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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 2NT18A 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. Failure 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.
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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.



TABLEOF CONTENTS

Page

1

Review of Program ........................................

Trust Results .............................................

Recommended Screens ......................................

SECTION II. SCREEN RESULTS

A_ Introduction ............................................. 18

B. High Stress Screen ....................................... 19

C. Moderate Stress Screen ................................... 20

D. Centrifuge Screen ........................................ 22

E. Control Lot .............................................. 23

F. Stress Screen Yields ..................................... 23

G. Truncation Screen ........................................ 2h

SECTION III. LIFE TEST RESULTS

A. Introduction ............................................. 29

B. High Stress Screen ........ ,.............................. 30

C. Moderate Stress Screen ................................... 31

D. Centrifuge Screen ........................................ 32

E. Control Lot .............................................. 32

F. All Processes Combined. .................................. 33

SECTION IV. FAILURE MECHANISMS AND ANALYSIS

A. Physical Nature of Failure Mechanisms ....................

B. Failure Mode Chart .......................................

C. Failure Analysis Procedure ...............................

D. Failure Analysis Summary .................................

E. Failure Analysis Reports .................................

F. Program_Failure Response Code

3_

hl

5h

56

73

............................ lh2

i



Io

I
I

I

i

1

I

!
I

ii

I

I

I

i

I

I

I

I

TABLE OF CONTENTS

Page

SECTION V. NOISE STUDY

A. Results of the Noise Study ................................ llh

B. Noise Study Literature Search ............................. 146

C. Noise Screening Related to Manufacturing Processes ........ 147

D. Noise Current Effectiveness ............................... lh8

E. Low Frequency Noise Screening Effectiveness ............... 149

_CTION vl. _S DETAILS

A. Electrical Specification ..................................

B. Process Differences ........................................

C. Fnysical and Fabrication Details ..........................

D. Photographs of the Physical Appearance of the Pellets .....

TABLES ........................................................

FIGURES oo.ooeo.ooooo.oQgoooooooo,,I.ooI.,oloo,o-oo--e_'oeooto

BIBLIOGRAPHY ..................................................

151

156

157

158

159

309

317

ii



I
I

I
I

!
I
l
!

i I

I
I
I

I
I

I
i
I

Table

I

2-5

6-10

ii-2_

25-37

38-51

52.-6].

62-67

68-73

74'79

8O-85

86

87

88-9].

Figure

LIST OF ILLUSTRATIONS

Title Page

3000 HOUR LIFE TEST FAILURE RATES ......................... 159

3000 HOUR LIFE TEST RESULTS _ SCreENS ................. 160

CE_TRIFGGE FAII//RES AFTER SCREENS AND LIFE _.ST .... •...... 164

RES_gNSES T_) HIGH S_x*_SS SCREEN ........................... 169

RESPONSES TO MODERATE STRESS SCREEN ....................... 183

RESPONSES TO _aL_TK/_I/GE STRESS SCREEN ..................... 196

RESPONSES FOR THE CONTROL LOT ............................. 210

RESPONSES TO LIFE TEST AFIS_ _[GH STRESS SCREEN ........... 220

RESPONSES TO LIFE TEST AES_ MODERATE STRESS SCREEN ....... 238

RESPONSES TO LIFE TEST AI_ER Uam'fltL_E STRESS SCREEN ..... 259

"RESPONSES TO LIFE TEST FOR THE CONTROL LOT .... •........... 280

SCREEN, BURN-IN AND LIFE TEST YIELDS ...................... 301

TEST MATRIX CELL NUMBER ASSIGNMENT ........................ 302

TRUNCATION SCKEENING TABLES ............................... 303

Title Page

i 2 FAILURE ANALYSIS FLOW CHARTS 309ooooo@o_toee iooe_oeoeeoooelole

3 - 8 NO_ STUDy FIGUaES.... ................................... 31-I

iii

I



I

i

I

I

Symbol

i

2

3

4

Dar_/-_iTIONS OF SYMBOI_

FAILURE RESPONSE CATEGORIES

Definition

Parameter within original spectification limit

Parameter within an end-of-life limit

Parameter _thin a catastrophic limit

Parameter beyond a catastrophic limit

Electrical Definition of Symbol Limits

Parameter I 2 3

ICB 0 i0 nA I0-I00 nA i00-iOO0 nA _I uA

I0 mA i0.-i00 nA i00-i000 nA _i uA

.

I

!

I

_Bo

BVCE o _o v 3o-_ov 20-3o v <2o v

BVc_o % ShlZt l_ % 2_ % 5O % >_0 %

40-120 35-40 & 28-35 a _ or
120-150 150-180 _ 180

i

VCE(sat ) % Shift 15 % 15-25 % 25-50 % >50 %

VBE(sat ) % Shift 15 % 15-25 % 25-50 % >50 %

I

!
I

I

I

iv



le
i

i

i
I

i

i
i

i
i

i
i

I
i

i
i

i

!

TECHNICAL REPORT

RESEARCH TO _ FAILURE MODES FOR T_.NSlSTORS

C0WmACT NASS-LI059

SUMMARY

A detailed inm_stigation for determining the reliability of

a total of 1500 diffused planar transistors Of the 2NVISA 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-ln Screen and Control

Lot. n'ne 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 2_VI8A

specification sheet was the criterion used for selectingthe devices

stressed on this program. The High Stress Screen consisted of 168

hours of stress at an ambient temperature of 250°C with a reverse bias

of 30 volts. Sis was followed by 168 hours of storage at 300°C and

then 20,O00G centrifuge. The Moderate Stress Screen consisted of 168

hours of stress at an ambient temperature of 200°C with a reverse bias

of 30volts, followed by 168 hours of storage at 200°C and then 20,000G

centrifuge. A Centrifuge Screen was also used which consisted of a

single 20,O00G centrifuge stress. A Control Lot was formed whlch 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 800row at TA of 25°C, 700row at

TA of 25°C, 500mW at TA of 25°C, 400mW at TA of 150°C and 20OmW

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

i000, 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 sux'ficient

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 ICB O when they were placed on a

reverse voltage and temperature stress. 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. Detailed 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

2
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results of this program indicate the advantages of a stress screen

for reliability improvement of these devices. A reco_ended 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

• o lh_ t,_ 8_,_i_I_ oI" t,_ _r_ _ar_,rl Z_ 0 an_ :_ of

population of devices under several levels of operating power.

3
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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

2N7iSA type, manufactured by three different processes. A review of

the electrical specification for the transistor type, ph?tographs of
i:

the i___.ernal construction of the three devices, and details 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 lO -lO 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.
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%_e detailed analysis of the failures produced in the step-stress

matrix was included in a previous Quarterly Report. It was determined

that ?rocess A units had surface related failures as tLe most dominant

failure mechanism. There were also a few instances of f_ilure due to

_0id Is the b_ i_d mi_r_tln_ _nd _ll0Mi_ into th_ _e_!_ _o %hat

tLe collector was shorted to the base. _ne Process B uni%s also had

surface re_a_ed failures and were found to have lead separation from

the post _f" the header as the dominant failure mechanism. Many of

these leads appeared to be almost cut through due to the bonding pres-

sure when the lead was applied. There were also twz> im_bsnces of the

pellet separating from the header. The Process C units showed bulk

degradation as the most dominant failure mechanism. %%on analyzed

mosL of these units showed micro-cracks under the lead bond connec-

tions. 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 250°C with a reverse bias of 30 Volts. This

was followed by 168 hours of storage at 300°C, which was then followed

by a 20,000G centrifuge stress. A Moderate Stress Screen was designed

_hich 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

25°C,levels were 800 milliwatts at an ambient temperature (TA) of

_0 .-_ • _- - _cO_ ),_n
(UO miiliwatts at a TA of _p 5, puu mx±x_w_bo_ at a TA uf _w _, _

milliwatts at a TA of 150°C and 200 milliwatts at TA of 150°C. Data

were read out on critical parameters at 0, 168, 3h0, 680, 1,000,

5
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1,5©_), 2,00C _nd 3,000 hours. Four failure response categories were

de_-ive_ so _hat the electrically defined failures could be located

at each readout time in the life test. In general, the units were

not acLuaiiy _-e_.oved from life tes +, but were lef_ on test to deter-

mine if fu>_ther degradation occurred. These failure response cate-

gories are identified as l, 2, 3 and 4 and correspond to units that

met the _ :ginai specifications, units that would have met normal

high re_/_oility 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 a-hlft of the critical

parameters.

This form of the test matrix resulted in 20 individual test

cells for each of the processes. Since less than 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 cell.

_nen 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 tha_ might have been found from failure analysis, since

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

trifuge stress.

B. TEST RESULTS

I. General. Table i shows the calculated failure rates for

all of th_ life test conditions and for the various stress screens.

The several 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 Poisson

distribution with a consequent assumption of a constant failure rate

in time. The calculations were all made for a 60% 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 the 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 l0 show the results of the centrifuge stress

test that followed 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

f_led after P0_000 G's and 150=000 G's.

7
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It 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 n_tunber of units that failed during _he barn-in period is

also included in Tables 2 through 5. The second failure rate calcu-

lation in Table ! shows the reduction in the failure rate th&_ would

be observed if th_ failed units had been removed at the end of the

168 hours of burn-in.

2. Failure Rates. The failure rates calculated and shown

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

and 5. For example, Table 2 contains the number of units and the

number of failures that occurred on the 3,000 hour life test. 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 (_l). 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,h72 unit hours. Using the one failure produced,

the second expected failure rate (FR2) would be 3.h% 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 cells the burn-in screen would not have

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

8
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a. High Stress Screen. The High Stress Screen was

damaging for Process B and C Units, since the life test results show

higher 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

•_hen the data associated with the stress screen responses were analyze_,

it was seen that th_ Process A units showed more signific_t movements

when suVjected to the High Stress Screen than for the other screens.

Therefore, it was concluded that the High Stress Screen actually

resulted in destructive degradation of the units, The table below

shows the summaz-j of results of the High Stress Screen. The tabula-

tion was obtained by adding together the unit hours and the number

of failures for each of the life test conditions.

LIFE TEST FAILURES AFTER HIGH STRESS SCREEN

Process A Process B

Test, K-hours

Total Failures

Failure Rate 1

Process C

375 360 2_

ll _2 5

3.3 12 26

Test, K-hours

Post Burn-in Failures

Failure Rate 2

368 278 17.5

I0 2O h

3.1 7.8 30

!

!

!

!

m

|i i

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-

vived the scree'n compared to those units which were not subjected to

the screen. However, the other life test condiLions ............. _
!

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

9
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some potential damage to the units. When the response pattern of the

devices _hich were subjected to the screen (Table 3) is compared to

the response 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 an_ that
¢

these faiLues 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

Test, K-hours

Total Failures

Failure Rate 1

Process A Process B

h86 438

7 19

1.7 h.7

Process C

321

33

ii

I

I

I
I
I

I
|

Test, K-hours

Post Burn-in Failures

Failure Rate 2

481 395 271

6 i0 22

1.5 2.9 8.8

c. Centrifuse 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 inthe 200 milliwatt

cell. It is not felt that much significance can be placed on these

results because of the small magnitudes.

l0
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For the Process B transistors, the Centrifuge Screen appears to

be destructive for _ll but two of the life test cells. For the 500

milliwatt and h00 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 700 milllvatt level,

_hich showed a reduction in the failure rate over the devices in the

control lot. These results will be discussed more thoroughly 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 _ CENTRIFUGE SCREEN

Process A Process B Process C

Test, K-hours 255 2h0 273

Total Failures 8 20 29

Failure Rate 1 3.7 9.0 ii

I

I

Test, K-hours

Post Burn-in Failures

Failure Rate 2

255 19h 205

8 9 13

3.7 5.4 7.1

I

I

I
I
i

I
{

1 ,I
I.

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 ICB 0 and the

other half exceeded the maximum limit for hFE. The hFE failures

were probably due to instrumentation differences. The ICB 0 failures

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

ll
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initial screening and the time of the program screen. There was

a slight tendency observed for the ICB 0 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 LOT

Process A Process B Process C

Test, K-hours 232 213 306

Total Failures 8 14 32

Failure Rate I 4.0 6.6 Ii

Test, K-hours 228 202 227

Post Burn-in Failures 7 8 11

Failure Rate 2 3.7 2.6 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 c_nplete 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 YI

axis, the axis which would tend to pull the lead bond away from the

12
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pelleD. The devices were first stressed at 20,000G and then were

stressed a+_ 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

hour life test would reveal any tendency of devices from the several

processes zo 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 any residency to pro-

duce the intermetallic compounds should have occurred on the life

tests. The results in the centrifuge tables do not show any such

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,O00G's,

approximately half of the units were still able to survive.

C. RECOMMENDED SCREENS

i. 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 shifts were examined, it was 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 th e failure rate.

The Centrifuge Stress Screen showed little real effect qn the failure

rate. It did not seem to be damaging to the units. It was also found

that the burn-in test following the stress screen resulted in a small

reduction of the failure rate.

B. 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 h00 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.

_. Process C. Once again, the High Stress Screen proved to

be damaging for the devices subjected to it. The Moderate Stress

Screen resulted in a s_newhat indeterminate answer since the failure

rate was improved for same 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

14
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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 combination, 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.

c) Centrifuge stress at 20,O00G's in Y1 plane.

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¶

15
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_q_en 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

identification and removal of devices which exhibit channeling. Such

a _est 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 en_ of this time period, the heater in the oven s_ould be

turned off, but the voltage stress should be left on th_ units until

they have cooled to roam 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 rated voltage, and those

showing any significant shift should be screened from the lot. The

specification limit for the collector cutoff current, ICBO, is I0

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 current. A recummended limit is to allow an increase in

leakage current of 5 to i0 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 possible 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 distribution. 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 point. All of these steps

add cost to the devices and the lot processing could become very

16
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expensive, particularly if the lot contains a large number of

devices.

If it was determined that a pattern existed which was suscep-

tible to truncation screening, and if this pattern was representative

of the production, then £_ mlgh% be _ossible to translate the trunc&-

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

a function cf the manufacturing process and would almost certainly be

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

Therefore, a practical and efficient screening procedure would

include the following steps:

(a) Serialize, or otherwise identify the devices, and

measure ICB O.

(b) 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.

(c) Measure ICB 0 and reject all devices which show an

increase greater than i0 times the initial reading.

This measurement must be completed within 12 hours

after the time the devices have cooled to room

temperature.

(d)

(e)

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.

(f) The lot may now be tested in accordance with normal

lot inspection and acceptance procedures.

17
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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 llfe te_ts were started. The data

associated with this section appear in Tables ii 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

11-24

25-37

38-51

52-61

Subject

High Stress Screen

Moderate Stress Screen

Centrifuge Screen

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' _BO' VCE(sat )' and VBE(sat ). The values of ICB O

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
i

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 step in the screen, as well as a set of

tabulated values for these shifts.

18
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B. HIGH STRESS SCREEN

The High Stress Screen consisted of three steps. The first

step 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
T

step subjected the units to a 168 hour bake at 300"C. The tlnal

step subjected the units to a 25,0OOG centrifuge test in t_e Y1

plane. _

1. Process A. The ICB 0 response of the Process A units

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

the graph shows that Process A units increased in leakage current

significantly after the first portion of the stress, rec_._ered 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 was measured at a relatively high collector current and, hence,

would not reflect small changes in ICB 0.

2. Process B. The ICB 0 shift (Table 12) and the hFE shift

(Table 15) again indicated surface inversion as the dominant failure

mechanism. _e BVcE 0 (Table 17), _BO (Table 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 teat 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

19
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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 ICB 0 shown in Table 13, hFE in Table 16, BVcE 0 in

Table 18, IEB 0 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 ICB 0 response was the most signifi-

cant. When the data was analyzed in detail, it was seen that the

screen degraded the devices. _is 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 Y1 plane.

1. Process A. _e ICB O distribution shift for the Process A

units is shown in Table 25. As in the High Stress Screen, the

2O
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po_&lation shifted upward after the reverse bias and temperature

stress, recovered during the bake stress and then increased

slightly following the centrifuge stress. _e device response was

again typical of the pattern expected for a surface inversion

failure mechanism.

_ae hFE shift (Table 28) supports this analysis. Again,

the measurement was performed at a relatively high collector current

and did not reflect small changes in iCB O.

2. Process B. _ae previous response pattern was again

repeated. _ae ICB 0 (Table 26), hFE (Table 29), BVcE 0 (Table 31),

and saturation voltages (Tables 34 and 36) data all reinforced 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 IOB 0 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

inversion. 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) did

not change significantly throughout the several steps of the stress

screen.

The BVCE 0 response to the Moderate Stress Screen is shown

in Table 32. The significant change was in the lower 10% of the

distribution, which showed a rather large decrease in BVCE 0 following

the first stress. However, these units generally recovered during

the second stress. Tais represented another confirmation of surface
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inversion. The IEB 0 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 a possibility of microcracks

being present in the Process C devices. _ne most significant

response was seen in ICB 0 again. The screen did not appear to have

damaged the devices and this analysis was generally confirmed by the

life test results.

D. _GE SCREEN

The Centrifuge Screen consisted of one single step in which the

devices were subjected to a 25,OOOG centrifuge stress in the Y1 plane:

The ICB 0 response to the stress is shown in Tables 38, 39, and

40. In each case the value increased after the stress, but this

increase was in the order of a nanoampere and, hence, is not regarded

as being significant.

The hFE 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 distribution of BVCE 0 in Tables _, and 45, _BO in Tables

46 and _7, VCE(sat ) in Tables 48 and 49, and VBE(sat ) in Tables 50

and 51, all showed 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 to a !_fe 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 approximately ten weeks after

the initial reading. It was expected that no significant distribu-

tion shifts would show during this time span since the devices were

stored at a room temperature ambient.

The ICB 0 distribution shown in Tables 52, 53, and 5_ indicated

shifts but these were generally less than one nanoampere and are

insignificant.

The _ distributions are shown in Tables 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 BVcE 0 in Table 58, the IEB 0 in 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

23
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been screened out by 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 rejected according to

the various response categories after the screen. It w_il be

noted %hat some of the devices that could have been rejected by
J

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

T_ancation screening has been discussed in Quarterly Reports

_, #3, and #h 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 evaluation 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,

24
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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.

_is 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 2NY18A specification values.

The essential difference can be illustrated by reference to

VCE(sat ). The 2NT18A specification gives a limit 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 from 150 to

409 millivolts and Processes B and C ranging from 80 to 165

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 one 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 llfe 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
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result from screening out more of these failures. For example,

if it had been 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 T_.:ncation

Screen as a substitute for stress screening. Table 89 was prepared

similar to Table 88_ to demonstrate this technique. The table shows

+_n+ JJ _ +_ .... _+_ w_b later e, ll_a ÷h_ r limits could have

been screened out initially by screening out the upper ten percent

of the distribution. If this had been done, all of the ICB 0

failures would also have been removed. The high frequency noise

test could also have been effective. However, the uni_ that co;_ld

have been removed by a Noise Figure screen could also have been

removed more easily and economically by the _BO 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 llfe test. When the data was analyzed

in detail, it was found that screening out the upper and lower 3%

of the _ 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

Af
_o

I



I
l

l
I

I
I

l
I
I

I
I

I
I
!
I

I
I

failures.

following points:

The truncation screening would be performed at the

_BO @ 97th percentile

B_CE 0 @ 95th percentile

hFE @ 95th percentile

hFE @ 5th percentile

VCE(sat ) @ 95_ percentile

3 units eliminated

5 units eliminated

4 units eliminated

3 units eliminated

units eliminated

19 units or 37% of Failures

If the percentages are multiplied, a yield of 79% is

indicated. However 3 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 parameters.

