to determine the failure rate of

Novolac encapsulated ICs currently being manufactured (ICs with passivated die).

*A-24 -



Calculated

The calculated failure rate was determined by making two assumptions concerning

the remaining 272 metered PWAS.

1. 30% of the PWAs are spares and therefore did not accumulate hours.

2. An average system installed PWA receives a minimum of 500 operation hours

per nmonth.

These assumptions are considered to be very conservative in that (1) of the 87
meters read by customer engineering only three were classified as spares

(2) seventy of the 87 meters read by customer engineering had exceeded 10,000
hours (3) all ten meters read from DSLD in-house machines had exceeded 10,000 !
hours and (4) several special site monitoring programs performed by the DSLD QA
Department over the last two years indicated that the average site, independent

of the class of machine installed, ré§eivcd in excess of 590 hours of on time

every nonth.

Based on these two assumptions a minimum of 396,632,400 operating hours were
Extracting CERDIP hours (13.1%) and

A's Novolac hours (27.2%) 250,922,349 operating hours were accumulated on

accunulated over the life of the program.

Novolac encapsulated ICs with a total of 3 failures occurring. This equates

to a failure rate of 0.042 failures per 1 x 108 operating hours at a 60% con-

[, 48,214 deuce fus | Pas

fidence level (see Table IX).

e A A LT et s o
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These assumptions were:
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TABLE IX

IC FAILURE RATE CALCULATIONS

Ay o

S

C e e . R DN

NUMBER OF * | FAILURE RATE 60%
Observed PACKAGE DEVICE HOURS FAILURES Confidenge level (Failures
per 1x10%0perating hrs)
NOVOLAC and CERDIP 123,896,400 32 0.3 3%k
CERDIP ONLY 16,230,428 5 0.39 639 |
NOVOLAC ONLY 107,665,972 27 0.28 .02 5
NOVOLAC-FSC ONLY 29,285,144 18 0.68  (oby
NOVOLAC-LESS FSC 78,380,828 9 0.3 013
Calculated
NOVOLAC and CERDIP 396,632,400 32 0.086 .06%(
CERDIP ONL{ 51,958,844 s azs L0125
NOVOLAC ONLY 344,673,556 27 .08¢4 008 .
. NOVOLAC-FSC ONLY 93,751,207 18 21,02
- NOVOLAC-LES$ FSC 250,922,349 9 042 Y3

* See Appendix I, Table III for the distribution by vendor and package type

-A-26-
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t  RAPPENDIX I - TASLE I IC COUNT BY PWA TYDE

PWA IC Count,
Aguenmbly Materad Unmatered Total
ALy 5,376 34,464 39,840
Cl 7.350 3¢, 385 38,335
c2 6,035 43,520 49,555
SMI 6,497 48,003 54,500
‘PI/F 19,731 62,577 73,308
CR/LP 1,725 34,040 35,765
I/0 TTY 5,680 19,616 25,296
™ 6,090 57,825 63,915
MI/F 1,638 12,051 13,689
TOTAL 51,122 343,081 394,203

-A-27-
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APPENDIX I =~ TADLE IIX
COYTROLLED PHA IC COUNT BY PNA TYPE Al'D MANUFACTURE

Vondor N |
geembly/Tackaas Y B\ [ 9] QTUERS_ ' _ToTAL |

ALY

ticvo 1478 640 527 ! 2194 108 4944

Cexd ' 308 <] ] 26 b 8 431

Othars 0 0 <l 9 o 1
Control 1 .

bLoro 3309 472 793 2537 208 63138

Card 932 0 1l 27 36 996

Qthars 13 [+] 2 0 1 16
Control 2

Kovo 16083 386 812 3343 127 $351

Cexd 620 b) 1 40 16 677

Othars 2 o 2 o 3 7
.o

Povo 13082 826 664 2470 153 5496

Coxd 974 0 (4] 17 7 998

Othars i 3 1l () (] 3
Panel I/F

tova 3022 11453 1913 2376 $30 9186

Cerd 964 1 b § 41 38% 1382

Others Q [+] 2 (4] 171 173
cr/LP

* . Bovo 434 173 173 543 236 1551

Cezrd 144 11 c (] o 153

Othars 0 o 1 (s} 18 19
1/0 TTY :

Bovo 1402 616 597 1711 29} 4699

Cord 846 ] ] 13 106 969

Others b} (] o ] 13 16
Txansform

Fovo 1432 1061 9s1 1744 93 2306

Card 682 -1 o 16 1 700

Others 17 1] 64 4] 3 a4
Herory 1/

Hovo 669 168 130 248 49 1264

Caxd Iz 3 3 0 14 m

Others 1 (4] 0 [} o 1
TUTAL |

tlovo 13912 5487 6362 16308 i 1706 44128

Card 3959 24 8 160 546 6667

Others » 1 73 0 | 209 320
GRAND TOTAL 198%0 $%12 6643 16560 ! 2341 $1122
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APPEMDIX I = TABLE IIZ OF POOR QUALITY
CONTROLLED PWA IC FAILURD COUNT BY PWA TYPE AND MANUPACTURE )
4
i
Vendor
Assembly/Package A B C D OTHERS TOTAL
ALU Novo 0 t ] h 1 1
Cerd ‘o Y 0 1 0, 3
Othexs o . ) 0 ) o  }
. g - 4
Control 1 ..
Eovo 4 0 o 1 0. s
Card 1 o o ) 0
Othors o 0 0 [ o 0 :
Sontrol 2 1
Novo . 0- o o o 1
* L . Cerd 1 o ° o L
! Others L ) 0 1 .0 *
sa . . : ' -l
* Hovo o 1 o 3 o 2 i
Cerd 1 ° 0 t - i
QOthers 0. 0. (] 0 [} Q .
Panel I/P
Eovo 1 1 1. o o 3
Ceard ] 0 L] 0 0 [}
Other_ [y 0 o ° o 0
. ane 4
P RAVO - 2 0 0. 1. [ X% 3 N
Card 1 0 0 0 t S
Others [} ] ] ] ]
T/0 TTY .
. Eovo . ° o 2 0 s
Card o’ o' 0 ° ° 1
Othors ° 0 o ] o o ]
, Tranaform . ;
. Lovo 3. o 0 1, o 4 . -
Card o 0 0 o . o
Others o 0 0 .0 0 0
T Memory I/° o
. Hovo 0 0 o 0 [ [ |
Cerd o, ° ] o o 0 I
i
Others 0 0 0 [ 0 0 .
WALy v 17 3 1 s 1 P -;
i Cerd 4. 0 0. 1. .o, s :
' Others g 0 o 1 © 2 ¢
GRAND TOTAL 28 3 1 [} 1 34
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APPENDIX Y = FIGURE I

| - .
: : VENDOR A's FAILURE DATE CODE DISTRIBUTION

; . Motered PHAs (21)

' . X PiAs not metered (29)
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A Cemparative Evaludt = of IC Packanes
in Comnercial Real-Tim. Corputer Terminals

C. M. Hall Jr,, E. €. Srade, J. R. Shukis

PRECEDING PAGE pLang

sgma

A872 Descriptors: E31, 834, 333,
ey aA0rds:
Abstract

In tre past few seidrs there has been cuile a bit
215CussIcn ovar %o relat vo morots of the now
..y £/%sve ac IC c2obaces ve 3.7 th2 older siyle of
v tics arz Cerziz ceratics  Ar fariler gager by
IoSurl..s 'Ref. 1) sresented ‘arlure data on the old
s.le plaset 2 packa~es versys Cardip ce~armig¢ piackeged
s and concluccd that tre old piastics wmere 1nmizeauate
f2- current c%. orcte! real-time curpuler syutens relia-
Selity requireTents.

¢
]
.

LY Y

This L2rer descrites a aore regent prosran evalua-
t*~a all *rece pickav2 tyses. (con evaluatirg the data,
=2 ¢anclusion 1s presented that, anereas the reiladile
*ts of the oi¢ style plastics was iradeguate, the new
Iroxy 3/%ovdtac rackinos are ecutea’ert to the standard
J.dips ‘er 51palar 1X's in coamaerg al computer equip-
~eat,

$ =1y Plastics Prodieee

Suring 171 arz earidfes, the clastic meleing

: ~sounds Worhized by the IC rarufac.urers were forryu-
stions af 3 silicore, shenalsc ar E£00xy A n_«hich the
21288 trans1210n terreratures cere iround 135°C or less.
“v. predominant fariure recnanits 'n trese carly plas-

T & pickires was orer or airterrittent bonds due to
ciener paor berdirg srocess <orirct or to racnanical
ceress caLees by s1gntficant J./forencas in thermal
c.xffic.erce Of @az27510n Of t-e /3riCy$ Dackadge cone
ssiteents frciudteg tne ~olding corpoJnds,

Angther rajor €a.lure mace was package leaks due
©3 soor ad~esicn 9 t-e plastics ta :re metal jead
fevea,  Trete leaxy zackages ret. ted 1n £y gres due
* f1e gontaniratics, corrocicn, -etal nigretion, etc.
"w1g predle~ ted to saspral iC process variatiors awmed
2% regue r} she plasi ¢ per—eadbrl ty and olu 7ing tre
“:racks™ aro.nd te leac frares, Sucn as bacxkfiilirg
Iroimpreanating the =clded pacaice with hi-terperature
wiC ZCr0.rdS dr¢/sr caatine tre die with a crop of
3 astic after ‘eaz anrdirq 272 rrior to encagsulaticn.
Lone of % s ~eas.re; were a-eauately successful in
raking the 3'2 ;.2s%1 parts as relianle as tre lerdto.

Jondar Pickine “mres,emencs

Durtes 1672, %vs 12 marLficeirars wore daveloging
Fa remer Sooxy 3/%: clac clustic ‘:rrula:\ong whitn
3ie qiass trersi1ticn temperaturas arocurd (G0 and
neer TRog atgrer 1325 transition lornerdl.re recuces
1=2orrd” —2cnanccal siraesses cue 0 toTparat.re cnarce
cier the S¢-deryt.e range rs—3ily used ‘ir crercisl]

aprent  Ir 2gd toon, the surirk factors of the
“zavy £ %ove'acs pr0t.ce 3 muzn ftigatrr GPYD CN tre
~g%al lers fra=es, 3 thugh e i st1il not 4 srenical
.- rpralt.rgical Mera, and trese rew furmylaticns have
a ~uch tiwes permest Nity after ~glcing

.

.
r
-

ORIGINAL PAGE IS
OF POOR QuaLITY

NOT FiLmep .

integrated Circuits, Failure Rates, Failyre VuZcs, Corponents, Burn-in, Reliabiiisy.

The verdors 2lso kad mace signit-cint {~srove=
sents in their lexd f-a-as, ¢fe att o~ ard wirp Sordi~g
Tater1als, .rocesses and process ~a-irols  Nogt of
tnem mad deselaged s re form of glassivation i3 ,4as51-
«3te the gctive surface of the ¢ & o=2 srotecs 18 from
@ outside asrll, This fteltnigur 4130 orcvided a
seqesg of proloction 3 the Jie £ o Zorlamicincs that

199t be 14 the plastic comiourd Cr that m1art erter
the pdacxage by diffusion through t-c plastic case.

By 1972 ard early 1973, 311 rajor IC manufactuyrevs
wcre gtilizirg these newer Liastics 40 sore zoqroe ard
ere extallirg the 2dvantawes of fposy 3/Mci0lec 10
eliminating tre old pridic~ of tord rarlures

IC Pacrace Tvaivationr tre=rim

At tvis time we vecliZed 0 {~rie-eat a 2'astic il
evaluation oragraa sti=essing t*o row zpoxy 8/°seolac,
The progren had two Tawn parsse

-~

1. Tre Tescasca % Ingircering Schianttity Sreup
toaducted 3 tzigerature cps'e ar3 1,300 haur
elevated tevperature, high b -ng.ty, ogeraty 5
Vife test uvtili2'rq over $7,32C £02av B/
Yosolac destcasy from seven 2.§%2rent Jerdors.
The results ¢¢ this adrx agr2 repse*rd Sy
0. Lucas 1n Agral, 1378 [P21.2) a=z tey
correlate ~ell with the esaiuaticn presentec
rerein

2 Tre Yanufactu=ing " & QA Group serformed ar
extensive ovdluation preare=, wtitizieag
oreduction hariware ard processes, wmich #1il
be tne main scurce of data -or this pager.

-

“anufact reerg £ al,3t1cn Plan

“he fcllawing n're major ste.r Zafsre tne evalua-
ticn plan ceveloped by =anufastur-ng 1 4 JA

* VYender Seminars and Plant Surseys

* User Plant Survey

* fandustive Product Temperci.ce Proftle

* Jerify Vendor Pacadge Clav-s

® Build 3 Contro.led Croups 5% .a1ts

* lrstali all Units in sare wusicmer Stora
* Frovice "Total” Sfte Vainte=ence Suopore
¢ Record and Analyse Cata 3 Tai'ed Pi-e

*« j-clerent Final Jecisicns
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oreli~inary Surveve

Tne proZ.ct sclscte

of 736D TTL ana sore off the shalf OTL circuits. a
surves was concucted of tne ~yjer suopliers' daomastic
plants and sem 1ars were reld to ri'n 3y ruch Dacks
Grourd 35 pesstbie on package tests alresdy conducted
by vartous vesdars. S.7.'ar 2iant visits ani conferen-
ces we~e held with @i ne other Fajor I2 users oho were
ssuczessfully usina s.bstantiai cuantities ¢f Ecoxy B/
hovalac I€'s. These visits resuited in three conclu-
sions.

1. bhe *ad to cerrc exhaustive oroduct terpera-
ture profiles 25 assure taat we hid no severe
nge $pats. *

o We falt 1t Zestranle 20 voriry the vencor's
clas=s %0 a2 =5 zr 124,010~ In “ording probe
Je=s 372 thri—gl ,nter~1%icats wita tre £scay
B/heoalac peevaes

3. he ao-ted 2 rerfarm i controlled wutld af a
24dntat, 2F Lo vt sf sl TOT) tameealy 20
evalyate aleerrative 10 scme2ning srocesses
an? tne levels of relrab.lity achieved.

-e

ke 'n "1 rt £.31uaticn Plan

The proeLot terraratyre 2roccies indicated trat
thaso were oniy a €A te Of $eC14.¢ potats of Jarcern
and these ccLt3s be accc acated S, srocial celtoe sel-
ect en, i€ recessary, 1% subsecuent.y proved to be
ur-2iessary,

Jerin-s' CVai-g Verscaization

To veri?, the vendors' clafrs to Eousay 27Novolac
pickire irprovererts, 3 ther—al <= (k test was conducted
a: z2sermiBed o Figure I, A5 2 at1s ¢ Co,arisce,
J520 devices of the 0 4 plastic :r’ 1300 cevices of the
=2 T2oxy B Sovdlac Ut T oedacn frem ) vendors, were sube
.31 3 te tne test sc.uence

Jevices trat failaz step ! ere reslaces with otrer
a2z Jedvces SF the sa~e or qinal ot so 4mat 5CC jo0C
D1e2es wereg 1= 23Ch v n SLd ected 0 stets 2 trrouet 2
Tag results are tazulated .n Fiqur2 2 and tra conclusion
. octvrons, since the 03 piastics oxpericrzed 7.0
tatai “arluras apparen~cly rolated 0 bendinq prodlers,
wrela the rew Ipixy 3/%0volacs excer.enced rone.

Cereratles S, 14 Pra ndirng

Tre controllec ~,il2 of A0 POS *urrirdYs s Sher
ir1tiated 2s outlire s in Ficyr2 0, Cerdip cvamic 10°S
Pt 0 De use 35 tte fteparsen m3se Ard .ere given
~c spec1al processir~ rrter rezar~t from ire Lends
exceat tre 1777 screarict o5 sravn in S0 5 af Fag,
2, 2rd a 3vcss an¢ “ien ledx %03t wud pertorTed on 3
e fromoeach 130 fi- ot cua'tfication AYY plastic
0 s, totr 22 st e emg E2say Dt0.NL, in edct eroap
cere subjectad L0 alt 30 the tasts Zfes¢rizod in Figure
3 sr that ereup

43 hat emage
we edre pereSr-ing on all ol stsie 213501¢ Lroducticn
23rss A% tre 1me &f 'nitiatinn trag gy e fol:
ke pptmum fe2siraSie srocess wis d jemsl2 jot qualte
€ 23t.ea ‘o tnermal tetermittencins ‘allencd by 159,
na3h tersarsture A2 I FurctiCne  anc Parametric tests,
35 SR0an .7 N2 Yol ow qrivp.  Th2 Rad frzuc progass
‘e . Delasen tresc extremes  Tt2 Qo Zackeqca fype Tk
a3 oreceser~ined for each 37CL0 25 SAZan tn Freyra 2
The pLrotse OF thecs vartaticrs aas %) track the 1mract
C* zertain cranges om 50%h £roZuit cist ard performange

The Sroar §raLp ,rczess 1€ the sare
135
"

for evalvation consisted mainly

ORIGINAL PAGE IS 'hgp-25325-1,

‘any aspects of our process not related specifically

to IC's were 2120 studied and a gooZ ~any interesting

fangs were lcarned that are unrelated to this [C pack-
.1ze evaluation,

. Process Results

goth the IC's ard srinted werirg 2sse~Shies (PWA°
in e3ch controlled qroup were color colec Prior to te-
Ginnirg the asserbly/test process. vhe three contro!
aroups were carefully tracked thra.gh eecn step of the
manufacturing precess and <re nplirt cata s surarized
wn Figure 5 "Incoming Inspection Test Ressits” and 1o
Fisure 6 ‘'In Process Failures”. In each case the cata
represents confir-od f1:led cevices oniy. ALl invalid
rajects, 1ncorrect oylls dy *ecnn.eiars, etc. have tee-
s.rged from tre 4ata Al ne-process rejects that ree
w23ted good electricalls were alse trerral ro=p  tested
19 assure that a therwal i1nterritleni &1¢ not ewist.

{¢ 15 interesting 23 note trat t-e Tct2l * Resected
r botn Fiqure 5 ard Fiqure € for leravp 2r2 lpoae O/
“avolac 15 approxs—ately ire sare, wheress -2 old
SUastic Tatal t RQerectod 1s from 1.5 e 3 tiwres gieater
than the Cerdi;.

Tra F,_+d S120 Tyl aticn Ole-

It was our Zdesire to rstail teese cuntrolled
i1 termirdls on o Sustorer site wrerd w2 ZoLld
clesely monitor eheir perforrance .n actull vse W@
were very €oitunate f4 *hat 1 mazce gustor?” installa-
2+on w3§ sctadu'ee * te mage ci.ze ‘o the Tunt at tre
t1=e *hese unils would te ~2ads Lo .12, Arva-gere=t,
were T3de S Y0 the site 1rstal 2ti1gn ans (.ide all
FRA repair servizes, s%Z, w~ith r3CiCy t2i'nil.ans
throu~hout the evalaticn rerisd. This asiured cenitne
Jrty of m31atenurze s _port, tict Izatrol fue ‘ar’te
wre ¢ata reporiing an* the capad.lity t¢ ol cetailed
dan 3rd comporert taviure 3nalys*e

As of July 1S, *S72 th.s s1% rof 3oer.ted for
34300 ~CurSy ~v CF§ LOPrCY mIteiy o weess 2t 2
RIUTS DEF weAl 1S S™uan IR Flguré 7 TA1S ~Ave us G.or
70 miliscr £ar e cper:iing rours "~ the thrie contrclied
sutle IC groups.

FrolZ Si1te Resylts
Iverv Pua feilure trat occurres 3n si®e vas re-
pafred 1rplant gre *ne (O “aitures corfirtec, Fiture
2 .5 3 tebulateon of tne !0 fairl.re rates o/ zontre?
creup and S/ 1T picaice type. (M e2In Imtarce the
£pasys I00v30 20 pares anca L 2t Yy 3% a8 od s tre
cera~ics, watle the 012 styie t.rr~2- =~ S,as21cs 2re
aporaximately 2 Lires a0r.e tnar .te terentie,

Cemponent fatlure analysts r2g 3mdan that severzl
af tre 0ld style plastic €1 yres 7o bupsons arter-
-ateerts, wreradg rene 3f Cre 3L T4 3/ ‘owniac Tanie
V1S WLEe Y)nC Mt Teaniers Ang 2 1 *hree were rang
T1ares, Chimaraston 2f Sre verms L7t SU0C 3RS @¢ e
sive %0 7 ~d intermcttents S @ “ac-r st roplastic
[ *~provereats ang 3 rource 15 -2 3€ v 40 Lorzors’t
cla =s “5r the Eocy 3/hc.glic =1z rg Z2-Clunes.

coreiusions

5 were tre 23,143,278 F levd o
21243282 Zev'Ces 1n oyr appliget t- atd tmit owe (S S
Lilize tmem anterinacqestly wattoLt the Lo of eaor-
sive 302 W0 Surme n, etc Rle-- A the Iraee 3NV lac
ngi4inrg 207CS N2 recduce the Irg LnnZd 3¢ sorgtes rale
ateu prebiers, *to1g o2t zossit o 3 gL 2 profle”

16 tae sercor's tonze-e racaires 2t oLt of I-tvl
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1ot amAqtog on 1c6mIr, 0 cpactior L emi0ss Car fpoe O
Meaetic Circnte that 1 lutes ¢ SRl San, ie te v ere
tumr zscle (3570 to ¢ W5, 10 0 o8) feltasut by
A rs el gcon fren 2570 ta 2 1S teoa speceyly
drginmed st st ST Tarre o S L flos chert of
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that loulted from thic study

Achr ..dn_r'. »onts

a2 woyle Trge ta trink AL Y, Prreng, Cirector of
Flan® Cpe-at.crs, for s assis®.gn in arpicreatinrg
this study and frequent «rccurageser®, nd T, Yarnels,
Manyzer Relins Yity & Taty Aralgsre, Sinjer Eusiness
Mazk - s, \Ibufuorque, *or Mg Assctance an perfor-nirg
the 1183 an3'ys § redt.re ! on tate studv, wleg a2 0utd
lire vo axpregs 2ur am.re-1atenn 0 tre ~a,21 L ~dny-
fazt g frr tmp Liee 0o, oAt g te o serandr wits s
24 st Jata ttar raae , Nlabee, wd to the sevenal
Clher mar.factirers why L articyyied an anfarry' dise
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1o *° B Su~fiy , "A Pocermerditar ‘or Coramie Cyen
Plast e IC Pacea~es *r 1472 Rode=Te-n (Soputer Systems™,
Prce a2in=s of BT Peitivility “hyg.cs Sy~posiun, Las
Ves3as, havedd, apmil (222

2N A, Lutis, "Epuay [7300) (acd IC's - Faral
Sava 4%, a > eter Buniries Macnines internpsl rejort
suuidsres Azerd 24, 1674
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Jeeurron, InC

2 Tre 250

Pelbziwne Fly, 2)0]
e 01 rear w24 hs 22T decres troc Carnegie Mellon
L .ty 1 1250 3re hes been (s 3 3-8 hrosd range
€ 2 wroniz osutpt ent maaufocturie Curt 5 T2 Dast
20 ,ears. Be mi3 0 (r fitteeny _43rg ewuer Snee in ccne
cuter ceLitient ML iS4y ord Reliy 1ty Acg farce with
iri¢ 3t ona flectric T200,, RTYV {orputer S/sicns
B1¢ , ar1 Stace~ Bi310%3 fachines Duv rrior 0O S
OrAT % 2581 ATERT AS O Ctrr Pe0 0% Assuran o,
decumitier, ire ThRe au < aser te~ in this Dy.Ar was
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NIV

