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ABSTRACT

This report presents the results obtained from an
investigation of the reliability of 1,500 diffused planar
transistors of the 2N718A type, manufactured by three separate
processes. The transistors were subjected to a series of stress
conditions in a number of screens and a matrix life test plan.
The stresses included temperature, temperature and bias, power
dissipation and centrifuge step stressing of sufficient magnitude

‘to produce failures. The failures were analyzed to assign

failure modes and determine whether they were a function of
material, process or design. In analyzing this data, an
evaluation was made of the performance of devices during the
stress screens and under power operating conditions for three
thousand hours. A number of charts, graphs and tables were
prepared to show population trends, effectiveness of stress
screens, burn-in, truncation and noise screening. The failure
analysis procedure, failure mode chart and the relation of the
failure mechanisms and stress conditions were shown. A number
of detailed failure analysis investigations and reports were
made to show the relationship of stress, manufacturing process
and performance of the devices. Fallure rate comparisons were
made of the three processes before and after screening. Several
recommendations are developed for screening techniques to
remove failure modes as they are related to the manufacturing
process.



This report shows that it is possible to develop
effective and economical reliability screens related to the
manufacturing process used for this diffused planar transistor.
Some areas for manufacturing process improvement are also
indicated. '
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SUMMARY

A detailed investigation for determining the reliability of
a total of 1500 diffused planar transistors of the 2NT18A type
manufactured by three different processes was conducted. Each process
lot was divided into several sub-lots which were subjected to several
levels of stress screening followed by a number of accelerated life
tests. The matrix of screens included: High Stress Screen, Moderate
Stress Screen, Centrifuge Stress Screen, Burn-In Screen and Control
Lot. The stress levels and time durations were selected to produce
failures according to four defined failure criteria levels. An
analysis of the failures produced was made and a failure mode was

assigned.

A test of the electrical parameters listed on the 2N718A
specification sheet was the criterion used for selecting the devices
stressed on this program. Tpe High Stress Screen consisted of 168
ﬁours of stress at an ambient temperature of 250°C with a reverse bias
of 30 volts. This was followed by 168 hours of storage at 300°C and
then 20,000G centrifuge. The Moderate Stress Screen consisted of 168
hours of stress at an ambient temperature of 200°C with a reverse bias
of 30 volts, followed by 168 hours of storage at 200°C and then 20,000G
centrifuge. A cenfrifuge Sereen was also used which consisted of a
éinglg 20,000G centrifuge stress. A Control Lot was formed which was

not screened with any of the above screens.
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Following these stresses, the sub-lots were further divided
and placed on a 3,000 hour life test at several levels. The
operating life test levels were 800mW at T, of 25°C, 700mW at

A

TA of 25°C, 500mW at TA of 25°C, 4OOmW at TA of 150°C and 200mW

at T, of 150°C. Data readouts were taken at 0, 168, 340, 680,

1000, 1500, 2000 and 3000 hours.

The four defined failure criteria levels are listed in the
definitions and symbols and correspond to devices which pass the
specification limit, end of life limit, catastrophic limit and that
are beyond the catastrophic limit.

The failures that were produced were examined in sufficient
detail to determine whether they were a function of material,
process or design. The dominant failure mode found in all three
processes was surface inversion. Devices from all the processes

were subject to an increase in I when they were placed on a

reverse voltage and temperature gfgess. The devices from Process B
withstood this stress better than devices from the other processes
indicating that the guard ring was stopping the inversion layer in
the collector region. Devices from Process C also suffered from
microcracks indicating that the process of bonding leads to the
pellet had‘not been optimized and was not in good enough'control to
prevent strains during bonding. Detalled Failure Analysis Reports
are included for other less dominant failure modes for suggested

process improvements.

The large amount of data from the matrix test plan was assembled

and summarized in a series of tables and figures. The tables permit

a direct comparison of the several processes for response to stress,
parameter distribution and distribution shifts with stress time as
well as other significant functions. Analysis based on the test

n
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results of this program indicate the advantages of a stress screen
for reliability improvement of these devices. A recommended stress
screen is given in this report. Comparisons of the failure rates

obtained on operating life tests for about three thousand hours of
test time are also shown. Several distribution graphs are included

to ehow the #t&bility of the primary parsmeters ICBO and h?E of the
population of devices under several levels of operating power.




SECTION I - PROGRAM RESULTS

A. REVIEW OF PROGRAM

This program consisted of a detailed study for determining the
reliability of a total of 1,500 diffused planar transistors of the
2NTiBA type, manufactured by three different processes. A review of
the electrical specification for the transistor type, pggtographs of
the i.ternal construction of the three devices, and det;ils of the
differences of the devices are in Section VI of this report. Tests
were designed to determine modes of failure, process capabilities
and to investigate stress screening techniques for detecting the pre-

sence of each mode of failure. Each process lot was divided into

several sub lots which were then subjected to a testing matrix.

As an initial step in the program all of the devices were tested
for hermetic seal by using the Radiflo test method. The test was
conducted to a sensitivity of 1 X 10—10 standard cc/sec. leak rate.
The electrical parameters of all of the devices according to the
specification test conditions were also measured; The Noise Figure
measurement for each transistor was also taken on the Quan-Tech Noise
Figure Analyzer. One Noise Figure measurement is included as a part
of the specification, but three more were added to aid in the deter-

mination of the applicability.of Noise Figure screening as a relia-

bility screen.

The next step involved a determination of the dominant failure
mechanisms for devices manufactured by each of the three processes.
It was also desired to determine the stresses to which each process
would respond most readily. The population of units was sampled and
placed in a step-stress matrix. The stresses involved temperature
only, temperature and reverse voltage, power, centrifuge and shock
and vibration. The initial step-stress matrix was continued at

levels high enough to produce failures in the devices.

L



“e detailed analysis of the failures produced in the step-stress

matrix was incliuded in a previous Quarterly Repert. It was determined
+that Process A units had surface related failures as tr2 most dominant

ilure due to

-y

f3ilure mechanism. There were also a few instances of
aid ir the baes lesd migrating and elloying into the pellet so that
e collector was shorted to the base. The Process B units also had
surface re.sted failures and were found to have lead separation from
tne post - the header as the dominant failure mechanism. Many of
trese leads appeared to be almost cut through due to the bonding pres-
sure when the lead was applied. There were also two instznces of the
pellet separating from the header. The Process C units showed bulk
degradation as the most dominant failure mechanism. When analyzed
most of these units showed micro-cracks under ihe lead bond connec-
+ions. This may have been due to excessive lead bonding pressure.

The Process C units also had failure mechanisms related to surface

degradation.

From an analysis of the data, three screening stresses were then
derived. A High Stress Screen consisted of 168 hours of stress at an
ambient temperature of ESOOC with a reverse bias of 30 Volts. This
was followed by 168 hours of storage at 30000, which was then followed
by a 20,000G centrifuge stress. A Moderate Stress Screen vas designed
which consisted of 168 hours of stress at an ambient temperature of
200°C with a reverse bias of 30 Volts, followed by 168 hours of storage
at 200°C and then a 20,000G centrifuge stress. A Centrifuge Screen
was also used which consisted of a single 20,000G centrifuge stress.

A Control Lot was formed which was not screened'with any of the

above stress screens.

The units which had not been used on the step-stress matrix
were then divided into four parts. Each of these parts was placed
on one of five levels of a 3,000 hour life test. The life test

levels were 800 milliwatts at an ambient temperature (TA) of 2500,

700 milliwatts at a TA of 25OC, 500 miliiwatts at a TA of 25°C, 400
milliwatts at a T, of lSOOC and 200 milliwatts at T, of 15000. Data

A A
were read out on critical parameters at 0, 168, 340, 680, 1,000,
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1,505, 2,00C and 3,000 hours. Four failure response categories were
+ the electrically defined failures could be located
% readout time in the life test. In general, the units were

,ctually removed from life test, but were left on test to deter-

oS
o
ct
o

» further cegradation occurred. These failure response cate-
gories are <dentified as 1, 2, 3 and 4 and correspond to units that
met the ~.ginal specifications, units that would have met normal

high re’lapility end-of-life requirements, units that met catastrophic
limits, and units that shifted beyond catastrophic limits. Thus, each
response category identified a further degree of cl.ift of the critical

parameters.

This form of the test matrix resulted in 20 individual test
cells for each of the processes. Since less taan 500 units of each
type were available, the total number of devices in each life test
cell was necessarily reduced to a small number. This meant that the
overall statistical confidence that could be placed in the results
of any one of the life test cells was comparatively low. However,
the trend of the response to the life test could be determined and
when the data from the cells were suitably combined, reasonably

confident estimates could be made of the response of each of the

three processes.

The failures that were produced were examined in sufficient
detail to determine whether the failure was a function of material,
process, or design. The data accumulated from the matrix test plan

was assembled and summarized in a series of tables and figures. The

. tables follow the text of this report and are reviewed in detail in

the appropriate sections of the report. In general, the organization
is such that each of the three processes may be compared for the

same life test ceil.

When the life tests were all completed the survivors were run
through another centrifuge stress test. This gave information about

any apparent hardening of the bonds, however, it also masked some

6
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of *he results that might have been found from failure analysis, since

0

sme of the units were catastrophically destroyed in this second cen-

trifuge stress.
B. TEST RESULTS

1. General. Table 1 shows the calculated failure rates for
all of ths life test conditions and for the various stress screens.
The se.eral life test conditions were also summarized to show an

overall failure rate following a stress screen and a life test.

The failure rate calculations are all based on the Foisson
distribution with a consequent assumption of a constant failure rate
in time. The calculations were all made for s 50% confidence level.
It should be pointed out that only trends may be derived from this
information since some of the total unit hours of test were quite
small. The Poisson distribution type of calculation is supposed to
be independent of the number of test hours or the number of units in-
volved. However, it is known that semiconductor devices are subject
to certain random failures, and this type of failure mode reduces
confidence in some of the life test results. It is certain that
this accounts for some of the high failure rates which appear in the
table. It is anticipated that these failure rates would not be as

high if a larger sample size were used.

Tables 2 through 5 show thé number of units submitted to the
several screens, the number that fell out according to each response
category during the screen, and the number of devices that failed

in each of the response categories during the life test.

Tables 6 through 10 show the results of the centrifuge stress
test that followéd the life test. Again, the tables are organized
according to the process and the life test conditions showing the
number of units submitted to the centrifuge test and the number that

failed after 20,000 G's and 150,000 G's.




-n-—---n----'

Tt was decided to assess the effect of considering the first
168 hours of each life test as an additional burn-in screen. There-
fore, the number of units that failed during the burn-in period is
also included in Tables 2 through 5. The second failure rate calcu-
lation in Table 1 shows the reduction in the failure rate that would

be observed if thg failed units had been removed at the ehd of the

168 hours of burn-in.

2. Failure Rates. The failure rates czlculated and shown

in Table 1 are based on the data which is conbtained in Tables 2, 3,

4 and 5. For example, Table 2 contains the number < units and the -
number of failures that occurred on the 3,000 hour iife tesf. These
units had previously been subjected to the High Stress Screen. Pro-
cess A units were divided in the five life test conditions as shown
in Table 2. Under the 200 milliwatt life test condition, 28 units
were submitted to the High Stress Screen. At the end of the screen,
6 of these units were rejected. Thus, 22 units were started on the
3,000 hour life test. At the end of 168 hours of burn-in, one unit
was detected as a failure. At the end of the 3,000 hour life test
one additional failure was found. A total of 66,000 unit test hours
were accumulated. With the two failures, the expected failure rate
calculated was 4.7% per 1,000 hours at a 60% confidence level. This
is the first failure rate (FR1). When using the burn-in as a screen,
one failure would have been removed from the lot before the life test.
Therefore, only one failure would have occurred during the life test.
However, the total number of test hours must also be reduced to
21X{(3000-168) or 59,472 unit hours. Using the one failure produced,
the second expected failure rate (FR2) would be 3.4% per 1,000 hours
at the 60% confidence level. This procedure was repeated for each
of the other processes and life test cells and for each of the stress
screens. In several of the ceils the burn-in scfeen would not have

eliminated any units and thus the two failure rates are the same.

8



RS S ——

a. high Stress Screen. The High Stress Screen was

damazing for Process B and C Units, since the life test results show
nigher failure rates for units that survive the screen than for those
which were not subjected to the screen. The Process A units which
survived the screen showed a slight reduction in failure rate but

when the data associated with the stress screen responses gere analyzed,
it was seen that the Process A units showed more significé%t movements
wnen suvjected to the High Stress Screen than for the othér screens.
Therefore, it was concluded that the High Stress Screen actually
resulted in destructive degradation of the units. The table below
shows the summary of results of the High Stress Screen. The tabula-
tion was obtained by adding together the unit hburs ané the number

of failures for each of the life test conditions.

LIFE TEST FAILURES AFTER HIGH STRESS SCREEN

Process A Process B Process C
Test,- K-hours 375 360 24
Total Failures 11 2 5
Failure Rate 1 3.3 12 , 26
Test, K-hours 368 - 278 17.5
Post Burn-in Failures 10 20 b
Failure Rate 2 3.1 7.8 30

b. Moderate Stress Screen. The Moderate Stress Screen

appeared to be quite successful in reducing the failure rate observed
for Process A and Process B devices. In most of the life test matrix

cells a substantial reduction in the failure rate was observed.

For the Process C units, the moderate stress screen did not show
the same precise pattern. On the two higher power life test conditions,

a reduction was observed in the failure rate of those units which sur-
e
vived the screen compared to those units which were not subjected to

the screen. However, the other 1ife test conditiouns showed th
t

screen actually appeared to increase the failure rate; thus, indicating

9




some potential damage to the units. When the response pattern of the
devices which were subjected to the screen (Table 3) is compared to
the recponse pattern of the devices which were not screened (Table 5)
it is seen that approximately the same failure pattern occurs. Thus,
it seems reasonable to conclude that Process C devices will have a
certain number of failures on these kinds of life tests ang that

these failures will occur in screened or non-screened devices.

The general response pattern, and the apparent lack of damage
leads to the conclusion that the Moderate Stress Screen could be
used on these devices without degrading them. The following table

provides a summary of the failure rates for the'Moderate Stress

Screen:
LIFE TEST FAILURES AFTER MODERATE STRESS SCREEN
Process A Process B Process C

Test, K-hours 486 1438 321
Total Failures T 19 - 33
Failure Rate 1 1.7 , L7 11
Test, K-hours 481 395 271
Post Burn-in Failures 6 - 10 22
Failure Rate 2 . 1.5 2.9 8.8

¢. Centrifuge Screen. The Centrifuge Screen did not

appear to have any significant effect upon Process A Transistors.
The failure rate observed was slightly reduced in some of the life
test cells, but was also slightly increased in the 200 milliwatt
cell. It is not felt that much significance can be placed on these

results because of the small magnitudes.-

10
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For the Process B transistors, the Centrifuge Screen appears to
be destructive for zll but two of the life test cells. For the 500
milliwatt and 400 milliwatt life test cells a reduction in the ob-

served failure rate is seen when centrifuge screening is used.

For Process C transistors the Centrifuge Screen seemed to be
destructive for all life test cells except at the TOO milliwatt level,
which showed a reduction in the failure rate over the devices in the
control lot. These results will be discussed more thoroughkly in the
next section of this report. The following table provides a summary
of the life test results for the Centrifuge Screen:

LIFE TEST FAILURES AFTER CENTRIFUGE SCREEN

Process A Process B Process C
Test, K-hours . 255 2ko 273
Total Failures 8 20 29
Failure Rate 1 3.7 9.0 11
Test, K-hours 255 19k 205
Post Burn-in Failures 8 9 13
Failure Rate 2 3.7 5.4 T.1

d. Control Lot. The units which were not subjected to
any stress screen were regarded as the Control Lot for the matrix of
life test cells. The failure rates are shown in a similar manner as
for the other stress screen devices. The data in Table 5 indicated
that a substantial number of units for Process C transistors failed
when they were screened to the initial specification parameters. Of
the failures that were found in this electrical parameter screening
test, approximately half exceeded the maximum limit for ICBO and the
other half exceeded the maximum limit for hFE' The hFE failures

were probably due to instrumentation differences. The ICBO failures

could well have been due to the storage time between the manufacturer's

11
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initial screening and the time of the program screem. There was
a slight tendency observed for the ICBO to increase on some units
during the time of storage for the Process C devices. The observed

failure rates are summarized for the control Lot devices below:

LIFE TEST RESULTS - CONTROL IOT

Process A Process B Process C
Test, K~hours ' 234 213 306
Total Failures 8 1k 32
Failure Rate 1 k.o 6.6 11
Test, K-hours 228 202 227
Post Burn-in Failures T 8 11
Failure Rate 2 3.7 h.6 5.6

e. Burn-in. The use of the first 168 hours of life test
as an additional burn-in screen has been discussed previously. When
the failure rate data was analyzed, it was found that burn-in had
almost no effect on the devices made by Process A. For the Process B
devices, the failure rates observed could be reduced by using the first
168 hours of the life test as an additional screen in almost all cases.
This indicated that the movement of the distribution of the parameters
which had been started by the stress screen was not complete and that
the first 168 hours of life test could be used to screen out units
that changed. The Process C devices also showed a reduction in the

observed failure rate by using the first 168 hours of life test as an

additional screen.

3. Centrifuge Failures After Life Test. After the completion

of the life tests, all of the surviving devices were subjected to a two
level centrifuge test. The test was designed to stress units in the Yl
axis, the axis which would tend to pull the lead bond away from the

12




pellzt. The devices were first stressed at 20,000G and then were
stressed at 150,000G. After each stress, the devices were measured
and considered to have failed if they exhibited an electrical open
following the test. Tables 6 through 9 contain the data for all
stresses combined, as well as the summary of the combined life test
results: It was felt that this type of test following the 3,000
nour 1ife test would reveal any tendency of devices from the several
processes o show the formation of intermetallic compounds, generally
called purple plague. The junction temperatures of the devices, were
high enough in several of the life tests so that ary tendsncy to pro-
duce the intermetallic compounds should have occurred con the life
tests. The results in the centrifuge tables do not show any 3uch
pattern of failure. Some of the devices do indeed fail, however,
others survive even the 150,000G centrifuge test quite successfully.
The Centrifuge Screen before the life test was not effective in

removing devices which failed centrifuge following the life test.

There was no observable basic difference in the performance of
devices made by the three processes when subjected to this kind of
test. Approximately 90% of the devices for any of the three pro-
cesses were capable of surviving a 20,000G centrifuge test after a
3,000 hour life test. When the stress was raised to 150,000G's,

approximately half of the units were still able to survive.
C. RECOMMENDED SCREENS

1. General. The purpose of any screen is to remove those
devices which may fail at some point in time. It is also required
that the devices that pass the screen are not degraded. A recom-
mended screen is not normally developed by a direct comparison of
arbitrarily defined failure rates observed on some set of life
tests. It is more important to observe the general population re-

sponse trends to the screen and to factor in the results of failure

13
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analysis so that it may be determined whether or not the occurrence
of a failure mechanism has been reduced by the proposed screening
procedure. The recommended screening procedures developed are based
upon an analysis of the failures produced and the population response

trends noted in the appropriate tables and graphs in this report.

2. Process A. The High Stress Screen results showed a reduc-
tion in the failure rate for Process A devices; however, when the ob-
served population shiffs vere examined, it ﬁas found that this screen
produced the largest amount of shift. It was therefore, concluded, that
the High Stress Screen was moderately damaging to Process A devices.

The Moderate Stress Screen resulted in a reduction of the failure rate.
The Centrifuge Stress Screen showed little real effect on the failure
rate. It did not seem to be damaging to the units. It was alsc found
that the burn-in test following the stress screen resulted in a small

reduction of the failure rate.

3. Process B. The High Stress Screen was found to be defi-
nitely damaging for Process B devices. The Moderate Stress Screen
resulted in a reduction in the failure rate with no apparent damage.
The Centrifuge Screen showed an apparent decrease in the failure rate
for the 400 and 500 milliwatt life tests, but this reduction was small
and the population shift data indicated that the test should be consid-
ered at least'moderately destructive for these devices. The use of an
additional 168 hours of the life test as a burn-in following the stress

screening resulted in a reduction of the failure rate for these devices.

4, Process C. Once again, the High Stress Screen proved to
be damaging for the devices subjected to it. 'The Moderate Strsss
Screen resulted in a somewhat indeterminate answer since the failure
rate was improved for some of the test cells and was not significantly
improved for others. When the population response pattern was analyzed,
it appeared that this screen would result in general improvement in

the performance of devices during a life test. The Centrifuge Screen

1k




appeared to be destructive in all cases. Once again, adding 168
hours of burn-in following the stress screen resulted in a reduction

of the observed failure rate.

5. All Processes Combined. When the observed life test

failures and the observed response of the population parameters were
examined in ~ombination, the test data indicated that the Moderate
Stress Screen was successful in reducing the potential failure rate

of the devices surviving the screen. It was successful for all of the
processes to some degree and did not appear to induce any failures.
The performance of the lot subjected to this screen may be further
improved by operating the devices for 168 hours as an additional
burn-in. Therefore, the most effective screen found in the test

program for devices made by these three processes was:

a) Reverse bias of 30 volts at an ambient temperature of
200°C for 168 hours.
b) Storage at 200°C for 168 hours.

¢) Centrifuge stress at 20,000G's in Y., plane.

1
d) Operating life tests at rated power to obtain the maximum

device junction temperature for 168 hours.

Since the devices showed evidence of channel formation and then
cure,it is felt that the recommended stress screen above can be
improved. The information obtained from many other physics of failure
studies also tends to support this argument. It should also be

noted that centrifuge testing, particularly as a 100% screen, is a
slow and comparatively expensive process. Centrifuge screening tends
to be relatively inefficient unless there is a manufacturing defect

in the devices. Centrifuge stressing should be done as a sample test
to prove the device performance and not be used as a screening test

on this type of small geometry pellet.
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wWhen all of the Failure Analysis data were examined, the domin-
ant failure mechanism for all three processes was surface related
degradation. This was often evidenced by the formation of surface
channels. The screening technique should include some test for the
jGentification and removal of devices which exhibit channeling. Such
a test would require stressing the units for a period of 168 hours
at an ambient temperature of 200°C with a reverse bias of 30 volts.
At the end of this time period, the heater in the oven should be
turned off, but the voltage stress should be jeft on the units until
they have cooled to room temperature. This procedure will assure
that any channels that have been formed will remain. The units should
be read out for the leakage current, at the raﬁed voltage, and those
showing any significant shift should be screened from the lot. The
specification limit for the collector cutoff current, ICBO’ is 10
nanoamperes at a collector to base voltage of 60 volts. The recom-
mended screening limit should be based on the individual device shift
in leakage cufrent. A recommended limit is to allow an increase in
leakage current of 5 to 10 times the initial reading. This leakage
current measurement must be made within a maximum period of 12 hours

after the devices have been cooled to room temperature.

It could be pocssible to apply the truncation screening technique
discussed in Section II.G. to an inspection lot. Truncation screening
is most applicable to parameter distributions which are highly tailed
or which exhibit a definite bi-modal distributibn. The technique is
difficult to specify since it is dependent on the shape of the parameter
distributions rather than the parameter values. The dependence of
truncation screening on the distribution shape means that individual
data must be taken and the distribution characteristics must be
determined. The resultant characteristic must be analyzed and a
decision made to determine the truncation éoint. All of these steps

add cost to the devices and the lot processing could become very
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expensive, particularly if the lot contains a large number of

devices.

I+ it was determined that a pattern existed wkich was suscep-

tible to truncation screening, and if this pattern was representative

of fhe production, then it might be possible to translate the trunca-

jon point into a specification limit. The truncation point would be

a function c¢f the manufacturing process and would almost certainly be

aiffereni for each process, which would make it difficult to apply.

Therefore, a practicai and efficient screening procedure would

include the following steps:

(a)

(v)

()

(a)

(e)

(£)

Serialize, or otherwise identify the devices, and

measure ICBO'

Stress the devices for 168 hours at an ambient
temperature of 200°C with a reverse bias of 30
volts. Allow the devices to return to room

temperature leaving the reverse bias on.

Measure I and reject all devices which show an

CBO
increase greater than 10 times the initial reading.

This measurement must be completed within 12 hours

after the time the devices have cooled to room

temperature.

