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1.0 INTRODUCTION

This report completes the effort performed under a NASA contract entitled "Cevel-
opment of Design, Qualification, Screening, ind Application Requirements for
Plastic Encapsulated Solid-State Devices for Space Equipment" (NAS8-33079) for
NASA/Marshall Space Flight Center. The objectives of the overall program were
to:

0 Define possible controls and documentation for successful utilization
of plastic encapsulated solid-state devices in selected space
applications.

The specific objectives of the effort covered by this report were to:

0 Determine the effectiveness and cost of selectzd screens as applied to
linear circuits, CMOS circuits, bipolar circuits and transistors.

0 Identify test procedures and performance or design weaknesses of spec-
ific plastic encapsulated semiconductor devices.

0 Identify une effects of various operating temperatures on the overall
performanca of plastic encapsulated solid-state devices.

0 Obtain screening data on selected devices to augment the data previ-
ously gathered from industry usess of plastic encapsulated semiconduc-
tors.

Test data were collected on 1035 plastic encapsulated devices and 75 hermetically
sealed control group devices that were purchased from each of 5 different manu-
facturers (7 groups of parts) in the categories of

0 Low power Schottky TTL (bipolar) digital circuits

0 CMOS digital circuits

0 Operational Amplifier linear circuits

] NPN Transistors

These parts were subjected to three different initial screering conditions, and
then subjected to extended life testing, to determine any possible advantages or
trends for any particular screen. In addition, several special tests were
carried out in areas of fiammability testing, humidity testing, high pressure
steam (autoclave) testing and high temperature storage testing.

This report covers the latter portion of the effort on Contract NAS8-33079., The
first portion of the effort (described in Boeing Document D180-25325-1) was
concerned with a survey of the field usage failure rates of plastic encapsulated
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semiconductors and led to the determination that an experimenta! screening pro-
gram was necessary *tc validate the survey findings. [n addition, 3 previous
contract was performed by Boeing for NASA that addressed the same type of ques-
tions from the standpoint of a wide range of alternative environmental stress
tests. Table 1-1 summarizes the relationships of the relevant contracts.

Section 2 of the report is an executive summary of the program findings, Section
3 summarizes the initial screening program ard the test approach, and Section 4
summarizes the results of the 1ife test program and of the special tests.

Section 5 treats procurement and application considerations for use of plastic
encapsulated semiconductors, and Section 6 summarizes the recommendations re-
sulting from the program.

Appendix A contains a statistical analysis program that was written to analyze
the log-normal distributions resulting from the life testing. Appendix B con-
tains the data printouts resulting from operation of the statistical analysis
program on the failure distribution data. Appendix C contains the detailed
failure analysis results.

With the publication of this document, the objectives of contract NAS8-33079 have
been met.
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2.0 EXECUTIVE SUMMARY

2.1 PROGRAM APPROACH
The program was corducted in four phases:
0 Parts Procurement
) Initial Screening
0 Life Testing
0 Special Screening
Parts were procured in accordance with the foliowing table

Basic Part Type Manufacturer Quantity Plastic Quantity Hermetic
7415194 TTL Bipolar A 1035 75
4069 CMOS B 1035 75
4069 CMOS C 1035 75
741 Linear B 1035 75
741 Linear D 1035 75
2N2222 Transistor B 1035 75
2N2222 Transistor E 1035 75

Each group of 1035 plastic encapsulated parts and 75 hermetic parts was then
subjected to three different tyres of initial screening representative of possi-
ble low cost screens that were identified in the Phase 1 program as applicable to
plastic encapsulated semiconductors. See Figure 2-1. A total of 225 of the
plastic encapsulated survivors from each screen (plus 15 of the hermetic survi-
vors) were then separated into three 1ife test groups of 75/5 each and subjected
to 1ife testino for 4000 hours with intermediate measurements made at logarithmic
time intervals. Failure analysis was conducted on selected examples of failed
parts. Finaily, special tests were conducted on small samples of parts which had
passed the initial screens. These special tests included

0 Flammability tests

0 Humidity cycling

) Autoclave (high pressure steam)

] High temperature storage

© e —————
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The test program was orgarized into initial screening followed by 1ife testing to
determine if there was a set of screening conditions that would resuit in an
improvement in the usage-life reliability of plastic encapsulated semiconduc-
tors. The life test temperatures were zhosen to be 40°C, 709C and 125°C. In the
previous contract performed for NASA, it was found that above 150°C there occur-
red serious disruptions of the plastic encapsulant that would not be typical of
extended operation at any normal temperature, hence the upper life test tempera-
ture for this program was limited to 125°C. This also is the normal burn-in
temperature for JAN-qualified hermetic semiconductors. The 70°C life test was
chosen because this is the maximum rated operating temper.'. » for most plastic
encapsulated semiconductors. The 40°C 1ife test temperature was chosen because
of the concern that at lower temperatures any .mbedded water content in the
plastic encapsulant might not be driven off with the result that failures at 40°¢
might be more prevalent than at higher temperatures.

2.2 SUMMARY OF RESULTS

The results of both the screening program and the life test program were highly
inconsistent in the area of screening tests versus resultant reliability and in
the area of l1ife test temperature versus median time to tailure. There was no
consistent indication of any one screen cordition being superior in weeding out
potentially defective devices. There was no consistent indication of there being
an activation energy for the Arrhenius plots that cou'J be used to make thermal
extrapolations of median time Lo failure. And there was no indication that life
testing at any one temparature was better than at any other tenmperature.

As can be seen in Table 2-1, six out of the seven part types suffered large
numbers of screening and/or life test failures. Only the Manufacturer A TTL
(bipolar) 74LS194 device type performed well. It can also be noted that each of
the three Manufacturer B pa~t types tested showed more failures than did the
alternative manufacturer's parts. Therefore with the possible exception of
bipolar TTL-type devices for JAN Class (type applications), the use of plastic
encapsulated semiconductors is not recommended for use in NASA programs, as
summarized in the program conclusions, Section 2.3.




Part Type

74L5194
4069
741
2N2222

Part Type

74L5194
4069
741
2N2222
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Table 2-1 SUMMARY OF SCREENING AND LIFE TEST FAILURES

Mfr A

15

Mfr A

Screening Failures
(1035 Parts Each)

Mfr B Mfr C Mfr D
86 35
401 81
133

Life Test Failures
(675 Parts Each)

Mfr.8 Mfr C Mfr D
416 101
310* 71
115

Mfr E

84

Mfr E

84

*Started with only 450 parts because 125°C burn-in screen parts all failed.
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2.2.1 Test Result Observations

Several significant «bservations resuited from the test program that cut across
the lines of device type.

2,2.1.1 Screen fest Failures--It was observed that the initial screening did not

produce the results that hai been expected. !.st of the screening failures were
detected at the time of pre-burn-in alectrical testing at 25°C and 100°C. No
failure analysis was performed on screening failures. Only three parts failed at
electrical measurement after burn-in (this is out of 5180 total parts subjected
to burn-in screening.) Thus not oniy did post-durn-in double electrical post-
burn-.n measurement fail to have significant results, even 4ingle electrical
measurement did not have any effect on screening yield. Since very few garts
failed at electrical measurement after burn-in and few failed during the burn-in,
the subsequent life testing findings were influenced. That is, because few parts
were removed from the test parts as a result of burn-in, there could not be a
strong impact of the use or non-use of burn-in on the subsequent life test cells.
This seems to have been borne out by the life test results discussed below.
Tables ¢-2 and 2-3 present the same life test failure data from cwo viewpoints:
influerce of previous screeninc  and influence of 1ife test temperature. These
data are described in detail in Section 4.3.

2.2.1.2 Influence of Burn-in Screening on Life Test Sailures--Table 2-2 summar-
izes the results of the life tests as a function of the burn-ir screen that was
applied to the parts prior to 1ife testing. Tt car be seen that in only one case
was there a significantly worse life test performance for the parts that had no*

been burned-in: The Manufacturer B part type 4C069. In all the other cases, the
number of failures for the non-burn-in case was less than or equivalent to the
number of failures for the 75°C or 125°C burn-in.

2.2.1.3 Influence of Life Test Temperature on Life Test Failures--Table 2-3
summarizes the results of the life tests as a function of the temperature at
which the life test was performed. Three anomalies are observed in this table.
First, for the Manufacturer C part type 4069 parts, the number of life test
failures at 40%C was significantly greater than the number of failures at 70%.
Second, for the Manufacturer B transistor 2N2222 :he 40%C failure quantity
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TABLE 2-2 Summary of Life Test Failures vs Prior Burn-In

Cumulative Fajlures — A1l Life Tests
(225 Parts in Each Life Test Group)

Mfr A Mfr 8 Mfr C Mfr B Mfr O Mfr B Mfr E

74,5194 4069 4069 741 741 2N2222  2N2222
No Burn-In (Scr 1) 4 151 25 85 21 42 16
Burn-In at 70°C 2 144 37 221 29 32 25
(Ser 2)
Burn-In at 125°C 3 121 39 _* 21 4
(5¢r 3)
Total a 416 101 306 71 W15 84

*Test aborted during initial 125°C burn-in screening - parts began failing
catastrophically — there were no survivors for 1ife testing.

TABLE 2-3 Summary of Lile Test Failures vs Life Test Temperature

Cumulative Failures — All Screens
(225 Parts in Each Life Test Group)

Mfr A Mfr 8 Mfr C Mfr 8 Mfr 0 MfrB8 MfrE

7405198 4069 4069 781 781 2N2222 2N2222
»

Life Test at 40°C 3 8% 27 83 19 75 31

Life Test at 70°C 4 146 14 87 21 23 36

Life T .. at 125% 2 181 _50 36 3l 17 17

Total 9 a¢ 1601 1§ 71 115 34

*Screens 1 and 2 only - total of 150 p rts ‘n - - group

10
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significantly exceeded both the 70°C and 125°C guantities. Finally, for the
Manufacturer E transistor 2N2222 the number of 40°C and 70°C failures was signi-
ficantly greater than the number of 125°C failures. These results are quite
unexpected and are not explainable based on traditional Arrhenius rate relation-
ships of time and temper iture.

2.2.1.4 Arrhenius Curve Anomalies--As might be expected from Table 2-3, the

Arrhenius curves of median time to failure {timn for half the parts to fail under
life test) plotted from the individual sets nf data fur each cf the pre-screen
conditions resulted ir unusual curves. Figure 2-2 is an example of such a curve.
This curve contradicts the usual Arrhenius relationship in whirh the longest
median times to failure occur for the lowes: temperatures. A curve such as t'e
Screen 3 curve is an anomaly that is unexplainabla in terms of the time-
temperature relationship of normal semiconductor failure mechanisms.

2.2.1.5 Wearout Failures--For two of the part types, it was observed that the

log-normal distributions deviated sharply frem the 1bw-signa curves (fr2ak popu-
lation) befare the conclusion of the 4000 hcurs of life test. Both the 741 op
amps and the 2N2222 transistors from Manufacturer B gave indication of this type
of distribution which is indicative of the parts qoing into wearout. In the case
of the 741 op amps, the devices exhibited catastrophic failures resuliing in
ignition of the epoxy encapsulant due to internally generated heat. This severe
destructive failure made failure analysis imrossible. One of the parts that
failed at the thresheld of the onset of wearout was subjected to failure analysis
~0 search for the possible cause of *“he wearout failure mechanism. The original
cause of faiiure was that the open loop gain and the offset voltage were margin-
ally out of limits. The part was baked at 150°C to see if it would recover. Upon
retesting the part, it was found to be a catastrophic failure, meaning that the
tester could not proceed past the first measurement because of a severe overrange
condition. The part was dissected to search for the cause of the malfunction,
but optical examination showed that thare were no visible defects. Thus, the
cause of the wearcut failure mechanisms could not be determined.

11 i
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¢.2.2 Part Type QObservations

Several significant observations were made from analysis of the results from
individual part types. No effort was made to correlate the data from the
hermetically sealed parts, since the quantities of these parts was so small, and
they were included in the test program solely as a point of reference in case it
was suspected that certain failures could have been caused by die-related causes
rather than plastic-encapsulant-related causes. In general, very few hermetic
parts failed at all.

2.2.2.1 Manufacturer A Part Type 74LS194--This TTL bipolar te~hnology showed the
fewest number of failures of any of the parts tested. It is felt that this is a

mature, bulk silicon technology that is not influenced by surface parameters,
with the result that the plastic encapsulation has little effect on the perform-
ance of the parts. This is essentially the same conclusion that was derived from
the earlier NASA contract in which accelerated life testing was performed on
plastic encapsulated bipolar, 1inear and CMJS part types. The most significant
finding for the 74LS194 part type was that the type of prior burn-in screen or
the life test temperature did not seem to make any difference in the number of
failures that occurred.

2.2.2.2 Manufacturer B Part Type 4069 (CMOS)--This part type experienced the
largest number of failures of any of the parts tested and demonstrated very low

median times to failure. While the log-normal distributions 2ppeared to have
fairly high values of sigma, they did not appear to be in wear out. Instead it
appears that the parts are particularly sensitive to the presence of the plastic
encapsulant and failed because of this sensitivity. Failure analys s of repre-
sentative samples of the failed parts showed that the catastrophic failures all
appeared to be caused by excessive current flowing out of the ground lead of the
device, as if the internal leakages became excessive and the device went into
thermal runaway. This is borne out by the fact that the non-catastrophic fail-
ures exhibited out-of-limit power supply currents, indicative of the increase of
internal leakage currents perhaps caused by threshold voitage shifts in the
series transistors. The non-catastrophic failures were baked out and the fail-
ures went away, indicating that the failures were causec by surfdace effects,
which is an indictment of the plastic encapsulant, since this failure mode was
not observed in the hermetically sealed cortrol parts.

13
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2.2.2.3 Manufacturer C Part Type 4069 (CMOS)--While the number of life test
failures that occurred for this manufacturer's 4069 was considerably less than
for the Manufacturer B equivalents, there was sti11 a significant number of
failures that occurred, particularly for the -25°C test cells. Most sianificant,
however, was the finding that the median time to failure for the 40°C 1ife test
was significantly less than it was for the 70°C life test, resulting in another
anomalous Arrhenius curve. This also was evident in the total number of part
failures at 40°C being greater than at 709C as discussed in paragraph 2.2.1.2.

2.2.2.4 Manufacturer B Op Amp 741--This part type suffered from early wearout as
described in 2.2.1.5. 1In fact, failure analysis showed that the failures that
occurred prior to wearout were primarily caused by corrosion of the external

device leads, and as such should not properly be called failures at ali since
after the external leads were cleaned the failed parts all retested OK. This
makes the wearout failure mode all the more surprising.

2.2.2.5 Manufacturer D Cp Amp 741--The only two anomalies that occurred for this
part type were that the no-burn-in, 40°C 1ife test cell showed significantly
greater number of failures than did the 70%C and 125°C 1ife test cells for no
burn-in, and that the median-time-to-failure for the 125°C burn-in, 70°C 1ife
test cell showed an abnormally iow median time to tailure. The reasons for these
anomalies are not known. Evan though the failure distributions were less unusual
for this part type than for the Manufacturer B egquivalent, the total number of
failures was still marked’y greater thar it was for the bipolar TTL devices.

2.2.2.6 Manufacturer B Transistor Type 2N2222--The part type from Manufacturer B
exhibited undesirable early wearout as discussed above. This was the third part
type of Manufacturer B tested, and results from all three part types showed
unsatisfactory performance.

2.2.2.7 Manufactuirer € Transistor Type 2N2222--Although the number of 1ife test
failures for this part type ~as relatively small, it was stii1 significantly
larger than was observed for the bipolar TTL digital part type from Manufacturer
A. It appears from the failure analysis resylts that the failures were caused by
surface channelling winich results from the presence of the plastic encapsulant.
Plotting of the Arrhenius curves again showcd anomalous results that discourage
the application of the time-temperature rate relationship.

14
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PROGRAM CONCLUSIONS

Plastic encapsulated semiconductors are probably not ccst effective

for use in NASA programs because the cost of parts engineering and
management added to the cost of minimal 100% screening would offset any
advantage of purchase price over comparable hermetically sealed parts.

Serious reliability problems exist in the use of plastic encapsulated
CMOS microcircuits, and these problems appear to be unscreenable.

The linear microcircuits tested (741 op amps) appear to have serious
reliability problems in the plastic encapsulated form, causing (for
one manufacturer) catastrophic failures that ignited the epoxy. These
devices are unsuitable for use in NASA applications.

There are significant differences between manufacturers in their abil-
ity to manufacture reliable semiconductors in plastic encapsulated
form, with the consequence that any use of plastic encapsufated parts
must be accompanied by an intensive parts engineering effort to assure
the integrity of the parts.

The fiidings of the phase I program are contradicted by the accelerated
1ife test results, particularly for CMOS, linear and transistor part
types. Only for the bipolar TTL technology was there indication of
availability of high integrity product in plastic er apsulated form.

Operation at 40°C in some cases appears to bhe more delet -ious to
plast.~ encapsulated part, than operation at higher temperatures.

ine time-temperature-dependent failure distribution characteristic of

typical hermetically sealed semiconductors was not observed for the

plastic encapsulated semiconductors, and the Arrhenius rate relation- .
ship does nut aopear to be valid. Thus extrapolation of failure rate :
ver sus temperature would not be possible with plastic encapsulated '
semiconductors. This seems to be caused by the influence of the

plastic encapsulant.

15
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3.0 TEST PROGRAM DESCRIPTION
3.1 SUMMARY OF TEST APPROACH AND INTENT

The objective of this test program was to determine the effactiveness ancd cost of
selected screens as applied to linear circuits, CMOS circuits, bipolar circuits,
and transistors. This test program was intended to identify test procedures and
performance/design weaknesses of specific plastic encapsulated semiconductor de-
vices. It was an additional objective of this program to identify the effects of
various operating temperatures on the overall performance of plastic encap-
sulated solid-state devices.

3.1.1 Investigation of Screening Effectiveness

The first phase of this program, that of gathering actual field usage data on the
in-service failure rates of plastic :ncapsulated semiconductors, revealed that a
test program was required to validate proposed screens for NASA plasiic encap-
sulated parts. Phase I of the program identified three potential screens that
were cardidates for NASA devices. These screens were developed by making the
maximum use of data from government sponsored programs, manufacturers, and mil-
itary and comcercial users. Figure 3-1 shows a summary of the flow of parts
through the test program.

Screen 1 was intended to represent the minimal test that could be performed on
plastic encapsuiated parts, and the emphasis in this screen was on the electrical
measurement at 25°C and 100°C, without performing any type of burn-in. Screen 2
was performed to represent nominal burn-in conditions coupled with temperature
cycling found by device manufacturers to be effective. Screen 3 represented a
maximal burn-in condition coupled with temperature cycling. Both screens 2 and 3
incorporated double electrical testing following burn-in since this was found to
be effective by some users of plastic encapsulated semiconductors in reducing the
incidence of "parts that never worked."

It was the intent of the screening program to subject the parts to these experi-

mental screens and then determine the effectiveness of the three screens by
subsequent life testing.

17
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3.1.2 Life Testing To Verify Screening Effectiveness

Extended 1ife testing at accelerated stress temperatures was performed to deter-
mine if any of the initial screens were effective in improving the reliability
performance of plastic semiconductors. Figure 3-1 shows that the screened parts
were separated into three separate life test groups to be life tested under
military specification burn-in ccnditions for 4000 hours at 40°, 70°C and 125°C.
The intent was to cause enough failures to occur that log-normal distributions of
failure could be plotted for each of the screening conditions and thereby a
determination could be made of the validity of each of the screening conditions.

3.1.3 Special Test Objectives

Many users of plastic encapsulated semiconductors employ special destructive
tests on qualification samples of parts to measure the relative integrity of the
basic processes by which the parts are made and encapsulated. These tests
generally consist of humidity tests and autoclave (or pressure cooker) tests.
The results of such tests are used in a gross manner to determine if there aré
unusual problems in a specific group of parts.

For this reason, tests were performed on small samples of parts from each type.
The tests included flammability, humidity, autoclave and high temperature stor-
age. The high temperature storage tests were performed to determine if bake out
of the parts prior to life testing could improve reliability by driving out
latent water buried in the plastic encapsulant.

3.2 PARTS PROCUREMENT

The TTL, CMOS, Linear and Discrete Devices listed in Table 3-1 were procured in
quantities of 1035 plastic encapsulated and 75 hermetic parts each. Hermetic
parts were included in the life tests to determine if surface and die failures
were common only in the plastic encapsulated parts or in both plastic and her-
metic parts.
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The choice of part types was made by NASA based on the results of the previous
NASA screening contract. This prior contract indicated that while ITL devices
showed good potential for meeting NASA performance requirements, CMOS and linear
showed questionable or poor performance in accelerated stress testing. However,
the Phase 1 portion of the presant contract appeared to contradict these find-
ings, showing instead that tnere was no significant difference in field usage
failure rate between bipolar and CMOS or linear SSI devices. Thus this second
phase program was intended to validate the previous findings by stress testing
performed on CMOS and linear microcircuits and on NPN transistors, as well as on
the bipolar low power Schottky TTL technology devices.

Table 3-1 Parts Procured

BASIC TYPE MANUFACTURER
7415194 TTL A
4069 CMOS 8
4069 CMCS C
741 LINEAR OP AMP B
741 LINEAR OP AMP D
2N2222 TRANSISTOR B
2N2222 TRANSISTOR £

3.3 INITIAL SCREENING

The 1035 plastic encapsulated parts and 75 hermetic parts of each type/manufac-
turer were separated into thres initial screening groups (#1, #2, and #3) of 345
plastic encapsulated and 25 hermetic parts each. These three groups were sub-
Jjected to the three initial screening tests showr in Figure 3-2: no burn-in,
burn-in at 70°C, and burn-in at 125°C in addition to electrical measurements at
70%C and 100°. Two-hundred twenty-five of the plastic encapsulated parts and 15
hermetic parts passing each screen were then subdivided into three subgroups (A,
B, and C) of 75 plastic encapsulated parts and 5 hermetic parts from each of the
initial screening flows.
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Figure 3-3 shows the organization of the life test cells. The life tests were
performed at three different temperatures: 40°C, 70°C, and 125°C for 4000 hours.
40°C was chosen because it was folt that this jower temperature might not result
in enough internal heat to drive off imbedded water and hence may result in
excessive failures. 70°C was chcsen because it is the manufacturers' temperature
range upper limit, and 125%C was chosen because it is the MIL STD 883 temperature
range upper limit. The burn-in and life test circuits used are shown in Figure
3-4. Both burn-in and life tests were performed in the Boeing Part Test Labora-
tory's Blue-M burn-in ovens. Since the purpose of the life test was to determine
the effectiveness of the screens, determination of failure was on a Go/No-Go
basis. Failea parts were retested only to gather additional data as an aide in
determining failure modes. The criteria for device failure were the DC and
functional test requirements as defined by:

MIL-M-38510/17401 for the CD4069
MIL-M-38510/10101 for the 741
NIL-M-38510/30601 for the 74LS194A
MIL-S-19500/251 for the 2N2222

o O O o

Test measurements as defined by these specifications were modified as necessary
for plastic encapsulataed devices with prior approval from NASA/MSFC. A variety
of test equipment was used to perform these measurements. The CD4069s were
tested on a Teradyne J2 digital test system, the 74LS194As were tested on a
Terudyne J283/5157 digital test system, and the 2N2222s were tested on a Fair-
child series 600 transistor/diode tester. These testers are located in the
Boeing Part Test Labaratory. The 741 OP AMPS were tested on a Tektronix 53260
test system with a linear microcircuit acapter at the Boeing Radiation cffects
<aboratory.

3.5 DATA PROCESSING TECHNIQUES
As shown in Figure 3-3 the parts undergoing 1ife test were electrically tested at
2, 8, 16, 64, 256, 1000, 2000, and 4000 hours. A log normal plot of percent

failures versus log time was prepared for each part/life test/burn-in combina-
tion. A linear regression program written for a Fluke 17204 Controller/Computer
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was used to test the vaiidity of data and extrapolate the log normal plots to 50%
failure in order to arrive at a median time to failure (MTTF) for each part/life
test/burn-in combination. Aopendix A contains a complete description of this
program. This program was modified to eliminate output of data not recessary to
this application. The statistical algorithms were not modified. These computer
generated MTTFs were then plotted against life test temperature to form an
Arrhenius curve for each manufacturer/part type.

3.6 SPECIAL TESTS
3.6.1 Flammability

Ten plastic encapsulated devices of each type/manufacturer were subjected to
flammability test as specified by MIL-STD-202F method 111A. This entailed appli-
cation of a 2 in. flame from a propane torch to each part for 15 seconds, with
observations made of the number of seconds it took for the plastic to ignite and
the number of seconds before the flame diad out after remova: of tne torch.

3.6.2 Humidity

Thirty plastic encapsulated devices of each type/manufacturer were subjected to
1000 hours of biased (5V) operation at 85°C ana 85% relative humidity. Electri-
cal testing at 259C was performed at 2, 8, 16, 64, 256, ard 1000 hours.

3.58.3 Autoclave

Thirty plastic encapsulated devices of each type/manufacturer were subjected to
96 hours of biased (5V) operation at 120°C and 15 psig steam. Electrical testing
at 25°C was performed at 1, 4, 16, 32, 64, and 96 hours.

3.6.4 High Temperature Storage

Late in the program, a small experiment was performed to investigate the possi-
bility that 1if> performance could be improved by a pre-screen consisting of high

temperature storage to drive out any latent water imbedded in the plastic encap-
sulant. Three high temperature storage cells were established for both the
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Manufacturer B and C CMOS 4069 parts with 40 parts in each cell, The high
temperature storage cells were 3s follows:

Screen #4 125 hours storage at 125°C
Scraen #5 125 hours storage at 175°C
Screen #6 50 hours storage at 125°C

A total of 120 Manufacturer B CMOS 4069 parts and 120 Manufacturer C 4069 CMOS
parts were screened and then subjected to 1ife testing under biased conditions
for 1000 hours at 40°C with electrical measurements after 4, 16, 64, 256 and 101
hours.