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. Screening to the 5th

percentile of the _ 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

27
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were damaging responded differently to truncation screening than

the devices stressed in non-damaging tests, k_en the data were

analyzed, it was found that there was little difference between

the failed units and the entire population. If the upper and lower

15th percentiles of the iCB 0 distribution for the Control Lot were

screened, no significant results would be produced. _aere 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 _runcation

Screen.

From the foregoing analysis, it may be seen that th_

application of truncation screening is limited. Comparatively

elaborate data analysis techniques must be employed, and the

resultant parameter characteristics must be shown to be 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 s_creenlng

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

A. INTRODUCTION

It was realized that an important factor influencing the results

to be obtained on _he life tests was the actual Junction temperature

of the devices under the operating life test conditions. To assess

the variation of the junction temperature, measurements were made of

_ thermal resistance w-_ a sample of the de-v_ces .....,_ _ would be put

on life tests. T_e thermal resistance was measured in accordance

with standard JEDEC measurement methods. Although the thermal resis-

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

there was a small enough variation to make the assumption that all of

the devices would be operating at about the same juncuion temperature

under the same stress conditions.

The life test tables and graphs show parameter response data for

ICB 0 and hFE for each stressscreen 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 ICB 0 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 organization, 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 statistical confidence 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

29
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to dete__mine 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 tes%. Information

was obtained about any apparent hardening of the bonds but the failed

units were c&ta_trophlcally destroyed. Thus,some of the resul_8 _h&_

might have been found from failure analysis were masked. The failure

a_a].'_is 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 in Length at

the following conditions:

i. Power = 800mW, VCB = 20V, TA = 25°C

2. Power = 700mW, VCB = 20V, TA = 25°C

3. Power = 500mW, VCB = 20V, TA = 25°C

2. Power = h00mW, VCB = 20V, TA = 150°C

5. Power = 200mW, VCB = 20V, TA = 150°C

B. HIGH STRESS SCREEN

The High Stress Screen consisted of 168 hours of stress 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

3o
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an_ graphs are contained in Tables 62 through 67.

The ICB 0 distribution for Process A and B devices shifted during

the life test in a fashion that indicated surface relate@, or chan-

neling_ failures, The magnitude of the shifts also tended to indicate

that the screen h_d resulted in some degradation of the devices. The

Process C umits showed over an order of magnitude greater shifts. The

response pattern for Process C tended to confirm the previous analysis

which indicated th_ presence of microcracks and that the High Stress

Screen degraded these 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 dcmlnant

failure mechanism.

The estimated failure rates calculated for the devices are shown

in Table l, and have been discussed in detail in Section I.B.

C. MODERATE STRESS SCREEN

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 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 73.

The ICB 0 distribution shift for Process A and B devices was less

than the shift for theHigh 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 Table 1 and have been discussed in Section I.B. The Moderate

Stress Scr_au and 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 thr_e 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 Tables 74 through 79.

The ICB 0 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 amount of shift

on hFE tended to confirm the analysis.

The estimated failure rates calculated for the units are in

Table l, 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-

_ _ _ m_urement times of the screened devices. The lot was
----I=_ .........
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then divided into sub-lots and placed on life test. The life test

data and graphs are contained in Tables 80 through 85.

The ICB 0 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 ;_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 I, 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

i. 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 j_ction similar to those in a parallel plate capacitor'

The fringe field can then line up dipole atoms or ions on the dielec-

tric Si0 2 surface or within the passivation layer so _h_z (-) charges

face the collector surface and (+) charges are aligned facing the

base.

// .Fringe Field

Base - P Type ]

/ ÷

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

34
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off as the space charge region gets wider with voltage. This effect

gives the IcBoCharacteristic a high saturating type of slope.

Since the mobility of the charges under the electric field will

increase with temperature, the Type A failure mechanism i8 acceler-

ated when voltage Ss applied under high temperature conditions.

..... _i.. be c_p_+_[ recoveredUnits _ith i_/pe A behavior can _o_a_j ......

by heating wi_hou_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 "N" 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 "N" 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 BVcB 0 (now determined

by the collector N+ resistivity). Measurement of BVcB 0 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.

Emitter-base surfaces influenced by a positive field grid

bias (N type) have been shown to result in an hFE degradation.

Thus, it may be assumed that an "N" type inversion on the base,

reaching into the emitter-base Junction area will degrade hFE _

Temperature-induced surface failures, which may have uniformly

influenced oxides toward "N", will have degraded hFE levels along
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with Type A collector-base characteristics. The observed IEB 0 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

a 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. T_e 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.SEA

or less) as compared to Type A rejects, which run from lOnA to lOuA

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

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

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.

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. •
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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 junction 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"

cylinder- 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 sho_s an

example of the defect.

Aluminum base ring

with microcrack

junction

J, ,,
_le_ndneto 1

CE microcrack

'_" doped material collector aro_ d
carried to Collector microcrack TY_

B-l-a Failure
d

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 th_ 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 excee_a tha_ of the aluminum at _he coliec_or-

bas_ 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 _, type pipe

coupling the emitte r 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-B-b.

Type B failures which show evidence of having been through a

severe runaway condition, can s_etimes 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 ICB 0 increase. Damaged junctions which may be caused

during scribing and separating operations, are especially sensitive

to electrical stresses. Cracks may propagate fr_n any rough broken

edges into Junction areas, usually following the natural (lll) cleav-

age planes. Cracks and chips may also be caused by rough handling

during pellet mount or wire bonding operations.

S. Type C - Opens. Type C-I 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

$8
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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 9cc_r at the pgint @f contact between the gold wlres

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.

Some 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 intermetallics 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 complete 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
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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. In 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 if,the bonding

temperature or pressure is low, if surfaces are dirty or_ oxidized, or

if the reducing ga_: 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 e_s or metal walls. Large mechanical stresses such

as centrifuge or _Tibratlon, or wire sagging effects after long thermal

exposure may caus_ the internal components to short.

5. T_e E - Humidity & Hermeticit_. 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-I). 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 frc_ other Type E's in the retention of

4o
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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 bri_e across contacts. These salts are relatively insoluble

and cannot be removed by the water rinse that follows salt spray test-

ing.

These external leakage effects increase with higher humidity

conditions. Thus, measurements made in a hot humid room may have a

level than if the test was p_rformed inconsiderably highe_ leakage

a dry atmosphere. Type E-5-a leakage can be eliminated by chemical

washing and drying without resorting to extensive bakeouts. Thus,

Type E-5-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 devi/ce 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
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the possible failures of silicon planar transistors and thus contain

s_ne failure codes which were not observed in the failures produced

in _his program.
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C. FAiLb_E ANALYSIS rmOu_,i/R_

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.

as :

The basic categories or Preliminary Analysis Codes are defined

_e 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.

Type F.

Package problems - hermeticity of header construction

failure.

Failure due to improper handling.

The flow charts presented as Figures i 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 mass spectrometer facility has been utilized to

confi_ 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 identified.

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. Radifio, dew point, floating emitter potential and

fluorescent penetrant dye (Zyg!o) 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,

initial 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 _]d 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. F 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. FAILURE ANALYSIS SU_viARY

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

gram were analyzed to determine the general failure mechanism.

Representative ssmpi_ of each type of failure mechanism were

then analyzed in detail. These detailed analyses are summarized

in this paragraph.

i. Process A. Three of the failures that were analyzed

showed failure mechanisms related to impurities introduced in

different areas of fabrication.

Unit A155 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 ±allure 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 A419 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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Unit

A353

A528

A419

A155

SUMMARY OF FAILURE _;ALYSES FOR PROCESS A b%'ITS

Primary

Parameter

Failed

Test

Causing

Failure

FailureDescription Failure

Code

VSAT

IEB0

ICB0

ICBO

400mW, 150°C

1500 hr

300°C bake

168 hr

h00mW, 150°C

1500 hr

500mW, 25°C

i000 hr

The collector contact

resistance increased by

oh_% lq oh_ms due to

separation between the sili-

con and the eutectic bond.

C-7-b

High IEB 0 leakage due to a

bridge of aluminum running

from base ring to the

emitter-base junction.

Conductive leakage developed

from ring through emitter

oxide - faulty deposition

processing.

Faulty

Processing

Leakage found to be due A-2-b

to a high humidity inside

the device, as much as 90 mm

pressure under heat. The source

of H20 was faulty outgassing of

parts in manufacturing - not a

hermeticity leak.

A collector inversion layer

formed under reverse bias

power. No defect noted in

passivation.

A-l-a
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SD_MARY OF FAILURE ANALYSES FOR PROCESS A UNITS

Unit Primary Test Failure Description Failure

Parameter Causing Code

Failed Failure

A557 hFE 500mW, 25°C

IEB 0 1000 hr

A runaway condition had re- B-2-a

sulted in a metal bridge

across the emitter-base junc-

tion. Oxide chips and strains

were found in this same area

and are believed to have made

device more sensitive to this

type of runaway.

A74 -- 700mW, 25°C Analysisindicated the data Not

3h0 hr. at 3hO hours was erroneous. Legitimate

Unit had not degraded. All

readings subsequent to 340

hours were valid.

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

devices showed hFE degradation and lead bond problems, i

a. _FE 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 BVcE 0 result from these shifts in

base surface potentials. BVcE 0 is inversely related to hFE

BVcEo_BVcBo /_'_ (See Bibliography, Ref.20).

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

will usually result in riFE degradation and BVcEoincrease (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 BVcE 0 (Unit B-541).

Several factors contributed to make this device sensitive to

hFE shifts under power tests.

(i) The geometry of the Process B device was

considerably smaller than either the Process A or C, resulting in

emitter areas of 46 andl76 mil 2. 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 > 550°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 = 286_.

As the device heated up in test, the hfb could have = i (IB = 0) and

the unit went into an ICE 0 mode at a voltage = (VcB + VE) = 30 volts.

RE = 2862

+V_ o +VCB = 20V

- o _ o -

Simplified

700roW

Life Test

Circuit

ICE 0 could then have risen to any level determined only by the

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-

_=_1 at the Si - SI __ _ _,e contrl_

buted to this condition, such as the method of growth (02 or H20) and

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

Si0 2 - 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 aresulting 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 ICB O)

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-4_6 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 • m_^_ oxide _em--^_......_s_ in" _o_^.... _ ......_ _+_a!_

contacts (Unit B-h46). 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

I

I

i
I

I

i

I

B-305 hFE 700mW, 25°C An emitter-base high resis- B-3-a

IEB 0 168 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 700mW, 25°C

680 hr.

hFE degradation due to relatively A-l-a

unstable surface at emitter-base

junction 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

Primary Tests Failure Description Failure

Parameter Causing Code

Failed Failure

I

I

I

I
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I
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B-541

B-543

B-354

B--h46

B-515

62

BE

ICBO

Open

Base

Open

Emitter

800mW, 25°C hFE increasing during test due A-l-a,

168 hr to hermeticity leak in glass E-2-a

bead. Emitter-base surface

potential is unstable and re-

combination velocity decreases

in oxygen ambient.

700mW, 25°C

2000 hr.

500mW, 25°C

168 hr.

800mW, 25°C

2000 hr

700mW, 25°C

680 hr.

BE degradation-unstable emit- A-l-a

ter-base surface potential

under power biases.

A 3 Megohm short developed

during life test due to a

filament connecting 'intermit-

tently from the aluminum base

ring to the pellet edge.

E-8-b

The gold-aluminum contact at D-l-a
J

the post opened up. Analysis

(lack of intermetallic ccmpounds)

indicated a poor initialbond had

been made which fatigued open un-

der repeated stress cycles.

Gold-aluminum post bond over

squeezed on edge of post. In-

termetallic formations caused

intermittent open.

D-l-a
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SUMMARY OF FAI_/REANALYSES FOR PROCESS B UNITS

Primary Tests

Parameter Causing

Failed Failure

Failure Description Failure

Code

i

I

I

I

I

I

I

I

I

B-450 Open ex- 700mW,25°C

ternal 2000 hr

lead

o

Fatigue of terminal finally

broke off emitter.

m-4-a

Process C. The Process C device was subject to a

k

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 through the Junctions usually has the be-

havior characteristics given in the table below. These characteris-

tics are also symptoms of the various other effects listed.

Defect in IcBO-(near ICEs_VcB--O Floating ICB0,IcEs, BVcB 0 Low
Device Current

Breakdown) to Punch - E Poten- F_ in (i _--100ua)

thru or tial (E_) -_drygas C

Avalanche ambient _FE

i

I

I

i

I

i. Crack Unstable- = ICB 0
in CB drifts up

junction

2. Crack Unstable-

in CB & drifts up

EB junc-
tion.

>IcB 0

None Same Noisy Normal

Responds Same Noisy Degraded

Unstable
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Defect in iCBO-(near
Device

Breakdown)

ICEs@VcB=0 Floating ICBO,IcE S,
E Poten-

to Punch - tial (EF) EF inthru or
Avalanche dry gas

ambient

BVcB 0 Low
Current

(I =100ua)

4_

I

I
I

I
i

I
I
I

I
I

I
I

t

I

3. Ex- Ohmic ICB 0 >IcB 0 Responds Recovers
ternal drift

drifts
bead con- down

down
duction.

2. In-

ternal

bead con-

duction &

high H20

ambient.

Unstable >IcB 0 Responds Same
up or _ unstable
down down

Normal Normal

Walkout Normal

or Loop

5. Pel- Drift = ICB 0 None Same Walkout Normal
let Con- up or or
tamina- down Degraded

tion.

6. Low Stable >IcB 0 Responds Same
Reach - stable

Through

Voltage

Soft Nor_oi

b. Decapping - and Electrical Tests. The Process C

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

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

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 R S are all in parallel with

the EFmeter.
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RCE - the effective resistance of the crack penetrating

both junctions.

RE - resistance of glass bead.- emitter post

R S - due to conduction across the face of the pellet.

RB - resistance of glass bead - base post

RCB

I RcE

HEAD_

Base ICB 0
Post Meter

R S

e
i

b

C

High

I Impedance
VTVM

R E i

I

I

Emitter

Post

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 E is then measured alone. In Units C-98, C-400 and C-505,

this procedure identified the existence of RCE, the unstable canponent

due to cracks through both junctions. R__ may also be isolated from
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R B (the base bead leakage) by breaking the post bond.

Devices C-147, 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°C overnight bake on decappe_ devices, indicating failure under

this relatively m$1d thermal shock. It must be emphasized at this

Point 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. Etching. Chemical and electro-chemical removal of

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

(i) A 10% Na0H etch was used to remove the aluminum

contacts. Patterns remaining in the silicon beneath the 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-147, C-293, and C-B01. 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-557 show the pro-

gressive removal of metal 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-i_7 (base)

and C-293 (base). In the last two cases, the cracks penetrated the

silicon outside of the aluminum contact areas and were unmistakable.

d. Sections. Sections were made to 9]rther 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 Au_l 2 under the bond

and Au2A1 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-400 and_C-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:

nX where X is the wave length of light used -

estimated with good accuracy in white light

at 5400 _ (green band)

= 1.5, the index of refraction of Si02

n = l, 3, 5, 7 for each fringe counte_

_±u_=_ of oxide in n. ;

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 collector

oxide thicker than the base oxide which was thicker than the emitter

oxide.

Comparable oxide thicknesses are:

Collector

Base

Emitter

Process A Process C (Unit C-301)

12000_ 6300_

8500 6300

50O0 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

co
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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 920°C in

wet oxygen to glve about 7100 _ on i.5 X i020/cm 3 (comparable to

emitter concentration) to goout 6000 _ for 1016 to 10iS/cm 3 material

(collector-b_se _oping),

Thus, there as no evidence to believe the oxide growth technique

contributed to abnormal strains in the silicon surface.

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

tions described Woove have led to the development of the following

theory:

The gold-aluminum intermetallics found in the bond sections

were as much as i mil thick probably due to the availability of

aluminum from the heavilydeposited 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, Au_A1, 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/°C, this being extremely mis-

matched from Si at 2.2 X 10-6/°C.

During contraction from 300°C, 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.

Bon _ Au2A1

_"_"''''---//N_Yf_

"Au5Ai 2

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 __ue bonds.

SUMMARY OF ANALYSES FOR PROCESS C UNITS

Unit Primary Test Failure Description Failure

Parameters Causing Code

Failed Failure

!
I

i
I

i
• i

I
I

|

I

C-98 ICB 0 200°C & ICBO, ICE S parameters very un- B-2-a

680 hr, h0OmW, stable, BE degraded. Analysis

hFE 150°C indicated emitter and collector

2000 hr Junctions were cracked. Cracks

were not made visible.

C-363 ICB 0 700mW, Behavior of device indicated B-2-a

2000 hr 25°C cracks in collector-base junc-

tion. Etching off contacts

revealed microcracks underbonds.

C-400 ICB 0 200°C & Analysis indicated probability B-2-a

lO00 hr 500mW, of crack in junctions. A small

25°C crack located by sectioning

through the emitter bond.

C-505 ICB 0 200°C Analysis indicated a probable B-2-a

3000 hr and crack through the emitter bond.

& hFE 500mW, The crack was not made visible

degraded 25°C. in tests.

25%

7O
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Unit

C-288

C-233

SUMMARY OF ANALYSES FOR PROCESS C UNITS

Primary Test

Parameter Causing

Faile d Failure

ABVcE 0 500mW,

increase 25°C

> _0_

iCB 0 700mW,

168 hr 25°C

Failure Description Failure

Code

ABVcE 0 is not due to shift

in hFE. A collector-base

junction defect had resulted

in a sharp microplasma-type

ICB 0 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

BVcE 0 along with it.

A defect site was found in

the aluminum ring during

analysis. It is assumed this

spot ran hot during test caus-

ing an inversion layer.

A-5-a

A-5-a

ICB 0 500mW,

680 hr 25°C

Defect sites, microcracks, B-2-a

were found in the collector-

base junction crossing the

aluminum ring. Surface inversion

formed easily in this area. These

cracks are not the same as those

previously described for Units

C-98-c-576.
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Unit

C-406

C-275

c-61

Unit

SUMMARY OF ANALYSES FOR PROCESS C UNITS

Primary Test

Parameter Causing

Failed Failure

Failure Description

ICB O 700mW,

3hO hrs 25°C

Collector 400mW,

base short 150°C

340 hrs

ICB 0 h00mW,

680 hr 150°C

Header found severely con-

taminated. Impurity gases

contributed to the formation

of an inversion layer.

A collector-base short of

14_ was caused by faulty

processing and the placement

of the base wire against

the pellet edge.

Analysis indicated the 680

hr readout was faulty. Unit

had not degraded.

Life Tests

Device Passed

Without_Failure

Analysis & Behavior in Lab

Failure

Code

A-2-b

D-3-a

Not

Legiti-

mate

Failure

Code

I

I
I
I

__

I

200°C and 500mW,

3000 hrs

A bake at 300°C in lab and de-

capping severely degraded ICB 0

and BVcB 0 breakdown. Etching

off of contacts showed a micro-

crack had developed Just out-

side of the junction under the

base intermetallic.

Not de-

graded

on

test.

Degraded

in Lab.

I
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Unit Life Tests

Device Passed

Without Failure

Analysis & Behavior in Lab Failure

Code

I
I

I
I
I

I
I

I
I

I
I
I

!
I

C-293

C-576

C-301

250°C, 300°C

smd 500mW,

3000 hrs.

250°C, 300°C

500mW,

3000 hrs.

250°C, 300°C

and 500mW

3000 hrs.

After lab bake and decap,

severe degradation of IcB0Was

noted. Photos and sections of

contact areas showed a consid-

er_h]_ cr_r_ around the _nter-

metallic growth of the base bond,

penetrating collector-base

junction.

After lab bake and decap

operations, hFE, ICB O, EF

badly degraded and acted

"cracked". Section made

through the emitter bond

clearly defined a fracture

under the emitter bond inter-

metallic, passing through the

junctions.