1. OO Turrticnal & Par2-etr-¢

’ £ .- .« e ®

ORIGINAL PAGE 1S
OF POOR QUALITY

e e -

‘0100-25325-1

J. R, Il

Litton = Sundy Divisiun
<10 welshpeol #oad
Lionville, Penna,

Muriang edaress,

P “Pukis 1ttended St. Jonn Fisher Co° cue 1n Rockester

vy 3t suidc U0 Test Sequenca Mew fork, an’ nas held 3 wide variely € inGerepria-

4mJd —ananenent positions tn anfactur e ard suelity
ase ccarce in tre past 13 veyrs  He ras c.o= 1Q ,0ars n
the rilitary clectiontcs  Justrs with “eneral Oynamics
wiere his 1ast postticn wds Yaseger Fiels Yendor Assure
ance Engineering, He 1ad 3 edrs experience « 1 Ser
g2t Greenlcaf os Mananer Llectronic Snvis1on g *szon-
sitie for ranufacturine eicctrams corporents o~ relay
sariired 1evote cortvol surlems Voot recent - ras
v 4 goars s, ortence with Sirenr Forirecg M~ nes

ir tte minufacture ot curduter termingls as Manager
wirals SV, aad s Mangesr Qi3lity SLserance re Just
veo etly sesimed B g Lurree® reczorsitt,tites 43 Tliat
ar e, Sweta, Lisavillae, Jenre,

*31ting address £ € Thige
natienvl 1osk Fem st C
PrS Luprpt er CLal ty mssurancs
Cayton, Chio

¥ ihade kas aver 0 scare experierce - elecirinic

s, ers equiprent ranufaciore, maintemarge, 303 Z,2r-
ati-n He Pas had aporox —ately 10 jea1e 'n Tralz

f1.3 neering cn Radir ant Large scdle Comoutor ¢ stecs
wily the US Army and RCA tervice (O Foulowin~ th <

he spent 10 vears w1tn rere well, I-8, Wrere ne (St2b-
Tiskad 3 contrect tost enuiieert 2atins S1or/=1 atta-
wice fac 1ty in Alrcnerg.e, How Mo, 8 1€ begime

"o tanal Manacer ©f the Test Eilament © qncen rg
Cicup, Over tne past $1< .otrs 3t SPr or Just-us,
Pazhines, br tag neld sovdr o rescons ot was.esors,
frctuding Moaener SA Sy8%ms & Prolec ., ‘n.r cnore
v1z2 directly resgarsinle € r g 1 coard. ation o0 s
pronran, ok nhouse and r sitg, arc 1t Cauld nnt hne
hoer concluced as effect o’y watmaut ~te dedic.tion,
Me Crst o recent'y 155umad Ate nca ressons St es 14 ine
caodaer Quality Assarange aecus Sf Sat oral Casa

Re: ster Corp , Sayton, Cavo.
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2. Thaeea) shetk (Ice water/Po t.rg wmater) 10 cycles

3. Thermal Scan 25°C to 907C

& 5tadilization Jace So hHrs
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= Eiexy 8/to olag N 01d Plastics :
-\ T Farlyre hass . Taivdre Uata !
‘ vendor| Oty 7805 1 79C T Tead sy 25°C_ 0% T Total |
: Tastadis ty | = 12,7 % {Qty . Tested | Jty ] & 1Ctv ] % i1Otv ] %
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Brawn | eq | Yellow | Toal
Package Qty Gty i ty | I ! T ty | Oty Qty
Tyse Tested | Rj'd | ¢ |Testad {Pef'2( % |Tested {Refj'd ) % [Testedfres'a| 2 1
Jie 1670 15 | 0.9 1775 34 11,91 1425 18 1.3} 4879 o7 |14
Plastic I
CERW? S091 3 | 1.0% 3307 26 {0.8| 1575 13 | 0.33] 9573 2 10.92
Epoxy 84 1114 3 }o0.27} 2753 19 ‘0.7 3875 43 11.0{ 87182 71 jo.31
Hovolac i
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Figure £ Ircoming Iaspection Test Results
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MY Luiled carts
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{.5 ze=—irals) =22 1,000 rre o€ cpore
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Appendix A.5 Manufacturer Information Request Letter
BOEING AEROSPACE COMPANY PO Box 3900 erze

M/S 88-43
A Division of The Boeing Company

April 6, 1979

Boeing Aerospace Company is performing a research contract for NASA/MSFC, Huntsville,
Alabama, to determine the feasibility and guidelines involved in the use of plastic
encapsulated semiconductors for space applications. As a result of the initial data
gathering studies, it has been found that a number of users of molded devices are
experiencing quite acceptable failure rates.

The next step is to determine the position of the semiconductor manufacwrers in regard
to reliability assurance through the application of low or minimal cost screening compa-
tible with the low cost goals of plastic usage. Your assistance s requested to parti-
cipate in technical discussicns directed to answering three basic questions:

O What screens does your company feel are the optimum screens for such a Commercial
High Reliability (CHR) program?

0 What would be the cost adder for each of the suggested screens, based an a purchase
1ot size of 1000 parts?

0 What predicted reliability number can be expected as a result of impositian 0. the
suggested screens, and what 1s the predicted reliability number without any special
screens beyond the normal quality assurance steps taken by your company?

Please keep in mind that this is only a research study and that no parts procureme.t is
anticipated during this contract other than possibly small gquantities of sample parts
for stress testing.

There are some thirty categories of parts being included in this study as listed in
Attachment 1., Discussions with your company would be concerned only with the parts that
your company currently is manufacturing.

The base line for the high reliability screening approach at many manufacturers is the
approach defined by such programs as the SUPR, PEP, MACH VI, B+, and A+ programs. However,
these programs should not be considered as the only suitable approaches, in case there are
other known screens that are less traditional but more effective and still low cost. The
cost parameter may be put in perspective by indicating that it would be desirable to add
only 5¢ to a 15¢ part, 50¢ to a $5 part, and $1 to a $20 part, for the performance of
suitable reliability screening. Attachment ¢ shows a tabulation of the type of infnrmation
Boewng would like to discuss at your facility in the near future. The foregoing s
intended to be a definition of the areas of discussion, rather than a strict constraint

on the type of screening that would be acceptable.
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Page 2
April 6, 1979

I will be contacting you in the next few days to set up a possible time and place
for conducting discussions of your company's ideas for the CHR (Commercial High
Reliability) approach. If you have questions in the meantime, I can be reached
at Boeing in Seattle on (206) 773-1074,

Thank you very much for your interest and participation.

Sincerely

BOEING AEROSPACE COMPANY

Donald D. Robinson

-

Attachments:
/cla
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31 CATEGORIES OF PARTS TO BE CONSIDERED

MICROCIRCUITS
BIPOLAR
Sst
LOGIC
TTL
LSTTL
STTL
HYTL
EcL
LINEAR
AMPLIFIER
VOLTAGE REGULATCR
MS T
LOGIC
TTL
. LSTTL
STTL
HTTL
SCL
LS1
LOGIC - STTL
RAM
PROM
LINEAR
MOS
§S1 - LOGIC - CMOS
MS] - LOGIC - PMOS
LSt
MICROPRCCESSCR = NMOS
RAM
NMOS
PMOS
LOGIC -~ PMCS
ROM - PMOS
TRANS ISTORS
BIPOLAR
SMALL SIGNAL
NPN
PP
POWFR
NPN
PNP
FET
SMALL SIGMAL
N=-CHANNEL
P=CHANNEL
DICDES - SMALL SIGNAL AND IENER
SCR'S

A-59
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POSSIBLE LOW COST SCREENING OPTIONS
FOR COMMERCIAL HIGH RELIALIBITY (CHR)

Category of Part

Screen f'nditions Effectiveness Cost per
Part (Adder)
(1000
Quantity)
High Temperature Humber of Hours:
Storage
Temperature:
Temperature Number of Cycles,
Cycling
Range of Temp:
Burn In Number of Yo'rs:
Temperacure:
100% Room Number of times performed:
Temperature 1 2 3
Measurement Functional:
DC Parzmeters:
AC Parameters:
100% High Number of times performed:
Temperature Temperature: 1 2 3
Measurement

Functional:
DC Parameters:
AC Parameters:

Pigh Voltage
Stress

Qvervoltage Ratio:

Time of Application:

p-60
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APPENDIX B

NASA PARTS SELECTICN CRITERIA FOR
PLASTIC ENCAPSILATED SOLID-STATE
DEVICES

Mote: The document presented in this
apperdix ic intended to be a stand-alone
document. It includes the information
and selected charts frcm the body and
apperdices of this report.
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PLASTIC ENCAPSULATED SEMICONDUCTORS SELECTION CRITERIA

FOR USE BY:

ADDRESSES:

COMPARES:

. PROGRAM MANAGERS
. PARIS ENGINEERS
DESIGH ENGINEERS

CosT -
RELIABILITY
AVATLABILITY

COMMERCIAL PLASTIC ENCAPSULATED PARTS

RELTIABILITY-SCREENED PLASTIC ENCAPSULATED PARTS
MIL-STD-975/MIL-SCREENED HERMETIC PARTS

e

G3WTU3 LON MNVI8 39Vd DNIg303dd
1~52€52=081Q

et i et s it s slh



8-

PROGRAM MANAGER CONSIDERATIONS FOR PﬁhgTIC ENCAPSULATED vs, HERMETIC PARTS

*  WHAT TYPE OF PAYLOAD IS BEING DEVELOPED
WHAT TYPE OF PARTS CAN MEET SYSTEM REQUIREMENTS

ARE THERE COST CONSTRAINTS
* DOES SCHEDULE REQUIREMENTS FAVOR ONE PART OVER ANOTHER
* RELIABILITY REQUIREMENTS
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DESIGH EHGINEERING CONSIDERATIONS FOR PLASTIC ENCAPSULATED VS, HERMETIC PARTS

. ARE PARTS ON PROJECT/NASA APPROVED PARTS LIST?

. WILL PART PARAMETERS MEET SYSTEH PERFORMANCE RENUIREMENTS?

. ARE PARTS AVAILABLE?
* FOR BREADBOARDING

FOR PRODUCTION

FOR NEW TECHNOLOGY DEVICES

. ARE DERATING FACTORS CONSIDERED?

THERMAL - BASZD'ON SYSTEM DESIGN
VOLTAGE - BASED ON POWER SUPPLIES AND
DEVICE CAPABILITIES

CURRENT - BASED ON POWER SUPPLY CAPABILITIES

*
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PARTS ENGINEERING CONSIDERATIONS FOR PLASTIC VS HERMEVIC PARTS

. RELIABILITY

+ FAILURE RATE FOR EACH SPECIFIC PART TYPE
« SCREENING REQUIREMENTS FOR RELIABILITY ASSURANCE

* COMMERCIAL HI-REL SUCH AS SUPR I1l, A+, PEP

* NASA STANDARD FLOW
. QUALIFICATION OF INCOMING LOTS

. AVAILABILITY

+ MULTIPLE SOURCES
« SELECTION FROM HIGH PRODUCTION PART TYPES
+ ADVANCED TECHNOLOGY PARTS

. COST

+ PURCHASE COSTS
+ QUALIFICATION COSTS
+ VENDOR NEGCTIATIONS
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ECTION 1.0

INTRODUCTION
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SELECTION CRITERIA FOR THE USE OF PLASTIC ENCAPSULATED SOLID-STATE
DEVICES IN NASA APPLICATIONS

1.0 INTRODUCTION

Modern plastic encapsulated semiconductors have significant advantages for
use in advanced electronic systems: cost, ruggedness, ava.labflity, and
freedom from loose particles. Historically these advantages have been off-
set by a reputation of questfonable reliability, but this picture has
changed in recent years with the advent of novolac:encapsulation compounds
that have solved many of the problems previously reported. In addition,
the manufacturars have addressed their processing problems to improve their
yields, with the result that plastic encapsulated semiconductors now enjoy
an improved reputation for reliability in the users community.

It is the intent of this document to define the parameters for making the
necessary decisfons for use or non-use of plastic encapsulated semiconductors
in space or other NASA applications. Three levels of concern exist in this
decision making process:

0 The program manager

0 The system designer

0 The narts engineer
Each of the levels has differing concerns for the cost advantages relfability
risks and availability advantages involved in using plastic encapsulated
semiconductors. Table 1-1 1ists the major concerns for each of the above
three levels. The factors involved jn the decision making process are complex
and continually changing Gue to the increased utilization of plastic parts
by commercial users. It {s the intent of this document to give the
best visabiiity on the current status of plastic device reliability/usage
history and provide a selectfon guide for the safe utilization of plastic
encapsulated semiconductors in selected NASA systems.

This data presented in this document have been obtained from actual field
rel{ability data and vendor data. This document discusses the factual data,
trade-off factors and risks, from the viewpoint of the three decision making
levels. This document will be updated on a periodic basis to ensure that

it is current with the present state-of-the-art.

As shown in Table 1-1, the major concerns of the three decision making levels
are cost, reliabil{ty and availability. Before proceeding into the details
of the decision making processes, a summary of the major factors involved
in the decision as to whether or not to use plastic encapsulated parts will
be given. )

B-13
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CONCERN PROGRAM MANAGER DESIGN ENGINEER PARTS ENGINEER
RELIABILITY o WHAT TYPE OF PAYLOAD WILL | DERATING FACTORS TO BE PREDICTED RELTABILITY
BE BUILT? INVOLVED. FOR EACH PARTICULAR
DEVICE TYPE FROM EACH
O CAN SYSTEM REQUIREMENTS o THERMAL MANUFACTURER.
BE HET? o VOLTAGE o COMPARE TO HI-REL
SUCH AS JAN OR
. 0 CURRENT CUSTCH SPEC.
o QUALIFiCATION
REQUIREMENTS FOR
EACH PAKT TYPE
o RELIABILITY SCREEN-
THG REQUIREMENTS. .
CusT LIFE CYCLE COSTS DEVICE PERFORMANCE PARA-  |WHAT IS TOTAL COST
PARTS PROCUREMENT CosTs | METERS OF CORMERCIAL VS | PER PART OF:
MIL PARTS: WHAT IS COST | poore encINEERING
PARTS QUALIFICATION COST| OF SPECIFYING SPECIAL
RELIABILITY VERTFICATION  PARMIETER LIKITS? o PARTS PROCUREMENT
TEST COSTS o PART QUALIFICATION
®RE DELIVERY REPAIR COST n FAILURE ANALYSIS
PRE LAUNCH REPAIR COSTS SUPPORT.
LOGISTICS AND MAINTEN-
ANCE COSTS
AVATLABILITY SUPPORT OF SYSTEM DELIVERY | WHAT NEW FUNCTIONS ARE o MULTIPLE SOURCING
SCHEDULES AVAILASLE FOR DESIGN IN REQUIREMENTS
ACCEPTABLE SCHEDULE. o NEW FUNCTIONS IN
PLASTICS VS MIL
o DELIVERY TIMES FOR

SCREERED PARTS

TABLE 1-1 PLASTIC ENCAPSULATED SEMICONDUCTOR AREAS OF CONCERN
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1.1 cosT

Approximately 90% of all semiconductors are encapsulated in plastic packages,
and this body of business has become the driving factor in the cost arena,
The ceramic packaged parts are basically more expensive, with the additional
cost ranging from pennies to dollars depending on the complexity. For the
military qualified cerazmic parts, the cust 1s tven higher aud the sales
quantities are even lower. Table 1-2 summarizes the rrlztive costs for two
types of TTL microcircuits in DIP packages: an SSI device and MSI part.

These are oniy two examnles out of a large quantity of semiconductor devices.
The figures for advanced LSI devices such as microprocessors ard memories are
even more dramatic for the differences between plastic and hermetic packages,
but the data for in nhouse screened parts are not yet available for these part
types. However for the ultimate in low cost parts, the plastic encapsulated
parts are seen to hold the edge. Details of the cost trade offs are presented
in the subsequent secticns %o this document for each of the different cate-
gories of part types available ranging from transistors and diodes, to LSTTL
SSI microcircuits to LSI microprocessors and memories,

1.2 RELIABILITY

The overriding concern in the use ot plastic encapsulated semiconductors is
the relfability question. Data gathered from users of commercial plastic
semiconductors have now been tabulated and show that the reliability of
plastic devices has improved so much that the technology 1s a viable competitor
with hermetic devices. Figure 1-1 summarizes the most current {1977 and 1973)
field usage failure rates for four important circuit types. Detailed plots

of the failure rates versus time are presented in the appendix. The failure
rates shown at the left of each box in Figure 1-1 are for parts with little or
no screening for reliability improvement. Several sources of data have
indicated that there {s at least a 5:1 improvement in failure rate when
reliability screening is invoked. This is important when one considers that
the first column data in Figure 1-1 are mostly derived from warranty returns
which represent infant mortality failures that are normally removed by burn-in.
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SSI_(54L/74L TYPE) BASIC COST ADDED FOR MFR
IH-HOUSE REL

SCREEN: TERP TOTAL COST
CYCLE, BURH-IN
100% ELECTRICAL

MEASUREMENT

PLASTIC (0-70°C) 17 .25 .42
HERMETIC (0-70°C) .19 .25 .44
HERHETIC (-55 - +125°C) .30 $1.00 1/

$1.30
JAN CLASS B (-55 - +125°C) $1.80 -—- $1.80
PLASTIC (0-70°C) By, 39 2/ .56
MSI_54L/74L TYPE)
PLASTIC (0-70°C) $2.50 .35 $2.85
HERMETIC (0-70°C) $3.00 .35 $3.35
HERMETIC (-55 - +125°C) $4.00 $1.00 U $5.00
JAN CLASS B (-550C - +1259¢) $6.00 $6.00
PLASTIC (0-70°C) $2.50 49 2/ $2.99

1/ 8838 Screened
2/ Screened to a HASA Standard Flow See Table 1-5 for proposed NASA Standard Flow.

TABLE 1-2 RELATIVE COST FACTORS FOR BIPOLAR MICROCIRCUITS
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1.2 RELIABILITY (Continued)

In the second column of each box of Figure 1-1 *s plotted the failure rate that
would be expected if the parts had been burned-in. These plots are felt to be
conservative since the 5:1 irprovement factor {s the minimum claimed by both
users and manufacturers, with the actual range being as high as 15:1 improvement
for some users.

The manufacturers perform a great deal of relfability testing and claim quite
goad reliability fo~ their plastic encapsulated products. The third column

1n eacn box of Figure 1-1 shows the ranqge of 559C failure rates claimed bv various

manufzcturers for each of the four product tyres. These manuficturers data

are based on accelerated stress test data on non-burned-in parts. The
discrepancy between the first column and tne third column data can be explained
by the fact that the field usage data are primarily based on warranty returns
whizh are part removals hut not necessarily faflures. Actual failures probably
constitute 1/2 to 1/3 of the total removals.

The fourth cnlumn in each box of Figure 1-1 shows the ringe of failure rates
reported py Reliabiiity Analysis Conter for each of the pruduct types

as screeneu to the reauirements of MIL-STD-8835, Class B {JAN equivalent
devices, hermetic). The data are from the B-1 catequry of .creening which
means sc-eened by the manufacturers {in accordance with user specifications for
parts comparable to JAN parts (as opposed to marufacturer in-house 883B
equivalent sc;eening, category B-2). As .an be scen from the plots, the
unscreened plastic p;rts are demonst.ating very respectable reliability figures.

it must be pointed out that the plastic parts data were gathered from applications

where the enviromment was benign, such as found in gqround installation or

test laboratcries. However, the environment for space or otherr HASA applications
can be considered as benign in lerms of temperature variations anc humidity,

the two factors felt most severely to affect the relfability of plastic
ancapsulated semiconductors. This is verified-by RAC which ciaims that
sateilite applicatiaons should have a g environmental faflure rate multiplier
of 0.2 while ground application have a g multiplter of 1.0.

It should be noted that similar data as shown in Figure 1-1 needs to be generated
for linear and discrete devices. However, this data is not presently available
and will be added to this daocument when it does bucome avaflable.
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1.2 RELIABILITY (Continued)

It has long been the contention of some sectors of the reliabilfty and parts
standardization community that the requirements of MiL-M-38510 for exhaustive
qualificacion and testing or MIL-specification parts does not buy a much

greater degree of relfabiiity than merely performing 100% burn-in and electrical
measurement at least 2 temperatures representing important operating areas. This
seems to be borne out by the manufacturer-performed reliability screens available
on cormercial plastic encapsulated microcircuits. Many manufacturers advertise
their screeniny program as being the answer to enhanced reliability of plastic
encapsulated microcircuits. As seen by Table 1-3 there is little agreement
between the manufacturers as to the test conditions to be used in performing

the screens. The approach that 1s needed here is to generate a set of reliability-
significant screens tailored to each of the different product types such that

all manufacturers would be encouraged to perform the same screens on their
products as every one else is performing, and perform these screens on a 100%
basis.

I3b1e 1-4 shows that the manufacturers do not even perform their advertised
sereens on all of their products, concentrating instead on the basic TTL
orfented products. Most manufactures nave expressed a willingness to perform
some reasonable screens on even their advanced technology devices, and to

this end a NASA standard flow for screening of plastic parts would be a
significant contribution to the reliability control and improvement for plastic
encapsulated parts.

The ingredients of the NASA Standard Flow are as shown in Table 1-5. It should
be NASA policy that these standard screens would be performed on all plastic
encapsulated microcircuits for all or any NASA contracted electronic designs.
The benefit would be that the order quantities for parts with the special
screening would be increased above the quantities resulting from individual
contractors ordering quantities for just thefr own purposes.

B-19
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MARUFACTURER MANUFACTURER NUFACTURER
ROGRAM MANUFACTURER | (2), LEVEL 3 MNUI(-‘A():TURER (4) vm.-u?;‘;.runm HA '(:2)
- 3
HIGH VOLTAGE STRESS
AT WAFER PROBE YES
PRECAR VISUAL - YES YES YES YES
) o o. | 5cy, 0/100°C | 15cy,0/100% |15cy 0/100% | 15cy 0/100%
TEMP CYOLE 10cy,-25/150°C} 10cy,0/100°C air’to ajr Hater shock Liquid shock | Water shock
Continuits (I ) 100°C
Functional 100°c 100%| 25°% 25%¢ 25%¢ 259
OC PARAMETERS 100%] 25% 25°%¢ 25%¢C 25%¢C
[+
BURMN- IN “Ohrs grms C 1 21hrs @ 155%) 40nrs @ 150°C| 24nrs @ 155°C | 168nrs @ 125%| 168hrs @ 125°d
0 or
168hrs @ 125°C B0nrs B 150°¢
FUNCTIONAL 25%¢ 70°c| 25°% | 100°%, 25°c |100°c, 25°c 100°C 100°%¢c
DC PARAMETERS 25%¢ 70% | 25% 25%¢ 25%¢C 25%¢ 259

TABLE 1-3 COMMERCIAL HI-REL BASELINE SCREENS
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BIPOLAR MSI  [BIPOLAR LSI .
PROGRAM BIPOLAR SSI L neAR ¥ cros| NROS LST | ypan-ID1oDE
TTL.LSTTL.ECL TTLASTIL.ECL | RaM | LOGIC uwp | pam PISTOR
MANUFACTURER (1) YES YES YES Ho w | no wo | wo | no NO
MANUFACTURER (2) YES YES YES ﬂg YES .- ﬂg ﬂg HO ﬂg
LEVEL
MANUFACTURER (3) YES YES VES no | ves 10 o | no | 8 --
OMLY
MANUFACTURER (4) YES YES YES no | ves | -- wo | no | -- --
MANUFACTURER (5) YES YES YES EQ ﬁg - - - - —
MANUFACTURER (6) YES YES YES YFS _ﬁp YES ﬁg YES ﬁg ﬁg
MANUFACTURER (7) - -- -- -- o o -- N N -- --
YES MEANS YES, APPLIES TO THIS PRODUCT
HO MEANS DOES KOT APPLY TO THIS PRODUCT
-- HEANS NO PRODUCT IN THIS CATEGORY
TABLE  1-4

COMMERCIAL HI-RELIABILITY SCREENING PROGRAMS

1-52€57-081Q
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TEMPLRATURE CYCLING

100% FUNCTIONAL TEST
160% DC PARAMETERS

BURN-IN

109% TUNCTIONAL TEST
PERFORMED TWICE (TWO PASSES)

100% DC PARAMETERS TEST
PERFORMED TWICE (TWO PASSES)

30 CYCLES: 0%C to 100°C, GAS TO GAS

100%, 25°
100%c, 25%

168 HOURS AT 125%¢C GR EQUIVALENT
USING 1.0ev ACTIVATION ENERGY

160°C (RELAXED LIMITS)
259¢

7ogc (RELAXED LIMITS)
25°¢C

TABLE 1-5

PROPOSED NASA STANDARD FLOW FOR
RELIABILITY SCREENING OF PLASTIC ENCAPSULATED MICROCIRCUITS
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1.3 AVAILABILITY

The third factor of concern, that of availability, works in different ways

for advanced LSI products compared to mature high productfon products.
Generally speaking, new products of the LSI complexity are first introduced

in hermetic packages and are not available §n plastic wntil the high production
process are well under control. When the plastic encapsulated devices are
finally introduced, their prices are very low compared to the hermetfc parts.
Thus the availability of plastic in new technology devices is somewhat

Timited.