3.7 FAILURE ANALYSIS
3.7.1 Selection of Failure Analysis Samples

Due to the large quantities of failed parts, it was not feasible to perform
failure analysis on each failure. For this reason the failure data for each
failed part was examined in an effort to categorize failure mode by the exhibited
symptoms. Efforts were made to ensure that selected parts represented a cross
section of all life test/screen combinations. In this manner out of over 1100
failed parts 75 were selerted for failure analysis.

3.7.2 Tailure Analysis Techniques

3.7.2.1 [Initial Analyses--The basic steps followed prior to dissection of the
parts were as follows:

1. The environmen: histories of the parts were studied to enable understanding
of the various possible causes of failure.

2. The parts wera electrically tested to verify the failure. This involved
either bench testing or iutomatic testing of the parts, somelimes requiring
environments comparable to thase at which they failed, checking aii signif-
fcant parameters to ensure results similar to original test failures. Fol-
lowing confirmation of failures, careful pin to pin curve trace: measure-
ments were nade to localize or characterize the faults.

29
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Thorough oxterior examinations, aided by microscopes, were conducied to
preclude the possibility of external faults causing tailure.

4.  When channeling was suspected (as a product of the electrical characteriza-
tion), the technique applied was high temperature storage of varying times
and temperatures (up to 22 hours at 1759C, and up to 300 hours at 150°C)
followed by electrical testing. I[f self repair was evident following high
temperature storage, channeling was irferred as the cause of faiiure.

-~

3.7.2.2 Dissectian Techniques--The dissection cechnique most freyuently employ-

ed involved using emory paper sanding drums (i/¢ iach diameter) to grind away an
area directly above the die to a depth such that the leads were not disturbed. A
frame was soldered to the external leads to provide a sol.d holder and the entire
assembly was dipped for about 30 seconds ir hot nitric acid (a 90% solution).

For resin coated dice a five-socond exposure to nitric acid and a 30-second
exposure to hot sulfuric acid was used. The acid removed the epoxy evenly at all
points, but exposed the Jie before tctally exposing the lead frame. For both
nitric and sulfuric acids, only acetone was employed as a rinse, since water
would have caused excessive metallization damage. Another dissection technique
infrequently employed was to use an acid resistant cement to coat the leads and
package (except directly above the die) prior to acid exposure. Although these
techniques worked well to expose the die and leads, entire remnoval of epoxy
without damaging the die or lead frame was sometimes difficult if nut impocsible.
This was particularly true of devices which for various reasons had shorted
Junctions or burned metallizations. In most cases though, 2poxy removal was
sufficient to enable identification of failure causes.

Following dissection of the parts, autopsy efforts proceeded using standard
techniques such as visual inspection, micro-manipulator probing, and SEM examin-
ations. Bond pulling, die shearing, metallurgical sectioning, and other de-
structive tests were performed as needed to provide supplemental information.
Failure causes were identified and documented, and succeeding failures were
analyzed to the point required to provide a high degree of confidence that the
same failure cause as previously documented was repeated.
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4.0 TEST RESULTS
4.1 SUMMARY OF RESULTS

Performance of the test program was accomplished in three separate phases, each
of which resulted in significant findings. These phases were:

0 Initial screening
2 Life testing
0 Special tests

4.1.1 Summary of Initial Screening Results

Yields achieved in the initial screening ranged f:om 99% for the Manufacturer A
bipolar 74L5194 microcircuits in .he screen 2 group, to 56% for the Manufacturer
B type 2N2222 transistors in the Screen 2 group. The use or non-use of burn-in
turned out to be not significant, becau 2 the majority of screening failures
occurred at the electricil measurements preceding burn-in, although there were
some failures that occurred while the parts were actually under power in the
burn-in ovens.

The important point is that there were no ciear trends in the screening program
which would point to any one screen as an important factor in the reliability
assurance of plastic encapsulated semiconductors. Probably the most significant
finding was that the double electrical screen espoused by some of the users of
plastic encapsulated semiconductors turned out to be effective before burn-in
{considering that measurement at 259C and 100°C constitutes double electrical
screening) but turned up only three part failures for just one part type when
applied after burn-in. Thus the most effective screening practice apparent from
the initial screening program was the use of electrical measurement at two
temperatures: 259C and 100°C. Burn-in did not seem to be a particularly effec-
tive screen, and burn-11 at 125°C was particularly damaging to the Manufacturer B
type 741 op amps, causing the entire group of 345 parts to fail catastrophically.
Tha cost trade-off study performed on various sireening options showed that if
plastic encapsulated semicorductors were subjected to the three screens used on
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this program their cout would exceed the cost of JAN Class B hermetically sealed
devices. See Saction 4.2.2 for the detailed analysis.

4.1.2 Summary of Life Testiny Results

Several significant findings resulted from the life test experiment. First, it
was observed that there was no particular consistent improvement in life test
reliability as a result of any one initial screen that was previously applied to
the parts. Tnis was particularly manifested by the fact that consistent Arrhen-
ius curves could not be plotted for any of the part types. Instead it appeared
that no matter what the previous screen had been, the log-normal failure distri-
butions had completely independent median times to failure at each of the three
life test temperatures of 40°C, 75°C and 125°C.

This inconsistency in the Arrhenius curves prevented any meaningful determin-
ation of the activation energies of the plastic encapsulated semiconductors
tested, and tends to tndicate that the failure mechanisms of plastic encapsulated
semiconductors are unscreenable using accelerated temperature tests.

A second important observation was made for the Manufacturer B type 741 op amps,
which appeared to demonstrate wearout failures in relatively short test times,
even for the parts that were life tested at 40°C. This particular group of parts
exhibited early catastrophic failures during the initial screening at 125°¢C
burn-in, and thus it is not surprising that the poor performance of this part
type as a whole carried over into the life testing. For this manufacturer, there
appears to be a combinational effect between the linear microcircuit structure
and the plastic encapsulant that induces early failure under the conditions of
1ife testing or burn-in with bias voltage applied.

A final observation of interest is that for some of the part types the a0% 1ife
test appeared to cause the largest number of failures. This is su. ° 'sing
because of the generally accepted belief that semiconductor failures are time
temperature dependent. Apparencly, for plastic encapsulated semiconductors,
this time-temperature dependence is mndulated by other failure mechanisms
derived from the plastic encapsulant, cuch that the normal time-temperature
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Arrhenius rate relationships are ro longer valid. The impact of this result is
that accelerated temperature stress screening (such as burn-in) which is predi-
cated on this time-temperature dependence becomes invalid as a usefui screen for
plastic encapsulated semiconductors that behave in the manner observed on this
program,

4.1.3 Summary of Special Test Pesults

4.1.3.1 Flammability-Although all of the part types could be made to ignite by
application of the propane torch for 15 seconds, the duration of the flames after
removal of the torch was quite variabie from device type to device type. Most
surprising was the observation that the Manufacturar B plastic encapsulant was
the best at self-extinguishing the flame after removal of the torch: of the
thirty parts tested, only one would show flame after removal of the torch and
this only for one second. The other 29 parts all showed a flame duration of zero
seconds, as compared to up to 6 seconds four several other part types. This is
surprising because the Manufacturer B parts exhibited the highest inciderce of
catastrophic failures that caused ignition of the plastic encapsulant. Appar-
ently, the ignition of the plastic during screen testing and life testing was
zaused by device failure considerations rather than a flammability proclivity of
the encapsulant.

See Section 4.4.1 for the details of this test.

4.1.3.2 Humidity—The application of the humidity environment to 30 ot each part
type in biased operation resulted in no failures at all for the Manufacturer A
bipolar 7415194 devices but resulted in over' half of each of the 2N2222 tran-
sistor types failing. Both CMOS types had nearly the same number of failures (4
and 5) and both 741 op amp types had nearly the same number of failures (3 and 1).
These results proved to be inconclusive in terms of the use of humidity as a
qualification screen, since it was not observed that the significant differences
that occurred in life testing were reflected from the predictions that could be
made from the results of the humidity testing. See Section 4.4.2 for the details
of this test.
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4.1.3.3 Autoclave—This test was performed with 30 parts of each part type
biased at 5 volts, while exposed to an environment of 120°C and 15 psig of steam.
Again, the results showed the manufacturer A bipolar 74L5194 device to be almo.t
impervious to the environment, while the other part types experienced fair to
poor performance. Again, the 2N2222 transistor types from both manufacturers
experienced large numbers of failures {28 and 30). The CMOS types experienced
larger numbers of failures than for the humidity test (18 and 9) and the 741 op
amps also experienced more failures but of roughly the same order of magnitude (8
and 11). It was not seen that autoclave would be a meaningful qualification
test, since it did not seem to predict the performance that occurred during the
life testing portion of the program. See Section 4.4.3 for the details of this
test.

4.1.3.4 High Temperature Storage—The rasults of the high temperature storage
test disproved the hypothesis that pre-baking the parts at elevated temperature
would drive out any possible contaminants and thereby improve Lhe reliability of
the parts. It was found instead that the most severe bake (125 hours at 175°C)
resulted in the largest number of failures and these were due to channelling,
apparently a result of the presence of contaminants derived from the plastic
encapsulant. The other test cells used (125 hours at 125%C and 50 hours at
1259C) resulted in fewer failures, but channelling still did occur for all of the
test conditions except for the Manufacturer C 4069 CMOS devices which experienced
no life test failures after the bake at 125°C for 50 hours.
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4.2 DETAILS OF SCREEN TEST RESULTS
4.2.1 Initial screening Program

A1l parts were subjected to electrical screening and two-thirds of the parts were
subjected tc additional environmental screening prior to committing the parts to
the life test experiment. The intent of the screening was to investigate pos-
sible screens that could be applied to plastic encapsulated semiconductors. The
life test experiment was intended to determine the effectiveness of each of the
screening routines in reliability assurance of plastic encapsulated semiconduc-
tors.

The 1035 plastic encapsulated parts of each manufacturer type were divided into
345 parts for each of three screen conditions as described in section 3. Table
4-1 summarizes the failures that occurred in each of the screens, for each of the
part/manufacturer types. It can be seen that with the exception of the 125°%
burn-in screen for the Manufacturer B linear 741 op amps, the yield for all of
the parts was quite higih and easily produced the desired 225 good parts needed
for the life test experiment.

It turned out that with the above-mentioned exception, the use or non-use of a
burn-in had practically no effect on the number of parts that survived the
screens. The electrical measurements made before burn-in intercepted nearly all
of the failed parts, with only 3 parts failing at post-burn-in electrical mea-
surement. An additional 33 parts failed during the actual burn-in and had to be
removed from the ovens.

Figures 4-1 through 4-7 show the points in the screening flow at which the
failures occurred. The most significant finding evident from these figures is
that the measurement of functional and dc parameters at 100°C caught a sizable
number of parts that had passed the 25°C measurements. None of the screening
failures occurred at the post-burn-in measurement at 70°¢ following the 1¢9°¢
measurement.

It appears from the screening data that the burn-in test was ineffective in
intercepting freak population parts failures, but that the elevated temperature
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electrical measurements were very effective. This conclusion would be a very
fortuitous circumstance for plastic encapsuiated semiconductors, since elevated
temperature electrical testing is much less expensive than is burn-in testing.

Table 4-1: [Initial Screening Failures

NUMBER OF FATLURES OURING
INITIAL SCREENING

Screen Screen 2 Screen 3

Part Type {No Burn-In) (70°C Burn-In) (1259C Burn-1In)
MFR A

(74LS 194; 7 3 5

MFR B

(4069) 12 36 38

MFR C

(4069) 5 12 18

MR B

(741) 50 6 Aborted
MR D

(781) 41 35 13

MFR B

(2N2222) 50 54 29

MR £

(2N2222) 9 6 5

Note: Each cell started with 34% parts
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4.2.2 Screening Cost Analysis and Trade Study

As a vehicle to scope the cost advantages of thc use of plastic encapsulated
semiconductors, a cost study was performed on the relative costs of procuring
semiconductors in hermetically sealed JAN (Class B) form versus the cost of use
of the same device types in plastic encansulated form.

In the case of JAN parts, there is little additional work that must be performed
after purchase of the parts, since they come already screened to stringent
military specification requirements. Generally, even JAN parts are subjected to
a 100X measurement of electrical parameters and functionality at 259%C as a part
of in-oming receiving inspection. The total cost ot these parts by the time they
are . manufacturing stores ready for production use is thus the total of the
purchase price plus the electrical test cost.

Using high speed automatic testers, the typical test cost at receiving inspection
is 20¢ per part for digital microcircuits and transistors and 50¢ per part for
linear microcircuits. Thus, the total in-bin cost for JAN vi.rsions of the four
device types employed on this program would be as follows:

JAN Class B

1000 Quantity JAN Class 8

Purchase Cost Per Part Total Cost
JAN Part Part Type Per Part Test Cost. Per Part
M38510/30601 54LS194A $ 4.50 $ 0.20 $4.70
M38510/17401 CDa069 $15.00 $ 0.20 $15.20
M38510/10101 741 $5.00 $ 0.50 $ 5.50
JANTXVZN2222A w222 $ 1.05 $ 0.20 $1.25

These costs can be compared to the comparable costs to procure and test plastic
encapsulated semiconductors in such a manner that a similar degree of reliability
assurance is provided. An analysis was made of the cost of performing each of
the three screens described in this test program.

Assume that 1000 parts are to be subjected to a screen. The cost to perform the
screen would be as follows:
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Cost Per Part
7405194 71

CD4069
2N2222
Screen #1
Electrical Measurement at 20°C $0.20 $0.50
Electrical Measurement at 100°C 2.00 2.30
Total Cost per part (Screen #1) $ 2.20 $2.80
Screen #2 or Screen #3
Electrical Measurement at 25°C $0.20 $0.50
Electrical Measurement at 100°C 2.00 2.30
Temperaiure Cycle .06 .06
Burn-in Board Fab 10.72 10.7¢
(2 parts per socket)
Burn-in at 70°C or 125°C 1.91 1.91
Double Electrical Measurement @ 100°C 4.00 4.60
Double Electrical Measurement @ 70°C 4.00 4.60

Total Cost per part (Screen #2 or #3) $22.89 $24.69

The total in-bin cost for the four plastic encapsulated device types eaployed on
this program would be as follows:

1000 Ouantity Screening Cost Totai Cost
Part Type Purchase Cost Screen #1 Screew #2 or 3 Screen #1 Screen #2
or #3
415194 $ 2.55 $2.20 $22.89 $4.75 $25.44
CD4069 0.22 2.20 22.89 2.42 23.11
741 0.27 2.80 24.69 3.07 24.96
2N2222 $0.11 £ 2.2 $22.89 $2.31 £23.00

The cost of the plastic encapsulated version can then be comparecd to tae cost of
the equivalent hermetically sealed version, as follows:
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In-Bin Cost

Plastic Encapsulated Hermetically
Part Type JAN Equivalent Screen #1 Screen #2 or #3  Sealed JAN "8"
7415194 M38510/30601 $4.75 $25.44 $4.70
CD4069 M38510/17401 2.42 23.11 15.20
741 M38510/10101 3.07 <4.96 5.50
2N2222 JANTXV2N2222A 2.31 23.0C 1.25

[t should be noted that these costs do not include the normal parts engineering
support costs associated with operating a NASA reliability-assured program,
While it is expected that these costs would be greater for the plasti:c ancapsu-
lated parts because of uncertainties in the continuing quality of plastic encap-
sulated devices, these costs could not be estimated in a meaningful way that
would not bias the cost analysis, and hence the parts engineering costs were
ignored.

The cost analysis shows that for the 74LS194 and the 2N2222, the burned-in JAN
(lass B versions would be less expensive to use than plastic encapsuiated parts
screened to the minimal screen of Screen #1 (no burn-in). For CD4069 and the 741
the Screen #1 plastic encapsulated parts would be less expensive than the JAN
Class B equivalents.

If burn-in screen were added to the plastic encapsulated parts (Screen #2 or #3)
they would in all cases be more expensive than JAN Class B hermetically sealed
parts. This cost desparity is primarily due to the small quantity handling and
setup costs for screening single lots of parts as opposed to the large quantity
production runs made by manufacturers of JAN Class B parts.

The earlier interim report on this contract indicated that if the mancfacturer
performed the screening uf plastic encapsulated parts, there would be a 2:1 cost
advantage in favor of plastic encapsuiated MSI bipolar TTL parts. ($2.99 as
compared to $5.00 for JAN class B parts). This difference disappears when
screening must be performed by the NASA user for small quantities of parts.
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The conclusion evident from this cost analysis is that the purported cost advan-
tage of plastic encapsulated semiconductcrs disappears when even minimal reli-

ability assurance screening is applied, thus negating the principal advantige to
the use of plastic encapsulated devices.
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4.3 DETAILS OF LIFE TEST RESULTS
4,3.1 7415194 (Manufacturer A)

4.3.1.1 Life Test Results—Table 4-2 summarizes the results of the life tests
performed on the Manufacturer A 7415194 devices. These paris were TTL bipolar
devices and as can be seen, there were very few failures in any of the test celis.
At 40°C, it appears that the Screen 1 cell (no burn-in) performed better than the
cells which had had a burn-in performed prior to life testing. However, it is
felt that this is a statistical anomely, since this situation is reversed at 70%C
life test, and at 1259C life tes® it can be seen that the effect of the prior
burn-in is indeterminant. The very small number of part failures that occurred

with the 7415194 devices prevented the plotting of the log-normal distributions
for the various cells. Instead, the results point to the fact that the bipolar
LSTTL technology appears to be well -apable of being used in high reliability
applications in the plastic encapsulated form. The quantity of failures that
occurred is well within the number that could be expected from any hermetic parts
subjected to 4000 hours of 1ife test under similar conditions. The difference,
of course, is that it is generally believed that burn-in at 125°C is necessary
for the reliability assurance of hermetic devices. In the case of the plastic
encapsulated devices, no such clear cut cenclusions car be drawn based on the
experimental data. The distribution of failures was very nearly .ne same for the
case of no burn-in, burn-in at 70°C, and burn-in at 125°C.

TABLE 4-2
74.5194 (Manufacturer A) Life Test Summary

Cumulative Failures

Screen Scraen Screen
1 2 6 3
(No Burn-In) (70°C Burn-In) (125° Burn-In)
Life Test at 40°C 0 1 2
Life Test at 70°C 3 1
Life Test at 125°C 1 U 1

48



0180-26734-1

Thus, it would be recommended that for plastic encapsulated LSTTL microcircuits,
the cost of burn-in could be avoided 1n keeping with the cost saving motivation
in using plastic encapsulated parts in the first place. Thg important test
performed as a prescreen would be the use of 100% electrical test at two temper-
atures, 259C and 70°C.

An additional finding that can be concluded from the results of the 1ife test on
the 74LS194 devices is that the use of double electrical tests did not seem to
affect the reliability of the parts in subsequent 1ife testing. Screen 1 parts
were subjected only to one pass of electrical measurements at each of the two
temperatures (25°C and 100°C), while the Screen 2 and 3 parts were subjected to
two passes of electrical measurement at each of the test temperatures of 70°C and
100°C after burn-in in addition to the cingle pass 25°C and 100°C electrical
measurements before burn-in. Yet there seems to be no difference in the number
of failures that occurred in the subsequent life testing.

The conclusion that can be drawn from the 74LS194 life test experiment is that:

LSTTL devices are suitable for use in plastic encapsulated form.

<

0 Burn-in is not necessary as a reliability assurance technique for
pilastic encc~sulated LSTTL devices.

3 Douhle electrical testing seems to have no effect in improvement
of subsequent 1ife test reliability.

b The most important single screen that should be invoked for plas-
tic encapsulated LSTTL devices is 100% electrical measurement at
two temperatures.

4.3.1.2 Failure Anailysis Results for Manufacturer A Bipolar 74LS5194-—-0f the 9
Manufacturer A parts that failed cn life test, 6 were subjected to failure

analysis with the result that all of them retested good when they were electri-
cally tested as the initial step in failure analysis. It can nnly be postulated
that the parts experienced rcovery from the infiuence of the life test environ-
ment in the time period between removal from life test and submittal to failure
analysis. The possibility that the parts were erroreousiy measured as faitures
was discounted by the fact that each part that failed was subjected to several
cycles of socket insertion and retest before being declared to ve a failed part.
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The failure analysis results reinforce the conclusion that the bipolar technol-
ogy represents a high integrity technology in the plastic encapsuiated configur-
ation.

4.3.2 CMOS 4069 (Manufacturer B)

4.3.2.1 Life Test Results—Table 4-3 summarizes the results of the life tests
performed on the CMOS 4069-type devices manufactured by Manufacturer 8. Two
significant findings can be concluded from this table. First, it can be seen
that for the life tests performzd at 40°C and 709C, there is a marked decrease in
the number of failures that occurred in the cells that were burned in at 125°C
prior to life testing. This implies that a 168 hour burn-in at 1259C would be a
necessary screen taest to be applied to this manufacturer's CMOS parts. However,
there is a hazard in applying this finding. For the life test cell that was life
tested at 125°C, the cell that was previo:sly burned in at 125°C experienced a
large number of failures after only two hours of 1ife test. This implies that
the 125°C stress probably is too severe for either the plastic encapsulant or the
die itself,

TABLE 4-3
Life Test Data Summary for Manufacturer B CMOS 1069

Cumulative Failur=2s

Screen 1 Screen _ Screen 3

(Burnaln (Burn?}n

(No Burn-In) at 70°C) at 125°C)
Life Test at 40°C 34 38 17
Life Test at 70°C 59 55 32
Life Test at 125°C 58 51 72

Most significantly, of course, the large number of failures that occurred in each
of the test cells indicates tnat the plastic encapsulated CMOS devices from
Manufacturer B should not be used at all in high reliability applicaticns.
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This position is horne out by analysis of the log-normal distribution plots made
from the statistical analyses of the failure data. Table 4-4 shows the results
of the life test at each electrical measurement increment in time. From these
data, a statistical analysis was made of the shape of the log-normal distribu-
tion, and the median time-to-failure was computed. The log-normal distributions
are shown in Figures 4-8 through 4-10. The computer printouts of the log-normal
distribution analyses are located in the appendix. The summary of the median
times to failure is shown in Table 4-5.

TABLE 4-5
Median Time-to-Failure for Manufacturer B CMOS 4069

Median Time-to-Failure (Hours)

Screen 1 gcreen 2 Screen 3
(No Burn-In) C Burn-In) (155°C Burn-In)
Life Test at 40°C 1.01 x 10% 7.59 x 10° 1.41 x 109
Life Test at 70°C 6.05 X 102 6.53 X 10° 2.78 X 10
Life Test at 125°% a.95 x 10° 4.31 x 10° 1.8

In Figure 4-8, it can be seen that for .he parts that were life tested at 40°C,
the 70°C prior bur 1in seemed to result in the least reliable parts. Failures
occurred the earliest for this cell. Next in failure occurrence was the cell
that was burned-in at 125°C, although this cell experienced the highest median
time to failure, 1.4 X 109 hours. Finally, the celi that. experienced no burn-in
showed the lowest initial rate of failure, although the median time-to-failure
was the lowest because of a large number of failures that occurred later in the
testing. This same trend also occurred with the 70°C and 125°C 1ife test groups,
where the 125%C burn-in or the 70°C burn-in cells experienced the largest number
of early failures. In fact, as can be seen from Figure 4-3, the 125° bura-tn
resulted in an exorbitant number of failures in the 125°C life test cell, indi-
cating that either the plastic encapsulant or the basic semiconductor die struc-
ture is not suited for operation at 125°¢. Figure 4-11 is an Arrhenius plot of
the data resulting from the Manufacturer B CMOS 4069-type devices.
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TABLE 4-4 INCREMENTAL FAILURE DISTRIBUTION FOR
MANUFACTURER B 4069 CMOS

LIFE TEST FAILURES

40°C LIFE TEST SCREEN 1 SCREEN 2 SCREEN 3
INCREMENT (HOURS)  (NO BURN-IN) (70%C BURN-IN) (125%C BURN-IN)
2 3 13 7
3 2 1 0
16 2 4 0
64 10 0 9
256 1 3 2
1000 3 0 0
2000 3 2 5
4000 10 14 2
TOTAL 34 38 7
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[t can be seen that only the 1259C burn-in data presents a reasonable Arrhenius
plot. For the other burn-in temperatures, the data are inconclusive as to ti.
activation energy of the part type. This inconsistency in the Arrhenius plot for
two out of ihree burn-in conditions tends to indicate that there is no unifying
pattern to the performance of the Manufacturer 3 CMOS device types as a result of
the experiment. This degree of inconsistency would not be expected at all for
predictably well made parts of a hermetic encapsulation, and reinforces the
position that the CMOS technology is unsuitable for high reliability applica-
tions in the plastic encapsulated configuration.

4.3.2.2 Failure Analysis Results—0f the total of 416 Manufacturer B CMOS 4069
parts that failed during life testing, 17 were selected for failure analysis
based on the number of parts that failed at each increment of time. Failure
analysis was performed for one part from each cell and time increment for which

the number of failures was 10 or more parts. The breakdown of the failure
analysis results showed the following:

0 Open metallization - ground or Vdd line 11 parts

0 Surface inversion or channeling (retested 4 parts
good after baking out)

0 Catastrophically burned - unable to 1 part
analyze

0 Kirkendall voiding 1 part

The reason for the open metallization stripes could not be determined. It was
postulated that the internal leakage current caused by channelling could have
progressed to the point where PNPN action could have taken place in the internal
diffused stiructures,

The incidence of channelling as evidenced by the recovery of the four parts avter
being baked for 16 to 450 hours is felt to be a significant detriment to the use
of CMOS devices in plastic encapsulated configuration. Apparently there are
contaminants buried in the plastic encapsulant that can be driven into the CMOS
structure sufficiently to alter the normal CMOS bias conditions. [t appears that
this condition was aggravated by the fact that CMOS devices operate at extremely
Tow levels of bias current, which caused the additional leakage currents to
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create major disruptions in the normal operating conditions of the CMOS struc-
tures.