Unit did not degrade in lab

bakeouts. Device used for

study of oxide thickness.

Not de-

graded

on test.

Not de-

graded

on test.

Degraded

in lab.

Not

degraded

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.
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Each report contains:

Ii

2.

3.

5.

The device and process identification.

The Test Cell number.

The Failure Mode Category.

A s_ary of the Failure Analysis.

A detailed description of the analysis whic_

includes graphs, tables and device photogr_bhs,

as applicable.

I
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FAILURE

Unit No.

A 74

ANALYSIS REPORT

Test Cell No.

4!9-202

Summary of Analysis:

Process

A

Sheet i of Final

Failure Mode Category

Not a Failure

The device was determined to be good and the failure

indication on life test was in error.

hFE shift at the 250°C @ B0V and 300°C may be calibration error.

Unit stable throughout 700mW test. hFE and VSA T 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: S_e_/ /c_-C Date:
F "l_re alysis Engineer

I
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FAILURE ANALYSIS REPORT Sheet i of
2

Unit No.

A 155

Test Cell No. Process

419-218 A

Fail_e Mode Catego_

A-l-a

Summary of Ammlysis: Device failed I__^ at the 168 hour readout
of the life test. Failure was caused _Umobile ions in the oxide.

hFE

i00

97_

Control Start of

500mW Life Test

500mW

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

p_o_bably a calibration error. BVcE 0 remains stable.

Laboratory Measurements:

ICB 0 failing at 168 hour

ICBO
_ J

_v 6ov
280nA iliA

120V after tests

Collector breakdown high due to surface inver-

sion.

After bake @ 300°C
• 102V

Inversion layer gone. Collector resistivity

back to low resistivity N with resulting dec.in breakdown.

Prepared by: __/ _ Date:

FailtLre Analysis Engineer

_o/4/65

I
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_____ I

Visual inspection of pellet does not show any defect spot

at or near the collector-base _unction (see photo).

This unit failed due to presence of mobile ions in the oxide

which could move in the 20V field of the llfe test.

i 77
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FAILURE ANALYSIS REPORT Sheet 1 of 3

Unit No.

A 353

Test Cell No.

419-20h

Process

A

Failure Mode Category

C-7-b

Summarj _f ^--_'-_-" The .....

determined to be a degraded collector contact causing an increase

in collector contact resistance. Unit failed for VCE(SAT)at the
end of the 3000 hour life test.

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

ances, emitter or collectur. 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.

___ C _ --50ma

Receipt I

After 300°C

Bake

VCE(SAT) Rcoll ] Remit

1.2V lh.4 ohm 1.8 ohm

0.57V 2.1 ohm 1.5 ohm

Circuit for this measurement:

IBc : 50ma

Resistive

(IERE + IcR C) Component to

VCE ( SAT )

55(1.8) + 50(1h.4)= .819 V

55(1.5) + 50(2.1) : ll3mV

The resistive component results in a drop greater than 800mY being

measured in the degraded device.

Reading in lab
VCE Original reading

AVcE Increase

1200mY

24omv
960mY

This is in same range as collector

resistance increase.

A , / . ,0 , .

Prepared by, /_/ / _ Date, _//_/_
Fail_re Analysis Engineer
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FAILURE ANALYSIS REPORT Sheet2of 3

Photo i

#Unit developed a high VcE(SAT ) after 3000 hours, 400mW, 150°C

operation. Measurements indicated a 14 ohm resistance developed

in the collector. Section was made through pellet as shown in

photo i and photo 2.

Photo 2 - Section

Voids are seen, although, not enough to explain a i_ 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

"neaie_' ucp_r_uu.

I

I
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FAILURE ANALYSIS REPORT Sheet 3 of Final

Section through collector contacts shows:

a. A few gas pockets - voids°

b. Adequate amount of silicon-gold eutectic soldering

was performed initially.

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

i. 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 deterloration in presence

of entrapped plating salts.
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FAILURE ANALYSIS REPORT Sheet i of 6

Unit No.

A 419

Test Cell No.

419-204

Process

A

Failure Mode Category

A-2-b

S_ of Amalysis: The cause of this failure has been

determined to be degradation due to H20 vapor pressure in the
device, approximately 92 _n at 50°C. The failure indicator was

an ICB 0 degradation st the 1500 hour life test readout.

hFE behavior:

101 101 /I

88t ._ II

L I 1

bD
0 0 _ _ O

O_> O _ cO O O O
u_o O O kO _ cO O
Od oq o_. Od 0 _-I e_ kD _-q

Hours

Note initial shifts after 300°C to 20kg and into power stress.

No electrical stress was involved. Shifi was possibly due to
• 4- l_

calibration error at 300°C measurement point. ICB 0 was mns,ab_
at the 680 hour point.

Laboratory Measurements :

Indications of a conductive (ionic leakage) condition in

device.

A./ 6

Prepared by: _"_.___'b_ /_'_ Date:

Fail_re Analysis Engineer

_o/21/65
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FAILURE ANALYSIS REPORT Sheet 2 of 6

The following tests were performed to trace the presence of

H20 inside the transistor.

Initial Tests :

I

BVc0Ir
120V

Curve tracer reverse leakage was

very unstable. Mobile surface

charges were characteristic of

wet surfaces, cracks or extremely

contaminated surfaces.

Leakage and Floating Emitter Potentials :

Vc_--

6Mohm imped- Millivac

ance Millivac shunted

voltmeter milli-micro

ammeter

v_ ico

o -o.grm 4.omv
i 2.5na 2. OmV

It%l0 14.0na _0 mV

20 16.0na 1.7 V

Current and voltage indication with 0 VCB indicated galvanic
action inside transistor, which was an indication of liquid on

metal parts. High floating emitter response again indicated

H20 or cracks.

Hermeticity Tests :

Hermeticity Tests were performed to determine if H20 leaked
in from outside. The results were as follows:

(i) Radiflo lO-9cc/sec

(2) 4 hour laboratory boil test

No leak

Showed no change in

parameters.
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FAILURE ANALYSIS REPORT Sheet 3 of

Dewpoint Test: 'This test was performed to check the level of Ho0

_at-_. The graphs of ICB 0 versus temperature (0 to 70°_)
were prepared during the analyszs. The graphs show that the low

point of the leakage current occurred at 50°C which represented the

_]_+_n_ _ _ _2n component of the !e_age c,_rent.

\

\

-4o

3_

30

GRAPH OF EXPECTED IC0 LEAKAGE

OF DEVICE CONTAINING H20 IN

CAP EQUIV_ TO SATURATED

VAPOR PRESSURE AT 50°C.

I

\

, 15

\
\

!

' l i5 _

I 0 i0 20 30 40

DEGREES CENTIGRADE

CURVE

O Junction leakage -

charge generation

component - normal-

ized at 1 nA., 25°C.

Q Calculated leakage

due to H20 - normal

ized at 25 nA., 25°C=

Assuming a constant

salt content in H20

and complete evapor-

ation of all liquid
at 50°C.

Q Sum of Q plus Q

Q Experimentally

determined leakage
for this unit.

\

5O

f

I

low point at

evaporation of all

±±2_ •

_0
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FAILURE ANALYSIS REPORT Sheet4 of 6

ICB 0 behavior with H20:

ICB 0 is made up of at least two components. It was assumed
that no channel current component was present since channels were

_=_ _, +_= _,_ _+_ _.H+_+ _ voltage stress.

a) The first component is from charge generation of carriers

in the depletion layer, %he normal junction reverse current

which increases exponentially according to the equation.

I = KT 3/2 8 -EG/2k.T (Ref. i) K is a constant

cg T is °Kelvin

Curve i shows a normalized plot of

I vsT- a typical charge genera-
_E
tion starting with a value of ina @

25°C.

b) The second component is from

E_ = 1,21 ev

S_ = band gap energy
1

k = Boltzman's cOD-
stant 8.63 xl0 -D

ev/_

conduction through layers of condensed H_0. This will

contribute a large leakage component if _he H_0 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_0 has evaporated

at 50°C, it is possible to estimate how mu_h condensation

takes place at lower temperatures. If conductivity of the

solution, or condensed H20 , would remain constant with
temperature _he conductance or leakage through the H_O

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 pres"sure

at any lower temperature. _nus, H20 cond. = 92.5 mm - vPT.

However, H20 conductivity falls very rapidly with decreasing
temperature so that the decreasing temperature, while causing

more H20 _o be deposite_ is being compensated by the decreas-

ingequSvalent conduction of the H20.

Thus, a figure of merit for the level of H_O leakage

component = _antity H20 _ondensed x conductivity =

(92 .5 - vPT) x L

i
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FAILURE ANALYSIS REPORT Sheet 5 of 6

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

A 1 ppm solution of NaC1 is assumed to be formed by the

condensed liquid. 1 ppm of NsC! _s _ concentration of 1.71 x

l0 -2 milli equivalent/liter - the constant factor to be multiplied

by __ , the equivalent NaC1 conductance at any temperature_ to

give umho/cm (I_ __) the conductance of the NaC1 ions directly
4- Ra . "

Tooal conductanceG_ is the sum of the NaCl and H20 ion conductances

Total _ = !.71 (10 -2) (_A_) + LH20 (at any temperature).

TemPoC vpmmH2sai H20conden._0 i era2 mho LNaC1 L solution Leakage

sed : Annho i g equiv, umho : LNa_L Ill20

Ref'2! (v9_5-c-X-f i_ef.4 c'--A--Li_a :L
i Ref. 3 i •0172 ._imh4cm _ condens_<_x(H20)I

0 4.57 tiT.gram] _012 7-:--67 :,L i i.-l_ 1.16 102

i0 9.2 83.3 i "0227 i 90 1.5L 1.56 130
!5 12.8 79.7 i .031 i 102 1.7 _. 1.78 142

20 17.5 75 i m},o= i _-,--> o 1.9 L
"_-_Jw I ±±_'_ 1.98 148

25 23-7 68.8 -055 1 126.4 I 2.17 2.22 , 153
30 31.8 60.7 i .077 i 140 I 2.L 2.47 150

35 42.1 50.4 i .091 ! 153 i 2.62 2.71 136
168 i 2.88 2.99 iii.040 55-3 37.2 _ iii _

45 71.9 20.6 i .142 _ 183 i 3.14 3.28 67.6

5o 92.5 ' 0 1.18 i l_ j 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. i:

Ref. 2:

Ref. 3:

Ref. 4:

A. B. Phillips Transistor Engineering pg. 132 McGraw
Hill.

Handbook Phys. & Chem.

Conductivity of Pure H20 - Mixed Bed Deionization of

_0 -Monet Chem. Eng. Progress Vol. 52 #7,Pg. 301.

Equivalent conductance of Na CI from Handbook of Phys.

& Chem._ PIE. 2357 - Calculated from ion conductances.
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FAILURE ANALYSIS REPORT Sh,et6___o,_____

The plot of this expected leakage, last column end Curve (2)t
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 H20 leakage + I Curve (3), can be
compensated for if a constant salt conc_Bgration (ippm) is 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

Further Confirming Observations.

Following dew point tests the device was decapped. The cap was

found to be oxidized# again cor_.irming the presence of oxidizing

gases_ sdch as H^O. H_O ordinarily will oxidize nickel very slowly,

This units,however, ha_ undergone many hours of high temL_erature
stressing.
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FAILURE ANALYSIS REPORT Sheet i of 2

Unit No.

A 528

Test Cell No.

419-201

Process

A

Failure Mode Category

Faulty Processing

Summary of Analysis: The cause of failure was a bulk degradation.

The failure indicator was IEB 0 degradation after the initial step of
stress screen.

98

+_ o _ O

H 04m m _J 0

800row

Data Indication:

IEB 0 degraded after the first step stress. Although hFE shows

a severe drop after the 250°C - 30V stress, BVcE 0 does not show any

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 IEB 0 failure still persists, indica-

ting the probability of a bulk leakage characteristic.

Lab measurements show this condition also. A persistent bulk

degradation condition appears to be indicated. Surface recombina-

tion (hFE) is not degraded, but 5V IEB 0 condition is increased.

Prepared by: Date:

Fail_re Analysis Engineer
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FAILURE ANALYSIS REPORT Sheet2_Lof Final

Decapping:

See photo. Bulk degradation is an aluminum bridge extending

from base ring to EB Junction. High IEB 0 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 i00 kc is very low(in the 5th percentile) on initial

test but became average during the test.
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FAILURE ANALYSIS REPORT Sheet 1 of 3

Unit No. Test Cell No, Process Failure Mode Category

A 557 419-203 A B-2-a

Suaaaary of Analysis: The cause of this failure has been determined

to be an emitter-base short. The failure indicator was an hFE de-
gradation at the 1000 hour life test readout.

•__ _ _
H _ f¢3 "

Data indicates hFE failure at i000 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 Junction (see photos). This is usually due to a runaway

condition. In this case, oxide chips are seen in this area (see

photo i) .......... _ ......

Prepared by: /_-_'¢/._ /P'C Date, _/_/' _""
Fall4Lre Analysis Engineer

I
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FAILURE ANALYSIS REPORT Sheet2_of

Photo i:

Base bond area after test. l[ote gcld b ge (se,

img 4_itter. ba e short and an spp_rent cxide fect a]

gold bridge did not initiate in the chipped section.

• i-;." /;__- • .._

Note gold bridge (see arrow) caus-

img emitter-base short and an apparent oxide defect above it. The

Photo 2

Photos 2 and 3 show extensive chipping from TCB operation.

Removal of metal shows cracks havepropagated into the Silicon.

Source of hFE degradation and eventual short is this areaof
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-AI

intermetallic

growth

Gold bridge under

oxide (arunaway) _ . --_!_!iii_i_;/ii!i_i_............

Photo B - Etch completed

9O

J
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FAILURE ANALYSIS REPORT Sheet3of Final

Photo 3:

Complete removal of metal in base bond area is shown. Short

_'_-- ¢=_w_oeared _.,_ +_'_._._sarea _.._" "'_'_..___,-_._"_ _"_'_.__=_,e__" _A_""_""_== _.._ -,o 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.

I
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Unit No. Test Cell No.

419-232B 305

Sheet i of 2

Process

B

Failure Mode Category

B-3-a

Summary of Analysis: Failure was caused by a bulk alloy degradation

which resulted in an IEB 0 failure at the 1500 hour point of the
life test.

i00

r-t

hO O O O O
•.H __ _0 0 O 0 0 0 0
_: _ LO ._ _ 0 Lr'X 0 0

Hours (700 roW)
Test Data Indications

All readings at 3000 hour appear to be faulty. Unexplainable

a_increase at 0 hour - no correlation with BV_n. Degradation
168 hour. Data correlates BV _^ increase aN_Vh_ down

severely' IMR O not degraded unti_E_500 hour. VsATr_egraded at
2000 and 300U-_our readout.

Failure Analysis Laboratory Investigation:

_'n:_- measures as severely degraded. A bakeout at 300°C,O
decapp-Tng and repeat baking did'_not change IEB O. A bulk alloy

itype degradation was indicated. This
must have started at 168 hours and

progressed throughout the

700mW test.
7- 5V

IEB 0 5mA

Prepared by: __/ _ Date:

Fai141re _aly-_ Engineer

10/6/65
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:. .... ., . . oslk . _

_:;,, - "' %.=++-._.:,._+_ '_t"'_'+_--+_'+__ +.'++'++"+'_'i'll.J:
+++t " i ,--r..-- -- '_" .'':: , "'+I+'_
+;+"I `+ " ++ ,r +.:...... ++..+,.,.,.;::+_.+'..._t • +-,+:.:... iJ:+p+++ , ++...,......++..a+__. _.jj;,._+
++.j --+' ; ++*:,..+ .+..-_- ._+_+ + :'+r''+I'+11'+>

• .: :+ I .,-J.+::_:_:.-+_ L '.:.+:..4/++:

:-- .+'- ... ":_+"Z+'.+'r.": ._" . '"::';+_"-'_.:,' _ -'+I

++N .v..__.-._..+_+.+,¢_+.,_.-:;++_:_.:-'i++tl I+'
: , :,+ . .- . ... .. "'_ ;.. . +< ,+- _+ '+_' + " " "-'-"_-,-..:.-++:.+.||+ +++t_

++_++-::+ _+++....,+_.:+:++ o, •J_
+;+ i_ ,

+: _ , J2 +; +++

:"_' • } _+':_l-,..'+-.!i!r--" .,.fll.:

'_"...._'._[ :::i+ll}i:.!. .,.,,.b+'_.+"_:__ . .:;;
" -°'_e--.--,--..............--+-_--+_'---+---'--++_|i}

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 VSA T increase.

I
|
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Unit No. Test Cell No.

B 354 419-233

Proc'ess Failure Mode Category

E-8-b

Summary of Analysis: Failure was caused by an embedded conductive

filament from collector to base. The failure was indicated as an

ICB 0 failure at the 168 hour readout on life test.

Test Data:

Data indicated the existence of a collector-base short of

about 3 megohms. BVcE 0 equals approximately 7V at 100 _a due to

the intense emitter forward bias effect of the collector-base

resistance, hFE is slightly increased at 20 ma IC and 5V. An

increase of 100 _a 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 p_acement 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 ICB0, BE 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.

Fail4_re _aly---_ Engineer

Date:
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Filament

Pellet data indicated short.

Lab electrical tests showed all

parameters stable, low leakage

and pellet verystable to H20

vapor 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-

matel_ 0.15 mil wide and running

from collector edge to base.

Pellet was washed in solvents, H20 ,

filament still intact. Following

a 10% NaOH - SO sec. etch, fila-

ment is seen to have moved toward

the right. The lower edge is still

intact contacting thebase 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 I_ _
power testing and became conductive. _-".-._'.L.."Ji;P_/_

,,

To further identify material of

filament, HCL, H2S0h, HN0 3 solu-

tions were used to cle_n surface.

All failed to re_ove the filament.

Finally a dilute HFwash lifted it

off and left a clean undamaged
oxide structure under it.

Filament is probably organic,

cellulose lint, fro= chemical

reactions and appearance.

I

m
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Unit No. Test Cell No. Process

B 359 419-222 B

Failure Mode Catego_

A-l-a

Summary of Analysls:

degradation at the 680 hour life test readout.

'\
hFE 61 ]

i
I

i
I

i

,,,'-4

0

F'-I

The failure indicator was an hFE and BVcE 0

7/
i

4o ._

0 o _-__ _ 0,._ ,._

-_ _0 _ o_ _I'_ ',.D ,-r-J
o _
Od 0 ,-'-t

@700 mW.

Data shows hFE degradation at 680 hours after previous history of
improving°

Laboratory Investigation: I___

Confirmed degraded hFE i I00 ua

hFE on receipt ] 2

After 300°C, 20 il

hour bake i 8°2

After decap and i

bake i 14.5

hFE
! -

20 na IC _ BVCEOI

I 47 i 120V I,
L

i ii 73 95V i
h r

i I

i 95 90v I

Unit is showing steady improvement in hFE in laboratory measurements

ai_l_re_An /_'_ Date: _o_
Prepared by: F " alysis Engineer
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I

Visual inspection of pellet shows normal appearance.

i

I
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FAILURE ANALYSIS REPORT

Unit No. Test Cell No.

B _6 h19-231

Process

B

Sheet i of

Failure Mode C_ego_

D-l-a

SummAV of Analysis: The cause of this failure has been determined

to be base lead opening at the 2000 hour readout of the llfe test.

The failure indicator was an hFE degradation.

Test Data:

At Step 5 - high hFE reading is inconsistent and probably in-

correct. Data after Step ii is consistent and indicates an open

base at 2000 hour readout. IC0 readings are equipment leakage, hFE

reading 20 is an automatic indication of unit with no hFE. V(SATS)

are not readable. BVcE 0 not involving base still reads.