Place the devices on an operating life test for
168 hours. The life test conditions should assure

that the junction temperature is close to the

maximum rating.

Measure the devices, reject and remove any devices

which exceed the specification limits.

The lot may now be tested in accordance with normal

lot inspection and acceptance procedures.
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SECTION II - STRESS SCREEN RESULTS

A. INTRODUCTION

This section discusses the response of the devices to the
several screens used before the life tests were started. The data
associated with this section sppear in Tables 11 through and
including 61. The tables were organized to show comparisons of the
three processes for a given parameter for each step of the various
screens. Comparisons are shown of the stability of the population

of devices as each step of the stress screen was performed.

Tables Subject

11-2h4 High Stress Screen
25-37 Moderate Stress Screen
38-51 Centrifuge Screen
52-61 Control Lot

The tables are arranged so that information is shown in the
order of Process A, B, and C for the following order of parameters
ICBO’ hFE’ BVCEO’ IEBO’ VCE(sat)’ and vBE(sat)' The values of ICBO
and hFE are shown for the processes in all screens. The other
electrical parameters are shown only for Process B and C. This format
was chosen based on the results of the initial evaluation, which
indicated that some parameter movement might be seen in the tests in

these combinations. :

Each of the tables shows the process involved, the screen, the
parameters, the details of the stress, and a graph of the percentile
shift at the end of each sﬁep in the screen, as well as a set of

tabulated values for these shifts.
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B. HIGH STRESS SCREEN

The High Stress Screen consisted of three steps. The first
ster subjected the units to a reverse bias of 30 volts for a
period of 168 hours at an ambient temperature of 250°C. The second
step subjected the units to a 168 hour bake at 300°C. ﬂheffinal
step subjected the units to a 25,000G centrifuge test in téé Yy

plane. :

1l. Process A. 'The ICBO response of the Process A units

to the High Stress Screen is shown in Table II. Exesmination of

the graph shows that Process A units increased in leakage current
significantly after the first portiomn of the stress, recovefed to
essentially initial values after the bake portion and then:increased
slightly after the centrifuge test. The device response followed
the pattern that would be expected for units that exhibited a

surface inversion type of failure mechanism.

The hFE shift, in Table 14, supports this analysis. The
hFE wvas measured at a relatively high collector current and, hence,
would not reflect small changes in ICBO’

2. Process B. The Topo Shift (Tabvle 12) and the h.. shift
(Table 15) again indicated surface inversion as the dominant failure
mechanism. The BV om0 (Table 17), Teno (Teble 19), and the saturation
voltage data (Tables 21, 23) all tended to confirm the assignment of
a surface inversion failure mechanism. It should be noted that the
Process B units showed the response pattern to a lesser degree than

the Process A units.

3. Process C. The Process C units showed a steadily
increasing leakage current (Table 13) as a result of the several
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stress steps. The leakage current increased so rapidly after the
second stress that the screening was discontinued at that point since
it was not desired to destroy all of the units. The Process C units
appeared to be increasing in leakage current with stress because of
the presence of microcracks under the lead bonds. The presence of
these cracks is discussed in more detail in the failure analysis

section of the report.

The failure mechanisms for Process C units seemed to be a
combination of surface inversion and microcracks. This was confirmed
by the shift in I.q, shown in Table 13, h.. in Table 16, BV g0 in
Table 18, Ippo in Table 20, vCE(sat) in Table 22 and VBE(sat) in
Table 24.

4. All Processes Combined. The High Stress Screen showed

the presence of surface inversion for all three processes, and

microcracks for Process C. The ICBO response was the most signifi-
cant. - When the data was analyzed in detail, it was seen that the
screen degraded the devices. This analysis was generally confirmed
when the failure rates were calculated for the devices after they

had been on life test.
C. MODERATE STRESS SCREEN

Like the High Stress Screen, the Moderate Stress Screen was
composed of three steps. The first step subjected the units to a
reverse bias of 30 volts for 168 hours at an ambient temperature of
200°C. The second step was a high temperature bake for 168 hours at

200°C. The last step was a 25,000G centrifuge stress in the Yi plane.

1. Process A. The ICBO distribution shift for the Process A
units is shown in Teble 25. As in the High Stress Screen, the
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population shifted upward after the reverse bias and temperature
stress, recovered during the bake stress and then increased
slightly following the centrifuge stress. The device response was
again typical of the pattern expected for a surface imversion

failure mechanism.

The hpn shift (Table 28) supports this analysis. Again,
the measurement was performed at a relatively high collector current
and did not reflect small changes in ICBO'

-2. Process B. The previous response pattern waszagain
repeated. The I (Table 26), b (Table 29), BV mo (Table 31),
and saturation voltages (Tables 34 and 36) data all reinfcrced the
conclusion that the dominant failure mechanism was related to
surface inversion. For this screen, the response was approximately

equal to the response of the Process A units.

3. Process C. The ICBO response for the Process C units
(Table 27) showed a definite pattern of shift and cure for the
Moderate Stress Screen. The pattern was still typical of a surface
gnversion. However, the Process C units were not subjected to the
Centrifuge Stress since 16% of the units were removed after the bake
and it was not desired to risk losing more units in this third step
of the Moderate Stress Screen. The hFE distribution (Table 30) diad
not change significantly throughout the several steps of the stress

screen.

The BVCEO

in Table 32. The significant change was in the lower 10% of the
distribution, which showed a rather large decrease in BVCEO following

response to the Moderate Stress Screen 1s shown

the first stress. However, these units generally recovered dhring
the second stress. This represented another confirmation of surface

N
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inversio The In, distribution (Table 33), the vCE(sat)
distribution (Table 35) and the vBE(sat) distribution (Table 37)
showed shifts following the stresses which continued to support

surface inversion as the dominant failure mechanism.

4. All Processes Combined. As in the High Stress Screen,

the Moderate Stress Screen showed the presence of surface inversion

for all three processes. There was also & possibility of microcracks
being present in the Process C devices. The most significant

" response was seen in ICBO again. The screen did not appear to have

damaged tne devices and this analysis was generally confirmed by the
life test results.

D. CENTRIFUGE SCREEN

The Centrifuge Screen consisted of one single step in which the

devices were subjected to a 25,000G centrifuge stress in the Yi plane:

The ICBO response to the stress is shown in Tables 38, 39, and
40. 1In each case the value increased after the stress, but this
{ncrease was in the order of a nanoampere and, hence, is not regarded

as being significant.

The hp. distributions shown in Tables 41, 42, and 43 also showed
some small movement of the population. The total movement was not
significantly above normal measurement accuracy and was regarded as

insignificant.

The diétributioq of BVCEO in Tables 44, and 45, IEBO in Tables
46 and 47, vCE(sat) in Tables 48 and 49, and vBE(sat) in Tables 50
and 51, all shoved very slight population movement after the
centrifuge stress. The movement was small, and there was no

significant pattern. Some evidence was noted that the devices
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responded differently after being subjected 1o a l1ife test. Thus, in
comparison with the Control Lot, some degradation was introduced,
but the degree and the precise degradation was difficult to assess

from the sample sizes available.

E. CONTROL LOT

The Control Lot was held in an unscreened condition. It was
read three +times corresponding approximately to the reading times
that were used for the devices being subjected to the other screens.
Thus, there was an initial reading, a second reading approximately
seven weeks later and a third reading spproximately ten weeks after
the initial reading. It was expected that no significant distribu-
tion shifis would show during this time span since the devices were

stored at a room temperature ambient.

The ICBO distribution shown in Tables 52, 53, and 54 indicated
shifts but these were generally less than one nanoampere and are

insignificant.

The hFE distributions are shown in Tebles 55, 56, and 57. Once
again some small amount of shift seemed to be taking place, but the

magnitude was not significant.

The other parameters were read out only for the Process C
devices. Since rejects had been found in this lot during the initial
testing, it was decided to check to determine if any shift was
taking place. The BV.q, in Table 58, the Igpo i Table 59, the
VCE(sat) in Table 60 and vBE(sat) in Table 61 did not show any
significant amount of change through the ten week period.

F. STRESS SCREEN YIELDS

An assessment was made of the number of devices that could have
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been screened out vy applying the various stress screens. The
data in Table 86 shows the number of devices that were started
into the screen and the number that were réjected accoréing to
the various response categories after the screen. It wiil be
noted”}hat some o0f the devices that could have been rejected by
the screen were placed on life tests. This was done to determine
whether or not these devices would continue to shift throughout
the life test.

G. TRUNCATION SCREEN

Truncation screening has been discussed in Quarterly Reports

#, #3, and #+ and in the report Non-Destructive Reliability

Screening of Electronic Parts, reference 19, pp. 4-29.

One form of truncation screening employs a "pulled-in" limit
rather than the usual specification limit. Thus, initial limits
would be selected so that units outside a normal distribution
pattern would be removed from the lot by means of the initial
screening. This form of reliability screening has many desirable
characteristics if techniques can be developed for its application.
Some of the complications of truncation screening, as applied to

noise measurements, are shown in Section V of this report.

If the same reasoning is applied to units which failed during a
test, an evaluation of the effects of truncation screening can be
provided. In the evaluastion process, application of the initial
limits plus a 25% shift limit was used to truncate the distribution

after the various steps of the stress.

It may also be hypothesized that any out of normal condition
within a device will cause one or more of the parameters to have a

bi-modal distribution. When this correlation is established,
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elimination of the upper (or lower) percentiles of the distribution
can remove one part of the bi-modal distribution and would be

expected to result in performance improvement on life test.

This study uses the term truncation screening to apply to
the removal of units in the outer limits of the distribution rather
than units in the outer limits of the 2N718A specification values.
The essential difference can be illustrated by reference to
VCE(sat)' The 2N718A specification gives a 1limit of 1.5 volts.
The full distribution of all three processes was enclosed in the
range of 85 to 450 millivolts with Process A ranging Irom 150 to
L09 millivolts and Processes B and C ranging from 80 tc 16%
millivolts. The use of 1.5 volts as a test limit for screening is

not useful since all devices would have easily met this limit.

This means that a particular lot of devices could have a
distribution which was generally quite narrow and also have bne or
two devices that were significantly separated from the rest of the
distribution. All of these devices could meet the specification
limit. In general, the devices separated from the balance of the
distribution would be regarded as unusual, and truncation could
screen out these devices. This technique is applicable to the lot

being examined at any one time.

Normal lot-to-lot variations of a single process can cause a
small shift in the distribution due to small variations in diffusion
time or temperature, resistivity of the original crystal, or many

other reasons which have no relation to reliability.

The units listed in Table 88 passed the Moderate Stress Screen
and then failed on life test. The tabulated values are the
percentiles of the parameter distribution of the devices. The table
can be used to estimate the reduction in the total lot that would

25




: | - |
S R O ) BN D N A R AN N AN W I B G e e 1ii;v

result from screening out more of these failures. For example,
if 4t had Tteen decided to screen out the upper and lower ten
percent of devices for each of the parameters listed, fifteen out

of nineteen of the devices would have been screened out.

An assessment was made of the capability of using a Truncaticn
Screen as a substiﬁute for stress screening. Table 89 was prepared
similar to Table 88 to demonstrate this technique. The table shows
that all of the uniis which later failed the IEBO limits could have
been screened out initially by screening out the upper ten percent
of the distribution. If this had been done, all of tke ICBO
failures would also have been removed. The high frequency noise
test could also have been effective. However, the units that cou:ld
have been removed by a Noise Figure screen could also have bteen

removed more easily and economically by the IEBO screen.

The results of applying truncation screening to all failures
believed to be free from damage due to stress screen or life test
power levels are shown in Table 90. All three processes show
evidence of damage at the 500 milliwatt levels due to the transient
triggered thermal runaway condition. The 500 milliwatt life test
circuits did not have the diode protection against transients and
thermal runaway which is normally used in life tests. All three
processes also showed evidence of damage due to the High Stress
Screen. In addition, Process C devices showed evidence of damage
due to high temperatures on life test. When the data was analyzed
in detail, it was found that screening out the upper and lower 3%
of the hy, distribution would have removed 15% of the later
failures at a cost of 6% of the units in the lot.

Successive truncation of this lot could detect 37% of all the

N
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failures. The truncation screening would be performed at the

following points:

IEBO @ 97th percentile 3 units eliminated
BVGEO @ 95th percentile 5 units eliminated
hFE @ 95th percentile L4 units eliminated
hFE @ 5th percentile 3 units eliminated
Vo (sat) @ 95¢h percentile 4 units eliminated

19 units or 37% of Fallures

If the percentages are multiplied, a yield of 79% iz
indicated. However, some duplication of failures does exist and
the actual screening yield would be closer to 90%. This means
that 19 of 51 failures could be eliminated by screening out about
58 of 578 units. The screen would be expensive since about 39
good units would be screened out to remove the 19 units which
failed.

Table 91 summarizes the results that could be obtained by
truncation screening for hFE and several noise parameteré.
Screening at the 95th percentile of the hFE distribution would be
very effective for Process A units, effective for Process B units
and ineffective for Process C units. BScreening to the 5th
percentile of the h.. distribution would be effective for Process A
and C. Other individual and combined screens can be assessed in a

similar fashion.

Devices which had been placed on the 500 milliwatt life test,
or the High Stress Screen, did not have the same response to

truncation Screening. That is, devices stressed in the tests that
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were damaging responded differently to truncation screening than
the devices stressed in non-damaging tests. When the data were
analyzed, it was found that there was little difference between

the failed units and the entire population. If the upper and lovwer
15th percentiles of the ICBO distribution for the Control Lot were
screened, no significant results would be produced. There is some
evidence that successive truncation could be effective but the main
conclusion drawn is that a separate failure mode was induced in the
damaging tests which reduced the effectiveness of the Truncation

Screen.

From the foregoing analysis, it may be seen that the
application of truncation screening is limited. Comparatively
elaborate data analysis technigues must be employed, and the
resultant parameter characteristics must be shown to e bi-modal
or highly tailed. In addition, the Truncation Screen would have
to be separately established for each manufacturing process to
achieve maximum effectiveness. The last requirement would result
in a cumbersome and confusing specification. It is concluded,
therefore, that the potential advantages of truncation screening
are overcome by the disadvantages. It is felt that any attempt to
make use of general truncation techniques would result in

inefficient screens, as well as limited specifications.
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SECTION III - LIFE TEST RESULTS

INTRODUCTION

o

It was realized that an important factor influencing the results
to be obtained on the life tests was the actual jJjunction temperature
oi the devices under the operating life test conditions. To assess
the variatiocn of the junction temperature, measurements were made of
ance of a sample of the devices which would be put
on life tests. The thermal resistance was measured in gpccordance

with standard JEDEC measurement methods. Although the thermal resis-

tance of the samples was found to vary, the range was small. In fact,

there was a small enough variation to make the assumption that a1l of
the devices would be operating at about the same Jjunction temperature

under the same stress conditions.

The life test tables and graphs show parameter response data for
ICBO and hFE for each stress screen and process. The High Stress
Screen life test data are shown first, followed by the data for the
Moderate Stress Screen, the Centrifuge Stress Screen and the Control
Lot. For each screen, the ICBO data for each life test measurement
are presented first and are followed by a graph of these responses.
The hFE data and graph are next. With this organizatioh, the para-
meter response to one of the screens and life tests can be readily

compared for the three manufacturing processes.

As discussed in Section I, the statisticallconfidence that
could be placed in the results of any one of the life test cells
was comparatively low. The trend of the response to the life test
could be determined, and reasonably confident estimates could be
made of the response of each of the three processes, when the data

from the cells were suitably combined.

The failures that were produced were examined in sufficient detail
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to determine whether the failure was a function of material, process,
or design. However, when the life tests were all completed, the
survivors were subjected to another centrifuge test. Information

was obtained about any apparent hardening of the bonds but the failed
units were catsstrophically destroyed. Thus,some of the results that
might have bteen found from failure analysis were masked. The failure
anal;zis procedures and some representative, detailed failure analysis

reports are contained in Section IV of this report.

The life tests for this program were 3000 hours ir length at

the following conditions:

1. Pover = 800mW, V., = 20V, T, = 25°¢
2. Power = T00mW, V,p = 20V, T, = 25°%
3. Power = 500mW, V,p = 20V, T, = 25°%
4. Power = LOOmW, V., = 20V, T, = 150°C
5. Power = 200mW, Vo, = 20V, T, = 150°¢C

B. HIGH STRESS SCREEN

The High Stress Screen consisted of 168 hours of siress at an
embient temperature of 250°C with a reverse bias of 30 volts. This
was followed by_l68 hours of storage at 300°C, which was then followed
by a 20,000G centrifuge stress. A portion of the devices from each
of the three processes were stressed through this screen, and were
then divided into sublots and placed on life test. Devices from
Process A and B were placed on each of the five life test conditions.
The devices from Process C were represented only in the room temper-
ature life tests since the High Stress Screen had proved damaging,
and comparatively few Process C units were subjected to it. Elimina-
ting two of the life test cells was more practical than a further
reduction of the number of units in each cell. The life test data
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ard graphs are contained in Tables 62 through 67.

The ICBO distribution for Process A and B devices shifted during
the life test in a fashion that indicated surface related, or chan-
neling, failures. The magnitude of the shifts also tended to indicate
that the screen hed resulted in some degradation of the devices. The
Process C uri%s showed over an order of magnitude greater shifts. The
response pzttern for Process C tended to confirm the previous analysis
which indicated th? presence of microcracks and that the High Stress
Screen degraded tﬁ%se devices. The hFE distributions remained com-
paratively stable throughout the life tests, a pattern that was in
agreement with the presence of surface inversion as the Qcminant

failure mechanism.

The estimated failure rates calculated for the devices are shown

in Table 1, and have been discussed in detail in Section 1.B.
C. MODERATE STRESS SCREEN

The Moderate Stress Screen consisted of 168 hours of stress at an
sambient temperature of 200°C with a reverse bias of 30 volts, followed
by 168 hours of storage at 200°C and then a 20,000G centrifuge stress.
Once again, a portion of the devices from each of the three processes
were stressed through the screen, and were then divided into sub-lots
and placed on life test. The life test data and graphs are contained

in Table 68 through T3.

The ICBO distribution shift for Process A and B devices was less
than the shift for the High Stress Screen, but still indicated a sur-
face related failure mechanism. There did not appear to be any des-
tructive degradation of the devices. The Process C units showed signi-
ficantly less shift than had been shown for the High Stress Screen, but
the shift was greater than that for the Process A and B units. Thus,

the Process C units still exhibited the presence of microcracks as
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well as a surface related failure mechanism. For this set of life
tests, the Process B units were the most stable. The hFE distribu-

tions again remained comparatively stable throughout the life tests.

‘The estimated failure rates calculated for the devices are also
in Tablie 1 and have been discussed in Section I.B. The Moderate
Stress Screcn gnd life test resulted in lower estimated failure rates

than those calculated for the High Stress Screen and life test.
D. CENTRIFUGE SCREEN

The Centrifuge Screen consisted of a single, 20,000G centrifuge
stress. A portion of the devices from each of the three prccesses
were stressed through the screen, and were then divided into sub-lots
and placed on life test. The life test data and graphs are contained
in Tables T4 through T9. '

The ICBO distribution for all three processes did not show a large
shift on life test. The shift pattern indicates that some degradation
may have resulted from the screen, but the amount of degradation is
difficult to assess from the sample sizes used. The Process C units
showed the greatest shift, and the response to the Centrifuge Screen

tended to confirm the presence of microcracks. The amcunt of shift

on hFE tended to confirm the analysis.

The estimated failure rates calculated for the units are in
Table 1, again, and were discussed in Section I.B. The Centrifuge
Screen and life test resulted in higher failure rates than those

calculated for the Moderate Stress Screen and life test.

E. CONTROL LOT

The Control Lot was held in an unscreened condition. This por-
tion of the devices was measured electrically three times, correspond-
-he measurement times of the screened devices. The lot was

0
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then divided into sub-lots and placed on life test. The 1life test
data and graphs are contained in Tables 80 through 85.

The ICBO distribution for all three processes responded in a
fashion which indicated the presence of channeling, a surface related
failure mechanism. The Process C units continued to show the largest
shift. The h?E distribution generally showed more shift than had
been observed for the screened devices, which was in accord with the

expected results.

The estimated failure rates, in Table 1, were discussed in Section
I.B. and were generally higher than those calculated for the Moderate

Stress Screen and life test.
F. ALL PROCESSES COMBINED

Throughout the stress screens and life tests, the dominant
failure mechanism found in all three processes was related to surface
degradation, or channeling. The Process C devices also were found to
have microcracks under the lead bonds. The failure rates which were
estimated from the life test results were considered to be reasonable
when the failure criteria, sample sizes and stress levels of the tests

were all considered.

The process strengths that were demonstrated in the program were
the good process control evident in the Process A units and the guard
ring structure of the Process B units. The potential process improve-
ments would add the guard ring to the Process A and B units and

tighten the process control for the Process B and C units.
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SECTION IV - FAILURE MECHANISMS AND ANALYSIS
A. PHYSICAL NATURE OF FAILURE MECHANISMS

1. Type A - Surface Defects. Most failures of this type

are attributed to inversion layers or accumulated surface charges on
the collector-base junction. Reverse bias voltages, such as those
applied in power dissipation tests, will set up surface fringe fields.
across the junction similar to those in a parallel plate capacitor.
The fringe field can then line up dipole atoms or ions on the dielec-
tric 5i0, surface or within the passivation layer so that (~) charges
face the collector surface and (+) charges are aligned facing the

base.

Fringe Field

Collector - N Type

-

As the sketch shows, the + charges lined up on the base side of
the surface will electrostatically attract electrons from the bulk.
The accumulated charge may build up sufficiently at the surface to
cause inversion of the "P" material to "N". A similar effect of op-
posite polarity can take place on the collector surface. Note that
when the inversion layer grows to meet the base ring, a direct path
from the collector to the base exists. Under reverse bias, this nar-
row surface channel effectively becomes thinner and eventually pinches
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off as the space charge region gets wider with voltage. This effect

gives the 1 characteristic a high saturating type of slope.

CBO

Since the mobility of the charges under the electric field will
{ncrease with temperature, the Type A failure mechanism 1is acceler-
ated when voltage is applied under high temperature conditions.

Units with Type A behavior can usually be completely recovered

£
by heating without bias. The heat apparently serves to redistribute

and disperse the aligned charges so that the unit recovers to the

original characteristics.

If the oxide condition, or internal ambient, is such that
the surface potential under thermal equilibrium conditions is ex-—
tremely on the "K" side, a device may have low leakage before a
high temperature test but will develop a Type A leakage character-
istic as charges align to their equilibrium "KN" condition under
high temperature. In this case, both the base and collector surface
potentials will have shifted toward "N". Thus, an "N" inversion on
the base and an N+ accumulation on the collector will lead to Type A
leakage, together with a reduced or degraded BVCBO‘(now determined
by the collector N+ resistivity). Measurement of BVCBO after power
tests or other tests applying reverse bias to the collector-base
junction have maximum values determined by the bulk resistivity or
junction defect spots. This occurs because the collector tends to

be pushed toward "P" or high resistivity "N" by the reverse bias.

Fmitter-base surfaces influenced by a positive field grid
bias (N type) have been shown to result in an h.. degradation.
Thus, it may be assumed that an "N" type inversion on the base,
reaching into the emitter-base junction area will degrade hFE7
Temperature-induced surface failures, which may have uniformly

influenced oxides toward "N", will have degraded h.. levels along
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with Type A collector-base characteristics. The observed IEBO may
rise to fairly high levels if the emitter-base inversion is severe.
The hFE response is an especially sensitive indicator at low current
levels, where the recombination at the emitter-base surface produces

& higher proportion of the total current.

Devices which show an hFE degradation can frequently be recovered
by heating in ambients such as air, oxygen, or nitrogen under condi-

ticns which reverse the mobile surface condition.

2. Type B-Bulk Degradation. Type B degradation is usually
characterized by a relatively high leakage current at high collector-

base voltages. At voltages of 1V or less, leakages may be low (0.5nA
or less) as compared to Type A rejecfs, which run from 10nA to 10uA
at low voltages. It has also been found that these units are rela-~
tively unrecoverable by heating. A small improvement may often be
seen, but this improvement is insignificant when compared with the

3 - 5 order of magnitude improvement for the Type A degradation.