The Kirkendall voiding failure probably was caused by a combination of high Idd
current and high temperature at the oond site due to the high current. The fact
that Kirkendall voiding could occur at all is a reminder that gold-aluminum bonds
are prevalent in plastic encapsulated semiconductors and represent an uncon-
trolled source of failures not generally present in high integrity hermetically
sealed parts.

4.3.3 CMOS 4069 (Manufacturer C)

4,2,3.1 Life Test Results—

Table 4-6 summarizes the life test results for the Manufacturer C CMOS 4069
parts. The number of failures in each cell was significantly less than for the
Manufacturer B CMOS 4069 parts, and the distribution of failures was much as
would be expected, with the 125%C life test showing the largest number of fail-
ures. A significantly larger number of failures occurred for the 40°C 1ife test
parts that had previously been burned-in at 125°C. than for the parts that had
not been burned-in or had been burned-in at 70°C.

TABLE 4-6
Life Test Data Summary for Manufacturer C CMOS 4069

Cumulative Failures

Screen 1 Screen 2 Screen 3

(Burn=In (Burn~In

(No Burn-In) at 70°¢) at 125°¢)
Life Test at 40°C 4 6 17
Life Test at 70°C 3 6 5
Life Test at 125°C 18 25 17

The distribution of failures as a function of time is tabulated in Table 4-7 and
plotted in Figures 4-12 through 3-14. For the 40°C 1ife test (Figure 4-12), the
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TABLE 4-7 INCREMENTAL FAILURE DISTRIBUTION FOR
MANUFACTURER C 4069 CMOCS

LIFE TEST FAILURLS

30%¢ LIFE TEST SCREEN 1 SCREEN ¢ SCREEN 3
INCREMENT (HOURS) (NO BURN-IN) (70°C BURN-IN) (1250C BURN-IN)
2 0 1 3
R} 0 0 1
16 0 0 2
84 0 0 1
Jho 1 4 1
1000 1 0 3
2000 2 0 4
4000 0 1 2
TOTAL 4 6 17
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distribution of failures is as would be expected. The 125°C burn-in parts failed
at a greater rate than did the 70°C burn-in parts. and the no-burn-in parts
failed at a much slower rate. However, calculation of the median times to
failure using the statistical analysis program resulted in anomalous findings as
shown in Table 4-8. It was found that for the 70°C and 125°C burn-ia screen
parts, the median time-to-failure was greatest for the parts life tested at

709C, with the result that the Arrhenius curves have the meaningless shapes shown
in Figure 4-15. Thus there can be no conclusicons concerning the relative merit
of burn-in as a pre-screen used prior to life testing.

TABLE 4-8
Median Time-to-Failure for Manufacturer U CMOS 4069

Median Time-to-Failure (Hours)

Screen 1 écreen 2 %freen 3 A

(No Burn-in) (70°C Burn-In) (125°C Burn-In)
Life Test at 40°C 5.3 x 108 1.7 x 109 2.6 X 100
Life Test at 70°C * 1.6 x 10! 2.4 x 101!
Life Test at 125°C 1.1 X 10° 9.6 X 10° 5.0 x 10

* Insufficient number of failures to predict.

The unexpectedly low median time-to-failure for the 40°C 1ife test parts may
possibly be attributed to the fact that for CMOS the internally generated heat is
so low that in a 40° 1ife test there is insufficient heat to drive off any
internal contaminants.

4.3.3.2 Manufacturer C 4069 Failure Analysis Results~0f the 101 Manufacturer C
4069 CMOS parts that failed during 1ife testing, 9 were subjected to failure
analysis, one from each of the 1ife test cells and time increments that had 3 or
more failures. The breakdown of the failure analysis results is as follows:

0 Open Metallization - Ground or Vdd Line 4 parts

0 Burned package 1 part

0 Surface inversion or channelling 4 parts
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L



Life Test Duration (Hours)

[N
Ty

10

TTT

10t! {

R RRLLU
~N
/

[te)
LRRRALL
/

10

riimm
]

~i
1

/

L—

: \
o | \\w
n: \
o |
X
i

20 30 40 50 60 70 80 90 100 12(1 p? 160 180200 240 280300 340 400
25 2 \ L]

Temperature - °C - (EK Scale)

Figure 4-15
Arrhenius Curves Median Time to Failure For Manufacturer C 4069 CMOS

64



N180-26784-1

As in the previous case, the channelling is indicative of a serious problem in
the use of plastic encapsulation for CMOS parts, since it appears that some
contaminant resulting from the plastic encapsulant is influencing the perform-
ance of the CMOS devices. The open metallization failures are again felt to be a
possible result of the increased leakage currents in the CMOS structures caused
by contamination, and the burned part was merely a result of the heating caused
by the high currents that were manifested in some devices by open metallization.

4.3.4 741 Operational Ampiifier (Manufacturer B)

4.3.4.1 Life Test Results—Table 4-9 summarizes the life test results for the
Manufacturer B 741 op amps. Only the screen 1 and screen 2 parts were available
for life testing, since none of the screen 3 (125°C burn-in) parts survived the
initial burn-in screen. As a result, it is not surprising that extended life
testing performed on the 70°C burn-in parts resuited in the test being aborted
early in the life test due to the parts catastrophically catching fire in the
1ife test ovens. Table 4-10 shows the way the life test failures were distri-
buted with time.

TABLE 4-9
Life Test Data Summary for Manufacturer B 741 Op Amps

Cumulative Failures

Screen 1 gcreen 2 %freen 3
(No Burn-In) (70°C Burn-In) (125°C Burn-In)
Life Test at 40°C 12 7 _2/
Life Test at 70°C 12 Y 2/
Life Test at 125°C 61 Y _2/

_1/ Test aborted - parts began catching fire
2/ No parts survived Burn-In at 125°C
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TABLE 4-10 INCREMENTAL FAILURE DISTRIBUTION FOR
MANUFACTURER B 741 OP AMP

LIFE TEST FAILURES

40°C LIFE TEST SCREEN 1 SCREEN 2
INCREMENT (HOURS)  (NO BURN-IN) (70°C BURN-IN)

2

8

16

64
256
1000
2000
4000
TOTAL

£ M

;qoxr—*r—r—‘owoo
%mr—omooooo

70°C LIFE TEST
INCREMENT (HOURS)

(F8 )
1Y N OO

2
o
:qub—‘ONt—‘OO

39
(Test aborted)

125°C LIFE TEST
INCREMENT (HOURS)

2 0 1
8 0 1
16 3 4
64 2 43
256 1 22
1000 10 -
2000 22 -
4000 23 -
TOTAL [ T

(Test asorted)
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The 70°C burn-in parts that were life tested at a0° experienced no failures
until 1000 hours, at which time five failure; occurred. Then at 2000 hours

an additional 21 rarts failed, and after 4000 hours an aaditional 45 parts
failed, bringing the total to 71 parts. Tnis indicates that the parts went
into wear cut at around 1000 hours. Apparently, there is a fundamental failure
mechanism in the plastic/linear semiconducior structure that leads to regenerative
degradation in such a manner that in time the parts overheat to the point

of ignition of the plastic encapsuiant. This pattern of early wear out was
also observed for the cther five test cells that survived initial burn-in.
Figures 4-16 througn 4-18 depict the log-normal distributions for the 40°c,
70°C and 125°C 1ife test cells using parts with no burn-in and burned-in

at 70°C. It can be seen that in each case plotted, the parts went into wear
out before the =nd of the 4000 hour life test. Table 4-11 summarizes the
median time to tailure for each disti ibution, and Tabie 4-12 summarizes the
estimated points on the log-normal cistribution curves where wearcut began.
These points were plotted an an Arrnenius curve with the results shown in
Figure 4-19.

In order to analyze the performance of the Manufacturer 3 741 op amps without

the disturbing influance of the wear out mechanism, the log-normal distributions

were subjected to statistical analysis with the wear out failures removed.

This resulted in calculation of the median times to failure shown in Table 4-13.

These data were then plotted on an Arrhenius curve (Figure 4-20) to show

the extrapolated performance of the parts when operated within reduced temperature
imits such that the wear out mechanism wuuld not be activated.

TABLE 4-11
Median Time-to-Failure with Wearout Failures Included.

Median Time-to-Failure (liours)

Screen 1 8creen 2 Screen 3

(No B8urn-[n) {70°C Burn-In) (125°C Burn-In)
Life Test at 40°C 1.9 X 108 Screens 2 and 3 cells
Life Test at 70°C 1.0 X 107 aborted due to parts
Life Test at 1:5°C 2.0 X 103 catching fire.
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TABLE 4-12
Onset of Wear Qut for Manufacturer B 741 Op Amps

Wear Out Begins (Hours)

No Rurn-In 70%¢ Burn-In
40°C Life Test 3500 1000
709C Life Test 2500 64
125°%C Life Test 600 8
TABLE 4-13

Median Time-to-Failure for Manufacturer B 741 Op Amps
With Wearout Failures Removed

Median 1ime-tc-Failure (Hours)

Screen 1 creen 2 creen 3
(No Burn-In) {70°C Burn-In) (125¥C Burn-In)
Life Tes: at 40°C 4.59 X 1011 Screens 2 and 3 cells
Life Test at 70°C 2.1 X IC9 aborted due to parts
Life Test at 1259 1.6 x 108 catching fire.
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The overriding conclusion that must be drawn from the results of the jife
tast experiment on the Manufactuier 8 741 op amps is that these parts are
totally unsuited for use in any high reliability or elevated temperature
applications.

4,3.4.2 Manufacturer B Failure Analysis Results for 741 Op Amp-0Of the 310
Manufacturer B 741 op amps that failed, one non-catastrophic failure was selected
for failure analysis from each of the test cells and life test increments for
which the number of failures was 3 or greater for a total of 10 parts. The
results of the analysis of these 10 parts was as follows:

0 Retest good 8 parts
0 Apparent Electrical Overstress 1 part
0 Gain Slightly Low 1 part

The retest good parts were iound to have failed originally because of slightly
out of 1imit gain values, and upon retest several months later they were found to
_ have gain values within limits. . One part did not retest good but was found still
to exhibit the marginal gain value which was typical of the other failures.
Baking of this part did not affect the test results. The cause of the marginal
gain could not be determined.

The part which exhibited electrical overstress was typical of the parts which
were felt to have experienced wearout during the life testing. It appears that
at some time in the course of life testing, each of the wearout failures went
into a high current drain mode in which an internal oreakdowr. occurred from the
V+ pin to an adjacent metallization run resultinyg in excessive supply current
flowing.

4.3.5 741 Operational Amplifier (Manufactucer D)
4.3.5.1 Life Test Results—Table 4-14 sumarizes the 1ife test results for the

Manufacturer D 741 op amps. It was found that there was not an excessive number
of failures for this manufa turer.
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TABLE 4-14
Life Test Data Summary for Manufacturer D 741 Op Amps

Cumulative Failures

Screen 1 Screen 2 Screen 3

No Burn-In 70°C Burn-In 1259C Burn-In
Life Test at 40°C 10 5
Life Test at 70°¢C 7 10 4
Life Test at 1259C 4 14 i3

Although it appears that the 40%C 1ife test caused the largest number of
failures for the non-burn-in cell, analysis of the loy-normal distribution
for the three life test cells (tabulated in Table 4-15 and plotted in Figures
4-21 through 4-23) shows that the median time-to-failure for the no-burn-

in 40°C 1ife test was the longest, as summarized in Table 4-16. In fact,
plotting the median time-to-failure for the three no-burn-in life test cells
rec “ts in a typical Arrhenius curve as shown in Figure 4-24. Unfortunately,
th. -normal distributions for the 70°C burn-in and 125°C burn-in did not
slelo abie Arrhenius curves. In fact, the 125%C burn-in curve showed

a severe anomaly in that the median time-to-failure at 1259C 1ife test was
2-1/2 orders of magnitude better than at 70°C life test.

TABLE 4-16
Median Time-to-Failure for Manufacturer D 741 Op Amps

Median Time-to-Failure (Hours)

Screen 1 §creen 2 §§reen 3

(No Burn-In) (70°C Burn-In) (125°C Burn-In)
Life Test at 40°C 2.8 x 10%! 5.2 X 10%¢ 1.5 x 108
Life Test at 70°C 1.2 % 10° 3.6 x 108 2.8 x 109
Life Test at 1259 3.6 X 108 1.6 X 10 7.1 x 10l!
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TABLE 4-15 INCREMENTAL FAILURE DISTRIBUTION FOR
MANUFACTURER D 741 OP AMPS

LIFE TEST FAILURES

40C LIFE TEST SCREEN 1 SCREEN 2 SCREEN 3

{NCREMENT (HOURS)  (NO BURN-IN) (70°C BURN-IN) (1259

BURN-IN)

2 2 1 1

e 0 0 0

16 0 0 0

64 0 0 0

256 0 0 0
1000 0 1 0
2000 6 1 2

4000 2 2 1
TOTAL 16 5 4

70°C LIFE TEST
INCREMENT (HOUR3)

2 2 3 1
8 0 0 0
16 0 0 0
€4 1 0 0
256 2 4 3
1000 1 1 0
2000 1 1 0
4000 0 1 0
TOTAL 7 10 g
125”C LIFE TEST
INCREMENT (HOURS)
2 2 4 5
8 0 1 2
16 0 0 0
64 3 2 0
256 0 2 0
1000 4 2 0
2000 1 3 5
2000 1 0 1
TOTAL T e 13

76



TIME-HOURS

100k

‘A/. - -
— L)

40k

20k l

/ T {128 BURNAIN
{o

1[ J MTTF = 1.49 X Joi°
T On
oy TG 70TE BURN-IN
10k I 4 j; MTTE = .13,\(112
4k
2 .

i B—TE
1k
sao{ T I

[ / INO HURN+$IN 10
400 j MTTH = 4!.79 X 10
256

@

100

/
et
co&\/]

/
16 | m/

wl L]
8 |
L
2

I 2% 5% 103 153 20%  30% 40Y SO0% 60% 7O% 801 85% 90% 955 9an
PERCENT FAILED

Figure 4-21 MFR.D 741 CP AMP 40°C LIFE TEST

77



TIME-HOURS

100k

40k /1
20k
/ " 125°C BURNHIN
10k g%R—at 8- o
NO BURNAIN
4 bog b 1.7 5 110®
2K 70°q BUAN- I
s0%(@ 316 x| 10°
1k
800 4 —
/ )
w0 |
256 / 7‘ @ F
100
64 | ] ]
o [
16 ]
iVl
8 f all
4
2 Q—[@‘L
1
12 5% 10% 15% 20% 0% 40% 50% 60% 70% 80% 85% 90% 95% 98%
PTRCENT FAILED
Figure 4-¢2  MFR.D 741 OP AMP 70%¢ LIFE TEST

78

~ e A i+ P, SIS _“



TIME-HOURS

100k

ank

20k

10k

4k

2k

1k
800

400

256

100

I NO BURN4IN 8
. 0% @ 363 X 10

125°] BUAN-IN

50%]@ 7,08 4 19°

7070 BUAN-TN
508 @ 1.5 % 10"

\\{9\.

TN
7

]

/
il

It

12

3 51 102 15% 205 30% 40% 50% 60% 707 80% 85% 90%
PERCE’T FAILED

Figure 4-23  MFR.D 741 OP AMP 125%C LIFE TEST

79

95%

98%

i e



Life Test Duration (Hours)

*

1018

o7 T

3
1016 [

E \\
ol [ \
ol b
1083 [ \

=
o2 L

: R /|
10!l | ,

// ﬁtseen 2
: ¥ | 709¢ 8lirnd1n

1010

E Scne4n 1
10° \,~<4¢- Nd Burn (In

: U
108 1l

A Scrs n3
125 i Burn-[n

10/ |
108 E

20, 30 40 50 60 70 80 90 100 12Q_13 160 180200 230 280300 340 400
4] ?2&?“)

Temperature - °C - (EK Scale)
Figure 4-24
Arrhenius Plot of Median Times to Failure For Manufacture: 0 741 OP AMPs

80



D180-26784-1

None of the log-normal curves for the Manufacturer D 741 op amps show any sign

of wear out as occurred with the Manufacturer B 741 op amps. However other anoma-
lies were noted in the log-normal distribution curves. In Figure 4-22, note that
the 125°C burn-in parts have the longest median time-to-failure and are distri-
buted nicely to the left of the other test cells. However, the 70°C burn-in cell
has the Towest median time to failure and is-distributed to the right of the
no-burn-in parts.

In Figure 4-23 (1259 life test), it can be seen that the 125°C burn-in parts
initially failed at a more rapid rate than the 70°C burn-in or no-burn-in parts,
but then as the experimen:c progressed failed at a slower rate, anding up with a
median time-to-failure much greater than the other two cells. Again, however,
the no-burn-in cell ended up with a better median time-to- failure than did the
70%C burn-ir. cell.

The overall conclusion to be drawn from this anomalous data is that burn-in is of
little value in improving the longevity of ithe Manufacturer D 741 op amps.

4.3.5.2 Failure Analysis Results for Manufacturer D 741 Op Amps—Jf the 71
Manufacturer D 741-type op amps that failed 10 were selected for failure analysis
based on one part from each life test cell and test time increment for which
there were 3 or more failures. A1l of the parts were found to be marginal
failures in the first place, having failed for being marginally low in oren lcop
gain or slightly out of limits in common mode rejection ratio. After cleaning
the leads of the parts, they all retested good.

4.3.6 ?N2222 Transistor (Manufacturer 8)

4.3.6.1 Life Test Results—Table 4-17 summarizes the life test resuits for the
Manufacturer B 2N222 transis-ors. It is interesting to note that a large nunber
uof failures occurred in the 40°C 1ife test cell for all three screen conditions:
no burn-in, 70°C burn-in and 125°C burn in. Apparently, the low ambient empera-
ture did not provide enough heat to drive off noisture or other impurities, even
though the parts were iife tested with a collector power dissipation of 250 mW.
The thermal resistance of the T0-92 plastic package is 4.8 mH/°C. or 05.21°2/m.
Thus, the intzrnal power dissipstion heating would raise the junction tempera-
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ture {250 mW) X (0.21°C/mx), or 53°C. The net junction temperature for the 40°C
life test was therefore 93°C, for the 70°C 1ife test was 123°C, and for the 1259C
life test was 178°C. The latter two temperature conditions apparently were high ‘
enough to vaporize and drive off any water that could be in the plastic package
and thus resulted in far fewer failures for the 70°C and 125°C 1life test cells.

TABLE 4-17
Life Test Data Summary for Manufacturer B 2N2222 Transistor

[E S —

Cumulative Failures

Screen 1 Screen 2 Screen 3
No Burn-In 709C Burn-Ir 125°C Burn-1In »
é
Life Test at 40°C 28 23 24 -
Life Test at 70°C 9 1 "
Life Test at 125°C 5 6 6

v m— o

The 40°C life test calls also showed signs of the onset of wear-out at around
2000 hours, since the log-normal distributions (tatulated in Table 4-18 and
plotted in Figures 4-25 through 4-27) showed a significant departure from the
pattern established in the two hour to 2000 hour time period. The large number
of failures that occurred permitted the statistical anaiysis program tu be run
and calculate the median times to failure for the three cells. The initial
tabulation is shown in Table 4-19. However, because of the unset of wear out
after 2000 hours, the calculations were repeated with the 4000 hour data points
deleted. This resulted in the tabulation shown in Table 4-20. These data were
then plotted on Arrhenius curves as shcwn in Figure 4-28.

It can be seen that the resultant Arrhenius curve: 4o not make sense, and the
data indicate that other factors besides the time-te.cerature rate relationship
are governing the failure distributions. Thre inconsistency of tne data leads to
the conclusion that burn-in or the absence of burn-in nas 1ittle influence in the
long term reifability of Manufacturer B plastic encapsulated transistors.
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TABLE 4-18 INCREMENTAL FAILURE DISTRIBUTION FOR
LIFE TEST FAILURES

40%C LIFE TEST SCREEN 1 SCREEN 2 SCREEN 3
INCREMENT (HOURS)  (NO BURN-IN) (709C BURN-IN) (125°C BURN-IN)
Vi
8
16
64
256
1000
2000
*000
TOTAL

—

O+ WOOOHW
- D= OUNMO O~

VOOOrrNOMN

—
r—a
—

[
[0
no
L)
(a8
-

70°C LIFE TEST
INCREMENT (HGURS}

2 3 0 1

8 0 1 2

16 Z 0 0

64 3 0 0

256 0 0 0

1000 0 2 1

2000 0 0 0

400C ! 0 7
TOTAL g 3 o

125°C LIFE TZST
INCREMENT (HOURS)

2 1 0 3
3 0 0 1

16 0 1 1

64 1 0 0
256 0 0 0

1000 2 0 ]
2000 1 1 0
4000 0 4 0
TOTAL 5 5 8
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TABLE 4-16

Median Time-to-Failure for Manufacturer B 2N2222 Transistor
(Includes 4000 Hour Wear Qut Fajlures)

Median Time-to-Failure (Hours)

Screen 1 Screen 2 Screen 3

(No Burn-In) (70°C Burn-In) (125°C Burn-In)
Test at 40°C 1.3 x 108 2.1 x 107 8.8 x 108
Test at 70°C 7.8 X 10° * 7.4 X 107
Test at 125°C 3.5 x 10° * 7.3 x 1010

enough parts failed - regression model rejected.

TABLE 4-20
Median Time-to-Failure for Manufacturer B 2Nc222 Transistor
(Deleted 4000 Hour Wear Qut Failures)

Median Time-to-Failure (Hours)

Screen 1 creen ? §Freen 3

(No Burn-In) (70¥C Burn-In) (125°C Burn-In)
Tesc at 40°C 2.1 x 1044 3.0 X 10°2 1.1 X 107
Test at 70°C 7.8 X 10° * 1.4 x 10**
Test at 125°C 3.5 x 10 x 7.3 % 10°°

enough parts failed - regression model rejected.
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4.3.6.2 Failure Analysis Results for Marufacturer B Transisior 2N2222—0f the
115 Manufacturer B 2N2222 transistors that failed curing 1ife test, 9 were
selected for faijlure analysis, one from each 1ife test cell and time increment

for which the number of failures was 3 or more. The breakdown of the failure
analysis results is as follows:

0 Retest good 3 parts
0 Retes* good after baking out (charnelling) 4 parts
0 Metal r “gration 2 parts

The fact that four parts recovered after being baked »t 15007 indicates that
there is a surface inversion or channelling failure mechanism at work that
results from the presence of the plastic encapsulant. None of the hermetic parts
appearad to exhibit this failure mechanism. The other two categories of failures
can be attributed to varying degrees of +he channelling problem, in that metal
migration could occur if the channelling progressed to the point where excessive
collector current was drawn, and parts could retest good if the channelling had
not progressed very far when the parts were removed from the test group for
ana'ysis.

The occurence of channelling indicates a severe problem with the acceptance of
this part type in plastic encapsulated form. It appears that the combination of
the surface sensitive nature of hiah gain transistors coupled with the possibie
contaminants present in the plastic encapsulant represent an unscreenable relia-
bility hazard.

4.3.7 2N2222 Transistor (Manufacturer E)

4.3.7.1 Life Test Resuits—~Table 4-21 summarizes the 1ife test results for the

Manufacturer E 2N2222 transistors. The actual distribution of all failures is
presented in Table 4-22, It is interesting to note that again the 1259 1ife
test did not cause the largest number of failures. Instead, the 40°C 1ife tes:
and the 70°C life test resulted in the most failures. In addition, the 125°C
burn-in screen seemed to degrade the parts such that in each life test cell, the
125°C burn-in (Screen 3) showc. the largest number of failures. Both of these
results contradict the expected results: it would be expected that 125°C burn-in
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screening would remove the most failure prone parts, and then 125%C life testing
would cause the most failu-es. Instead, the best performance was turned in by

the cell ‘hat received no burn-in screen and then was life tested at 123°C.

TABLE 4-21
Life Test Data Summary for Manufacturer E 2N2222 Transistor

Cumulative Failures

Screen 1 Screen 2 Screen 3
No Burn-In 70°C Burn-In 125%¢C Burn-In
Life Test at 409C 10 9 12
Life Test at 70°C 7 11 18
Life Test at 125°C 2 5 10

The failure distributions of Table 4-22 were plotted on log-normal distribution
curves as shown in Figures 4-29 through 4-31. The data were also subjected

to the statisticai analysis program to result in the median time-to-failure
saown in Table 4-23, Plotting these median times-to-failure resulted in

the Arrhenius curves of Figure 4-32. The arrow pointing upward from the

70°C point is intended to indicate that at 125°C the median time-to-failure
probably is very large because of the extremely .mall number of failures

that occurred in the 125°C life test.