Failure Analysis Laboratory Inyestigation:

Decapping shows a poor bond had 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)

/

r

_ _ - _-__-__ m -Openbase "
-- - - _-_ _ wire at post.

• Photo 1

Prepaxedby: _A-_S,_ /o"-'C Date: _/2'_S"

eaz±a_re Analysis Engineer " "

m
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!

i_ _h_,i,_. _k of i_- I___ B

indicates poor initial |____:

contact had been made. I_ .: /_ _ ii_._ .: .__/! R

!

' Photo 2 "

!

emitter post.' Aluminum i. . ' _ ..... .:,, ',: " :
emitter _rlre still bond- _.... . ,_ "__'_ . , : "/ .

i Note no Au-A]. inter- ii, : " "_. _'_._] _ "._. ,... i'.i::

metallic is in evidence " :_:.:.i_::. ' __/-: "_ .. '" :.,_ _I

I Photo 3
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FAILURE ANALYSIS REPORT Sheet i of Final

Test Cell No.

219-222

Process

B

Failure Mode Category

Not a failure

Bt_ of A_sis: This device failed because the external

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

Collector-Base parameters were satisfactory. (BVcB 0 = 122V,

IC0 @ 60V = ina).

The failure was determined to be metal fatigue.

Prepared by: __ /-o_. Date:

Failhre Analysis Engineer
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Unlt No. Test Cell No.

B 515 419Z227

Process

B

Failure Mode Category

D-l-a

Summary of Analysis:
to be a high resistance (Gold post - Aluminum wire) contact at

emitter. The failure indicator was an intermittent hFE and VSA T
condition.

Intermltte nt

• t

,, +> _I ,_ 0 0

o _ o o kD _ cO O u_ O ¢

Test Data Analysis : _ 700mW

The cause of this failure has been determined

Indication of an intermittent condition leading to catastrophic

performance was seen after the 700mW stress at the 680 hour readout.

At this time, indication of a shorted collector to emitter is ob-

served but no ICB O. At the 1000 hour readout, the unit appears to

recover. After 20 kg centrifuge, the collector to emitter appears

to be open. VSA T data indicates an increase in contact resistance.

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. The cause of intermittence was determined to

be a poor emitter post contact.

• • /g

Prepared by: A#_/ f_-t Date:

Fail_re Analysis Engineer

I
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6

Photo of Emitter Post & Bond.

i

I

102



!
l
l

l
I

!
l

l
I
i
!

l

I
I

I
!
!

FAILURE ANALYSIS REPORT Sheet i of 2

Unit No.

B 541

Test Cell No. Process

419-231 B

Failure Mode Category

A-l-a, E-2-a

Summary of Amaiysis: 2'al±ure was caused by a hermetic seal leak and

was indicated by a steadily increasing hFE on life test.

hFE 82

,-I
aS
•H _ _CI

•H 0 0-4

H u_ _0 _I

146

/

\ / .

F

i

o

o 4._ o o
0,.I r...;]oO 0

Data:

Data indicates a steady increase in h_E. Increasing hF__ in a
device frequently is indicative of operatibn under an oxygen or air

ambient, ie, a hermetic leaker will frequently indicate this be-

havior.

Hermetic Tests:

Step 1. 4 hour boil in H^0.z Floating E potential and ICB 0
response gave a positive indication of leak.

Step 2. HCL rinse to remove surface salts. Unit further

degraded. Indication of HC1 trapped in deep pore.

Step 3. Visual inspection shows glass cracked at emitter.

Prepared by, /g#_ /-('-_ Date,

Fail4Lre Analysis Engineer
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___; _ U7,_,

]:

Photo 1

Step _. Decap (see photo i). Shows cap oxidized confirming

leak. Pellet has not been damaged visually by exposure

to ambient.

readings and visual inspection indicate hFEincrease caused
by le in glass bead. "

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

B 5_3 _19-222 B A-l-a

Summary of Analysis= Failure was caused^by a surface change in the
_ao- _-a!cated as h failure ...............- --, .... _. =u u**= =uuu hour reaaou¢ on llre

, test. ---

_I_:: ...... :i _ I II_ 'r FI II _ I- '

Data indicated severe h_ degradation at 3000 hour, L below
readable level of 20. _": _'_

Failure Analysis Laboratory investigation:

Test data indicated severe hFE degradation. Laboratory tests

confirmed hFE degradation.

@IC=100_A

• h_@Ic=IO0_A I BVcE 0 BVcB 0

As received 3.6 " 120 122

After 300°C bake 20.0 I i0_ ii0

_er 300°C 22. 7 : 90 ll_
repeat bake-uncapped

Prepared by: /_ _ Date," _/_ _"

Fail_re Analysis Engineer " "

I _05
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FAILURE ANALYSIS REPORT Sheet 2 of 2

The h degradation under high power represents a surface chem.ge
F

in theEbase, toward N potential° The laboratory bakes represent

surface potential changes back to the original condition. _ in air

recovers more effectively than .hFE in cap. Breakdown voltag_N also

follow the hFE recovery and redisZribution of charges on the collecto_
LJ.,,L .,L ¢l,C¢:: •
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T

Unit No. Process

C bl C

Sheet 1 of

Test Cell No.

419-247

Failure Mode Category

Not a failure

St_ of Amalysis: Analysis of test and !aborato_ r data indicates

that this unit did not fail. The _est readout (b80 hour, 400mW @

150°C) was obviously in error.

hFE 58
60 60 60

! i i

i

i,

,--I-

o O _ o
._ 070 _ so

oo o o ko
c_ e_ od oJ o

o o o o
o o o o o o

co o u_ o o
0o ko _ _ oJ co

Test data analysis:
h00mW @ 150°C

The only serious deviation frc_ consistent data was the 680 houx

readout. The following readouts of the same test stress were normal

The 680 hour readout data was:

Normal

ICB 0 297 nav _ less than 1 na

BVcE 0 63 V I ii0 V,!
hFE @ 20 ma 96.6 i 59

i

.097 V i .ll6 V
VCE(sat)

Prepamed by:

Fail_re Analysis Engineer

Date: /o //_/6J
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FAILURE ANALYSIS REPORT Sheet 2 of Final

A drop in V^_, _ of this magnitude is virtually impossible unless
• . U sa

the u_t _s _or_d fr_ col!ectorto emitter.An increasein _E,
as indicated, goes along with a decrease in BVc_ O and again woula go

along with a collector - emitter increase in c6ffductance, but by a

much higher resistance.

For example:

For the ABVcE 0

63V

RCE = .lma = 630,000 ohms

For A hFE

20 ma

12.7 ma

.__I. IB_ 3

_=0.21 _-W v--

5V

IB = .21ma @ hFE = 96

IB = .33ma @ hFE = 60

IB= 0

Note: At 0 VCB , base lines VCB coincide for collector to

emitter short.

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

collector to emitter short approximately equal to

5.0V = 685 ohms
RCE = 7.3m------a

The calculated RCE shorts for the AhFE and ABVcE 0 do not

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

erroneous.

i08
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FAILURE ANALYSIS REPORT

Unit No.

C 98

Test Cell No. Process

419-247 C

Sheet i of 2

r

Failure Mode Category

B-2-a

f

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 ICB 0 degradation at the 680
hour readout on life test.

Laboratory Analysis :

All electrical data in laboratory indicates a cracked junction,

through the emitter. This includes:

I. degraded hFE at low currents

2. unstable emitter-base reverse characteristic

3. unstable ICB 0 and ICE S reverse characteristic and ICE S

not coinciding with ICB 0

Readings confirmed on decapped, baked unit.

caused by H20 across glass beads of header.

disconnecting the emitter wire - EF disappeared.

ICB0

ICES

High leakage was not

This was confirmed by

Prepared by: F:;l_e1_An_%i: Engineer Date:

109
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FAILURE

Unit No.

c 147

ANALYSIS REPORT

Test Cell No. Process

_10-246 C

Sheet 1 of 3

Failure Mode Category

Did not fail in Lift Test

B-2-a in Lab Tests

Suz_nary of Analysis: The cause of degradation in lab testg 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.

66

_ ! .__-i

H _D

0 0 0

Test data analysis:

oData indicated small shifts in h at 200 C @30V and 20 kgFE
levels. Centrifuge should have no effect on h__. V readings
are within the emitter specification of 15 - 2_ shi_! sat)

Laboratory measurements:

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

I__^ stable in bakeout at 300°C. Unit was decapped. In air
bRU_, the unit was very unstable.

Etching off leads and contact showed a small crack in base, not

in emitter. (see photos)

Prepared by: Date:

Fail4Are Analysis Engineer
/f/,t_A,, -_
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FAILURE ANALYSIS REPORT Sheet 2 of 3

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.

iF iiii _.I_< ¸ i

,t_L

Unit did not show a degraded Ic_ in life tests. Some shift in

was due to surface potential ch_es. At the 200oc @ 30V stressincreased 12.5%. This was within limits. In laboratory tests,

severe degradation and ICB 0 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 sillcon.

Note small crack Just under base contact bond. This was respon-

sible for ICB 0 degradation. No cracks were seen in the emitter.

Discussion of results:

This device was stable under life tests performed at 200oc 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 periphery of the

gold-aluminum intermetallic apparently from differential expansions

and contractions of the intermetallic and silicon beneath it.

ll3
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FAILURE ANALYSIS REPORT Sheet i of 2

Unit No.

c 182

Test Cell No.

419-256

l_rocess

C

Fail_e Mode Catego_

A-5-a

Su_nary of Analysis: The cause of this failure has been determined

to be the effect of a 'microplasma site' in the collector-base

junction. The failure was indicated as a BVcE 0 shift at the 340

hour readout of the life test.

Test Data Analysis:

Increase in BVcE 0 was seen in data during life test°

Laboratory Measurements:

Unit had a very low breakdown due to a micropiasma type

characteristic. BVcE 0 'snapped in' at this same artifically low

breakdown voltage. It is normal for BVcB 0 to vary by as much as

10V in life tests due to minor surface potential changes. In this
c_se 3 BV fnllnw_ _h_C_ mT_ Ph_c _i_mo+]_r _T _.Too _+

CEO ........................... o ......... _" _'CE0 ......

increasing as a result of gain degradation which is the usual

mechanism for BVcE 0 shifting.

Bakeout at 300°C moved BVcB 0 from 78V to 63Vo As in the life

test, BVcE 0 followed this m_e in BVcBoo

Visual inspection clearly showed a "microplasma site". A

severe dislocation seen in _he collector-base junction completely

distorted the diffusion pattern_ Small changes in surface potential

at this site caused appreciable changes in the avalanche voltage°

Prepared by: Date:

Fail_re Analysis Engineer

114
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ii'i̧]

i_. ...._...____..._._.,._,I".

Junction defect

causing microplasma

like degradation in
breakdown.
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FAILURE ANALYSIS REPORT Sheet i of 2

Unit No.

C 233

Test Cell No.

419-246

Process

C

Failure Mode Catego_

B-2-a

Summary of Amalysis: The cause of this failure has been determined

to be a crack in the collector-base junction. The failure indicator

was an ICB 0 degradation at the 168 hour life test readout.

If/

Behavior

in __ st s

Test Data Analysis:

89 89

i 87 _7../T'. 86 s_

_ _ ? _ _ _ i

I 1 , _ IL I .t I1 _ I I I
___ L__L_L _ L I I I

._ _o_ ,_ o o+ _ co 0 0 o
O o O ko __ _XD O

'_----.-- 500row

ICB 0 indicated trouble in the power test, 168 hour readout.

Laboratory Measurements:

ICB 0 measurements show severe inversion layer condition.

BVcE 0 degraded - follows from high leakage ICB 0.

Bake: Collector junction completely recovered° After

exposure to air, unit, started to take on severe instability charac-

teristic of "C" devices, ICB 0 drift (no ICE S drift or hFE change)

indicated the collector-base junction was cracked°

• , /2

Pre,ared by: /__ fG_C Date:

FailiLre Analysis Engineer
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FAILURE ANALYSIS REPORT Sheet!_ofFin_

Decapped unit:

Cracks have appeared inside of pellet, not under bond as in
other "C" units. These cracks believed to have been in device

originally, contributing to "surface degradation" of unit.
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I

Sheet 1 of Final

Unit No.

C 275

Test Cell No.

_19-247

Process

C

Failure Mode Category

D-3-a

Summary of Analysis: The cause of this failure has beendetermined

to bea short between the base wire and pellet edge. .The failure

indicator was an ICB O degradation at the 3_0 hour iife test readout.

Test Data Analysis:

Data indicates an apparent short at the 3_0 hour readout

during the 400mW 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.

Short

Wire to edge i

Prepared by: at_l_re_/ /_ Date: _/Z_/_
F alysis Engineer
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FAILURE ANALYSIS REPORT Sheet i of 3

Unit No.

C 288

Test Cell No.

419-255

Process

C

Fail_e Mode Catego_

A-5-a

Summary of Amalysis: 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

ICB 0 increase by surface inversion at this "hot spot",,.

9 6

hFE 81 ' _,3 /_--.La---. /,

, 1 !
,-t

•_ Control _
O O O O O

•_ _ cO O O O O O O
',.0 _ cO 0 - LrX 0 0 0

H 0 r-I O'3 k.O ,--I _--I OJ Or) Od

I uumw

Test data analysis:

At the start of the test, a high value of BVcE o (I40V) and a low
value of h (=80), indicated a degraded conditio_-6f gain. During

life test--_a_ 700mW, emitter-base surface potential changes improved

gain, concurently lowering BVcEo° Evidentially the lO00 hour
readout is faulty.

!
ICB 0 was failing at 168 hours of 700mW stress. [ 12pa

ICB .

Laboratory measurements: 225V

On receipt, I___ characteristics VCB
• u_

showed an inverslon _ayer, hzgh BVcB 0 showed collector is inverted to

intrinsic resistivity. I

t J 0v
After 300°C for 16 hours bake ICB0

VCD

Prepared by: /#_/ fcr-_ Date:

Fail_re Analysis Engineer
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FAILURE ANALYSIS REPORT Sheet_2__of 3

IC_ level has recovered - inversion layer is gone. The collector
is_ack to N surface potential sending avalanche breakdown to 170V.

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

a "hot spot" location in the a!,____inumrin_= This area was respon-

sible for current hogging during life test and is the probable

location of inversion layer due to high local temperature operation.

Base Ring

Defect Site

(shorted in lab

Photo i

Photo i 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 electrical characteristics. This area acted as

a current hog during hoth lifetesting 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 also due to the higher operating temperature. Inversion was

"P" surface on collector since this would act to remove effective

i
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FAILURE ANALYSIS REPORT SheetJ!_ofFi,_.

Junction frem 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.

_fectSite
emitter-base

Photo 2

Photo 2 shows device after etch in 10% NaOH to clear away

aluminum. Emitter wire has been moved to fully expose the "hot

spoS' in the aluminum ring.

Aluminum smear in the original photo i 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.

I

i
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FAILURE ANALYSIS REPORT
,,_';: , '_, _ _ , ,' ,, , _,_ ' i;

Unit No. Test Cell No.

C 293 419-242

Sheet 1 of 4

Failure Mode Category

Not a Failure

S_ 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°

63

h_
Behavior i
in Test

68 - 67

ii

4° _ o

H oj c_, _, OJ 0

0
oO o 0 0 ¸

_ _ o

_-- 700mW

Conclusion: The mechanism which caused the other highly stressed

units to fail (microcrack formation under the bonds) was also fow_nd

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

degradation of the parameters, although laboratory measurements at

current levels lower than those used in parameter tests indicated

the presence of these cracks.

Laboratory Measurements:

Initial Measurements

i) The hFE, at the i00 _A level of IC, was noted to appear

degraded° This is a possible symptom of microcracks in

the emitter.

Prepared by: Date: /

Fail_re _aly_ Engineer
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FAILURE ANALYSIS REPORT _heet___o_'_

2) After a 300°C bake (similar to the stress screen), there

was a large improvement noted in the i00 _A hFE.

S) After deeap and exposure to air: BVcB O was considerably
degraded.

_) After 300°C bake in a_r: Extreme instab!lit# of T was
.... CMO

noted. Devices acted cracked in the collector-base

Junction.

5) Photos: Etch photos were taken. Cracks appeared under
bond sections were taken.

Photo i. M R 103X

Unit showed characteristics of a cracked collector-base

Junction. No cracks are visible in this photo. The following

ph6tos show cracks surrounding bonds, shown up after chemical

removal of deeply alloyed aluminum contacts.
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FAILURE ANALYSIS REPORT Sheet__of

<

Photo 2. Mag 1483(

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 followlng
photos.
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FAILURE ANALYSIS REPORT Sheeth____of Final

Photo 3

This is a top view of the photo 4 specimen potted in

translucent compound to show exactly where the section intersected

the specimen surface. Note cracks.

_._._-_,i;•_,_ _ ":_-_ i',_:';;; _:' _: _,_: /.t.:,_ ::._ ,-

Crack

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. Intermetallic growth greater than 1 mil high.

125
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FAILURE ANALYSIS REPORT

Unit No. Process

C 301 C

Sheet i of

Test Cell No.

419-242

Failure Mode Category

Not a failure

h.-_
73

H

79 8O

/',_j
L ,

i
!

m_O0 0
Oj O_ O'b OJ

700mW

Test data analysis:

_ change between 300°C bake and 20 kg stress indicates
calibra_Yon 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.

A ./ .

Prepared by: _'________ /¢,'-C Date:

Fail_re Analysis Engineer
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FAILURE ANA SiS REPORT Sheet____ofi_

Photo 1

Photo 1 is of a "C" type unit used for oxide thickness

studies. _his particular device survived 300°C bake without

developing "crack" electrical characteristics.

i
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FAILURE ANALYSIS REPORT SheetS___of4

Masked by wax

Note B

Base

Note 1

Note 2

Side of pellet
waxed

k Acid has undercut mask

considerably showing up inter-

ference fringes easily. No

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-

trateA HF for 25 seconds. Si02 is completely removed in the

unmasked area and the heavy unaercutting action of the acid makes

cou_ting of interference fringes and calculation of Si02thiakness
relatively easy.

Note i: The dark area inside the emitter is not residual Si0_ but

an electrochemical deposition of Si film into _+ areas

from the KFreaction.

Note 2: _he aluminum ring is very deeply alloyed into the silicon

and so has not been appreciably removed by the HF treatment,

I
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FAILURE ANALYSIS REPORT Sheet_____of Final

Note 3: The collector and base oxides appear to be identical

both being h interference fringes deep and purple in

color - 6300 angstroms.

The emitter oxide is a shade of green thicker than the base-

collector - h% fringes or about 7100 angstroms thick.
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FAILURE ANALYSIS REPORT Sheet 1 of 2

Unit No.

C 363

Test Cell No.

419-255

Process

C

Failure Mode Category

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 ICB 0 failure at the 2000 hour life test readout°

hFE

63
64 64 64

Screen

Control

llO

1"-4_

69

i

I
i

0
cO_ o o 0
ko _ cO 0

0 ,-I _ _o ,-4

_--_---- 700row

0 0 0 l
O 0 0 _D u_

O O _

----.jP

Test Data Analysis:

The very high BE reading and the high BVCE 0 reading were

contradictory and could very safely be assumed to be incorrect.

The contradiction was probably due to faulty equipment. The high

ICB 0 indicated a real degradation, which probably was due to cracks.

Laboratory Analysis:

Baked at 300°Co ICB 0 now unstable, hFE improved.

other indications of cracks.

No EF or

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

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

Pre, ared by: __ _'(- Date: //y//_J--
Fail4zre _aly---_ Engineer

I
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FAILURE ANALYSIS REPORT Sheet2of Final

After decapping - no

defects visible to

_lain increase in

ICB 0 after 700mW s_ress

amd instability in air

after bake.

i

._!

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-

ably more shallow. No emitter cracks were indicated electrically.