Visual examination of Type B units may reveal the location of
a bulk defect or failure. For example, visible "hot spots" in the
aluminum contacts often can be found, indicating that high current

concentrations developed during the test period.

Collector-base junction irregularities associated with micro-
cracks, and characterized by sharp breaks in the normally smooth
junction profile, have been made visible on units (by sectioning
and staining) which have never been placed on any electrical stress.
This further supports the theory that Type B rejects can be initiated
at weak junction points produced by some processing fault. The fact
that random sectioning can find these defects indicates that, in

some cases, the numerical density of these defects can be high.

L
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An interesting point is that the deep dips or spikes in the
junctions of some rejects seem to be located under the aluminum base
ring. Microcracks or defects in other locations produce only slight
irregularities. Deep collector-base Jjunction irregularities have
never been spotted under the aluminum contact area of the emitter.
This suggests that surface deposited aluminum can penetrate the full
length of a relatively long microcrack and then diffuse but as a "P"
cylindér- into the'lightly-doped "N" collector material surrounding

the microcrack.

The thermal conditions of the aluminum alloying process are
apparently sufficient to cause this defect. The sketch shows an

example of the defect.

Aluminum base ring
with microcrack

CB
Junction

2//;P" cylinder

CE microcrack diffused into

"N" doped material collector around

carried to Collector microcrack Y
B-l-a Failure )

Ball bonding may also contribute to this failure mode by in-
troducing additional cracks at the pressure areas. The thermal and
electrical stresses present in high power life tests may then be
sufficient to cause further metallic migrations with time, until

the runaway conditions result.

The absence of visible deep spikes in the emitter areas may

be explained by examining the behavior of the emitter dopant. The
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dopant is present in very heavy concentrations at the emitter and
may be carried along with the aluminum migration processes pre-
viously described. The presence of this compensating impurity pre-
vents inversion of the "N" type collector. In fact, if the concen-
tration of the dopant exceeds that of the aluminum at the collector=-
base junction, the collector-base junction should slope upward
towards the surface. A large or heavily-doped concentration pene-
trating to the collector may be expected to create an "N" type pipe
coupling the emitté% to the collector. These conditions should re-
sult in a failure mode which would appear as collector-to-emitter
shorts or as low voltage breakdown types limited by punch-through
into the emitter, Type B-3-b.

Type B failures which show evidence of having been through a
severe runaway condition, can sometimes be traced to defective life
test circuitry, high voltage spikes and transients, in which case

the failure would be reclassified as Type F.

Cracked pellqts lead to another form of Type B-2 failure,
evidenced by an ICBo increase. Damaged junctions which may be caused
during scribing and separating operations, are especially sensitive
to electrical stresses. Cracks may propagate from any rough broken
edges into junction areas, usually following the natural (111) cleav-
age planes. Cracks and chips may also be caused by rough handling

during pellet mount or wire bonding operations.

3. Type C - Opens. Type C-1 failures are opens where

the aluminum has peeled away following the stress. The basic cause
of failure in this case is poor alloying of the aluminum to the
silicon. When tensile stresses cause localized separation of the
aluminum from the silicon surfaces, the resulting flexing of the
brittle intermetallic phases causes these areas to fail in the

vicinity of the bond area. The gold bond to the aluminum may remain
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relatively intact and a bare silicon surface is exposed.

Type C-6 failures result from intermetallic deterioration.
It has been found that opens formed on high temperature tests
almost always occur at the point of contact between the gold wires
and the aluminum contacts. Gold interdiffuses rapidly with alu-
minum at temperatures as low as 200°C. A gold-aluminum phase
diagram shows that a series of intermetallic compounds and alloys
are formed, ranging through the entire percent composition range.
Same of these intermetallic compounds are brittle and have crystal-
line volumes considerably different than the elements that compose
them. This contributes to deterioration of the interface and

weakening of the bond.

It must be emphasized, however, that intermefallics are uni-
versally present on all devices and do not by themselves cause
failure. Failures will be observed only if certain defects are
present which exaggerate the effect of the intermetallic compounds.
Prolonged aging of devices at 300°C does not necessarily produce
severe loss of mechanical strength under normal use conditions, with

properly made bonds.

Type C-6-b failures are demonstrated by increases in vCE(sat)
which occur as contact resistances change. If high temperature
storage results in severe metallurgical degradation of the emitter
bond, both VCE(sat) and vBE(sat) will increase proportionally to the
voltages developed in these bonds. This degradation can sometimes
be seen before a camplete open of the Type C-6-a occurs. A deter-
ioration of the pellet mount due to the effects of severe oxidizing
conditions (water vapor at high temperatures) will result in VCE(sat)

increase and little change in VBE(sat)'

The Type C-5-a failure may leave the same type of metallurgical

trace characteristic of a C-6 intermetallic deterioration. A grey

39




or black patch may be left on the aluminum pattern and the gold bond
may be separated cleanly from the aluminum at the gold aluminum inter-
face. 1In this type of failure, however, the original gold-aluminum
contact area is considered to have been insufficient to withstand
subsequent stresses. This may happen with offside base bonding, in
which the gold ball bond does not uniformly contact the full width of
the base ring. The contact area will also be reduced iffthe bonding
temperature or nres;ure is low, if surfaces are dirty or;oxldlzed or

if the reducing gaq coverage is poor.

4, Type D ~ Faulty Post Bond Assembly. The wire bond to

the gold post may separate if the post surface is contaminated or
very thin, or if bonding pressure-is low or the gas cover is inade-

quate. This is categorized as a Type D-1 failure.

An internal short, Type D-3 failure, can occur when the package
construction requires internal wires to be in close proximity to the
posts, pellet equs or metal walls. Large mechanical stresses such
as centrifuge or Ylbration, or wire sagging effects after long thermal

exposure may causg the internal components to short.

5. Type E -~ Humidity & Hermeticity. Type E leakage

increases may be summarized as package hermeticity defects not
affected by pellet quality. These leakage increases are divided

in several categories and represent conductivity increases due to the
permeation of water (or any other conductive fluid) into the inner
air space of the device. Permeation can occur through pinholes

left by defective hermetic welding (Type E-1). When condensation
occurs in the device, rather than being confined to external surfaces,
relatively long bake times are usually required to out-diffuse the

moisture and to recover the original leakage characteristics.

Type E-5 leakage differs from other Type E's in the retention of



water (or another conductive material) between external electrical
contacts rather than on internal surfaces. Exposure to salt spray
atmospheres may cause corrosion products, such as iron or kovar rust
paths to bridge across contacts. These salts are reiatively insoluble
and cannot be removed by the water rinse that follows salt spray test-

ing.

These externai leakage effects increase with higher humidity
conditions. Thus, measurements made in a hot humid room may have a
considerably highe{ leakage level than if the test was pérformed in
a dry atmosphere. ;Type E-5-a leakage can be eliminated:by chemical
washing and drying without resorting to extensive bakeoutis. Thus,
Type-E-S—a leakage can be detected by elimination of humidity

response after an acid dip, hot water wash and dry gas blow-off.

6. Type F - Improper Measurement Techniques. Type F

failures are frequently identifiable from visual evidence of unusual
situations such as melted open wires. This class of failure generally
results from an error in handling, an error in test equipment accuracy
or calibration, or transients in the test equipment. An analysis of
the circuitry involved generally reveals that the visually evident
failure would have been impossible to obtain if the device had been

properly connected to a circuit in good operating condition.
B. FAILURE MODE CHART

The next several pages contain Failure Mode Charts which have
been developed to define and illustrate failure mode categories,
failure mechanisms and failure causes. The charts also show the
most likely failure indicator and the stress which generally causes
the failure. The failure code shown in the charts is used in all

the Failure Analysis Reports.

The Failure Mode Charts were originally developed to cover all

L1



the possible failures of silicon planar transistors and thus contain

some failure codes which were not observed in the failures produced

in this program.
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C. FAILURE ANALYSIS PROCEDUR

Six general basic categories of failures have been defined in
the failure mode charts. Preliminary analysis procedures have been
developed to determine these categories within about 48 hours of
log-in of rejects in the Reject Analysis Laboratory. The detailed
analysis procedures required to determine the cause of failure then
can be efficiently scheduled for groups of units and completion of

analysis effected as rapidly as possible.

The basic categories or Preliminary Analysis Codes are defined

as:

Type A. Surface degradation - a reversible effect due to the
influence of relatively mobile charges and ions in the
surface.

Type B. Pellet degraded permanently and irreversibly - damage
may be a crack or internal alloy.

Type C. Pellet bond problems - usually open or defective wire
or pellet mount.

Type D. Faulty bond to post assembly - opens or wires mechan-
ically contacting internal components.

Type E. Package problems - hermeticity of header construction
failure.

Type F. Failure due to improper handling.

The flow charts presented as Figures 1 and 2 follow the handling of
failures through preliminary analysis and through final analysis

procedures. The initial electrical measurements made in the labor-
atory on all D.C. parameters shown in the verification measurements

are usually enough to assign a Preliminary Analysis Code.

Type A failures are further identified and characterized by the
response to bake-out, and treatment in chemicals. A dew point ap-
paratus is used for cold temperature measurements and for identifi-

cation of hermeticity failures. This apparatus has been specifically
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developed for the detection of small quantities of water. A
special test procedure for the determination of susceptibility of
devices to collector or base inversion has also been worked out.
In addition, a massspectrometer facility has been utilized to
confirm the presence of water when it is indicated by electrical
measurements, and to detect gas impurities. For example, carbon

dioxide, hydrogen, oxygen and argon have been jdentified.

The initial characterization of Type E failures is often sim-
ilar to varieties of surface degradation initiated by contaminants,
since contaminants entering through hermeticity defects will affect
pellet behavior in the same manner as contaminants trapped in a
hermetic device. Radiflo, dew point, floating emitter potential and
fluorescent penetrant dye (Zyglo) tests are used to make a positive

identification of this type of defect.

Type B and D failures are classed together since the electrical
characteristics are often (not always) catastrophic in nature. Thus,
jnitial analysis identifications are not always possible until the
units are decapped and visually examined. Sectioning procedures have
been developed for alloy shorts and electrochemical methods have been
developed for removal of bonded wires without physical damage to the
brittle semiconductor beneath the wire. Special etches are also

used to show up dislocation and crystalline defect lines.

Devices which show Type C, D, E and F failures may be open
electrically and therefore are not identifiable until units are
decapped and examined. T type shorts are frequently identifiable
from visual evidence of unusual situations such as shorts across
the emitter-base junction, or melted open wires, or even by ex-

amination of test data before and after verification.
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D. TFAILURE ANALYSIS SUMMARY

The test data for all the failures produced in the test pro-

gram were analyzed to determine the general failure mechanism.

' Representative samples of each type of falilure mechanism were
P N

then analyzed in detail. These detailed analyses are summarized

in this paragraph.

1. Process A. Three of the failures that were analyzed
showed failure mechanisms related to impurities introduéed in

different areas of fabrication.

Unit Al55 showed a tendancy toward surface inversion. The
surface inversion tendancy is related to the method of oxide
growth, the density of oxide vacancies and gettering impurities
from diffusion and oxidation steps and the number of mobile ions
introduced into the oxide by processing. Complete elimination
of this type of failure would require considerable experimentation

with basic processes.

The 1ailure in Unit A353 may be related to impurities
introduced into the gold plating by the vendor supplying headers

and can be controlled to some extent by rigid vendor control, QC

vigilance, and process control. This failure occurred after a

relatively long period under high temperature stress. "

The failure in Unit AL19 indicated a process defect in
degassing or decontaminating of parts. The presence of water

in this device was detected by dew point testing and electrical

analysis.
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SUMMARY OF FAILURE ANALYSES FOR PROCESS A UNITS

Unit Primary Test Failure Description Failure
Parameter  Causing Code
Failed Failure

A353 VSAT LoOmw, 150°C  The collector contact C-T-b

1500 hr resistance increased by
about 13 ohms due to
separation between the sili-
con and the eutectic bond.
A528 I 300°C bake High I leakage due to a  Faulty
168 hr bridge of aluminum running Processing
from base ring to the
emitter-base junction.
Conductive leakage developed
from ring through emitter
oxide ~ faulty deposition
processing. -

AMl9 I hoomW, 150°c  Leakage found to be due A-2-b

1500 hr to a high humidity inside
the device, as much as 90 mm
pressure under heat. The source
of HEO was faulty outgassing of
parts in manufacturing - not a
hermeticity leak.

Al55 ICBO 500mw, 2500 A collector inversion layer A-1-a

1000 hr formed under reverse bias

power. No defect noted in

passivation.
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SUMMARY OF FAILURE ANALYSES FOR PROCESS A UNITS

Unit Primary Test Failure Description Failure
Parameter Causing Code
Failed Failure

AS557 hFE 500mW, 25°C A runaway condition had re- B-2-a
Irs0 1000 hr sulted in a metal bridge

across the emitter-base junc-
tion. Oxide chips and strains

were found in this same area

L,

and are believed to have made
device more sensitive to this

type of runaway.

AT —- 700mW, 25°C  Analysis indicated the data Not
340 hr. at 3L0 hours was erroneous. Legitimate
Unit had not degraded. All
readings subsequent to 3k40

hours were validg.

2. Process B. The detailed analysis of the Process B

devices showed hFE degradation and lead bond problems. .

a. EFE Degradation. The first four devices in the
summary showed that high power stressing resulted in considerable

changes in the emitter-base surface potentials of the devices.

Large changes in hFE and BVCEO result from these shifts in

base surface potentials. BVCEO is inversely related to hFE

n
BVapo® BVepo /VPFE  (See Bibliography, Ref.20).

A change of the P base surface toward intrinsic or N potential

will usually result in nFE degradation and ‘VCEO'increase {Units B-305,
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359, 543) while a shift of the base surface potential toward P will

usually raise gain and decrease BVCEO (Unit B-541).

Several factors contributed to make this device sensitive to

hFE shifts under power tests.

(1) The geometry of the Process B device was
considerably smaller than either the Process A or C, resulting in
emitter areas of L6 andl761ni12. Thus, for the same power levels,
current densities and localized emitter junction temperatures were
considerably higher for Process B devices, even though the long
emitter perimeter allowed more efficient current distribution than
the circular geometries of the Process A and C devices. Unit B-305
is a device in which the emitter ran exceptionally hot. The appear-
ance indicated that localized temperatures > 5SO°C had been reached,
causing the silicon to begin alloying into the aluminum and resulting
in an emitter-base short. The 700mW life test circuit was in the
common base configuration with the base protected against runaway by a
diode. An emitter current of 35 mA was designed in by the RE = 286Q.
As the device heated up in test, the h, could have = 1 (IB = 0) and
+ VE) = 30 volts.

the unit went into an I mode at a voltage = (V

CEO CB
R, = 2869
Simplified
TOOmW
Life Test
Circuit
I could then have risen to any level determined only by the

CEO
device and resistor in series. Calculations showed that at an

IE = 52.5 mA, a maximum possible power of 788 mW (VCB = 15V x
52.5 mA) was dissipated by the collector-base junction. The emit-

ter current may have increased even further, with less total runaway
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dissipation by the device. However, at some point, the safe current
handling capacity of the emitter was exceeded, especially if current
hogging at a secondary breakdown spot served to concentrate the emit-

ter current even further.

(2) The basic oxide growth process of the Process B

devices may have left an excessively high positive space charge (N po-

the temperature of oxidation.

(3) The changes in base surface potential noted
also indicated the presence of sufficient numbers of ions which
could have moved under bias fields or by thermal diffusion to the
SiO2 - Si interface to change surface potentials toward N. Sodium
is an ion noted most frequently in the literature with this capa-

bility.

Unit B-541 was of interest because it illustrated an hFE
instability in which the N oxide potential was moving steadily
toward P with a resulting improvement in gain. An oxygen ambient
has been noted to have this affect, both in the literature and in
our labs. Mobile plus ions or plus oxide vacancy sites in the oxide
apparently are tied up by the oxygen ambient. For this device, the»

cause was defective hermeticity.

The Process B devices above are free from any surface effects
causing degradation at the collector-base junction. There appeared
to be insufficient densities of mobile plus ions to cause complete
inversion of the P surface (required for large increases of ICBO)
and the guard ring design may have been effective toward stopping
any collector inversion from reaching the high recombination

centers at the pellet edge.
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b. Bond Problems. A second pattern of failures was

seen in the analysis for the two open gold-aluminum post bonds
(B-4u46 and 515). The use of aluminum wires, while relieving any
intermetallic problems in high temperature storage or operation at

the pellet, transfers these problems to the posts.

Aluminum wires are much more difficult to bond consistently
than gold wires. The oxide problem results in occasicnal weak initial
contacts (Unit B-446). Also, the bonding pressures required for
aluminum are higher and result in bond sections which are much more
flattened and thinned out than corresponding gold wire TCB sections.
The thin sections are then especially susceptible to gold intermetal-
lic diffusion penetration from the gold post and break off readily
under shock (Unit B-515). The advantages of aluminum bonding, with

good process control, may overcome any of these disadvantages.

SUMMARY OF FAILURE ANALYSES FOR PROCESS B UNITS

Unit Primary Tests Failure Description Failure
Parameter Causing Code
Failed Failure

B-305  ho 700mW, 25°C An emitter-base high resis- B-3-a
Ieno 168 hr tance short developed by: mi-

gration of metal down into the
emitter-base junction. Emitter
area showed very hot running.
The circuit allowed up to 788 mW
dissipation if hfb goes to 1.0

during life test.

B-359 hFE TOOmW, 25°C hFE degradation due to relatively A-l-a
680 hr. unstable surface at emitter-base
Jjunction under bias fields. Re-
lated to mobile ions in oxide (Sur-

face potential changes).
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SUMMARY OF FAILURE ANALYSES FOR PROCESS B UNITS

Unit Primary Tests Failure Description Failure
Parameter Causing Code
Failed Failure
B-541 b 80omw, 25°C hyp increasing during test due A-l-a,
168 nhr to hermeticity leak in glass E-2-a
bead. Emitter-base surface
potential is unstable and re-
combination velocity decreases
in oxygen ambient.
B-5L43 hFE T00mW, 25°C hFE degradation-unstable emit- A-l-a
’ 2000 hr. ter-base surface potential
under power biases.
B-354 I,  500mW, 25°C A 3 Megohm short developed E-8-b
168 hr. during life test due to a
filament connecting 'intermit-
tently from the aluminum base
ring to the pellet edge.
B-L46  Open  B00mW, 25°C The gold-aluminum contact at  D-l-a
Base 2000 hr the post opened up. Anaiysis
(lack of intermetallic compounds)
indicated a poor initial bond had
been made which fatigued open un-
der repeated stress cycles.
B-515 Open TOOmW, 25°C Gold-aluminum post bond over D-l-a
Emitter 680 hr. squeezed on edge of post. In-
termetallic formations caused
intermittent open.
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SUMMARY OF FAILURE ANALYSES FOR PROCESS B UNITS

Unit Primary Tests Failure Description Failure
: Parameter Causing Code
Failed Failure
B-450 Open ex- 700mW,25°C Fatigue of terminal finally E-l-a
ternal 2000 hr broke off emitter.
lead

3. Process C. The Process C device was subject to a

failure mechanism not seen in the Process A and B devices. Micro-
cracks were found penetrating the junctions surrounding the ball

bond intermetallic formations in these units.

The following is a description of the techniques which were
used to identify and document this unique failure type, coded as

B-2-a, in units C-98 through C-576.

a. Electrical Identification. The electrical behavior

of devices having cracks throughAthe Junctions usually has the be-
havior characteristics given in the table below. These characteris-

tics are also symptoms of the various other effects listed.

gef?gz in ICBO-(near ICES@VCB=O Floating I g sIopgs BVopg gzzrent
evi Breakdown) +to Punch - E Poten- in -
. : (I.=100ua)
thru or tial (EF) dry gas c
Avalanche ambient hFE
1. Crack Unstable- = ICBO None Same Noisy Normal
in CB drifts up
Junction
2. Crack Unstable- >ICBO Responds Same Noisy Degraded
in CB & drifts up Unstable
EB junc-
tion.
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D i - 8V __= i
Dziiiz in ICBO (near ICESbVCB 0 gl;atlng ICBO’ICES’ BVCBO gow i
Breakdown) to Punch - ., oveR~ Ep in urren
tial (EF) (I.=100ua)
thru or c
Avalanche dry.gas hFE
ambient
3. Ex-~ Ohmic ICBO >ICBO Re§ponds Recovers Normal Normal
ternal . drift
drifts
bead con- down ¢
. down :
duction. -
b
4, In- Unstabje >I Responds Same Welkout Normal
= CBO
ternal up or : unstable or Loop
bead con- down down
duction &
high H20
ambient.
5. Pel- Drift =1 None Same Walkout Normal
CBO
let Con- up or or
tamina- down Degraded
tion.
6. Low Stable >Iopo Responds  Same Soft Norn.al
Reach - stable
Through
Voltage

b. Decapping - and Electrical Tests.

The Process C

devices, when decapped, had a very significant response to ambients:

I 0 and EF drifting to high levels in lab or high humidity air and

CB

recovering under dry ambients, a behavior which can again be inter-

preted as being due to cracks or to the presence of hygroscopic con-

ductive salts across the header beads. Emitter cracks (2 in Table)

could be definitely identified at this stage by disconnecting the

emitter wire to post bond. Complete recovery of any EF response at

this point confirms an emitter crack in the pellet.

This is shown

in the diagram below, where RCE’ RE and RS are all in parallel with
the EF meter.
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1

the effective resistance of the crack penetrating

CE
both junctions.
RE - resistance of glass bead.- emitter post
Rs - due to conduction across the face of the pellet.
Rg - resistance of glass bead - base post

:
AW

I
) , V, Ep A
Base IcBO High Emitter
Post Meter Impedance Post
YIVM

N

When the base is grounded, RS ¢due to contamination or even
inversion conduction across the entire pellet surface) is completely

shunted out to ground.

Disconnecting the emitter-post contact eliminates the RCE path
so that R; is then measured alone. In Units C-98, C-4L0OO and C-505,
this procedure identified the existence of RCE’ the unstable camponent

due to cracks through both junctioms. RCB may also be isolated from
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Ry (the base bead leakage) by breaking the post bond.

Devices C-14T, C-293 and C-576 did not fail any parameters on

test. They are included here because in lab tests on "good" Process

C devices, severe crack characteristics usually appeared after a
300°% overnight bake on decapped devices, indicating failure under
this relatively mild thermal shock. It must be emphasized at this
ﬁoint that the dry nitrogen ambient inside the device stabilizes the
characteristics considerably. Exposure to air brings out the unstable
high leakage drift.

Cracks were not seen in any of the devices by pellet examination,

even under high power microscopy.

c. ZEtching. Chemical and electro-chemical removal of

the contacts was then used to identify cracks under the contacts.

(1) A 10% NaOH etch was used to remove the aluminum
contacts. Patterns remaining in the silicon beneath thé aluminum in-
dicated that a relatively heavy coat, probably at least 1 micron thick,
of aluminum is alloyed into the silicon at temperatures over 550°C.

See the deep patterns left in the failure analysis photographs for
C-1LT7, C-293, and C-301. The cracks were still not visible.

(2) The bonds and gold-aluminum intermetallics were
removed electrolytically in a KOH-KCN solution at +3 volts, which
selectively etched off wires (either base or emitter). A non-selec-
tive gold etch, such as aqua regia, will usually destroy the header
mount making further handling of the pellet difficult. The photo-
graphs in the failure analysis report for Unit A-55T7 show the pro-
gressive removal of metgl by this technique. The mechanical removal
of wires would introduce cracks and defeat the purpose of this inves-

tigation. '
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This etch technique finally revealed cracks growing peripherally
around the bonds and just under the black outer edge of the inter-
metallic growth areas surrounding the bonds. See the photographs in
the failure analyses for Units C-363 (base and emitter), C-147 (base)
and C-293 (base).’ In the last two cases, the cracks penetrated the |

silicon outside of the aluminum contact areas and were unmistakable.

ons. Sections were made to further study the

penetration of the cracks and to reveal the construction details of

these devices.