TABLE 4-23
Median Time-to-Failure for Manufacturer E 2N2222 Transistor

Mec“an Time-to-Failure (Hours)

Screen 1 gcreen 2 %;reen 3

(No Burn-In) (70°C Burn-In) (125°C Burn-in)
Life Test at 40°C 1.2 x 10° 5.4 ¢ 108 1.2 x 10
Life Test at 70°C 3.3 x 10° 2.6 X 10° 1.2 x 10°
Life Test at 125°¢ ** *1.2 ¥ 10° *3.2 X 10°

*_inear Regression Model was rejected
**Only two parts failed - could not predict Median Time-to-Failure
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TABLE 4-22 INCREMENTAL FAILURE DISTRIBUTION FOR

MANUFACTURIR € 2N2222 TRANSISTORS

LIFE TEST FAILURES

40°C LIFE TEST SCREEN 1 oSCREEN 2 SCREEN 3
INCREMENT (HOURS)  (NO BURN-IN) (70°C BURN-IN) (125°C BURN-IN)

2

8

16

64
.56
J00
2000
4000
TOTAL

quwOHOOH
.)I-bOOt—‘v—‘Hf—'b—‘
NO MW O~ W

70°C LIFE TEST
INCREMENT (HOURS)

2 J 1 1
8 1 0 1
16 1 5 6
64 0 0 0
256 2 0 0
1000 3 5 7
2000 0 0 2
4000 0 0 0
TOTAL i 1T 5
125°C LIFE TEST
INCREMENT (HOURS)
2 0 0 1
8 0 1 4
16 2 2 3
64 0 0 0
256 0 0 0
1000 0 2 2
2000 0 0 0
4000 0 0 0
TOTAL = T T

91




TIME-HOURS

100k

40k

20k

10k

4k

L 709C BURN-

50% @ 1

[N

L2 X} 10

2k

1k

809

400

256

100

¢

NO BUR*-IN

4

1259C BURN-IN
£D%-B-Brdb—k-

|

|

14

2

9% 10% 15% 20%  30%

Figure 4-29

92

40% 50% 60%
PERCENT FAILED

MFR.E 2N2222 40°C LIFE TEST

70% 80T 85% 90%

95%

983



TIME-HOURS

100k

40k

20k

10k

£%d BURN-1

L1

5ok 6 |1.23 X |10

2k

A\ No| BURK- IN

1k

5q% @ |3.33 x]10°

800

e~
a

400

256

100

C BURN-]

C=Z

wis
! Ei
:

1:‘5

> 3

.
g

h~4§;‘=

13

13

st 10% 15% 20% 30T 40% SO% 60% 70T 80% 85% 90% 95%
PERCENT FAILED

Figure 4-30 ,.FR.E 2N2222 700C LIFE TEST

983

ot o o S ———r— M at x -



TIME-HOURS

100k

40k

20k

10k

4k

2k

1k

800

400

256

100

B
i

16 __p_ﬁ,_ f SCRE

SCRE
SCRE

4 FAILURES ONLY | 1C Hr
EGRESSION MPDEL| REJEGTED
EGRESS 108 MPDEL| REJEGTED

YTy eT
ZXx X
Lah D5 o

S

12

23 5% 103 15% 20% 30T 40% 50% 60% 70%  80% 85% S0% 952
PERCENT FAILED

Figur2 4-31  MFR.E 2N2222 125%C LIFE TEST

94

983

R



12

10 = ;
=
2 i
100 L
3 /
10 [ \\ ; AT
» .:. | o Byrn1In
z E ' 1 !
- \\\\>#{/ 1357 Byra-In
g 6 - /
’3 10 = ,
S =
3 - *
=2 b
© 100
Q
[
&
2 10t ]
{
1000 *Regn ssLon mQdel was ¢ ledted
100 E
10 : .
F | i
1 l

20 36 40 S0 60 70 81 90 100 1zq¥3: 160 180 200 240 280300 340 400
25 zlm

Tesperature - C - (ox Scale)

Figure 4-32
Arrhenius Curves of Mediar. Time to Failures For Manfacturer £ 2N2222 Transistor

9%




D180-26784-1

4.3.7.2 Failure Analysis Results for Manufacturer E Transistor ’#2222-0f the 84
Manufacturer E ?2N2222 transistors that failed on life test, 13 were se’ected for
failure analysis, one for each of the life .est cells and time increments for
which the number of fa.lures was 3 or greatear. Tn addition, two hermetically
sealed parts that failed at 256 hours and 1000 hours on 40% 1ife test after

being burned-in at 125°C were subjected to failure analysis. The results of the
failure analysis were as follows:

Plastic Hermetically
Encapsu- Sealed
lated
0 Retssted good arter baking at
150”C (channelling) 10 parts 1 part
0 Ret2sted good 2 parts
0 Catastrophic failures 1 part 1 part

Again, the occurrence of channelling is indicated by the fact that the parts
could be made tu recover by being baked at 150°C for several hours up to several
hundred hours. This indicates the presence of an instability in the surface that
couid be possibly triggered by the presence of the plastic encapsulant. However,
it was nov ‘d that one of the hermetic parts also failed due to channelling, which
implies that the surface of the basic silicen die may incorporate a surface
contaminunt. In any event, it appears that the devices in the plastic encapsu-
lated configuration present an unacceptably high reliability risk which is not
possible to ameliorate by screening.
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4.4 RESULTS OF SPECIAL TE3TS

4.4.1 Flammability

This test was performed on 10 parts :f each type and manufacturer to determine
the relative proclivity for flammability of the plastic encapsulant of the var-
ious device types. It was performed according with MIL-STD-202. Methcd illA
which calls for application .© flame from a propane torch to each part ¢or 15
seconds, with observations made both of the numder of seconds reguired for the
parts actually to ignite and the number of seconds for the device flame to
extinguish after removal cf the torch at the end of the 15 seconds. Table 4-24
summarizes the ‘. ime onset the flames. it ¢~ ba seen thet there is no
significant difference between the different manufacturers' ,lastic encapsu-
lants, with the possible exception of the Marufactir:r C 4069, for which one part
did not ignite at al’ by the end of the 1% ceconds.

. A s o o e ——
.o . P

Table <-25 sumarizes the duration times for the fiames after removai of the
torch. The most siynificant finding was that each of the l‘anufacturer 8 part
types extinguished immed’itely. This is indicative of the nassibility that it
would be very difficult to cause these parts to burn uc Jue to part o .-heating.
Yet this very fa.lure mechanisr :;as observed for a nusber of the Manufasturer B
4069s and 741s. This means that the ignition of the plaitic in those cases was
due to intense and sustained overheating of the parts.

1t is not felt that this flammibi ity test was a useful discriminator between
part types in terms of an evaluation or qualification test that could be aoplied
to parts being considered for use in a program. The differences are not that
significant and the meaning of the resuits in terms of ultimate device reliabilty
is not clear,

i o M
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Table 4-24 Flammability Test Measurements

Time to Onset of Flames (seconds)

Mfr A Mfr B Mfr C Mfr B Mfr D Mfr B

7415194 4069 4069 741 741 2N2222
7 8 15 12 11 6
6 6.5 11.2 8.9 8.2 4.3
4 5 10 7 6 3

Table 4-25 Flammability Extinguishing Measurements
Duration of Flames After Removal of Torch (seconds)

Mfr A Mfr B Mfr C Mfr B Mfr D Mfr B

74LS194 4069 4069 741 741 2N2222
6 0 6 1 3 0
3.5 0 2.5 0.1 0.5 0
0 0 0 0 0 0
—- )
. — <

98
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4.4.2 Humidity

This test was performed with the parts simply biased at +5 volts and placed in
the humidity chamber which was held at 85°C and 85% relative humidity. 30 parts
from each manufacturer and part type were tested, with electrical measurements
made at time increments of 2, 8, 64, 256 and 1000 hours. Table 4-26 summarizes
the failures that ocrured. It can be seen that again the bipolar LSTTL devices
seemed to be impervious to the environmental stress, but surprisingly this was
true of the Manufacturer D 741 op amps also.

A second interesting result was that both manufacturers' versions of the 2N2222
transistor showed a large number of failures. Over haif of the parts from both
Manufacturer B and £ 2N2222 transistors failed the humidity test.

The failures were nearly all due to increase in the collector leakage current
from the normal maximum of 10 nA to a range of leakage currents of several
hundred manoamperes. These "failed" leakage currents are still exceptionally
small, but are indicative of the presence of contaminants on the surface of the
silicon die. There was no evidence of corrosion caused by the humidity environ-
ment.

A humidity test such as was performed on this program has been postulated as
being useful in evaluation of plastic encapsulated products from several manu-
Tacturers of the same part as an indication of relative merit of the competing
manufacturer's products. The results of the tests performed here did not show a
clear advantage of any manufacturer over any other. However this may merely
indicate that there was no manufcturers that were seriously deficient in this
sampi.. The only clear cut conclusion to be drawn is that either the Manufac-
turer A plastic encapsulant is of very high integrity, or that the bipolar TTL
te- a0togy is very insensitive to the presence of contaminents around the silicon
die. In any case, hunidity testing caused no failures in the Manufacturer A
74L5194 TTL parts.
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Table 4-26 Humidity Life Test Results
Number of Failures at Life Test Increment

Mfr A Mfr B Mfr C Mfr B Mf. D Mfr B Mfr E
7415194 4069 4069 741 741 2N2222 2N2222

Operating
Life Test
Hours
2
8
16
64
256
1000
Total

S W N = e O

o O O O O O O
£ = N O = O O
851 ll—-' O = O
w lO O O O O W
Land 'H S O O O O
z|

WO Ioc N NN O oy O

Note: 1Initial cell size was 30 parts
4.4.3 Autoclave

This test was also performed with the parts simply biased at +5 volts while

placed in the autoclave chamber at 120°C and 15 psig of steam. 30 parts from each
manufacturer and part type were tested, with electrical measurements niade at time
increments of 1, 4, 16, 32, 64 and 96 hours. Table 4-27 cummarizes the resuits.

Here also, the Manufacturer A 74L5194 device showed almost no sensitivity to the
contamination that was possibly introduced by the autoclave test. Only one part
fafled. Nearly all of the 2N2222 transistors from both manufacturers failed the
autoclave test, but it was found that the failures could be baked out such that
the parts recovered. This indicates that the failures were due to increase of
the collector-to-base leakage current Icho beyond the allowable 1imit. It ap-
peared that there was no incidence of corrosion of the internal leads caused by
the exposure to humidity.

For the CMOS parts and linear parts, a large number of the parts failed but
recovered after baking. This again indicates that the failures were due to
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leakage paths across low leakage junctiors, rather than corrosion of the aluminum
mealization.

The autoclave test did prove to be capable of generating failures in a manner
that could be used as an evaluation tool for plastic encapsulated samiconductors,
even though the differences between the manufacturers was not significant. The
way that such a test would be implemented would be to compare the results for
several different manufacturers and determine if any one manufacturer exhibited
signicantly larger numbers of failures than the other manufacturer's parts.

Table 4-27 Humidity Test Lead Failures
Number of Failures at Life Test Incremen

Mfr A Mfr B Mfr C Mfr B Mfr D Mfr B Mfr E

74L5194 4069 4069 741 741 2N2222 2N2222
Operations
Life Test
Hours
1 1 0 0 1 0 11 3
4 0 0 0 0 0 1
16 0 0 1 ¢ 0 14 12
32 0 1 1 0 1 1 14
64 0 6 3 5 4 1 1
% 0 u _4 _2 6 0o __-
Total 1 18 9 8 11 28 30

Note: Initial cell size was 30 parts

Another interesting observation that was made as a result of the autoclave tests
was that for four of the seven part types, the autoclave environment caused the
external leads to become brittle, resulting in breakage of the leads and inabi-
1ity tc measure the parts electrically. This failure mechanism was analyzed
extensively in the previous accelerated stress test contract when it occurred for
Manufacturer A parts and was found to be caused by the cracking of the nickel
platiny on the leads which allowed the moisture to attack the kovar leads,
causing embrittlement. Figure 4-28 summarizes the part types for which this
problem occurred.
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Table 4-28 -
Occurrence of Broken Leads During Autoclave

Mfr A Mfr B M- C Mfr B Mfr D Mfr B Mfr E

7415194 4069 4069 741 741 2N2222 2N2222
Operations
Life Test
Hours
0 0 0 0 0 0 0
4 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0
3] 0 0 0 0 G 0 0
64 9 0 0 0 4 G 0
96 2 1 1 0 0 0 0
Total 11 1 1 0 4 0 0

The Manufacturer A parts are again seen to be the most susceptible to this
problem. All of the failures occurred near the end of the test when the parts had
been inserted and removed from the life test sockets and electrical test sockets

a number of times. It is felt that this normal but repeated handling combined
with the severe moisture stress imposed by the autoclave test resulted in the
penetration of the corrosion-inducing moisture into the external leads. These
failures were not counted in the basic autoclave test results of Table 4-27
because they are not felt to be related to the plastic encapsulant.

4.4.4 High Temperature Storage

Three test cells were formed for each of the CMOS part types from Manufacturer A
and Manufacturer B, to determine if there was any benefit in baking plastic
encapsulated parts prior to use to drive out any intrinsic moisture imbedded in
the plastic. The three test celis were as foliows:

o Screen 4: Bake at 125°C for 125 hours

o  Screen 5: Bake at 175°C for 125 hours
o  Screen 6: Bake at 125°C for 50 hours.
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Following bake, the parts were subjected to 40°c operating life test for 1000
hours with electrical measurements made at 4, 16, 64, 256 and 1000 hour incre-
ments. Thé operating life tests were identical to the 40°C life tests performed
following Screens 1, 2 and 3. It can be seen that Screen 6 is the least severe of
the screens and Screen 5 is most severe.

Table 4-29 summarizes the results of the high temperature storage test on the
Manufacturer B 4069 parts and Table 4-30 summarizes the test results on the
Manufacturer C 4069 parts.

[t can be seen that the Screen 5 parts suffered the largest number of failures
for both part types. Failure analysis of the failures from all of the cells
indicates that the failures are caused by channeling as evidenced by the fact
that the failed parts recover after being baked at 125%C. It thus appears that
the initial bake of the parts did not remove the source of the contamination that
causes channelling, but instead drove it even deeper into the plastic encapsvlant
or semiconductor surface. It is not known if this contaminant is water or some
other derivative of the plastic encapsuiation process.

It appears that the more benign bake screen of Screens 4 and 6 did not result in

as many life test failures. In fact, none of the Manufcturer C 4069 parts failed
on 40°C 1ife test after being baked for just 50 hours at 125%C. It is not known

if this is a statistical anomaly or if this indicates that this might be a valid
screen for plastic encapsulated semiconductors. The important observation

should be that even with the rather good results that the high temperature

storage screen appeared to generate, the number of life test failures is still
unacceptably large as compared to the number of failures that would be expected

for hermetically sealed parts, with the implication that the failure mechanism

that generates the failures in plastic encapsulated parts is basically unscreenable.
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Table 4-29 Manufacturer B 4069 High Temperature
Storage Life Test Results

40°¢ Screen 4 Screen 5 Screen 6
Operating Bake 125 Hrs Bake 125 Hrs Bake 50 Hrs
Life Test @ 1259 @ 1759 @ 125°C
Hours
0 0 0 0
4 1 1 0
16 0 0 0
64 0 0 0
256 0 3 0
1000 2 5 4
Total 3 9 4

Table 4-30 Manufacturer C 4069
High Temperature Storage Life Test Results

40°¢c Screen 4 Screen 5 Screen 6
Operating Bake 525 Hrs Bake AZS Hrs Bake 80 Hrs
Life Test @ 125°C @ 175°C @ 125°C
Hours
0 0 0 0
4 0 1 0
16 0 1 0
64 0 0 0
256 0 1 0
1000 2 2 0
Total 2 5 0
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5.0 PROCUREMENT AND APPLICATION CONSIDERATIONS
5.1 DESIGN APPLICATION AND PROCESSING CONSTRAINTS

Although plastic encapsulated semiconductors are apparently used with success
in commercial application in industry, their use in NASA space application
would appear to be fraught with problems and reliability hazards. Any design
application for whicr the use of plastic encapsulated semiconductors is contem-
plated should be analyzed to determine if such usage would be feasible in

the face of the intense parts engineering and supplier monitoring that would
have to be performed to ensure a suitably high integrity product.

Any device type which employs surface related structures such as are found

in linear microcircuits, high voltage or high gain transistors, and low leakage

current low dissipation device types such as CMOS and FET devices is expected

to present severe reliability problems upon application to NASA designs.

The only possible device type for which there might be reasonable success %
in use of plastic encapsulated devices would be the high-power-dissipation :
bipolar TTL-technology devices (such as LSTTL, TTL and ALSTTL) and other

bipolar digital devices. It doec not appear that the reliability of CMOS

or linear device types could be controlled satisfactorily by exercising parts

engineering or device processing constraints, even if the manufacturers of

plastic encapsulated devices would allow these constraints to be applied

to them.

5.2 QUALIFICATION TEST CONSIDERATIONS

It would be desirable for users of plastic encapsulated semiconductors to

be able to perform qualification testing on samples of devices they are planning
t0 use and be able to derive useful reliability information from the qualifi-
cation tests. However it aprears that there are no significant tests that

can be performed as qualification tests that would shed l1ight on the relative
merit of any given lot of plastic encapsulated semiconductors.

While parts can be made to fail by the application of humidity and pressure
cooker (autoclave) tests, the meaning of the failures observed cannot be

pPorel
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discerned, other than that at a gross level the tests are likely to identify produc-
tion lots of parts that are significantly worse than other lots. Thus it

appears that lot qualification of plastic encapsulated semiconductors cannot

be used as a means of assuring the reliability of the devices, and manufacturer

Tine or in-process qualification cannct be considered in the atmosphere of

the high volume, low cost production characteristics of the plastic encapsu-

lated semiconductor technology.

5.3 SCREENING TEST CONSIDERATIONS

The results of this program indicate that the failure mechanisms of plastic
encapsulated semiconductors are unscreenable by any of the well-known or

low cost screens available to parts control engineers. The failures that
occur with surface sensitive device types appear to be log-normally distributed
with a low sigma, such that throughout the duration of operation of a system
bearing plastic encapsulated .emiconductor, failures would be continuing

to occur at a unacceptably high rate. For the device types which are not
surface sensitive (such as bipolar LSTTL devices), there does not seem to _
be any advantage to conventional screens suéh as burn-in. The use of electri-
cal mea-urement of parameters and functional performance at two temperatures
does serve to weed out "parts that never worked", but this is the only screen
that would be of value.
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6.0 RECOMMENDATIONS
6.1 APPLICABILITY OF PLASTIC ENCAPSULATED SEMICONDUCTORS TO SPACE APPLICATIONS

The results of this program indicate that with the porsible exception of

bipolar digital devices, plastic encapsulated semiconductors are not applicable
to space application or to other applications where even a minimal degree

of reliability assurance is desired. The low cost of plastic encapsulated
semiconductors is more than offset by the high cost of screening and parts
engineering that would be required to provide adequate r:<: .oility assurance,
and even then the reliability would probably not be adequate for other than

the most undemanding system applications such as ground equipment in an environ-
mentally controlled application.

6.2 ADDITIONAL STUDY AND EVALUATION AREAS

A recent technological development has provided an alternative to the use

of CMOS for low power drain system design. This is the integrated injection
logic (IIL) technology which offers extremely low power dissipation in a
bipolar technology. Little is known about the reliability of the IIL tech-
nology in either hermetic or plastic encapsulated versions.

One of the problems with IIL is that there are no large families of device
types for system design available in IIL. Most of the emphasis in IIL has
been in the custom VLSI area, although there are several standard VLSI designs
(microprocessors, etc) on the market.

It is recommended that the problems of plastic encapsulated CMOS be given
an alternative solution: use of IIL technology. This would require that
an accelerated stress test be performed to evaluate the screenability of
IIL in plastic encapsulated form. A program similer to this Phase 2 program
should be initiated on examples of IIL in custom VLSI and standard VLSI form,
to determine the suitability of this technology for use in space application.
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APPENDIX A

STATISTICAL ANALYSIS PROGRAM
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Linear Regression Program Documentation
Frank Moore Org:2-362Z Ph: 3-9434

K NOT FILMED
INTRODUCTION PRECEDING PAGE BLAN

The linear regression program described herein is used for the statistical
analysis of 1ife test failure data of parts from the NASA contrict "Develop-
ment of [esign, Qualification, Screening, and Application Requirements for
Plastic Encapsulated Solid-State Devices for Space Applications”.

Two onjactives are met in this program. The first is to calculate a
measure of the variance of the data. This measure gives the user some idea
about the guality of the data. The second oljective is to calculate the 50%
failure point in hours. This 50% point is calculated by converting the data
into a linear relationship, finding the equation of the best fit line through
the data, and finally using this equation for the solution.

The life test data is converted into a linear relationship .y calculating
the 1og of the hour increment, and by calculating the probit of the cummulative
failure percentage. A probit is a l1inear measure on the normal cummulative
distribution function.

In addition to these objectives, the program also calzulates a confidence
interval for the parameters of the line and allows the user to find the
probit value and confidance interval for any hour value.

The following sections of this document briefly describe simple lincar
regression and detail the program and how it is used.

SIMPLE LINEAR REGRESSION

This section briefly describes simple linear regression and the equations
used in this program.

There are many occasions where one variable in a process linearly depends
on another variable. The variable which is controlled is called the independent
varijable, x in this case, while the other is obviously the dependent variable,
y. If different values of x, are used to determine values of y. then a scatter
diagram of figure 1 may be Motted which shows the linear rela{1onship.

FIGURE | Scatter Diagram

If more data is taken for the same values of x, then it would be expected
that the Y; values would vary. That is, for 2ach }i tnere exists many
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(y.1 ..... .) where these y's may be thought of as a random variable. This
may be repreéénted by figure 2 where the density of Yi» f(yi)' is plotted for
a few x
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FIGURE 2 True Linear Relationship vs. Estimation
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The line through the mean of each f(y.) can be expressed as in figure 2.
In some sense this is the true line for lhe data. The line

y=a+bx (1)
is therefore an estimate of the line,

[ly/x=a+8x (2)

if a minimum sum ot squared error criterion is used then the following
equations provide an estimation of the constants a and b.

B (G B
"tx -(g:-lx"y

1=]
ary-bx (4)

b= (3)

BV XY

where n= # data peints
X= mean of x data
y=* mear of y data

Since a and b are normaiiy 4istributed ~andom variables then confiuence
intervals around oand g my te found using ‘"2 T ctatistic.
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t S t S
b o2 < 6 < b + /2 (5)
Sxx Sxx
where: S - bS
s = -XL——ZH — (6)
(&)
X,
_ 2 \i=1
Sxx = X5 = (7)
1=1 n
)
2 \i=1 .
S =) yi - (8
AR S n /
(£
RIRIAC RN
S = X-y» - 1'1 1 1 (9)

9:/2 has n-2 degrees of freedom

and

a - 1= < d < a+ 1-1 (10)

Af a certain x=x, is known and it is desired to find a confidence interval
of ¥, then again thg T statistic may be used.

n 1 (x0 - P

-t sfw T < My < (1)
XX 0
~ 1 (xg - x)?
Yot e /T

‘XX

Finally it is often desirable to have a measure fo the variance of the
data. Using the F statistic, a ineasure may be calculated in order to ‘est
the null hypothesis, H,, that the cata did not reflect cufficient evidence
to support the model pdstulated.
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The comparison is then made:

IF f>f (1,n-2) THEN REJECT HU AT THE
LEVEL OF SIGNIFICANCE

ELSE ACCEPT HO

where f (Vl,b%)

V,= 1 degree of freedom

V,= n-2 degrees of freedom
These are the necessary equations to compute the results of the program.

THE_PROGRAM

Since this section includes a listing as well as a flow chart of the
program, a verbal explanation of the program will not be presented.

Instead a step by step description of how to use the program will be
offered. Text printed on the Fluke 1720A Controller will be tvped in capitals
while responses will be typed in small letters. Comments wili be set off
by parenthesis. A samole of the printed output will also be shown. The
data presented to the program is frcm the 4069 1ife test of the
previously cited NASA contract.