I
!3! '
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FAILURE ANALYSIS REPORT Sheet I of 3

Unit No.

c 4oo

Test Cell No.

419-246

Process

C

Failure Mode Categow

B-2-a

Summary of Analysis: The cause of _hls faliure has been determined

to be a crack extending across both junctions of the unit The

failure indicator was a small ICB 0 degradation at the i000 hour life
test readout°

Behavior

in Test

! 82
81 81../'T .....81

f_

1 ! , :_ .........500mW

-_ _ _ o

_ 0 o
_ o.1 rr3 "Cw o,1 0

Test Data Analysis:

Test data indicated that this unit operated normally untii

the final 150 kg centrifuge stress. This condltion 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°

• • #_ J •

Pre,ared by: _._----_L /-r_-(. Date: }o//_
Fail_re Analysis Engineer
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FAILURE ANALYSIS REPORT Sheet2___of 3

Photo 1 Mag 60X

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

Photo 2 Hag 60.7X

Photo 2 is a section through both bonds which shows:

i. Separation between Si-Au eutectic solder and header

metal. VSA T data does not show this characteristic.

I

I
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FAILURE ANALYSIS REPORT Sheet3of Ftn_

2. Shows very shallow diffusion being used.

3. Photo 3 shows a crack under emitter bond, indlcatedby

electrical parameters.

Defect in periphery

of bond appearing

to be a crack pene-

trating both Junc-.
tions.

CB junction depth = 0.21 mil

EB Junction depth = 0.07 mil

Photo 3 Mag 401X

Concludions:

Slight crack found in analysis contributes to degradation

of ICB 0 limits. Crack condition characteristic of Process C

devices.



l
I
I

I
I
I

I
I

I
I
I

I

I
I

I
i

FAILURE ANALYSIS REPORT Sheet i of

_=

2

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

C 406 419-255 C A-2-b

Stmm_ary of Analysis: Devic_ began to show IcB 0 degradation of the

surface inversion layer type at the 168 hour readout of the life

test°

t-_
52

• i

. +1 Ij ,+,-i i 1,_
0 0 0 0 0
_ _ 0 "0 0 0 0 0

• " _ _ " oO 0 u'_ 0 o 0
H 0 _. _ '.D _ H _ _

-qE----._ 700 mW

hFE behavior indicates favorable surface potential improvement

up to i000 and 1500 hours. The unit started to degrade slightly

after this time. BVcE 0 is increased corresponding to hFE decrease.

ICO degradation noted early in 700mW stress.

Laboratory Measurements:

Shows a typical inversion layer.

Prepared by: Date:

Fail4Lre Analysis Engineer
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I ,....d _g,_ti_ ion, iB ii_--qim I_LlZ coatribute to inversion I Hml_m mkl I• um Iam

m . _i,,.,.-iBm mm
m
m 5
I

Photo i

m Decapped: " " .

Note that the header ;_Isseverely contaminated (photo i).
-Device is cracked. However, crack is so severe it is hard to

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

with no floating emitter response at high voltage is very rare. It

will be assumed that the crack occurred in the decap operation.

m Extreme contamination will contribute to inversion. '
4

Severe crack- assumed !'. . .... _ .... -. "_,*,, "- i

m caused in decal) opera- l ....- _/ / _... \r_"_./•,oo. LJm ,.._ ',1-_,m
miD) ' ,+m),, ).,_-)i

I
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FAILURE ANALYSIS REPORT

Unit No. Test Cell No. Process

C 505 419-246 C

Sheet i of 2

Failure Mode Category

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 ICB 0 during 500mW
testing.

Test Data Analysis:

Gain h__ started to shift in life test at i000 hour readout,
with _ increasing and h dropping.

At end oC_0test, ICB 0 and _oth degraded.

Laboratory Measuremen%s :

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

300°C bak$: hFEWorse. No emitter crack evident.

Decap and 300°C bake: Emitter cracks now in evidence°

EFresponse.

Strong

Prepared by: /_/_/ fC_-_ Date: 10/22/65
Fail, Are Analysis Engineer
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FAILURE ANALYSIS REPORT Sheet 2 of

Collector oxide stained

by uneven defective etch

techniques

Emitter Junction extre_

unstableafter decap end
bake - acts craoked from

electrical indications

2
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FAILURE ANALYSIS REPORT

Unit No.

C 576

Process

C

Sheet 1 of 3

Failure Mode Category

Not a failure

Stmmma7 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, _ 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.

hFE

Test Data Analysis:

86
I 91

i//_\83 84

I i

Oo_ SO
H oJ_ o_

! _ 5 0 _w _ I

I

_D

O
¢U

hF_ 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:

i)

2)

Slight EF indication (symptom of cracks)

Unit was decapped. Degrading EF was noted. Bake at 300°C

caused breakdown, h_E, floating emitter potential degrada-
tion. Emitter crackN became larger or more severe, as a

result of this treatment.

Fail4zre _aly---s_ Engineer

I
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Photo shows stained header. This

contamination did not degrade

de_J.ee.

Sectlo. made through emitter

- _ Photo I

Photoof pellet (photo l) giving electrical indications of cracked

emitter and collector Junction. Crack is not visible in photo.

Section was made as shown.
N

I
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FAILURE ANALYSIS REPORT Sheet__ofFinal

Photo 2

Photo 2 shows a section through the bond which reveals a crack

under the intermetallic formations of the bond. Intermetalllc

(AuyA12) under bond was over 1.mil thick. The fracture had the

appearance of being caused by contraction of metal over it, placing

the silicon in tension during the cool from 300°C.

Type A unit after 300°C @ i000 hour bake

4

O

Gold ball bonds _ere made to A type units and aged. Sections

show that the thickness of the intermetallics under bond was 0.25

mll at left and 0._ at right - less than that formed with C devices.

Collector-base Junction = 0.32 mil.

141
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F. PROGRAM FAILURE RESPONSE CODE

A Failure Response Code, which would be different from the

Failure Mode Code, was developed as 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 Grou_ Second Group

1 ICB 0 1 Initial Value

2 IEB 0 2 After 1st step

9 BVcE 0 2S 1st Step Shift

13 hFE _ 3 After 3rd Step

15 VCE (SAT) 3S 3rd Step Shift

16 VBE (SAT) 4 After 4th Step

660 Noise 100 cps, lmA 4S 4th Step Shift

661 Noise 1000 cps, lmA

662 Noise 1000 cps, 30mA

663 Noise 100 Kc, 30mA

In 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:

5 = 00 hours Life Test Readout

6 = 170 hours Life Test Readout

7 = 3h0 hours Life Test Readout

8 = 680 hours Life Test Readout

9 = 1,000 hours Life Test Readout

l0 = 1,500 hours Life Test Readout

ll_# 2,000 hours Life Test Readout

12 = 3,000 hours Life Test Readout

13 = 30 Kg Centrifuge Test Following Life Test

14 = 50 Kg Centrifuge Test Following Life Test

15 = 90 Kg Centrifuge Test Following Life Test

16 = 150 Kg Centrifuge Test Following Life Test

The failure response categories identified as l, 2, 3 and 4

correspond to units that meet the original specifications, units

that would meet a normal high reliability end-of-life requirements,

142
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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:

ICBO

IEBO

BVcE 0

B VcE 0 % Shift

hFE

hFE % Shift 15%

VCE (SAT)%.Shift 15%

VBE (SAT)% Shift 15%

i 2 _ 4J

10nA 10-100hA 100-1000nA > 1 uA

10hA 10-100nA 100-1000nA > 1 uA

40V 30-40V 20-30V < 20V

15% 25% 50% > 50%

40-120 35-40 & 28-35 & < 28 or

120-150 150-180 > 180

15-25% 25-50% > 50%

15-25% 25-50% > 50%

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.

A240

A285

All0

A186

A294

A192

FAILURE RESPONSE CODE

(i-2-4)

(i-2-3)

(1-2-4) (9-2S-3) (9-2S-2)

(1-2-4) (9-2S-3)

(2-1-3) (2-2-3) (2-3-4)

(1-2-4) (9-2-4)
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SECTION V. NOISE STUDY

A. RESULTS OF THE NOISE STUDY

i. Screening to Noise Limits. Figure 3 shows the

cumulative distribution of noise current for units later found to

be good and for those later found to be bad. From this Figure it

is possible to see that a limit of 5 picoamperes would have removed

10% of the bad units and 5% of the good units. Progressive lowering

of the screening limit could have removed 40% 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 h shows the distribution of the noise

readings after the transistor was operated. In this case, a limit

of 5 picoemperes would have removed 2% of the good units and 18%

of the bad units. At h picoamperes, the ratio became 7% of good

units versus h2% of bad 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 picoamperes

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 unreliability.

Figure 5 shows the noise distribution comparison of good and

failed units when the same transistors are measured initially at

i000 cycles. '

2. Correlation of Noise and Transistor Parameters.

is not equally effective as a screen for all failure modes.

Noise

Figure 6

!
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shows the distribution of noise values found for units which later

failed hFE and for those which later failed VCE(SAT ). The units

which later failed VCECSAT ) 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 all failures, but VCE(SAT ) failures

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

expected noise. The VCE(SAT ) relation suggests the need for explor-

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 lO0 cycle

noise current is used, the ability of an initial test to eliminate

units which would later fail can be improved. The following table

of values for a lot stressed to a 45 percent failure, shows ICB 0 to

be the most effective screen. VBE(SAT); the upper limit of hFE;

I000%, 30 mA noise; i00 cycle;

noise could also be effective.

Parameter Measured

and !000 cycle, 5 microampere

% Bad of

Screen

Rejected Rejected

No screen 0 0

ICB 0 @ VCB = 20V 15 100

IEB0 e VEB = 5v 15 25

BVcE 0 @ Ic = 0.1mA 15 45

hFE @ VCE = 5V, Ic = 20mA 7 71

VCE(SAT_.. @ Ic = 50mA, IB = 5mA 8 38

VBE(SAT ) @ Ic = 50mA, IB = 5mA 8 75

I @ 5ua, i00 cps, BW = 20 cps 9 55
n

1000 cps, BW = 200 cps 12 50

I @ 30mA, 1000 cps, BW = 200 cps 7 71

n i00 kc, BW = 20 kc 7 43

% Bad in Lot = 45.

% of lot
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The noise current 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 ICB0 or the 100 cycle noise screen• Therefore the 1,000 cycle,

SOmA noise testwould not be economic. Screening to other parameters

such as IEB O, BVcE O, VCE(SAT ) and noise at 5uA, 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 meas1_ed 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 (i) 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 noise 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

v_1+ag o_. _1ow _+o+os of charges upon the surface, i_............. _vj, 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. NOIS_ _RR'RR_TT_M WEL_TED TO M)_,m_ACTL_!NG w=n_=cc=c

One value of noise would not be suitable for application

to all vendors and processes supplied to a single specification.

Figure 8 shows the comparative, cumulative distribution of noise

readings for the three different processes. Process C was expected

to have the greatest failure rate. Quarterly Report 3, Section 7,

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

high noise when compared with Process C. Paragraph 7.11 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 i00 cps noise current distribution

values, before the first stress, for all units, for units which

failedVcE(SAT), and for units which failed hFE. Figure7 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 VCE(SAT ) failures for the initial

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 VCE(SAT ) had higher noise after
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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 anKlysis tended to confirm the suggested relation between

noise and _+_ spots. _ 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 hFE 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 (i, 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 (100cycle) on the

Noise Analyzer which is very unsteady on some transistors. Fluctu-

ation in the i00 cycle meter can approximately double during the

observation time.

Assuming that the slow surface states have a time period of

seconds or minutes, 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 i00 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 I00 cycle 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 path to a_other.
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SECTION Vl. PROCESS DETAILS

A. ELECTRICAL SPECIFICATION

The transistors investigated were purchased to the JEDEC

registered specification for the 2NTISA. The three devices investi-

gated represent three variations to meet the same specification.

These are:

Process A - Double Diffused, with Au to AI contacts.

Process B - Double Diffused epitaxial, with A1 to AI contacts.

Process C - Triple Diffused, with Au to A1 contacts.
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Joint Electron Device Engineering Council

REGISTRATION DATA

2NTI8A

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

2. Junction Temperature, Tj operating

B. Total Dissipation at case temperature 25°C

at case temperature 100°C

at ambient temperature 25°C

B. Maximum Voltage

1. Emitter to Base Voltage, VEB

2. Collector to Base Voltage, VCB

3. Collector to Emitter Voltage, VCE R

(_ - io o_s)

h. Collector to Emitter Voltage, VCE 0

-65°C to +B00°C

+200°C Max.

i. 8 Watts

1.0 Watts

0.5 Watts

- 7 volts

- 75 volts

- 50 volts

- 32 volts
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ElectrYcal Characteristics at 25°C

A. Static Characteristics

i. Collector Current, ICB 0

Collector Voltage, VCB • 60 V.

2. Collector Current, ICB 0

Collector Voltage I VCB = 60 V.

TA - + l_O°C

3- Collector Breakdown Voltage, BVcB O 75 V

IC = i00 uA

4. Emitter Current, IEB 0

Emitter Voltage, VEB = + 5 V.

5. Emitter Breakdown Voltage, BVEB O + 7 V

IE = i00 uA, IC = 0

6. Collector to Emitter Sustaining Voltage, VcER(sust.) +50 V

(RBE _ I0 Ohms, IC = i00 mA, pulsed)

7- Collector Saturation Voltage, VCE(SAT )

IB = 15 mA, IC . 150 mA

8. Base Saturation Voltage, VBE(SAT )

= 15 mA, IC = 150 mA

I0 nA

i0 uA

i0 nA

• I.5 v

+1.3 v
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Electrical C_aracteristics at 25"C (Cont 'd)

_mall Signal Characteristics

i. Small Signal Current Gain, hfe

I IC = 1 mA, VC = 5 V

IC = 5 mA, VC = iO V

I 2. Input Resistance, hib

I
I
I
I

I

I
I

I

i

I

i
I

Ic = i mA, Vc= 5 V

IC --5 mA, VC = IO V

3- Voltage Feedback Ratio, hrb

Ic _ i _, vc - _ v

IC = i mA, VC = iO V

_. Output Conductance_ hob

IC = i mA, VC = 5 V

IC -- 5 mA, VC = iO V

5- High Frequency Current Gain, hfe

IC = 50 mA, V C = IOV, f = 20 MC

6. Output Capacitance_ Cob

7- Input

IC

8. Noise

Ic

_G
154

= 0 mA, VCB= i0 V

Capacitance2 Cib

- o _, v_- -o.5v

Figure, NF

= .3 mA, VC = I0 V_ f = i000 cps

= 510dk , i cycle bandwidth

Min.
m

3o

35

2_

4

O.i pmho

0.i pmho

3.0

_4Xo ,
m

i00

150

34

8

o.5 _mho

I.O pmho

25 pf

80 pf

12db



Electrical Characteristics at 25"C (Cont 'd ) Min_..._. Max_..__.

Ce

!

Large Signal Characteristics

D.C. Pulse Current @einp hFE

Ic = 150 mA, V_- i0 V

D.C. Pulse Current C_ain, hFE

I C- 500 mA, VCE = 10 V

3- D.C. Current Gain, hFE

IC - i0 mA, VCE --i0 V, T = 25°C

I _ I0 mA, = i0 V, T = -55°CIC VCE

4. D.C. Current •Gain, h_

I IC - 0.I mA_ VCE VSo

I 5- Switching Time td 4 tr + tf

I

I
I

I
I

Thermal Characteristic s

A. Thermal Resistance, Junction to Case, 0

Packaging

A. _ TO-18

B.

J-C

Lead Connections :

i. Lead 1 - Emitter

2. Lead 2 - Base

3- Lead 3- Collector (Connected to Case)

40

20

35

2O

20

120

30 nsec

97.o°c/W
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B. PROCESS DIFFERX![CES

Units made by the three separate processes as supplied by NASA

were electrically measured, then opened 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:

PROCESS A PROCESS B PROCESS C

Pellet Size - Mil 32 X 32 25 X 25 h0 X 20

C.B. Dia. - Mil 22 17 Tip to Tip 27 Teardrop

E.B. Dia. - Mil 15 10.7 " " " 15

E Contact Dia. - Mil 13 l0

Base Area Mil 2 522 169 616

Emit Area Mil 2 176 26 176

Emit Perimeter - Mil 27 37.2 27

Contacts Alum Alum Alum

Wire 2 Mil Au 0 oF.up Mii Ai 2 Mii Au

Caps Nickel Nickel Nickel

Gas Analysis N2 98 % 99% 98%

0 2 0 0 1%

CO 2 2% 0.1% 1%

Ar - 0.25% 0.25%

Volume (micron liters) 27 23 22
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C. PHYSICAL AND FABRICATION DETAILS

I. Header and Cap

2. Oxide

Thieknes_

3- Bonding

PROCESS A

TO-18 Header

TO-18 Cap

PROCESS B

T0-18 Header

T0-18 Cap

O

Base 8-9000 A

Emitter - 5C_nO._

Wedge

O

- 7000A

O

- 75OOA

Wedge

PROCESS C

T0-46 Header

TO-18 Cap

(Gas- Volume

is Larger)

Ball

157
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D. PHOT0(H_t_HSOFT HE PHYSICAL_CE OFT HE PELLETS.

PROC[SS A PROCESS
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PROCESS A. HIGH STRESS SCREEN. TABLE 62.

ICB0 DISTRIBUTION CHANGES WITH LIFE TEST.

HRS.

5_

2_
5o_
75%
9o_
95%
Max

Min

5%
lO%
25%

i90_
!95_

Max

t,v,
5%

lO%
25%
5o%
75%
9o%
95%
Max

Min

5%
lO%
25%
5o_
75%
90%
95%
Max

INIT.

0.2

0.2

0.2

0.3
0.4
0.7

1.3

1.5

1.5

<0 .i

<0.i

40.1

0.i

0.3

1.0

1.4

2.1

2.3

ICB0 (VCB = 60 V.)

168

0.5
0.6
0.6
0.7

i.I

1.5
2.0

2.3

2.3

o.4
0.4

0.4

0-7

1.0

340 680

•0.i 40.1

•0.i <0 1

_0.i <0 1

0.2 0.i

0.5 0.5
0.8 O.9
1.4 1.3

1.7 1.5

1.7 1.51

<0.i <0.I

_0.11 40.1

0 0.i

0.41 0.3

ili!j12
2.7 2 2.1

3.0 4 4.5

3.2 4,6 6.41

I003

0.i

0.i

0.I

0.2

0.5
0.9

i 1.3
1.5

1.5

<0.i

_0.i

,0.i

0.2

0.4

1.3
2.6

6.7

8.9

_'0,!

40.I

•0 .i

0.I

0.2

0.4

i.I

1.4

2.5

_0.i

"0.I
"O.li

_0 .i
0.2

o.41
o.81

0.9

0.9

_0o!

_0.I

_0.1

_0.i

0.4

0.6

0.7

i.i

i01.2

0.4
0.4

i0.5J

0.7!

0.8i
1.3

3.0

4.2

4,2

0.5

0.5
0.6

0.8

1.0

2.0

2.5

32-9

0.i

0.I

0.1

0.3
0.4

0.7

3.2

5-3
5-3

v.v _O.1 1

1.0 <0.i

1.0 0.i I

1.2 0.3

1.7 0.7
2.4 1.6

3.3 2.81

10.2 ,I mA

_0.i _0.i

•0.i 40.1

0.i 0.I

0.2 0.2

0.6 0.6

1.0 3.4

5.1 14.6

6.3 22.9

6.3 22.9

(Nanoamperes).

1500 2000

_0.i _0.$

<0.i • 0.]]