Hcwever, fo:' the more commonplace high production mature products, plastic
encapsulated parts are generally much more availabie than their hermetic counter-
parts as shown in Figure 1-2 Availability here translates into delivery times,
with the plastic parts being available in a few weeks or even days, while the
hermetic parts may require months. This fs particular true for high reliability
parts which must undergo reliability screening.

1.4 DEVICE TYPES ADDRESSED
The device types to be covered by this document are listed in Table 1-6.

B-23
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STD PLASTIC

T

STANDARD CERAMIC

NASA PLASTIC '

VERDOR EQUIVALENT
MIL TESTS

-+
o

HIGH RELIABILITY \
(38510-CLASS B)

ULTRA HIGH RELIABILITY

J-

(38501-CLASS &)

I3 ]

10 20 30 40 50
DELIVERY LEAD TIME IN HEEKS
NOTE 1: THIS CHART IS GENERALIZED TO SHOW BASIC TRENDS COVERING A WIDE VARIETY OF DEVICE
TYPES. THE PARTS ENGINEER WILL HAVE CURRENT DATA CN SPECIFIC DEVICE TYPES.

NOTE 2: SEE TABLE 2-3 FOR MORE DETAIL.

FIGURE 1-2  GEMERALIZED AVAILABILITY OF SEMICONDUCTOR DEVICES
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MICROCIRCUITS
Bipolar
. SSl
Logic
TTL
LSTTL
STTL
HTTL
ECL
Linear
Ampli fier
Voltage Requlator
MSI
Logic
TTL
LSTTL
STTL
HTTL
ECL
LSl
Logic - STTL
RAM
PROM
Linear
MOS

SSI - Logic - CMOS
MSI - Logic - PMOS
LSI
Microprocescor - NMOS
RAM
NMOS
PHOS
Logic - PMOS
ROM - PMOS
TRANSISTORS
Bipolar
Small Signal
NPN
PNP
- Power =
NPN
PNP
FET
Small Signal
N-Channel
pP-Channel
DIODES - Small Signal and Zener
SCRs

TABLE 1-6:  CATEGORIES OF PARTS COVERED BY THIS DOCUMENT
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2.0 PROGRAM MANAGER CONSIDERATIONS PRECEDING

The primary areas of concern for the program manager deal witn the overall systen
performance and reliability requirements as well as program cost and schedule
constraints. This section addresses the major decisions a program manager should
make when considering whether or not plastic encapsulated devices should be used
in selected applications for space systems.

The three main areas that need to be addressed by the program manager are:

- Reliability - Can the plastic devices meet payload reliability
requirements?

- Availability - Do the schedule constraints of the program favor the
generally more available plastic parts?

- Cost - What is the life cycle cost for using plastic parts as
compared to hermetic or Mil-qualified parts?

Because of the continual changes in the status of plastic encapsulated semiconductors,
no specific rules can be identified. What this section will provide is the identi-
fication of the means for obtaining sufficient aata for making an optimized decision
on the use of plastic encapsulated semiconductor devices.

2.1 RELIABILITY

Data obtained from actual field data has shown that, when screened properly,
plastic devices are as reliable as their military (extended temperature range)
equivalent. However, the basic question to be answered is: How will plastic parts
affect the MTBF of each individual subsystem.

Generalized criteria for using plastic parts are shown in Table 2-1. 1In high reli-
ability/single point failure applications, the safest way to proceed is with fully

qualified devices (MIL-STD-975, Grade 1 or 2, or equivalent). However, depending on

the grade of device chosen, the lead time for obtaining the parts can be very long (Table
2-2). In cases where schedule constraints are tne driving function, then the computation
of the individual subsystem MTBF based unon plastic parts should be made. If the MTBF
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CATEGORY REQUIREMENT SELECTION CRITERIA POTENTIAL BENEFIT
« MISSTON CRITICAL MIL-STD-975, GRADE 1
up . SINGLE POINT FATLURE . DEMONS TRATED RELIABILITY
PER STAGE PAYLOADS NOLE POINT, OR EQUIVALENT
NON-SING! € POINT FAILURC M‘LangéafaALfg$°E 2
APPLICATIONS T PLASTIC ENCAPSUEATES—] COST AVAILABILITY
PARTS WITH DENONSTRATED
RELTABILITY
- MISSION CRITICAL HIL-STD-975, GRACE 1
. DEMONSTRATED RELIABILITY
BIRECTLY DEPLOYED . SPF APPLICATION OR EQUIVALENT
PAYLOADS MIL-STD-975, GRADE 2
NON-SPF APPLICATIONS OR EQUIVALENT CoST AVATLABILITY
. NOMCRITICAL EQUIPHENT NASA PLASTIC ‘ENCAPSULATED
PARTS WITH DEMONSTRATED
RELIABILITY _
. MiSSION CRITICAL MIL-STD-975, GRADE 1
ATTACHED: SCHEDULE . SPF APPLICATIONS OR EQUIVALENT DENIONSTRATED RELIABILITY

CONSTRAINED OR
CRITICAL DBJECTIVES

- NON-SPF APPLICATIONS
+ NONCRITICAL EQUIPMENT

MIL-STD-975, GRADE 2
OR EQUIVALENT

NASA PLASTIC ENCAPSULATED
PARTS WITL. DEMOWSTRATED
RELIABILITY

COST AVAILABILITY

REFLYABLE ATTACHED:

HOT SCHEDULE
CONSTRAINED OR
CRITICAL OBJECTIVES

NONE CRITICAL APPLICATIONS

HASA PLASTIC ENCAPSULATED
DEVICES

COST AVAILABILITY

TABLE 2-1:

SELECTION CRITERIA FOR PLASTIC ENCAPSULATED PARTS AS A FUNCTION OF APPLICATION
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1

STD PLASTIC

T

STANDARD CERAMIC

NASA PLASTIC } {

VENDOR EQUIVALENT ! !
MIL TESTS

HIGH RELIABILITY
(MIL-STD-975, GRADE 2)

ULTRA HIGH RELIABILITY

T

(MIL-STD-975, CRADE 1) "

n 20 30 40 50
DELIVERY LEAD TIME IN WEEKS
HOTE 1: THIS CHART IS GENERALIZED TO SHOW BASIC TRENDS COVERING A WIDE VAKIETY OF DEVICE

TYPES, THE PARTS ENGINEF® WiLL HAVE CURRENT DATA CN SPECIFIC DEVICE TYPES.
NOTE 2: SEL TABLE 2-3 FOR MORE DETAIL.

TABLE 2-2: GENERALTZED AVAILABILITY OF SEMICCLDUCTOR DEVICES
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2.1 RELIABILITY (Continued) )

of the subsystem using plastic parts meets the requirements of the program,

then these parts should be strongly considered for use. It should be noted that
the project Parts Engineering organization has access to and can provide failure
rate numbers for a wide variety of plastic parts in aiding the MTBF calculation.
Field data has shown that the acceleration factors associated with MIL-HDBK-217C
are extremeiy conservative and should not be used where actual field reliability

Sl 4 A a b e

data is known.
2.2 AVAILABILITY

The availability of general categories of plastic devices, as compared to military
type devices, is shown in Table 2-3. The time shown in this chart includes
release time, buyer time, transportation time, receiving tests, and shipment

into stores. This chart shcws that, in general, plastic devices are more readily
available. 1If there is a tight schedule problem associated with a particular
program, plastic parts can help alleviate part delivery problems. !

P T

The availability of plastic encapsulated devices varies from part type to part
type. The Parts Engineering organization can give specific details on each part
type. The general rule, hcwever, is that plastic parts are more readily available.

2.3 Cos7

The cost benefits of using plastic encapsulated devices can be broken down into
four main areas. Thes2 areas are:

- Part Procurement Costs

- Design Costs

- Manufacturing Costs

- Life Cycle Costs

Table 2-4 gives a comparison of potential cost savings associated with each area.
In parts procurement, the data to-date indicate that there 1s an approximate

30% cost savings associated with the use of plastic encapsulated devices. Although
the magnitude of the cost savings will vary from device type to device type, a

cost savings 1s assured in the procurement cycle. The magnitude of the cost
savinas will depend upon the part type and part count in a particular subsystem.
This figure can be obtained by contacting the Parts Engineering organizatien.
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COST BENEFIT/LIMITATION OF UNILIZING

COST ARCA PLASTIC BEVICES
PROCUREMENT APPROXIMATE 30% COST SAVINGS OVER COMPARABLY SCREENED HERNETiC
DEVICES.,  (SCREENED PLASTIC VS. SCREENED [:ERMETIC)
- 10% NORE DEVICE FUNCTIONS (IN PLASTIC PACKAGES) RESULTS IN
DESIGH REDUCED PARTS COUHI
- MAGHITUDE OF COST SAVINGS MUST BE MADE ON A CASE-BY-CASE
BASIS
MANUFACTURING NO SPECIFIC COST BENEFIT OF PLASTICS OVER CERAMICS
LIFE CYCLE DEPENDENHT OR MTBF (SEE FIGURE 2-1)

TABLE 2-4; COST SUMHARY OF PLASTIC PARTS
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2.3 COST (Continued)

The cost savings associated with designing with plastic encapsulated parts will

again vary based upon the design itself. There are approximiately 10% more functions

in plastic encapsulated parts than in hermetic devices. For a recent design

(to be used experimentally in space) an A/D converter was needed. One plastic
encapsulated device was selected “or the function. To perform a similar function
in hermetic packages would have required five integrated circuits and would have
consured three times as much power. Therefore, increased availability of functions
(in plastic packages) allows for increased flexibility in developing a design.

The magnitude of the cost savings can only be determined on a case-by-case basis.

In th2 ar-a of manufacturing, there is no apparent cost benefits with the use of
plastic encapsuiated devices. The only possiole benefii relates to Section 2.3,
AVAILABILITY. With plastic encapsulated pa~cs generally more available, they can
better support manufacturing schedules. In the area of parts storage, handling,
board insertion, soldecability, cleaning and part marking, there is no clear cost
benefit. Aiso, since field data has s“own that plastic encapsulated devices are
as reliable as their hermetic counterparts (screened to basically the samo condi-
tions), there is no substantial cost pepality csscciated with the procurement and
storage of plastic encapsulated devices to support menufacturing related failures,

The life cycle cosis (LCC) fo= hardware equals the systerm acquisition cost plus
the support costs. Fiqura 2-1 shows a typical life cycle cost for an erbitrary
number of systems. It shows that the LCC varies as a function of MTBF. This
figure is based in mathematics and verified by DoD field usage data (there is in-
sufficient NASA data to-<datc ta verify the curve for NASA appiications). however,
it shows the gereral relationship between acquisition ccsts, maintenance costs,
and LCC.

When considering the use of plastic encapsulated parcts, it will be necessary to
determine the effect o* these devices on LCC. This can be done by computing tihe
MTBF of a particular subsystem based upon plastic encapsulated parts and MIL-grade
he.metic devices. The difference in MIBF, in conjunction with data as shown in
Figure 2-1, will inuicate the potential cost <avings/loss associated with plastic
encapsulated devices. For example, 1f the MIBF comes out tc be 800 hours for the
MiL-crade parts and 700 hours for the plastic parts, there will be a negligible
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2.3 COST (Continued) ]

impact on LCC. However, if the MIL-grade parts yield an MTBF of 400 hours and the ‘
plastic packaged parts have an MTBF of 200 hours, there would then be an order of
magnitude difference in LCC.

A cost analysis based upon the specific NASA application should be performed by

a Cost Analysis group. This type of analysis will determine the overall life . i
cycle costs and any penalty costs associated with plastic encapsulated devices. '
As mentioned earlier, field experience has shown (for a benign environment) that

the failure rates of equally screened plastic and hermetic devices are very com-
parable. It is Lelieved that the LCC will not be adversely affected by plastic

devices. Detailed failure rates on all types of plastic parts are available from

the Parts Engineering organization. !

2.4 RISK ASSESSMENT

The decision as to whether or not to use plastic devices will require good communi-
cation between the Program Manager and the Design, Parts and Cost Analysis organiza-
tions. The basic risks to be considered are:

PROGRAM MANAGER
- Can plastic encapsulated semiconductors meet reliability requirements?
- Are there cost constraints that favor plastic encapsulated devices?
- Are there schedule constraints that favor plastic encapsulated devices?
- Is LCC minimized with plastic encapsulated devices?

DESIGN ENGINEER
- Can performance criteria be satisfied with plastic encapsulated devices?

PARTS ENGINEER
- Are there qualified devices/suppliers?
- Are the devices reliable?
- Are there preferved parts?

If the answer to any or all of these questions is "yes", then there will be a
sufficient justification for the use of plastic encapsulated devices.

B-37
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3.0 SYSTEM DESIGNER CONSIDERATIONS

This section will describe the selection criteria to be used by the designer
for determining whether or not to use plastic encapsulated devices in system/
subsystem designs. The four main areas of concern for the designer are:

Are the plastic devices on a NASA
approved preferred parts 1ist (PPL)?

Performance parameters of specific devices
Availability, particularly of new technology devices
Derating factors such as:

* Thermal - based on system design and packaging

* Voltage - based on devices capabilities and power
supply voltages available

* Current - based on power supply capabilities.

Each of these factors will be discussed below.

3.1 UTILIZATION OF PREFERRED DEVICES

A1l plastic encapsulated devices selected for use in NASA designs should be checked
to ensure that they are on the project/NASA Approved Parts List. This parts list
will be prepared by the project Parts Engineering organization using parts listed
by NASA as acceptable for use in NASA programs subject to lot qualification tests.
3.2 PERFORMANCE PARAMETERS.

The actual system design engineer is usually only concerned abcut how the
individual parts will perform 1n solving a system design problem. This is
not to say that considerations such as cost, realibility and availability
should be ignored, but these are often pushed from the forefront by the
urgencies of “"getting che design released".

It ts acommon occurrenc~ that circuit designers will use commercial, plastic
parts to perform their circuit design breadboarding, and then require very
tightly specified parts for their released production design. This desire
for tight specification of parameters will present a problem in the use of
plastic devices and this problem must be recognized. The problem stems from
the fact that the commercial grade plastic encapsulated parts have thair
parameters specified over only the temperature range of 0°C to 70°C, and the
specification is not really a specification at all but merely the manufacturers
data sheet. It is true that the manufacturer guarantees that his product
will meet the 1imits of the data sheet, but to collect on the guarantee,

the user must perform the required tests and return the failing parts to the

manufacturer.
B8-41
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Thus the user of commercial grade parts must be prepared to accept parts that
have perhaps wider parameter 1imits over a narrower temperature range of
operation as a consequence of th2 cost savings afforded by the use of these
parts, This applies whnether the parts are plastic or commercial hermetic
parts. However, in view of the designers proclivity to use the commercial
parts in breadbcarding, this may not be a great hardship, particuiarly
if the designer can be assured that the parts will be at least 100% tested to
the data sheet 1imits at 25°C and 70% or 120°C as part of the reliability
assurance screening process. It s felt that application of imaginative
circuit design techniques can overcome any problems that may be caused by
use of parts that are tested less rigorously than MIL-specification part,.

The trade off that must be made then vy the design engineer, 1s whether the ‘
additional cost of the JAN or equivalent part is justified by the tight speci-

fication of its parameters, or whether the looser parameter control of the

plastic encapsulated part-can be tolerated in the interest of reduced costs.

As a general rule, if, in the performance of the worst case analysis, 2

particular parameter of the plastic devices is not adequately specified, it

should not be utilized. If an unspecified (or loosely specified) parameter

{s not critical to the design, then the plastic device should be used.

3.3 AVAILABILITY

From the design engineers view point, availability means the immediate prospect
of obtaining breadboarding and developmental parts, as opposed to the longer
range availability of production parts for assembly of deliverable systems.
One of the greatest advantages of plastic encapsulated parts is thkat they
are generally available in distributor stock on very short notice, with tna
result that the designer can proceed expeditiously with his d.sign. In the
case of advanced technology parts however, the new devices are generally
introduced in hermetic packages, meaning that for these parts the hermetic
parts are more available. However, it is these new technology parts that are
at the extreme upper end of the cost scale, and switching to the plastic
encapsulated version at the ea~liest opportunity is important from a cost
standpoint,

B-42
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3.3 AVAILABILITY (Continued)

Generally speaking, these new technology parts would not be available in JAN

or even military configuration for a long time, by which time the plastic
encapsuiated parts would be available., Purchase of new technology parts to
specification control drawing to achieve the equivalent of a JAN parts results
in the most expensive part possible, and thus both cost and availability
concerns are answered best by the early chofce of plastic encapsulated versions.

3.4  DERATING FACTORS

It has long been a basic tenet of high retfability system design that reliability
can be greatly improved by the use of rigorous derating rules on semiconductor
operating tempcratures, voltages and currents. The Arrhenius activation energy
of 1.0 ev Is the generally accepted value for all semiconductors with the
possible exception of certain failure mechanisms. In fact the manuvacturers

all dispute the 0.44 ev activation ener_y called for in MIL-STD-883E,. and

insist that their data show that 1.0 ev is correct. The impact of a 1.0 ev
activation energy on the reliability of semiconductors is shkown by accelera-

tion charts {see Table 4-3)., These charts indicate that by merely

restraining the junction temperature of the semiconductors to 45%¢C instead of

-
ot owae Akt

—te v

550C causes the failure rate to decrease by factor of 3.4, a significant change,
and if the jJunction temperature is reduced still further to 350C the failure rate
would be improved by a total factor of 12.5.

Voltaqge derating is not normally thought ocussible with . ‘ceouircuits, but in the
case of CMOS ICs, there {is a wide range of operating voltages possible.

The experience of several of the users of plastic encapsulated CMOS micracircuits
has been that it 1s desirable to minimize the possible leakage currents in

high impedance circuits, thus for CMOS 1t would be important to use the lowest
possible power supply voltage for these devices. The same policy would aiso
seem to apply to NMOS LST c¢ircults for which there is a choice between thosn
operating at 5 v only as compared to those operating at +12 v, +5 v and -5v.

One manufacturer reported that a high voltage screen was useful for the 45,

+12 v memories but not for the +5 v RAMs, indicating that there is a significant
di fference in the voltage stresses applied to parts at the higher voltage.

—— —————
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3.4 DERATING FACTORS (Continued)

Certain types of advanced NMOS LSI microcircuits employ scaled down geometries
to achieve much denser chip layouts. This scaling also affects the oxide
thickness, resulting in gate oxides as thin as 400 Angstrons compared to 1100
Angstrons for older ciruits. With a 400 Angstrom gate oxide even a 5 volt
device 1s subjected to extremely high internal voltage stresses and this

could posa a reliability problem. Here, the derating process would consist of
selection of older unscaled device types that can operate at just 5Sv instead
of + 5, 12v, to keep the voltage stresses as low as possible.

While no voltage derating factor can be attached to microcircuits, the message
should be that the lowest voltage parts should be chosen when possible. It
should be noted that the lewering of supply voltages, particularly on CMOS,
may reauce drive capability, nofse margin and speed. These factors should be
jnvestigated during the design phase.

For discrete semiconductors, the main derating factor identified by the part manu-
facturers was tht junction temperature. The approach used in determining the
derating applied to a discrete semiconductor should be that the voltage, current,
or both should be derated as much as possible to result in the minimum possible
Jjunction temperature. The failure mechanisms of these devices follow the
Arrhenius curve in the same manner as microcircuits, and thus an activation

energy of 1.0ev can be assumed. Thus, the temperature derating factors of

Table 4-3 can be applied to the junction temperature of discrete semiconductors.

B-44



D13C-25325-1

ED
vt
o
G=D

oAl

ﬂ.;ﬂ
G2
101

&7

&

|
'

PARTS ENGINEERIY

COHSIDERATIONS

B-45

e ——— s e 4 e me =



This Page Intentionally Left Blank



D180-25325~1

4.0 PARTS ENGINEER CONSIDERATIONS PRECEDING PAGE BLANK NOT FILMED
4.1 RELIABILITY

The responsibility for assuring the reliability of the plastic encapsulated
semiconductors to be used on a NASA project will fall directly upon the parts
engineering organization for that project. Al1 possible low cost techniques
will have to be employed to control the reliability of the incoming product
because of the lack of control over the manufacturer's production processes
implied by the use of commercial products as opposed to Mil-qualified products.
The techniques to be used in reliability assurance will include:

0

1

Selection of part types that are 1n high volume production
from several manufacturers.

Qualification tests on sample parts from each of the manufac-
turers to search for process factors that are out of control.
Purchase of all parts to a reliability screen that is either
the manufacturers high reliability screen (such as SUPR II

or PEP) or is a NASA specified screen as defined by a NASA
Standard Flow for reliability assurance.

Application of suitable derating factors to the design guide-
1ines for the use of the parts in the particular NASA system.
Selection of part types in such a way that known reliability
problems are avoided, such as high voltage devices, certain
types of CMOS, and devices that operate at high junction tem-
peratures.

Insistence that the thermal design of the system provide for
low thermal resistance for the heat producing semiconductors
S0 as to keep the semiconductor junction temperatures low.
Plant visits to selected part manufacturers to address particular
reliability problems that are uncovered in the qualification
and testing process.

Development of procedures for 100% incoming inspection of all
plastic encapsulated semiconductors by all users.

Publication of parts selection lists design guidelines for the
proper selection and application of plastic encapsulated
semiconductors by the design engineers,

<,

—
cC - >
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Parts Selection. Perhaps the most important factor to be considered in the
selection of plastic encapsulated parts for use in NASA systems i{s the volume of
production for the part types. No parts should be selected that are in limited
production or in prototype production. Only parts that are in full production
and are widely available in distributor stocks should be selected as candidates
for procurement.

The reason for this {s that only when a product line is in high volume produc-
tion will the manufacturer be concerned about the yield to the point where he
will institute production controls that will ensure that his product is free
from process control problems,

This means that exotic new devices and technologies should be not used in plastic
packages, but should be approved for use only as custom specification (Specifi-
cation Control Drawing) parts, in hermetic pachages. The combination of new

or exotic technology with the added uncertainties of plastic encapsulation with
all its lack of user control over the manufacturers processes will lead to
serious jeopardy of the reliability assurance process. Plastic encapsulated
semiconductors can be used reliably, but only if the product is standard, proven,
high production product, with production quantities measured in the millions
rather than in the thousands.

Cualification Considerations, !n additicn to the imposition of reliability
screening requirements on plastic encapsulated semiconductors, it will be necessary
to conduct qualification testing on each lot of parts received for use in
deliverable electronics systems. Many of the users of plastic encapsulated

devices have in-house prcgrams of device qualification aimed at searching for
possible lot oriented problems in the products being purchased.

The qualification approach recommended {s one of comparative evaluation of the
integrity of the products as recefved. This means that plastic encapsulated
products would be purchased from several sources, subjected to qualification
testing and then compared as to their relative performance capabilities in the
qualification tests. Any manufacturer's product that is markedly poorer in the
response to the tests would be eliminated from the set of parts to be used on
the program,
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Table 4-1 defines a set of qualification tests that have been suggested as useful
by users and manufacturers of plastic encapsulated semiconductors. It {is recom-
mended that these tests be built into a NASA standard document for the control

of the reliability of plastic encapsulated semiconductors,

The qualification process for a new part type will have to be tailored to each
of the technologies considered for use in any NASA program. Different device
types require different tests to be applied to uncover any unique process or
paerformance anomolies. There are some basic qualification tests however that
can be applied to all products in plastic packages. These are as shown in Table
4-1, consisting of autoclave (pressure pot) tests, temperature-humidity bias
(85°C. 85% RH) and some form of high temperature operating life. In addition

to these tests, certain device types would require exploratory testing using
such stresses as temperature cycling, thermal shock, over-voltage stress testing,
and extensive application of three temperature testing (-40°C. 25%¢C and 125°C

or 100°C) of electrical parameters and truth table functionality.