EXAMPLE :
ENTER PART TYPE: __ 4069
ENTER SCREEN #: 1

ENTEX LIFE TEST: 125

ENTER # QF PCINTS (2 AND<¢50) 6
( 6 points for data to 1000hrs, 8 points to 4GuOhrs)

ENTER ALPHA FOR CONFIDENCE INTERVAL .05
( for 95% confidence interval enter alpha=1l-.95)

ENTER T OF.025 FOR 4 DEGREES OF FREEDCM 2.776
( see figure 3. find alpha column in figure for .025 and row
for , # degrees of freedom, o7 4. intersection gives T22.776)

ENTER # PARTS IN SCREEN 75
( this should be # of parts actounted for at the end of
life testing)

A6
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ENTER X(1) 2
{ life test increment in hours)

ENTER Y(1) 3
ENTER X{2)

|

ENTER Y(2)

s

ENTER X(3)
ENTER Y(3)
ENTER X{4)
ENTER Y(4)
ENTER X(5) 256

ENTER Y(5) §

ENTER X(6) 100

ENTER Y(6) 25

DO YOU WISH TO CHANGE A VALUE (Y OR N) y
CHANGE X y

“NTER I 6

ENTER X(1) 1000

CHANGE Y y

ENTER I 6

ENTER Y(I) 4

DO YOU WISH TO CHANGE A VALUE (Y OR N) n
DO YOU WISH TO FIND AN INTERVAL FOR SOME MEAN OF Y/XO0 y
IS THIS TO BE A .95 INTERVAL y
ENTER X0 VALUE 5C
DO YOU WANT THE LOG(X) y
ENTER F OF ALPHA FOR(1,4) DEGREES OF FREEDOM 7.71
( see figures 4-7. find figure for alpha=.05. find Y, column=1l
andy , row=4 intersection gives f=7.71, for 8 data’pointsy, row=6)
END OF PROGRAM

The resulting program output is shown in figure 8.
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Table V* o
Cnucat Values of the ¢ Distribution et
’.
&

v 0.10 0.08 0.025 0.01 0.008

1 1078 6.1314 12.700 31.821 63.657

4 1.8386 2920 4.303 6.968 9.928

) 1.638 2.8 3182 4,541 S.841

4 1533 R 2776 1747 4.604

h] 1476 2.018 a5 3365 4032

5 1.440 1.943 2447 KNER] 307

7 1418 ] 898 . Jo8 2998 3.499

8 1.397 1.860 2.206 2.896 38§

9 1.183 1 833 2.202 28 1280

10 1.3 1.812 2.2 2764 169

1 1.30) 1.79% 2.201 2718 1.106

l 12 1.15¢ 1.782 bR RL) 2 o8l 1,058
|13 1.3%0 1L 2100 oS0 3.012
14 1.348 1.761 2148 2004 297

15 .M 1.783 2 2.602 2.947

16 LI 1.7/46 2120 2.583 9

17 133} 1.740 a.110 2.%a07 2.398

18 1.330 1.7 2101 2882 2.878
19 1328 1.739 2090 289 2.361
20 1.J28 1.728 2.086 252 °.548

A 1.32) 1.1 2.080 188 2.8
2 1.321 1.717 2074 2.508 2.819
bX] Ly §.714 2.069 .50 2.803

M 1318 (AR 2 0od 2,492 2.797
28 1.316 1.708 2.060 2488 2,787
26 1.5 1 706 2.056 2479 2179
27 1.4 i 703 2.082 147) LM
28 [IRYR] 1."0 2048 2.467 2.763
byl 131 1.699 2.048 24062 2.7%
wnf. 1.282 1.048 l 1.960 b [ 2.576

t From Table IV of R A Fuher. Statistical Methody for
Researvh 3 oriers, published by Oliver & Bovd, Fdinburgh,
by permission of the author and publishers.
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Table VII* Cntical

Values of the F Distnbution :
[¢] A
fo.os(Vn Vx)
L4
vy 1 2 3 4 s 6 7 8 9

Tileld 1995 12157 4 2246 | 230.2 | 2340 | 236.8 | 2389 | 240.5

211851 1900 19164 1925 19 19.33] 1935( 1937 19.38
311013 $.55 9.28 9.12 92.01 894 8.89 8.85 8.81
4 ™ 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00

S 6.61 5.7 .41 519 "508 495 4.88 4,82 4.77
6 5.99 5.4 4.76 4.53 4.39 4.2 42 4.18 4.10
7 5.59 474 4,38 412 N 3.87 309 313 3.68
] 532 4.36 4.07 3.84 3.69 3.58 3.50 kX ) 2.39
9 5.2 4.26 3.86 363 348 KRy} 329 Kk} 318

10 4.96 4.10 N 348 13 322 314 3.07 3.02
1 4.84 398 3.5 336 3.20 3.09 30 295 2.90

J9 326 KR} 3.00 291 285 2.80
13 4.67 381 4 AN T 3.03 292 2.83 2N 2.7
14 4.00 RVE ) 134 ENE 2.96 2.85 2.76 2.70 2.65

...
)
bt
)
tn
Qe
w0
&

is 454 3681 329 306 2% 21| 2m 2641 259
16 449 363 | 324! 301 285 278 2 259 254
17 448 | 359 320 296] 281 2700 2.6t 2851 249
18 441 3.48 390 293 277] 2661 258 251 246
19 438 32t 313 290 2740 22630 2 248 242
20| 435 349 .10 287 2n 260 2.5 245 2.3
bil 432 347 307 284 268] 2571 249 2421 2.37
2 430 34| 308 282, 266 255! 246 240| 234
2 4281 3421 103 280 | 264 253 2. 2371 2%
pJ 426 340 3.0 2181 62| 251 2421 236 23
28 424 339 299! 276 260 249 240 234| 228
26 4231 3371 298; 274 289 247 2391 232 2M
b3 421 335 2964 273f 2s7| 2460 237 2% 2.2%
2 420 33 298t am 286 245 236 229 224
29 4181 3331 293 270 2550 243 235, 228 22
30 | 407 332 292 269] 253 22| 233 227 an
O 408| 313 284! 26 238 23 228 218 212
60 | 400 3is! 27| 253 237| 238! 17| 2100 204
| 120 3921 307 268( 2451 2291 217] 2097 202 196
l © 3.84 3.00 2.60 23 bibd | 2100 2.0 | 1.94 1.88

* Reproduced from Table IR of Brometriku Tubles tor Statisticians, Vol. 1. by permission
of E. S. Pearson and the Biometnika Trustees.
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Tabie VIl Crtical Values of the F Distnbution (continued)

fo.0s (Vn . "x)

S W -

U-X- N N-

Vi
10 12 15 20 24 kT %0 60 120 ©
2419 12439 2459 [248.0 |249.1 [2%0.1 {2S1.1 |252.2 [253.3 12543
2400 19.41] 19.42] 19.45! 19.45] 19.46] 19.47! 1948} 19.49| 19.50
379 8.74| 8.70| 866| 864 862] 859 857| 855 8.5
96! 591 s86| s5.80| s77| 5.75| 572 569! 5.66] 5.63
4.74] 4.68] 4.62] 456! 3531 450] 4461 4431 430 436
406! <400 394! 387! 384 381} 377 374} 1704 3.67
3641 3571 3.51) 344 3411 338! 3.34( 330( 3270 3.23
3381 3281 3.22| 3as| xa2] 308 3040 301§ 297 293
334 3.07| 301f 294 2 286] 283 279 278 2N
298! 291 285 2771 274l 270] 266| 262 258] 2N
285 27 2720 2681 261l 287 2830 239 248 N0
275] 2.69] 62| 2540 :.5|| 247] 243 2381 234 230!
2670 2600 2830 246 2427 238) 234 300 2250 221
260 2.53 2.46f 2391 235 231 227 222 2.4 213
2s4) 2381 2400 2331 22090 238 2200 267 201 207
249! 2420 238| 2281 2240 229] is| 22 06| 201
Tas| 238l 3| 223 290 218) 219 2080 201] 196
241 233 2270 219y 2 2 202 197] 192
238 anl 22 216 2201 2070 203 198 193] 1.88
238 228! 2200 2121 08! 204] 199l 195) 190! 1.84
2320 22s] 28] 21¢| 208; 20t 196) 1921 1871 1.8l
230 2231 2180 2070 03| 1.98] 1941 189 1.84; 178
297 220] 243 08| 011 196f 191 1861 181 1.7
228t 2.8 21| 203 198 194 1.89] 184 L79] 173
2241 216 2.09 24)!' 1961 192 1871 1.82| 1.77] 1N
23] 218 207] 199 195 190 .85 1.80| L.75{ 1.69
220 2134 197 193] 188 1.34; 179} L73) 167
219 w2y 2 tye] t9vl 187 1.8 LIT] L7Hl 168
2181 2100 203 194] 190 1.8 1LB1{ LIS{ L70 1.64
216] 2090 201 1931 189 1.84) 1790 1.7 1.68] 162
208{ 2000 192 1.840 1790 174l 1.69] ted| 1.58] 151
199 1.92] .84 1730 170l 1es| 189 183 1471 LY
19t 183 178 1660 16t 1580 1501 143 L3S 1.8
1.8} 178} 1.67 |.s7l 1.52) 1461 139 132 122 1.0?4J

LY
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Table VIl Cntcal Values of the F Distnbution (continued?

fo.oa("n V:)
4]
T

v: 1 2 3 4 5 6 7 8 9
114052 14999.5 15403 |f628 3764 15859 15928  |$981 /6022
21 98.50] 99.001 99.7] 99.35] 99301 99331 99361 99371 99.39
30 34020 3082) 40| 871 2824] 2791 2767 27491 2738
4] 21.20{ 18.00| 1669 1598 15521 15211 1498] 1430} 14.66
ST 16261 1327 12061 11.39] 1097] 1067} 1046 1029 10.16
6 13751 1092 9780 ousi 875| 847| 826 810/ 798
7112280 95| 84S, TS| 7461 719 699 684 672
8 11.26] 86S| 7591 701l 663 6370 18] 603 591
9| 105! 802 699 642 606, 580| Sel| S47| 838
10] 1004 TS60 655|599 Sed]  SMI 0 520] 506|494
1] 9esi 721 622! Se7r S22 K07 489 474 463
121 933 693|595 Sd1p S06) 482l ded| 350{ 439

13 9.07 6.70 R ) | $.21 4860 462 4.4 4.30 4.19
14 8.86 6.51 5.56 5.4 469 4461 4.8 4.14) 4.03

15 868! 6.36 542 4.89 456 432 414 4.00 389
16 3.8 6.23 5.29 4.77 444 420 4.03 iz 178
\7 8§40 611 518 4.67 43 410 393 3.7 368
18 8.29 0.0l S0 4.58 425 4,01 384 37, 360
19 8.18 93 LN 4.50 .47 3o 377 Je3 38

2 8.101 5.8%| 494 4431 410 3870 0! 386 346
M| 3.020 .78 487 4.W ; 4.04 3810 Je4) IS 3
2 7987 8720 482 43 3.99 3361 3.%9 3481 138
b 788] S.66] 476 426 | 394 i 14 34 3.30
2 7820 5.6l 472 4227 390, 367 3s0) 336 26

20 171 SST1 468 418 385 363 346! 332] 312
2 172 S8 d4ed|  44) 3821 3890 342 32 .18
n 7681 S49f 460 411 378 386! 339 326 318
2 Tod!  s4s| 487 07 378 183 336 1 w2
2 7.60 5.42 4.54 l 4,04 i 3.50 ' 333 3.2 3
30| 7s6) S39] 481 402 70 3.47! 33| ! o307
0/ 1! osasl 4y 383 sy 3290 3020 29| 289
60! co8: 498 413 des| 334l 32l 298, 282 M
1200 o8] 479 398 3480 37| 296, 279 266] 256
© l 6.6} ‘ 4.6 38y 332 o :.sol 264] 251 241
i i
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Tabla Vi1 Cnucal Values of the F Distribution (continued)

fo.o:(vl. Vx)

41

Vs 10 12 15 20| 24 30| ! 6] 1200 o
1 |6056 [6106 6157 (6209 (6235 6261 6287 (6313 (6339 16366

2| 99.40| 99.42| 99.43| 99.45| 99.46; 99.47' 99.47] 99.48 99.49| 99.50
3| 27.23| 27.05 2687 26.69] 26.60! 26.50' 26.41 26.32| 26.22| 26.13
4| 1455 1437 14200 14.02) 1393 13.84) 13.75 13.65 13.56] 13.46

|
s| 1008 9.89 9720 9.5 9470 938 929 9.20{ 9.1 9.02
6 787 1.7 156 1400 7310 723 7.14] 706 697 6.88
7 662 6471 6311 616 6070 599 591 S82| 574 <65
8 581 567 ss2d s36 528 520 S.a2 503 495 4.86
9 $26 S.il| 496 481 473 4.65] 457 448 440 431
10| 485 471 456 441 433 425 4170 48| 400 39
1 454 440 425 4.0 4020 394 386 378 369 3.60
12 4. 416 401 3.86| 3.78 13701 362 3.54| 345 336
13 4100 396/ 3.82] 3.66] 3.59] 3510 343 134 328 307
14 394 380 366 3.51 343 335 327 318 309 3.00
15 3800 3670 3.52) 337 3290 3210 313 305 296/ 287
16 3690  3.55] 341 3260 3as 310] 302 293 2841 275
17 3.590 3.46| 331] 316l 308! 3000 292| 283 275 265
18 3.1 3.37] 323 308 3000 2920 284 275| 2.66] 2.57
19 343 3300 3.1s 300 292] 284 276| 267 2.58 2.49
20 337 323 3090 294 23861 2780 269 261 2520 242
21 331 3170 3.03] 2.88) 2800 2.7 2641 255 246/ 236
2 3260 3.12] 298 283 275 267 258 250 240 231
23 321 3.070 293 278 270 2620 254 245 235 226
2% 317 3.03] 289 274 2.66| 2.58 249 240 231 221
2 3.3 2990 28s] 270 262| 254 245) 236 227 217
26 3.09 296/ 281 2.66f 2.58 250 242 233 223 2.13
27 306 2.93( 2.78) 2.63| 255 247 238 229/ 220 210
28 303 290 275\ 260 252 24 238 226 217 206
29 3.000 2.87) 273 257 249 2.1 233 223 2.14] 2.03
30 298 284 2700 2580 247 239 230 22| 21| 20
4 280 266/ 252 2371 229 220 2"1] 202 1920 180
60 | 263 250 23s| 220 212 207 194 183 173 160
120 247 2 219 203 1.9s| 188 176 166 1.53 1.38
® 2,32 z.xsl z.mi 1.88) 179 ”01 1.5 147 1.32) 1.00
519
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FART TYPE*MFR £ 4049
SCREENING BLURN O IN

LIFE TEST:125 DEC © ORIGINAL PAGE IS

OF POOR QUALITY

FAILURE DATA:

NITURS
MHIRS
LIRS
HCIRS
HDUR‘
MRS

2 FAILURES= = ZHM, FAIL.
2 FAILLURE:Z= CUM. FAIbl.
FAILURES= CHM. SFATL.
-4 FAILURES= CUM. FAIL.
256 FAILURES= CUM. FATIL.
1000 SFAILURES= CLM. FAIL.

-

l' II " II Il II
-
o~

Ll Sl A S S YN

o

(1 A | O 1O L

R R I

SAMPLLE =IZE= 75

CUOSOHOURS)Y 0, Z0L0s
LOGHDLIRS )

FROBITVAFAILURES) =
0. 20209 FROBIT(AFAILURES) =
LG (HOURS L204812 PROBIT(ZFAILLRES) =
LOG(HOUIRS, 1.20612 FROBIT(ZFAILURESZ) =
LG (HOURS) 2.30224 PROBIT(ZFAILLRES) =
LOGHOUIRS) 2. 06000 FROBIT(AFAILURES) =

A

ft e

RESUILTS FOR Q.95 120
AONDY T OF 0,028 = Z.

REGRESTION TONSTANT ZSTIMATE:S:
- a7
B= 0,4013%4

THE D.%% ZTONFIDENCE INTERVAL FOR B [=2:
0.299517% TBETA« 0.S07274G2

THE DS CONFIDENCE INTERVAL FOR A IS
2.240767 ALFPHA: L2

CITOMATE OF Y GTUEN X

TR 0,005 = D74
1= F0
TS X = 1, o

UL LB L. D70

ELT IMATE=

TIME 00 FS ICNFIDENCE [INTERVAL FOR TRE MEAN IF v/
.44 206

ToYOOF TALLJRE D MILR AT 72T, a4 H0URE

T.Toce CONCIDENIE INTERVAL FOF THE MEAN I VY

LLIULITT O OIMEAN TR Y oXO T T0TERT

JORTANTE .

BRI

1§

{

1)
m
(R ]

L TID NG SEUEDT T4 RERRESS

Figure 8 Sample Program Output

SMEAN OF Y AXDe T4 ke

SRTITIU kAN TOIF ALTRALL. 1 s

A JluM. FAIL.
WotldM. Fall.
hOoTUM. FAIL.
.o TuM. FAIL.
4oTUM. FAIL.
7. TidM. FAIL.

nu o

Z.24712
L2854
“.. .u\: o/-_
275222
3.05974+1

4, 2470

ONFIDENMCE INTERVAL WITH 4 JEGREES JF FREEDOM
74

L AN
SRORD TS

YOR:
713 tace.

gy,



ORIGINAL PA3E IS
OF POOR QUALITY

4 b 30 38 3t 36 b SF 30 3 3F 36 3 3 3 3 3 3 3 HE S 3 3 3 3 o B3t 3 o B3t

10 4 * 4
= #4+ L INEAR REGRESZION FRIOGRAM # 3%
oo 3t +3
o5 3 46 3t 3 3 3E 3 3 35 36 36 5F 3 6 3 36 3 3 36 3 36 35 3 3 o 4 38 3 36 3E 34 303
0
S 0 WRITTEN 8Y: FRANE MOORE ORG: 2-2622 PHI Z=24724
40 . LAZT UPDATE: JULY 7, L1921
45
S0 0 THIS PROGRAM IS WRITTEN TO ="ROVIDE TIMFLE _INEAR -RECIESSI0N
=25 U ANALY=IS FOR USER DEFINELD DATA. OPTIONE EXIST T ANALYZE
0 0 PARTS ZCREENING LIFE TEST DATA. THESE OFPTIONT ZONSIST OF MAK DM
% ' THE DATA LINEAFR BY COMPUTING THE L2G OF THE _IFE TEZT HOURSZ
70 ' INCREMENT AND THE PROBIT (SEE PRIOGRAM DOCUMENTATIONY JF THE
HE LINEAR REGREZZION
S0 ZONSTANTS, THIS ~ROGRAM COMPUTEZ THE FOINT AT WHICH 307 IF THE
ANCE OF THE DATA. & MORE
20 v DETAILED SESCRIPTION OF THE ~ROGRAM CAN 2E ~CUND IN THE 2ROCRAM
% v DIOCTUMENTATION.
100 !
10% ' CONSTANTS AND VARIABLES DEFINITIONG
110 ¢
119 ' A=LINEAR REGREZZION S2ZTIMATE AS=FART TYFE
120 ¢ B=LINEAR REGREZ:ION ESTIMATE B$=ZCREEN #
25 0 C=3lM XD Ce=LIFE TEZT
120 ! D=2UM Y(I) D1=FROBIT INTERCEFT
YLD E=SiiM LI VALLIE JF = ~OR DATA
140+ Fl=L00 DECISION FLAG, F OF ALFHH 2=PROBIT DECISION FLAG
145 ¢ STATIZTIC G=3UM vz
190 ¢ Ivu‘EDUNTER_ 1=SAMPLE S ZE
185 0 L=SL0OFE FOR O INTERPOLATION M= OWER CONFIDENCE BOUND
10 ! N=# OF DATA POINTS N$=DECIZION YARIABLE
145 V C=UUPFER CONFIDENCE BOUND P1=PRINT ~LAG
170 ' A=ALPHA S=ESTIMATE OF SIGMA
179 ' E1=%XX SZ=3YY
120 - 33=%XY T=T F ALFHA/L ZTATISTIL
125 ' Ti=3uUM OF FATLURES, FROBIT TZ2=PROBIT INTERFOILATION ~0INT
190 ! INTERFOLATION POINT X=AREITRARY » VALLUE
195 ¢ X(30)=X VALIUE ARRAY Y=RESULT JF X
200 1 Y(S0)=YyY VALUE ARRAY Ye=OEC IS [0ON VARIAERLE
209 0 Z(47)=% VALLES FOR FPROBIT
210 CONVERSION
219
220 DIM X(20),Y(50)
22T P1=1
oA
230 0 T PRINT TO 2CREEN OR PRINTER
e
275 JFEN "KBO:" AT NEW FILE L%
T40 OPEN "KBl:" AS NEW FILE 2%
245 PRINT "PRINTED KRESULTS <Y JR N) '3
250 INPUT Y$
255 TF Yé="Y" THEN S0TD 270
60 IF Ye="N" THENM GOTO 220
2AS LT 24
27¢ S =2
A PRECEDING PAGE BLANK NOT FILMED
275 ' PART DATA
374
220 PRINT "ENTER “ART TYFE: "3
22% INPUT A%
290 PRINT "ENTER SCREEN #: '3
295 INPUT B% AlS



1
N

100 oy,
NN s
vy

YY VIS

HEN
400
401
a0s
404
410
41%
420
4%
477
47
47=
06
<10

=11
S20
550
551
55
St
S0

o~ oo
cNL G

AR

-|Ji‘

LGN N N g

[N Y (N
&
by | [0

PRINT “ENTER LIFE TEST:"; ORIGINAL PAGE 1S

= INPUT % OF POOR QUALITY

't INPUT DATA FOR PROGRAM

PRINT "ENTER & OF POINTSZ (Z7ANDESO) "

INFUT N

FRINT "ENTER ALFHA FOR CONFIDENCE INTERVALMS

INPUT &

FRINT "ENTER T QF"s2/ 23 *FOR"SN=-25 "DESREES JF FREEDIM® S
INPUT T

PRINT "ENTER # ~ARTE IN SCREEM";

4% INPUT EL

FRINT "WARNING:PROGRAM WILL NOT S2TIMATE VERTICAL LINES (ALL FAILS M

FRINT "ENTEF DATA FROM 15T NOM-ZERD INCR.- MODISY & FPOINTL ¢ 7 OF ALPFI-
. FOR I=1 T N

FRINT "ENTER LIFE TE=ST HOUREZ ("5 Is5v)"s
INFUT X(I)

FRINT "ENTER + OF FAILURES ¢("5I5'")";s
INFPUT Y(I)

NEXT I

t

' KEYSTROKE ERROR CORRECTION

]

FRINT D0 YO WISH TO CHANGE & VALUE (Y IR N) s
INFUT Y%

IF vY3="Y" THEN 3SDSUBR 2015

GOTO 410

GOTO 220

]

' DISFLAY PART DATA

t

PRINT #P1, "PART TYPE:"3A

PRINT #F1,"SCREEN: "3 B$

SRINT #F1,"LIFE TEST:"50C%

PRINT #FP1.

PRINT 4F1,

PRINT #F1,"FAILURE DATA:"

FRINT #F1,

MOIDIFY NASA DATA FOR STRAIGHT _INE

DSUB 3020
INT #P1L,

SRINT # PARTS IN 3CREEN
RINT #F1, "SAMPLE SIZE="3k1

FRINT MIDTFIED ~AILURE OATA

- - - 0= - =[G - - -
mLJ

FPRINT =#P1,

FOF I=1 TO N

(D) =L0S (X (I CFOR OG JATA
NEXT I

FOR [=1 TO N

FRINT #P1, "LOGOHIURS)Y "

FRINT #P1,LISTNG S8, dkése", X (1)}

T FRINT #F1," FROBIT(AFAILURES ) ="}

PRINT #F1.IUSING "SH, S4#Es" . Y (1)

> NEXT I

COSET UP CSIUMMING CONSTANTS Al6
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621
525
420
535
40
445

3
N 3
o

DU SRS RatR R

NN g in

oW w
B =)

(e o RO 2 SR XY SR WY S VB R Y S o)

2=0 ORIGINAL PAGE 1S
O=0 OF POOR QUAUTY
E=0
F=0
GE=0

]
¢ CALZULATE =112 NEEDED 'ATER

1

FOR I=1 YO N

m=s+X (D) '
D=D+Y(I) !
E=E+X(I)#Y(I) !
F=F+X(1)"Z '
G=0+Y (D)2 '
NEXT I

'OARINT CONFIDENCE INTEVAL VALUES

.;,1 1
w5 FPRINT #F1,
700 PRINT #FP1,
705 PRINT #F1,"RESULTS FOR"31~33 "CONFIDENCE INTERVAL WITH";
710 PRINT #FP1,." OF FREEDOM"
715 =RINT #F1,"AND T OF"s@/23="37T
720 PRINT #P1,
721 0
705 0 CALCILATE AND PRINT REGRESSION CTONSTANTS A AND 8
726 0
730 PRINT #F1, "REGRESSION CONSTANT ESTIMATES:
738 B=( (N#E)—{C#D) )/ ( (N#F)-L"2)
740 A=(N/N)=-B#(Z/N)
745 PRINT #P1,"A="3A
750 PRINT #P1,"B="3H
751 !
755 ' CALCULATE COVARIANCE AND VARIANCE =ZSTIMATES
7S¢ !
740 31=F=(Z2/N) -
TaS So=0-(0 2 /N) '
C#0) /N) bOSXY
77% s=S0R(O(SI-(B#53) )/ (N=2 )
774 !
720 ' TALCULATE AND PRINT A AND B CONFIDENCE INTERVALS
781
735 M=B-((T#3)/31".9)

790 P=D+((THS)/351.5)

795 PRINT #F1,

200 PRINT #F1,"THE": 1-23 "CONFIDENCE INTERVAL FIJR B [Z3"
205 PRINT #P1," "My " PETAL"IF

210 M=A=((T#3#(F ", 5) )/ (N#31)",3)

215 P=A+( (T#IR(F . S))/(N#31)".S)

=20 PRINT #F1,

37% PRINT #F1,"THE":1-23 "CONFIDENCE [NTERVAL FOR 4 [3™
PRINT #F1," "iMs I ALPHAL SR

e U

340 ¢+ TALLCULATE ¥ SIVEN SOME KT

24

24 PRINT 'DQ YO WISH TO FIND AN [NTERVAL FOR 3OME MEAN IF
250 INPUT YS

TeEs CF Je="y" HEN SOTO 370

&0 IF Ve=UN" THEN GOTT 103%

G AT 24%S

ITO0 OLFINT MIT O TRIS TO 3IE A" 1-03 °INTERVAL'S

ST OINPUT Y E

T2 F Ve=ove THEN OTO 720

Al7

sMJF £ T
S OF YD

SuM IF X )Yy

S OF X1
AUM OF YoD) o

N-23 “DESREES" -

COMPUTE E
COMPUTE A

ESTIMETE OF

VIR S WAL

- .



"

gl

&

-

S ow &
X ERY T R

N
[N )

e d S af

TE Y$="N" THEN GOTG 00
G510 370

i

' CHANGE T OF ALPHA?

PRINT "ENTER NEW ALPHA
INPUT 0

PRINT "ENTER T OF ALFHA/. -
INPUT T

FRINT “ENTER X0 VALLE":
INPUT X

POARLVISION TOR NATA O o T FAKE 05

i

TRINT "DO YO dART T IGOX, M3
DEornev Tacy e
SN THEM 0 L TG

COTALIULATE GND ZUTPUT RESULTS

SRINT 4F1,

PRINT #F1,

ZRINT 4P1,"ESTIMATE JF ¢ 3IVEN
SR INT #P1,

PRUNT 4B, T OFUsa/opt=teT

’~
[

CODETERMINEZ Y SRiOM RESREZTION _INE
I=QeEaX

PEINT #P1,"X="110 X

SRINT #PL, LG =" 4

CREINT #P L, "V ESTIMATE="1'Y

30 DETERMINE ZINFIDENCE (N

DB 3020
COTC 34%

¢ JETERMINE X WHERE 307 IF *ARTS

i
v
et

JF X

‘= S-3 B

TRINT #F L,

SRR,

PRINT HR LD N TSI SEST O MITLR AT L0
¥=%

W
[

ISR 020
ET T VALJE TD O CETT JATA JAPRTANCT

*RINT 'ENTER = 2F A PHA TORY 1, "IN-UCS
NPT T
ImIyT

-

TALTLATE T OOF 2eTA T [IMRARE O

TRl :

FRINT aF L.