The photographs for Unit C-576 showed cracks and pertinent
details most clearly. The section through an electrically indicated
cracked emitter shows cracks penetrating diagonally inward and end-
ing less than 0.9 mil from the top surface. The photos also show
the collector diffusion depth to have been very shallow for a large
area device (about 0.2 mil), and a relatively deep penetration (1
mil) of intermetallic compound - most probably AuSAl2 under the bond
and AuzAl in the sides (See Bibliography-21). Two photos of ball
bonds made to Process A units aged for equivalent time periods are

shown for comparison.
Section studies were also made for Units c-4oo andSC-293.

e. Oxide Thickness. Oxide thicknesses were studied

to see if there was any relation to this mechanism. A thick oxide
structure, for example, would be expected to put more strain on
the thermally mismatched silicon beneath it than the thin 10~
15,000 £ films used in the Process A and B devices.

Photographs of Unit C-301 show the technique used to measure
oxide thickness. Half the pellet was masked against an HF etch
and then the interference fringes of the undercut mask boundary
were counted and the top surface colors noted.
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The thickness was then estimated from a set of standards or

calculated from the formula:

ni where A is the wave length of light used =
estimated with good accuracy in white light
at 5400 b4 (green band)

p = 1.5, the index of refraction of 8102

{
n

1, 3, 5, T for each fringe counted

- _ 9 :
e

;4 = thickness of oxide in ;

The Process C device oxide proved to be generally thinner
than the Process A and B which had been measured previously (in
the First Quarterly Report). An interesting difference between
Process A and C devices was that the Process C device emitter oxide
is thicker than the uniform thickness base-collector oxide. By
comparison, Process A devices were fabricated with the ccllector
oxide thicker than the base oxide which was thicker than the emitter

oxide.

Comparable oxide thicknesses are:

Process A Process C (Unit C-301)
Collector 120008 63008
Base 8500 6300
Emitter 5000 7100

" Measurements of other Process C devices gave even thinner
oxide values. From these measurements of Process C units, a process
of oxidation can be assumed. Following diffusion of the base and
emitter, all masking oxides were stripped off and the full thick-
nesses of the-passivation oxide were grown onto the clean silicon.
Heavily doped silicon (emitters) will grow a thicker oxide skin

under the same oxidizing conditions as can be estimated from work

[0
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reported by Deal and Sklar (Ref. 22), showing plots of oxide growth
on phosphorous doped silicon at the low temperature of 92000 in
wet oxygen to give about 7100 fon1.5% lOzo/cm3 {comparable to
emitter concentration) to avout 6000 § for 1016 to 1018/ém3 material

(collector-tase §oping).

Thus, there }s no'evidence to believe the oxide g:éwth technique

X
contributed to abnormal strains in the silicon surface.

f. Theory Developed - B-2-a Failures. The investiga-

tions described above have led to the development of the following

theory:

The gold-aluminum intermetallics found in the bond sections
were as much as 1 mil thick probably due to the availability of
aluminum from the heavily. deposited contacts which were alloyed
deeply to the silicon. Like other gold intermetallics, the physical
properties of these compounds are hard and strong. Thermal expan-
sion coefficients of one of the intermetallics, AuzAl, which is
likely to be present in the bond can be calculated from a paper by
Bernstein (Ref. 23), as 14.8 X 10—6/OC, this being extremely mis-
matched from Si at 4.2 X 10_6/°C.

During contraction from 3OOOC, the massive, hard intermetallic
section which was well bonded into the underlying silicon, in an
area extending "5 to 9 mils, puts the silicon surface into severe

tension and produces the fractures as shown.

Au
Ball Bond

TR
s

si
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This type of failure was not able to be demonstrated when

a small sample of experimental ball bonded devices were fabricated.

g. Defects. Three more of the failures which were
analyzed showed characteristics related to bulk defects. Unit C-233,
called a B-2-a failure, is not like those discussed previously. In
this case, microcracks appeared in the junction area some distance

from the bonds.

SUMMARY OF ANALYSES FOR PROCESS C UNITS

Unit Primary Test Failure Description Failure
Parameters Causing Code
Failed Failure

(o)

c-98 ICBO 200°C & ICBO’ ICES parameters very un- B-2-a
680 hr, LOOmW, stable, hpo degraded. Analysis
hpm 150°C indicated emitter and collector
2000 hr junctions were cracked. Cracks

were not made visible.

Cc-363 ICBO T00mW, Behavior of device indicatéd B~-2-a
2000 hr 25°C cracks in collector-base junc-
tion. Etching off contacts
revealed microcracks under bonds.
c-k00o ICBO 200°C & Analysis indicated probability B-2-a
1000 bhr 500mW, of crack in junctions. A small
25°C crack located by sectioning
through the emitter bond.
C-505 ICBO 2OOOC Analysis indicated a probable B-2-a
3000 hr and crack through the emitter bond. ’
& hFE 500mwW, The crack was‘not made visible
degraded 2500. in tests.
25%
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Unit

c-182

c-288

C-233

SUMMARY OF ANALYSES FOR PROCESS C UNITS

Primary Test Failure Description : Failure
Parameter Causing Code
Failed Failure

ABVCE0 500mW, ABVCEO is not due to shift A-5-a

. o
increase 25°C

> L0%

168 hr 25°C
Lemo SOng,
680 hr 25C

in hFE' A collector-base
junction defect had resulted
in a sharp microplasma-type
ICBO increase near a VCB of

60 Volts originally. The life
test pushed this voltage out to
90 Volts, due to "P" inversion

of the collector, and carried the

BVCEO along with it.

A defect site was found in A-5-a
the aluminum ring during

analysis. It is assumed this

spot ran hot during test caus-

ing an inversion layer.

Defect sites, microcracks, B-2-a
were found in the collector-

base junction crossing the
aluminum ring. OSurface inversion
formed easily in this area. These
cracks are not the same as those
previously described for Units

c-98-C-576.




l

l SUMMARY OF ANALYSES FOR PROCESS C UNITS
' Unit Primary Test Failure Description Failure
Parameter Causing Code
| Failed Failure
l C-406 ICBO TOOmW, Header found severely con- A-2-b
340 nrs 25°% taminated. TImpurity gases
l contributed to the formation
of an inversion layer.
l Cc-275 Collector 40OmW, A collector-base short of D-3-a
l base short 150°C 140 was caused by faulty
340 hrs processing and the placement
of the base wire against
l ’ the pellet edge.
l c-61 Tego Loomw, Analysis indicated the 680 Not
: 680 hr 150°¢ hr readout was faulty. Unit Legiti-
! ' had not degraded. mate
Unit Life Tests Analysis & Behavior in Lab Failure
l Device Passed Code
Without. Failure
' c-147 200°C and 500mW, A bake at 300°C in lab and de- Not de-
3000 hrs capping severely degraded ICBO graded
' and BV, breakdown. Etching on
off of contacts showed a micro- test.
' crack had developed Jjust out- Degraded
side of the junction under the in Lab.
. base intermetallic.
i o




Unit Life Tests Analysis & Behavior in Lab Failure
Device Passed Code
Without Failure
c-293  250°C, 300°C After lab bake and decap, Not de-
and 500mW, severe degradation of ICBowas graded
3000 hrs. noted. Photos and sections of on test.
contact areas showed a consid-
erable crack around the inter-
metallic growth of the base bond,
penetrating collector-base
Junction.
c-576  250°c, 300°C After lab bake and decap Not de-
500mW, operations, hFE’ ICBO’ EF graded
3000 hrs. badly degraded and acted on test.
) "cracked". Section made Degraded
through the emitter bond in lab.
clearly defined a fracture
under the emitter bond inter-
metallic, passing through the
junctions.
C-301 25000, BOOOC Unit d4id not degrade in lab Not
' and 500mW bakeouts. Device used for degraded
3000 hrs. study of oxide thickness. on test
or in
Lab.

E. FAILURE ANALYSIS REPORTS

The Failure Analysis Reports included in this report are

representative of the failure analyses conducted for the program.

13
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Each report contains:

The device and process identification.

The Test Cell number.

The Failure Mode Category.
A summary of the Failure Analysis.

.

W W NN

A detglled description of the analysis whlcp
1ncludes graphs, tables and device photographs,
as applicable.

s



FAILURE ANALYSIS REPORT Sheet 1 of Final

Unit No. Test Cell No. Process Failure Mode Category

A Th L419-202 A Not g Failure

Summary of Analysis:

The device was determined to be good and the failure
indication on life test was in error.

hFE shift at the 250°C @ 30V and 300°C may be calibration error.
Unit stable throughout TOOmW test. hFE and VSAT reading at 340

hours indicating a short, appears to be equipment error.

Unit was very stable upon receipt for failure analysis. The
unit has been determined to be 'no failure'.

Prepared by: //Vd/ /{*‘t Date: 7//6';'/56/

Faillire Analysis Engineer
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FAILURE ANALYSIS REPORT  smeet1or_°

Unit No. Test Cell No. Process Failure Mode Category

A 155 419-218 A A-l-a

Summary of Analysis: Device failed I at the 168 hour readout
of the life test. Failure was caused g? mobile ions in the oxide.,

100 500mwW

97

Control Start of
500mW Life Test

Behavior - Stable. Control reading (83) is probably faulty,

pFEbably a calibration error. BVCEO remains stable.

Laboratory Measurements:

ICBO
failing at 168 hour 120V after tests

v 60V
280nA 1uA

Collector breskdown high due to surface inver-
sion.

ICBO

After bake @ 300°C 102y

Inversion layer gone. Collector resistivity
back to low resistivity N with resulting dec.in breakdown.

Prepared by: /»Vw/ /f-(, Date: 10/k /65

Faillire Analysis Engineer
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FAILURE ANALYSIS REPORT  sheet® or Fimal

Visual inspection of pellet does not show any defect spot
at or near the collector-base Junction (see photo).

This unit failed due to presence of mobile ions in the oxide
which could move in the 20V field of the life test.

T




Sheet 1 of 3

FAILURE ANALYSIS REPORT

Unit No. Test Cell No. Process Failure Mode Category

A 353 Lig9-20L A

uumma.ry of Analysis: The cauge of failure of this unit

determined to be a degraded collector contact causing an increase
in collector contact resistance. Unit falled for VC (SAT)at the
end of the 3000 hour life test.

VCE(SAT)lncrease is usually due to an increase in contact resist-

ances, emitter or collector. Stability of VBE(SAT) indicates the
collector contact is probably degraded.
Laboratory Measurements:

A series. of measurements were made in which resistances of
contacts are measured directly. Circuit for this measurement:

'::ﬂ“dL'] | :i::IEB = 50ma ;;jhf(

7 by
B L) B
c ‘ c
L_m_—_& &‘LIBC = 50ma
Resistive
Vem(sat) | Beo11 Remit | (TeRe* IoRe) gomponent to
CE(SAT)
Receipt 1.2V . | 144 om! 1.8 ohm | 55(1.8) + 50(1k.L)= .819 V
' o]
After 300°Cy 4 g7y 2.1 ohm | 1.5 ohm | 55(1.5) + 50(2.1) = 113mV

v Bake

The resistive component results in a drop greater than 800mV being
measured in the degraded device.

V _._Reading in 1lab

1200mV

Original reading 240mV

Increase
AVCE

960mV

This is in same range as collector
resistance increase.

Prepared by:

£./7 , 2
/M1 [

Date: 9?//éZ2J’/

Faillire Analysis Engineer
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Photo 1

vCE(SAT)
operation. Measurements indicated a 14 ohm resistance developed
in the collector. Section was made through pellet as shown in

photo 1 and photo 2. '

¥Unit developed a high

Photo 2 - Section

Voids are seen, although, not enough to explain a 1l ohm
increase. The original wetting appears to be satisfactory,
sufficient Au-Si eutectic. However, a thin hair line separation
must be developing between eutectic and silicon. 300°C bake has

LR . e a2 . ___ e
‘nealeqd” separaivioti.

after 3000 hours, Loomw, 150°C

9



FAILURE ANALYSIS REPORT  sneet3 ofFinsl

Section through ccllector contacts shows:

a. A few gas pockets - voids.

b. Adeguate amount of silicon-gold eutectic soldering
was performed initially.

c. High resistance is in a hairline separation between
Si and eutectic due to:

1. Slow chemical erosion of header salts and Si.

2 High temperature acceleration at this area
(power + high ambient).

3. Possible Si-Ni eutectic embrittlement brought
about by high temperature.

Conclusion:

Collector contact resistance increased due to thermal
fatigue and cycling of Si, Si-Au eutectic interface. Interface
weakened by long time high temperature deterioration in presence
of entrapped plating salts.




FAILURE ANALYSIS REPORT  stest 1or_ 6

Unit KNo. Test Cell No. Process Failure Mode Category

A 419 419-20k ) A  A-2-b

Summary of Analysis:  The cause of Lhis failure has been

determined to be degradation due to H20 vapor pressure in the

device, approximately 92 mm at 50°C. ~The failure indicator was
an ICBO degradation at the 1500 hour life test readout.
109
101 101 1
99 .~

hFE behavior: 91 '/qu - a
I)F 88 e, 8 f‘,r’
E ~. 85~ i

-

o o) ﬁf ~ o

o> O g @ o o o

no © o O =  © ')

2R s o MmO —
Hours

Note initial shifts after 300°C to 20kg and into power stress.
No electrical stress was involved. Shift was possibly due to
calibration error a*% 300°C measuremsn* point. I was unstable
at the 680 hour point. CEO

Laboratory Measurements:

Indications of a conductive (ionic leakage) condition in
device.

4.7 . 2
Prepared bvy: /14/ad /ot Date: 10/21/65
Faillire Analysis Engineer
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FAILURE ANALYSIS REPORT et 2 or €

HEO inside the transistor.

Initial Tests:

BVemo

120V

The following tests were performed to trace the presence of

Curve tracer reverse leakage was
very unstable. Mobile surface
charges were characteristic of
wet surfaces, cracks or extremely
contaminated surfaces.

Ieakage and Floating Emitter Potentials:

W]

0 norverin # e

fMohm imped- Millivac

ance Millivac shunted

voltmeter milli-micro
ammeter

H20 or cracks.

Hermeticity Tests:

Ven Teo Ep

0 -0.9na L. OmV
1 2.5na 2.0mV
10 14 .0na 100 mv
20 16.0na 1.7V

Current and voltage indication with O V._ indicated galvanic
action inside transistor, which was an indication of liguid on
metal parts. High floating emitter response again indicated

Hermeticity Tests were performed to determine if HEO leaked
in from outside. The results were as follows:

(1) Radiflo 10’9cc/sec No leak
(2) 4 hour laboratory boil test

Showed no change in
parameters.
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FAILURE ANALYSIS REPORT sneet_3 or_ 6

C - B LEAKAGE - In Nanoamperes.

Dewpoint Test: This test was performed to check the level of H.O
contamination. The graphs of I versus temperature (0 to 70°6)
were prepared during the analysis. The graphs show that the low
point of the leakage current occurred at 50°C which represented the

elimination of the H_O component of +the leskage current.

GRAPH OF EXPECTED ICO LEAKAGE CURVE
OF DEVICE CONTAINING H20 IN .
CAP EQUIVALENT TO SATURATED (D Junction leakage -
VAPOR PRESSURE AT 50°C. charge generation
-35 component - normal-
ized at 1 nA., 25°C.

(:) Calculated leakage
due to HpO - normal
30 ized at 25 nA., 25°C
Assuming a constant
salt content in Ho0
and complete evapor-

- ation of all liguid
25 - N at 50°¢C. ‘
\ \@ @Sum of@plus @ |
<:) Experimentally
- 20 \\ determined leakage

for this unit.

low point at
evaporation of all

| | | |

0] 10 20 30 Lo 50 60

DEGREES CENTIGRADE 83



FAILURE ANALYSIS REPORT snect’ or 6

‘behavior with Hgo:

I is made up of at least two components. It was assumed
hannel current component was present since channels were

v +he wet econdition without o voltace sctrece
Dy The wetl condltlon wli a vo.ltage £T

(28394 V 89 A ST .

o
0

a) The first component is from charge generation of carriers
in the depletion layer, the normal junction reverse current
which increases =xponentially according *o the equation.

I =xr3/2 o -F/oxr (Ref. 1) X is a constant

& T is °Kelvin
Curve 1 shows a normalized plot of E,.=1.21 ev
I vsT - a typical charge genera- S; = band gap energy
tion starting with a value of lna @ kX = Boltzman's cpn-
25°C. stant 8.63 x10 =2

ev

b) The second component is from /OK
conduction through layers of condensed H. O. This willi
contribute a large leakage component if The H.O has
condensed on a critical surface such as the g%ass beads
of the header and if any salts are present {most likely
even on cleanest parts). If it is assumed from the low
point in the Dew point test that all the H_ O has evaporated
at 50°C, it is possible to estimate how much condensation
takes place at lower temperatures. If conductivity of the
solution, or condensed H,0, would remain constant with
temperature *+he conductarice or leakage through the HEO
would be directly proportional to the amount of H.O
condensed. The amount of H_ O condensed is estimated as the
saturated vapor pressure @ %O°C minus the vapor prestzure
at any lower temperature. Thus, HEO cond. = 92.5 mm - VD

However, H.O conductivity falls very rapidly with decreasing
temperatureé so that the decreasing temperature, while causing
more H.O to be deposited, is being compensated by the decreas-
ing ‘eqiivalent conduction of the H20.

Thus, a figure of merit for the level of H_O leakage
component = Quantity HEO condensed x conductivity =

(92.5 - vpy) x L

8L




FAILURE ANALYSIS REPORT sneet5 or ©

In the following calculation, conductivity (L) is estimated
as follows:

A 1 ppm solution of NaCl 1s assumed to be formed by the
condensed liquid. 1 ppm of WaCl is-a concentration of 1.71 x
1072 milli equivalent/liter - the constant factor to be multiplied
by _A_. , the equivalent NaCl conductance at any temperature, to
give umho/cm ( ) the conductance of the NaCl ions directly.
tal conductancgci is the sum of the NaCl and HEO ion conductances.
Total L, = 1.71 (1072) (A + Lt o (at any temPerature).
2

I

i V.
?imp gm ;ég E,0 0 i cm? mho]LN301 L solution| leakage
P 2 gggdin—* Aamho g equiv! _Ul_ﬂhﬁ = LNaQL IH 0
Ref.2 | (g92.5- | om _| Ref.h | oo LG .2 %(H,0
vp) Ref.3 ;'0172 mho/em | condensé&d)
R 87.ommn ; .0L2 67 | 1.15 1.16 102
10 | 9.2 83.3 . 0227 90 i 1.54 1.56 130
15 112.8 79.7 .031 102 b 1.75 1.78 - 142
20 |17.5 |75 .ob3s | 133.8 ) 1.9k ] 1.98 148
25 23.7 | 68.8 .055 126.4 | 2.17 2.22 153
30 |31.8 60.7 ., .07T7T ; 1k | 2.k 2.47 150
35 {k2.1 50.L 091 ' 153 § 2.62 2.71 136
Lo |55.3 37.2 2111 ¢ 168 1.2.88 2.99 111.0
b5 171.9 120.6 | .1k2 :© 183 | 3.14§ 3.28 67.6
50 {92.5 0o .18 § 198§ 3.38 | 3.56 0

The last column is then normalized at a leakage value of 25na
@ 25°C for plotting as Curve 2.

Ref. 1: A. B. Phillips Transistor Engineering pg. 132 McGraw
Hi11.
Ref. 2: Handbook Phys. & Chem.

Ref. 3: Conductivity of Pure H.O - Mixed Bed Deionization of
H,0 - Monet Chem. Eng.” Progress Vol. 52 #7,Pg. 301.

Ref. 4: Eguivalent conductance of Na (1 from Handbook of‘Phys.
& Chem., Pg. 2357 - Calculated from ion conductances.
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FAILURE ANALYSIS REPORT  sneet 6 or Final

The plot of this expected leakage, last column and Curve (2),
vs. temperature gives a peak value at about 25°C. A difference
between the experimental curve (4) and the theoretical curve
expected from the sum of H.O leakage + I Curve 53), can be
compensated for if a constant salt concéfitration lppm) 1is not
assumed, but the interaction of different concentrations in
different areas is assumed. In practice, low temperature
condensation must be more complete than that above 25°C, thus
raising conduction (L) at lower temperatures.

R

FESPENIN TV RS Ner SUne S

! R
P L/

0bsefva€i6;é:

Further Confirming

Following dew point tests the device was decapped. The cap was
found to be oxidized, again confirming the presence of oxidizing
gases, such as H_.O. O ordinarily will oxidize nickel very slowly.
This. unit,.howeveér, had undergone many hours of high. temperature
stressing.’ o ’
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FAILURE ANALYSIS REPORT  sheet1or_2

Unit No. Test Cell No. Process Failure Mode Category

A 528 L419-201 A Faulty Processing

-

Summary of Analysis: The cause of failure was a bulk degradation.
The failure indicator was I degradation after the initial step of

ERO
stress screen.
98 .‘ o7
9 —_—
L 80
a4 @ ~—— 800mW ——>
ol (&) &) w0 ;
i o9 * 8
o N O o
o) amMm M @

Data Indication:

IEBO degraded after the first step stress. Although hFE shows

a severe drop after the 25000 - 30V stress, BV does not show any

CEO
corresponding increase. Thus, the failure does not tie in with a
real surface degradation of the emitter junction. In subsequent
tests, hFE recovered while the IEBO failure still persists, indica-

ting the probability of a bulk leakage characteristic.

Lab meadurements show this condition also. A persistent bulk
degradation condition appears to be indicated. Surface recombina-

tion (hFE) is not degraded, but 5V IEBO condition is increased.

Prepared by: /4 V 114/ ﬂ"(— Date: ?7/ / 7,/6 5

Faillire Analysis Engineer
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FA'LURE ANALYS'S REPORT Sheet_2 of Final

Bridge from manu-
facturing process.
Leakage developed
through thin emitten
oxide. '

Decapping:

See photo. Bulk degradation@is'an aluminum bridge extending
from base ring to EB Jjunction. High IEBO leakage is through the

emitter oxide. The bridge is not a gold alloy and is not under the
oxide. A 10% KOH rinse was able to completely dissolve the bridge.
Leakage developed by a metallic diffusion mechanism at high temper-
ature through the thin emitter oxide.

Conclusion:

Definite failure would be screened out by second step stress.
Noise at 100 ke¢ is very low (in the 5th percentile) on initial
test but became average during the test.




FAILURE ANALYSIS REPORT  sheet 1 or__3

Unit No. Test Cell No. Process Failure Mode Category
A 55T 419-203 , A B-2-a

Summary .of Analysis: The cause of this failure has been determinéd
to be an emitter-base short. The failure indicator was an hFE de-
gradation at the 1000 hour life test readout.

hy 73 °

—~ ® g
@ & )

o O o A o]
$ O o Eei
o o> O o

=} " O (18] (aY] o
H NN

Data indicates hFE failure at 1000 hours, 500mW life test.
Test Data (IEBO): Indicates a dead short, 2 ohms.

Decap: :
A gold bridge has been blased from the base bond into the emit-
ter-base jJunction (see photos). This is usually due to a runaway
condition. In this case, oxide chips are seen in this area (see
photo 1).

Photo 1.

Prepared by: Afy'ue/ /{‘(— Date: Z/.?/lr

Faillire Analysis Engineer
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FAILURE ANALYSIS REPORT  sneet 2 or =

Photo 1: _

Base bond area after test. Note gold bridge (see arrow) caus~
ing emitter-base short and an apparent oxide defect above it. The
gold bridge did not initiate in the chipped section.

2 oy . -

Photo 2 .
Etching:

Photos 2 and 3 show extensive chipping from TCB operation.
Removal of metal shows cracks have propagated into the Silicon.
Source of hFE degradation and eventual short is this area of
cracked and strained Silicon. Photo 2 shows intermediate etch
operation. = Selective etching of base wire in KCN - KOH solution
3 volts (+) on base.

Smaller darker area
is area of original

bond.. \

Boundary of Au-Al
intermetallic
growth

Gold bridge under
oxide (a runaway)

Photo 3 ~ Etch completed
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FAILURE ANALYSIS REPORT  sucet 3 o risas

Photo 3:

Complete removal of metal in base bond area is shown. Short
has appeared in this area in which a number of oxide chips have

been identified growing out of the bond operation.
Conclusions:

Emitter-base shorts on life tests are caused by transients or
by increases in IE which will set up a reverse bias on the emitter-

base junction. It is assumed in this case, that emitter-base run-
away was accelerated or occurred at an earlier voltage than would
have been the case for a device with no strains caused by the bond
operation.
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FAILURIE ANALYSIS REPORT  sneet 10r___ 2

Unit No. Test Cell No. Process Fajilure Mode Category

B 305 - 419-232 : B ~ B-3-a

Summary of Analysis: Failure was caused by a bulk alloy degradation
which resulted in an IEB failure at the 1500 hour point of the

. 0
life test.