As an example of special tests that might be applied to perform qualification
of different devices, it has been found by one user company that linear op-amps
can be accelerated to faflure by application of a differential input of 24
volts to the input leads. This causes an acceleration factor of 1000, and can
be used to compare the relative performance of different manufacturers prodycts
under identical test conditions. Such a test set up is shown in Figure 4-1.

It 1s also recommended that delta measurements be made on linear microcircuit
parameters. As another example, one manufacturer recommends that in addition
to the Table 4-1 qualification tests, an effective qualification test for power
transistors would be power cyciing tests.

The reason for performing qualification tests is to obtain data to be used in
evaluating the integrity of the various manufacturers' products. Most user
compenies that perform qualification tests compare the results from the different
companies and reject the manufacturers whose products seem to deviate from the
norm established by the other manufacturers. The decision as to the degree of
deficiency must be made by parts engineering organizationson a case by case basis,
rather than reiying on or even establishing a NASA-qualified 1ist of parts. It
can be seon that any overall NASA qualification process would negate the cost
advantages afforded by plastic encapsulated parts and thus lead the user to

use Mil-qualified hermetic parts instead.
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30 PARTS
SELECTED FROM
PROCUREMENT LOT

10 PARTS

AUTOCLAVE (PRESSURE COOKER)
SATURATED STEAM AT 1210C

(15 PSIG) o

168 HOURS WITH 0/70°C ELECTRICAL
HEASUREMENTS AT:

24 HOURS

48 HOURS

96 HOURS
168 HOURS

10 PARTS

TEHPERATURS HUMIDITY BIAS
85% RH, 85°C AMBIENT RATED VOLTAGE
APPLIED TO BIAS PART

300 HOURS WITH 0/70°C ELECTRICAL
MEASUREMENTS AT:

24 HOURS

48 HOURS

96 HOURS

168 HOURS

300 HOURS

TABLE 4-1
LOT QUALIFICATION TESTS TO BE PERFORMED

HIGH TEMPERATURE OPERATING LIFE

1500C LIFE TEST AT RATED
VOLTAGE

300 HOURS WITH 0/70°C ELECTRICAL
MEASUREMENTS AT:

24 HOURS

48 1OURS

96 HOURS

168 HOURS

300 HOURS
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Reliability Screening Requirements. Low cost commercial parts of the nature
of plastic encapsulated parts have only recently become available with relia-
bility screening performed by the manufacturer. It has been the experience of
the users of plastic packaged parts that there is a significant advantage to
having some form of reliability screens performed on their parts prior to
installation in their systems. And the manufacturers have indicated that there
is a significant reliability improvement effected by the use of these screens.

The major decisions facing the parts engineer concerning the use of reliability
screens for plastic encapsulated parts revolve around the matter discussed

in Table 1-3: none of the manufacturers perform their reliability screening

in Just the same way, with the result that there is no standardized screen

that can be applied to all parts in the same sense as is found with Mil-qualified
parts. There are two options available to the parts engineer:

0 Call for the parts to be screened to a NASA Standard Flow
which is to be defined and negotiated by further work with
the manufacturers, but which would resemble Table 4-2.
S 0 Call for the manufacturers to perform parts screening to
their own in-house programs where these programs are available
for the part types of interest (see Tables 1-3, 1-4). Of
the various options available for manufacturers' in-house
screening, the following minimum screens for microcircuits
should be covered:
* Temperature cycling
* Pre-burn-in electrical measurement or functional test
* Burn-in for the equivalent of 168 hours at 125°C
* Poct-burn-in electrical measurement

Note that the proposed NASA standard flow for microcircuits can easily include

a requirement for burn-in, since the manufacturers already have the capability

to perform this screen. But for discrete semiconductors such as transistors and
diodes, the manufacturers generally do not have any burn-in faciiities and

would not agree to performing any type of burn-in, It is recommended that alternate
tests should be employed to assure the integrity of the discrete semiconductors
parts, These tasts are as shown in Table 4-2 for transistors. In the event that
burn-in of discrete semiconductors is really felt to be an important ingredient
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TEMPERATURE CYCLING 30 CYCLES: 0°C to 100°C, GAS TO GAS
1002 FUNCTIONAL TEST 70%¢, 25%
1007 DC PARAMETERS 70%¢, 25%
BURN-IN 168 HOURS AT 125°C (OR EQUIVALENT
USINC 1.0ev ACTIVATION ENERGY)
8 <1500C
100% FUNCTIOHAL TEST 70°¢
PERFORMED TWICE (TWO PASSES) 25°C
1002 DC PARAMETERS TEST 70%¢C
PERFORMED TWICE (THO PASSES) 25°¢C
TABLE 4-2a

PROPOSED NASA STANDARD FLOW FOR
RELIABILITY SCREENING OF PLASTIC ENCAPSULATED MICROCIRCUITS
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SMALL
SCREEN POWER TRANSISTORS STGHAL ZENER DICDES RECTIFIERS
TRANSISTORS
TEMPERATURE CYCLING 30 CYCLES 0 TO 100°C (GAS TO GAS)
logxkggggzig"ﬁtségn 100° (RELAXED LIMITS) AND 25°C
100% SPECIAL OVERSTRESS A ?ggﬁ??&ggf YBEF AT RATED SURGE TEST: 100ms HTRB
SCREEN ¢: 300usec 0
AT PATED I 300use PULSE, 10X RATED 48 HR @ 125°C
POMER OF DIODE
1007 PARAMETRIC
TESTS 0 o
(THO PASSES AT EACH 70°C AND 257C
TEMPERATURE )
TABLE 4-28

PROPOSED KASA STANDARD FLOW FOR RELIABILITY SCREENING OF PLASTIC ENCAPSULATED DISCRETE

SEMICONDUCTORS
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of a particular NASA program, the decision should then be made to use JANTX
parts instead, since these parts do receive burn-in and the cost differential
is minimal.

In the course of the discussions held with both users of plastic packaged parts
and the manufacturers of the parts, a number of special screens were identified
that would be desirable but which would entail a significant cost adder to
implement.

0 Overvoltage stress tests. Effective for some parts but expensive
to wmplement because it requires changing of automatic tester
test tapes.

0 Delta measurements on certain Tinear microcircuit parameters
before and after burn-in.

0 Temperature cycling over a wider temperature range than normally
performed.

The trouble with special screens above and beyond the standard reliability
screens performed in-house by the manufacturers 1s that they upset the normal
low of parts through the extremely high volume production and delivery cycle.
Anything that forces the manufacturer to perform unusual handling or testing
that differs from his normal flow generally causes significant cost increases.
Most manufacturers perform their reliability screening at their off-shore
facilities, and the paper work and special handling required to achieve custom
screening present formidable logistics problems.

For this reason it would be imperative that NASA develop and negotiate an
agreeable set of reliability screens (a NASA Standard Flow) for plastic encap-
sulated parts that all manufacturers could agree to, if it should be necessary
to try to screen all parts from all manufacturers in the same manner. Table 4-2
lists the screens for individual part types.

Derating. Each NASA system will have different operational characteristics that
will require differing parts application requirements. It will be the function
of the parts engineer to interpret these program-unique characteristics and
define the derating factors necessary for each of the parts types selected for
use on the program., Derating will have to take into account the standard
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factors of voltage stress, current stress and thermal stress associated with
any high performance design, but in addition, there must be derating factors
applied to the plastic encapsulated parts used on the program.

The primary derating factor of concern for plastic packaged parts is the voltage
stress applied to the parts. Data from the industrial users of plastic encap-
sulated parts indicate that the failure rates for high voltage parts is generally
higher than for the low voltage parts, particularly for transistors. For CMOS
microcircuits, it would be recormended that the lowest possible supply voltage

be used in any design, since there seems to be a correlation between Vcc voltage
and fai1lure rate, both from the users standpoint and frem the manufacturers
qualification test data. The manufacturers of transistors and rectifier diodes
also recommended that the voltage be derated on these devices by selection of
higher rated parts for particular applications. While the same precautions
probably should be applied to hermetic parts as well, there seems to be a feeling
in the industry that the migration of ionic contaminants is accelerated in plastic
encapsulated semiconductors by the application of high voltages, and thus it seems
prudent to derate the applied voltages as much as possibie.

The relfability of semiconductors can also be improved by lowering the junction
temperature of the devices. Table 4-3 shows the acceleration factors for failure
rates at different operating temperatures. In general, the operating junction
temperature should be minimized to maximize reliability.

Parts Selection. The primary duty of the parts engineer in the selection of

plastic encapsulated parts for NASA applications is the identification of those
part types from manufacturers that pose reliability problems stemming from out-
of-control processes. It will be the function of the parts engineer, based on
the results of the qualification test data and other data sources, to tell the
design engineers about the parts that must not be used on the specific prcgram.

Since there will be a NASA Parts Selection List (PSL) or Preferred Parts List
(PPL) for plastic encapsulated semiconductors, the parts engineers must interpret
the particular system design requirements in terms of the device types available
and thereby create a program approved parts list. This list is necessary for

the designer to l1i1st the parts he needs on his assembly drawing parts lists.

The particular manufacturers' part numbers that are found to be undesirable for
use in a program must be identified to materiel and to the assembly shop, so

thdt precautionary measures can be taken to make sure that the suspect parts

do not get installed into deliverable systems.
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L5-8

T2 °C

25
35
45
55
65
75
85
a5
105
115
125
135
145
155

Ty (°c)—=>25

1

3.6
14
45
143
423
1180
3090
7730
18,500
42,100
92,300
195,000

397,000

35

36

105
293
n
1480
4600
10,500
23,000
48,600

98,600

45

6260
13,210
27,100

55 65
1
2.9 1
8.4 2.7
24 7.4
62 19
120 49
370 117
840 266
1850 584
3890 1230
7940 2520
TABLE 4-3

15 85 95 105 115 125

Accel. Factor: FR(T2) , ¢

T = Temperature, o
FR(T2) = Failure rate at Ty
FR(TI) = Failure rate at T}

(Based on Ea. = 1.0 ev)

1

2.5 1

6.6 2.4 1 =
16.5 6.0 2.3 1 g
39.4 4.2 5.4 2.2 1 ¥
90.1 32.3 12.3 4.9 2.1 1 -
197 n 27 10.8 4.5 2.0
417 150 57 23 9.6 4.2
850 306 116 46.5 19.5 8.5

ACCELERATION FACTORS FOR FAILURE RATES AT DIFFERENT OPERATING TEMPERATURE
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Another area of parts selection that must be addressed by the parts engineer is
the choice between specific technologies in terms of acceptable reliability

or failure rates. Table 4-4 1ists microcircuit failure rates and Table 4-5 lists
transistor failure rates for a wide variety of parts as reported by various
industrial users of plastic encapsulated semiconductors. Based on the conservative
factor of 5:1 for the improvement in reliability afforded by burn-in screening,
burned-in commercial plastic encapsulated parts could be expected to have lower
farijure rates than unburned-in parts as reported by the users, and this is shown
by the second column of data. Table 4-4 also lists (third column) the failure
rates that the manufacturers claim for their parts in the non-burned-in
configuration. The fourth column of data presents the failure rates reported

by RAC for hermetic microcircuits in certain selected categories; these parts
were screened to the requirements of MIL-STD-883 Class B, by the manufacturers,
but were not JAN Class B-microcircuits.

Thermal Design. It is not enough for the parts engineer to insist on thermal
derating of the parts to be used on a program. He also has the responsibility
to insist that the thermal design of the system will provide the low thermal
resistance paths necessary to keep the semiconductor junction temperatures
within the limits called for in the thermal derating plan. This means that
the parts engineer must participate in the design reviews for the thermal design
to argue for the reliability needs of the electronic parts. The particular
problem faced by the use of plastic encapsulated parts is that these parts
cannot stand extended exposure to internal temperatures greater than 150°¢C
because of the degradation of the plastic material that results above this
temperature.

Plant Visits. Suppliers of plastic encapsulated parts should be visited by the
parts engineering organization for each project to negotiate and solicit their
active cooperation in meeting the reliability objectives of the particular
NASA program. This will be particularly true when the NASA Standard Flow is
developed for screening parts in a manner different than the manufacturers'
existing reliability screening process., It is also improtant that the manu-
facturers be made aware of problems that are uncovered by the qualification
testing done on incoming part lots. These can often be best comrunicated by
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e

ACTUAL FIELD
FAILURE RATE

EXPECTED FAILURE
RATE RANGE IF

MANUFACTURERS
PREDICTED 55°C

JAN LEVEL B OR
SCREENED TO

FIELD USAGE MICROCIRCUIT FAILURE RATES IN PERCENT PER 1000 HOURS
HERMETIC AND PLASTIC BOTH INCLUDED

a
éb; HERMETIC

TECHNOLOGY YEAR RANGE BURNED IN FAILURC RATE, JAN LEVEL B
NO BURN IN (BURNED IN)(b)
M fi7 omax 17 min |1y max [ e fiz Max [ 1y MING [17 MAX
SS1 BIPOLAR MICROCIRCUIT
TTL 1978] .0045 | .03 .0009 | .006 .00068 .0041 .0022 11
LSTIL  1978] .002 .005 .0004 | .001 .0005 .0012
STTL 1977,78] .018 .33 .0036 | .033
ECL  1978] .02 .04(b) .004 .008(b)
LINCAR AMP 1978|025 .09 | .005 .0018 .0039 .0125
FIXED VOLTAGE (a) 1978] .045 .075 .009 .015 .01
REGULATOR
VARIABLE VOLTAGE  (a) 1978] .1 .15 .02 .03
REGULATOR
MST BIPOLAR MICROCIRCUITS
TTL 1978 .013 .024 .0026 | .0048 .0041 .0068 .15
LSTTL 1978| .004 .042 .001 .008
STTL 1977 .007 .45 .0014 | .09 .0041
ECL (b) 1977,78] .036 .044 .0072 | .0088
LSI BIPGLAR MICROCIRCUITS
STTL & RAM 1974] .03 .07 .006 .014 .0088 .138 .016 1
SSI_CMOS LOGIC MICROCIRCUITS
PLASTIC 1977,78 .01 .25 .002 .05 .007 ! .005
HERMETIC (b) 1977,78 .03 .05 .006 .01 .0G16
LSI _NMOS MICROCIRCUITS
MICROPROCESSOR 1977,74 .05 17 .01 .034 .0065 .05
MEMORY 1977,74  .045 .07 .009 .014 .0051 .025 .087 .12
1/ %/1000 hours TABLE 4-4
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TRANSISTOR TYPE

BIPCLAR SMALL SIGNAL

KPN

PNP

BIPOLAR POWER
NPN

PhP

JFET SMALL SIGNAL

ACTUAL FIELD FAILURE OR REMOVAL RATES

YEAR

MIN MAX
PLASTIC 1977,78 .0053 .08
HERMETIC 1977,78 .02 .1
PLASTIC 1978 .017
HERMETIC 1978 .025
PLASTIC 1978 .05 .13
HERMETIC 1977,78 v 4 .068 .038
PLASTIC 1977,78 .036
HERMETIC 1977,78 .06
PLASTIC 1978 .045 .075
HERMETIC 1978 .006 .04

TABLE 4-5
FIELD USAGE TRANSISTOR FIALURE RATES IN PERCENT PER 1000 HOURS

b
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means of plant visits. The main point in the conduct of plant visits is that

the use of plastic encapsulated semiconductors requires a close working
relationship between the user and the manufacturer, if the acceptable reliability
is to be maintained. This relationship cannot be maintained by purchase orders,
but requires face-to-face contact.

Incomirg Inspection. In addition to the 100% electrical testing done by the
manufacturer, (and even redundant 100% testing as suggested by the NASA Standard
Flow) each user of plastic encapsulated semiconductors must be prepared to

parform 100% incoming receiving incpection. This should consist of 100% electrical
measurement of the electrical parameters and functionality at least at 25%C and

at other temperatures if possible. The parts engineering organization will be
responsible for defining the electrical test requirements to the quality assurance
organization that will perform the receiving inspection.

Parts Selection Lists and Design Guidelines. The parts engineering organization
will be responsible for preparation of the appropriate documentation for communi-
cation of the plastic parts technical information to the design engineers and
other management personnel affected by the decision to use plastic encapsulated
semiconductors. The NASA part Selection Lists will have to be interpreted and
translated into the needs of the particular project with exclusions and additions
as necessary to meet project performance and reliability needs. In addition,
NASA design guidelines will have to be related to the particular system under
design to effect a maximum match between the capdabilities of plastic packaged
parts and the requirements of the system.

4.2 AVAILABILITY

One of the reasons advanced for the use of plastic encapsulated semiconductors

is that because of the imnense quantities of the parts produced there should

be much better availability of these parts than for Mil-qualified parts. This
situation is not always the case, however, and is a changing picture depending
on the demand for each individual part type. A figure such as Figure 1-2

should be constructed by cooperative efforts between the parts engineers and the
materiel organization so that parts which exhibit long lead times can oe avoided.
As a general rule, selection of parts that have several suppliers will result

in improved availability of the parts, even though the demand might be quite
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high. In view of the reluctance of some manufacturers to agree to perform
special screens, even to a NASA Standard Flow, 1t might be expected that the
imposition of any special screens for reliability improvement would result in
agaravation of the availability problem. However it will be found that while
one manufacturer might be reluctant to comply, the next one will be very coop-
erative and agreeable, with the result that availability might not be difficult
at all. The significant factor to be considered is that everv part nurber in a
parts 1ist must have a separate determination of its availability made on a
continuing basis (say month by month) to ensure that the right types of parts
are selected for production assembly. This will permit the tradeoff to be made
between delivery schedules, cost and reliability.

One other factor to be considered in the analysfs of the availability question
is choice or avoidance of advanced technology parts. Designers have a way of
wanting to use the most advanced parts possiblie, whether they are available or
not. If advanced technology parts such as certaun large, fast mchories are
selected and the ma;ufacturer is only shipping parts on allocation (only a
certain percentage of each order will be filled each month), then severe program
schedule delays will result. Generally speaking, the advanced part types are
introduced in hermetic packages rather than plastic packages, with the result
that if the program is counting on low cost plastic parts and only hermetic
parts are available, the schedule picture could be dangerous. The solution would
be to encourage designers to emphasize more mature technology parts in their
designs, particularly when plastic encapsulated parts are to be used.

4.3 COST

The question of cost advantages for plastic parts has been covered briefly in
Section 1, where an example was given for the cost adders involved with plastic
encapsulated semiconductors purchased to several reliability screening options.
Detailed cost data are not currently availabie for all of the manufacturers of
plastic devices. The data are going to have to be obtained by formal requests
for budgetary estimates for performing the NASA Standard Flow on each of various
part types under consideration. When these data become available, they will be
added to this document for additional guidance in the development of a rationale
for the use of plastic encapsulated semiconductors.
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One of the things that must be recognized ir the comparison of costs between
plastic packaged parts and hermetic parts (particularly JAN producte) s the

cost of parts engineering and parts qualification that must be added to tiie plastic
parts. Since the JAN parts are already qualified, the parts engineering costs

are somewhat reduced. However, for the commercial parts, where is a significant
cost for negotiation of purchase agreements, performing qualification tests,
monitoring of the manufacturers, follow up on narts that fail qualification, and
maintenance of standard parts lists that cover all of the approved manufacturers'
part numbers. These costs must be added onto the purchase costs at a rate
determined by dividing the total costs per part number by the total quantity

of the part to be purchased for the program. If, for eximple, it takes three

man months (480 hours) to perform all of the parts engineering and qualification
testing on a single part number from one manufacturer, the cost would be approxi-
mately 480 hours x $40 per hour, or $19,200 for the lot of parts. [f the purchase
quantity is only 1000 parts, the cost adder would be $19.20 per part to be

added onto the approximately $.50 per part purchase cost.

If however, the qualification tests could be e«tended to an entire family of
30 vart types, resulting 1n the 519,200 parts engineering cost being spread of
36,000 parts instead, then the parts engineering cost adder would only by

$.64 per part to be added to the $.50 purchase cost. The specific cost trade
offs would have to be computed for each project and for each set of parts.

o
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/
TABLE 1: . FIELD USAGE FAILURE RATE DATA TABULATED BY PART CLASSIFICATION

LNZ YR SRC PART CLASS PART # SCR ENY PK DEY HRS X/iKHR FAILS
209 73 J OIDDE BRIDGE ASSY = io S P 1.1 EB .00089 0
208 73 J DIODE LED - 16 S P 9.1 E8 «0010 8
038 77 8 DIODE LED - 17 7 P 2,7 Eo «012

edu 73 J DIODE PwR - 16 S P 1.9 E9 «0034 62
206 73 J DIODE REF - 16 S P S.,6 EB «0062 337
197 76 H DIODE SS - 17 S P 1.7 E10 ,L001

037 77 B DIQDE SsS - 17 7 P 2.8 E9 « 0074

203 77 H DIODE SS - 17 S P 8,7 E8 «0016 28
205 73 U DIODE SnITCHING - 16 S P 2.7 EIt .00058 1571
e0?7 73 J DIUDE ZENER - 16 ' 5 P 4,0 EB8 .0u18 6
122 78 F LSI BIPOLAR PROM = 16 S P 8.4 Es «011

2Bl 72 SA LS1 BIPOLAR RAM - 16 6 P 4,1 Eo .128

259 76 RAC LSI CHMOS COUNTER 4020 13 ) P 4,5 Eo .021 0
€52 76 RAC LS] ECL PROM 1307 13 5 P 8,8 Eo «023 1
007 74 A LSI LINEAR - 16 5 P 1,6 E6 . 058 0
015 74 A LSI LINEAR - 16 S # 2.4 ES - 0
024 74 A LSI LINEAR - 16 ) P 7.4 Eb «012 0
032 74 A LS1 LINEAR - 16 S H 1.1 €Eo .082 0
0317 74 A LS1 NMOS - 16 S M 9.3 ES - 0
034 74 A LSI NMOS - 16 S H 4,2 Eo .022 ¢
168 76 G LS] NMUS MPROC ° UPo800 1o S P 1.1 E7 «05

257 76 RAC LS] NMOS MPROC 3850 12 9 P 4,3 E7 1.1 402
169 717 G LSI NMOS MPROC UP6800 11 S P f.4 E7 «157

eS8 77 RAC LSI NMUS MPROC 280 13 S P 4,7 ko 16 ()
253 76 RAC LS1 NMUS RAM 2102 13 S P 1,2 kb 2076 0
254 77 RaC LSI NMQS RaM 409s 13 S P 6.4 kS +«0uo 2
204 77 RAC LSI NMOS PaAM 4096 . 13 S 4 3,1 Eo «17 4
121 78 F LS] nNMOS kaM - 16 S P 3,3 ko «028 0
165 70 G LS] NM0OS IKRAM 2102 lo S P S.7 &7 «VD

166 717 & LSI NeUS LRRAM 2102 1o S P 1.2 EB «07

o7 76 LS]1 NMOS IKRAM 2102 1o S P 1,0 EB «055

219 73 J LS1 P%0S 1404 1o S H 2.3 E9 «011 2o
ees 15 J LS1 PMUS 1404 12 S h 4,2 Eo U222 0
203 75 KAC LSI PMOS - 13 6 H 1,8 &7 .13 22
192 76 H LSl PM@S - 17 S P 3,0 EB « 045

261 76 RAC LSl PMOS 5009 13 S n 1,2 L7 .15 1o
262 16 RAC LS] PMGS 1013 13 5 M 1,0 E7 o1l 9
039 77 & LSl PMUS - 17 8 P 0.5 Eo «25

199 77 hn LS1 PHus - 17 5 P S.1 E7 «005S 31
236 77 RAC LSI PmGH - 13 7 P 2.4 EB «0e% o7
Q40 78 b LS1 PMOS - 17 8 P 0.5 to 010