T JETERMINE TINFIDENCE IN RESULTTING

T
-

7
Y

/

A18

i
Yy

ORIGINAL PAGE IS
> POOR QUALITY

$ o HCLRE

oD



i

-~

L1&0
IS NN

os
2020
2008
20320
2038
TOTe
20480
2041
~04%5
2050
205t
2055
<0S¢
2040
2065
2070
207%
2020
203%
2090
2091
2099
09
<100
210%
2106
2110
2111
2115
2120
2129
2000
200%
3010
2019
2014
3020
202%
307320
303%
2040

PRINT +#F1,
*RINT #P1, "ANALY=I3 IF
FRINT #F1,

1AKE COMPARIZIN

HEN SDTO L L45

ui:...u » ":1 ot

-E

GOT T 1SS

PRINT #F1,F=":F:" 3 SREATER
PRINT #F1, "THEREFORE REJECT AU -~ DI NOD

PRINT "END OF ~ROGRAM"
1

I CLOSE PRINT SILES

i

CLOSE 1%

CLISE 2%

: =ND

JARIAMCE

RINT 4F . =
SRINT #P1,"THEREFORE ACCEFT HL -
15

ORIGINAL PAGE IS

! +# SUBROUTINE TO CHANGE DATA

PRINT "CHANGE X'3
INPUT N$

[F N$="¥Y" THEN 3072 2045
IF N$="N" THEM GOTC 2070

BOTO 2015

. FIND QLT AHICH X T “HANGE
]

SRINT "ENTER [

INPUT 1§

' CHANGE IT

H

SRINT "ENTER «(I1)"3
INPUT X(I)

PRINT “CHANGE Y":

INFUT NS$

IF N$="Y" THEN 30T0 2100

IF N$="N" THEN GOTO 2123
507D 2070

' FIND OUT WHICH Y VALUE
]

SRINT “ENTER ["3

INPUT I

' CHANGE IT

i
PRINT "“ENTER Y(i)"“3
INPUT YiI)
RETURN

i

]
]
v % VALUES
3

DIM 2(47)
2(1)=,0107
2(2)=,0139
1(3)= 0179
2(4)=,022

s SUBROUTINE ™0

TO CHANGE

TRAN 7 JF AL”

v

92 THAN TSR ALSHA L.
JEVECT TRE

REGR

REJELT

INTERPILATE >FOBITS

Al19

OF POOR QU/LITY

s

HAC L, TIN=S
THE REGH

T

Came e iT

\," lDE i

t
254 0N MOGDEL

—— o ——

= e——————cacotmgN )} -



2{(5)=,0227
2(A)=_035%
1(7)=.044¢4
72(3)=, 0542 ORIGINAL PAGE IS
L5 Z(P)=.0LAR OF POOR QUALITY
2070 2(10)=,0202
2075 Z(11)=.0968
020 Z(12)=.1151
08T Z(13)=.1357
2070 72.14)=.1527
2093 Z(1S)=.1341
2100 Z(1A)=.2119
3105 Z017)=.2420
2110 Z(13)=.274%3
2119 Zo19)y=_ 2025
2120 Z(L0)=,32444
2129 Z2(21)=.3821
BLEBO Z(22)=.4207
S12S Z(23)=.460%2
3140 Z(24)=.5000
141 !
2145 ' CALCULATE OTHER HALF OF TABLE
2146 1
150 FOR I=25 TC 47
2158 Z(1)=1-2(42-1)
2140 NEXT I
SL6S T1=0
H

siel
213D 0 COMPUTE % FAILURES AT EACH INCREMENT
2184

2190 FOR I=1 7O N

31V T1=Y(I)+T1L

F200 AS=TL/KL

"CUM. FAIL.="3T13

3202 PRINT #PL,TAB(47)3"% CUM. FAIL.=":;QS#100

3203 Y(I)=Q%

2205 NEXT I

2210 I=1

3218 J=1

2214 !

2220 ' SEARCH 4 VALUES IN TABLE TO FIND TWO vALUE: ~0OR

3225 ! INTERPOLATION
¢

2T
Sl

3230 IF Y(I)<Z(1) THEN GOTD 3260
3235 IF Y(D)<Z(D) THEN SQTC 327%
3240 I=J+1

3241
2245
2244
3250
3251
328
232%46 !
3260 PRINT "Y("3Is") QUT 2OF PROBIT RANGE"

326%T GQATG 3340

3266 !

2270 ' COMPUTE PROBIT VALUES TO ACCOMPANY 4 VALUES ~ROM TABLZE
271 !

27T 12=(JdR, L)+20A

3280 Ti=((J=1)%,1)+2.&

3231 ¢

328% ' FIND SLOPE OF INTERPOLATION LINE

3226 ! A20

DONE WITH TABLET
F J<=47 THEN GSDTO 3230

FOR VALUES QUTSIDE TABLE RANGE

- e pd = = e |




o w1 e

T2I0
32721
T2V
I2VE
2200
33201
2095
A304A
2310

Ty e
et bt

3316

32
e
3

Y

o)

4000
4005
4010
4013
4020
4021
anzs
40320
40731
4025
RO
4040
4045
4050
#F1.,
4060

R i it T L L VDU e SRS Ly s Vir o

L=(T2=T1) 7 (Z () =2 (J=1))
]

i FIND INTERCEFT
?J=T1-(L*Z(d—1))

i FIND PROBIT VALLE
Y(I)=L#Y(I}+D1

I=1+1

i

é FINISHED WITH ALL Y-5%
IF I<=N THEN G0TO 2215
RETURN

1]

ORIGINAL PAZE 'S
OF POOR O'&'1TY

i IN CAZE OF ERROR CLOTSE PRINT FILES

CLOSE 1%

» CLOSE 2%

END ’

1
!
‘ INTERVAL FOR Y
i

' COMPUTE UFPER AND LOWER BOUNDS

]
M=Y=(T#S# (1+{L/N)+( ((X=C/N)™2)/51)0)
F=Y+(T#S# (1+(1/N)+(((X=Z/N)"2)/51)))
)

! PRINT RESULTS

FRINT #F1,

PRINT #P1,"THE"s51-23 "CONFIDENCE INTERVAL FIR THE MEAN UF Y/X0
PRINT #F1," "3M; "IMEAN OF Y/XOIUsFY"PROBITS"

RETURN

A21

## SUBROUTINE TO FIND CONFIDENCE -+#

wepins b reamiacn vl
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APPENDIX B

STATISTICAL ANALYSIS COMPUTER PRINTOUTS OF
LIFE TEST LOG-NORMAL DISTRIBUTIONS
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7 e comeypdey .

FaRT TYFE: MFR, B 4069
SUREENS T ~ N BURN OIN
LIFE TEST:40 DEG

FATLURE DATA:

HOURS= =
HOJRS= =
HOURS= 14
HUURS= 44
HOLIRS= 754
MRS 1000
MRS =

2000
HiRE= 4000

FAILURES
FALLURES,
FAILURES
FAILURES
FAILURES
FALLURES
FAILURES
FALLLRES

TAMELLE

SOY% OF FATLURES OoCLR

THE O.vE CONFIDENCE IN

4.,424135%

whige s[5 GF VARIANCE!:

Sa i, I3 CREATE
ChemRESURE D NOT REJED

Q=TS

PRECEDING PAGE BLANK NOT FILMED

M,
UM,
Lim,
M,
ZLM.
M.,
olim.
0 oM,

FAIL.
FALL.
Fall

FAail.
FALL.
FALL.
FAIL.
FRLlL.=

%oCum,
AT
M,
(N
M.
i1,
i,
A4 .

[ 1}
U |

P
e’

Houwunnu
§
—

— U g = R Py

i
i
=3

AT 10995, 27 HOURE

TERVAL =t THEE MEGRN LF vz s LSt

<MEAN OF Y/ X0l

R THAN F

OF ALFHA(L, & )= S
T THE REGRESS

[ON MubEL

83

FAIL.
FaLl.,
FAail.
Feiil,
FAil.
reLl.
Fril..
FRil.

o185 AS FRUBLTS

A I | I T 1}

1!

PR N Y-V

24

Tata
iy

A 1t s o et = 2



K s aSE R S

e

-~

FART TYFE: MFR. B 4069

SCREEN:2 - 70 DEG 2 BURN IN

LIFE TEST:40 DEG C

FA LURE DATA:

HOURS= 2
HOURS= 3
AGURS= 1&
HOURS= 54
HOURS= 256
HOURS= 1CO0
HOURS= 2000
HOURS= 4000

SAMPLE ZIZE=

FrRILURES=
FAILURES=
FAILURES=
FAILURES=
FAILURES=
FAILURES=
FAILURES=
FATLURES=

75

= 0T WO

()

4

ORIGINAL PAGE IS

OF POOR QUALITY

CiimM.
CimM.
UM,
CLUM.
CumM.
M,
CLM.,
UM,

FAIL.
FAIL.
FARIL.
FAIL.
FAIL.
FAIL.
FAIL.
FAIL.

LU T IO T I A I O

50% OF FAIIULRES OCCUR AT 7S849.7 HOURS

13

1z
13
21
21
24
3

%
A

*/
In

A
%
A
%

M,
cuM.
UM,
LM,
CUM.
M.
chim,
UM,

THE ©.9% CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IZ°

4,26469 <MEAN OF Y/XO0< .

ANALYS3IS OF VARIANCE:

F= 19,1463555

IZ GREATER THAN F OF ALFHA(1,

e
-t

& )=

THEREFORE DU NOT REJECT THE REGSRESSION MODEL

84

1 FRUBITS

FAIL.
il
FAIL.
FAiLL.
FAlL.
FAalL.
FAIL.

B
>
[
r

13, ab667

24

F

3 SRR N oW

ba 00 00

S0 L6EET
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FART TYPE:MFR. B 4069
SIZREEN:3 ~ 125 DEG ©© BURN IN
LIFE TEST:40 DEG C

FAILURE DATA?

HOLIRS= 2 FAILURES= 7 CuUM. FAIL.= 7 A CUM. FAlIL.=
HOURS= 3 FAILURES= O CUM. FAIL.= 7 A CUM. FRIL.=
HOURS= 1& FAILURES= © CUM. FAlL.= 7 A CUM. FAIL.=
HOUR:S= A4 FAILURES= 0O CUM. FAIL.= 7 A Cum. FAIL.=
HOURS= 2G6 FAILURES= 2 CUM. FAIL.= % % UM, FAlL.=
HOURS= 1000 FAILURES= © CUM. FAlL.= ¥ 4 CUM. FAIL.=
HOURS= 2000 FAILLRES= & CUM. FAIL.= 13 % CumM. FAIL.=
HOIURS= 4000 FAILURES= 2 CUM. FAIL.= 17 4 M. FAIL.=

SAMFLE SIZE= 75

S0% OF FAILURES QCCUR AT 0.1409%71SE+10 HOURS

THE 0.75 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO I3:
3.052571 <MEAN OF Y/X0< &.74742% FRUBITS

ANALYS3I3 OF VARIANCE:

F= 15.466321 IS GREATER THAN F OF ALFRA(1, & )= S5.%9
THEREFORE DO NOT REJECT THE REGREZSION MODEL



ORIGINAL PAGE IS
OF POOR QUALITY

.‘r Toette d MFR. B 4069
SHIRNM Ivd

Ll TREETE 70 pE&C

CoREefe L = M

FATlirees [inias

SRS
Hi i~

ST URER=
AL RES =S

—

= idlie Fmiloe = I s f IR TP R = I ST )
HOURS= EOURES= CHM. FAalo.= & AR SR
HIRIZ = e FAllllURez- - Uille rRibLe= fe teisile e ma = 4
HHRS= e L RE S LY, r@il.= 11 e LML Feliee 0 sl sy

FalLUREE= welte FALLG® e o et ow o cALLL= LD
FAILURES= CilM. Faie.
FAILURES= = M. P,

HOR=S = 1000
HOLIRS= 2000
HOLIRZ= 4000

il

LI S S
i

A I | B S R N Y ~ TR
K e e PRl . S, e,

]

TAMFLLE SI1ZE= 7S

205 OF ol LURETS OCLUR AT 405, 2017 HOURES

MHE 0.5 :ZNFIDENFC INIEhVAL F THE MEAN OF y/x0 Q=i
S4SS TMIFAN OF Y/ X009 &, 245115 FRUOBITE

ANALY=ZDE OF VARIANCE:

E2A.55207 IS GREATER THAN F OF ALPHACL, & )= Z.w
REF h DD NOT REJECT THE REGREZSIUN MOOEL

T I o = I e e Fetilee T e eeaelinin
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PART TYPE: MFR. B 4069
SCREEN:2 - 70 DEG C BURN IN
LIFE TEST:70 DEG C

FAILURE DATA:

HOURS= = FAILURES= 14
HOURS= 3 FAILURES= O
HOURS= 16 FAILURES= O

HOUIRS= 44 FAILURES= 21
HOURS= 256 FAILURES= &
HOURS= 1000 FAILURES= O
HOLIRS= 2000 FAILURES= 1
HOUR:S= 4000 FAILURES= 3

SAMFLE SIZE= 7S -

cum.
CuM.
Cum.
cumM.
cum.
cum.
cunm.,
cumM.

50% OF FAILURES OCCUR AT &53.4605

FAIL.
FAIL.
FAIL.
FAIL.
FAIL.
FAIL.
FAIL.
FAIL.

HOURS

THE ©0.95 CONFIDENCE INTERVAL FOR THE MEAN
4,4i3523 <MEAN OF Y/X0L

ANALYSIS JF VARIANCE:

F= 37.78726 1S GREATER THAN F UF ALFHA(L,

14 % CUM. FAIL.= 18.64&667
14 Z CUM, FAIL.= 13,446667
14 % CUM. FAIL.= 1&,6&447
35 A CUM. FAIL.= 46.66647
a8 %Z CUM. FAIL.= S0.46647
33 % CUM. FAIL.= 50.486667
S % ClUM. FAIL.= S2

47 A CUM. FAIL.= &2.64646467

OF Y/XO 15t
5.536477 FROBITS

& )= S.9%

THEREFQORE DO NOT REJECT THE REGRESSION MIDEL
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PART TYFE: MFR. B 4069

SCREEN:3 - 125 DEG C BURN IN

LIFE TEST:70 DEG C

FAILURE DATA:

HOURS= 2 FAILURES= & CUM.
HOURS= 3 FAILURES= 1 UM,
HOURS= 16 FAILURES= 1 cunm.
HOURS= 44 FAILURES= 3 CumM.
M. FAIL.= 12 % CUM. FAIL.= 16
HOURS= 1000 FAILURES= & CumM.
HNURS= 2000 FAILURES= 2 cumM.
HJUIRS= 4000 FAILURES= 11 CUM.
SAMFLE SI1ZE= 75

FAIL.
FAIL.
FAIL.
FAIL,

FAIL.
FAIL.
FAIL.

S07% OF FAILURES OCCUR AT 277465.7S5 HOURS

Wb

THE 0.95 CONFIDENCE INTEéVAL FOR THE MEAN
4.553573 <MEAN OF Y/X0<

ANALYSIS OF VARIANCE:

F= 177.298S

IS GREATER THAN F OF ALPHA(1,

% UM,
4ocum.
CUM,
ZLM.

FAIL.
FAIL.
FAIL.
FAIL.

NN

13

32 A

LM,
ClUM.
]

FAll.
FAIL.
FAlL.

NN

OF Y/Xx0 [=:
$.444427 FPRURITS

& )= 5.9

THEREFORE DO NOT REJECT THE REGRESSION MUDEL

4
5.333333
b bl 57
10, 646667
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ORIGINAL PAGE IS
OF POOR QUALITY

FORT TYFE: MFR. 8 4069
SICREEM:2 L -~ NY) BLIRN IN
LIFE TE=T:12% DEG o

FALLRE DATA:

HMURE= 2 FAILUREZ= 4 LM, FARIL.= 4 oM. FAlL.= S, IDazdss
HOURE= = FAILURES= 2 LM, FRIL.= & ool ERllL.= &

HOURE= 14 FALLURES= © CUM. FAIL.= & LM, FALL.= =

HilR== 44 FAILURES= = CiM. rAlL.= 7 4 LM, FAlL.=

HOURS= 256 FATLURES= 24 CliM. FAIL.= 45 2 UM, FALIL.=

HOURS= 1000 FAILURES= O LUM. FAIL.= 45 L UM, FAIL.=

HJURE= 2000 FAILURES= 4 CUM. FARIL.= 4% . CdM. FAIL. =

HIJURS= 4000 FAILURES= 2 LM, FAIL.= 33 oM. FALL.=

SAMFLE SI1ZE= 75

S0% OF FALLURES QCCUR AT 495.4287 HOURS

THE 0.%5 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO I35t
4.,105295 <MEAN OF Y/XO< S5.89470% FRUBITS

ANALYSI3 OF VARIANLCE:

F= &£3.32522 IS5 GREATER THAN F UOF ALFHA(L, & )= S5.9%
THEREFORE DO NOT REJECT THE REGRESSION MODEL

89



PART TYPE: MFR., B8 4069
SCREEN:Z - 70 DEG C BURN IN
LIFE TEST:12% DEG C

FAILURT DATA:

HOURS= % FAILURES= 12 CUM. FAIL.= 12 % CUM. FAIL.= 14
HOURS= 3 FAILURES= CUM. FAIL.= 12 Z Cum. FAIL.= 16
HOURS= 14 FAILURES= 12 CUM. FARIL.= 24 4 CUM. FAIL.= 32
HOURS= 44 FAILURES= CuMm. FAIL.= 29 A CUM, FAlL.= 33.66667

HOURS= 256 FAILURES=
HOURS= 1000 FAILURES=
HOURS= 2000 FAILURES=
HOWIRS= 4000 FAILURES=

CUM. FAIL.= 37 % CUM. FAIL.= 49,3233%
LidM. FALL.= 41 %A CUM. FAIL.= 54.50667
CUM. FAIL.= 43 % CUM. FAIL.= 57.33333
CUM. FAIL.= St A CUM. FALL.= &2

Wrye o e O

SAMFLE SIZE= 75

50% OF FAILURES OCCUR AT 431.4323 HOURS

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y. X0 [3t
4,4617301 <MEAN OF Y/X0< 5,3301%99 FROBITS

ANALYSIS OF VARIANCE:

F= 104.635 IS GREATER THAN F OF ALFHA(1, & )= S5.9%
THEREFORE DO NOT REJECT THE REGRESSION MODEL

810



PART TYPE: MFR. B 4069

SCREEN:3 - 125 DEG C BURN IN

LIFE TEST:125 DEG C

FAILURE DATA:

HOURS=
HOURS=
HOURS=
HOURS=
HOURS=

SAMPLE

S0% OF

2 FAILURES= 46
3 FAILURES= 0
16 FAILURES= &
&4 FAILURES= 10
256 FAILURES= 10
SIZE= 75

CUM.
CUM,
Cum,
CUM .
CluMm.

FAIL.=
FalL.=
FARIL.=
FAIL.=
FAIL.=

FAILURES OCCUR AT 1.8163%9 HOURS

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN
3.666272 <MEAN OF Y/X0<

ANALYSIS OF VARIANCE:

F= 26.09286

IS GREATER THAN F OF ALPHA(1,

44 % CUM,
44 4 CUM,
52 4 CuMm.
&2 4 CUM.
72 % CUM,
OF Y/X0 IS:

FAIL.=
FAIL.=
FAIL.=
FalL.=
FAIL.=

6.33372&¢ FROBITS

3 )= 10.13

THEREFORE DO NOT REJECT THE REGRESSION MODEL

811

61.33323
61.33333
&9, 33333
82. 66667
6
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PART TYPE: MFR. C 4069
SCREEN:1 NO BURN IN

LIFE TEST:40 DEG C

FAILURE DATA:

HOURS= 256 FAILURES=> 1 CUM. FAIL.= 1 % CUM. FAIL.= 1,333333
HOURS= 1000 FAILURES= 1| CUM. FAIL.= 2 %4 CUM. FAIL.= 2.666667
HOURS= 2000 FAILURES= 1 CUM. FAIL.= 3 % CUM. FAIL.= 4

SAMPLE SIZE= 75

S0% OF FAILURES CCCUR AT 5327106 HOURS

THE 0.99 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS1
-4,316704 <MEAN OF Y/X0< -14.31467 PROBITS

ANALYSIS OF VARIANCE:

Fm 274.8725 IS GREATER THAN F OF ALPHA(1, 1 )= 1461.4
THEREFORE DO NOT REJECY THE REGRESSION MODEL

812
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PART TYPE: MFR. C 4069

SCREEN22 - 70 DEG C BURN IN

LIFE TEST:40 DEG C

FAILURE DATA:

HOURS= 2 FAILURES=
HOURS= 3 FILURES=
HOURS= 16 FAILURES=
HOURS= ¢4 FAILURES=
HOURS= 236 FAILURES=
HOURS= 1000 “AILURES=
HOURS= 2000 FAILURES=
HOURS= 4000 FAILURES=
SAMPLE SI2E= 795

S0% OF

OO0 OO

CumM.
cuM.
CUM.
CUM,
cumM,
CUM.
CUM.
CcumM.

FAIL.=
FAIL.=
FAIL.=
FpT' .=
FRaiL.=
FAIL.=
FRIL.=
FAIL.=

O ALY

FAILURES OCCUR AT 0.1459067c+09 HOURS

%
A
A
YA
A
“
%

CumM.
CUM.,
Cm.
CU".
CU" .
CuM.
CuUM.
Cui.

THE 0.93 CONFIDENCE INTERVAL FCR THE MEAN OF Y/X0O IS¢
| 2.894391 <MEAN OF Y/XOC 7,10%54609 PROBLTS

ANALYSIS OF VARIANCE!

F= 29.1328

IS GREATER THAN F GOF ALFHA(1,
THEREFORE DO NOT REJECT THE REGRESSION MODEL

813

6 Y= [, 99

FAIL.=
FAIL.=
FAIL.=
FAIL.=
FAIL.=
FAIL.=
FAIL.=
FAIL.=

1.333333
1.333333
1.333333
1.333333
6.666667
6. 664667
6.6854667
3

T SRS



FART TYPE: MFR. C 4069

SCREEN:3 - 125 DEG C BURN IN

LIFE TEST:40 DEG C

FAILLIRE DATA:

HOURS=
HOURS=
HOURS=
HOURS=
HOURS=
HOURS=
HOURS=
HOLIRS=

SAMPLE

S04 OF

py FAILURES=
8 FAILURES=
16 FAILURES=
&4 FAILURES=
256 FAILURES=
1000 FAILURES=
2000 FAILURES=
4000 FAILURES=
SIZE= 7S

':I.L'M .
cum.
cumM.
ClmM,
Cum.
CUM.
CumM.
CUM.

FAIL.
FAIL.
FAIL.
FAIL.
FAIL.
FAIL.
FAIL.
FAIL.

FAILURES OCCUR AT 2549285 HOURL

[ I I I |

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN
4.439834 {MEAN OF Y/X0<

ANALYSIS OF VARIANCE:

F= 171.

6581

IS GREATER THAN F OF ALPHA(1,

% UM,
4 ClM.
% CUM,
% CUM,
% CUM,
% CUM.
% ClUM,
CUM.

FAIL..
FAIL.
FeIL.
FAIL.
FAIL.
FAIL.
FAIL.
FAIL.

~ MmN B W
—
o~

—
(n
o~

-

,..
~
e

QF Y/X0Q I35:
S.51014646 FROBITS

6 )= 5,99

e

THEREFQORE DO NOT REJECT THE REGRESSION MODEL

814

LN T O LI I 1}

4
S5.333333
]
Y. 333353
10. 664667
14. 56667
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PART TYFE: MFR. C 4069
SUREEN:2 - 70 DEG C BURN IN
LIFE TEST:70 DEG C

FAILURE DATA?

HOURS= 2 FAILURES= 3 CUM. FAIL.= 3 % CUumM.
HOURS=a 3 FAILURES= 0O CUM. FAIL.= 3 4 UM,
HOQURS= 14 FAILURES= 0 CUM. FAIL.= 3 4 UM,
HOURS= 44 FAILURES= | CUM. FaIL.= 4 % LumM,

% CUM. FAIL.= 8

SAMPLE SIZE= 75

S0% OF FAILURES QCCUR AT 0.14447S54E+12 HOQURS

THE 0.93 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO I3t

FAIL.= 4
FAIL.= 4
FAIL.= 4
FAIL.= §.333333

=4,3510404 {MEAN OF Y/XC< 14.51041 PROBITS

ANALYSIS QF VARIANCE:

F= 12.09641 IS GREATER THAN F OF ALPHA(1, 3 )= 10.13
THEREFORE DQ NOT REJECT THE REGRESSION MODEL

B1S
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FART TYPE: MFR. C 4069
SCREEN:3 - 125 DEG C BURN IN
LIFE TEST:70 DEG C

FAILURE DATA:

HQURS=
HOURS=
HOQURS=
HOURS=

SAMPLE

S04 OF

THE 0.93 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO ISt
=7.633863 (MEAN QF Y/XO< $7,.65386 FROBITS

ANALYSIS QF VeRIANCE:

Fe 27.6256

256 FAILURES=
FAILURES=
FAILURES=
FAILURES=

1000
2000
4000

SIZE= 75

FAILURES QCCUR AT 0.2

CUM. FAlIL.=
CuUM. FAlL.=
CUM. FARIL.=
CUM. FAIL.=

IS GREATER THAN F OF ALFHA(1,
THEREFORE DQ NOT REJECT THE REGRESSION MUODEL

B16

e d

38RS573E+12 HOURS

cumMm,
CumM,
Cum.
CUM.

2 )= 18.851

FAIL.=
FARIL.=
FAlL.=
FAIL.=

4



PART TYFE: MFR. C 4069
SCREEN:1 - NO BURN IN
LIFE TEST:12S DEG C

FAILURE DATA.