100
/
89| 87.7,7 All
~— 62 readings
58 58 60 Faulty .
~ ' ' ‘
o
B ) o o © o
oM ®@ o © 8 & & ¢
g & o 3 & 8§ 9§ £ & &

r
Hours (700 mW)
Test Data Indications

A1l readings at 3000 hour appear to be faulty. Unexplainable

increase at 0 hour - no correlation with BV . Degradation
at 168 hour. Data correlates BV increase and h down
severely. not degraded untiEEQSOO hour. VSATFgegraded at

2000 and 300 our readout.

Failure Analysis laboratory Investigation:

measures as severely degraded. A bakeout at 300°C,

decapping and repeat baking did"not change IEBO' A bulk alloy
type degradation was indicated. This '

. must have started at 168 hours and

progressed throughout the
TO0mW test. 7.5V

Tgso ™A

Prepared by: A#-pq/ /f*(. Date: 10/6/65

TFaillire Analysis Engineer
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FAILURE ANALYSIS REPORT  spect 2 of Final

Photo shows emitter region has been operating at a very much
higher temperature “than the base. The aluminum is completely
eroded off by chemical oxidation or by thermal operation at .
temperatures greater than 550°C. Destruction of aluminum is
partially responsible for VSAT increase.
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FAILURE ANALYSIS REPORT  sheet 10r_2

Unit No. Test Cell No. Process Failure Mode Category

B 35k 419-233 . B ~ E-8-b

Summary of Analysis: Failure was caused by an embedded conductive
£ilament from collector to base. The failure was indicated as an

ICBO failure at the 168 hour readout on life test.

Test Data:

Data indicated the existence of a collector-base short of

about 3 megohms. BVCEO equals approximately TV at 100 pa due to

the intense emitter forward bias effect of the collector-base
resistance. hFE is slightly increased at 20 ma IC and 5V. An

jncrease of 100 ua at the 20 ma level is barely detectible.

Failure Analysis Laboratory Investigation:

Lab measurement indicated no failure, not short in any respect.
The unit was decapped. Investigation and measurements could not
locate any intermittence or faulty placement of wires which could
intermittently short to case or pellet. Wires were spaced away
from the pellet and case. H20 tests on pellet showed it to be ex-

tremely stable in ICBO’ hFE and other parameters. Pellet instability
due to surface sensitivity is therefore unlikely.
Pellet inspection and etching (see photos on sheet 2) finally

showed the problem to be a filament of conductive material firmly
imbedded in the aluminum base and shorting into the pellet edge.

. y] s 7 A . .
Prepared by: ﬂ«Vw/ /VC"'C _ Date: 5/25'/6\5/

Faillire Analysis Engineer
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FAILURE ANALYSIS REPORT  sneet 2 of Finet

Pellet data indicated short.
Lab electrica; tests showed all
parameters stable, low leakage

and pellet very stable to H20

vaepor and electrical stressing.
Wires were all well placed and
could not have intermittently
shorted.

Note the filament resting to the
left of the emitter wire approxi-
mately 0.15 mil wide and running
from collector edge to base.

Pellet was washed in solvents, H.O,

2
filament still intact. Following
a 10% NaOH - 30 sec. etch, fila-
ment is seen to have moved toward
the right. The lower edge is still
intact contacting the base ring
area. It is evident how a 3 megohm
short developed from C to B. The
filament appears. to have been an
organic fiber which carbonized in
power testing and became conductive.

To further identify material of
filament, HCL, stoh, HNO3 solu-

tions were used to clean surface.
All failed to remove the filament.
Finally a dilute HF wash lifted it
off and left a clean undamaged
oxide structure under it.

Filament is probably organic,
cellulose lint, from chemical
reactions and appearance.

Filament
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FAILURE ANALYSIS REPORT  sneet 10r_ 2

Unit No. Test Cell No. Process Failure Mode Category

B 359 419-222 B A-l-a

Summary of Analysis: The failure indicator was an hFE and BVCEO

degradation at the 680 hour life test readout.

o5 %
K ///
87 & v ]
i T3
h T \
FE 67 \ L7
.‘\‘20
E S o & ;g B o w :E;
o o o [vi]
P o» 0o o o E o Qe Mo
ERBR g o % 28 , ¥ BE &g

€700 MWe—e—m—————P
Data shows hFE degradation at 680 hours after previous history of

improving.
Laboratory Investigation: PR hFE —_—d
Confirmed degraded hFE 100 ua 20 na IC BVCEO
hep on receipt 2 LT ¢ 120v
5 1
After 300°C, 20
hour bake 8.2 73 95V
After decap and H
bake 14.5 95 90V

Unit is showing steady improvement in h‘FE in laboratory measurements

Prepared by: /4/¢u¢/ /f-(_, Date: %/‘?C;/é&/

Faillire Analysis Engineer
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Visual inspection of pellet shows normal appearance.

o7
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FAILURE ANALYSIS REPORT  sheet 1 or _2

Unit No. Test Cell No. Process Failure Mode Category

B LL46 k19-231 B D-1-a

reading 20 is an automatic indication of unit with no hFE'

Summary of Analysis: The cause of this failure has been determined
to be base lead opening at the 2000 hour readout of the 1life tes

nour reacout 4+11€ Tesv.

The failure indicator was an hFE degradation.

Test Data:
At Step 5 -~ high'hFE reading is inconsistent and probably in-

correct. Data after Step 11 is consistent and indicates an open
base at 2000 hour readout. ICO readings are equipment leakage, hFE

v( SATS)

~are not readable. BVCEO;HOt involving base still reads.

C $
Failure Analysis Laboratory Investigation:

Decapping shows a poor bond hed been made on the base post.

- Very little intermetallic formation is in evidence at all three
‘bond marks. No real contact had been made to gold. Probably due
to contamination on post or oxide on aluminum. (See photos)

Open base
wire at post.

Photo 1

Prepared by: /}VVJ/ /Z't Date: _ ?'/2 7'/6.5"

Failire Analysis Engineer
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' FAILURE ANALYSIS REPORT  spees 2 of rina:

" Base post with pressure

points from wire bond-
ing showing. Lack of in-
termetallic formations
indicates poor initial
contact had been made.

» Enlarged photo of
emitter post.” Aluminum -
emitter wire still bond-: . -
.ed to gold plated post. °
Note no Au-Al inter-
metallic is in evidence

" Photo 3
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Unit No. ~Test Cell No. Process Failure Mode Category
B L50 419-222 S - _ Not a failure
. Summary of Analysis: This device failed because the external

emitter lead broke off. The device was not otherwise damaged.

Ccllector-Base parameters were éatisfactory. (BVCBO ='122V,

Teo @ 6ov = 1na).

The failure was determined to be metal fatigue.

4 7 7 ’ , |
Prepared by: ﬂ#w/ /o~ Date: '57/17"/[6/

Faillire Analysis Engineer
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Sheet 1 of

Unit No.

B 515

Test Cell No.

k19-<227

Process

B

D-1-a

Failure Mode Category

Summary of Anﬁlysis:

The cause of this failure has been determined

to be a high resistance (Gold post - Aluminum wire) contact at

emitter. The failure indicator was an intermittent hFE and V

b

condition.

hrg

Intgrmittent

/

SAT

e - w— -

- ®

@

i (& (&
4> ] )
i o> O
o o0 8
H Qo

Test Data Analysis:

20 kg

é
= o (@]
0] (@] [} o o
o \O = s8] (@] tn
— o \O — —
-— 700mW ———

300°C
decapped

Indication of an intermiftent condition leading to catastrophic
performance was seen after the TOOmW stress at the 680 hour readout.
At this time, indication of a shorted collector to emitter is ob-

served but no I

CBO®

At the 1000 hour readout, the unit appears to

recover. After 20 kg centrifuge, the collector to emitter appears
\Y data indicates an increase in contact resistance.

to be open.

SAT

Laboratory measurements:

Unit was baked for 16 hours at 300°C to determine hFE behavior.

Emitter post contact opened completely under this stress. hFE in-

creased from its slightly degraded value by re-establishing emitter

contact with a probe.
be a poor emitter post contact.

The cause of intermittence was determined to

y 4 2, 7
Prepared by: /4 #w/ / o

Faillire Analysis Engineer

Date: ?/‘S/éb/
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Photo of Emitter Post & Bond.
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Unit No.
B 541

Test Cell No. Process Failure Mode Category
419-231 | B A-1l-a, E-2-a

Summary of Analysis: Failure was caused by a hermetic seal leak and
was indicated by a steadily increasing hFE on life test.

"rg

Data:
Data indi

G
— &)
© - "
r o] L= s ) ol
PE R " g M OO
— < o O 4
g o £ 0O o o 20 &
H Ql [épeo) (@] n g O &
o — - M o
cates a steady increase in . Increasing hFE in a

device frequently is indicative of operation under an oxygen or air
ambient, ie, a hermetic leaker will frequently indicate this be-

havior.

Hermetic Tests:

Step 1.
Step 2.

Step 3.

4 hour boil in H0. Floating E potential and I
response gave a positive indication of leak.
HCL rinse to remove surface salts. Unit further
degraded. Indication of HC1 trapped in deep pore.
Visual inspection shows glass cracked at emitter.

CBO

Prepared by:

. V74 ) | .
//l#-w/ /o Date: 7,//‘//é{

Faillire Analysis Engineer
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Photo 1

Step 4. Decap (see photo 1). Shows cap oxidized confirming
leak. Pellet has not been damaged visually by exposure
to ambient. .

readings and visual inspection indicate h.. increase caused
by leak in glass bead. - :
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Unit KNo. Test Cell No. Process Failure Mode Category

B 543 419-222 B A-l-a

Summary of Ana.lysis: Failure was c e
base indicated ss L PR + +h 2

g sesaa

test.

d by a surface change in the
o our readout on life

(@]
Q
o

Date indicated severe hFE degradation at 3000 hour. h‘FE below
readable level of 20.

Failure Analysis Laboratory investigation:

Test data indicated severe h__ degradation. Laboratory tests
. FE
confirmed hF'E degradation.

@IC=100uA
. hFEGIC=100uA BVoro BVero
As received 3.6 " 120 122
After 300 C bake 20.0 105 110
After 300°C 22.7 90 115

repeat bake-uncapped

Prepared by: /#u«/ / Date: 7’//{/6 57

Faillire Analysis Engineer

105




Gl U N N N G N G G O A N B D N T am e gll"
;

FAILURE ANALYSIS REPORT  cueet 2 or 2

The hF degradation under high power represents a surface change

in theEbase, toward N potential. The laboratory bakes represent
surface potential changes back to the original condition. in air
recovers more effectively than in cap. Breakdown voltages also
follow the hFE recovery and redistribution of charges on the collecton

P
suriace.
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Unit No. Test Cell No. Process Failure Mode Category
C 61 419-247 , c ‘Not a failure

Summary of Analysis: Analysis of test and laboratory dete indicates
that this unit did not fail. The dest readout (680 hour, 400mW @
150°C) was obviously in error.

~ @&

S ey &

ot

+£ O o A o o o o o
o~ o > O R e o (& o o o o o
o] OO O o \O = D o n o o
= AN o o o — m \O — — QY] m

o
Test data analysis: 400mw € 150°C

The only serious deviation from consistent data was the 680 hour
readout. The following readouts of the same test stress were normal.

The 680 hour readout data was:

Normal
ICBO 297 na less than 1 ng
BV(po 63V 110 V
hee € 20 ma »96.6 59
vCE(sam) 097 V 116 V

by _/4 44:/ ,6—1 Date: /o [/ /65
Faillire Analysis Engineer 7 -
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A drop in V__ . , of this magnitude is wvirtually impossible unless
the unit is's gggéd from collector to emitter. An increase in oD
as indicated, goes along with a decrease in BVCE and again would go
along with a collector - emitter increase in conguctance, but by a

much higher resistance.

For example:

_ 63V
For the ABVCEO RCE = ma

= 630,000 ohms

For A hFE

IB = .21lma @ hFE = 96
20 ma - =
I .33ma @ hFE 60
I. =0
12.7 ma '
Note: At OV base lines V coincide for collector to

CB? CB
emitter short.

The different IB readings represent a shift in base line due to a

cpllector to emitter short approximately equal to

_ 5.0V
RCE ~ 7.3ma

= 685 ohms

The calculated RCE shorts for the AhFE and ABVCEO do not

coincide. Therefore the 680 hour readings must be assumed to be

erroneous.
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Unit No. Test Cell No. Process Failure Mode Category

Cc 98 L19-24T . c B-2-a

Summary of Analysis: The cause of this failure has been determined
to be a cracked junction under the intermetallic formations of the
bonds. The failure indicator was an I degradation at the 680

. CBO )
hour readout on life test.

Laboratory Analysis:

A1l electrical data in laboratory indicates a cracked junction,
through the emitter. This includes:

1. degraded hFE at low currents
- 2, unstable emitter-base reverse characteristic

3. unstable ICBO and ICES reverse.characterlstlc and ICES

not coinciding with ICBO

I /7 I
/I 1/4——— CBO
/,/} R
v

Readings confirmed on decapped, baked unit. High leakage was not
caused by H20 across glass beads of header. This was confirmed by

disconnecting the emitter wire - E

r disappeared.

N
\

N Al /.
b ke &’ R -

repared by: Date:
Faillire Analysis Engineer

N
X
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N
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Unit No. Test Cell No. Process Failure Mode Category

Did not fail in Lift Test

C 147 410-246 _ C B-2-a in Lab Tests

Surmary of Analysis: The cause of degradation in lab tests has been
determined to be a crack which developed near the periphery of the
gold-aluminum base bond intermetallic, apparently from differential
expansions and contractions of the intermetallic and silicon beneath
it.
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Test data analysis:

Data indicated small shifts in h'E at 200°C @30V and 20 kg
levels. Centrifuge should have no ef?ect onh... V (sat) readings
are within the emitter specification of 15 - 2%% shi?%.

Laboratory measurements:

hFE: Emitter junction stable throughout laboratory tests. No
indication of cracks.

T80 stable in bakeout at 300°C. Unit was decapped. In air
béke, the unit was very unstable.

Etching off leads and contact showed a small crack in base, not
in emitter. (see photos)

Prepared by: A »yua/ // o Date: /0'//19/5 s~

Faillire Analysis Engineer
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Conclusions:

Unit did not really degrade in life tests. Laboratory tests
in uncapped condition rather than in capped ambient failed unit
because of crack in junction area.

4 . .

Unit did not show a degraded I in life tests. Some shift in
was due to surface potentlal changes. At the 200°C @ 30V stress)
increased 12.5%. This was within limits. 1In leboratory tests,

severe degradation and ICBO instability was seen after 300°C bake
in air.
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Etching in KOH and KCN to remove contact metals. ‘A small knob
of gold is still present in emitter contact area. Pitting indicates
deep alloying of aluminum to silicon.

Note small crack just under base contact bond. This was respon-
sible for ICBO degradation. No cracks were seen in the emitter.

Discussion of results:

This device was stable under life tests performed at 200°C or
less. In laboratory, the device was heated to 300°C and then showed
the severe degradation indicated by devices from process C. The
characteristics were very unstable indicating cracks in junctions.

Etching showed the crack developed near the pefiphery of the
gold-aluminum intermetallic apparently from differential expansions
and contractions of the intermetallic and silicon beneath it.
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Unit No.

C 182

Test Cell No.

419-256

Process

c

A-5-a

Failure Mode Category

Summary of Analysis:

The cause of this failure has been determined

to be the effect of a 'microplasma site' in the collector-base
The failure was indicated as a BV shift at the

Jjunction.

hour readout of the life test.

Test Data Analysis:

Increase in BV

CEO

Laboratory Measurements:

CEO

was seen in data during life test.

Unit had a very low breakdown due to a microplasma type

3ko

characteristic. BVCEO 'snapped in' at this same artifically low
breakdown voltage. It is normal for BVCBO to vary by as much as
10V in life tests due to minor surface potential changes. In this
case; RV followed these minor changes directly. RV was nct

? C = v CEO
increasing as a result of gain degradation which is the usual
mechanism for BVCEO shifting.

Bakeout at 3OOOC moved BVCBO from 78V to 63V. As in the life
test, BVCEO followed this move in BVCBO;

Visual inspection clearly showed a "microplasma site". A

severe dislocation seen in the collector-base junction completely
distorted the diffusion pattern.
at this site caused appreciable changes in the avalanche voltage.

Small changes in surface potential

, . 2
Prepared by: /4 #’lﬂd/ // o<

Faillire Analysis Engineer

Date: /3/Q;/kJ”
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Junction defect
causing microplasma
like degradation in
breakdown. '
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Unit No. Test Cell No. Process Failure Mode Category

c 233 419-246 | C B-2-a

Summary of Analysis: The cause of this failure has been determined
to be a crack in the collector-base junction. The failure indicator

was an ICBO degradation at the 168 hour life test readout.
89 83
- 85
E l\‘
‘ 87 (37///? ~.. 86 //4
Zh b
’ H
&0 80 E { i !
R R S S
- ot
TE P
Bzhavior i i !
in Tests ! L l
4 .
— &y
i 2 S 3 o)
L8858 o £ 83 2 8 8
2 ar A al o 3 F 03 S
< 500W ——P
Test Data Analysis:
ICBO indicated trouble in the power test, 168 hour readout.
Laboratory Measurements:
ICBO measurements show severe inversion layer condition.
BV degraded - follows from high leakage ICBO'

CEO

Bake: Collector junction completely recovered. After
exposure to air, unit started to take on severe instability charac-

3 X v Mttt : X ; °
teristic of "'C devices. ICBO drift (no ICES drift or hFE change)

indicated the collector-base Jjunction was cracked.

» P 77 .
Prepared by: / W /;““(— Date: ?/ v /f J
V4 7

Faillire Analysis Engineer
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Decapped unit:

Cracks have appeared inside of pellet, not. under bond ag in
other "C" units. These cracks believed to have been in device
originally, contributing to "surface degradation” of unit.

117
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Unit No. Test Cell No. Process Failure Mode Category
C 275 h19-2k7 _ c - D-3-a

Summary of Analjsis: The cause of this failure has been determined
to be a short between the base wire and pellet edge. .The failure
indicator was an ICBO degradation at the 340 hour life test readout.
Test Data Analysis:

Data indicates an apparent short at the 340 hour readout
during the LOOmW test.

Laboratory Measurements:
Confirmed a collector-base short of approximately 14 ohms.
Decapped Unit:

. Examination showed the base wire in contact with pellet edge.
Confirms level of short measured. After probing wire of pellet,
the unit completely recovered. Short occurred by wire sagging
down during heat-power tests. : . . o

Short
Wire to edge

Prepared by: / //u/ /f-(,

Date: X/Z é/‘f
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Unit No. Test Cell No. Process Failure Mode Category
C 288 4319-255 ‘ C 'A-5-a

Summary of Analysis: The cause of this failure has been determined
to be a defect in the base aluminum ring - probably a microcrack
or faulty diffusion site which caused localized current hogging and

I.py increase by surface inversion at this "hot spot",
96
9? 93 0
/E} g3 8l /_/
" 81 | AN N
~JT~ N/
T w
| i .
3 y
-+ Control = oy
P o) o o o o 4
ot o o o O o o o
o $ I ©® O n O o o
— O A ™ W A4 A &« o™ o

L ZaYa Rl

Test data analysis:

At the start of the test, a high value of BVCEO (140V) and a low
value of (=80), indicated a degraded condition of gain. During
life test a% T00mW, emitter-base surface potential changes improved
gain, concurently lowering BV Evidentially the 1000 hour

readout is faulty. CEO g
Iopo vas failing at 168 hours of T70OmW stressk H 12ua l
CB(V———-—'_J
Laboratory measurements: 225V
A
On receipt, I, . characteristics CB
showed an inversion Qayer, high BVCBO showed collector is inverted to
intrinsic resistivity. ! |
o}
After 300°C for 16 hours bake Teo ! 70V
Vog
4 Vs 7 y
Prepared by: /4«%:/ /;‘(— Date: /'0//07// £J
Faillire Analysis Engineer ! 4
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level has recovered - inversion layer is gone. The collector
ingack to N surface potential sending avalanche breakdown to 1TOV.
Bakeout reveals a microplasma type defect may be the source of the
high leakage seen after power life.

Visual inspection and voltage drive under reverse bias revealed
a2 "hot spot" location in the sluminum ring. This area was respon-

sible for current hogging during life test and is the probable
‘Jocation of inversion layer due to high local temperature operation.

Base Ring
Defect Site
(shorted in lab)

Photo 1

Photo 1 shows device after life test and stressing in the
laboratory at 2 watt level (see collector-base area). A short
~ occurred in the aluminum ring just under the emitter wire and a
bridge blasted across, base to emitter, at the base bond. This
permanent damage occurred at power levels far below the capability
of good devices. Base was in series with a 5K ohm resistance.

The base burn-out was the site of the microplasma like break-
down noted in the electriceal characteristics. This area acted as
a current hog during both-life testing and during burn-out in the
laboratory. Current density in this spot was high enough to raise
local temperature greater than 575°C (the eutectic temperature of
aluminum-silicon). Inversion occurred at this area during life
test alsoc due to the higher operating temperature. Inversion was
"p" gurface on collector since this would act to remove effective
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Junction from this localized defect area. After "recovery bake" in

laboratory, junction moved back to original metallurgical location,

intersecting the defect area again and giving the "microplasma" type
breakdown noted.

Defect Site
emitter-base
short

Photo 2

Photo 2 shows device after etch in 10% NaOH to clear away
eluminum. Emitter wire has been moved to fully expose the "hot
spot' in the aluminum ring.

Aluminum smear in the original photo 1 did not contribute
appreciably to failure.

Emitter-base short bridge occurred after the collector-base
short and is not related to any reliability degradation in this case.|
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Unit KNo. Test Cell KNo. Process Failure ﬁode Cdtegory

C 293 hig-2k2 : C Not a Failure

Summary of Analysis: This unit did not fail during the High Stress
Screen or the 700 mW life test. A Laboratory analysis was under-
taken to determine if any differences could be detected between
this unit and other Process C devices, a majority of which failed
under high stress level tests.

66 65 66 66
63
bpg
Behavior :
in Test . 1

4——— 700nW ————>»

20 kg
0 hours

Initial
25050 @
30V
300°C
168

340

680
3000

’
[

Conclusion: The mechanism which caused the other highly stressed -
units to fail (microcrack formetion under the bonds) was also foynd

in this device. In this case, the microcrack condition did not cause

degradation of the parsmeters, although laboratory measurements at
current levels lower than those used in parameter tests indicated
the presence of these cracks.

Laboratory Measurements:
Initial Measurements

1) The hFE’ at the 100 upA level of I,, was noted to appear’

C
degraded. This is a possible symptom of microcracks in
the emitter.

Prepared by: A #‘UJ /{;‘(— Date: / 0/ ZJ’/€ 3
7 7

Faillire Analysis Engineer
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2) After a 300°C bake (similar to the stress screen), there
was a large improvement noted in the 100 pA hFE'

3) After decap and exposure to air: BV was considerably
CBO
degraded. :

4) After 300°C bake in air: Extreme instability of T was
noted. Devices acted cracked in the collector—base )
Junction. - :

5) Photos: Etch photos wére taken. Cracks appeared under
bond - sections were taken. I ‘

8

Photo 1. Mag 103X

Unit showed characteristics of a cracked collector-base
Juqction. No cracks are visible in this photo. The following
photos show cracks surrounding bonds, shown up after chemical
removal of deeply alloyed sluminum contacts.

123




FAILURE ANALYSIS REPORT  snect s.or &

Photo 2. Mag 148X

Note cracks surrounding the base bond under the intermetallic
formation of photo 1. Aluminum and intermetallics were chemically
removed by a cyanide etch.

Section to show up cracks was made as shown in following
photos. - ' '

12k
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Photo 3

N

This is a top view of the photo L specimen potted in
translucent compound to show exactly where the section intersected
the specimen surface. Note cracks.