276 7 34 LS] PMQS CHAR GEN = 1o ) F 8,22E0 «029

280 72 Sa LS] PMOS RAM - 1o 6 ¢ S.,0 E8 .019

277 72 SA LS] PMOS ROM - lo ® P S E7 «0uT78

279 72 SA LSl PHMUS S/R - - 16 () P 1.0 E7 .04l

255 76 RAC LS1 PMOS S/R S007 13 S P 2.5 E7 .12 26
ito 73 0O LS] RaAn HODULE 12 a C 1.5 Eks «0062 v
113 73 © LS) RAM HODULE 12 4 C 8.7 Eo «31 e5
111 7¢ D LS1 RAM MODULE 12 4 C 1.5 Eo «062 M
114 74 v LS] RaAM RnODULE 12 4 C 6.8 to 20 17
112 715 © LSI kRAM MODUL E ) 4 4 C 9.2 ES .22 1
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TABLE 1: FlELD USAGE FAILURE RATE DATA TABULATED BYQPARIlCLASSIFICATION

LN YR SRC PART CLASS PART = SCR ENV  PK DEV HRS X/1KHR F/
008 74 A LSI STTL ) - 16 S P 1.6 Eb «058 0
016 74 A LSI STTL - 16 5 #H 3,2 €Eo «025 0
025 74 A LSI 8TTL - 16 S P 9.6 Eb . 044 3
033 78 A LSI STTL - io S H 1.8 Eo «063 0
132 76 G MSI ECL 10102 16 S H 2.9 E7 «10

133 77 6 MS]1 ECL 1010¢ 106 S n 7.2 E7 +033

134 78 G MS1 ECL 10102 16 S H 7.8 E7 , 044 x
005 74 A MSI HTITL - 16 5 P S.1 Es ,018 0
014 74 A MS1 HTITL - 16 S H 8,0 ES «25 1
023 T4 A MSI HTTL - 16" S P 2.3 E7 «027 S
0331 74 a MSI HTTL - 11 S K 3.5 Eo .020 0
235 77 RAC MSI LSTTL - 12,13 4 P 2.3 E7 024 0
251 77 RAC MSI LSTTL 25L515 12 S P 2,6 Eb .036 0
173 716 G MSI LSTTL FF 74LS574 106 S P 3.6 E7 «013

174 77 6 MSI LSTTIL FF 74LS74 16 S P 8 27 008

175 718 G ,MSI LSTTL FF 74L574 16 S P 2.0 €8 .008

e17 13 J M3I LTTL . - 16 S P 3.7 t9 <068 242
256 71 RAC MS] PMOS - 13 9 P 2,6 E9 .052 1321
005 74 A mMS1 STTL - 1o S P 2.2 E7 039 7
013 74 & MS] STTL - 16 S H 3,3 to .028 0
022 74 A MSI STTL - ‘16 S P 1,1 EB «0U070 7
030 74 A MSI STITL - lo S h 1,7 E7 .0055 0
2Su 76 RAC MS] STTL - 13 S P 5.2 E7 .036 17
¢b0 76 RAC MSP STTL 32074 13 S # 3.5 Eo .0206 0
234 77 RAC MSI STTL - 13 4 P 1.1 E7 2019 1
244 77 RAC M8l STTL - S 7.10n 2,4 Eo .038 0
185 76 O MS1 STi1L FF 74874 . 1o ) P 5S.,4 to + 04

14 717 G MS1 STTIL FF 74574 o S . P 1,9 E7 +007

167 76 o MS]l STIL FF 74874 106 ) P 2.2 E7 0142

218 713 J MSL TTL - 1o S P 3,1 E9 «012 351
004 74 A MS1 TTL - 1o S P 9.6 t7 025 2e
012 74 A MSl TTL - 16 S 1,5 E7 014 1
02y 74 A MSI TIL - 16 S P 7,3 &8 .00706 83
029 74 A MS1 TTL - 1o S Hh 1,} EB8 .000b 0
e2e 15 J MSI TTL - 12 S P S.784 E6o ,016 v
€30 17 KRAL MS] TTL - 13 4 P 3.2 Eo .13 3
237 17 RAC MS1 TTL - 12 4 P 4,9 Eo «019 v
4% 77 RAC MS1 TTL - S 3,6 H 4,8 E7 .0019 0
240 77 wAC MSI TTL - () 3 o 1.3 ko .10 1
247 17 RAC MSI TTL - 4 6,10 B8,3 L7 sVl 1]
2ub 77 KRAC MS] TIiL - 19 2,3 n 3,4 k7 «U2S 7
c49 17 RAC mSI TTL - 13 7 n 1,7 Eo < US54 0
275 72 SA MS] TTL FF - lo 6 P S.0 EB .022

179 76 6 MS]l TTL FF 7474 1o S P 2.4 L8 .02u

180 77 G MSI TTL FF 7474 1o S P 2,3 tE8 2021

119 78 F mSI TTL FF - 16 S P 6,6 Eb V14 0
18t 76 ©6 MS] TTL FF 7474 1o S P 3.2 E8 .0235

274 72 SA mMS] TTL GATE - 16 6 P 1.7 EB .023

1186 78 F #S1 TTIL GATE - io S P 7.7 %o .01¢ v
214 73 J PHOTO ISOLATOR - 16 S P 2.0 E9 <03V 6l
144 16 G SCR C1o0682 16 S P 1.6 E7 L0922
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TABLE 31: FIELD USAGE FAILURE RATE DATA TABULATED BY PART CLASSIFICATION

( LN® YR SRC PART CLASS PART ® SCR ENV PK DEV HRS X/1KHR FAl
185 717 © SCR c100682 16 ) P 1.8 EE ollb
146 78 G SCR cio0e6B2 16 5 P 1.9 E7 «09
191 76 H 8§51 CHQOS - 17 S P 2,5 E9 « 004
198 77 n SSI CMOS - 17 S P S.1 E? «0026 q
229 77 K 831 CHOS - 1! S P 4,9 E7 «017 7
115 78 F S$S1 CMOS GATE MEM4900P 12 S P 8,4 ES o 24U b
088 76 € §S1 ECL - 13 S H 1,7 E7 «0066 11
10 76 € SS1 ECL - 13 S P 9,3 E7 « 041 38
099 77 ¢ SSI ECL - 13 S H 6,8 E7 .038 26
102 77 ¢C §S1 ECL - 13 S P 2.5 E8 .029 70
100 78 C SSI ECL - 13 S H 1,0 E8 +03S 35
103 78 C SS1 ECL - 13 S P 2.5 t> 021 51
129 706 G SS] ECL GATE 10102 16 S H 3.9 E7 .039
136 77 6 §S1 ECL OATE 10102 1o 5 H 6 E7? «031
131 78 G SS1 ECL GATE 10102 1o S H 7.5 E7 «039
003 74 A SSI1 HTTIL - 10 S P 1.3 EB +013 15
01t 74 A SSI HTTL - 1o S H 2.0 E7 «004S 0
020 74 A S§S1 HTIL - 16 S P 7 E8 <003 19
028 74 A SSI HTTL - 1o S H 1.1 EB8 «0008 0
270 72 S5A SS]1 LIN - 16 6 P .0 E7 «028
e7y 17 n §S1 LIN CusTuM 12 8 P S.2 E7 +0079
a3y 77 B SSI LN AM PnrR - 17 7 P 4 E7 .05
080 70 C S§S]1 LN OP AMP - 13 S n 7.7 EB «051 39.
083 76 C SS1 LN UP AMP - 13 S P 8,7 E7 .008 59
163 70 0 SS1 LN OP AMP 741 17 ) P 3,5 ES ,001%
19¢ 76 = SSI LN CP aup 1458 17 S P 4,0 €9 «002
041 77 v 8S1 LN OFP aMP - . 17 7 P 8,1 E9 .09
081 77 C , SSI LN OF AMP - 13 5 H 1.5 E9 « 050 72
084 77 ¢ SS]1 LN DOP AMP - 13 S P 1,8 ¢t8 .0206 13
163 77 SS1 LN QP AMP LM7ut io S P 3 ts «007
200 77 H SS1 LN OP AMP 1458 17 S P 2,0 EB <010 4
082 78 ¢ SS1 LN OP AMP - 13 5 H 7,7 EB «U39 30
085 78 C SS1 LN 0P aAmp - 13 ) P 1.1 t8 .022 24
120 76 F SS1 LN OP AMP - lo S P 3,4 Eo .027 0
164 78 6 §S1 LN OP AMP LM741 1o S P 3.9 E£8 087
162 76 G SS1 LN OP AMP L7741 1o S P 3 E8 «101
220 713 J SSI LN VLT REG - 16 S P 2.8 E9 .011 30
ees 15 J S§S1 LN VLT REG - 12 S P 4,0 Eo «U2d U
e2? 715 J SS1 LN VLT REG - 12 S n 4.0 to «U23 0
080 76 C SS] LN VLT RG FlX = 13 S H 3,3 E7 <090 30
086 70 C SS1 LN VLT RG FlIx = 13 S n S.0 E7 +07V 15
089 76 C SS1 LN vLT RG FlIx = 13 S ¥ 4,1 E7 «09¢ e
153 70 6 SSI LN VLT RG FIX = 1o S P 1,47 £7 ,127
Qa2 77 B 551 LN YLT RG FIX = 17 7 P 2.2 E9 .11
087 717 ¢C SSI LN VLT RG FIX 13 5 H 4,5 E7 V02 5¢
090 77 C SSI LN VLT RG FlX = 13 S P 1,1 EB «103 11
154 717 G SSI LN VLT RG FIX = fo S P 1,7 &7 .12
091 7¢ ¢C SS] LN VLT RG FIXx = 13 5 P 7.4 E7 +0usS 33
165 7186 G SS]1 LN LT RG FIXx = io S P 2.7 E7 U073
092 70 C SS] LN VLT RG YAR = 13 S H 1,2 té& .122 1¢
09% 70 C §S1 LN VLT RG VAR = 13 5 P 6.3 Eo «320 et
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TABLE 1: FIELD USAGE FAILURE RATE DATA TABULATED BY PART CLASSIFICATION

LN® YR SRC PART CLASS PART 8 SCR ENV PK DEV HRS X/1KHR F» 3
156 76 G SSI LN VLT RG VAR = 16 S H 4,8 E7  ,L175
093 77 C SS1 LN VLT RG VAR = 13 5 H 2.6 E8 112 296
096 77 C SSI LN VLT RG VAR = 13 5 P 1,5 E7  .298 44
157 77 G SSI LN VLT RG VAR = 16 5 H 4,5 E7 17
094 78 C  SSI LN VLT RG VAR = 13 5 H 1.2 EB  L100 118
097 78 € SSI LN VLY RG VAR = 13 S P 1.1 E7 140 16
158 78 G SSI LN VLT RG VAR 16 5 H 5.9 E7 .1248 ° . Y
224 75 J  SSI LSTTL - 12 5 P 1.80 E7 ,0051 O
232 77 RAC SSI LSTIL - 12,13 4 P 1.3 E6 LU7 0
170 76 G SS1 LSTTL GATE 74LS00  lo S P 3.8 E7 .01 .
171 77 G SSI LSTTL GATE 74L500 1o 5 P 1,0 E8  .00S 3
172 78 6 SSI LSTIL GATE 74LS00 16 5 P 2 EB .002
215 73 J  SSI LTTL - ) 5 P 1.4 E10 .0047 656
002 74 A SSI STIL - 16 5 P 1.9 E7 .0049 O
Olv 74 A SSI STTL - 16 S h 3,6 E6 026 0
019 74 A  SSI SITL - 16 5 P 1,1 E8 L0029 2
027 74 A 881 S(TL - 16 5 H 1,6 E7 .006 -0
223 75 J  SSI STTL - 12 S P 1.77 E6 L0S2 0
231 77 RAC SS1 STTL - 12,13 4 P 6,8 E6 L0144 0
238 77 RAC SSI STIL - S 6,10 H 4.4 E6  .021 0
182 76 G SSI STTL GATE 74500 10 5 P 3.6 E7 .017

L 183 77 & 5SI STTL GATE 74500 lo 5 P 4.5 E7T .018
164 78 G  SS1 STTL GATE 76500 lo 5 P 8,1 ET ,02

® 265 72 SBM S§SI TTL - 12 4 b 1.5 E7 ,028 3
oo 7¢ S$BM SSI 170 - 12 4 H 9,9 Eo +054 4
207 72 SBM 55i 1TL - 17 4 n 4,7 E6  ,043 1
268 72 SEM SSI TTL - 12 a P 3.3 Eo .028 0
269 72 SBM SSI TTL - 12 4 P 8.4 o ,024 1
270 72 SHM S31 TTL - 17 ° 4 P 1.5 E7 .022 e
216 73 J  SS1 11L - 1o 5 P 9.1 E9Y  .0U90 807
001 74 A SSI TTL - lo S P 1,5E7 .042 S
009 74 A  SSI TTL - lo 5 H 2.3 Eo .04 0
01& 74 A SSI TTL - 16 5 P 1,3 E8  ,00S 5
026 76 A SSI TTL - o s H 1.9 E7T  .005 0
221 75 J  SSI TIL - 12 s P 1,02 E6 .090 0
228 77 K SSI TTL - 11 ) & 6,9 E7  L0:5 6
233 77 RAC SSI TTL - 12,13 4 P 5,5 Eo  L017 v
239 77 RAC SSI1 TTL - 4 0el0 B 7.4 ET7 L0027
240 77 RAC SSI TTL - 5 3 no1.7 £E7  L012 1
261 77 RAC SSI T1TL - 6 3 n 5,8 Eo L1l 5
24g 77 RAC SS1 1L - 10 2 n 1.7 BT L025 3
243 77 RAC S$SI TTL - 13 7 H 2.0 Eo  .U3b v
273 72 SA S$S1 TTL FF - 1o 6 P 3,2 E8  L022
117 78 F  §S1 TTL FF - 16 5 P 5.5 Eo 017 v
272 72 SA SS1 TTL GATE - 16 6 P 1.9 E9  .012
176 7o G SSI TTL GATE 7400 lo S P 3.4E8 L021
177 77 6 SS1 TIL GATE 7400 1o 5 P 3,95Eb6 .02¢
116 78 F  SS1 TTL GATE - ) 5 P 2.1 E7  ,00ua @
178 78 G SS1 TTL GATE 7400 10 s P 4,6 E8 L0
104 706 C  SSI/MS1 CMOS - 13 5 n 3.6 ET  .0S6 2¢
107 76 C  SSI/MS1 CMOS - 13 5 P 3,5 &8 .029 i
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TABLE .1: FJIELD USAGE FAILURE RATE DATA TABULATED BY PAR1 CLASSIFICATION

LN® YR SRC PART CLASS PART » SCR ENY PK DEV HRS XZ/innR FAl
108 77 C 8§SI/mMS1 CMOS - 13 S H 1,1 E8 «033 34
108 77 ¢C §S1/7MS1 CMQS - 13 S P 6.8 EB «025 170
106 78 C SSI/MS1 CMOS - 13 S H 8,1 &7 « 031 es
109 78 ¢C SSI/MS]1 CHOS - 13 5 P 4,1 EB8 « 024 99
1t 713 J TRANS PnR NPN - lo 5 P S.0 E8 «013 68
068 76 C TRANS PwR NPN - 13 5 H 2,9 E8 « 065 188
071 76 C TRANS PwR NPN v e 13 S P 1.9 &8 «077 . 146
123 76 G TRANS PuaR NPN TiIP31A 1o S P 6.2 Eb .022

i2o 76 & TRANS PnR NPN TiPd47 io S P 1,087 .053

069 77 C TRANS PwR NPN - 13 ° 5 H 6,0 EB 060 390
07¢ 77 C TRANS PwR NPN - 13 S P 3.8 £8 « 065 246
124 77 6 THANS PaR NPN TIP31A 16 S P 1,2 E7 . 059

127 717 & TRANS PwWR NPN TiPu? 16 S P 1,5 E7 «23

070 78 € TRANS PaR NPN - 13 S n 2.8 E8 .098 274
073 78 C TRANS PmR NPN - 13 S P 1,7 EB «050 87
126 78 6 TRANS PwR NPN TIP314A 16 S P 1.2 E7 009

128 78 6 TRANS PnuR NPN ~T1P47 Y 5 P 2.5 E7 o127

212 73 J TRANS PWR PNP - le 5 P 4,5 ES8 .023 100
07a 7o C TRANS PwR PNP - 13 S P 6,9 EE 047 32
077 76 C TRANS PnR PNP - 13 S P 9.7 EB «058 Se
035 77 8 TRANS PnR PNP T eNi7d 17 7 H 3.6 E9 «03

078 77 ¢ TRANS PmR PNP - 13 S H 1,5 E8 . 055 131
078 77 ¢ TRANS PnR PNP - = 13 S P 2.0 EB .034 68
070 78 C TRANS PmR PNP - " 13 S n 7.3 t8 +000 44
679 716 C TRANS PwR PNP - 13 S P 1.1 EH « 038 18
¢So 78 C TPANS S§S NFET - 13 S H 3.37 E8 .028 94
059 76 C TRANS SS NFET - 13 S P 2.1 E8 .081 173
147 76 G TRANS SS NFET - io S P 1.1 t8 «131

150 70 G TRANS S5 NFET - 1o 5 n 8,0 Eo <032

0s7 77 C TRANS SS NFET - 13 S n 7,0 EB8 « 051 356
060 77 ¢ TRANS SS NFET - 13 S P 4,0 EB .0806 339
148 77 G TRANS SS NFET - {o S P 1.2 EB 120

151 77 G TRANS SS NFET - io 5 H 2.0 &7 « 005

056 78 C TRANS SS NFET - 13 S H 4,1 EB .04y 182
06l 78 C TRANS 5SS NFET - 13 S P 2.0 EB «076 152
149 76 G TRANS 55 NFET - 1o S P 1,6 t8 .075

152 78 6 TRANS SS NFET - 16 S n 2.1 E7 0206

210 73 J TKANS SS NPN - 1o S P 4.0 E9 010 450
Qug 76 C TRANS 55 NPN - 13 S " 1,44 E9 .05 355
047 70 C TRANS SS NPN - 13 5 P 3.0 E9 L017 5394
135 76 G TRANS S5 NPN enz2zazee 1o S n 5,3 &7 .22

138 70 G TRANS SS NPN enNg2le 1o S n 7,2 E7 .090

181 76 G TRANS SS NPN 2N3439 lo S n 7.8 E7 .129

159 76 G TRANS SS NPN eN39uy lo S P 1.4 E9 .024

168 706 6 TRANS SS NPN 285951 1o 5 P 3,2 E8 . 085

185 70 ™ TRANS SS NPN - 17 ) P 2.9 E9 +U0usS

030 77 B TRANS SS NPN - 17 7 P 2 E9 «U1

048 77 ¢ TRANS SS NPN - 13 5 M 2.92 E9 .v24 703
ouy 77 C TRANS SS NPN - 13 S P 7.0 E9 o016 1093
136 77 o TRANS SS NPN 2ne2ae lo 5 H 7.0 E7 .0215

130 77 © TRANS SS NPN 2Ne2l9 1o S n 8,0 E7 «043
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TABLE .1 FlELD USAGE FAILURE RATE DATA TABULATED BY PART CLASSIFICATION

LN# YR SRC PART CLASS PART = 'SCR ENV PK DEV HRS X/IKHR F,
162 77 6 TRANS 8S NPN eN3439 16 5 H 8.2 E7 «0986

160 77 G TRANS SS NPM N394 16 5 P 1.8 E9 020

189 77 & TRANS SS NPN eN5551 16 S P 4,0 E8 .080

e01 77 M TRANS SS NPN - 17 S P 1.3 ES8 <0026 6
046 78 C TRANS SS NPN - 13 S H 1,6 E9 «025 396
049 78 C TRANS S3S NPN - 13 S P 3.6 E9 «013 ..ae8
137 78 6 TRAMS SS NPN 2N2222 16 ‘5 H 9,4 EB «019 | s
140 78 6 TRANS S5 NPN 2N2219% 16 S H 1,0 EB .03 - B
143 78 6 TRANS SS NPN 2N3u3s 1o ) H 1,0 EB « 103

16 78 6 TRANS S5 NPN 2N3904 e 5 P 2.3 E9 ,015

190 78 6 TRANS SS NPN 2N55514 1o S P S.0 E8 «063

vee 76 C TRANS 8§35 PFE1 - 13 S H 1.9 E7 005 0
065 76 C TRANS S§S PFET - 13 S P 9.2 E7 «031 29 .
063 77 C TRANS SS PFET - 13 5 H 1.4 E7 «030 2
066 77 C TRANS SS PFEY - 13 S P 1.1 EB «033 35
064 78 C TRARS SS PFET - 13 S n 7.9 Eo .012 0
067 78 C TRANS SS PFET - 13 5 P S.S E7 .042 c3
213 73 J TRANS 8S PNP - 1o ) P 3,6 E8 « 029 102
050 76 C TRANS S§S PNP - 13 5 H 1.2 E9 027 315
053 76 C TRANS §S PNP - 3 S P Q2.4 E9 «023 5S¢0
0S5t 77 C TRANS SS PNP - 13 S H 2.3 E9 «026 585
0Sg 77 C TRANS SS PNP - 13 S P 5,0 E9 «021 1041
202 77 n TRANS SS PNP - 17 5 P +3 &8 .0026 6
052 78 C TRANS SS PNP - 13 S H 1.1 E9 « 025 ee
055 78 C TRANS SS PNP - i3 S P 2.7 ES 2017 4¢
196 76 n TRAN S5 PNP - 17 S P 2.9 £9 »004S

ORIGINAL PACE IS
OF POOR QUALITY
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TABLE 2: FIELD USAGE FAILURE RATE DATA TABULATED IN USER SEGQUENCE

LN® YR SRC PART CLASS PART s SCR ENV PK DEV HRS X/1KHR FAILS
001 74 A §S1 TIL - 16 S P 1.5 E7 <042 S
002 74 A 8§51 STTL - 16 S P 1.9 &7 .0049 0
003 73 A SSI HTTL - 16 S P 1.3 EB «013 15
008 74 A MS1 TTL - to 5 P 9,6 E7 «025 22
00S 74 A MSI STTL - 16 5 P 2.2 E7 «039 7
0vS 74 A M3I HTTIL - 1o S P S.1 Eo .018 0
067 74 A LS1 LINEAR - 16 5 P 1.6 Eb «058 0
008 74 A LSl STTL - 1o S ? 1.0 Eo .058 0
009 74 A SSI TTL - 16 S H 2.3 Eb 04 0
010 74 A SSI STTL - 16 S H 3.0 to .020 0
011 74 A SS1 HTTL - 16 S H 2.0 E7 . 0045 0
012 74 A MSI TTL - 1o S H 1.5 E7 <014 1
013 74 A MSI STIL - 16 ) H 3.3 ko .028 0
014 74 A MS1 HTTL - 10 5 H 8,0 ES 25 1
015 74 A LSI LINEAR - 1e S H 2.4 ES - 0
016 74 A LSI STTL - 16 S H 3.2 Eo «025 0
017 74 A LSI NMOS - 16 ) n 9.3 ES - 0
018 74 A 8SI TTL - 16 S P 1.3 E8 005 S
019 74 A §S1 STTL - 1o S P 1.1 E8 .0029 2
020 74 A SS1 HTTL - fo S P 7 EB «0U3 19
021 74 A MS1 TTL - 1o S P 7.3 EB «0076 S3
022 74 A MSI STTL - 10 3 P 1.1 E8 «0070 7
023 74 A MS1l HTTL - 1o S P 2.3 &7 «027 5
024 74 A LSI LINEAR - 16 S P 7.4 EO .012 0
025 74 A LSl STIL - io S P 9.0 to LUuU 3
C26 74 A S31 TTL - 16 -] H 1.9 E7 «005 0
027 74 A §S51 ST1L - 16 S H 1.6 E7 .0006 0
028 74 A SS1 HITL - 16 S h 1.1 EB8 .0000 v
029 74 A MSI TTL - 1o 5 #H 1,1 E8 «0008 0
030 74 A MSI STIL - 16 5 H 1.7 t7 «0055% J
031 74 A MS1 nTTL - 11 5 H 3.5 Eo «026 0
032 74 A LS1 LINEAR - 16 ) H 1.1 Eb .082 0
033 74 A LSI STIL - le 5 H 1.4 Eo «003 v
034 74 A LSI NMOS - 1o S H 4.2 £6 S22 o
035 77 8 TRANS PrR PNP 2N174 17 7 H 3.6 t9 .03
036 77 3 TRANS SS NPN - 17 7 P 2 E9 .01
037 77 8 DluDE SS - 17 7 P 2.8 E9 «0074
038 77 8 DIOOE LED - 17 7 P 2.7 Eo .012
039 77 B LSl PHMyS - 17 8 P V.5 Eo 25
040 78 8 LSI P“US - 17 8 P 0.5 Eo «.01lo
0a)} 77 8 SS1 Ln QP AMP - 17 7 P 8,1 9 .05
0u2 77 8 SS1 L™ YLT RG FIx = 17 7 P 2.2 E9 oll
0a3 77 8 SSI LN An PrR - 17 7 P 4 &7 .05
0a4q 76 € TRANS SS NPN - 13 S H .44 E9 L0025 35S
045 77 ¢ TRANS SS NPN - 13 S H 2,92 E9 ,024 703
0a6 78 C TRAMS SS NPN - 13 S H 1,6 E9 .025% 390
0a7 7¢ € TRANS SS NPN - 13 S P 3.0 E9 .017 S9s
048 77 ¢ TRANS SS NPN - 13 S P 7.0 E9 «0106 1093
049 78 ¢ THANS SO NPN - 13 S P 3.6 E9 «013 468
050 76 ¢€ TRANS SS PNP - 13 5 M 1.2 ES .027 315
051 77 ¢C TRANS SS PNP - 13 S # 2.3 E9 . 020 585
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TABLE 2; FIZLD USAGE FAILURE RATE DATA TABULATED IN USER SEGUENCE