HQURS= 2 FAILURES=
HQURS= 3 FAILURES=
HQURS= 14 FAILURES=
HOURS= 44 FAILURES=
HQURS= 254 FAILURES=
HOURS= 1000 FAILURES=
HOURS= 2000 FAILURES=
SAMPLE SIZE= 7S

SQ% QF

—hU PO )

CUmM.
CuM.
CUM.
Ccum.
CumM.
cuM.
Cum.,

FAIL.=
FAIL.=
FAIL,.=
FAIL.=
FAIL =
FAIL.=
FAIL .=

FAILURES QCCUR AT 10S057.8 HOURS

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN
4.48469464 <MEAN OF Y/XOZ

ANALYSIS OF VARIANCE:

F= 175.4419

IS GREATER THAN F OF ALFHA(1,

4 CUM.
4 CUM.
% CUM.
4 CUM.
% CUM.
4 CUM.
% CUM,

FAIL.=
FAIL.=
FAIL.=
FAIL.=
FAIL.=

e E X

0 N G

OF Y/XQ IS
5.513036 FROBITS

S )= b6

THEREFORE DO NOT REJECT THE REGRESSION MODEL

817

FAIL.= 2.
FAIL.= 2
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PART TYPE: MFR. C 4069
SCREEN:2 - 70 DEG C BURN IN
LIFE TEST2125 DEG C

FAILURE DATAl

HOURS= & FAILURES= | CuM. FAIL.= 1 % CUM. FAilL.=
HOURS= 14 FAILURES= 1 CUM, FAIL.= 2 A CUM. FAIL.=
HOURS= &4 FAILURES= 2 CuM. FAlIL.= 4 “ CUM. FAIL.
HOURS= 256 FAILURES= 7 CUM, FAIL.= 11 Z CUM. FAIL.=
HOQUF:g= 1000 FAILURES= S CUM. FAIL.= 16 % CuMm. FAIL.=
HQLIRS= 2000 FAILURES= ¥ CuUM. FAIL.= 25 A CUM. FAIL.= .

SAMPLE SI1ZE= 75

S04 OF FAILURES QCCUR AT ¥381.721 HOURS

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XQO IS
4,5914604 {MEAN OF Y/X0< $.4083%¢ FROBITS

ANALYSIS OF VARIANCE:

F= 404.3059 IS GREATER THAN F OF ALFHAC(L, 4 )= 7,71}
THEREFORE DQ NOT REJECT THE REGRESSION MODEL

818
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PART TYPE:

MFR. C 4069

SCREEN:3 - 125 DEG C BURN IN

LIFE TEST:12%5 DEG C

FAILURE DATA:

HOQURS= & FAILURES= 1 CUM. FAIL.=
HOURS= 16 FAILURES= 1 CUM. FAIL.=
HQURS= &4 FAILURES= Q CUM. FARIL.=
HOURS= 2Sé6 FAILURES= 10 CUM. FAIL.=
HOURS= 1Q00 FAILURES= 2 CUM. FAIL.=
HOURS= 2000 FAILURES= 1 CUM. FAIL.=
HOURS= 4000 FAILURES= 2 CUM. FAIL.=
SAMPLE SIZE= 75

S0% OF FAILURES QCCUR AT 494¥%1.57 HOURS

THE Q.93 CONFIDENCE INTERVAL FOR THE MEAN
3.952482 <MEAN OF Y/XO<

ANALYSIS QF VARIANCE:

F= S2.50274

IS GREATER THAN F OF ALFHAC(1,

%
A
%
“
%
pA
%

CuUM.
CLIM,
CumM.
cum,
CLUM,
CuM.
cumM.

QF Y/X0 Ix:
&.047518 FRUBITS

S

THEREFORE DO NOT REJECT THE REGRESSION MODEL

B19

I= b6l

FAIL.=
FAIL.=
FAIL.=
FAIL.=
FARIL.=
FAIL.=

FAIL.=

1. 333333
2. 666667
2. 666667
16

13, 66667
20

22. 66667

T



FART TYPE:MFR. D 741
SCREEN: 1 = NO BURN TN
LIFE TEST:40 LEG C

FATLILIRE DATA:

HOURS= 2 FAILURES= 2 CUuM. FAIL.= 2 “ CuM. FAIL.
HQURS= 3 FAILURES= O ClM. FAIL.= 2 4 CUM. FAIL.
HOURS= 164 FAILURES= 0O CUM. FAIL.= 2 % CuUM. FAIL.
HOURS= 44 FAILURES= 0 CUM. FAIL.= Z2 A UM, FAIL.
M. FAIL.= 2 A CUM. FAIL.= 2.64&664647
HOURS= 1000 FAILURES= O cUM, FAlIL.= 2 2 CUM. FAIL.
HOUR== 2000 FAILURES= & CUM. FAIL.= & % Cluii. FAIL.
= 10 4 CUM, FAIL.

HIURS= 4000 FAILURES= 2 CliM. FAIL.

SAMPLE SIZE= 7%

S50% QF FAILURES QCCUR AT Q.278906%E+11 HOURS

THE O.?% CONFIDENCE INTERVAL FOR THE MEAN OF Y/XOQ I3
-Q. 2302746 <MEAN OF Y/X < 10, 23803 FRUBIT“

ANALY:SIS JOF VARIANCE:

F= 4.217214 IS GREATER THAN F OF ALPHA(1, & )= S.9%
THEREFORE DO NOT REJECT THE REGRESSION MODEL

820
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FART TYFE: MFR. D 741

SCREEN:2 - 70 DEG C BURN IN

LIFE TEST:40 DEG C

FAILURE DATA:

SAMFLE

S0% OF

3

14
&4
286
1000

= 2000

4000

FAILURES=
FAILURES=
FAILLURES=
FAILURES=
FAILURES=
FAILURES=
FAILURES=
FAILURES=

SIZE= 75

FAILURES QCCUR AT 0.S5177%S7E+13 HQURS

CLUIM,
ZiM,
CUM.
CUM.
UM,
CumM,
CLIM.
CUM.

FAIL.
FAIL.
FAIL.
FAIL.
FAIL.
FAIL.
FAIL.
FAIL.

it B KU

LA I Y S R R R

A
%
%
YA
%
A
%

UM,
M.
Cum.
CUM.
CUM.
LLiM.
cum,
cumM,

THE O.9%5 CUNFIDENCE INTERVAL FOR THE MEAN OF Y/X0O I3:
-0.7886196E~-01 <MEAN OF Y/X0< 10,07836 FPROBIT:

ANALY:SIS OF VARIANCE:

F= 13.00401

EL

821

IS GREATER THAN F 0OF ALFHA{1.,

= H.FY

FAIL.
FAIL.
FAIL.
FAIL.
FAIL.
FAIL.
FAIL.
FAIL.

U o n

[ OO R O]
) L3 Lo

)
o

3 Ll
[ X
(]

0}
L)

Sy e
LRES DN PO RN

2. BLEELT
4
b, 666667



PART TYFE: MFR. D 741
SCREENS S - 125 DEG © BURN IN
LIFE TEST:40 DEG C

FAILURE DATA:

HOLRSES= 2 FAILURES= 1 cumM, FAlL.= 1  CM. FALIL.= 1.
HOUR:=S= 3 FAILURES= O CiM. FAlL.= 1 A CUM. FAlL.= 1.
HOURS= 14 FAILUR:S= O CUM. FAIL.= 1 “ CUM. FAlL.= 1.1
HOURS= &4 FAILURES= O CUM. FAIL.= 1 A CM. FALL.= 1.
HOURS= 2954 FAILURES= O CLUM. FAIL.= 1 % CUM. FAIL.= 1.:
HOURS= 1000 FAILURES= O cimM. FAalL.= 1t 4 LUM. FALL.= 1

HOLIRS= 2200 FAILURES= 2 CUM. FAIL.= 3 % CUM. FAIL.= 4

HOURS= 40C0 FAILURES= 1 CUM. FAIL.= 4 2 CUM., FAlL.= 5.3

SAMFLE =I1Z2E= 75
507 OF FAILURES OCCUR AT 0Q.144361SE+17 HOURS

THE O.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO ISt
=4.597022 <MEAN OF Y/XO<L 14.3%703 FPRUOBITS

ANALY:STS OF VARIANCE:

t

F= 4£.180262 15 GREATER THAN F OF ALFHA(1, & )= S.%3
THEREFORE [} NOT REJECT THE REGRESSION MODEL

&

B22




PART TYFE: MFR. D 741
SCREEMNS L = NI BURN IN
LIFE TEST:70 DEG C

FAILURE DATA:

HOURS= 2 FAILURES= =z CUM. FAIL.= 2 % CuUm. FAIlL.
HOWRS= 2 FAILUREZ= ©O ClM. FAIL.= 2 % CTUM. FAIL.
HOLRS= 14 FAILURES= 0 CUM. FAIL.= 2 % CUM. FAIL.
HOUR=S= 64 FAILURE:R= 1 CUM. FAIL.= 3 4 cum. FAIL.
HOWURS= 254 FAILURES= 2 CumM. FAIL.= & % CUM, FAIL.
HOWRS= 1000 FAILURES= 1 CUM, FAIL.= & Z CUM. FAIL.

% CLA. FAIL.= ®,333333

SAMPLE =1Z&= 75

SO% OF FAILURES GCCUR AT 0.1146%475E+10 HUOURS

THE 0.?2% CONFIDENCE INTERVAL FUOR THE MEAN OF Y/Xx0 I3
J.379212 <MEAN OF Y/X0O< 6.£707538 FRUBITS

ANAL.YSIS OF VARIANCE:

F= &7.52799 1S GREATER THAN F OF ALPHA(1, S )= 6.41
THEREFORE ™1 NOT REJECT THE REGRESSION mMQDEL

823
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FART TYPE: MFR, D 741
SCREEN:2 - 70 DEG £ BURN IN

LIFE TEST:70 LEG C

FAILURE DATA:

HOURS= 2 FAILURES= 3 cUM. FALL,= 3 4 CUM. FAIL.= 4

HOURS= 3 FAILURES= O CUM. FAIL.= 3 % CUM. FAIL.= 4

HOURS= 1& FAILURES= O CUM. FAIL.= 3 4 CUM. FAIL.= &

HJURS= 44 FAILURES> O CUM. FAIL.= 3 %4 CUM. FAIL.= 4

HOURS= 256 FAILURES= 4 CUM. FAIL.= 7 % CUM. FAIL.= 9.33333&
HOURS= 1000 FAILURES= 1 cuM. FAIL.= 3 4 CUM. FAIL.= 10.66667
HOURS= 2000 FAILURES= CuM. FAIL.= 9 % CUM. FAIL.= 12
HOURS= 4000 FAILURES= CUM. FAIL.= 10 4 CUM. FAlL.= 13.33333

SAMFLE SIZE= 73

S0% OF FAILURES QCCUR AT 0.36291S3E+09 HUURS

THE 0.5 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO I3:
3.546716 <MEAN OF Y/X0L &,453234 FRUBITS

ANALYSIS OF VARIANCE:

F= 41.3%5142 1% GREATER THAN F UF ALFHA(1, & )= S,9%
THEREFORE DO NOT REJECT THE REGRESSION MUODEL

824




PART TYFE: MFR. D 741
SCREENS S - 129 DES 2 BURN IN
LIFE TEST:70 DEG L

FAILURE UATA:

HOURS= 2 FAILURES= 1 CuM. FAIL.=

1 % CUM. FAIL.= 1.33333&
HOURS= 3 FAILURES= O CuM, FAIL.= 1 A UM, FAIL.=
HIOURS= 14 FAILURES= O CUM. FAIL.= 1 % CUM. FAIL.=
HIJIRS= 44 FAILURES= O UM, FAIL.= 1 A CUM. FAIL.=
HOLURS= 254 FAILURES= 3 CiIM. FAIL.= 4 % CUM. FAIL.=
HIJURS= 1000 FAILURES= © CUM. FAIL.= 4 4 CuM, FAIL.=
HOURS= 2000 FAILURES= 0 CUM. FAIL.= 4 % CUM. FAIL.=
HOURS= 4000 FAILURES= 1 CUM. FAIL.= S A U, FAILIL.=

SAMFPLE SIZE= 7S

SO% OF FAILURES QCCUR AT 0.278SE31E+10 HOURS

THE 0.'9S CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO0 @33
2.63437% <MEAN OF Y/XOL 7.365625 FRUBITS

ANALY:SIS OF VARIANCE:

F= 20.33031 I3 GREATER THAN F OF ALFHA(1, & )= 5.9%
THEREFUURE DU NUT REJECT THE REGRESSION MODEL

825
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FPART TYPE:
SCREEN:1 — NO BURN IN
LIFE TEST:125 DEG C

FAILURE DATA:

HOURS=
HOURS=
HOURS=
HOURS=
HOURS=
HOURS=
HOURS=
HOURS=

SAMPLE

$50% OF

3

16
64
256
1U00
2000
4000

SIZE=

MFR. D 741

FAILURES=
FAILURES=
FAILURES=
FALLURES=
FAILURES=
FAILURES=
FAILURES>
FAILURES=

75

= e O WoCN

CuM.
CUM,
CUmM.
CuM,
cum,
CuUM,
CuUM,
cum.

FAIL.=
FAIL.=
FAlL.=
FAIL.=
FAIL.=
FAIL.=
FAIL.=
FAIL.=

O LR N D

[ST I
-

FAILURES OCCUR AT 0.1027178E+08 HOURS

%
“
%
%
%
A
%

cum.
UM,
CupM.,
CiiM,
clmM.
cuM.
cim.
CuUM.

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO I3:
4.111973 <MEAN OF Y/X0< 5.828022 PROBITS

ANALYSIS OF VARIANCE:

F= 90.74352
THEREFORE DG NOT REJECT THE REGRESSION MIJEL

IS GREATER THAN F OF ALFPHA(1,

& )=

Ve 97

FAIL.=
FAIL.=
FAIL.=
FAIL.=
FRIL.=
rRIL.=
FAIL.=
FAIL.=

Lo bbbil?
2. 666667
2.666647
Loinbbb667
b. L666LT
12

13.333223

184.646667

[t
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FART TYPE:

MFR. D 741
SCREEN2Z - 70 DEG C BURM IN

LIFE TEST:125 DEL C

FAILURE DATA:

HOURG= 2 FAILURES= 4 CuM. FRIL.= 4 % CUM. FAIL.=
HOURS= 3 FAILURES= | cCUM. FAIL.= S 4 LUM. FAIL.=
HOURS= 14 FAILURES= O CUM, FATL.= 5 ¥, CidM. FAlL.=
HOURS= 44 FRILURES= % CuM, FAiL.= 7 A CTUM. FRIL.=
M. FAlL.= ¥ % CUM. FAIL.= 12

HOWRS= 1000 FAILURES= 2 cuMm. FAIL.= 11 A CUM. FARLL.=
HOLRS= 2000 FRILURES= 3 UM, FAIL.= 14 4L oJuM. FALL.=
HOURS= 4000 FAILURES= | CUM. FALL.= 1S % CumM. FAIL.=

SAMPLE SIZE=

75

SO% UF FATUURES OCCUR AT 0. 1S4779E8E+08 HOURS
THE 0.%S CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO I3
4. 405246 <MEQN OF Y/X0< S.394154 FROBITS

ANALYSI'S OF VARIANCE:

Fe=
THEREFUIRE

314.46314 IS GREATER 1rAQN F UF ALFHAC(L, & )=
DU NOT REJECT THE RESRESS[ON MUDEL

S

Ermaer vt W N NN

b PRCR G
b, ohSEET
bobbbeno?
P RRR3E3

14, 66687
113.66667

20



FART TYFE: MFR, D 741

SCREEN: 3 - 125 DES C© BURN IN

LIFE TEST:125 DEG C

FAILURE DATA:

HOURS= 2 FAILURES= & cum, FAIL.= 5
HOURS= 3 FAILURES= 2 CuM. FAiL.= 7
HOURS= 14 FAILURES= O CUM. FAIL.= 7
HOLIRS= 44 FAILURES= Q CuM, FAIL.= 7
HOURS= 256 FAILURES= 0O CLM. FAIL.= 7
HOURS= 1000 FRILJURES= 0 cuM. Fall.= 7
HOURS= 2000 FAILURES= S cum. FAIL.= 12
HOURS= 4000 FAILURES= 1 LUM. FAIL.= 13
SAMFPLE SIZE= 75

0% OF FAILURES COCCUR AT 0,.7079792E+12 HOURS

cumM.
UM,
CLUM.
LM,
CuM.
UM,
CUM.
LM,

THE 0.5 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO I3:
2.000471 <MEAN OF Y/X0< 7.99952% PRORITS

ANALYSIS OF VARIANCE:

F= 12.40021

IS GREATER THAN F OF ALFHA(1,

& )=

THEREFURE 00 NOT REJECT THE REGRESSION MODEL.

B28
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*

FAIL.
FALL.
FAIL.
FALL.
FAll.
FrRiL.
FAIL.
FAIL.
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FARYT 1YFE: MFR, B 741
SURERNTL = NO BURN IN
LIFKE TEST:30DES o+

FRILURE DATA:

HUURS= 16 FAILURES= 3 CLM, FAIL.= 3 %oLUM, FAlLL.= 4

HOURS= od FRAILURER= © cuM, Fall.= 3 “OLUM, FRiL.= 4

HOURS= 0% FALLURESa | CUM. FalL.= 4 % LUM. FAll.= %,23533%
HOQURS= {QQ0 FAILURER= 1 cUM, Fall.= S %OULM, FAIL. 2 &.86646/
HOLIRS= 2000 FAILIRES= | CUM, FQlIL.= & % CUM. FAlL.= ©

HOLUIRS = 3000 FRILURES= & cuiM, FAlL.= 12 % CUM, FAlL.= 1&

SAMFLE SIZR= 7

4]

QO%L UF FAILURES QCCUR AT Q. 137502E+07 HUURS

THE 0.795 DONFIDENCE INTERVAL FUR THE MEAN OF Y/XO [3:@
1.343378 «MEAN UF Y/XON 8.46564628 FRUORITY

ANALYS IS UF VARLANCE!:

= 12.82717 18 GREATER THAN FF QF ALFHA(L, 4 )= 7.71
MHEREFURE DQ NOT REJECT THE REGRESISION MULEL

829
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FART TYFE: MFR., B 741
SCREEN? 1 - NQ BURN IN
LIFE TEST:70 LES C

FARAILURE DATRA?

HQLRs= 14 FAILURES= 1 cuM. FAIL.= 1 % CUM. FAIL.=
HOURS= &4 FAILURE:= 2 CUM. FAIL.= 3 % CUM. FAIL.s
HOUR®= 25& FAILURES= Q CUM. FAlL.= & %4 CUM. FAlL.=
HOURS= 1000 FAILURES= 1 CcuM. FAlL.= 4 %A CUM, FRAlL.=
HAURS= 2000 FAILURES= O CUM. FAlIL.= 4 4 CUM. FAlL.=
HAURS= 4000 FAILURES= 3 UM, FAIL.= 12 4 UM, FALL.=

SAMPLE SIZE= 75

S0% OF FAILURES CCCUR AT 0.100181SE+08 HUOURS

THE .95 CONFIDENCE INTERVAL FOR THE MEAN QF Y/XOQ Is@
1.54873% (MEAN OF Y/XO< £.451218 FRUBITS

ANALYSIS OF VARIANCE:

F= 12,92988 IS GREATER THAN F OF ALFHA(1, 4 )= 7.71
THFYEFORE DQ NOT REJECT THE REGRESISION MQDEL

830



FART TYFE: MFR. B 741
SUREEN: 1 - NO BURN IN
LIFE TEST: 125 DEG C

FAILURE DATA!

HCURS= 1& FAILURES= 3 ClM. FAIL.=
HOURS= &4 FAILURE®S= 2 CLIM. FAIL.=
HQURS= 254 FAILLURES= 1 CUM. FAlL.=
HOUR== 1000Q FAILURES="10 clM, FAlL.=
HOURS= 2000 FAIILURES= 2% cuM. FAIL.=
HOLIRS= 4000 FAILURES= &3 CuUM,. FRALlL.=

SAMFLE SIZE= 79

SO% uF FAILURES QCCUR AT l027.921 HOURS

THE O,.wS CTUNFIUENCE INTERVAL FOR THE MEAN
J.22014% KMEAN OF Y/ Xxag

ANALY'SIS OF VARIANCE:

F= 17.71264 15 GREATER THAN F OF ALFHAC(L,

& % CUM. FAlL.= 4
b} A CUM, FRIL.= S.asbes?
& % UM, FAIL.=
1& AW QM. FAlL.= o1, 3385
a8 A UM, FALL.= 20, Acder
&1 A UM, FALL.= §1, 38308

OF Y/XQ Iae
& 775281 PROBLTS

4 )= 7.71

THERIZFORE QO NOT REJECT THE REGRESIION MOb:L

B3l
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FART TYPE: MFR., B 2N2222
SCREEN:1 NO BURN [N
LIFE TEST:40 DEG C

FAILURE DATA:

HQURS= 2
HOURS= 8
HOURS= 14
HOURS= 44
HQURS= 256
HOURS= 1000
HOQURS= 2000
HQURS= 4000

FAILURES=
FAILURES=
FAILURES=
FAILURES=
FAILURES=
FAILURES=
FAILURES=
FAILURES=

SAMFLE SIZE= 75

— s
0

10

CUM. FAIL.=
CUM. FAIL.=
CUM. FAIL.=
CUM. FAIL.=
CUM. FAIL.=
CuM. FAIL.=
CuM. FAIL.=
CUM. FAIL.=

13
14
14
14
14
17
138

23

S04 OF FAILURES QCCUR AT 0.1274257E+09 HOURS

%
“
%
%
%
A
%
%

CUM.
CuM.
CUM.
CUM.
Cum,
cum.
cuM.
CUM.

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO ISt
3. 380649 <MEAN OF Y/XOC &6.619351 FROBITS

ANALYSIS OF VARIANCE:

F= 8,735123

IS GREATER THAN F OF ALFHA(1,

b )=

THEREFORE DO NQT REJECT THE REGRESSION MODEL

832

S.9%

FAIL.
FAIL.
FAIL.
FAIL.
FRIL.
FalL.
FAIL.
FAIL.

17.33333
18. 66647
13, 4666467
18. 66667
18, 66667
2206667
24

-y I
37.33333



FPART TYFE:MFR., B 2N2222
SCREEN22 - 70 DEG C BURN IN
LIFE TEST:40 DEG C

FAILURE DATA:

HOURS= 2 FAILURES= = CUM. FAIL.= 2 % CUM. FAIL.= 2.6666867

HOURS= 8 FAILURES= 0 CUM. FAIL.= 2 % CUM. FALL.= 2.008667

HOURS= 16 FAILURES= 2 CUM. FAIL.= 4 % CUM. FARIL.= S.3s3a3a

HOURS= &4 FAILURES= 1 CUM. FALL.= & % CUM. CAIL.= &.600667

HOURS= 256 FAILURES= O CUM. FAIL.= S % UM, FALL.= &, 606687

HOURS= 1000  FAILURES= © CUM. FAIL.= S % UUM. FALL.= b.866687
=5

HOURS= 2000 FAILURES= 0 CuM. FAIL. A CUM. FAIL.= 6.6866867
CUM. FAIL.= 3 4 LUM. FALIL.= 800664667

o

HOURS= 4000 FAILURES= 1

SAMFLE SIZE= 75

S0% OF FAILURES OCCUR AT 0.20¥4584E+08 HOURS

THE 0.5 CONFIDENCE INTERVAL FOR THE MEAN QF Y/XO [=R:
2.141132 <MEAN OF Y/XO< 7.38588468 FRURI TS

ANALYSIS OF VARIANCE:

F= 3.949981 IS GREATER THAN F OF ALFHA(1, & )= 5,99
THEREFORE DQ NOT REJECT THE REGRESSION MODEL

833




FART TYPE: MFR. B 2N2222
SCREEN:3 -~ 125 DEG C BURN IN
LIFE TEST:40 DEG C

FAILURE DATA:

HOURS= 2 FAILURES= 7 CUM. FAIL.= 7 % CUM, FAIL.= 9.33833%
HOURS= 3 FAILURES= Q CUM. FAIL.= 7 4 CUM, FAIL.= '7,333333
HOLIRS= 164 FAILURES= 0 CUM. FAIL.= 7 A CUM. FAIL.= ¥.3333G83
HOURS= 44 FAILURES= 5 CUM. FAIL.= 12 % Cum. FAIL.= 14
HOURS= 2Sé FAILURES= O CUM. FAIL.= 12 4 CUM, FAIL.= 16
HOURS= 1000 FAILURES= 1 CUM. FAIL.= 13 A CUM, FARIL.= 17.33333
HQURS= 2000 FAILURES= 0 CUM. FAIL.= 13 % CUM. FAIL.= 17.333638
HOURS= 4Q0Q0 FAILURES= 11 CUM. FAIL.= =4 4 CUM, FAIL.= 32

SAMFLE SIZE= 7S

S0% OF FAILURES QCCUR AT 8781970 HQURS

THE 0.?5 CONFIDENCE INTERVAL FOR THE MEAN UOF Y/XO ISt
3. 760154 {MEAN QF Y/XQ{ 6,23%306 FRUBLTS

ANALYSIS UF VARIANCE:

F= 21.56617 I3 GREATER THAN F UF ALFHA(L1, & )= &5.9v
THEREFDRE D NOT REJECT THE REGRESSION MUDEL

B34
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PART TYPE: MFR. B 2N2222
SCREEN:1 NO BURN IN
LIFE TEST:70 DEG C

FAILURE DATA:

HOURS=
HOURS=
HOURS=
HOURS=
HOURS=
HOURS=
HOURS=
HOURS=

SAMPLE

S50% OF

2

16
&4
256
1000
2000
4000

SI1ZE=

FRILURES QCCUR AT 0.7810345E+10 HOURS

FAILURES=
FRILURES=
FAILURES=
FAILURES=
FAILURES=
FAILURES=
FAILURES=
FAILURES=

75

oGO WO W

cuM.
CuM,
CuM.
CUM.
CUM,
CuUM,
CumM.
cumM.

FAIL.=
FAIL.=
FAIL.=
FAIL.=
FAIL.=
FAIL.=
FAIL.=
FAIL.=

O MW E W

%
%
%
%4
%
%
A
%

CUM.
CuM.
cuM.
CuM.
LUM.
CUM.
CumM.
CUM.

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO I3:
2. 963839 <MEAN OF Y/X0< 7.036161 FRORITS

ANALYSIS OF VARIANCE:

F= 23.90478&

I35 GREATER THAN F OF ALPHA(1,
THEREFORE DO NOT REJECT THE REGRESSION MODEL

B3S

& )=

;‘-} n;

S.99

H&

FAIL.= 4
FARIL.= 4§
FAIL.= 6.66L6667

FRIL.= 1Q.66667

FAIL.= 10.66667
FAIL.= 10.66667
FAIL.= 10.66467
FAIL.= 12

e ad g

ecammntn 42
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FART TYFE: MFR. B 2N2222
SCREEN:Z - 70 DEG BURN IN
ILIFE TEST:70 DEG C

FAILURE DATA:

HOURS= & FAILURES= Cum. FAIL. % CUM. FAIL.= 1.333333
HQURS= 14 FAILURES= cuM. FAIL. 4 CUM. FAIL.= 1.333333
HOLIRS= &4 FAILURES= CuUM. FAIL. CUM. FAIL.= 1.‘33g X

l'.u ‘J‘

cumM. FAIL.
CuUM. FAIL.