Locations Photo 4 Mag 304X

Cross section through base bond of C 293. Section shows
intersection of cracks at surface with dimensions corresponding to
those in photo 2. 1Intermetallic growth greater than 1 mil high.
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Unit KNo. v Test Cell No. Process Failure Mode Category
C 301 419-2k2 c Not a failure
Summery of Anelysis: This device did not feil.
9 80
. 73 N
o5 .
- ® 700mW
3 o 0
+ o & ]
o O o
o NO O o
HH [QV LR Al

Test data analysis:

al th change between 300°C bake and 20 kg stress indicates
calibration error rather than a real change.

This device, a survivor of high stress %testing, was used to
study the oxide structures of the Process C units.

£,/ » 2 15
Prepared by: - /14/ud /o< Date: -/

Faillire Analysis Engineer
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Photo 1

Photo 1 is of a "C" type unit used for oxide thickness
studies. This particular device survived 300°C bake without
developing "crack" electrical characteristics.

127




FAILURE ANALYSIS REPORT et 3 or

Note 1:

Note 2

Masked by wax

Note 1
Note 2
Side of pellet \Acid has undercut mask
waxed . considerably showing up inter-

ference fringes easily. Ko
difference between base and
collector oxides.

To determine oxide thicknesses, the left side of the pellet
was coated with paraffin wax and the unit then etched in concen-
trated HF for 25 seconds. 510, 1s completely removed in the
unmasked areas and the heavy ungercutting action of the acid makes

counting of interference fringes and calculation of 8102 thickness
relatively easy. .

The dark area inside the emitter 1s not residual 510 but
an electrochemical deposition of Si £1lm into N+ arefis
from the HF reaction.

The aluminum ring 1is very deeply alloyed into the silicon
and so has not been appreciably removed by the HF treatmentd
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Note 3: The collector and base oxides appear to be identidal
both being L4 interference fringes deep and purple in
color - 6300 angstroms.

The emitter oxide is a shade of green thicker than the base -
collector - ¥ fringes or about 7100 angstroms thick.
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Unit No. Test Cell No. Process Failure Mode Category

C 363 419-255 | c  B-2-a

Summary of Analysis: The cause of this failure has been determined
to be cracks in base and emitter bond area. Device was indicated to

be an I failure at the 2000 hour life test readout.

CBO
110
69
OFg 3 65
64 sS4 6Lk 6k 6L 6L 63
63 61
Screen
Control Q29 9 § § § S8 4l
o H N 0 o Q = 333
e TO0mW : —
Test Data Analysis:
The very high hFE reading and the high BVCEO reading were
contradictory and could very safely be assumed to be incorrect.
The contradiction was probably due to faulty egquipment. The high
I indicated a real degradation, which probably was due to cracks.

CBO
Laboratory Analysis:

o . _
Baked at 300 °C. ICBO now unstable, hFE improved. ¥XNo EF or

other indications of cracks.

Etch (KOH and KCN); Cracks in base of emitter area were visible

(see photos). Emitter bond cracks probably did not penetrate.

Prepared by: A"yu/ //0“(— Date: /f//,/éJ—’

Faillire Analysis Engineer
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After decapping - no
defects visible to
explain increase in

Iopo after T00mW stress

and instability in air
after bake.

.

Bond area cracks

After etching both wires
and contacts of pellet
using KCN and . KOH.

+ Cracks in contact surface were visible in base surrounding
pellet ball bond. These are probably deep enough to penetrate the
collector-base junction. Similar crack areas in emitter were prob-

1 ably more shallow. No emitter cracks were indicated electrically.
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Unit No. Test Cell No. Process - Failure Mode Category

c 400 419-246 . c . B-2-a

Summary of Analysis: The cause of thas failure has been determined
to be a crack extending across both junctions of the unit. The
failure indicator was a small ICBO degradation at the 1000 hour 1life
test readout. ’
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Test Data Analysis:

Test data indicated that this unit operated normaily until
the final 150 kg centrifuge stress. This condition was similar to
other failures observed for this process type and was indicative
of cracks in the bond area.

Laboratory Analysis:

Failure analysis procedure for this failure was similar to
others for this process type, which were concluded to be a crack
in a junction. The unit was decapped and sections were made.
Visual inspection (see photos) concluded a crack was the cause
of this failure.

4 , /7 2 ; l
Prepared by: ﬁ'#w/ /o Date: /9//5//[.3/

Faillire Analysis Engineer
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Photo 1  Mag 60X

Electrical evidence of cracks in emitter not confirmed by
visual inspection.

Photo 2 Mag 60.7X
Photo 2 is a section through both bonds which shows:

l. Separation between Si-Au eutectic solder and header
metal. VSAT data does not show this characteristic.
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2. Shows very shallow diffusion béing used.

3. Photo 3 shows a crack under emitter bond, indicated by
electrical parameters.

Defect in periphery
of bond appearing
to be a crack pene-
trating both Junc~
tions.

0.21 mil

CB Jjunction depth =
h = 0.07 mil

EB Junction dept

Photo 3 Mag 401X

Concludions:

Slight crack found in analysis contributes to degradation
of ICBO limits. Crack condition characteristic of Process C

devices.

13k
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Unit No. Test Cell No. Process Failure Mode Category

c Lo6 419-255 C ~ A-2-b

CBO
surface inversion layer type at the 168 hour readout of the life
test. .

Summary of Analysis: Device began to show I degradation of the

%
t

4

52/5%]/

| e e -« e e e
bt - e, i v s St

o - o e s

| PO

Tnitial
0O hours
1000
1500
2000
20 kg

3000

o] (@] o)
O a4 0 D
- M N0

- 700 mW -~
hFE behavior indicates favorable surface potential improvement

up to 1000 and 1500 hours. The unit started to degrade slightly

after this time. BVCEO is increased corresponding to hFE decrease.

ICO degradation noted early in 700mW stress.

Laboratory Measurements:

Shows a typical inversion layer.

Prepared by: A yua/ /l/ o Date: f;/ Z// 63

Faillire Analysis Engineer
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Severely contaminated header -
gases and migrating ions

will contribute to inversion
layer formation

Stains

Photo 1
Decapped:

Note that the header. is severely conteminated (photo 1).
Device is cracked. However, crack is so severe it is hard to

believe .characteristics could have been so good. An emitter crack

with no floating emitter response at high voltage is very rare.
will be assumed that the crack occurred in the decap operation.
Extreme contamination will contribute to inversion.

Severe crack - assumed
caused in decap opera-
tion.

It
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FAILURE ANALYSIS REPORT  sheet 10r__°

Unit No. Test Cell No. Process Failure Mode Category

C 505 hig.2h6 c B-2-a

Summary of Analysis: The cause of this failure has been determined
to be due to junction microcracks developing the bond areas under
the gold-aluminum intermetallics. These have resulted in the ‘
degrading hFE shown in the chart and increasing I during 500mW

testing. Cz0
6 97
ok o 5 ; L9
[~ ! ¢t 8s
; { >
\ i 7
: l i i i i ! i
g O 9 '
T o 2 & 3 ' o O oy
¥ 8838 o <~ 8 2 g &8 g8 § =
H M8 & O 4 ™ O — & A&
500mwW

Test Data Analysis:

Gain h_, started to shift in 1life test at 1000 hour readout,
with Bg inereasing and hF dropping.
At end OT test, IC?O and : Eboth degraded.

Laboratory Measursments:

Although hFE severely degraded, no emitter crack was evident
in data.

300°C bake: hFE worse. No emitter crack evident.

Decap and 300°C bake: Emitter cracks now in evidence. Strong
EF response.

4 ’ 7
Prepared by: /44?4Ad, /c;'t Date: 10/22/65

Faillire Analysis Engineer
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FAILURE ANALYSIS REPORT snect 2 or 2

Collector oxide stained
by uneven defective etch
techniques

Emitter Junction extremely
unstable after decap and
bake - acts cracked from
electrical ipndications
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FAILURE ANALYSIS REPORT  sheet10r_3

Unit No. Test Cell No. Process Failure Mode Category

£ 576 L19-242 : c Not a failure

Summary of Analysis: This unit did not fail during the High Stress
Screen or the 700 mW life test. A Laboratory analysis was under-
taken to determine if any differences could be detected between this
unit and other Process C devices, d majority of which failed under
high stress level tests. The mechanism which caused the other
highly stressed units to fail (microcracks under the bonds) was also
found in this unit. In this case, the microcrack condition did not
cause parameter degradation.

91
86 //‘i\ g3 8l
hpg | €— 500mW ——— -
- ®
- D ) w0
+ ) o A
o o> O
o [Ta¥®] (@] le]
— M m Q

Test Data Analysis:

hFE deviations were within specification. Many units measured

showed the same pattern of deviation. 150kg centrifuge reading
probably was faulty. Tests did not degrade this device, since all
the variations were within the specification.

Laboratory Measurements:
1) Slight E, indication (symptom of cracks)

2) Unit was decapped. Degrading E_ was noted. Bake at SOOOC

F
caused breakdown, ,» Tloating emitter potential degrada-
tion. Emitter cracks became larger or more severe, as &a

Prepared by: /4 #u/ // :—(.

Faillire Analysis Engineer

result of this treatment. _
Date: /Q/éib/gJ"'
7 7
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Photo shows stained header. This
contamination did not degrade
device.

Section made through emitter

V "~ Photo 1
Photo of pellet (photo 1) giving electrical.in.dications of cracked

emitter and collector junction. Crack is not visible in photo.
Section was ."ma.de as shown. ' '
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FAILURE ANALYSIS REPORT  sneet_3 or Fina

1+ Photo 2

Photo 2 shows a section through the bond which reveals a crack
under the intermetallic formations of the bond. Intermetallic
(AusAlz) under bond was over 1 mil thick. The fracture had the

appearance of béing caused by contraction of metal over it, placing
the silicon in tension during the cool from 300°C.

Type A unit after 300°C € 1000 hour bake

Gold ball bonds were made to A type units and aged. Sections
show that the thickness of the intermetallics under bond was 0.25
mil at left and 0.4 at right - less than that formed with C devices.
Collector-base junction = 0.32 mil. ’
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F. PROGRAM FATILURE RESPONSE CODE

A Failure Response Code, which would be different from the
Failure Mode Code, was developed ms a convenient means of noting
the device response to stress. The meaning of each digit in the

code is defined in the following table:

First Group Second Group 3§%£§o§§°32m§§3538§§8)
ICBO 1 TInitial Value 1
IEBO 2 After 1st step 2
BVewo 2S5 1st Step Shift 3
13 hpp 3 After 3rd Step L
15  Veg (SAT) 35 3rd Step Shift
16 Vg (saT) L After Lth Step

660 Noise 100 cps, 1mA 4s hth Step Shift
661 Noise 1000 cps, 1mA

662 Noise 1000 cps, 30mA

663 Noise 100 Kc, 30mA

Tn Addition, the second group is extended to include Steps 5
through 16 using 5S, 6S, etc. as the shift items for each step. The

second group is extended as follows:

00 hours Life Test Readout

170 hours Life Test Readout

340 hours Life Test Readout

680 hours Life Test Readout

1,000 hours Life Test Readout

1,500 hours Life Test Readout

2,000 hours Life Test Readout

3,000 hours Life Test Readout

30 Kg Centrifuge Test Following Life Test
50 Kg Centrifuge Test Following Life Test
90 Kg Centrifuge Test Following Life Test
150 Kg Centrifuge Test Following Life Test

AV &F W - OO -1

wowuwnn 1"6 (TN O

R

The faeilure response categories identified as 1, 2, 3 and k4
correspond to units that meet the original specifications, units
that would meet & normal high reliability end-of-life requirements,
1k2




units that meet catastrophic limits, and units that shifted beyond
catastrophic limits. Thus, each response category identifies a
further degree of shift of these critical parameters. The specifi-
cation limits, or percent shift, which define the response categories

are listed in the following table:

1 2 3 X
Iopo 10nA  10-100nA  100-1000nA >1 uA
Trpo 10nA  10-100nA  100-1000nA >1 uA
BVopg Lov 30-kov 20-30V < 20V
BVopo % Shift  15% 25% 50% > 50%
hpp 40-120 35-L0 & 28-35 & < 28 or
120-150 150-180 > 180
hgp % Shift 15%2  15-25% 25-50% > 50%
VeE (saT)® Shift 15%  15-25% 25-50% > 50%
VBE (SAT)% Shift 15% 15-25% 25-50% > 50%

The Failure Response Code is only useful when the raw data is
being analyzed, and is included here for completeness. An example
of the use of the code is given for the Process A devices which

were screened out and not placed on life test.

UNIT NO. FAILURE RESPONSE CODE
A2L0 (1-2-14)

A285 (1-2-3)

A110 (1-2-k) (9-25-3) (9-28-2)
A186 (1-2-4) (9-2s8-3)

A294 (2-1-3) (2-2-3) (2-3-k4)
A192 (1-2-4) (9-2-L)
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SECTION V. NOISE STUDY
A. RESULTS OF THE NOISE STUDY

1. Screening to Noise Limits. Figure 3 shows the

cumulative distribution of noise current for units later found to
be good and for thosé later found to be bad. From this Figure it

is possible to see that a limit of 5 picoesmperes would have removed
10% of the bad units and 5% of the good units. Progressive lowering
of the screening limit could have removed L40% of the bad and 18% of
the good. Thus, screening to noise could have removed approximately
twice as large a percentage of units which would have later failed
as the percentage of units that would have been removed that would

not have failed.

When the noise was measured after a period of operation, the
screen was improved. Figure L shows the distribution of the noise
readings after the transistor was operated. In this case, a limit
of 5 picoamperes would have removed 2% of the good units and 18%
of the bad units. At U4 picoamperes, the ratio became T¥% of good
units versus 42% of bed units. This method is roughly twice as

effective as the initial screen.

A test at these low collector currents can result in transistor
noise which is comparable to the test equipment noise. A review
of the specifications and performance of the QuanTech Noise Analyzer
showed that the flattening of the distribution below 3 picosamperes
is probably caused by equipment input noise. The use of a higher
noise measurement frequency improves the equipment noise ratio
but decreases the effectiveness in detecting unreliasbility.
Figure 5 shows the noise distribution comparison of good and
failed units when the same transistofs are measured initially at
1000 cycles.

2. Correlation of Noise and Transistor Parameters. Noise

is not equally effective as & screen for all failure modes. Figure 6

1hh
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shows the distribution of noise values found for units which later
failed hFE and for those which later failed V The units

which later failed V

CE(SAT)"

CE(SAT) showed a much lower noise than was

expected from the total distribution. The units which later failed
hFE did not have the high noise values expected, but did have a

significant difference in the mean noise values.

A period of operation is required to produce the higher noise
levels found in the units which degrade. Figure 7 shows the effect
of a period of operation. When compared with Figure 6, it can be

seen that noise increased on gll failures, but V failures

CE(SAT)

had less than the expected noise and hFE failures had more than the

expected noise. The V relation suggests the need for explor-

CE(SAT)
ing initial noise for very low noise units.

3. Comparative Screening. If the collector current is

increased from 5 microamperes to 1 milliampere, and the 100 cycle
noisgse current is used, the ability of an initial test to eliminate
units which would leter fail can be improved. The following table

of values for a .lot stressed to a 45 percent failure, shows ICBO to

VBE(SAT); the upper limit of hFE;
1000v, 30 mA noise; 100 cycle; and 1000 cycle, 5 microampere

be the most effective screen.

noise could also be effective.

% of lot % Bad of
Screen
Parameter Measured ' Rejected Rejected
No screen 0 0
ICBO ] VCB = 20V 15 100
IEBO @ VEB = 5V 15 Ls
BVCEO 8 IC = 0.1mA 15 45
hFE é VCE = 5V, IC = 20mA T T1
VCE(SAT) e Ic = 50mA, IB = S5mA 8 38
VBE(SAT) e Ic = 50mA, IB = SmA 8 T5
I_ @ Sua, 100 cps, BW = 20 cps 9 55
“ 1000 cps, BW = 200 cps 12 50
I € 30mA, 1000 cps, BW = 200 cps 7 71
100 ke, BW = 20 ke T L3

% Bad in Lot = U5,
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The noise éurrent at 1,000 cycles and 30mA showed the greatest
screening effectiveness as an individual test, but every unit which
was eliminated by the screen could have been eliminated by either
the ICBO or the 100 cycle noise screen. Therefore the 1,000 cycle,
30mA noise test would not be economic. Screening to other parameters
such as IEBO’ BVCEO’ VCE(SAT) and noise at 5uld, 1000 cycle would
not improve the efficiency.

B. NOISE STUDY LITERATURE SEARCH

Refer to the Bibliography for the complete literature

references shown below.

Noise readings made at the time of the initial test on
transistors which later fail tend to have a higher noise current
than units which will not fail. Noise can be due to two or more
factors within the device. One such factor could be the flicker

noise generated by contacts.

Van der Ziel, (1).reporting on the work of Williams and
Thatcher (2) and on the work of Christenson and Pearson (3) reports
that when flicker noise is meagured in semiconductors, it often
masks the noise found in the material. The work was based on
research samples available in 1959 and present technology would
keep the contact noise lower in most cases, but any poor contact
could develop flicker noise. Other details in (1) show that flicker
noise has been associated with contacts between grains of a mater-
ial. Pearson, (13) has established that a wet atmosphere can also
cause flicker noise. It could be expected that flicker ncise due
to damp atmospheres would contribute to the total noise measured

in a semiconductor.

Brophy & Bess, (14) (15) (16), have shown that stress and
high temperature can cause noise due to the plastic deformation of

the crystal. Process C was shown to have stress cracks under the
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lead bonding operation would cause flicker noise.

The cracks

themselves, if partially developed, could be expected to contribute

to the noise by the same mechanism as contacts between grains.

Brophy also found, (17), that noise is caused by the "Seebeck"

or thermoelectric effect.

Hot spots, which are often observable

visually or photographically due to light emission, would also

cause fluctuations in temperature generating thermoelectric noise

volteges. Slow states of charges upon the surface, {18), are also

a cause of flicker noise.

Noise could thus be expected to be asso-

ciated with any form of ion contamination in the can or in the

. surface layers

of the oxides.

It was not the purpose of this contract to re-investigate the

noise phenomenon, but the literature showed many mechanisms that

produce noise which could be associated with failure mechanisms.

From a practical standpoint, no semiconductor could be completely

free from such mechanisms and would also generate noise due to

those mechanisms which have no relation to reliability.

C. NOISE ¢

One value
to all vendors

Figure 8 shows

readings for the three different processes.

to have the greatest failure rate.

of noise would not be suitable for

and processes supplied to a single

PROCESSES

L

application

specification.

the comparative, cumulative distribution of noise

Process C was expected

Quarterly Report 3, Section T,

showed that Processes A and B had small failure rates but relatively

high noise when compared with Process C. Paragraph T.11l of the

3rd Quarterly Report, shows the effectiveness of screening to the

upper 85th percentile of noise.

If all three lots were screened to the 85th percentile (52

picoamperes) of Process C, 30% of Process A and 32% of Process B

would be rejected. In any direct comparison, the most reliable
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transistor lots could have the highest rejection to a noise speci-

fication.

The relations shown are characteristic of noise relationships
for different processes. In normal production experience, the
distribution of any parameter may shift from time to time, due to
small manufacturing variations. The semiconductor yield is depend-
ent upon many variables, and frequently the step taken to "correct"

one parameter will shift the distribution of other parameters. If

‘all the parameters were screened to remove the top 15% for the pur-

pose of improving reliability, it would probably be impossible for

any manufacturer +to meet the total specification.

If all of the sources of failure, or noise sources were
removed, the manufacturer would be unnecessarily penalized for the
extra effort by the loss\of 15% of the good units. Also, if a
distribution is cut in the center for any reason, the top 15% could
be the center of the original distribution, and this screen would

be inefficient since it would remove more good units than bad units.
D. NOISE CURRENT EFFECTIVENESS

Figure 6 shows the 100 cps noise current distribution
values, before the first stress, for all units, for units which
falled'vCE(SAT)’ and for units which failed hFE‘ Figure. 7 shows
the 100 cycle noise current distribution for all units, for the
units which later failed hFE’ and for the units which later

failed VCE(SAT) after the first stress.

The noise found in the V failures for the initial

CE(SAT)
measurement was relatively low in comparison with all units.

There may be a reason for less noise at the higher VCE(SAT)

values, but this could not be determined. Figure 7 shows that

20% of the units which failed V had higher noise after

CE(SAT)
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the initial period of operation, and that this noise was less

than the noise observed in the entire distribution. In the case
of the hFE failures, noise for a substantial portion of the units
was higher than the noise for the entire distribution. Thus, it
may be concluded that noise current associated with failure tended

to increase following a period of operation.

This analysis tended to confirm the suggested relation between
noise and hot spots. If a hot spot were present due to a micro-
plasma, degradation would be expected after a small amount of oper-
ation, and could be associated with an h]T'E degradation. A larger

sample experiment would be necessary to confirm this effect.
E. -LOW FREQUENCY NOISE SCREENING EFFECTIVENESS

Low frequency noise as a means of detecting failures was
expected to show the best results. This was due to the assumption

that low frequency noise is associated with slow surface states.

Van der Zeil (1, page 52) reasons that slow states are stored
charges and that the charge leaks away with a time constant related
to resistivity and charge. This theory is confirmed by observing
the behavior pattern of the low frequency meter (100 cycle) on the
Noise Analyzer which is very unsteady on some transistors. Fluctu-
ation in the 100 cycle meter can approximately double during the

observation time.

Assuming that the slow surface states have a time period of
seconds or minufes, it is possible to understand the erratic action
of the meter. This also agrees with the observation of the distri-
bution of noise readings at different frequencies for units which

later failed. For example, at the 100 cycle noise reading, Process

B showed the clearest distinction between noise in units which failed

and in those which did not fail. Operation of the unit increased
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the noise generated by the mechanism associated with degradation.
A review of previous Quarterly Reports showed that discrete shifts
occur in some transistors and that these shifts are also very simi-

lar to the behavior of the 100 cycie noise meter.

The analysis thus tended to confirm that noise at lower
frequencies should be expected to be present in transistors having
failure mechanisms such as contact noise and hot spots, where cur-

rent would shift abruptly from one peth to another.
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SECTION VI. PROCESS DETAILS
A. ELECTRICAL SPECIFICATION

The transistors investigated were purchased to the JEDEC
registered specification for the 2NT18A. The three devices investi-
gated represent three variations to meet the same specification.

These are:

Process A - Double Diffused, with Au to Al contacts.
Process B - Double Diffused epitaxial, with Al to Al contacts.

Process C ~ Triple Diffused, with Au to Al contacts.
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Joint Electron Device Engineering Council

REGISTRATION DATA
2NT718a
General Description
This transistor is an NPN double diffused silicon general purpose
transistor designed for a wide variety of high performance amplifiers

and high speed switching applications.

Absolute Maximum Ratings

A. Maximum Temperature

1. Storage Temperature . -65°C to +300°C
2. Junction Temperature, 'I‘J operating +200°C Max.
3. Total Dissipation at case temperature 2S°C 1.8 Watts
at case temperature 100°¢C 1.0 Watts
at ambient temperature 2S°C 0.5 Watts

B. Maximum Voltage

1. Emitter to Base Voltage, VEB - T volts

2. Collector to Base Volteage, VCB - 75 voits

3. Collector to Emitter Voltage, VCER - 50 volts
(Ryp - 10 ohms)

4. Collector to Emitter Voltage, Vego T 32 volts
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Electrical Characteristics at 25

A.

Static Characteristics Min.

1.

Collector Current, Ismo -

Collector Voltage, Vop = 60 V.

Collector Current, Inp,

Collector Voltage, Vop = 60 V.
T, = + 150%

Collector Breakdown Voltage, BV’CBo T Vv
Io = 100 uA

Emitter Current, I

EBO
Emitter Voltage, Vgz = + 5 V.

Emitter Breakdown Voltage, BVemo + TV
IEslmuA, Ic»=0
Collector to Emitter Sustaining Voltage, VCER(sust.) +50 V

(RBE<_ 10 Ohms, I, = 100 mA, pulsed)
Collector Saturation Voltage, VCE(SAT)
Ip = 15 mA, Io = 150 mA
Base Saturation Voltage, VEE(SAT) -

IB = 15 mA, Io = 150 mA

Max.