LN® YR SRC PART CLASS PART & SCR ENV PK DEV HRS X/1KHR Fs &
352 78 C TRANS SS ©ONP - 13 5 H 1.1 E9 »025 280
083 76 C TRANS S8 PNP - 13 S P 2,4 E9 «023 550
054 77 C TRANS SS PNP - 13 S P S.0 E9 o021 1041
055 78 ¢C TRANS 5SS PNP - 13 S P 2,7 E9 o017 860
056 76 C TRANS SS NFET - 13 S H 3,37 E8 ,028 94
087 77 € JRANS SS NFET - 13 5 H 7.0 ES8 051 356
058 78 € TRANS 8S NFET - 13 S H 4.1 EB 044 182
059 76 C TRANS SS NFET - 13 S P 2.1 E8 .081 173
060 77 C TRANS SS NFET - 13 5 P 4.0 EB «086 339
06l 78 C TRANS SS NFET - 13 S P 2.0 E8 .070 152
062 76 C TRANS 8S PFET - 13 S H 1.9 E7 005 1] .
063 77 C TRANS SS PFET - 13 S M 1.4 E7 .030 2
064 78 C TRANS SS PFET - 13 5 H 7.9 Es .012 0
065 76 C TRANS SS PFET - 13 5 P 9,2 E7 0031 29
066 77 C TRANS SS PFET - 13 S P 1,1 ESB «033 3s
067 78 C TRANS 8S PFET - 13 5 P S.5 E7 042 23
068 76 C TRANS PrR NPN - 13 S H 2.9 E8 .0065 1868
069 77 C TRANS PnR NPN - 13 S H 6,0 E8 .000 390
070 78 € TRANS PWR NPN - 13 S H 2.8 E8 <098 274
071 76 C 1RANS PWR NPN - 13 5 P 1.9 EB8 « 077 1do
072 77 € TRANS PnR NPN - 13 S P 3,8 E8 <065 LT
073 718 ¢ TRANS PnwR NPN - 13 S P 1.7 EB «0S0 87
074 76 C TRANS PnwR PNP - 13 5 P 6,9 £8 . 047 3
V75 717 C TRAMS PnR PNP - 13 S H 1.5 ¢t8 « 055 1°
076 78 C TRAMNS PwK PNP - 13 S H 7.3 &8 «06U aq
077 70 C TRANS PwR PNP - 13 S P 9,7 EB8 «053 Se
078 77 C TRANS PwRk PNP - 13 5 P 2.0 E8 +034 68
079 78 C TRANS PWR PNF - 13 .S P 1.1 E8 «036 3a
080 76 C SSI LN UP AMP - 13 S W 7,7 EB «051 393
veél 77 C S§SI LN OP AwP - 13 5 #H 1,5 E9 « 050 726
082 78 C SS1 LN OP AMP - 13 S H 7,7 E8 «039 304
083 70 C SS1 LN OP aAMP - 13 S P 8.7 E7 .008 S9
084 77 C SS1 LN OP amMP - 13 5 P 1.8 E8 .020 139
085 78 € SS1 LN OP AMP - 13 9 P 1.1 EB .022 24
080 70 C SS1 LN /LT RG FIX = 13 S H 3,3 &7 « 090 30
087 77 C SS1 LN VLT RG FIXx = 13 S H 4,5 E7 «002 59
088 70 C SSI LN VLY RG FIX = 13 S n 5,0 E7 «070 3s
069 76 C S§SI LN VLT RG FIx = 13 S P 4,1 E7 . 092 35
090 77 C SSI LN VLT RG FlIx = 13 S P 1.1 E8 «103 11¢
091 76 C SS1 LN VLT RG FIXx = 13 S P 7.4 E7 «0usS 33
092 76 C SSI LM VLT RG VAR = 13 S n 1,2 E8 .122 147
093 77 ¢ SS51 LN vLT RG VAR = 13 S H 2.6 EB .112 296
094 78 C SSI LN VLT RG VAR = 13 S H 1.2 E8 .100 118
095 76 ¢ 8SI LN VLT RG VAR = 13 S P 0.3 Eo e 320 20
086 77 C SSI LN VLT RG VAR = 13 S P 1,5 E7 .298 qu
097 78 C S§S1 LN VLT RG VAR = 13 ] P 1.3 E7 .140 1o
098 76 C 851 ECL - 13 5 W 1.7 E7 +000 11
099 77 C §S1 ECL - 13 S H 6.8 E7 .038 20
100 78 ¢ SS1 ECL - 13 S K 1.0 E8 +035 35
10t 76 C SS1 ECL - 13 S P 9.3 E7 «0ul 3¢
102 77 € $S1 ECL - 13 S P 2.5 EB .029 70
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TABLE 2; FIELD USAGE FAILURE RATE DATA TABULATED IN USER SEQUENCE

¢ LN# YR SRC PART CLASS PART & SCR ENV PX DEV HRS X/1KHR FAJILS
103 78 C SSI ECL - 13 S P 2.5 EB8 «021 St
104 76 C SSI/MS1 CMOS - 13 5 H 3.6 E7 « 056 20
105 77 C SSI1/MS]1 CMOS - 13 S H 1.1 EB «033 3g
106 78 C SSI/HS1 CMOS » 13 S hn 8,1 E7 «031 25
107 76 € 88I/M31 CMOS - 13 5 P 3.5 <8 «029 101
108 77 ¢ SS1/nS1 CHOS .- 13 S P 6.8 E8 025 170
‘109 78 C SSI/MSI CMOS - 13 S P 4.1 EB .0248 %9 -
110 73 © LSI RAM MODULE 12 4 C 1.5 Es .062 0
111 74 D LST RAM MODULE 12 4 C 1.5 Eo 062 0
112 75 O LS]1 RaM MODULE i o4 € 9.2 ES .22 1
113 73 O LSI RAM MODULE 12 a C 8.7 o o 31 25
114 74 D LSI RAM MODULE 12 4 C 8.8 Eo «20 17
115 78 F §S1 CHOS GATE MEMA900P 12 5 P 8.4 ES .24 1
116 78 F SSI1 TTL GATE - 16 5 P 2.1 E7 . 004y 0
117 78 F §S1 TIL FF - 16 S P 5.5 E6 <017 o -
118 78 F MSI TTL GATE - 16 S P 7.7 Eo «012 0
119 78 F MSI TTL FF - 16 5 P 6,6 Eb .014 0
120 718 F SSI LN OP AMP - 16 S P 3.4 Eb .027 0
121 78 F LSI NMOS RAM - 1o S P 3,3 Eo .028 0
122 78 F LSI BIPOLAR PROM = 10 S P 8.4 Eb <011 (]
123 76 © TRANS PnR NPN T TiP31A 1o S P 6.2 Eb .022
124 77 G TRANS PwR NPN TiIP314A 16 5 P 1.2 E7 059
125 718 6 TRANS PnAR NPN TiP31A 16 S P 1.2 E7 « 009
120 76 6 TRANS PnR NPN TiP47 16 S P 1.b6k7 <053
12?2 717 & FTRANS Far NPN Ti1Pa7 1o 5 P 1.5 E7 .23
128 78 6 TRANS Pnx NPN TiP47 16 S P 2.5 E7 .127
129 76 © SS1 ECL GATE 10102 . 1o S H 3,9 E7 «039
130 77 G SS1 ECL GATE 10102 16 5 H & E7 <031
131 78 G §S1 ECL GATE 10,02 1o 5 H 7.5 E7 .039
132 70 G MSI ECL 10102 1o 5 M 2.9 E7 .10
133 77 6 MSI ECL 1010¢ 1o S n 7,2 E7 «033
134 78 G MSI ECL 10102 fo S H 7.8 E7 L0uu
135 76 G TRANS SS NPN enez2ee io S n S.,3 E7 efc2
136 77 G TRANS SS NPN aNee2ez22 1o 5 B 7.0 E7 .0215
137 78 6 TRANS SS NPN en2ze2 16 5 #H 9.4 EB .019
138 76 G TRANS SS NPN 2N2219 1o 5 H 7.2 &7 .096
139 77 6 TRANS SS NPN 2ngele 16 S H 8,0 &7 . 043
140 78 G TRANS S5 NPN enN2219 lo S H 1.0 EB «03
141 76 O TRANS SS NPN 2N3u4 39 1o ) M 7.8 E7 «129
142 717 6 TRANS S5 NPY eN3ul9 lo S H 8,2 E7 +U9H
143 78 6 TRANS SS NPN e2N3439 16 S H 1.0 ¢8 «1US
144 76 G SCR CloeB2 lo S P 1.6 t7 U092
145 77 G SCR C10obe 16 S f 1.8 EE Y-
146 78 6 SCR Cl0e82 io S P 1.9 E7 .09
147 76 5 TRANS SS NFET - 16 5 P 1,1 EB «131
148 77 G TRANS S§S NFET - ie S P 1.2 EB .1206
149 78 6 TRANS SS NFET - 1o S P 1.n t8 +075
150 76 G TRANS SS NFET - 106 5 M 8.0 Eo .032
151 77 6 TRANS SS NFET - 16 S H 2.0 E7 «065
152 78 G TRANS SS NFET - fo ) Hn 2.1 E7 .020
183 7¢ G SS] LN VLT RG FIXx = 1o S P 1.47 E7T Lle7
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TABLE 2: <IELD USAGE FAILURE RATE DATA TABULATED IN USER SEQUENCE

LN8 YR SRC PART CLASS PART = SCR ENV PK DEV HRS Z/i1KHR F, :
154 77 6 3SI LN VLT RG FIX = 11} S P 1.7 E7 12

155 78 & SSI LN VLY RG FIX = 16 S P 2.7 E7 «073 .
156 76 G 8SI LN VLT RG VAR = 16 S H 4,8 E7 o175

157 717 G 331 LN VLT RG VAR = i6 .S H 4,5 E7 o17

158 718 6 85I LN VLT RG VAR 16 S H 5.9 E7 «128

159 76 © TRANS 38S NPN ..8N3904 16 .5 P 1.8 E9 L0248
160 77 6 TRANS 55 NPN ~ " 2N3904 16 'S P 1.8 E9 0020 v S
161 78 6 TRANS 5SS NPN 2nN3gud 16 5 P 2.3 E9 +015 SRt
162 76 6 $S1 LN OP AHWP LM74} 16 S P 3 E8 «1014 .
163 77 6 SS1 LN OP AMP LM741 16 ° S P 3 E8 067 :
164 78 6 SSI LN OP AMP LM74s - 5 P 3.9 t£8 .087 .
165 76 G LS1 NMOS 1KRAM 2102 16 S P 5.7 ET7 .0b -
166 77 G LSI NMOS IKRAM 2102 io S P 1.2 EB .07 Tl
167 78 6 LS] NMOS 1KRAH 2102 1o S P 1,0 tB «0585 )
168 76 & LS1 NM0OS HPROC UP68C0 lo S P 1.1 E7 «05 .
169 77 G LSI1 NMQOS MPROC ,UPo800 11 S P 1.4 ET «197 .
170 76 6 SSI L3TTL GATE -74LS0u 16 5 P 3,8 E7 W01 <o
17V 77 6 SS1 LSITL GATE 74LS00 16 S P 1.0 EB « 005

172 78 G SSI LSTTL GATE 74LS500 16 S P 2 EB8 .002

173 76 6 MSI LSTTL FF 74LS74 16 S P 3.6 ET 013

174 77 6 MS1 LSTTL FF tr4LsS74 16 S P 8 E7 «008

175 78 G M3l LSTIL FF 74LS74 ¥ S P 2.0 EB . 008

176 76 & SS]1 TTL GATE 7400 io S P 3.4 EB .021

177 17 G SS1 1TL 6ATE 7400 le S P 3.5 tE8 «020

176 78 & 331 TTL GATE ~7400 io 5 P 4,6 EB «V3

179 76 G MSI TTL FF 7474 16 < P 2.4 EB .024

180 77 6 MS1 1TL FF 7474 + 16 S P 2.3 E& .021

181 78 G MSt TTL FF TL74 16 5 P 3,2 t8 « 0235

182 7o G SS1 STTL GATE 74500 fo S P 3.0 E7 .017

183 77 G SS1 STIL GATE 74500 ie 5 P 4,5 E7 .018

184 78 6 SSI STTL GATE 74500 16 5 P 8.1 E7 .02

185 76 G MSI STTL FF 74574 16 S P 5,4 Eo .04

186 77 & MSI STTL FF 745874 ih S P 1,5 ET <007

187 78 ¢ MS] STTL FF 74874 15 ) P 2.2 E7 .0142

188 7o G TRANS S§S NPN eNSSS1 16 S P 3,2 EB .085S

189 77 6 TRANS SS NPN 2N5551 1o ) P 4.0 EB8 »080

190 78 G TRANS SS NPN 2N5551 16 S P S.0 t& .0063

191 76 H §S1 CmUS - 17 S P 2.5 EQ +0Ud

192 76 H LSI PH03 - 17 S P 3.6 E8 . 0uS

193 70 o S§S51 LN QP AMP 741 17 S P 3.0 E9 +O0ul

124 76 n SS1 L~ 0P AMP 1458 17 5 P 4,0 E9 JUV2

195 76 nr TRANS S5S NPN - 17 5 P 2.9 E9 20045

190 70 H TRAN 385 PNP - 17 S P 2.9 E9 .004S

197 76 H Di0ODE SS - 17 5 P 1.7 E10 ,00}

198 77 # 8SI CMOS - 17 S P S.1 E7 .0026 4
199 77 n L3I PMQS - 17 S P S.i ET +065 31
200 77 n 5S1 Lh 0P AMP 1458 17 S P 2.0 EB8 +010 4
201 77 M TRANS 5SS NPK - 17 S P 1.3 t8 L0026 6
202 77 n TRANS SS PNP - 17 S P 1.3 E8 .0020 6
203 717 n DIODOE SS - 17 S P 8,7 t8 « 0010 ce
204 73 J D10DE PwK - 1o S P 1,9 ES .0034 oe
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TABLE 2. FlELD USAGE FAILURE RATE DATA TABULATED IN USER SEQUENCE

LN® YR SRC PART CLASS PART » SCR ENV  PX DEV HRS X/1XHR FAlILS
205 73 J DIODE SwlTCHING - 1o S P 2,7 E1l ,00058 }S71
ele 73 J DIVUDOE REF - io ) P S.o E8 «00c 3137
207 13 J DIVDE ZENER - io S P Q.0 EB8 +0018 ()
208 713 J 0100t LED - 1o S P 9,1 EB8 «0010 8
209 73 J D10DE BRIDGE ASSY = 16 5 P 1.1 EB .00089 0
210 73 J TRANS SS NPN - 10 S P 4,0 £9 «U10 . 450
21y 13 J TRANS PwR NPN - fo ) P S.o E8 <013 68
212 13 J TRANS PwR PNP - to 5 P 4,5 E8 «023 100
213 13 ) TRANS SS PNP - lo S P 3.0 &8 029 102
Qla 713 U Prytu ISOLATOR - to ) P 2.0 E9 «030 ol}
215 73 J SSI LT1L - 1o 5 P 1.4 El10 ,0047 556
2i6 13 J §51 11U - 1o S P 9.! L9 U090 807
217 13 M51 LTIL - 16 S P 3,7 9 «0D8 2ue
218 73 J MST 114 - lo S P 3,1 E9Q .012 351
219 13 J LS1 PmMQOS 1404 le ) W 2.3 E9 o011 236
eeo0 13 J S51 LN VLT REG - 1o 5 P 2.8 t9 <011 307
221 715 J SS1 TTL - 12 S P 1.02 Eo ,L090 0
222 15 J MSI TTL - 12 S P 5,78 Eo .01lo 0
223 18 J SS1 SITL - 12 S P 177 E6 L0592 0
224 15 J SS1 LSTTIL - 12 S P 1.80 E7 L0051 0
229 15 J SS1 LN VLT REG - 12 S P 4.0 to «023 0
226 15 J LSl PMOS 1404 12 S " 4,2 Eo .022 v
e2r 715 J SS1 LN vLT REG - 12 S H 4,0 Eo + 023 v
228 17 n S$St T - 11 S P 4,9 E7 «ULS )
€29 77 K SS1 (H0S - H S P 4,9 L7 «017 7
230 17 RAC LS! PmMOS - 13 7 P 2.4 tB «029 o?
231 77 wAC SS1 StlL - 12,13 ¢ P o.8 Eo +Ul4 v
232 717 RaAC SSI LSTIL - 12,13 & P 1.3 to e 07 0
233 77 wKAC S5 1L - 1¢,13 4 P 5.5 to «U17 v
234 77 RAC MS]1 STiL - 13 d P 1.1 t7 <019 11
23S 77 Ka% MS] LSTIL - 12,13 4 P 2.3 t7 024 0
236 7171 RAC M5} T1L - 13 4 P 3.2 to .13 3
237 17 KRAC Myl V1L - 12 4 P 4,9 to 019 0
238 77 RAC 55} StIL - S 0,10 K 4,4 Lo .021 V]
239 17 RAC SSI 1Ty - 4 0,10 7.4 E7 Su27 1
24y 77 RAL SSI1 T1L - S 3 Ho 1.7 k7 012 1
24l 77 kAL SSI 1L - o 3 H S.,b ko .11 5
2ue 17 RAC SSI1 1L - fv e 1.7 t7 025 3
243 77 RAC S$SI it - 13 7 n 2.0 ko TR Y v
244 77 WAL My! SIlL - ) 7,610 n 2,4 to EY. 0
24S 77 KA( MS) Tl - S d,0 n 4,8 t7 SJUULLY v
2do T7T RAL %51 Tl - 6 3 no1.3 to .10 1
247 77 wAC %Sl 171U - 4 6,10 1 8,3 &7 UV v
248 77 RAC Myl TTL - iv 23 n 3.4 7 « 025 7
249 77 KAC NS TTL - 13 7 n 1.7 to Y] 0
250 76 RAC mS] STTL - 13 S P S5.,2 t7 EY.) 17
291 17 k&L MS| LSTIL 25LS15 12 S P 2.6 tb .030 v
252 76 kAL LS! ECL PRuUM 1307 13 S P d.8 to P i
293 7o KMAC LSI NMJS RaAmM 2llc 13 5 P 1.2 o VIR N v
254 771 waAC LS] N™uS RaAM 4990 13 S P o0.4 to «0uw 2
259 76 KRAC LSI PMQS S/R 5007 13 5 P 2.5 E7 .12 ey
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TABLE 2: FIELD USAGE FAILURE RATE DATA TABULATED IN USER SEQUENCE

LNs YR SRC PART CLASS PART » SCR ENY PK DEV HRS X/1KHR FA
256 71 RAZ MS1 PMOS - 13 9 P 2.6 E9 «052 1321
257 76 RAC LSI NMOS MPROC 3850 Q9 P 4,3 E7 1.1 462
é58 77 RAC LSI NMOS MPRGC 280 13 5 P 4,7 ¢o olb b
2S9 76 RAC LSI CMOS COUNTER 4&0co0 13 S P 4,5 EO «021 0
260 76 RAC MSI STTL 32074 13 S H 3,5 Eb «0206 0
261 7o RAC LS1 PMOS 5009 13 S H 1.2 E7 o159 16
2be 76 RAC LSI PMOS 1013 13 S H 1,0 E7 11 IR
263 715 RAC LSU PMOS - 13 6 H 1.8 E7 13 22
264 77 KRAC LSl NMOS RAM 4096 13 S H 3.1 Es 17 q
ebs 72 SBM SSI TTL - 12 4 n 1,5 E7 .028 3
ébo 72 SBM SSI TTL - 12 4 H 9.9 Eo «054 4
267 72 SBM SSI1 TTL - 17 4 H 4,7 Eb . 043 1
268 72 SBM SSI T1L - 12 4 P 3.3 te .028 0
269 72 SBM SSI TTL - 12 ] P 8,4 Eo 024 b
27uv 72 SBM SSI1 TTL - 17 ] P 1.5 E7 .022 2
271 17 K SSI LIN custom 12 8 P S,2 &7 .0079

272 72 SA SS1 TTL GATE - 16 (Y P 1.9 E9 012 . R
273 12 SA SS] 1TL FF - 16 6 P 3.2 EB «022 ¢
274 72 SA HS] TTL GATE - 15 (] P 1,7 EB «023

275 72 SA MS] TiL FF - 1o 1Y P 5.6 E8 .022

276 72 SA SS1 LIN - 16 [ P 1.6 L .028

217 72 SA LSl PHOS ROM - flo 6 P S E7 «0078

276 12 SA LSI PMOS CHAR GEN = 1o [ P 8.22E0 «029

279 12 SA LSI PHOS S/R - 1o [ P 1.6 E7 .041

280 72 SA LSl PMOS RAHM - 1o 6 P S.0 €8 019

€8} 12 SiA LS! OIPOLAR RaAM - 16 1.3 P 4.1 Eo «126
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TABULATION OF THE DATA

The data gathered from the users of plastic encapsulated semiconductors described
in the body of this report weretabulated in a single 1isting for analysis on a
year-by-year basis. The listing was first arranged in order of user as shown in
Table D-1. The line number is a convenient key for location of any specific
entry. The year that the part was made is indicated by "YR". The source of the
data is indicated in the "SRC" column which 1{sts the codes for the various user.
The next column is the general classification of the parts, basically following
the designations indicated in Table 2. (see page 11) Where the part number was
known, it is entered in the "PART #" column. In many cases, the data covered

a variety of different part numbers and the specific part number for the entry
could not be listed. The "SCR" column identifies the screen tnat the parts
received prior to installation in the operating equipment, and the "ENV" column
defines the operating environment seen by the parts. The codes for these two
columns are defined in Table 5. (Page 16) The type of device package is defined
in the "PK" column, in which P means plastic, H means hermetic, and C means
ceramic with polymer sealing. The number of operating device hours is listed

for each part type in the "DEY HRS" column which uses the exponential notation

to represent the decimal multiplier (e.g., 1.5 E7 means 1.5 x 107). The failure
rate of the part type is given in percent per 1000 hours, and the number of parts
that failed is listed in the “FAILS" column when it was known.