_0.ii <0._

0.I _0._

0.2 0._
0.6 0.5

1.0 0.9

1.2 1.0

1.2 1.0

_0.i 40.1

":0.i "=0.I

_0.i _0.I

•0.I 0.2

0.3 0.6

0.9 2.4

1.8 7.9

25.3 20.8

44.4 31.0

_0.I <0.II

0.2 _0.i I
0.3 o.i

0.5 0.2
0-7 0.7

1.7 1.6

2.1 2.7

7.8 9.3

_0.i _O.1

40.1 _0.i

<0.i 40.1

40.1 40.1

0.3 0.4

1.o 1.4

47.3 157.9

83.5 279.4

83.5 279.4

3000

o.3

0.3

0.5

0.5

0.71

1.4

2.6

22.0

36.9

_0.I

_0.I

40 .i

0.2

0.6

1.9

5.7
35.0

<0.i

40.1

_0.I

0.i

0.5
22.4

627.7

P=8OOmW.

VCB--20V.

TA=25°C.

P =700mW.

VCB=20V.

TA--25°C.

P=500mW.

VCB =2or.
TA=25°C.

P=400mW.

VCB=20V.

TA=I50°C.
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TABnE62. (COnn_D).

HRS.

10%

25%
5o_
75%
9o%
95%
Max

n_iT. I 168

-O.1 0.6

<0.I 0.6

<0.i 0.6i

<0.I 0.81

o.2 o.9
0.4 z.4

0.9 ]-3.5!

1.51 127.712.0 142.4

340

_0.i

<0.i

O.1

0.2

0.5

1.0

2.0

109 .i

196.6

68(

<0.i

<0.i

"0.i

0.2

0.4

1.0

1.9

ii.I

18.6

i000 1500 2000 3000

<0.I

<0.i

0.I

0.3
0.4

1.2

1.8

6.4

lO .1

<0 .i

_0 .i

0.i

0.i

0.3
0.8

1.5
4.8

7.3

<0.I

_0.i

"0.i

0.I

0.3
i.I

1.9

2.4

2.6

<0 .i

40.1

0.I

0.i

0.4

1.2

1.9

196.2

354.1

P=2OOmW.

VCB-2OV.

TA&I_O°C

221
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400 mW., 150°C. TABLE 62 GRAPH.
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PROCESS B. HIGH STRESS S_E_.

I_0 DISTRIBUTION CHANGES WITH LIFE TEST.

_S. IN_.

Min < O. i

5% _o.i
10% O.1

25% o.4
5o_ 0.8
75% 1.7
90% 3.3

95% 3.4
Max

5o%
175%

!95%
Max

M_n

5_
lO%
25%
5o%
75%
9o_
95%
Max

Min

5%
io%
25%
5o%
75%

9o%
95%
Max

ICB 0 (VCB - 60 V.)

168

0.6
0.6

0.6

1.0

2.9
14.2

98.2
132.0

340

0.3

0.3

0.3
0.6

1.8

7.8

47.5
62.8

68o

0.I

0.i

0.I

0.3
1.0

3.2

39.1
58.3

i000

1.0

1.0

1.0

1.2

3.0

7.7
54.4

54.4

(Nanoamperes).

1500

0.2
0.2
0.2
0.4

0.5
2.2
2.8
2.8

2000

i.i

I.i

i.i

i.i

1.9

2.9

3.5
3.5

3000

o.5

0.5

0.5

0.7
1.2

2.2

926.1

926.1
3-4 132.0

"0.i 0-5

_0.i 0-5

_0.i 0.5

0.i O.9
0.4 1.4

1.3 2.4

69 t

557 [8 17.094.2

H _1 uAH I 123"1

o.] n_

62.8

0.i

0.I

0.2

0.5

0-9
2.2

17.0

322 .i

531.6

58.3 54.4

_0 1 _0.i

<0 1 _0.i

0 2 0.i

0 3 O.2

0 _I 0.5
1 9 1.6

31 0 2.8

678 2 124.1

--- 223. i

2.8 3.5 926.1

o166 o.1 o.1
0 _0.i I _0.i

O:o7 I
• 0.4 I i.o

11.4 0.21 0.22 o.81 _.711
41 2.4t 276.3

141 • 46.ol ---

165-7 80.0 ---
.... it

o.2 o.8
0.3 i.i

0.7 1.3

i .o 1.9
2.5 3.6

3.2 4.6

4.4 91.7

13.3 ---

0.i 1.2

0.i 1.2

0.2 1.2

0.5 1.5
0.8 1.8

1.5 2.5

2.3 3.1
2.5 3.2

2.5 3.2 I

i!.I,
1.31
1.6
2.2
3.4
65

70.3

0.7

0.7
0.8

i.i

1.5
2.1

3.8
4.6!

4.6 I

_ k_

0.4

0.5
0.8
1.6

3.0
7.8
32.3

0.5

0.51

0.51

0.9
1.2

1.7
2.2

2.5

2.5

0.2 0 .I

O.4 0.2

O.7 O.5

1.3 i.i

2.7 2.5
7.8 3.3

152.6 7.9
--- 686.7

0-5 _0.i

0.5 <0.I

0.5 0.2
0.8 0.8
1.0 1.O
1.6 1.4

i0.i 2.0

15.5 2.2
15.5 2.2

<oIi o.3
O.ll 0.4

0.5 0.7i. 1.4

2.4 3.0
_.6 5.8

#,.41 2_.3

I
o.31 0.5

0.31 0.5
0.3 0.5
0.5 0.8
0.6 i .2
1.5 1.7

2.0 3.6
2.2 4.2

2.2 I 4.2

224

TABLE 63.

P=8__W.

VCB =20V.

TA=25°C.

P=7OOmW.

V_=20V.
TA=25°C.

P=50_W.

V_=20V.

TA=25°C.

P=400mW.

VCB =20V.

TA.I50°C
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TABLE 63. (CONTINUED).

HRS.

Min

5_
lO_

5o_
75%

95%
Max

INIT. 168 340

0.3

0.3
0.4
i.I

2.0

3.1
7

J'1

18.6

30.0

o.6
0.7

0.9

1.5

2.7
3.6

_-J'l

134.9

199.9

0.5

0.5

0.7
1.2

2.4

3.4
22.3

211.2

359.4

68O

0.3
0.4

0.5
i.i

2.0

2.7

%2*./.

190.3

329.7

!000 1500

0.2 O.2

0.2 0,2
0.3 0.3
0.7 0.5

1.8 1.3

2.5 2.7
"1), 4.,_.5 5

135.3 91.5

236.4 151.7

2000 3000

1.0

!.0

1.0

1.6

2.3
3.2
5.2

68.4

109.3

0.4

0.4

0.5

1.3
2.0

3.0

_+,t)

14.6

18.9

P.20OmW.

VCB=2OV.
TA=150°C

225
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I 400 mW., 150°C.
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TABLE 63

200 mW., 150°C.

5o_

I
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FROCESS C. HIGH STRESS SCREEN.

ICB 0 DISTRIBUTION CHANGES WITH LIFE TEST.

_S.

Min

5%
lO%
25%

75%
90%
95%
Max

Min

5%
lO%
25_
50%
75%
9o%
95%
Max

iHin

5_
lO%
25_
5o_
75%

Max

0.2 1.1

0.2 i.i

0.2 1.1

0.2 9.7

5o4.4 5o.o

>luA 607.0

>I uA 908.9

_i uA 908.9

>I uA 908.9

<0.I

_0.I

40.1

fl02
"1 C

53;:_
>luA

>1 ,o_

>luA
I

o.3i
0.31
0.3!
0.3

169.0

>1 uA
_-1 uA

:'1 uAI
>1 uAI

1

TCB0 (Vc_ = 60 V.)

0.7

0.7
0.8

i.0
C
.2,-u

94.9

i

0.3i

0.3

0.3

0.5

9.5

354.3

340

0.6
0.6

0.6

4±._

91.6
421.6

808.1

8o8.1
808.1

1.0

1.0

1.0

1.3

J-#-. |

57.5

0.!

0.I

0.I

2.1

76 .i

761.3

68O

0.6
0.6

0.6

39.7

71.5

331.9

662.8

662.8

662.8

0.5

0.5

0.5
0.6

77-9

0-51
0.5

0.5

6.7

67.0

(Nanoamperes).

!000

0.4

0.4

0.4

9.0
68.8

295.8

640.9

640.9

640.9

0.5

0.5

0.5

0.7
'7 C
|..2

106.3

765.9

J

! ®12oooi
o.4 o.8

0.4 0.8i

0.4 o.8i

0.5 i.3
131.2 33.1

293.7 504.6!

494.0 918.4i

494.0 918.4

494.0 918.4

0.i 0.i

0.i 0.i!

0.2 0.2_

0.7 0.5
col_._ 12.6

83'4 125.9

504.7 ---

--- I --- i
i

±u.o I
Io.6

10.6

24.2
730.2i

I

0.3i
0.31
0.3

7.2
53.6

0.2

0.2

0.2

5.3
43.9

3OO 3

<0.i

_0.i

0.2

i.0

9.8

129.0

228

TABLE 64.

_0.i

"0.I

_0.i

i.1 P=800mW.

13.7! VCB--2OV.

394.2 TA--25°C •

P=7OOmW.

VCB =20V.

TA.-.25°C.

ii
o.4 li
0.4 II
0.4 li
7.8ItP--5OOmW.

32.6_ vct3--2ov.--- TA=25°C.
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PROCESS A. HIGH STRESS SCREEN. TABLE 65.

hFE DISTRIBUTION CHANGES WITH LIFE TEST.
,

h_ (Ic -20mA., VCE-- _v.)

HRS.

Min

5%

2_
5o%
75%
90%
95%
Max

4in

95%
Max

5_
lO_

25%
50%
75%
9_

Max

Man

I0_

25_

5o%

9o%
95%
Max

INIT.

59
59
64
7P

82
91

102

i05

105

67
68

69

74
82
89
99

lO5
lO6

j_

62
69

77
86
92
99

lO4i
ll9

641
64i

731
84i
891

i001
1061

1071

1071

168 340

57

57
63

8O
86

93

lO3
lO6

lO6

58
58
6O
81

89
94
97

97

97

20
2O
38
74
82
93
98
99
99

69 65
69 65

70 70
74 73

79

98 98
lO4 lO6i
lO6 ].o7!

61 411

65 64!
75 74i
83 841
86 9oi
97 aT i

io_i 161
ll6 ll6

64

64

65
86
88
98

103
i04

i04

68O

57

57
63

84
92
i01

104

104

2O
41

68

72
821
88

101
104
106

_v

f_
oj_

65

73
82

89
QQ
JJ

i03

53

53
60
81

84
9o
100

104

104

i000 1500

58_ 58
58 58
64 64

81 81

85 86

93 95

102 103
lO5 lO8
i05 108

69 2O

7O 2O

73 64

76 73
861 831

i02 91
904 106

978 ll3
--- 118

20 20

51 53

65 69
76 78

84 9O
QQ QQ

102 106

ii8 ii9

63 64

63 64

67 67

87 88
93 96

104 108

109 ll2

109 115

109 115

2OOO

2O
2O
38
8!
85
98

104

105
105

2O

2O

2O

7!
8O
9O

lO5
i16

125

2oi
53

70

79

91
!0!

108

121

64

64

68

89

98

107

115
118

118

3000

20
20
20
70
78
90

:]_04
121
:]-34

_v

2O
53
69
8O

90
!0o

1o8

i20

2O
2O
42
83

102
1]_0
119
119
119

P=_80_0_.,

VCB=20V.
TA=25°C.

P--700mW.

Vr,_=20V.

TA_25°C •

P--5OOmW.

VCB=20V.

TA=25°C.

P=400mW.

VCB =20V.

TA=I50°C

230
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TABLE 65. (CONTINUED).

HRS.

Man

lO_
25_
5o_
75_
9_
95_
Max

INIT. I 168

54 54

56 56

60 60

74 75

83 83

9O 9O

104 99

1181 115i22 123

340 680 i000 1500 2000

54 53i

56 56

59 6O

72 741
82 82

88 89

98 104
114 120!

124 125

52

55

58
74
82

87

102

119

123

53

55

59

71
83
88

104

117

117

58

59
60

81

84

96

1687
6221

7o71

3000

53
56

59
74 P-2OOmW.

84 VCB.2OV.

89 TA_I50°C
i055

1278
1349

231
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TABLE 65 GRAPH.
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700 roW., 25°C.
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PROCESS B. HIGH STRESS SCREEN.

hFE DISTRIBUTION CHANGES WITH LIFE TEST.

TABLE 66.

HRS.

Min

25_
5_

9_
95%
Max

Min

25_
5o_

_7_

95_
Max

Min

'25_
5o_
75%
9_

Max

Man

25_

75_

95_
Max

INiT.

67
67
68

77
92

ii0

151
174
174

49

50
56
86

99

109
ll8

128
131

551
7oi
f_

99
109

ll5
121

153

61

61
67
82

99
ll2

13o
137
137

168

2O

20

40
75
96

108

119
121

121

54

56
60

83

98
106

158

175

185

72

74

,,6
86

99
lll

ll7

13o
147

61

61
66

85
94
io8

129
138
138

hFE (IC _-2o _., VCE-- 5 v.)

340 680

67

67

68

74

92

158 "
179

179

58
59
62
84

99
ll2

162
i8o
189

2O

73
#,/
83
95

106

ll5
126

153

62

62

68
87

lO0

107
145
159
159

20
20
20
70
96

.L..L_

159:
185
185

20
20
2O
86

99
i18
"I_'7

634

69

%5

99
Jill
i21

140

58
58
63
82
89

103
145
168

168

iooo

68

68

68

82
99

i13

[ 122
122
122

20
20
20
86
99

ll7
!62

178
187

1500

2O
20
2O
20
86

lO9
124

125
125

34
38
66
89

102

134
!63
183
186

20 20
71 20

! .t..

I _ {_

85 84

97 97

iii 113

i17 124

142 143

148 155

60
60
66
86

97
109

153

171

171

61

61

67

87

98
iio

178
212

212

2OOO

34

34
34
60

98

.LZ_.L

129

129

129

2O
2O
2O
23
9]-

I16

153
168

:]-77

20
20
,-'u

83
98

ll2
123
lkl
153

6O
6o
60

87
98

lll

183
220

22O

30o0

2O
20
2O
29
75

A..t/U

].-3]-
131
131

20
20
20
86

101
145
160
179
179

20
20
_k2

82
97

113
122
143
"1 E:,7

57
57
59
88

lO0

ll2
188
228

228

P-800mW.

VCB--2OV.
r_1 r_ _Ot_

±A=r, _.

P=7OOmW.

VCB =20V.

TA=25°C.

P=50OmW.

VCB:20V.
TA=25°C.

P=40OmW.

VCB.20V,

TA=I50°C
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TAXIS oo. (conn_).

HRS.

Min

5_

75%

95%
Max

c-j_

INIT. 168 340

64 65 64

65 65 64

66 67, 68

85 84 83
98 98 98

112 108 107

ll8 115 i14

Io_ 116 Io_

129 117 122

68O i000

61
61
65

79

92
i00

i07
110

115

63

64

66

82
96

llO

117

.II.L. %_

121

1500 2000 3000

64

65

67

83
98

ii0

119
!24

127

64
65
68

83
98

iii

i19

_ii.j

125

64

65

69

83
98

lll

120

126

128

P=2OOmW.

VCB=2OV.

TA.150°C

I
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PROCESS C. HIGH STRESS SCREEN.

hFE DISTRIBUTION CHANGES WITH LIFE TEST.

TABLE 67.

hFE (Ic = 20 mA., VCE = 5 V.)

H!RS. INIT. 168 340 680

%A4

5%
io%
2_
5o%
75_
9o%
95%
Max

_n

lO%
25%
5o%
75%

95%
Max

51 46 46! 45

51 46 46 45

51 461 46 45

551 51 50 49

69! 68 63 67

89 82i 79 82

129 115 107 114

1291 115 107 i14

129 115 107 114

49

49
5O
55
69

lO2

124

131

131

43
43
53
64
86

111

ill

lJ111

Min

5%
i0_

25%
50%
75%

95%
Max

48 47

48 47

51 49

54 53

69 68

i0i i00

123 121

130 128

130 128

43 37

43 37

43 37
52 51
66 67

81 81

108 108

108 108

io81 io81

49

49
51
54
69

ioi

123

131

131

32

32

32i
47'
64
78
103
103

i03 ]

i000

46

46

46

49
68
84

117

117

117

48
48

5O
54
69

IOi

122

129

129

31!31

48
67

81

105

105

1051

15oo

2O

20

20

43
68
84

119

119

119

49
49

51

54
69

lOl

124

131

131

31

31

3i

49
68
83i

108

108

io8

2000

20

20

20

20

58
,_3

117
117

117

48
48
5O
54
67

i01

124

130

130

29

29

29:

49

70

85
114

i14

114

3OOO

P =800_.

VCB -20V.

TA=25°C

5O
5O
5O
53 P.7OOmW.

68 VCB=2OV.

i01 TA.25°C

123

129

129

28
28

48 P--5OOmW.
71 VCB--20V.

84 TA=25°C.

109

109

109

236

I



!I_I10

i|

I

!

!

I

!

!

!

I

!

I

!

!

I

!

!

I

9_800 mWu_ 25°C.

_oG

4O

km

6o

4o

2o

_0

_oo

_.__

mo

700 roW., 25°C.

TABLE 67 GRAPH.
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PROCESS A. MODERATE STRESS SCRE}_.

ICB 0 DISTRIBUTION CHANGES WITH LIFE TEST.

TABLE 68.

HRS.

Min

5%

25%

PTo

9o_
95%
Max

Min

5%
lO_
25%
50%

95%
Max

YAm. I

±u_

125%
5o%
75%
9o_
95%
M_x

Min

5%
lO%

75%
90_
95%
Max

ICB 0 (VCB = 60 V.) (Nanoamperes).

680 i00INIT. 168

_0,! _0.!

-0.i <0.i

0.i 0.3

0.i 0.5

0.3 0.9

0.5 z.9
1.5 4.9

2.0 6 -9
2.0 6.9

_0.i 0.5

_0.i 0.5
_0.i 0.6

0.i 0-7

0.2 0-9
0 '-'• _ 1.71
"I t_ 0.01

2.7i 3

'_O.l! "O.1

0.!! _0.i!
O.l _O, l

0.2 o!i
0.3 04
0.9i 0.6

1.3] 1.2
i

2.4-1 2.31
26.51 _ "

!

_o.1 o.6i
_o.11 o.61
"0,i 0.6

0.1 0.71

0.3 o.91

0.5 1.1

1.3 17.1

1.3 32.1

1.3 32.1

340

0.1

0.i

0.2

0.2

0.4

1.7

4.9
6.9

6.9

_0 .i

<0 .i

<0.i

0.i

0.4

1.1

1.3

2.3

3.1

0.4

0.41

,_._O.

1.5
2.1

3.4
3.5

<0.1

_0 .i

<0 .i

0.3

0.5

0.7

16.7

31.7

33-.7

_0.! 0

_0.i 0

0.i 0

0.2 0

0.4 0
1.5 3-
3.0 2.5

3-7 2.5

3.7 2.5

<0.i <0.i

<0 .I _0 .i

<0.i _0.i

0.I 0.1

0.3 0.i

i._ 1.3

2.2 2.2

3.0 3.0

o,8 _0.i

0.9 _0 .I
J

i,O I 0.!
1.1 0.3

1.3 0.6

1.8 1.2

2.5 2.0

3.4 3.8

4.5 71 uA

_0.I 0.i

_0.i 0.i

0 .I 0.2

0.3 0.4

o.4 o.6
0.6 3 .o

14.8 14.3

27.8 16.3

27.8 ]_6.3

) 1500 2000

.2 _0.i _0.i

• 2 _0 .i <0.i

• 2 _0.i _0.I

• 2 0.I 0.2

.4 0.5 0.3

.6 i .2 _.{

]-.9 7.5

2.0 9.3

2.0 9.3

_0 .i _0.i

_0.i _0.i

_0.I _0.i

0.I _0.i

0.2 0.3

O.7 i.0

]-.i _.U. )

•9 2.1
2.4 2.7

_0 .i "0.i

0.I _0.I

0.2 "0.i

0.3 O.1

0.5 0.3
1.3 1.0

1-7 3..4

2.7 2.]-
3.9 3.5

<0.1 _0.i

_0.i _0.i

0.1 _0.i

0.2 0.2

0.3 0.4
0.5 0.6
5.7 4.7

i0.0 7.7

io.o 7.7

3000

_0.i

_o.i

<0.I

0.i

0.4

3.2

6.5

6.8

6.8

0.3

0.4

0.5

0.5

0.7

1.5

1.9

3.2

3.4

_0 .i

40.1

0.i

0.4

3..0

1.7
2.6

6.8

<0 ,i

_0.1

0.i

0.3
0.6

1.2

1.9

2-3

2.3

P.800mW.