10 nA

10 vA

10 nA
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‘Electrical Characteristics at 25°C (Cont'd)

B. 8mall Signal Characteristics

1. Smsll Signal Current Gein, hfe

I

Io=5mA, V=107

2. Input Resistance, hi'b

=1lmh Vo=57

a
|

gl
|

=5mh, V=10V

3. Voltage Feedback Ratio, hrb

Io=1mh V=57

c

Io=1mA, V, =10V
k. Output Conductence, b,

Io=5mh, Vo=10V

5. High Frequency Current Gain, hfe

c

6. Output Capacitance, C ob

Ig=Omh V=10V

T. Input Capacitance, c:lb

I, =0 mA, = -0.5V

c Ve

8. Noise Figure, NF

IC=.3mA,Vc=10V,f=1000cps

Rz = 510 1, 1 cycle bandwidth
154

Min.

30
35

2k

0.1 pmho
0.1 pmho

3.0

#

100

150

34

307

3x10-h

0.5 pmho
1.0 pmho

25 ptf

80 pf

12 db



Electrical Characteristics at 25°C (Cont'd)

C. large Signal Characteristics

1.

2.

3.

S5e

D.C. Pulse Current Gain, hﬂ

8150 mA’ V -IOV

e CE

D.C. Pulse Current Gain, hl"!

I,=500mA, V. =10V

C

D.C. Current Gsin, hFE

I, = 10 mA, V

I, = 10 mA, V

cg = 10V, T=25C

cg =10V, T= -55°C

D.C. Current Gein, h‘F.B

I tO.lmA,V

cx=lOV

c

Switching Time td 4 tr * tf

Thermal Characteristics

A. Thermal Resistance, Junction to Case, O

Packaging
A. JEDEC T - 18

B. lead Connections:

1.
2.
3.

Ilead 1 - Emitter
lead 2 - Base

Lead 3 - Collector (Connected to Case)

‘Min.

ko

35

20

Max.

30 nsec

97.0°C/W
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B. PROCESS DIFF

DT

‘CES

¥

Units made by the three sepzrate processes as supplied by NASA

were electrically measured, then cpened and analyzed to determine any

differences which could change the effectiveness of the screening methods

being studied.

The following table shows a summary of the physical measurements:

Pellet Size - Mil

C.B. Dia. - Mil

E.B. Dia. - Mil

E Contact Dia.
.2

Base Area Mil
. "~

Fmit Area Mil

Emit Perimeter

Contacts

Wire

Caps

Gas Analysis N

2

0,

002

Ar

Volume (micron liters)

156

- Mil

- Mil

PROCESS A

Ny

32 X 32
24
15
13

542

176
L7

Alum

Mil Au

Nickel

98 %

0

2%

27

ROCESS B

25 X 25
17 Tip to Tip

lo r'( " n ”n

169

ROCESS C

Lo X Lo
27 Teardrop
15
10
616
176
kT
Alum
2 Mil Au
Nickel
98%

1%

1%
0.25%
Ly



C. PHYSICAL AND FABRICATION DETAILS
PROCESS A PROCESS B

Header and Cap TO-18 Header T0-18 Header

TO-18 Cap TO-18 Cap

[o] 0

Oxide Base 8-9000 A - T000 A
Thickness Emitter - 5000 & - 7500 &
Bonding Wedge _ Wedge

PROCESS C
TO-46 Header
TO-18 Cap

(Gas - Volume
is larger)

Ball

157




PHOTOGRAPHS OF THE PHYSICAL APPEARANCE OF THE PELLETS.

A

PROCESS

PROCESS

PROCESS A
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PROCESS A. HIGH STRESS SCREEN. TABLE 65.
hpr DISTRIBUTION CHANGES WITH LIFE TEST.
hyg (Ig = 20 mA., Vgg = 5 V.)

HRS. | INIT 168 340 680 { 1000 | 1500 | 2000 | 3000
Min 59 57 20 57 58 58 20

5% 59 57 20 57 58 58 20
10% 64 63 38 63 6L 6l 38
254, 78 80 Th 80 81 81 81 P=800nW .
50% 82 86 82 8k 85 86 85 Vop=20V.
5% 91 93 93 92 93 95 98 Tp=25°C.
90% 102 103 98 101 102 103 104
95% 105 106 99 104 105 108 105
Max 105 106 99 104 105 108 105
Min 67 69 65 20 69 20 20 20

5% 68 69 65 L1 70 20 20 20
10% 69 70 70 68 73 6l 20 20
25 Th Th 73 12 76 13 71 70| P=T700mW .
50% 82 83 79 82 86 83 80 781 Vop=20V.
75% 89 89 87 88 102 91 90 90| Tp=25°C.
90% 99 98 98 101 90L 106 105 104
95% 105 10k 106 104 978 113 116 121
Max 106 106 107 106 -— 118 125 134

5% 62 61 41 61 20 20 20 20
10% 69 65 6l 65 51 53 53 53
25% 77 75 Th 73 65 69 70 69 | P=500mH .
50% 86 83 8l 82 76 78 79 80| Vop=20V.
T5% 92 86 90 89 8l 90 91 90 | Tp=25°C.
90% 99 97 97 99 99 99 101 100
95% 104 101 101 103 102 106 108 108
Max 119 116 116 -— 118 119 121 120
Min 64 58 64 53 63 64 64 20

5% 6l 58 6L 53 63 6L 64 20
10% 73 60 65 60 67 67 68 42
25% ay 81 86 81 87 88 89 83 || P=4OOmW.
50% 89 89 88 8L 93 96 98| 102} Vgp=20V.
T5% 100 oL 98 90 10k| 108 107| 110| Tp=150°C.
90% 106 97 103 100 109 112 115 119
95% 107 97 1oL 104 109 115 118 119
Max 107 97 104 104 109 115 118 119
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TABLE 65. (CONTINUED).

HRS. § INIT.| 168 340 680 { 1000 { 1500 { 2000 { 3000
Min 5k 5k 5k 53 52 53 58 53

5% 56 56 56 56 55 55 59 56
10% 60 60 59 60 58 59 60 59
25% e 75 72 Th s 71 81 T4 || P=200mW.
50% 83 83 82 82 82 83 8k 84} Vop=20V.
75% 90 90 88 89 87 88 96 89| T,=150°C.
90% 10k 99 98 104 102 04| 1687| 1055
95% 118 115 11k 120 119 117| 6221] 1278
Max 122 123 124 125 123 117| 7071| 1349
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PROCESS B. HIGH STRESS SCREEN. TABLE 66.
hpp DISTRIBUTION CHANGES WITH LIFE TEST.
hFE (IC = 20 mA .y VCE = 5 V. )

HRS. { INIT 168 340 680 { 1000 | 1500 | 2000 | 3000
Min 67 20 67 20 68 20 34 20

5% 67 20 67 20 68 20 3k 20
10% 68 Lo 68 20 68 20 3k 20
25% 77 75 Th 70 82 20 60 29{ P=800mW.
50% 92 96 921 96 99 86 98 751 Vcm=29V-
5% 1i0 108 109 115 113 109 121 106§ Tp=25 C.
90% 151 119! 158| 159" 122 12k 129 131
95% 174 121 179 185 122 125 129 131
Max 17k 121 179 185 122 125 129 131
Min L9 54 58 20 20 34 20 20

5 50 56 59 20 20 38 20 20
10% 56 60 62 20 20 66 20 20
25% 86 83 84 86 86 89 23 86| P=700mW.
50% 99 98 99 99 99 102 91 101| Vcp=20V.
75% 109 106 112 11 117 134 11 1451 Ta=25°C.
90% 118 158 162 167 162 163 153 160
95% 128 175 180 63k 178 183 168 179
Max 131 185 189 -—- 187 186 177 179
Min 55 72 20 69 20 20 20 20

5% 70 Th 73 75 71 20 20 20
10% ) 4o} it [{s) I Ve 20U cU
25% 86 86 8 8 85 8l 83 82] P=500mW .
50% 99 99 95 99 97 97 98 97| Vop=20V.
75% 109 111 106 111 111 113 112 113 | Tp=25°C.
90% 115 117 115 121 117 12k 123 122
95% 121 130 126 140 142 143 141 143
Max 153 147 153 153 14 155 153 157
Min 61 61 62 58 60 61 60 57

5% 61 61 62 58 60 61 60 57
10% 67 66 68 63 66 67 60 59
25% 82 85 87 82 86 87 87 88} P=LOOmW.
50% 99 941 100 89 97 98 98| 100} Vpg=20V.
75% 112 108 107 103 109 110 111 112 | T,=150°C.
90% 130 129 145 145 153 178 183 188
95% 137 138 159 168 171 212 220 228
Max 137 138 159 168 171 212 220 228
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TABLE 66. (CONTINUED).

——

HRS. { INIT.{ 168 340 680 | 1000 | 1500 { 2000 | 3000
Min N 65 6L 61 63 6k 6l 6l

5% 65 65 6L 61 6l 65 65 65
10% 66 67 68 65 66 67 68 69
25% 85 8l 83 79 82 83 83 83| P=200mW.
50% 98 98 98 92 96 98 98 98| Vop=20V.
75% 112 108 107 100 110 110 111 111 | Tp=150°C.
90% 118 115 114 107| 117| 119 119 120
95% 125 116 120 112 120 124 123 126
Max 129 117 122 115 121 127 125 128

Y




800 mW., 25°C.

TABLE 66 GRAPH.
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PROCESS C. HIGH STRESS SCREEN. TABLE 67.
hpy DISTRIBUTION CHANGES WITH LIFE TEST.
hyg (I = 20 mA., Vog = 5 V.)

HRS. | INIT.| 168 340 680 | 1000 | 1500 | 2000 | 3000
Min 51 Y L6 45 L6 20 20

5% 51 46 L6 L5 L6 20 20
10% 51 46 L6 L5 L6 20 20
25% 55 51 50 L9 49 L3 20 P=800mW .
50% 69 68 63 67 68 68 58 Vop=20V.
5% 89 82 79 82 8l 8k 93 T,=25°C.
90% 129 115 107 114 117 119 117
95% 129 115 107 114 117 119 117
Max 129 115 107 114 117 119 117
Min 4o 48 L7 Lg 48 Lo 48 50

5% L9 48 L7 kg 48 L9 48 50
10% 50 51 L9 51 50 51 50 50
25% 55 5k 53 5k 5k 5k 5k 53 || P=700mW.
50% 69 69 68 69 69 69 67 68| Vop=20V.
75% 102 101 100 101 101 101 101 101 | Tp=25°C.
90% 124 123 121 123 122 124 124 123
95% 131 130 128 131 129 131 130 129
Max 131 130 128 131 129 131 130 129
Min 43 43 37 32 31 31 29 28

5% 43 43 37 32 31 31 29 28
1 43 43 37 32 31 31 29 o
25% 53 52 51 L7 48 4o 49 48] P=500mw.
50% 6L 66 67 64 67 68 70 71| Vcp=20V.
75% 86 81 81 78 81 83 85 84 || Tp=25°C.
90% 111 108 108 103 105 108 114 109
95% 111 108 108 103 105 108 114 109
Max 111 108 108 103 105 108 11k 109
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TABLE 67 GRAPH.
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TABLE 68.

MODERATE STRESS SCREEN.

PROCESS A.

“

Ixpo DISTRIBUTION CHANGES WITH LIFE TEST.

P =800mW
Vop=20V.
TA=EEOC

P<£T00mW.
Vep=20V.
Tp=25°C

=500mW .
=20V.
A=2500 .

3

A

P=400mW
VCB -20V.
TA:].SOOC <

llll.u.../_:/nboo

3.&. 557!..792)4

— .l. lh.O?l/DnO

111362933

l
O s .
w OOOOOSDfO/OfD 000001133 nzwﬂ(U\VAUOllD._/O 000001122
o
\../ o 1_1_123_./.1533 llll300)l7l A NO T4 1IN 1112|467|7..7|
[0} m OO0 O0OON-ONON 0000011..22 QOO0 M 000000\477
(O] A A v Vv N v v Vv N
k4 A
&
cmu A A AN ONO O HrA A AN>AH O o B IEAVIE S A BTN & Wil i ® 2N A~ NN~ 0 O
o] m OO0 O0O0OHHANA [eNoNoNeoNoN® NI COOOO0OHAHMNM [oNeNoNoNoNoN s VNoNe!
o] N v VvV y Vv v ] Y ~ —
o] —
g
o 2222\4r0555 A A AN O 111*36208.M 112.460333
Q 000001222 loNoNeNoNeoNo iy NaUNgl CODOO0OAHNM 000003\466
~~ (@) v v v NV = N~
. i b~
=]
/w 1112\4p9077 A AN ONO O ND MO N I 1113\46888
mm 00000-l333 oNoNeoNoNe N B Nallal OO ~“irrd e QN ON=F 000000\477
[} Ne} v v Vv . [V — AN
/V\ o 1122\4H{.999 1111\41331 =+ = ;71951.“_..5 1113577771
=t 000001\466 000001123 (oo NN 30123:) 000000611
m o v v — 0N M
H
o .Ll359~u/999 NINO M~ -0 O\ D~ ll 4_1...4623I% 6667191111
/wm 00000«1_‘466 OO0 O0O0OHANNNNM 00“.00011_2_./1 000001”&&
m'.‘ =t - NININO O llllenyﬁvgﬂl 11 L2393\45 111135333
m QCOO0OO0OO0OOANQN 0000001_12 00000012% 000000111
vV v v
o= 3 AR R
| SWERBRERS | SRERERERS | IRSNERERS | SRERBRBRS
y NN\ = = -~ NN~ O0NON = QAN D~ ONON = —~ AN\~ O\ ON

[¢0)
al




=150°¢ |
239

3| Vop=20V.
Tp

>
3
8
2

-----

3000
0
0
0.
0
0
0
1
1
2

.mwOOOOllz

2000
<0.1

ll 13\4‘46Qu

0000011.}_
v

<0.1

11238595

00000159
v

1000 { 1500
<0.1

lln/_.h_./OfOl:J

-----

l
000000122
v v

680

— NN ~\O s
OCOO0OO0O0OO0HWNWN

3k0

.)45578206.‘3

0000012.&./0

168

11123630QJ

cccccc

INTT.

R
TaY

TABLE 68. (CONTINUED).

S
o
=

HRS.




YT T T T 7 TTTVTT T T ' LILALIL AL I ) TmTrrrTT17 T T T T
| .
1 _ 2
_ e}
\ \ . \ \
|
T 2 m
- / ] [ X
pd |
5 | g
2 “
3 _
5 \ \
‘ &
\\ N N
3 o O
% B S
(Y eV} (4
» hy e W e .
& e ¥\ |E 8 8\ S R I
% ~ o \ o 3
m O (] o
= n I
.m:____b 1 1...... i d”.._.___ | 1:.____ 1 4mlm____.__ 1 4’:____ | 4.m... hn.._.v
.Ammﬂwnmsdog.wz nﬂv AvaH .AQU.HMQE.QOHH@Z.. ﬂ_”.ﬂv Omﬁ_‘uH .Ammhmms‘moﬂh‘mz QHV OmOH N

hlllllllllllllllill




LI B B S B e TTr Ky 1 1 T TTrrvrr 1 ) wirrry
—~
=t
Q
N |
/ | /

:

& 3

©

0

m _

|

T \. /T

$ $

R R

~ —

8 i I NN

®) o Q

g &

m:..... ] 1 4." ”.__._._ 1 1.....#7 1 4.I
+ (seasdusousy uy) O€01 * (sexadweowsy uyp) 09T




MODERATE STRESS SCREEN. TABLE 69.

PROCESS B.

Icpo DISTRIBUTION CHANGES WITH LIFE TEST.
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MODERATE STRESS SCREEN. TABLE T70.
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TABLE 70. (CONTINUED).
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Min

5%
10%
25%
50%
5%
90%
95%
Max




wrr i

T

mrri i

"N

TTTrTrTr 11

T

T T T !

mrTrTT

6680 J0oo 1500 2000 3000

&
O
7\
S S S
N n o
aV] o Ql
& % & 8 2
w o o o
3 3 S 8 g
T T T OO O | LLbd I B | PO O I | [ IR T U O W I | [0 O I 1 I I T I "
3 - 8 = " e ~ -+

* (seasdwsousN ut) omoH

* (soasdwsousN UT) Otidy

* (saxedweousy ut) Og071

248




LALILIN Bie an e me | :..../. T TV T 1 ..:v/__ T

249

N

TABLE 70 GRAPH.

150°¢
150°¢.

LOO mW.,
A

200 mW .,
50
HOURS

[ I T | | AN 1 1 [ O | L {0 Oy | -
ey - 8 - -
* (soaedusousy uy) OHDT * (seaadureousy uy) 001

io

. o - e . -
D R N 0N W@ A Nl W 3k EE e B R S 3w M e e




G W M T N W S WE S W O N AN A O R am & :iir

PROCESS A. MODERATE STRESS SCREEN. TABLE T1.
hyg DISTRIBUTION CHANGES WITH LIFE TEST.
hypg (Ig = 20 mA., Vog = 5 V.)
HRS. { INIT.| 168 3k0 680 | 1000 { 1500 { 2000 { 3000
Min 67 68 64 20 20 20 20 20
5% 67 68 64 20 20 20 20 20
10% 68 68 3 b Lk 20 20 20
25% 73 T4 75 T0 71 66 55 66 || P=800mW.
50% 88| 89 91 87 90 87 79 85| Vop=20V.
75% 92 92 9k 90 92 91 90 90|l T,=25°C.
90% 98 97| 100 97 99 98 99| 101
95% 100 98 102 99 101 99 102 105
Max 100 98 102 99 101 99 102 105
Min 62 60 63 63 63 62 60 20
5% 63 63 64 6k 64 64 61 4o
10% 67 66 67 66 66 67 66 63
25% 7 17 17 T 144 7 h 13| P=700mW .
50% 8l 83 8L 8L 85 85 83 83| Vep=20V.
75% 90 90 89 90 92 91 90 88| Tp=25°C.
90% 98 9k 92 99 99| 100 98 99
95% 102 100 97 103 103 103| 103 102
Max 105 105 99 106 106 105 104 103
Min 53 54 52 52 20 20 20 20
5% 6l 6l 62 62 20 52 20 20
109 68 65 6k Ol 54 | 57 54 54
25% 77 75 Th T2 6l 66 6l 6l | P=500mW .
50% 87 82 83 80 77 80 79 791l Vop=20V.
75% 92| 90| 91} 87| 89 91 89| 89| Ts-25%.
90% 97 96 96 91 95 97 95 95
95% 99 98 97 Ok 97 98 97 96
Max 103 103 102 96 186 101 99 98
Min 57 57 59 19 55 56 56 20
5% 57 57 59 19 55 56 56 20
10% 62 60 62 37 60 60 60 38
25% 67 66 66 59 65 66 66 66 || P=4OOmW.
50% 87 86 86 7 82 8l 83 82| Vop=20V.
5% 91 91 92 85 88 90 91 90 || Tp=150°C.
90% 97 98 99 92 96 97 98 95
195% 98 98| 100 93 97 98| 100 97
Max 98 98 100 93 97 98 100 97
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TABLE 71. (CONTINUED).

HRS. | INIT.{ 168 340 680 | 1000 | 1500 | 2000 | 3000
Min 62 62 62 62 61 62

5% 3 64 63 63 63 63
10% 66 65 65 65 65 66
25% 71 71 70 70 69 71l P=200mW .
50% 83 80 79 80 81 82| Vgp=20V.
T5% 89 87 86 87 87 88| T,=150°C.
90% 98 96 95 97 95 97
95% 102 100 99 99 101 102
Max 102 101 101 101 101 102
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PROCESS B. MODERATE STRESS SCREEN. TABLE 72.
hgg DISTRIBUTION CHANGES WITH LIFE TEST.
hpp (Ig = 20 mA., Vog = 5 V.)

HRS. { INIT 168 340 680 { 1000 § 1500 § 2000 { 3000
Min 61 63 63 62 63 20 20 20

5% 61 63 63 62 63 20 20 20
10% 65 67 68 66 67 45 20 20
25% T7 78 19 77 78 79 Th 60 | P=800mN .
50% 9k 96 91 96 96| 100 97 891 Vpop=20V.
75% 98 101 103 100 103 108 ii2 11k Tp=25°C.
90% 10k 111 113 112 113 116 12k 679
95% 105 112 115 114 115 119 132 917
Max 105 112 115 11k 115 119 132 917
Min 67 20 65 20 20 20 20 72

5% 69 L 69 20 Ll 20 20 75
10% T3 73 Th 68 73 70 70 82
25% 85 8l 85 82 85 86 85 89 P=700mW.
50% 93 92 91 92 Ok oL 95| 100| Vgp=20V.
75% 102 99 101 103 103 107 104 110 | Tp=25°C.
90% 105 105 109 108 110 112 109 114
95% 108 106 112 112 115 116 113 116
Max 109 107 115 115 116 117 116 117
Min 36 L7 20 57 57 58 20 20

5% 58 58 57 59 59 60 58 57
10% 67 70 56 69 5 7 65 05
25% 84 85 82 83 8k 86 ek 83| P=500uW.
50% 931 93 91| 93 93 96| 97| 96| Vcp=20V.
75% 101 101 96| 100 9k| 102| 103| 104} Tp=25°C.
90% 103 106 103 106 106 107 106 108
95% 105 108 105 108 107 109 109 109
Max 108 110 108 109 109 113 119 115
Min 7 75 75 T2 7 T8 83 8L

5% 7 75 75 72 77 78 83 Bl
10% 17 76 75 73 T7 T8 83 8k
25% 87 82 81 7 80 81 83 89 | P=4OOmW.
50% okl 911 90y 89| 9k 951 97! 98} Vp=20V.
75% 97 96 97 95 101 102 103 103§ T,=150°C.
90% 105 104 550 100 105 106 137 136
95% 106 108 - 103 108 108 164 162
Max 106 108 --- 103 108 108 164 162
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TABLE 72. (CONTINUED).

HRS. § INIT.{| 168 340 680 { 1000 | 1500 | 2000 { 3000 |
Min 56 56 20 20 20 20 55 20

5% 57 58 38 38 37 38 57 38
10% 70 68 59 59 58 59 68 59
25% 75 76 7 76 75 17 78 TT| P=200mW.
50% 88 87 86 88 87 87 89 89| Vop=20V.
5% 97 97 95 97 96 98 98 98| T,=150°C.
90% 107 108 105 106 106 103 109 108
95 108! 109 107 110 108! 107! 112 113
Max 108 109| 109 111 110f 109| 114} 11k
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PROCESS C. MODERATE STRESS SCREEN. TABLE 73.
hpg DISTRIBUTION CHANGES WITH LIFE TEST.
hpgp (Ig = 20 mA., Vog = 5 V.)

HRS. || INIT.| 168 340 680 | 1000 | 1500 | 2000 { 3000
Min 5k 55 55 55 55 55 5k 53

5% 5k 55 55 55 55 55 Sk 53

10% 60 61 61 60 61 61 60 54
25% 66 67 68 67 68 68 67 59} P=800mW.
50% 81 80 80 80 81 82 7 TT| Vop=20V.
75% 107 107 105 105 107 108 107 107 Ta=25°C.
90% 112 112 11k 112]  113|° 114| ~ 113 112
95% 114 115 116 115 115 116 115 113
Max 114 115 116 115 115 116 115 113
Min 55 56 20 56 57 Ll 46

5% 56 57 36 57 58 50 50
10% 59 60 57 60 61 57 57
25% 68 68 63 67 68 63 64| P=T700mW.
50% 90 89 81 87 88 87 87| Vop=20V.
75% 110 110 105 109 111 109 112} T,=25°C.
90% 132 134 120 133 136 134 134
95% 136 137 134 134 138 136 136
Max 139 139 138 135 140 137 136
Min 53 53 53 53 Sk 55 25

5% 57 57 56 56 57 57 53
10% 60 61 611 60 | 62 63 56
25% T4 72 71 3 75 76 70 P=500mW .
50% 8l 8L 82 8k 85 87 80 Vop=20V.
75% 102 103 101 102 103 105 99 Tp=25°C.
90% 121 122 120 121 124 125 118
95% 133 132 130 128 134 138 129
Max 139 141 139 134 141 143 13k
Min 59 20 20 19 20 20 20 20

5% 59 20 20 19 20 20 20 20
10% €0 39 39 33 27 30 20 20
25% 63 60 60 56 5k 60 20 20} P=4OOmW.
50% 10k 92 8l T6 78 93 58 45] Vpp=20V.
5% 118 115| 112| 101} 105| 11| 126 841 Tp=150°C.
90% 121 120 121 109 117 2kg 149 111
95% 122 121 122 111 119 37k 156 116
Max 122 121 122 111 119 37k 156 116
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TABLE 73. (CONTINUED).