% CUM. FAlL.= 1.3333
% CUM. FAIL.= 4

HOURS= 256 FAILURES=
HOURS= 1000 FAILURES=

IO OO -
Wuwnwuu

D3 re = e =
~

SAMPLE SIZE= 75

S0% OF FAILURES QCCUR AT 0.S4077462E+14 HOURS

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN QF Y/XO Is:
-20.13233 <MEAN OF Y/XO< 30.13233 PRUBITS

ANALYS IS QF VARIANCE:

F= 3,413488 IS LESS THAN F OF ALFHA(1, 3 )= 10.13
THEREFQRE REJECT THE REGRESSION MODEL

D etn -

B36



FART TYPE: MFR. B 2N2222

SCREEN:2 - 125 DEG C BURN IN

LIFE TEST:70 LDEG

FAILURE DATA:

HOURS=
HOURS=
HOLIRS=
HOLUIR S ==
HOURS=
HOURS=
HOURZ=
HOURS=

SAMFLE

THE O.

-
&£

¥y}

14
54
254
1000
2000
4000

SI1ZE=

FAILURES QOCCUR AT 0.7399444E+10 HOURS

FAILURES=
FAILURES=
FRAILURES=
FAILURES=
FAILURES=
FAILURES=
FAILURES=
FAILURES=

75

-0 ChN-

O

CUM.
UM,
UM,
CUM.
CUM.
UM,
CUM,
UM,

FAIL.
FAIL.
FAIL.
FAIL.
FAIL.
FaIL.
FAIL.
FAIL.

hu N

o AN AR SR AR

A
A
%
4
%
A
%
%

CUM.
cum.
CuM.
UM,
Cum.
cumM.
CuM.
cuMm.

?3 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO I3:

FAIL.
FAIL.
FAIL.
FAIL.
FAIL.
FAIL.
FAIL.
FAIL.=

LU T TR I I I

1.536661 <MEAN OF Y/X0<L 2.443339 FROBITS

ANALYSIS OF VARIANCE:

F= 12.043¢&

837

IS GREATER THAN F OF ALFHA(1,
THEREFORE DO NOT REJECT THE REGRESSION MODEL

6 )= 5,99



PART TYPE: MFR. B 2N2222
SCREEN:1 NO BLUIRN IN
LIFE TEST:125 DEG C

FAILURE DATA:

HOURS= 2 FAILURES= 1 CUM. FAIL.= 1 % CUM.
HOURS= 3 FAILURES= O CuM. FAIL.= 1 % CUM.
HOURS= 1& FAILURES= 0O CuM. FAIL.= 1 7% CUM.
HOURS= 44 FAILURES= 1 CUM, FAIL.a 2 ARy
HOURS= 256 FAILURES= O CUM. FAIL.= 2 % CUM.
HOURS= 1000 FAILURES= 2 CUM. FAIL.= 4 4 CuM.
HOUIRS= 2000 FAILURES= 1| CUM. FARIL.= S % CuM,

SAMPLE SIZE= 75

S0% OF FAILURES QCCUR AT 0.3S0724E+10 HOURS

THE 0.5 CONFIDENCE INTERVAL FUOR THE MEAN OF Y/X0 [5:
2.6104 <MEAN COF Y/X0< 7.3896 PROBITS

ANALYSIS OF VARIANCE:

F= 45.49831 IS GREATER THAN F OF ALFHA(1, S )= 6,61
THEREFORE DO NQOT REJECT THE REGRESSION MODEL

338

FAIL.
FAIL.,
FAIL.
FAIL.
FAIL.
FAIL.
FAIL.

b g

WononohoR N

L. 666467
9.335333
6. 666467

. .



PART TYFE: MFR, B 2N2222
SCREEN:2 ~ 70 LEG £ BURN IN
LIFE TEST: 125 DEC C

FRILURE CATA:

HOURS= 14 FAILLIRES= 1 UM, FAIL.= 1 2 TUM. FAIL.=

HOURS= 43 FAIL_URES= © LM, FARIL.= 1 A CUM. FAIL.= :
HUURS= 254 FAILURES= 0 CUM. FAlIL.= 1 4 CUM. FAIL.= 1.
HOURS= 1000 FAILURES= 9 cCuM, FAIL.= 1 % CUM, FAIL.= 1.333333
HOUFS= 2000 FAILURES= 1 <M. FAIL.= 2 % CUM, FRIL.= L.6&8667
FOURS= 4000 FAILURES= 4 CUM. FAIL.= 6 A UM, FARIL.= 3

SAMFLE SIZE= 79

S0% OF FAILURES OCCUR AT 0,.5076186E+11 HOURS

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/X0O I3z
~7.192048 {MEAN OF Y/X0< 17.19205 FRUBITS

ANALYSIS LF VARTIANCER

F= 3.370924 IS LESS THAN F OF ALPHA(1, 4 )= 7.71
THEREFIORE REJECT THE REGRESSION MODEL

839



PART TYrE: MFR. B 2N2222
SCREEN:3 ~ 125 DEG © BURN IN
LIFE TEST:12S [EG C

FAILURE DATA:

% CuM. FAlIL.= 4

HOURS= FAILURES= 3 CuM. FAlIL.= 3

HOURS= 3 FAILURES= 1 CUM. FAIL.= 4 4 CUM. FAIL.= 5, 333333
HOURS= 14 FAILURES= i CuUM. FAIL.= $ % CUM. FAIL.= 6.44060667
HOURS= 64 FAILURES= O cuM. FAIL.= S 4 CUM. FALIL.= &5,0666667
HOURS= 256 FAILURES= O cuM. FAIL.= S % CU. FAlL.= &0 &48667
HIURS= 1000 FAILURES= 1 ClUM. FAIL.= 6 AR MG FAlL.= <

SAMPLE S1ZE= 75

0% OF FAILURES QUCUR AT 0.7273213E+16 HOURS

THE 0,935 CUONFILENCE INTERVAL FOR THE MEAN OF Y/XO [3:
~2.032947 NMEAN OF Y/X0C 12,03295 FRUBRTTS

ANALYSIS DF VARTANCE:

F= 146,04927 1S GREATER THAN F OF ALFHA(L1, 4 )= 7.71
THEREFORE DO NOT REJECT THE REGREZ3IUN MODEL

840



PART TYPE: MFR. E 2N2222
SCREEN:! - NO BURN IN
LIFE TEST:40 DEG C

FAILURE DATA:

HOURS= 2 FAILURES= 1 CUM. FAIL.= i %4 CUM, FAIL.=
HOURS= 3 FAILURES= O CUM. FAIL.= 1 4 CUM. FAIL.=
HOURS= 14 FAILURES= O CUM. FAIL.= 1 %2 CUM. FAIL.=
HOURS= 64 FAILURES= 1 CUM. FAIL.= 2 A CUM. FAIL.=
HOLIRS= 256 FAILURES= O cUM. FARIL.= 2 Z CUM. FAIL.=
HOURS= 1000 FAILURES= 3 CLit. FAIL.= S Z CUM. FAIL.=
HOURS= 2000 FAILURES= 2 CUM. FAIL.= / % CUM. FAIL.=-
HCGUR:S= 4000 FAILURES= 3 CUM. FAIL.> 10 % CUM. FAIL.=

SAMPLE SIZE= 75

S0% QF FAILIRES CCCUR:" AT 0.2032646E+08 HOURS

THE 0.9935 CONFIDENCE INTERVAL FOR THE MEKN OF Y/XO 1358
2.5414602 <{MEAN OF Y/Xi~ 6.458398 FROBITS

ANALYSIS F VARIANCE:

Fe 49,36748 1S GREATER THAN F OF ALPHA(L, & )= 5,99
THEREFORE DJ NIT REJECT THE REGRESSION MODEL

84l

Q.6b664.7
2.666647
6.666667
9.333335

13.733333

A s |



FART TYFE: MFR, E 2N2222

SCREEN

L

- 70 DEG <

LIFE TEST:40 DEG C

FAILURE DATA:

SUKN 1IN

HIURE= 2 FAILURES= 1 CuUM. FAIL.= 1 % CIM. FAIL.
HOURS= 3 FAILURES= 1 CUM. Fall.= 2 4 CcuM. FAIL.
HOURS= 14 FAILLURES= 1 CUM. FAIL.= =X % CUM. FAIL.
HOURZ= 44 FAILURES= 1 CuM,. FAlL.= 4 Z Clm. FAIL.
HOUR=Z= 254 FAILURES= 1 Cum. FAIL.= & % CuUM. FAIL.
HOUWRS= 1000 FAILURES= O CuM. FAIL.= S 2 UM, FAIL.
HOLRS= 2000 FAILURES= O CUM. FAIL.= 5 % ZUM. FAIL.
HOURS= 4000 FAILURES= 4 cum. FALIL.= 7 Z CUM. rAIL.
SAMPLE SIZE= 75

SO%4 OF FAILURES OCCUR AT 0.S3S219ZE+07 HOURS

THE Q.75 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO I=:

3.4123%6 MEAN OF Y/X0 4.587604 FROBITS

ANALYSIS OF VARIANCE:

F= 44.7000%9 I35 GREATER THAN F OF ALFHA(1, & )=
THEREFDJRE DO NOT REJECT THE REGRESSION MODEL

S.9Y
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FART TYFED MFR. E 2N2222

SCREEN: 3

-~

~a

LIFE TEST:4Q [EG C

FAILURE DATA:

HULIR o=
HOURZ=
HOURS=
HOLRS=
HOLRS=
HOURS=
HOURS=
HOURS =

SAMFLE

SO% OF

THE 0.5 CGNFIDENCE
4

7 v 3 10

&
X
258

1000
2000
4000

SIZE=

FAILURES=
FAILURES=
FAILURES=
FAILURES=
FAILURES=
FAILURES=
FAILURES=
FAI_URES=

75

125 DEG © buan 1N

(YRR SR o gl A

CUM,
CUM,
CUM.
CUM.
CUM.
CUM,
CUM.
CumM.

FAIL.=
FRIL.=
FRIL.=
FAlL.=
FAIL,=
FAIL.=
FAIL.=
FAIL.=

DA S I

10

12

FAILURZS QCCLIR AT 0,.1198341C+0% HOURS

ANALYSIS QF VARIANCE:

F= 229,

0105

IS GREATER THAN F OF ALFHA(1,

843

cun,
cuM.
cum.
cuM,
UM,
cum,
CuUM.
CLM.

INTERVAL FOR THE MEAN OF Y/X0Q [s:
«A%4624 <MEAN OF Y/X0K S,543746 PROBITS

b )= 5,99
THEREFQORE DO NOT REJECT THE REGRESSION MODEL
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FART TYPE: MFR. E 2N2222
SCREEN:1 - NO BURN IN
LIFE TEST:7uv DEG C

FAILURE DATA?

HOURS= 8
HOURS= 16
HOQURS= &4
HQURS= 256
HOQURS= 1000

SAMPLE SIZE=

FAILURES=
FAILURES=
FAILURES=
FAILURES=
FAILURES=

75

(R EeN

S0% OF FAILURES QCCUR AT

THE ©0.9S CONFIDENCE INTERVAL FOR THE MEAN

CL'M L]
cumM.
cumM.
CUM.
CumM,

FAIL.=
FAIL.=
FAIL.=
FAIL.=
FAIL.=

1

[ ]

~N b

OF Y/XQ 153

% CUM.
4 CUM,
% UM,
4 LM,
% CUM.

FAIL.= 1.33333%

FAIL.
FALL.
FAIL.
FAIL.,

2.218258 <MEAN OF Y/X0. 7.781745 FRORIT®

ANALYSIS OF VARIANCE:

Fa 42,4155

IS GREATER THAN F OF ALFHA(1,
THEREFORE DO NOT REJECT THE REGRESSION MODEL

B4

X
-

)= 10,13

W o#nu

2. 566667



e

FART TYPE: MFR. E 2N2222
SCREEN:2 - 70 DEG C BURN IN
LIFE TEST:70 DEG C

FAILURE DATA:

HQURS= 2 FAILURES= 1 CUM. FAIL.= 1 4 CUM. FAlL.= 1.333333
HOURS= 3 FAILURES= O CUM. FAIL.= 1| 4 CuM. FAIL.= 1,333333
HQURS= 14 FAILURES= S CUM. FAIL.=2 & 4 CUM, FAIL.= &
HOURS= &4 FAILURES= O CUM. FRIL.= & A CUM, FAIL.= 2
HOURS= 2564 FAILURES= O CUM. FAIL.= & ~ CUM, FAIL.= &
HOURS= 1Q0Q FAILURES= 5 CUM. FAIL.= 11 A CUM. FAIL.= 14.4666067

SAMPLE SIZE= 75

S0% OF FAILURES QCCUR AT 25532%.8 HOURS

THE 0,35 CONFIDENCE INTERVAL FOR THE MEAN QOF Y/XOQ ISt
2. 0504673 CMEAN GF Y/XOL 7,949325 FROEBITS

ANALYSIS OF VARIANCE!

F= 13.2205 IS GREATER THAN F QF ALFHA(1., 4 )= 7.71
THEREFQRE DO NQT REJECT THE REGRESSION MODEL

845



FART TYPE: MFR. E 2N2222
SCREEN:3 - 125 DEG C BURN IN
LIFE TEST:70 DEG C

FAILIURE DATA:

HQURS= 2 FAILURES= | CUM. FAIL.= 1 Z CUM. FAIL.= 1.333333
HOURS= 3 FAILURES= | CUM,. FAIL.= 2 % CUM, FAIL.= 2.666667
HOQURS= 1& FAILURES= & CuM. FAIL.= & 4 CUM. FAIL.= 10.66667
HQURS= &4 FAILURES= 0O CUM. FAIL.= 8 % CUM. FAIL.= 10.66647
HOURS= 256 FAILURES= O CuM. FAIL.= & % CUM. FAIL.= 10.66647
HOQURS= 1000 FAILURES= 7 CuM. FAIL.= 15 % CuM. FRIL.= 20

HOURS= 2000 FARILURES= 3 CuM. FAIL.= IV %4 CUM. FAIL.= 24

SAMFLE SI1ZE= 75

S0% QF FAILURES OCCUR AT 43443.04 HOURS

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN QF Y/XQ I5:
J3.4677834&6 <MEAN OF Y/X0C &.322164 FRORITS

ANALYS3IS OF VARIANCE:

F= 31.44068 IS GREATER THAN F OF ALPHA(1, 5 )= &.61
THEREFQRE DO NOT REJECT THE REGRESSION MADEL

846



PART"TYPE: MFR. E 2N2222
SCREEN:2 - 70 DEG © BURN IN
LIFE TEST:12S NEG C

FATLURE DATA:

HOURS= 2 FAILURES= 1 CUM. FAIL.=
HOURS= 14 FAILURES= 2 Cum. FAIL.=
ROLRS= &4 FAILURES= O CUM. FAIL.=
AdlIRS= 254 FAILURES= Q CUM. FAIL.=
HOLIRS= 1000 FAILURES= 2 CUM. FAIL.=

SAMPLE L IZE= 79

% Cum. FAIL.
A CUM. FAILL.
CUM. FAIL.
4 CcumM, FAIL.
% CUM. FAIL.

VDU T N
LRt PN P}

Wow o

0 Lo i Dy v
-~

1
4
4
4
&

&&&64LT7

SOX OF FAILURES QCCUR AT 0. 1230537E+10) HQURS

THE 0.95 CONFIDENCE INTERVAL FOR THE MEFN
=3.3210465 <{MEAN OF Y/X0

ANAL .5 1OF VARIANCE:

F= &,135772 IS LESS THAN F OF ALFHA(L, =
THEREFORE REJECT THE REGRESSION MODEL

847

OF Y/X0 I3:
15.32106 FROBITS
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[}
—
-
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PART TYPE: MFR. E 2N2222
SCREEN:3 - 125 DEG C BURN IN
LIFE TEST:12S DEG C

FAILURE DATA:

HOURS= 2 FAILURES= 1 CUM. FAIL.= 1 7 CUM. FAIL.= 1.333333
HOURS= 38 FAILURES= 4 cuM. FAIL.= S % CUM, FAIL.= 6.666667
HOURS= 14 FAILURES= 3 cuM. FAIl.= 8 % CUM. FAIL.= 10,666647
HOURS= 64 FAILURES= O cuM, FAIL.= 8 4 CUM. FAIL.= 10.66667
HOURS= 256 FAILURES= 0 CUM. FAllL.= & Z CUM. FAIL.= 10.64647
HOURS= 1000 FAILURES= 2 CUM. FAIL.= 10 % CUM. FAIL.= 13.33333

SAMFLE SIZE= 75

50% QOF FAILURES COCCUR AT 923042.8% HOURS

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN QF Y/X9) I3:
1.250765 <MEAN OF Y/X0< §.,749235 FROBITS

ANALYSIS OF VARIANCE:

F= 7.273718 IS LESS THAN F OF ALFPHA(L, 4 1= 7,71
THEREFQRE REJECT THE REGRESSION MODEL

848
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AFPENDIX C

DETAILED FAILURE ANALYSIS RESULTS
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0180-26784-1

c.1 LIFE TEST FAILURES

c.1.1 7415194 (MANUFACTURER A)

Six parts submitted %o failure analysis.

A1l retested good.

TABLE C-1 Summary of 74.5194 Failure Analysis Results

40° Life Test

70%C Life Test

125%C Life Test

Screen 1
No Burn-in

2 Hours:
Retest Good

c.1.2 CMOS 4069 (Manufacturer B)

Total Number of Failures
Number of Failures Analyzed

0

o
o
0

Open Metal - Ground or VCC
Channelling

Kirkendall Voiding

Plastic Burned

Screer 2
709C Burn-in

4000 Hours:
Retest Good

8 Hours:
Retest Good

416
17
11

PRECEDING PAGE BLANK NOT FILMED

3

Screen 3
1259 Burn-in

4000 Hours:
Retest Good
4000 Hours:
Protagation
delay, could
not find cause.

2000 Hours:
Retest Good

See Table C-2
See Figure C-1

See Figure C-2
See Figure C-3



D180-26784-1

TABLE C-2 Summary of Manufacturer B CMOS 4069 Failure Ani ysis Results

40°C Life Test

70%C Life Test

1259C Life Test

Screen 1
No Burn-in

64 Hours:
Ground Metal
Burned Open
(Figure C-1)
4000 Hours:
Channelling

1000 Hours:
Channelling

64 Hours:
Channelling
256 Hours:
Kirkendall Voiding
on VCC
(Figure C-2)
1000 Hours:
Channelling
4000 Hours:
Ground Metal
Burned Open

e s——————— o 5 P

Screen 2
70°C Burn-in

2 Hours:
Ground and VCC.
Metal Burned
Open

4000 Hours:
Ground Metal
Burned Open

2 Hours:
Ground Metal
Burned Qnen
64 Hours:
VCC Wire
Burned Open
4000 Hours
Ground Metal
Burned Open

2 Hours:
Ground Metal
Burned Open
16 Hours:
Ground Metal
Burned Open
4000 Hours:
Ground & VCC
Metal Burned
Open

cé

Screen 3
1259C Burn-in

4000 Hours:
Packige Cracked
Open. All leads
vaporized
(Figure C-3)

4000 Hours:
Ground Metal
Burned Open



0180-26784-1

375X

Figure C-1  CMOS 4069 (Mfr. B) Typical Burned Ground Metallization Failure

280X

Figure C-2 CMOS 4069 (Mfr. B) Kirkendall Voiding Failure

ORIGINAL PAGE cs
BLACK AND WHITE PHOTOGRAPH
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Figure C-3

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

D180-26784-1

PR - g

MR :]-'f”""

CMOS 4069 (Mfr. B) Cracked Package, Leads ‘faporized

6
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c.1.3 CMOS 4069 (Manufacturer C)

Total Number of Failures
Number Analyzed

0 Open Metal-Ground or VCC
0 Channelling

0 Burned Package

TAB.E C-3 Summary ~f CMu3 4069 (Manufa

Screen 1
No Burn-in

40%C Life Test

70°C Life Test 2000 Hours:
Channelling

125%C Life Test 256 Hours:
Channelling

9 (See Table C-3)

4 (See Figure C-4)
4
1

cturer C) Failure Analysis Results

Screen 2 Screen 3

70°C Burn-in 125°C Burn-in
256 Hours: 2 Hours:
Chaniielling VCC Metal

- Burned Open
100C Hours:

Channel1ing
2000 Hours:
Ground and VCC
Metai Migration
(Figures C-5,
C-6)

256 Hours:

2 Gate Inputs
Ope:
1000 Hours:
VCC Met3)
Burned Open
(Figurc C-4)
2000 Hours:
Plastic Burned

¢7
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ORIGINAL PAGE
BUACK AND WHITE PHOTOGRAPH"
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Frgure C-4 CMOS 4069 (Mfr C) Typical Burned Vcc Metailization Faflure
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375X

Figure C-5 CMCS 4069 (Mfr C) Metal Migration Failure Near Ground Lead

375X

Figure y-6 CMOS 4069 (Mfr. C) Metal Migration Near Vcc Lead

c9
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c.1.4 Linear 741 Op Amp (Mfr. B)
Total Number of Failures 310
Number Analyzed 9 (See Table C-3)
] Retest good after 8

cleaning leads

0 Burned Metal on V+ (See Figure C-7)

[ry

TABLE C-4 Summary of 741 Op Amp (Manufacturer B) Failure Analysis Results

Screen 1 Screen 2
No Burn-in 709C Burn-in
a0°C Life Test 16 Hours: 1000 Hours:
Retest Good Retest Good, but
Marginal Open Loop
Gain

2000 Hours:

Retest Good, but
Marginal Open Loop
Gain

709C Life Test

125°C Life Test

64 Hours:
V+ Mecal
Burned Open
(Figure C-7)

16 Hours:

Open Loop Gain
STightly Below
Limit
1000 Hours:
Retest Good
2000 Hours:
Retest Good

256 Hours:
Retest Good, but
Marginal Offset
Voltage

64 Hours:
Retest Good
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ORIGINAL PAGE
otACK AND WHITE PHOTOGRAPH

375X

Tigéce C-7  Linear 741 Op Amp (MFR. B) Burned Vcc Metallization Failure

Cl1
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c.1.5 Linear 741 Op Amp (Mfr. D)

Total Number of Failures
Number Analyzed
0 Retest good

71
10
10

TABLE C-5 Summary of 741 Op Amp (Manufacturer D) Failure Analysis Results

Screen 1
No Burn-In

400 Life Test 2000 Hours:
Retest Good

70%C Life Test

1259¢C Life Test 64 Hours:

Retest Good

1000 Hours:
Retest Good

Screen 2
70°C Burn-In

2 Hours:

Retest Good

256 Hours
Retest Good

2 Hours:

Retest Good

2000 Hours:
Retest Good

Screen 3
1259C Burn-In

256 Hours:
Retest Good

2 Hours:

Retest Good

2000 Hours:
Retest Good



0180-26784-1

C.1.6 2N2222 Transistor (Manufacturer B)

Number Failed

Number Analyzed

0 Retest good

0 Channelling

0 Metal Migration

115
9
3
a

1 Plastic (Figure C-8)
1 Hermetic (Figure C-9)

TABLE C-6 Summary of 2N2222 Transistor (Manufacturer B) Failure Analysis Results

Screen 1
No Burn-In

40° Life Test 2 Hours:

Retest Good

1000 Hours:
Channelling

709C Life Test 2 Hours:

Retest Good

64 Hours
Channelling

125%C Life Test 1000 Hours:
Retest Good

Screen 2
70°C Burn-In

2000 Hours:

Gold Migration
along metallization
Hermetic Part
(Figure C-9)

A}

C13

Screen 3
1259C Burn-In

64 Hours:
Channelling

1000 Hours:
Channelling

2 Hours:

Metal Migration
Burned Metalliza-
tion NearEmitter
Bond (Figure C-8)

e

s v

E
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“RIGINAL FAGE
LATK ALD WHITE PHOTOGRAFH

150X

Figure C-8 2N2222 Transistor (Mfr. B) Metal Migration :.ad Burned Metal

ovans
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ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

500X

150X

Figure C-9  2N2222 Transistor (Mfr. B - Hermetic Part) Metal Migration Failure

15
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c.1.7 2N2222 Transistor (Manufacturer E)
Total Number of Failures 115
Number of Failures Analyzed 13 Plastic
2 Hermetic
] Channelling 10 Plastic
1 Hermetic
Retest good 2 Plastic
Catastrophic 1 Plastic (Figure C-10)

1 Hermetic (Figure C-11)
TABLE C-7 Summary of 2N2222 Transistor (Manufac* i~er E) Failure Analys s Results

Screen 1 Screen 2 Screen 3
No Burn-In 70°C Burn-In 125%¢ Burn-1In

40°C Life Test 1000 Hours: 256 Hours: 2 Hours:

Channelling Channelling Channelling
256 Hours
(Hermetic)
Channelling
1000 Hours:
(Hermetic)
Catastrophic
(Figure C-11)

70%C Life Test 1000 Hours: 16 Hours 16 Hours:
Channelling Channelling Channelling
1000 Hours 1000 Hours:
Retest Good Channelling
2000 Hours:
Catastrophic

(Figure C-10)

125°C Life Test 16 Hours: 1000 Hours: 8 Hours:
Retest Good Channelling Channelling

16 Hours:
Channelling

C16
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Figure C-10

Figure C-11

0180-26784-]

2N2222 Transistor (Mfr. E) Catastrophic Failure

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

2N2222 Transistor (Mfr, f - Hermetic Part).
2 Megohm Base-Emitter Short

17
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