VCB=2OV.

'_A.25OC.

P-7OOmW.

VCB =20V.

TA-_25°C.

P=50OmW.

VCB =20V.

TA=25°C.

P-40OmW.

VCB .20V.

TA=I50°C
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TABLE 68. (CONTINUED).

HRS.

Min

io%
25_

75%

I.... U

INIT.

<).i

_).i

).i

).2

)-3
).6

168 340

0.4 0.i

0.5 0.2
0.5 0,2
0.7 o.21
0.8 0.4

•o_ o:672.0 1

4.6 2._
_ 2
_'"I "_I

680

_0.I

<0.i

0.2
0.4

0.6

1.6

2.1

i000

_O.1

<0.i

0.I

0.2

0.3
0.8

1.5

5-9
9.5

1500

<0.I

<0.i

_0.i

0.!

0.3
0.4

1.4

1.6

1.8

2O0O

_0.1

cO .i

_O.1

O.1

0.2

0.5

1.2

1.8
,,% ,.%
,_,%2

300C

_O.1

_O.1

_0.i

0.!

0.3

0.5

1.3
1.8

2.2

P-2-_m!W.

VcB.2o_v.
TA.IS0OC

239
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800 roW., 25°C. TABLE 68 GRAPH.
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PROCESS B.

ICB 0 DISTRIBUTION

HRS. INIT. 168

MODERATE STRESS SCREEN.

CHANGES WITH LIFE TEST,

ICB 0 (VCB = 60 V.) (Nanoamperes).

340 68)

Min 0.2 0.9! 0.3

0.2 0-9 0.3

i0_ 0.3 0-9 0.3

25% 0.9 1.6 0.9

5o$ 1.5 1.8 1.2

7_ -5 -- 3,8,.-% 3 4 ]

9o_ 4.6 4.9 4.4
95% 4.6 5.0 4.4

Max 4.6 5.0 4.4

iMin <0.i 0.8 0.2

5% 0.2 0,9 0.3

10% 0.4 0.9 0.4

25% 1.0 1.8 i.i

50% 2.2 3.4 2.8

75% 3.6 4.5 3.5

90% 4.7 5.1 4.4

95% 4.9 9.8 6.9
Max 5-0 14.4 9 -2

0.2

0.2

0.3
0.7
1.0

3,2

501.8

t--

m--

0.2

0.2

0.3

0.9
1.8

2.7

3.8

3.9

3.9

Min 0.2 0.9 1.3 0.4

5_ 0.4 l.O 1.3 0.5

_._J ,_ ,,.J. j .L. ,:i. "J "_" i

25% 0.9 1.6 1.9 1.O

50% 2.1 3.4 3.3 2.3

75% 3.7 4,5 4.2 3-5

90_ 4.1 5.0 4,6 3.9
95% 4.5 13.2 13.9_ 17.9

Max 4.8 196,4 121,81 57-6

Min

5%
io_
25%
5o_
75%

Nax

TABLE 69.

0.2

0,2

0.2

0.4

1.9
4.4

5.1
5.4
5.4

0.7

0.7

0.8

i.i

2.5
4.6

5.1

5.3

5,3

O.5

0.5
0.5
0.6

2.2

4.2

4.6
4.6
4.6

242

0.3
0.3
0.4

0.5
1.8

3.9
4.31

4.5

4.5

I000

0.3

0.3

0.4

0,9
1.2

3,5

4.2

4.2

4.2

0.4

0.4

0.5

1.3

2.0

3.5
4.5
4.8

4.8

O.3
0.6
,,_ r-7

_';+ i

I.i

2.5

3-5
4,0

18.7

£9.4

0.i

0.i

0.I

0.4

1.3

3.1

3.5
3.5

3.5

1500 2000

<0.i

<0.i

0.i

0.3
1.0

2,3

3.5

3.7

3.7

_0.i

"0.i

0.i

1.0

1.6

3.3

4.2

502-7

0.2

0.3

0.9
2.4

3.4

4.3

5.1

34.2

0.2

0.2

0.3
0.4
1.6
3.6
4.1
4.2
4.2

_0.i

<0,I

0.2

0.4
1.0

z,7
3.2

3.7
3.7

0.2

0.3

0.3

0.7

1.0

2.9

3.7

3.9

3-9

0.3

0.4

1.O

2.3

3.4

4.2

5.6

38.3

<0.i

<0.i

0.I

0.3
1.6

4.1

4.4

4.4

4.4

3O0O

0.6

0.6

0.6

0.7

1.0

1,3

3.2
3.6

3.6

0.2

0.2

0.2

0.9
1.3
3.3
4.0
4.4
4.5

0.5

0.7

a.. D il

2.6
4.0:
4.6

9.7
31.1

0.3

0.3
o.4

0.6

0.8

3.6

4.3

4.6

4.6

P=8OOmW.

VCB =20V.

TA=25°@,.

P=700mW.

VCB =20V.

_A:25°C.

P--500mW.

VCB =20V.

TA=25°C.

P=4OOmW.

VCB=20V.

TA=I50°C
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TkBT,I_,69. (CONTINUED).

KRS.

Min I

5_

2

Max

T1_IT.

0.4

0.5
0.6

0.9
1.4

3.2
3.8
4.6
4.8

168

0.8

0.9
1.2

_-oJ

2.0

3-7
4.2

4.8

5.0

340 680

0.6 0.5
0.5

0.7
0.8
1.2

1.7

4.
5.6
6.i I

i000

o.5!

1.6i
i3.41

5.0 _

Xo

0.5

0.5
0.61

o,9!
1.3

15oo

0.3
0.4

0.4

0.9

1-7

3.3
4.3

29.3

Pz." I

2OOO 3000

i.i 0.i

1.2 0

1.5 1.2

1 1.7_:_ _._,
4.5 4.3

72 _.5
7.7 _-)11

P=200mW.

VCB=2OV.
TA=I50°C.
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PROCESS C. MODERATE STRESS SCREEN.

ICB 0 DISTRIBUTION CHANGES WITH LIFE TEST.

TABLE 70.

HRS.

Min

5%
10_
25%
5_
75%
90_
95%
Max

Min

5%

25%
50%

75%
90_
95%
Max

MLn

lO%

25%
5o_
75%
9o_
95%
Max

Min

5%
lO_
25%
50% !
75%!

95%
Max

INIT.

_0.I

,0.i

_0.i

0.2

0.5
0.8

1.0

1.1

1.1

_0.i

_0.i

_0.i

_0.i

0.i

0.2

0.6

8.0

14.0

_0.1

<0.!

_0.I

_0.i

0.2

0.6

2.3

7.6

168

0.4
0.4
0.4
0.6

0.9:
2.1

124.3

v0.1

"O.1

<0.i

_0.I

0.4

0.4

0.8

0.9

0.9 417.oi

IcBo (vc_ = 60 v.)
I

340 I 680

_0.i

"0.i

,0.i

0.3

1.0

2.11

379.2 405.1

"0.i

_0.i

_0.i

0.2

0.6

1.8

,0.i

cO.l

_0.i

0.i

0.3

1.2

_0.i

"0.i

0.i

0.3

0.7

1.9
44o.2

875. o

875.0

(Nanoamperes).

2_20.8 745.3

22O.8 745.3

0.4 _0.I I0-5 -0.I

0.6 0.2

0.7 0.2

0.9 0.5
1.4 1.2

lOOO i15oo

"_O.1

_0.i

_0.i

0.i

0.8

1.4

512.4

3.6 31.2
6.5, 62.2

7.0 73.8

0.3 0.7

o.4_ 0.8

0.4! !.0

0.5 1.0

0.7 1.3

1.2 1.9

4.0 5.4

23.7 22.2

58.1 179.1

0.4 0.I

0.4 o.1
0.5 0.2
0.7i 0.6

1.3! 2.4
4.1 229.0

236.21 ---

417.0 ---

_0.I

_0.i

0.2

0.3
0.4

1.5
44.3 58.5

134.8 148.4

174,5 187.0

_0.i _0 .i

_0.II 0.i

_0.i 0.i

0.2 0.2

0.4 0.4
1.1 1.4

5.9 13.0

31.3 45.3

938.0 ---

0.i 0.2

0.i 0.2

0.2 0.3

0.5 • 2.6
4.6 72.9

325.2 ....

_0.i

"0.i

_0.I

0.I

0.4

3.3
581.o

<0 .!

_0.!

_0.i

0.i

0.3

0.7

6.7

17.9

0.i

0.i

0.2

0.3

3.9

2OOO

_0.i

_0.i

_0.i

0.5

1.9

30 .i

592.2

_0.i

0.I

0.3

0.4

1.0

204.9

<0.I

<0.1

<0.i

0.i

0.3
1.6

11.6

24.5

<0.i

"0.i

<0.I

0.2

0.3

409.2

3O00

_0.i

"0.i

_O.1

0.2

1.8

14.6

331.9

363.0

363.0

0.i

0.2

0.5

0.7

1.6

562.4

<0.I

_0.!

<0.i

0.i

0.3

1.7

19 .I

102.9

<0.i

_0.i

"_0.i

0.1

0.4

155.4

366.7

451.8

451.8

P .80DraW.

VCB=2OV.

TA-25_C.

P =700roW.

VCB--2OV.

_A.25°C.

P=50OmW.

VCB --20V.

TA-25°C.

P--4OOmW.

VCB -20V.

TA-150°C
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•_ 70. (co_rrmmD).

HRS. rN_-r. 168

_0.I 0.21

_0.± u.i
0.2 0.9

4 1.4
010 27.22

24.3 39.6

Min

75_

95_

1_'x II 34"3144

340 680

cO .i c0.1

<0 .i _0.I

<0 .i _0.!
•0.I 0.I

o.4 o.5
1.6 7.0

56.3 45.2

137.4 139.1

.J 169.6 205.0

!000

<0.I

,0.i

0.i

0.4

1.5
_.2

75.5
121.4

1500

_0 .i

<0.i

<0.i

<0.I

0.2
4.8

82 .i

236.9

260.5

20O0

_0 .i

40.i

0.i

0.2

0.3
4.4

47.0

659.0

3o00

<0.i

_0.i

<0.I

0.i

0.5

25.9

460.7

P=200mW.

VCB --20V.

TA=I50°C.
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PROCESS A. MODERATE STRESS SCREEN,

hFE DISTRIBUTION CHANGES WITH LIFE TEST.

TABLE 71.

HRS.

Min

5%

75_

95%
Max

Min

5%
1o%
25%

75_

9%
Max

ic4
25%

75%

95%
Max

Min

5%

25%
5o_
75%
9o_
9_
Max

INIT. 168

h;_.(zc = 2omA.,VCE = 5 V.)

f_

67 oo
671 68i 64
68 68 64

73 74 75

88 89 91

92 92 94!

98 97 I00

[00 98 102

[00 98 102

62 60

63 63

67 66

77 77
84 83
9o 9o
98 94
102 i00

I05 _o5
I

5_ 54
64! 64
68 _op
77 75
87 82

92 90
97 96
99 98

103 103

57
57
62
67

87

91

97
98
98

57

57
60

66

86

91
98

98

98

63
64

67

77
84

89

92

97

99

52
62

64

74

83

91

96

97
102

59

59
62

66
86

92

99
i00

i00

68o

20

2O
44
70
87
90
97
99
99

63
64

66

77
84
90

99
103
106

52
62
fl,

721

°°I87
91

9_

19

19

37

59

77

85

92

93

93

i000

2O

2O
44
71
9o
92
99

i01

i01

63
64

66

77
85
92
99
103
106

20
20

04

77
89
95
97

z86

55
55

6oI
65i
82
88
96

97

97

15oo

20

20
20
66
87
91
98
99
99

62
64

67

77

85
91

i00

103

io5i

20:

52i

ffl

91

97

101

5(
5_
6<

&
8_
9(
9'
9_
9_

2OOO

20

2O
2O
55
79
90
99

102
102

6O
61

66

74

83

90
98
103
i04

20

2O

54
O4L

79

89
95
97

99

56

56
60

66i
83

9]-
98

i00

i00

3OOO

20

2O

20
66 P _800mW.

85 vcB=2ov.
90 TA--25_C •

i01

105

105

20
40

63
73 P--7OOmW.

83 VCB=20V.

88i TA=250C.
99

!02

io3

2o
2o!
2_ q

ii P=5OOmW.
VCB=2OV.
TA--25°C.

2O
20
38
66 P=40OmW.

82 VcB=2ov.
90 TA--150°C
95
97

97

25o

i
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TABLE 7_-. (co_).

I_S. INIT.

Min 62

5_ 641
10% 66
25_ 71

5o_ 83
7_ 89
9o_ 98
95% io2

Max II 102

168

62

64

65

7i
8o
87
96

lOO

lO1

340

62

63

65

70

79
86
95
99

i01

680 i000 1500

62

63

65

70

8O
87!

971

99

i01 n

2000 3o00

61 62

63i 63
65i 66

691

87
95

lO1 102

1011 102

71 P=2OOmW.

82 VCB=2OV.

88 TA=ISO°C
97
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TABLE 71 GRAPH.
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9o_
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PROCESS B. MODERATE STRESS SCREEN.

hFE DISTRIBUTION CHANGES WITH LIFE TEST.

TABLE 72.

HRS. INIT.

61

10% 65

94
7_ 98
90% 104

95% 105

Max 105

Min 67

5_ 69
10% 73

93
75% 102

90% io5

9 5% 108

Max 109

lO_ 67

O1

90% 0395_ o5

Max 08

87
94

195_ IIZo6
IMax I 06

h_ (Zc =20mA., VCE_-5V.)

168 34O

63 63

63 63

67 68

78 79

96 91

ioi 1o3

iii i13

112 115

112 115

20 65

44 69

73 74

84 85

92 91

99 ioi

105 109
i06 112

i07 i15

47 201

_8 _7i
70 661

85 821

93 91
101 96

106 103

i08 105

ll0 1081
J

f

75 75I75 75
76 75

82 81

91 90

96 97

104 550

]_o8 ---

108 ---

68O

62

62
66

77
96

lO0

112

ll4

ll4

2O

2O

68

82

92

103

i08

112

115

57

59

69
83

93

i0o

lO6

i08

io9

72

72

73

77

89
95

i00

i03

i03

i000

63

63

67

78

96

lO3

113

115

115

2o

44

73

85

94

io3

iio

115

116

57

59

84

93
94

1o6

lO7

lO9

77

77

77

8o

94
i01

lO5
lO8

lO8

15oo

20

20

45
79

-I00
lo8

ll6

ll9

ll9

2O

20

70
86
94

lO7
112
116

117

58

60

70
86

96

102

lO7

109

llJ

78

78

78
81

95
102

106

i08

i08

I 2000

2O

20

2O

74
97

ILl:-.'
124

132

132

20

20

70
85
95

! i04

io9

i13
I16

20,

581

84

97
103

lO6

lO9

83

83

83

83

97

103

137
164

164

300O

20

20

20

60
89

li4
679
917
917

72

75
82

89
lO0

llO

ll4

ll6

ll7

2O

57

vj

83

96
lO4

108

lO9

115

84

84

84

89

98

103

136

162

162

P.8OOmW.

VCB_2OV.

TA_25°C.

P=70OmW.

VCB--2OV.

TA=25°C.

P=5OOmW.

VCB--20V.

TA=25°C.

P=4OOmW.

VCB:20V.

TA-150°C
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TABLE 72. (CONTn_u_D).

HRS • INIT. 168

56 56
57 58
70 68
75 76

88 87
97 97

107 108

lO8 lO9

IO8_ lo9

340

2O

38

59
77
86
95

105

!07

109

68o

20 20
38 37

59 58
76 75

88 87
97 96
106 106

!!0 108

iii ii0

i000 1500 2000 3000

2O

38

59i

77i

87

98
lO3

ln71
lO9

55
57
68

781

89
98

I09

114

2o

38

59
77 P--2OOmW.

89 vcB=2OV.
98 TA=I50°C •
108!

ll3
114

254
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40-
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_20

4o

8o

4o

:120
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TABLE 72 GRAPH.
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PROCESS C. MODERATE STRESS SCREEN.

hFE DISTRIBUTION CF_&NGES WITH LIFE TEST.

hFE (IC = 20 mA., VCE = 5 V.)

Min 54 55 55 55 55 55 54

3ooo

53

75%

95%
Max

Min

25%
5o%

Max

_Min

I 54
t.LLF_

125_

9o_

Max

Min

3_

2Z

9_
9Z
iMax i

54 55 55 55
6O 61 61 6O

66 67 68 67
811 80 80 80

1071 107 lO5 105
ll2 ll2 ll4 ll2

114 115 116 115

114 115 116 115

55 56 2o

56 57 36

59 6o 57

68 68 63

9o 89 81

ii0 ii0 105

132 134 120

136 137 134

139 139 138

53 53
571 57
OUt o±

84

102 103

121 122

133 132

139 141

59

59
60

63
lO4

118

121

122

122

56

57
60

67

87

55
61

68

81

107

ll3

ll5

ll5

57

58
61

68

88

55
6].
68

82

108

ll4

ll6

ll6

54
60

67

77

107

i13

i15

115

44

5O

57
63

87

53

54

59
77

107

112

113

113

46

5O

57
64

87

I

531
56!

oj.i
I

71'

82

i01

120

130

139

]-o9

133

134

135

i!i

136

138
14o

2O

2O

39
60

92
115
120

121
121

20

20

39

6o
84

53
56

6o

73
84

i02

121

128

134:

!

191

z9i
331

56

76

541
571

112 i01

121 109

122 iii

122i iii

O/l

75
85

lO3
124

134

141

]-o9
134

136

25

112

134

136

136

2O

2O

27

54

78

lO5

117

119

119

f_ I _f

oD po

76i 7o_

87 80

lO5 99

125 ll8

138 129

143 1341
i

20 2o!
20 20i

3o 20 i
6o 201
93 58

114 126

249 149

374 156

374 156

2O

20

2O

20

45
84

iii

116

116

TABLE 73-

P -800roW.

Vc_.2ov.
TA=25_C.

P -700roW.

VCB=2OV.

TA=25_C.

P=50OmW.

VCB -20V.

TA=25°C.

P =400row.

VCB =20V.

TA=I50°C
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TABLE 73- (CONTI_J-KD).

HRS.

Min

5_

7_

95_
Max

]_'_.

53
55
6o
70

89
io4
116

123127

168

20

34
56
66

85
103
ll7

]_23
127

34O

52

54
6o
69

87
104

115

]_22

126

68O

19

33
rr-t
p_
66

83
lO0

iii

118

122

i000

5O

53
59
66

88
103

113

119

123

15o0

2o

37

6O
68

89
106
117

123

127

2000

20

37

59
68
88

105
I15

121

125

3000

20

20

56
68i
87'

1o3!

118

124

128

P=2OOmW.

VCB--2OV.