HRS. || INIT.{ 168 340 680 | 1000 | 1500 { 2000 { 3000
Min 53 20 52 19 50 20 20 20

5% 55 3k Sk 33 53 37 37 20
10% 60 56 60 57 59 60 55 56
25% 70 66 69 66 66 68 68 68| P=200mW.
50% 89 85 87 83 88 89 88 8T Vop=20V.
5% 104 103 104 100 103 106 105 103 || T,=150°C.
90% 116 117 115 111 113 117 115 118
95% 123 123 122 118 119 123 121 124
Max 127 127 126 122 123 127 125 128
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TABLE 73 GRAPH.
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TABLE Th.

CENTRIFUGE ONLY SCREEN.

PROCESS A.

Iopp DISTRIBUTION CHANGES WITH LIFE TEST.
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TABLE T4. (CONTINUED).
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TABLE 75.

CENTRIFUGE ONLY SCREEN.

PROCESS B.

Iopo DISTRIBUTION CHANGES WITH LIFE TEST.
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TABLE T6.

CENTRIFUGE ONLY SCREEN.

PROCESS C.

Icpo DISTRIBUTION CHANGES WITH LIFE TEST.

(Nanoamperes).
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*l

PROCESS A. CENTRIFUGE ONLY SCREEN . TABLE 77.
hyg DISTRIBUTION CHANGES WITH LIFE TEST.
hyg (Ic = 20 mA., Vgg = 5 V.)

HRS. { INIT.{ 168 340 680 { 1000 | 1500 { 2000 | 3000
Min 62 63 57 62 63 63 80 20

5% 62 63 57 62 63 63 80 20
10% 62 63 57 62 63 63 80 20
25% 76 80 T1 79 81 80 81 80 P=800mW.
50% 90 91 7 87 91 91 91 89} Vpop=20V.
5% 93 o4 86 92 9k 93 92|  101| T,=25°C.
90% 101 101 101 99 101 101 99 855
95% 101 101 101 99 101 101 99 855
Max 101 101 101 99 101 101 99 855
Min L9 51 52 51 52 50 20

5% L9 51 52 51 52 50 20
10% 57 58 58 56 58 57 41
25% T1 75 75 73 T4 Th 68 P=700mW .
50% 77 83 83 81 8l 8l 83 VeR=20V.
T75% 87 93 93 91 92 92 92 Tp=25°C .
90% 92 oL 95 92 ok 95 Ol
95% 94 95 95 9k 95 96 95
Max ok 95 95 9L 95 96 95
Min 59 56 60 8 20 20 20 20

o A2 5Q A0 A 20 20 20 20
10% £5 & 6l 63 3L 20 20 20
25% 70 71 72 70 69 68 70 68} P=500mW .
50% 80 82 82 78 78 80 8k 83| Vcp=20V.
5% 85 86 86 87 88 89 91 92| T,=25°C.
90% 91 93 93 ok ok ok 98 98
95% 95 100 100 98 99 99 101 105
Max 99 106 106 103 101 104 107 116
Min 69 69 65 61 67 65 68 68

5% 69 69 65 61 67 65 68 68
10% 69 69 65 61 67 65 68 68
25% 72 73 67 63 73 69 73 73] P=400mW .
50% T4 78 T2 69 7 T7 78 78] VcB=20V.
75% 8L 88 80 76 87 82 87 88| T,=150°C.
90% 85 91 81 T7 89 87 89 9
95% 85 91 81 77 89 87 89 90
Max 85 91 81 7 89 87 89 90
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TABLE T7. (CONTINUED).

HRS. § INIT.{ 168 { 340 { 680 { 1000 { 1500 | 2000 { 3000

Min 66 69 64 20 20 20 L7 20

5% 66 69 6h 20 20 20 L7 20

10% 67 69 6l 53 52 20 59 39

25% 73 s 70 71 69 67 71 70| P=200mW.
50% 79 81 80 80 78 76 82 80 || Vop=20V.
75% 91 9k 85 90 87 86 93 89 T,=150°C.
90% 96 97 91 97 93 96 97 96

S5% 7 58 51 7 gk 56 57 37

Max 97 98 91 97 oL 96 97 97
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20 800 mw., 25°C. ~ TABLE 77 GRAPH.
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PROCESS B. CENTRIFUGE ONLY SCREEN. TABLE 78.
hpp DISTRIBUTION CEANGES WITH LIFE TEST.
hyg (Ig =20 mA., Vo = 5 V.)

HRS. { INIT 168 340 680 | 1000 | 1500 | 2000 | 3000
Min 82 78 79 T7 4 7 20 20

5% 82 T8 79 T7 Th T7 20 20
10% 82 T8 79 7 T T7 20 20
25% 82 87 86 88 89 92 20 20| P=80OmW.
50% 100 108 103 109 110 114 112 86! Vop=20V.
75% 106 117 112 115 116 118 119 118 T,=25°C.
90% 107 117 113 117 116 124 131 131
95% 107 117 113 117 116 124 131 131
Max 107 117 113 117 116 124 131 131
Min 76 58 57 61 20 20 20 20

5% 76 58 57 61 20 20 20 20
10% 78 68 68 66 20 20 20 24
25% 86 80 80 78 67 23 20 61| P=TO0mW.
50% 93 30 91 9k 95 95 82 95( Vpp=20V.
75% 100 98 99 101 99 101 101 105| Ta=25°C.
90% 106 102 104 109 110 109 109 592
95% 110 104 106 112 114 114 11k 909
Max 110 10k 106 112 114 114 114 909
Min 69 20 61 62 23 20 20 20

5% £9 €0 £8 4R A8 el el 20
10% 75 Th 73 7 7 7 69 5
25% 85 84 83 85 86 87 86 84| P=500mwW.
50% 90 92 91 90 91 93 91 92| Vgp=20V.
T5% 97 99 97 97 95| 100 99| 101| T,~25°C.
90% 99 103 100 100 101 107 105 109
95% 102 107 108 102 108 110 108 110
Max 103 110 -—- 109 108 110 109 111
Min 83 82 76 T7 79 81 81 85

5% 83 82 76 77 79 81 81 85
10% 83 82 76 7 79 8L 81 85
25% 84 82 81 7 82 82 86 90| P=4OOmW .
50% Ok 9k 93 87 87 92 91 94 Vop=20V.
5% 99 98 97 ol 100 105 109 114] T,=150°C.
90% 103 101 98 100 105 108 113 128
95% 103 101 98 100 105 108 113 128
Max 103 101 98 100 105 108 113 128
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TABLE 78. (CONTINUED).

HRS. | INIT.| 168 340 680 { 1000 | 1500 | 2000 | 3000
Min 69 72 76 77 76 76 79 79
5% 69 12 76 7 76 76 19 19
10% 78 79 83 84 82 82 8l 8l
25% 87 91 90 93 93 91 9k 95| P=200mW .
50% 92 93 ok 96 95 ok 96 99| Vop=20V.
75% 96 96 971 99 96 96 99| 100| Tp=150°C.
904 o8 102 98 101 100 101 103 103
95% 101| 103 98| 102 101 102 103 103
Max 101| 103 98| 102 101 102 103 103
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PROCESS C. CENTRIFUGE ONLY SCREEN. TABLE 79.
hgp DISTRIBUTION CHANGES WITH LIFE TEST.
hpg (Ig = 20 mA., Vo = 5 V.)

HRS. § INIT 168 340 680 | 1000 { 1500 { 2000 | 3000
Min Lo 50 49 50 51 51 4o 20

5% L9 50 it} 50 51 51 L2 20
10% 50 50 50 50 51 51 Lo 20
25% 61 62 59 62 63 62 L8 25| P=800mW.
50% 7 78 73 79 80 78 66 53| Vgp=20V.
T5% 88 88 82 88 89 88 80 80| Tp=25°C.
90% 106 109 101 110 111 110 10k 103
95% 106 110 101 110 111 110 106 105
Max 106 110 101 110 111 110 106 105
Min L8 Lg 48 L8 20 20 20 20

5% 48 Lg 48 L8 21 20 20 21
10% 50 51 51| . 50 L9 48 23 48
25% 58 59 58 59 58 57 5T 58| P=T00mW .
50% 96 ok 89 97 98 93 89 9k | Vcp=20V.
75% 106 106 109 109 110 108 110 109 Tp=25°C.
90% 122 113 116 122 124 123 121 121
95% 125 124 125 128 130 128 127 128
Max 125 124 125 128 130 128 128 128
Min 48 Lo 49 L9 50 50 kg 51

5% Sh 54 52 53 5k Sk 52 5
10% 59 59 58 55 59 60 57 59
25% 70 70 69 68 71 70 69 72| P=500mW.
50% 86 85 82 85 86 87 8l 86| Vop=20V.
75% 108 106 106 108 109 111 107 110 TA=2500.
90% 124 123 122 121 126 128 123 126
95% 134 131 126 128 133 135 131 133
Max 140 1 138 137 139 140 135 139
Min 54 54 54 52 53 53 10

5% 54 54 Sk 52 53 53 20
10% 55 55 55 52 54 54 23
25% 71 71 71 63 69 68 54 || P=LOOmW .
50% 96 98 95 83 8l 85 67| Vog=20V.
5% 101 104 102 90 100 102 98| T,=150°C.
90% 114 114 114 97 111 113 112
95% 115 115 116 98 112 114 113
Max 115 115 116 98 112 1141 113
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TABLE 79. (CONTINUED).

HRS. | INIT.{ 168 340 680 { 1000 | 1500 | 2000 | 3000
Min 51 51 51 20 20 20 20 20

5% 51 51 51 21 21 21 21 21

10% 52 53 53 51 49 51 51 51

25% 63 60 63 59 57 58 58 58| P=200mW.
50% 102 102 103 104 100 95 95 95| Vop=20V.
5% 116|116/ 117| 118 115/ 117| 118] 118| T,=150°C.
90% 124 124 124 127 122 126 126 126
95% 125 126 125 127 123 128 128 128
Max 125 126 125 127 123 128 128 129

278




:

hyp

pE¥pypsee ¥ 2o Rurep ER

FE

h

FE

h

800 mW., 25°C.

TABLE 79 GRAPH.

%90 %

700 mW., 25°C.

500 mW., 25°C.

75 %

50%

1%

400 mW., 150°C.

567 [ s Bl i
- ]
- 50% T —_ _
d07% \\
4o}— ~
2 ]
2o, 200 mW., 150°C.
75%
5:% =
8o~ .
6o} .
40| 107 ]
ch HouRSs 1¢ 340 6%0 000 1500 Rooo Sodo
279



O * . . s e » s = . C
s =P o =0 ) =0
mOO MOO mOo MOO
m &N &l in N AN
8 hY S R g &
= R R w6 < B &
[ fu B B Py T ST PV
e B TSR W e = S B QT o T N Vo NYTONE SN SN, BT o N TN SN N QA QU QT DD
m CO0OO0OVO0OO0CHMHMH] O0O0OO0O0OHWVWOO | COO0OO0O0OOHM | O0O00O0OO0OAHAHH
MW. :)Hn v Vv Vv (Ta N |

(e M B BB e TR Vo N T TN 1113\40322 ..Ll123l587 111138777

] Ol e v s e e e e e e | e e 4 8 + e e e e b s s+ e e+ e = »
(5] m OO OO 0000015%8 000001132 OOOOOOlll
® o] v v oy v v = = vV VvV v
3 QA O
g -
m (o e M B M AR W B el el H IO NN I s Bee B HAR N 4 2 W T W 5 AN MMM
(o] m [eNoNoNoNoNoNoNoNeo] [oNoNoNoNoNo - JTaNTgN D00000AM™N loNoNoNoNeoRe NI
M 5 [ YRV vV vV oy -+ QO vV v v o~ vV v
m. 8 -
S m llln¢30555 HerHA NSO NN - NMNMONO O 2222.&.5\4\4\4
3 Wu._ — m OOOOOllll @00000\455 UOOOOllffml 000000111
v
18] <A M~ A
(&) & [oNeoNeoNoNeNo NN oNoRoNoNONON- JTaRIal D250 A A AU AU ON QOO0 O0OO0O M
m » O v VvV vy v v = Q
2R °
/V\ o AN NONO A A L B B Pl nl e TR R TN 9,067.95950 AN I\ODODOD0
....................... *® = o 2 P = 2 s =
Ww = OCOOOCOOHAMMH QO OO0OOONMmM 000001119 [eNoNoNoNoNoNoNoNe]
] Q (18] agles; vV v
308 i
[an)
| &) o WOQO I~ NNV OO0 -0 NO\O F = AN -0 N M~ N OO O
m fnﬂ OOO O —edr e OO0 O0OOO~ANMmM OOOOOOO”E OO0 A HMmmm
5L -
B y oMY M~ 33333.4/0711 faes Mo BN S VR QUINES NG B QV IS i o AN QN \O O
A.“ ﬂ F COOOOO ™ 000000122 sNoNoNeoNeoNe N ol oNoNoNoNoNoNoNoNo!
& &
0 )
m [an]
[ ] (@] . %
Q w )] e} do/dOPdP%dﬁdeP ] £ BRORRCERUBRURR BRURR. X o} dpdpdpdﬁdﬁ%dﬂ b el do:do:doﬁ%dpdﬁdp bl
m m ms N\ Sosm HAINOINONO LU\ G HUONO WNNO N sm — N QO N Nnowun g aV]
= 3 -~ NN >N = N NN~ ONON = ..w“i I NN\ = A AN -ONON =




=200mW

20V.

=150°C
281

A

V8

(SR

A A0 ONO OO

---------

[eReoNeNeNoReoRNaUNRaY

3000

A A A NN AT

COO0OO0O0OO A
v v V

2000

QNN OO N0

COO0O0CO0OO0~A-M
vV v v

1500

A A NINONDO AN

COO0OO0OO0O0O MU\

1000

NN OMYMHMMOOD -0 O

OCOO0OO0OO0O0OAANN

680

— -l N INAO o

---------

[oNeNoNeNoNe N N

340 |

OOV OO H

OCOO0OO0O AN

168

o QN ON N D D
m OO0O00O0OO0HHM™
v v

TABLE 80. (CONTINUED).

SRERBERBR S
= H AR~ S

HRS.




TYT T V1§ T

_-y\- ¥ TV 1 _ 1K) __/_/_ H IR RN ] _\ 1RALIRIEI H 1
V

680 3000 1500 EOOO 000

T~
AN
V4
\\/

TABLE 80 GRAPH.

\\\ g //

[

.
\//  . \
\A

s < o
in n w2 A
(4] (a1} P a\
> : ik > |
2 R | '] e 2 7 ol % 5 1
m 8 o] & ]
[ "N\ X
AN | il / | PR N O A | [T | [ I | il |
] - - - w9 - -
Ql
 (soxadweousy uy) 081 - (saaadmeoweN ut) OH0T + (seaadueousy uy) O8I %




YT T T T T LILIE BB B W / TTrrr i1 .‘/:.-/-/_d ._ m "
©
Y
| / ;
b \ m
2 \ / \
& / 3
3
: /
v ) d \v 7
| /
, A~ . N g
o / )
o o /
i N Q
| ! ~
3 A | s 3 5018 A F
g : g 3
F «
,mf.._. [l 1/_.. 1 ; =y ”._:.. 1 _. .1:_. h.. ) JI
* (saaadursousy uy) O€0T + (seaaduweouey ut) O€01




TABLE B1.

CONTROL LOT.

PROCESS B.

Iepo DISTRIBUTION CHANGES WITH LIFE TEST.
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PROCESS A. CONTROL LOT. TABLE 83.
hpg DISTRIBUTION CHANGES WITH LIFE TEST.
hgg (Ip = 20 mA., Vog = 5 V.)

HRS. {§ INIT.| 168 340 680 | 1000 | 1500 | 2000 | 3000
Min 4 T4 68 73 5 73 20 20

5% T4 Th 68 73 75 73 20 20
10% Th Th 68 73 75 73 20 20
25% Th Th 68 4 75 75 T2 72| P=800OmW.
50% 78 79 T0 80 81 80 81 80| Vgp=20V.
75% 84 87 78 86 87 82 87 86| Tp=25°C.
90% 85 87 79 87 88 83 87 87
95% 85 87 79 87 88 83 87 87
Max 85 87 79 87 88 83 87 87
Min 65 66 67 66 66 66 65

5% 65 66 67 66 66 66 65
10% 66 66 67 67 67 67 66
25% 67 69 69 69 68 68 67 P=700mW .
50% 81 80 86 85 81 87 85 Vep=20V.
5% 88 89 90 89 89 89 89 Tp=25°C.
90% 89 92 92 91 91 93 93
95% 90 92 93 92 92 93 93
Max 90 92 93 g2 g2 93 93
Min Lg L8 50 Lg 20 20 20 20

5 59 62 63 A0 20 20 20 20
10% 67 65 69 63 20 20 20 20
25% 72 71 75 70 65 65 66 64 || P=500mW.
50% 83 85 83 81 75 76 79 78| Vop=20V.
5% 89 91 93 86 86 87 90 88| T,=25°C.
90% 93 96 99 91 9k 95 97 93
95% 98 98 99 92 o7 97 99 96
Max 100 101 102 96 101 100 105 100
Min 56 57 56 5k 55 56 57 22

5% 56 57 56 54 55 56 57 22
10% 56 57 56 5k 55 56 57 22
25% 63 63 63 60 61 62 63 56 | P=4OOmW .
50% 7 82 8l 78 79 81 82 73| Vep=20V.
75% 81 85 85 80 82 83 8L 91| Ta=150°C
90% 91 92 91 87 89 91 91 541
95% 91 92 91 87 89 91 91| 541
Max 91 92 91 87 89 91 91 541
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TABLE 83. (CONTINUED).

HRS. || INIT.| 168 340 680 | 1000 { 1500 { 2000 | 3000
Min 57 59 56 59 57 59 58 59

5 57 59 56 59 7 59 58 59
10% 63 64 61 64 63 64 63 6l
25% s 76 T2 76 (N 76 Th 761 P=200mW .
50% 78 83 77 83 81 83 83 83| Vep=20V.
75% 83 88 87 87 86 87 87 87| Tp=150°C.
90% 96 92 89 91 90 91 460 92
95% 99 ok 89 9k 92 okl 829 ok
Max 99 9L 89 gk 92 9k 829 oL

293
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PROCESS B. CONTROL LOT. TABLE 8k.
hpp DISTRIBUTION CHANGES WITH LIFE TEST.
hyg (Ig = 20 mA., Vog = 5 V.)

HRS. { INIT.{ 168 340 680 { 1000 | 1500 | 2000 { 3000 |
Min 69 71 20 20 20 20 20 90

5% 69 71 20 20 20 20 20 90
10% 69 71 20 20 20 20 20 90
25% 76 81 70 71 7 20 20 951 P=800mW.
50% 85 87 89 90 91 93 91 110} Vap=20V.
5% 95 101 102 106 107 112 110 117| Tp=25°C.
90% 100 104 106 107 108 115 116 120
95% 100 104 106 107 108 115 116 120
Max 100 104 106 107 108 115 116 120
Min 64 65 63 6L 66 20 20 50

5% an 65 63 6L 66 20 20 50
10% 65 68 68 69 70 Ll 20 57
25% T7 77 76 76 77 75 65 79| P=700mW.
50% 89 88 8 86 87 89 88 95| Vop=20V.
75% ol 101 102 102 102 108 112 1144 T, =25°C.
90% 101 110 112 112 111 11k 120 128§
95% 105 111 114 115 113 115 124 128
Max 105 111 i1k 115 113 115 12k 128
Min A1 AL 20 25 25 o0 20

5% g4 shl 56l s 56\ 57Ty 57
10% 76 75 72 71 71 T1 7
25% 83 8L 81 83 82 83 83 P=500mW .
50% 89 93 88 93 90 93 92 Vep=20V.
75% 100 102 98 102 101 103 102 T =25°C.
90% 101 106 101 107 105 106 107
95% 103 110 109 110 107 110 110
Max 105 113 110 11k 111 114 113
Min 61 60 61 19 20 20 20 20

5% 61 60 61 19 20 20 20 20
10% 61 60 61 19 20 20 20 20
25% 92 90 89 59 60 61 162 62| P=4OOmW.
50% 103 96 101 98 102 104 267 105 | Vop=20V.
5% 105 100 104 102 104 109 281 107 || Tp=150°¢C |
90% 111 103 110 105 108 —— 297 111
95% 111 103 110 105 108 - 297 111
Max 111 103 110 105 108 - 297 111
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TABLE 84. (CONTINUED).

HRS. § INTT.| 168 | 340 680 | 1000 | 1500 { 2000 { 3000
Min 57 56 55 55 54 5k 55 5k

5% 7 56 55 5 54 5 5 5k
10% 60 58 59 59 58 58 59 58
25% T8 78 76 78 75 75 T7 79 | P=200mW .
50% 92 90 89 90 88 88 90 91} Vop=20V.
75% 97 ok 95 96 95 93 97 98} T,=150°C.
90% 106 102 104 105] 10k 104 105 107
95% 108 107 104 106 104 104 105 109
Max 108 107 104 106 104 10k 105 109
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PROCESS C. CONTROL LOT. TABLE 85.
hgr DISTRIBUTION CHANGES WITH LIFE TEST.
hpg (I = 20 mA., Vo = 5 V.)

HRS. § INIT.| 168 340 680 | 1000 | 1500 { 2000 { 3000
Min 51 53 43 49 51 52 L8 24

5% 51 53 L3 49 51 52 48 24
10% 52 Sk 43 50 51 52 kg 25
254 65 65 5k Al 65 66 67 L6 P=8BOOmW.
50% 89 91 61 89 89 83 91 T6] Vog=20V.
5% 120 118 88 106 108 109 111 111 TA=2500.
90% 131 133 95 118 119 119 119 120
95% 131 134 96 119 120 120 119 121
Max 131 134 96 119 120 120 119 121
Min 36 L9 48 48 20 20

5% 36 49 49 L9 20 21
10% L8 58 58 58 28 L9
25% S 67 65 69 66 58 P="700mW .
50% 8L 85 84 7 88 97 Vor=20V.
T5% 91 92| 100 95! 1ok 111 T,=25°C.
90% 118 119 115 121 123 127
95% 126 123 122 126 128 130
Max 126 123 122 126 128 130
Min 52 53 2C 53 Sk 53 53 20

5% 56 57 55 57 58 57 57 56
10% 60 63 60 63 64 63 6k 61
25% 68 71 70 68 71 70 70 71| P=500mW.
50% 79 87 80 82 85 82 82 78| Vyp=20V.
T5% 102 100 95 101 102 101 101 101 T,=25°C.
90% 119 115 111 116 118 117 116 116
95% 126 126 128 126 128 127 127 i21
Max 140 141 — 139 142 140 141 142
Min b1 49 Lo 32 32 33 33 20

5 41 Lg 40 32 32 33 33 20
10% b2 50 b1 33 33 34 33 2
25% 63 65 56 50 50 |. kg L6 39 P=LOOmW.
50% 81 82 7 77 80 82 87 T4 | Vop=20V.
5% 111 113 106 101 110 113 109 98| T,=150°C.
90% 129 130 124 120 127 130 132 116
95% 131 131 126 122 128 131 132 117
Max 131 131 126 122 128 131 132 117
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TABLE 85. (CONTINUED).

ERS. § INIT.| 168 | 340 | 680 | 1000 { 1500 | 2000 { 3000
Min 35 54 5k 22 53 55 5k 55

5% 35 5k 54 52 53 55 5k 55
10% 54 54 55 52 54 55 55 56
25% 58 60 60 57 59 60 60 61| P=200mW.
50% 80 80 79 76 77 Th 78 T9|| Vop=20Y.
5% 04| 107 1ok| 1o4| 1o7| 1lo0| 111 113| T,=150°C
0% 120 116 11k 110 110 122 121 1k2
95% 120| 121| 120 114| 126| 132| 135| 159
Max 120] 121| 120 14| 126| 132| 135] 159
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