Ta facilitate the plotting of the failure rates as a function of time for each of
the part types, a re-sort was made of the data listing so as to 1ist the data by
Jart classification. Table D-2 gives the same data as Table D-1, but here the
data are arranged first by part classification and then by year.
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TABLE D=1 FIELD USAGE FAILURE RATE DATA TABULATED IN USER SEUUENCE

LN8 YR SRC PART CLASS PART & SCR ENV PK DEV HRS X/1KHR FAILS
001 74 A SSi TIL - 1o ) P 1.5 E7 .04e S
QU2 74 A Sl SITL - 16 S P 1,9 &7 <0049 v
003 74 A SSI HMTTL - lo S P 1,3 t8 «013 15
V04 74 A MSL TTL - lo S P 9,6 E7  .025 22
uos 74 A M3l STTL - 1o S P 2.2 E7 «V39 7
uusS 74 A MSI HTIL - 10 5 P S.l to 018 0
007 74 » LSl LINEAR - X S P 1.6 to +058 v
003 74 A LSI STTL - 1o ) P 1.0 ko «V58 0
009 74 A SSI TTw - to S H 2.3 Eo LV 0
0t ¢ A o051 STTL - io S H 3.0 to V20 V]
otl 74 A S5l HTITL - o S H 2.0 k7 . 0045 V]
ule 74 A M3l TTL - o S H 1.5 E7 OB 1
V13 74 A MSI STiL - 1o S n 3.3 to 028 v
vld 74 A MS1 HTTL - io 5 H 8,0 S .25 1
Uls 74 A LS1 LINEAR - lo S H 2.4 ES - v}
Vio 74 A LSl srrL - 16 S H 3.2 teo <025 v
ul7 74 A LS1 NMUS - lo S n 9,3 €S - v
018 74 A SS1 TTL - 1o S P 1.3 E8 .005 S
Uiw 74 A SS1 STIL - 1o ) P 1.1 EB8 «0029 2
Vou 74 A SSI HTITL - lo ) P 7 E8 «0U3 19
V21 74 A M31 TTL - io ) P 7.3 E8 +U070 53
022 74 A M51 STITIL - lo S P 1.1 E8 0070 7
023 /d A MSL HTTL - 1o S P 2.3 7 VR S
ved 74 A L3I LINEAR - 16 5 P 7.4 Eo .012 0
U2s 74w LSI oTIL - 1o 5 P 9.0 to +Vud 3
026 74 A SS1 ITL - 16 S H 1,9 E7 005 v
vl 74 A $SI STTL - ¥ 5 H 1,0 E7 U000 V)
028 74 A SS1 niTL - 1o 5 H 1.1 EB «0003 v
Uéy 74 A MSI TTL - ¥ S H 1.1 EB <0008 v}
viu T4 A Sl STIL - lo S H 1.7 t7 +V05Y U
U3l 74 A MS1 nTTL - 11 5 H 3.5 Eo U286 0}
032 14 A Lol LINEAR - 16 S # 1.1 Eo V82 v
U3l 74 A LSI STIL - ie S H 1.4 Eo «003 V)
V34 74 A LSI NMUs - lo S H 4.2 Eb v v
V35 77 9 IRANS PaAR PNP 2Nl 74 17 7 H 3,0 t9 «V3

U3le 77 d TRANY S5 NPN - 17 7 P 2 t9 «01

V37 77 8 DIUDE 55 - 17 7 P 2.8 E9 IR AT

v3ig 717 8 Dlude LED - 17 7 P 2.7 to V12

viv 77 8 LSl P4US - 17 8 P 0,5 Eo .25

0du /8 B LSl PMUS - 17 8 P 0.5 Eo JUlo

vul 77 8 Sol LN Or aMp - 17 ! P 8.1 E9 .05

gdae 77 o 951 LN vLT Ry FIx - 17 7 P 2.2 t9 .11

vuld 77 8 SSI LN AM PwR - 17 7 P 4 E£7 .05

vdd o C [RANS 55 MPN - 13 S H 1,44 9 L0025 354
04y 77 C TRANS S> NPN - 13 S H 2,92 E9  Lu2d 71053
Vdo 73 [RAND 55 NPN - 13 5 H 1.0 &9 VD 3%
va7 e C TRANS S5 NPN - 13 5 P 3,0 t9 «U1L7 998
vdg 17 C {RAND §5 PN - 13 5 P 7.0 E9 Ulo fues
vay 78 C Ikaay S5 \PN - 13 S P 3.0 E9 «Ul3 4ogd
uSy Ie C THans 55 PNP - 13 S H 1.2 E9 «Ue27 51%
ust 17 L Tavy 5> PNP - 13 S H 2.5 E9 V20 SaY
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TABLE D=1 FIELD USAGE FAILURE RATE DATA TABULATED IN USER SEUUENCE

LN8 YR SRC PART CLASS PART = SCR ENV PK DEV HRS %/1KHR F/
082 78 C TRANS S§S§ PNP - 13 S H 1.1 E9 .025 28U
usS3 76 C TRANS SS PNP - 13 ) P 2.4 EY «U23 550
usSd 77 ¢ TRANS 5SS PwnP - 13 ) P S.,0 E9 .021 1041
usyY 78 C TRANS SS PNP - 13 ) P 2.7 E9 «017 40U
0S50 70 TRANS 8S NFET - 13 S H 3,37 E8 .u2b 94
vs7 77 C TRANS SS NFET - 13 S H 7,0 &8 «051 3%0
058 73 o TRANS SS NFET - 13 S h 4,1 Ey .04y 182
059 70 € IRANS 89 NFE) - 13 S P 2.1 EB V81 173
ve 77 C TRANS S5 NFET - 13 ) P 4,0 ko .0b60o 339
vol 74 ( TRANS 33 NFET - 13 5 P 2.0 t8 070 152
0od /o6 C TRANS SS PFET - 13 5 H 1.9 &7 LU0S 0
ves 717 C TRANS SO PFET - 13 S n l.4 &7 <050 2
64 78 C TRANS S5 PFET - 13 S H 7.9 to «012 0
oS 70 TRANS S8S PFET - 13 ) P 9,2 t7 «031 29
vee 77 L TRANS 8S PFET - 13 S P 1,1 Eu «V33 35
Vo7 78 C TRANS SS PFET - 13 S P S.5 b7 J0u2 23
ved 76 € IRANS PrR NON - 13 S H 2.9 £8 «U065S 18b
Vo9 77 C TRANS PaR NPN - 13 S H 6,0 EB +000 390
07v 78 C IRANS PwWR wPN - 13 b) H 2.8 k8 LT 274
07! 70 C IRANS PwaR NPN - 13 S P 1.9 kb w77 l1do
V72 717 C TRANS PwR NPN - 13 S P 3,8 4 «U0Y 246
v73 78 € [RANS PaR NPN - 13 S P 1.7 t3 «050 ¥4
074 706 C TRANS Pak PnaP - 13 S P 0.9 t8 .0u47 32
078 17 C IRANS Pwk PNP - 13 S H 1,5 td «U5Y 15
076 78 C TRANS PwR PNP - 13 S o 7.3 t8 L06U gt
077 70 C TRANS PwaRrR PNP - 13 S P 9.7 E8 «U58 S6
v7ig 77 € THANS PnrR PNP - 13 S P 2.0 EB «034 68
79 78 € TRANS Pnk PnpP - 13 S P 1.1 EB «030 38
udu 7o C SSI LN UP AMp - 13 S H 7,7 t8 .051 393
veét 77 ¢C SS1 LN UP amp - 13 S # 1.5 &9 <50 726
e 76 ¢ Sl LN UP AMP - 13 S W 7.7 E8 «U59 304
083 70 ¢ §S1 LN UP AMp - 13 S P 3.7 t7 <008 S9
veu 77 C S81 LN UP AMP - 13 S P 1.8 EB ry. 139
VHS 78 C 31 LN UP aAmp - 13 S P 1.1 to .022 2d
vdo 7o C SS1 LN VLT RG Flx = 13 S H 3,3 k7 « 090V v
87 717 € 5S1 LN vLT RG Flx = 13 S H 4,5 &7 U2 59
vdg 70 C SS1 unN vLT RG FIX = 13 5 n S.,0 t7 «U70 3S
uBY 76 C SSI N vLT RG FIX = 13 5 P ua,l ET VY 38
Uy 77 € SSI LN VLT Ry FIx = 13 S P 1.1 t8 +103 112
uot 78 C Ssl LN VLT RG FIx = 13 S P 7.4 €7 .045S 33
u9é 1o C S31 LN vLT WL VAR = 13 S n 1.2 t4d .122 147
ey 77 C 591 LN VLT RL vAk = 13 5 H 2.0 to .11 290
you 74 C o951 LV VLT RG VAR = 13 S n 1,2 t38 «lUu 118
095 70 C S§SS51 LN VLT RG var = 13 ) P o.5 te 32V 2u
V9% 77 ¢ Sof LN vLT WG vaAr = 13 5 P 1,5 ¢t7 .298 qu
V97 18 C Sal LN VLT Ry vAKx = 13 5 P 1.1 E7? o 14y Io
V94 70 L 581 eCL - 13 ) H 1.7 E7 .Uoo0 11
U9y 77 ¢ sol ECL - 13 5 H 6.8 t7 Y ¢o
10v I8 C 5S1 ECL - 13 ) H 1,V tsg TR 35
191 76 C SS1 eCL - 1S S P 9,3 7 L4l 58
tue 77 C 551 tCL - 13 S ¥ 2.5 Eb «029 It
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TasLE D-1

LMa YR SRC PaAxT CLASS
1063 78 C SSI tCL

104 70 C SSI/MSI CMUS
10 77 ¢ 391/MS1 CMusS
100 78 € 951/7M481 CMOS
107 76 C 3S1/7481 CmMOS
fos 77 C SSI/MSI CMUS
109 78 ¢ 88174581 CMOS
119 73 © LS] nrad

111 74 O LSI RAv

112 715 Loyl Ram

113 73 v LSI <A+

fla 74 9 W51 Ram

11y 7 F 551 CHMuS Gartt
lio 78 ¢ SS! ITL GATE
117 is8 * S8l TIL FF
118 7A F M31 TTL GAlE
119 78 & M8 TTL FF
120 18 F SSI LN QP AMP
121 1 F LS1I NMUS RAM
122 78 F L3L sIrglar PRUM
125 76 G THANDS PR NPN
124 77 ¢ TRAND PwR NPN
129 78 6 T~ANS PnaR NPN
120 756 O IxaNS Par NPN
127 17 & TRANS Pak NPN
126 718 6 TRANS Pax NPN
19 7o §SI tLL GATE
130 17 G S81 ECL GAILE
131 78 o $31 tCL GATE
132 76 G MST eCL

{53 717 O MS] tCL

134 78 ¢ MS{ ECL

139 76 G IRANS S§S NPN
130 77 o TrRAND 55 NPN
137 786 & TNANS 38 NPu
138 70 v IRANS S35 WPN
139 77 v TRANS S5 NPN
tdu 78 o ITRAND 83 VPN
1dl 7o 0 TRAND S5 NPN
tue 77 & TRAND 55 NON
143 28 o TRANS S5 NPN
ldd 7o o SCr

1dS 77 o SCr

1do 7% o S3Cr

147 70 o fRANS S5 NFET
tug 77 G FNAND 5> NFET
1d9 76 © TRANS S5 NFET
150 7o v [RaN3 85 ~FEI
191 77 o Twany 85 vFET
152 78 o fRanNy 59 vFel
183 7o v 5S1 LN vLT KL Fix

PART =

MUDULE
MOOULE
MOLULE
“ODULE
MODULE
MEMUQQUP

TiP31A
FiP31A
TIP31A
TIP47
T1Pd7
T1Pd7
10102
1vive
1olee-
10102
19192
10102
engeed
engeze
aneéée
2N2219
enNgeys
AT &
N34 i9
FLEY REE)
eN3didg
Livowd
Cidov?e
Civeode

D-5
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SCR

13
13
13
13
13
13
13
12

ENV

VUV UV UV VNV UV VNVAY UGyt nuy e & & csnninavu

PUNBRS

Pn DEV HRS

- s S R YR D D S R D G D P D D G AT D T G D R W T N W G P D L WD O D e T Y WD Y D P G G D T S R T WD A S G5 G R R S WF D AL WP T W T Yk W TR G W .

TIIITCTTLTTLTUVUTLTIIIIITITITIIIITIZITTCTCLECLULLCTTWOUTXTC BT UAMACCOAOTTODIITIIV

L e o e ¢ e o LI * @ * o o e o o . ] . . LI L] L]

VNG = e e vt bt e I N TN ONVNINNUND LN 0 RWHWWHGE NSV X X O QWO =L
T C O LA CNECSCDNEIOWLWEN OUVMOUVUVOIVNNELED NV - LISV AN E Ui

.
-

X}
7
(X}
£7
E8
Ly
£y
to
Es
ES
Eo
Eo
£S
&7
Eo
to
to
Eb

1oal &7

FilelD UDAGE FAILURE RATE DATA TABULATED IN USER SEGUENLE

X/ 1inhi

+u21
00'30
RTEX)
«031
<029
.025
024
.doe
20l
.22
31
.2V
.d“
0uud
JUl7
«V1i2
+Uld
027
.4e8
«Ull
VP-4
.05
V0OV
U3
.23
127
. 039
+031
+039
+10
«Ul3
sWlu
.Oaa
0215
+019
090
L0435
«V3
.129
0498
+lub
U2
.llo
VY
«131
.120
<4975
.42
«UDY
.'J:‘D
.127

o e

FA

51
2y
34
25
10
1M
99

~d W

COCOCOUTrm =N, ~CC
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Taste D-1  ~“LELD USAGE FAILUKE RATE DATA TABULATED IN USER SEWUENCE

LNg YR SKRC PAxT CLASS PART & SCR ENV PR DEV HKRS 4/1KnR  F/ H
154 77 G SSI LN VLT RG FIX = lo 9 P 1.7 E7 .12

1655 /8 o $SI LN VLT KRG FIX = 16 5 P 2.7 k7 <073

156 /1o 6 SSI LN VLT RG VAR = 16 5 H 4,8 E7 «175

187 77 ¢ SSI LN VLT RL VAR = lo S H 4,5 E7 o17

158 718 ¢ SSI LN VLT RG VAR lo ) H $.9 E7 .124

159 76 & TRANS SS NPN 2N3904 lo S P 1.4 E9 «0ad

160 77 6 TRANS 3535 NPN 2N3904d 1o S P 1.8 E9 020

ioel1 78 6 TRANS 85 NPN 2nioud 1o 5 P 2.3 k9 +U15

lo2g 1o 6 5851 uN OP aMP LM74y lo S P 3 E8 «101

163 77 o SS1 LN UP aMP LM7uy lo 5 P 3 £8 0067

164 79 G SSI LN UP AmpP LM74l lo ) P 5.9 8 087

165 76 o LS1 NMUS 1KRAM clve lo S P S.7 &7 +V0

leo 77 & LSI NMUS 1xRAM 2102 io S P 1,2 =8 .07

167 78 G Lol NMUS 1KRAM 2lve io 5 P 1.0 EHN <055

o8 70 & LSI NMUS MPRUC UP6800 1o S P 1.1 E7 « U5

1069 77 G LS1 NMUS MPROC uPo8yd 11 5 P 1.4 E7 « 157

170 76 G SSI LSTIL GATE 4L Sov lo S P 3.8 E/ .01

171 77 6 358 LSTTL GAlE 74LSy0 106 5 v 1.0 t8 <0US

17¢ 718 6 SSI LSTTL GATE 74L 800 lo S ¥ 2 E8 «00e

173 70 b MS] LSTTL FF 74LS74 16 S P 3.0 E7 «013

17d 77 6 MS1 LSTIL FF T4LS74 1o S P 4 &7 +0U8

176 718 6 MS] LSTIL FF 74LS74 lo S P 2.V EB +0U8

176 76 §S1 TTL GATE 7400 io S P 3,4 B8 +021

177 717 6 S3SI TTL GATE 7400 lo S b 3,5 8 .02V

178 78 o SSI TTIL GATE 7400 1o ) P 4,0 EB +03

179 76 o MSI TIL FF 7474 1o S P 2.4 tB8 .24

180 77 6 Mol ITL FF 7474 10 S P 2.3 EY V2l

181 78 mS] TTL FF 7474 lo S P 3.2 t3 +U235

182 70 o SS] STTL GATE 745u0 1o S P 3.0 ET «017

185 77 b SS1 STTL GATE 74590 fo S P 4,5 t£7 .018

184 78 o SS[ STTL GAIE 74S00 16 S P 8,1 E7 +0e

18 7o 6 MSI STTL FF 714574 1o 5 P S.d4 ko Vs

1840 77 O MSI STTL FF 74574 1o P) P 1.5 E7 007

187 718 G MS] STiL FFf 74574 1o 5 P 2.2 E7 .01lude

188 /0 0L TRANS 55 NPN 2nN5551 106 S P 3,2 t8 .85

189 77 @6 TRANS S§S NPN eNSSS51 lo ) P 4,0 EB 038V

190 78 G [RANS SS NPN 2nNSH51 lo 5 P 5,0 &3 V038

191 70 H 5§81 CMUS - 17 5 P 2.5 k9 +JUUd

192 70 o LSI PMOS - 17 S P 3,0 k38 )

193 /o o 351 LN uUP aAMP 741 17 S P 3,0 EY VTR

19¢ 70 n SSI LN UP amMp 1493 17 S P 4,0 E9 .Uy

195 76 n TRANMS 55 NPN - 17 S P 2.9 t9 VY

190 70 n TeaN 35 PNP - 17 S P 2.9 E9 LU04ds

197 710 hn viuot SS - 17 S P 1.7 10 L00t

198 77 n 5S1 Cwus - 17 S P S.1 &7 .Vulo 4
199 77 n LS1 P%0o - 17 5 ¢ S,1 &7 «UDS 1
2un 77 nm 551 L 0P Aup 1454 17 S P 2,0 £ «Ulv 34
2Vl 77 +# THANS 55 NPH - 17 S P 1,3 td +UU20 o
202 717 n TRAND 59 PN2 - 17 5 P 1.3 t38 V020 -]
¢03 77 n vIoLvE S - 17 S P 8,7 t38 «UVlD 28
2oy 75 J viuvt Pax - lo S P 1e9 E9 TEY o¢
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Tagte D=1  FIELD USAGE FAILUKE RATE DATA TASULATED IN USER SEQUENCE

LNR YR SRC PART CLASS PART =& SCR ENV  PK DEV HKNS 2Z/1KnR FAILS
aus 713 g VDIODE SHITCHING - 16 S P 2,7 E11 .00uSd8 1571
evo 73 J DIUVUDOE KEF - io S P 5.0 EB «002 337
207 13 J DIUVLE ZENER - to 5 P 4,0 E8 .0014d [
208 73 J DIUDE LED - io S P 9,1 €8 «0010 )
2ve 73 J DIODE BRIDGE ASSY = 16 S P 1.1 E8 00089 0
clv 73 J TRANS SS NPN - 16 3 P 4,0 E9 «U10 450
a1l /3 J TRANS PWhk NPN - 1o 5 P S.o £8 .013 68
212 73 J TRANS PwR PNP - to 5 P 4,5 E8 U253 100
ety 13 J fRAS SS PNP - lo S P 3.0 c8 029 102
2ld 73 J PHOTU ISOLATOR - fo S P 2.0 E9 «530 oll
215 73 J SS1 LTTL - lo S P 1.4 E10 .uv47 50
210 713 J 391 TTL - 1o 5 # 9,1 E9 ~UU9y 807
217 13 4 MS] LTTL - lo S P 3.7 £9 .0bb 242
218 73 J MS1 TIL - 10 5 P 3.1 E9 «012 351
219 713 J LSI PMOS 1404 16 S H 2,3 E9 +U11 230
2eu 73 J SS1 LN VLT REG - io ) P 2.8 L9 «V1l 307
221 715 J S$SI TIL - 12 S P 1,02 E6 Lu90 0
22 15 J MSI TTL - 12 5 P S5.78 Eo .Ulo 0
223 IS J S8 STTL - 12 5 P 1,77 E6 L,0S52 v
224 15 U4 SSI1 LSTITL - 12 S P 1.80 E7 .00S1 0
225 715 U SS1 LN VLT REG - 12 ) P 4.0 Eo «023 0
226 (S J LSI PMOS 1404 12 -9 H 4,2 ko 022 0
227 715 J SSI LN VLT REG - 12 S H 4,0 Eo <023 [V}
2és8 77 kK SSL T7TL - it S P 4.9 E7 «V1S o
229 77 SSI CMOS - 11 5 P 4.9 E7 «017 7
¢3U0 77 RAC LS1 PMQOS - 13 7 P 2.4 £8 «029 o7
231 77 RAC SSI SITL - 12,13 4 P 6,8 Eb 014 0
232 77 RAC SSI LSTTL - 12,13 4 P 1.3 Eeo «07 0
233 77 RAC SOOI TTL - 12,13 4 P S.,5 Eo «U1l7 0
234 7?7 RAC M3l STIL - 13 4 P 1.1 &7 .019 11
23S 77 KAC M5! LSITL - 12,13 4 P 2.3 E7 024 0
236 17 RAC MSf TTL - 13 4 F 3.2 Eb .13 3
237 77 RAC M3l TIL - 12 4 P 4.9 Eo «U19 0
238 77 RAC >SI STTIL - S 6,10 1 4,4 Eo .021 v
239 77 rAC S$31 TTL - ] 6,10 n 7.4 E7 0027 1
240 77 RrAC 35SI T1L - S 3 H 1.7 k7 012 1
24t 77 RAC SSI ITL - 6 3 H S.8 to o111 5
242 77 RAC SSI T1TL - iv 2 H 1.7 E7 «025 3
243 77 wAC S5S1 T1L - 13 7 H 2.6 EOb «U30 0
244 77 wAC MSI STTL - S 7,10 . 2,4 to «033 0
24S 77 RKAC M3] TTu - S 3,0 1 4,8 &7 JUUlY )
2o 7+ RAC ™MSL TIL - 6 3 H 1.5 to .l 1
247 77 RAC ™SI ITL - 4 6,10 4 8,3 E7 +VUl1l V)
248 77 RAC mSf TTL - 1v 2,3 H 3.4 £7 .025 7
249 77 wAC MS] TTL - 13 7 h 1.7 Eo +UHd 0
250 7o RAC MJL OTTL - 13 S P S.,2 t7 Y 17
251 77 wAC MS] LOSTIL 25LS1S 12 S P 2.0 fo .030 v
252 76 wrAC LS] ECL PRum 13507 13 S P 8.8 E6 «U2s 1
253 7o KAC Lol NMUS =aM 21¢a 13 S P 1.2 £b VU706 v
254 77 rAC Lo! NMUS ram 4096 13 S P 0.4 to 049 e
255 76 KRAC Lol PM0OS S/R S907 13 5 ¥ 2.5 E7 12 28
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TABLE D-1 FIELD USAGE FAILURE RATE DATA TABULATED IN USER SEGUENCE

LNs YR SRC PART CLASS PART #» SCR ENV  PK DEV HRS _%/IKHR F !
256 71 RAC MSL PMUS . - 13 9 P 2.5 E9 <052 1321
257 lo RAC LSI nMQS MPRUC 3850 12 9 P 4,3 E7 1.1 462
258 77 RAC LSI ~NMUS MPRuC 284 13 S P 4,7 Eo .lo 6
259 76 kKAC LSI CMOS COUUNTER 4020 13 S P 4,5 to6 .021 i}
260 76 RAC MS] STTL 3207a 13 S H 3.5 Eb U2t 0
26l 7o RAC LS1 PMOS S0u9 13 5 H 1,2 E7 .15 16
2o 76 RAC L3I PHOS 1013 13 S H 1,0 E7 11 9
263 75 RAC LSI PMUS - 13 & H 1.8 E7 .13 22
2bd 77 waCl LS] NMOS RaAM 4096 13 S H 3,1 to W17 4
265 72 S8M SSI ITL - 12 4 H 1,5 E7 .028 3
2bo 72 SuM SSI ITL - 12 4 H 9,9 tb . 054 4
207 72 SoM SSI TTL - 17 4 n 4,7 Eo .04l 1
2dod 72 SBM 9S1 TTIL - 12 4 P 3.3 to .028 0
26Y 72 SBM SSI TIL - 12 4 P 8,4 Eo 024 1
27u 72 SdM S$SI TTL - 17 4 P 1.5 E7 .022 2
271 717 K SSI tIN CusSTuM 12 8 P S.2 t7 +Uu79

272 72 SA S8Si TTL GATE - 1o 6 P 1.9 E9 +012

273 72 SA SS1 1" FF - 16 6 P 3,2 E8 U222

274 72 SA MS] TIL GATE - ) ¥ 6 P 1.7 E8 .0213

275 72 SA MSI TIL FF - 16 o P 5.6 td8 022

e76 12 SA 381 LIn - 1o [} P 1.6 E7 .028

277 72 SA LSl PMUS RuUM - lo b P S LE7 0078

278 712 3SA LSI PM(CS CHAR GEN = 1o () P 8,22k0b .029

279 72 A& L3S1 PMOS S/R - 1o 6 P 1.0 E7 .04l

280 72 SA LSI PMUS waAM - lo 1) P 5.0 EB8 «U19

281 72 SA LSI BIPOLAR RAM - ) XY 6 P 4.1 Eo .128
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TagLeE D-2 FIELD USALE FAILUKE RATE DAIA TABULATED BY PART CLASSIFICATIUN

LNB YR SRC PART CLASS PART &# SCR NV PK DEV HRS X%/1KknR  FA[LS
209 73 J DIODE BRIDGE ASSY = 16 S P 1,1 EB .00089 0
208 73 J DIOVLE LED - 1o S P 9.1 Ed .001¢ i)
vis 77 8 OIuvOE LED - 17 7 P 2.7 cb 12

204 73 J DIVUDE PwR - 16 S P 1.9 E9 +0034 62
20 73 J ODIULE REF - 16 S P S.6 EB . 062 337
197 76 H DIUDE 85 - 17 S P 1.7 E10 .001

037 /77 B vIUCE SS - 17 7 P 2.8 E9 «0074

203 77 ~n DIUDE SS - 17 S P 8,7 E8 .00l6 -]
205 73 J DILDE SnITCHING - lo 5 P 2.7 EILl L000S8 1571
2u7 713 J DIvuk ZENER - lo 5 P 4,0 EB LUUL8 o
12 78 F LSl BIPOLAR PPOM = lo6 S P ¥.4 to «011 ]
281 72 5S4 LS{ BIPULAR RaAM - 16 6 P 4.1 co 128

¢5% 76 wAC LSI CMUS CUUNTER 4020 13 S P 4,5 Eo 21 U
252 76 RAC LSl ECL PRUM 1307 13 5 P 8,8 Eb ,023 1
VU7 74 A LSI LINEAR - fe S P let E® .058 0
Uls 74 A LS[ LINEAR - 16 S H 2.4 tS - v
024 74 A LSI LINEAR - 1o 5 P 7.4 E6 .012 U
V32 74 A LSI LINEAR - 16 S H 1.1 Eo «082 0
017 74 A LSI nMOS - 16 S H 9.3 ES - 0
034 74 A LSI wnd0s - i6 S H 4,2 to 022 v
168 76 G LSI ~NMUS MPROC UPb800 1o S P 1,1 E7? .05

257 76 HAC LSI NMU3 MPRUC 38540 i2 9 P 4,3 E7 2ol 402
169 77 6 LSI NMOS MPROC UP6800 11 5 P 1,4 E7 «157

258 /7 KAC LSl N~0S MPRUC 280 13 S P 4,7 Eo .16 ()
253 76 RAC LS NMUS RaM 210e 13 5 P 1.2 Eb V76 0
254 77 RAC LSI NMOUS RaM 4096 13 S P 6.4 kb V49 2
2ou4 77 RAC LS1 NMOS RAM 49096 13 -] H 3,1 Eb 17 q
121 78 F LSI ~NMOS RaAM - 16 S P 3.3 Eo .028 0
165 706 G LSI NMUS IKRAM 21ue io S P S.7 t7 Vo

160 77 6 LSI NMUS 1nRAM 2102 lo S P 1.2 EB .07

167 78 LS] NMOS 1KRAM 2lue fo S P 1.0 t8 <055

219 73 J LSl P%0S 1404 16 S H 2,3 E9 V11 230
¢c6 715 J LSl PMUS 1404 12 S H 4,2 to 22 0
o3 75 wxAaC LSI P4US - 13 6 H 1.8 &7 o153 22
192 76 h LSI PuUS - 17 S P 3,0 EB . 045

26l 76 RAC LSI PMGS 5009 13 S H 1.2 E7 .15 lo
202 76 KAC LS| PMGS 1013 15 S H 1,0 E7 11l 9
039 77 b LSI PMUS - 17 8 P 0.5 Eo .25

199 77 H LSl PMUS - 17 S P S.1 E7 .005 31
3y 77 RACL LSI PMOS - 13 7 P 2.4 EB 029 o7
040 78 b LSL =MUS - L7 8 P 0,5 to +Ul6

278 72 s5A LSl PMUS CHAR GEN - {o [ P 8,22to «U29

280 72 SA L3I PHUS RaM - lo () P 5.0 EB «VU19

277 72 SA L3l PMUS Rym - i6 6 ¥ S tE7 Uu78

279 72 SA  LS1 KFMUS o/R - 1o 6 P 1.0 E7 <041l

295 7¢ KAL LSl PHMuUS S/R Sou7 13 5 P 2.9 t7 JZ 28
tto 73 v LSI Ram MODULE 12 4 C 1.5 to «U02 0
1ts 73 v LS1 RAM MUDULE 12 4 C 8.7 to 31 ¢o
111 74 D LSL ~A™ MODULE 12 4 C 1.5 €Eo V62 y
11d 74 v LS1 Ram MOQULE 12 4 C 8.8 to .2V 17
112 /5 D LSI ran MUDULE 12 4 C 9.2 ES .22 1

D-3
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TAsLE D=2 FIELD USAGE FAILUKFE RATE DATA TABULATED BY PART CLASSIFICATION

LN® YR SRC PaART CLASS PART = SCR ENV  PK OBV HRS X/1KhR F. 3
008 74 A LSL STIL - 1o S P 1.5 to «054 0
Vle 74 A LSI STIL - 16 S H 3.2 to <25 v
029 74 A LSl STIL - to S P 9,6 Eb «04d 3
U3y 74 A LSl STIL - to S H 1.4 Eo .03 v
132 76 b MS1 ECL 10102 lo S H 2.9 E7 o 10

135 17 G MS1 ECL 1010¢ le S n 7.2 &7 +033

134 78 G MS1 ECL 1uloe 16 S H 7.8 €7 Y|

00S 74 A MSL HITL - io 5 P S.1 E6 .U1i8 0
0ty 74 A M3L HTTL - lo S H 8.0 ES 25 1
vy 74 a MSI nTTL - i6 S P 2.8 t? ue7 S
Uil 74 A MSI mTTL - 11 S h 3,5 to 020 0
238 77 RrRAC M3l LSITL - 12,13 4 P 2.3 E7 U2y J
251 77 ©HAC MS] LSTTL 25LS815 12 S P 2.6 Eo .V36 v
175 76 Mol LSTTL FF 740574 io 5 P 3.6 E7 +Ul3

174 17 o MST LSTTL FF 74L574 16 S P 8 E7 O]

179 78 G MS1 LSTTL FF 74LS74 to 5 P 2.0 td -0u8

¢l7 13 J MST LTTL - 16 5 P 3.7 &9 LY 242
¢S50 /1 AL MS1 PMQS - 13 9 P 2.6 E9 «0G5¢2 1321
005 74 A MSL STTL - lo S P 2.2 &7 <03y 7
Ulsd 74 A MSI STTL - 16 S H 3.3 to .u28 v
vee 74 A MS1 STIL - 16 ) P 1.1 EB VU706 7
03u 74 & MSL STiL - lo S n 1,7 E7 +0USS 0
2Sv 76 RAC MS1 STTIL - 13 5 P 5.2 E7 KT 17
¢6) o RAC M3 STTL 3207A 13 5 H 3.5 Eo 0206 Y
234 77 wAC MS] HTTL ¢ - 13 4 P 1.1 &7 +U19 1.
244 77 RAC MSI STIL - S 7,10 1 2.4 to «038 v
189 7o oL MSl STIL FF 74574 lo S P S.4 to <04

id0 17 G M5l STIL FF 74574 lo S P 1.5 &7 VU7

w7 78 b MSI STIL FF 74S74 lo S P 2.2 E7 Viul

2l 73 J MSL TiL - lo S P 3.1 9 012 351
004 74 A  MSI TIL - 1o S P 9.0 t7 .v2s 22
ul1e 14 & mS[ TTL - 16 S Ho 1.5 &7 014 1
021 74 A MSI Tie - 1o S P 7.3 tuy +0070 5%
V29 74 A MSi TTL - 1o S # l.! E8 +U0UB v
c22 15 J MSI TTL - 12 S P 5,78 Eo .V16 J
¢3o 1T ®AC MS[ TTL - 13 4 P 3.2 to W13 K
237 17 wAC MS1 TIL - 12 4 P 4,9 ko 019 V)
cus 77 HAC MSL TTL - S 3,0 H 4,8 E7 0019 0
edo 17 wAC MSL TTL - ] 3 H 1.3 to .l 1
2d7 17 wAL M31 ITL - 4 oofu A B8.3 k7 Uil J
2uy 17 wKAC mSI TIL - i¢ 2,3 n 3.4 ¢e7 V25 7
249 77 wraC mst ITL - 13 ? n 1.7 kb US4 v
2l 72 SA ™SI TTu FF - lo 13 P S.,0 &3 22

179 76 G MS[ TTL FF 7474 lo S P 2.4 td SUcU

180 717 w M3l TTu FF 7474 to S ¥ 2.3 tH U2l

119 78 * MS1 1L FF - fo S P 6.0 ko PV Y v
1841 712 “Sf TTL FF 7474 lo 5 P 3.2 td <0235

2la 72 SA mSL TTL GLATE - lo () P 1.7 &8 ed

1te /8 F Sl TIL GalF - io S P 7.7 to VR -, V]
étu 1% 4 PHUTG [SULATUR - o ) P 2.0 t9 «03u o}
1dd 76 o SLR Cloosd le 5 P 1.0 t/ U3
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lAéLt D-2 FIELD USAGLE FAILUNRE RATE DATA TAQULATED 8Y PART CLASSILIFICATION

LN®8 R SRC PAKI CLASS PART ®» SLR ENV PK DEV HRS i/71InnR  FAJL!
1ds 17 o SCR L1068¢ 1o ) P 1.8 EE .ll0

ldo 78 SCR Cluond lo S P 1.9 t7 .09

il 7o n 581 LMUY - 17 ) P 2.5 E9 +V0d

198 77 o 31 LMOS - 17 S P 5.1 &7 +0ul0 4
ee9 7117 n 3SI CHus - 11 S P 4,9 E7 <017 !
11 78 F 8S1 CHMUS GATE MEMAYUOP 12 5 P 8.4 ES .24 i
U9y o C $51 ECL - 13 ) H 1.7 &7 +U00 11
101 70 C $S1 eCL - 13 S P 9,3 ¢7 <041 38
vy 17 ¢ 351 kCL - 13 5 M b.4 E7 .038 2o
102 17 ¢ 551 eCL - 13 5 P 2.5 t8 . 029 70
vy 78 ¢ 5S1 ECL - 13 5 no1.0 t8 U35 3S
105 78 (¢ S5t ECL - 13 5 P 2,5 t8 021 51
129 1o L ool kCL LATE fvive lo S H 3.9 E£7 R

130 77 o SSI tCL uwaTE 10102 1o 5 H o t? V31

131 /¢ O sS1 eCL bLATE totud 1¢c 5 H 7.5 &7 « 0139

003 74 A 551 HIIL - fo S P 1.3 E8 +ULS 15
Vil /4 A SS1 niTL - 1o S o 2.0 t7 Juds ]
vey T4 A S$S1 HTIL - {o 5 P 7 ES 003 19
yes 74 A SSI mi L - io S 4 1.1 &8 OVIVAY. ] v
2lo 72 SA o5l LIN - to [ # l.0 t7 028

2l 17 = S50 LIN CuSTuM 12 8 P S,2 ET7 0079

vd3 17 8 951 LN AM #aR - 17 7 P 4 &7 «05

udy 7o C S51 LN uP AMP - 13 5 0 7.7 8 .051 393
V83 70 C SS1 LN UP AMP - 13 S P 8.7 t7 U008 59
193 7o n SSI LN 0P AMP 741 17 S P 3.0 t9 +0U1

194 1o n SSI LN UP AMP 1458 17 5 P d,V EY9 L0

g4l 77 o 551 LN UP amp - 17 7 P 8.1 &9 «US

vl 717 ¢ 5SS LN GP AMP - 13 9 H 1.5 t9 . 050 120
vdad 17 SS1 LN UP aMp - 13 5 P 1.8 Et8 V20 159
103 77 o SS1 LN uP AMP LM74l lo b) P 3 t8 067

200 77 m SSI LN UP AMP 1usd 17 ) P 2.0 k8 10 T4
uAg 18 3S1 LN UP AMP - 13 5 H 7.7 t8 +U39 504
uss 7R Sul LN uUP aAMp - 13 S P 1.l Eo 022 2d
12 76 * SS51 LN 0P aMP - lo 5 P 3,4 £o V27 v
led 718 o 551 LN uP aAMP LM741 fo ) P 3,9 t8 087

to2 70 6 951 LN Gr AMP LM7dl lo S P 3 t8 «101

220 13 4 So1 LN VLT KEG - lo S P 2.8 t9 JU11 Juy/
eeys 19 J S9] LN VLT Re6 - 12 S P 4,0 to X ]
22t 15 J SS1 LN vl Rt - 12 S n 4,0 to U2l v
vdo 16 C $31 LN vLT RL FIx - 13 5 H 3.5 &7 L)) 5
Uss 70 C SSI LN VLT KRG FIx = 13 S nOS.UET «07v 35
049 7o V51 LY vl RL Flx = 13 s [ T S | .09 38
153 70 & 551 LN yLT RL Flx = 1o p) PoJ.d7 el G127

vde 717 B Sol LN VLT KL FIx = 17 7 P 2.2tV o111

veal 17 L S31 LN VLT RL FIx = {s 5 B 4,5 t7 .U02 SV
vo 17 C S5 LN vLT Ry Filx = 13 S P 1.1 t& <103 11e
1S4 717 6 5SI tn vLT Ry FIx = fo p) P1.7 t7 o1¢

votr e U SSE LN vl KL FlXx = 135 5 [ A I A § UuY >3
155 74 o SS51L Ly vLl RL Flx = lo 5 P 2.7 e? LU’}

V92 lo L 3ol L vLT KL vAR = 13 ) N 1.2 te . 122 147
vas /o L o551 L~ vLI Ry vaR = 13 b} P ob.d to . 520 2y

0-11
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TagLe D-2 FIELD USALE FAILURE RATE DATA TABULATED BY PART CLASSIFICATIUN

LN8 YR SHC PART CLASS PART # SCR ENV  PK DEV KRS X/1KHR Fau o
156 /6 SSI LN VLT RG VAR = 1o S H 4,8 E7 «175

093 77 ¢C 5S1 LN VLT RG VAR = 13 ) H 2.0 E8 .12 29%o
U9 717 ¢ $S1 LN VLI RL VAR = 13 ) P 1.5 k7 «298 q4
197 717 ¢ SS1 LN VLT Ry VAR = 1o 9 f 4,5 E7 ol7

V94 78 C SSI LN vLT RG VAR = 13 S H 1.2 EY + 100 119
ve7 78 C SS1 LN VLT RG VAR = 13 S P 1.1 ¢7 o140 16
154 78 & $51 LN VLT RG VAK to S H 5.9 E7 .124

224 15 4 §S1 LSTTL - 12 5 P 1,80 &7 L0051 ]
232 17 KAC 58I LsSTTIL - 12,13 4 P 1.3 Eo V7 v
170 76 G 551 LSTIL LATE 74L 500 lo S P 3.0 k7 LUl

170717 SSI LSTTL vAle 74LSV0 lo S P 1.0 t38 +0uS

172 718 © 851 LSTIL GLATE Ta4LSuo to 5 P 2 EY L0U2

215 7% J o5l LITL - lo S P 1.4 ElU 0047 oYo
vue 74 A SSI STITL - lo ) P 1.9 &7 V049 V]
vto 74 A 551 STTL - le S #H 3.0 Eo .026 0
Ui9 74 A SSI SITL - 16 S P 1.1 Ed .0029 2
027 74 A 3581 STrIL - 16 S H 1.0 &7 006 V)
223 15 J S31 STIL - 12 S P 1,77 E6 .0S2 0
231 77 RAC S31 STIL - 12,13 ¢ P 0.8 to <014 0
23 17 RAC S8S]1 STIL - S 6,10 H 4.4 Eb 021 v
182 7o G 551 STIL GATE 74S00 to S P 3.0 t7 o017

163 717 SS1 STTL GATE 74500 lo 5 P 4,5 &7 «Ul8

184 78 6 S31 SITL GATE 748049 lo -] P 8.1 E7 .02

2605 72 SBM Ssl TTu - 12 4 n 1,5 k7 .028 3
2bo Te sudM $SI 1TL - 12 4 H 9.9 to +U5d 4
2o7 12 9BM SSI ITL - 17 4 n 4.7 Eo .043 1
208 /2 ouM SSI TTL - 12 4 P 3.3 Eo .028 0
209 72 388M 551 T1L - 12 4 P 8.4 to 024 1
270 72 Sam b5l TIL - 17 4 P 1.5 t7 022 é
2le 7% U 881 1TL - lo 9 P 9,1 £V «U090 807
Vol 74 A SSI TTL - lo S P 1.5 t7 .04l )
U9 74 A SSI TTL - lo S H 2.3 to Uy 0
0ig 74 A 581 TITL -~ le S P 1,3 EB <005 S
véo 14 A Sl TTL - io S H 1,9 &7 «UuUS v
221 15 J SS1 TIL - 12 S P 1.02 b .090 v
2eésd 17 « $S1 TTL - 11 5 P 4,9 t7 «U15 6
233 17 RAC SSI TTIL - 12,13 4 P 5.5 Eo V17 v
23y 77 RrAC S$Si TITL - 4 0,10 B 7.4 &7 «0ud? 1
24y 77 RAC SSI TTL - S 3 Ho 1.7 E£7 012 1
2ul 77 RAC 351 1TL - o 3 # 5,8 ko o1l S
eded 17 rRAC S5 T1IL - 19 2 n 1.7 &7 <025 3
24l /T rAL S3] TTL - 13 7 H 2,0 Eo +V30 v
218 12 SA 951 TIL FF - lo ° P 3,2 t8 «uee

117 18 F SSI ITL FF - lo 9 P 5.5 to sU1L7 v
ere 12 SA 551 ITL GATE - lo ) P 1.9 E9 «Ule

170 70 b S5l TTL LALE 7400 to ) P 3.4 EB 021

177 717 o 951 TTL GAlE J400 1o ) P 3.5 &b RV PAT]

1lo 738 ¥ 251 TTL uvaTltk - lo S P 2.1 b7 LQUud v
78 I8 L o5l TIuL valt 7400 lo S P 4,06 t3d «VUS

104 70 C 251/7MS81 (MUS - 13 S H 3.0 t7 .U50 a2
{907 76 C $Sirs491 CMUS - 13 9 P 3.5 el .0y 1u
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TagLt D-2 FIELD USAGE FAILURE RATE DATA TABULATED oy PARI CLASSIFICATION

LNB YR  SRC PART CLASS PART & SCR ENV PKX DEV HRS X/1KHR  FALLS
105 77 C 2SI/mS1 CHus - 13 5 H 1.1 E8 «033 34
1v8 17 C S51/7M81 LMus - 13 S P 6.4 LB <025 170
100 78 L §S1/M81 L MUS - 13 5 H 8,1 &7 «V031 25
109 78 Sol/7n81 CMUS - 13 ) P 4,1 t3 024 99
etr 713 J THANS Par NPN - io S P-5,0 t8 013 -~ od
vod 70 L TRANS PwR NPN - 13 ) H 2.9 E3 V05 1848
V71 76 C THANS PwaK NPN - 13 ) P 1.9 E8 <077 1do
125 1o TRANS ParR NPN TIP31A lo 5 P o0.2 Eb VR

120 io IRANS PwR NPN T1P47 {io S P l.ot?7 +U53

vevy 17 L TRANS PwR NPN - 13 b1 n 6.0 E8 V00 390
vie 171 L TRANS PaN NPN - 13 5 P 3.8 t3 «.00% 2do
124 77 o IRANS PaR NPN TiP314 lo 5 P 1.2 t7 +U59

tel 77 v THANS PWR NPN TiP4a7? lo ) P 1.5 &7 .23

iU 78 L [RANS PaR NPN - 13 ] H 2.8 t8 U9y 214
uls 718 C [RANS PwR NPN - 13 S P 1,7 E8 «V50 817
125 78 o TRANS PwH NPN TiP3l1A 1o S P 1.2 E7 009

iy 718 ¢ ITRANS PaRr NPN Ti1Pu? lo S P 2.5 &7 127

et Is J TRANS PwKH PNP - lo S P 4,5 k8 «023 100
J7d 70 C IxAND PwR PNP - 13 S P 0.9 ES8 « 07 32
y77 1o C 1RANS Par PNP - 13 S P 9,7 £8 .098 So
vds 77 8 IRANS Pwak PNP enNi7d 17 7 H 3.0 E9 +03

07y 17 ¢ TRAND PnK PNP - 13 S H 1,5 &8 Y] 131
078 17 ¢ IRANS PaKR PNP - 13 S P 2.0 EB «034 o8
V70 78 (€ TRANS PwaRkR PMNFP - 13 S n 7.3 t8 +VoU 44
V79 78 ¢ IRANS PaR BPNP - 13 S P 1.1 td .030 38
VS0 70 TRANS 8§35 NFET - 13 S H 3,5/ 8 ,028 94
CS9 7o TRANS S8S NFET - 13 ) P 2.1 t8 V81 173
147 1o TRANS 58 NFET - lo ) P t.l &3 «131

150 70 TaNO 08 NFET - 1o S rn 8.0 ko 032

us? 17 C TRANS 65 NFET - 13 3 n 7.0 £8 «051 350
Vov 17 < THANS SS NrET - 13 S P 4,0 E8 080 339
fas 77 o TRANS SS§ ~FET - lo S P 1.2 E8 120

151 77 ¢ ITHANS S5 NFRT - lo 5 H 2.0 t7 +U05

USs I € TRANS SS NEET - 13 ) H d4,1 E8 VTEY] 182
vol 7» TRANS 55 NFET - 13 S P 2.V tY sVt 192
1d9 78 TRANS SS NFET - fo S P 1.0 t8 «075

152 78 o TRANS 55 NFRT - fo S H 2.1 E7 U2t

2lv 7% J TRANS SS NPN - 1o S P Jd.0 L9 «Vl1lv 450
Udg 76 C 1RAND 85 NPN - 13 S H l.4d E9 ,u2S 359
047 7o ¢ IRAINS S5 PN - 13 b} P 3.6 EV «U1l7 598
136 70 O IRAND S5 NPN eneeel lo S # S.,3 &7 022

138 1o IHANS 955 NPN en22le lo S H 7.2 &7 +UV0

141 76 & TRAND 33 NPN EN3d3N lo S Hn 7.8 &7 «129

159 70 O IRANS 05 NPN endvug lo 5 P 1.4 E9 su2d

188 7o TRANDS 59 NPN NGS5 1o 5 P 5,2 k8 +0u5

195 7o ™ IRANS 50 NPN - 17 5 P 2.9 E9 «UUdS

vie 77 48 IRANS SO NFN - 17 7 P 2 t9 «U1

gas 77 % IRANS 53 NPN - 13 P} H 2.92 &9 .ucdd v}
Quy 717 L TRavy 55 NPN - 13 5 ¥ 7.0 &9 0l 1U93
130 77 TRANDS 959 NPN engee lo 5 H 7.0 &7 Vals

138¢ 77 o TRAND 53 wPu 2Neel19 lo 5 0 8.0 £7 JUdd
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