TA_-I50°C.

257



le

II
I
I

I
i

I

I

I
I

I
I

I

i
i
I
!

800 roW., 25°C. TABLE 73 GRAPH.

40-

@o%

_o_o

700 roW., 25°C.
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500 mW._ 2500.

5o_

Io7o

/
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40-
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60

4o

2o
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400 roW., 150°C.

9o_

to7o
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FR0CESS A. CENTRIFUGE ONLY SCREEN. TABLE 74.

ICB 0 DISTRIBUTION

HRS.

Min

lO%
25%
50%
75%
90%
95%
Max

Min

5%
lO%
25%

90%
95%
Max

!Min

La5 
+50+
r75%
19o%
195%
IMax

iMin

i 54

!254
50_
75%
90%
95%
Max

_NIT.

0.1

0.1

0.1

0.1

0.4

0-7

1.9

1.9

1.9

o.z
o.1
0.2

0.3
O.5
l.z
1.1i

1.4 i

1.4!

f3+]

0.!
0.2
0.4

0.9
1.3
1.6
?..81

I

0.21
0.21
0.21

0.3
0.3
0.4

0.7
0.7
0.7

CHANGES WITH LIFE TEST.

febo (VcB:. 60v.)

168 340

0.5 0.i

O.5 0.1

O.5 0.1

o.7 o.2
0.8 0.4

1.0 0.8

2.2 1.8
2.2 1.8

2.2 1.8

0.6 0.2
0.6 i 0.2
0.7i 0.2
0.8! 0.2
1.o 0.5
1.4 0.9

1 1.4

<0 _•_ 0.5
cN+l O.E

- ,

_:o.t t o.51
<o.z I o.7i

0.41 o.8i
0.5 1.3
0.7 2.1

2.2 2.3
4.11 4.0

l

0.5 0.21
0.5 0.2
0.5 0.2
0.7 0.3

o.9 o.4
o.9 o.7
1.2 0.7

1.2 0.7

1.2 0.7

68O

<0.i

<0.I

<0.i

<0.i

0.2

0.5

1.5

1.5

1.5

<0.i

<0.I

<0.i

0.i
0.4

0-9
1.0

1.0

1.0

%# ° _.;

_B

!.0

1.0

1.2
1.6

2.0
2.6

4.0

0.3

0.3

0.3

0.3

0.3
0.6

0.7

0.7
0.7

i000

':0.1

<0.i

_0.I

0.I

0.3

1.2

1.7

1-7

1.7

0.1

0.i

0.2

0.3
0.6

!.i

1.3

1-3

1.3

<0.1
<0.1

0.1

0.2

0.3
0.8

1.3

1.5

3.3

<0.i

<0.i

<0.i

0.2

0.3

0.5
0.8

0.8

0.8

(Nanoamperes).

1500 2000

_0.1 <0.1
_0.I <0.i

_0 .i .=0.I

0.i 0.3

0.2 0.3

0.5 1.5
1.0 2.6

1.0 2.6
1.0 2.6

.=0.I 0.3

<0.i 0.3

_0.i 0.3
0.2 0.4

0.4 0.7
0.7 i.i
3.6 31 .i

9.5 40.3

9.5 40.3

_0.i <0. "t
_0+I .=0.1

0 .! <0 .!

0.I 0.I

0.3 0.3

0.7 0.8

1.4 1.5

1.6 3.4

3.4 ---

<0.i <0.i

<0.i <0.i

<0.i <0.i

7-5 <0.i

25.0 0.2
40.0 0.4
70.0 1.0

70.0 I.O

70.0 i .0

3o0o

_0.i

<0.i

<0.i

<0.I

0.i
1.6

3.2
3.2

3.2

cO.l
_0.i

O.1
0.4

0.9

1.5
30.6

92.5
92.5

<0.!

<0.i

<0.i

_0 .i

0.3
1.0

1.9

<0 .i

<0.i

_0.i

<0.I

0.5
1.0

9.6

9.6

9.6

P_-80OmW.

Vrm =20V.

T_;25°C.

P--70OmW.

VcB:2ov.
TA:25°C.

P--5OOmW.

VCB =20V.
TA=25°C.

P--400mW.

VCB=2OV.

TA:I50°C
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TABLE 74. (come-on).

HRS

M_n

].o_
25_

75_

95_
Max

INIT.

0.i

0.i

0.i

0.3
0.4
1.2

1.4

H__.

168

0.6

0.6

0.8

0.9
i.i

1.7i

1.9
2.O

2.0
i

340

o.3
0.3_
O.3

0.6 i
0.8_
1.3

24_. 5i
814.9!

814.9]

260

68o

<0.!

_0.I

<0.i

0.3

0.5
1.2

1.3

1.3

1.3

I000 1500 2000 3000

0.i

0.i

0.i

0.2
0.4

i.i

1.2

1.2

1.2

<0 .i
<0 .i

-:0.i

0.2
0.4

0.8

1.0

!.0

1.0

<0 .i
<0.i

0.i

0.3

0.5
1.0

1.2

1.3

1.3

<0.i

<0.i

_0.i

0.i
0.4

i.i

1.3
1.4

1.4

P=200row.

VCB--2OV.

TA=ISO°C
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PROCESS B. CENTRIFUGE ONLY SCREEN.

ICB 0 DISTRIBUTION CHANGES WITH LIFE TEST.

TABLE 75-

HRS.

Min

5_
lO_
25_
50%,.
75_
9o_
95%
Max

INIT.

0.6

0.6

0.6

1.6

3_2

3.6

5.1

5.1

5.1

iMin O. 4

5_ o.4
io_ 0.5
25_ 0.8
5o_ 1.3
75% 2.6

90% 3.2

95% 3.3
Max 3.3

! I
Min jj

i Ji u "_ "i

iI0% O. 7 '

25% l.Ol

50% I. 81

75% 3.71

90% 4.31

9._, 4.8!
Max 4.9i

Min 0.51

5% o.5!
_o_ o.51
25% 0.81

50% 1.5M
75% 4.4i
9o% 4.8i

95% 4.8i
Max 4.81

I

ICB 0 (VcB = 60 v.)

168 340

1.3 0.9

1.3 0.9

1.3 0.9

1.9 1.7

3.3 3.1

3.8 4.2

4.5 20.0

4.5 20.0

4.5 20.0

o.9 0.5

o.9 o.5
i.i 0.6

1.6 1.2

2.1 1.7

3.2 3.0

363[_ 140.I
891 140. i

891.6 140.i

O" I
_- _j

1.2

1.6

2.6

4.3

5.8
12.8

1.0

1.0

1.0

1.3

1.9
4.6

4.71
4.71
4.71

680

(Nanoamperes).

I000 1500

O.8 0.8 O.4
0.81 O.8 0.4

0.8 0.8 O.4

0.9 1.3 1.O
9.6 3.3 2,5

3.0 3.7 3.1
3.7 4.7 3.5

3-7 4.71 3-5

3.7 4.7! 3.5

O.5
0.5
0.6

1.0

1.5

2.7

34.2

79-7

79.7

0.i ¸

0.i

0.2

0.5

1.3
2.8

38.4

90.8

90.8

0.i

0.5

o.9i
1.71

3"01
3-7

57.6

0.7

0.7

0.7

0.7

1.2

3.2

3.5

3-5

3.5

i

1.2i u.*

1 _i o.7
1.8 1.3

2! 2.3
41 3.9

5 4.5

915 175.7

i

0.3i 0.3

0.3 0.3

0.31 0.3

o.91 0.7
1.6 1.3

4.0 3.8

4.5 4.0
4.5 4.o

4.5i 4o

O.1

0.i

0.3
0.6

1.3
6.1

0.i

0.5
1.0

1.6

3.6

4.3

23.8

0.3

0.3

0.3

0.7

1.2

3-5
3.6

3.6

3.6

2000

_0.ii

40 .i

40.i

<0.i

1.0

2.7

3.4

3.4

3.4

<0.i

_0.I

0.2

0.5

1.0

lO. 3

I _ 8 . 0

_0.i

"0 _!I

0.3

1.0

1.5

3.3

3.7

38.1

0.4

0.4

0.4

0.8

1.3

3.6

3.7

3-7

3-7

3000

0.1

0.i

0.i

0.3

1.5
2.8

3.5

3.5
3.5

0.3
0.3

0.4!

1.0

1.2

i1.3

0.I
n_

-L.%#

1.2
1.6

3.9
4.3
4.8
7.6

0.3

0.3

0.3

0.4

1.3

3-9
4.2

4,2
4.2

P=8OOmW.

Vr,_=20V.
_ O

TA=25 C.

P=7OOmW.

VCB =20V.

TA,25°C.

P=5OOmW.

VCB=2OV.

TA=25°C.

P-4OOmW.

VCB=2OV.

TA-150°C
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TABLE 75. (CONTINUED).

HRS.

10%

_o_
7_
9_

95_Max

IN] _. 16 3 340 680

0.6 1.4 1.0 0.8

O.6 1.4 1.0 0.8

0.7 1.4 1.0 0.9

1.3 1.7 1.3 1.2

2.0 2.5 2.3 2.3
3.8 3.8 3.8 3.8

4.5 !4_9 117.5 66.4

4.9 30.1 287.2 159.6

4.9 30.1 287.2 159.6

i000 1500 2000 3000

0.7

0.7
0.8
1.0

1.7

3.0
19.5

43.1

43.1

0.2

0.2
0.2

0.7

1.9

3.3

4.9

6.5

6.5

0.5
0.5
0.6

i.i

2.0

3.3
149.8

368.3

368.3

_0.i

_0 .i

0.5
1.0
1.6

3.4
5.8
7.8
7.8

P=2OOmW.

VCB=20V.
TA=150°C.

I

I

I

I

I
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TABLE 75 GRAPH
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PROCESS C. CENTRIFUGE ONLY SCREEN. TABLE 76.

ICB 0 DISTRIBUTION

HRS.

Min

5_

75_
9o_
95_
Max

_in

Min

, _

io_
25_
5o%
757
9_
95_
Max

Min

5_

257
507
75_
9o_
9_
Max

CHANGES WITH LIFE TEST.

INIT.

<0.1

40.1

_0.i

0.2

v-j

0.4

4.0

5.1

5.1

"0.i

,o.i
<0.i

_O.I

,0.i

0.i

0.2
1

I

<0.i

_'O.l

"0.i

<0.1

_0.I

0.3
1.8

3.4
6.3

,O.li
*0.i

_o.li
_0.1i

0.i

0.i

0.6
0.7i

0.7 i

168

0.5 ¸

0.5

0.5
0.6

1.2

5.8
6O.O

65.1

65.1

0.6

0.6

0.6

0.7
0.8

1.2

2.3!

3o.6j
32.11

i

0._i

0.5i

0.71

1.2!

3.4i
5.7i

662.4 i
I

0.7

0.7i

0.71

o.8!
i

l.lJ

42.8!

74o.2!
813.6

813.6

ICB 0 (VCB . 60

340 68o

,O.ll
<0.1

_0.i

0.2

0.6

15.5

251.1

273.0

273.0

<0 .I

<0.1i

<0.1i

0.i

0.2

0.5

3.2

I

o.81

0.9i
1.0

1.3
2.2

5.1

7.8

13.5

0.2

0.2

0.2

0.3

0.8

92 .i

916.7

<0.i

<0.i

_0.i

0.3

0°7

19.4

249.0

269.0

269.O

_0.i

"0.i

<0.I

<0.i

0.3

2.3

7-0

lO.10.

O_l

9.I

0.2

0.3
0.5
1.O

3.2

41.5

116.0

_0.I

_0.1

_0.i

0.2

0.7
102.1

914.2

V. ) (Nanoamp er es ).

i000

40 .i

_0.I

<0.i

0.2

1.6

80.4

254.9

272.3

272.3

0.I

0.i

0.i

0.2

0.3
0.8

7.2

9.4

9-5
I

<0.i

"9 .I

0.I

0.3

0.5

0.9
3.3

26.1

206.3

0.2

0.2

0.2

0.4
3.8

99.2

917.7

1500 2000

4:0.1 0.i

_'0.i 0.i

_0.i 0.I

_0.i 0.2

1,4 1-7

57.3 53.2

356.6 258.7

387.9 823.6

387.9 823.6

0-3 _0.i

0-3 <0.i

0.5 --o.1
1.0 _0.i

1.3 0.4

2.5 2.3

39.1 28.9

623.7 951.4

623.7 ---

_0.i _0.i

_0.I 0.I

0 .i 0.2

O.3 O.3

0.7 0.5

2.5 2.9
3.9 6.6

ii.5 292.7

40.1 0.5

<0.i 0.5

_0.i 0.5

0.1 0.6

o.7 i.i

81.1 8.3

926.4 408.5

--- 408.5

--- 408.5

3ooo

_0.I

<0.i

<0.i

4.3

27-7
216.7

936-7

0.3

0.3

0.5

0.7

i.i

3.8

409.8

972.5

0.3

0.3

0.5
0.8

1.4

4.8

61.8

215.7

*0.I

_0.1

<o.1
0.3

2.9
20.2

903.9

P-800mW.

V_=20V.

TA=25°C.

P=70QmW.

VCB.20V.

TA--250C.

P=5oomW.

VCB--2OV.

TA_-25°C.

P _-400mW.

VcB--2ov.
TA=150°C
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TABLE 76. (CONTINUED).

HRS.

Miz

5_

2_
5o_
75_

INIT. 168 340 68)

0.5 _0.i 0.i

0.5 _0.i o.i
0.7 _0.i 0.2

0.8 0.3 0.3
1.2 0.6 0.5
1.7 1.7 1.4
9.0 4.8

_0.i

"0.i

<0.i

_0.i

0.2
o.4j
23

"),
J 950.4
31T, ---

8.4
y20 • D y2u •,"

2b_

1000

0.i

0.i

0.i

0.2
0.5

3.1

31.3

951.6

1500

_0.i

<O.1

<0 .i

0.i

0.2
1.2

3-9
6.2

6.3

20OO

<0.I

<0.i

<0 .!

0.i

0.2
0.8

3.8

0'+. 7

67.9

3O00

_0.i

<0.i

_0.i

0.i

0.3

0.9
5.6

339.1

P=200mW.

VCB=20V.
TA,,150°C

I
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PROCESS A. CENTRIFUGE ONLY SCREEN.

hFE DISTRIBUTION CHANGES WITH LIFE TEST.

TABLE 77.

I
I

I
I
I

I
I
I

I
I

I
I

I
I

I

HRS. INIT.

Min

5_

25%
5_
7_
9o_
95_
Max

Min

25_
5o_
75_

95_

Min

2_

75_
9o_
95_

_ax I
Min

25_

95_
Max

hFE (IC = 20 mA., VCE = 5 V.)

168 340

62 63 57
62 63 57

62 63 57

76 80 71

90 91 77

93 94 86
i01 i01 I01

i01 lOl i01

i01 i01 i01

49

49

57

71

77

87

92
94

94

701

91

95
99

51

5]-
58
75
83

93

94

95
95

I

56E
qQ

7]-
82
86

93

69

69

69

72
74
84

85

85

85

68O

@
62

62

79
87

92
99

99

99

52 51

52 51
58 56
75 73

83 8]_
93! 9_
95 92
95 94

95 94

6o 58

64 i 63

72 70

82 78

86 871

93 941

lO00

63

63

63
81

9]-
94

i01

i01

lO1

52

52
58
74
84

92
94
95
95

po

341
69

78
88

94

1500 2000

63 80
63 80

63 80
8O 81

9]- 9]-I

30(0

20
20
20

80
89

P.8OOmW.

VCB =20V.

TA--25°C.93
i01

101

i01

5O

5O
57
74
84

92
95
96
96

20

20
68
80
89
94

92
99
99
99!

20
20
41
68
83
92
94
95'
95

20
20
20
70

9?-
981

i01

855
855
855

2oi
2C
20_

921

P=7OOmW.

VCB=2OV.

TA=25°C.

P=5OOmW.

VCB =20V.

TA=25°C.

i00
106

69

69

69

73

78
88

9]-

9]-

9]-

i00
106

65

65

65

67

72
8O
81

81

81

98
]-O3

I

6].
611

61

63

69

76

77

77

77

99
I01

67

67

67

73

77
87

89
89
89,

99
lO4

65
65

65

69

77
82
87
87
87

i01,

107 '

68,
68

68

73

78

87
89
89
89

1051

llbl

681
681

681

as!
90

9o

P=4OOmW.

VCB=2OV.

TA=I50°C
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• AB_ 77. (CO_namD).

HRS.

Min

5_

25%

Max

I]_l'_. 168

66

66
gv

t

73
79
91
96

97
97

69

69

69

74
81

94

97

98

98

34O

64

64

64

7o
8o
85
91

91

68o looo 15oo

2O
2O

53
7:]-
80
9O
97

20 20
20 20
52 2O

69 67

78 ,_6

87 86

93 96

94 96
94 96
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2000 3000

47 20

47 20
59 39

71 70
82 8O
93 89

97 96

97 97

P.2OOmW.

VCB=2OV.

TA=I50°C
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PROCESS B. CENTRIFUGE ONLY SCREEN.

hFE DISTRIBUTION CHANGES WITH LIFE TEST.

TABLE 78.

HRS. INIT.

Min 82

_ 82
10_ 82
:25% 82
5_ 1oo
75_ ].06
90_ 107

95_ 107

_ax 107

Min 76

5_ 76

I0_ 78

25_ 86
50_ 93
75_ i00

90_ 106

95% Ii0

Max ii0

l

j_uJ.rl

I i0_ " 75i

25_ 8_i
15o_ 9oi
7_ 97
90% 991

95_ 02
Max 03

Min 83

5_ 83
•o_ 83
25_ 8_

75_ 99
90_ .03

95% io3
4Max 03

I 168

78
78
78
87

108

117

117

117

117

58
58
68

8O

90
98

i02

lO4

84
92
99

91,!
98!

lm_
lO1
lOl_

i

hFE (IC = 20 mA., VCE = 5 V.)

340

79
79

79
86

103
112

113

113

113

68O

77

77

77
88
109

115

117

117

117

i000 i 1500

741 77
74! 77

74i 77

89 92
IiO 114!

i16 i18 !

ll6 124

ll6 124

ll6 124

2OOO

20
2O

2O

2O
112

119

131

131

1311

57

57
68

80

91i
99

lO4

106

106

61

73

83

91

97
ioo

108

76

76

76
8].

93

97
98
98
98

61

61

66

78

94
101

I09
112

ll2

62

731
85
90
97
io0

102

109

77

77

77

77

87
94
i00

i00
i00

20 20
20 20
20 20
67 23

95 95
99 I01

II0 109
114 i14
I14 I14

23 20

.... i

7o 7oi
86 87
91 93

95 loo
lO1 107
108 ll0

108 ll0

20
20
20
20
82

101
109
114
114.

2O
0),

69
86

91

99
105

108

lO9

79

79

79
82
87

i00

105

105

105

81 81

81 81
81 81
82 86
92 91
zo5 zogl
108 1131

108 113

Z08 iZ3

3000

2O
2O
20
20
86

118

131
131
131

2O
20
24
6:]_
95

lO5
592
909
9o9

2o!

69_
84i

92
lO1

109
llO
lll

85
85
85
90
94

i14

128

]28

128

P=800mw.

V_ --20V.
_'_ O

TA--25 C.

P=700mW.

VCB=20V.
TA=25°C •

P=500mW.

VCB =20V.

TA=25°C.

P--400row.

VCB=20V.
TA_-I50°C,
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TABLE 78. (CONTINUED).

KRS. 1-NIT. 168 340

!Min 691 72 76

5_ 69 72 76

io_ 78 79 83

25_ 87 91 90

5o_ 92 93 94
7_ 96 96 97
9o%,- 98 _o2 98
95_ iO1 103 98

Max i01 103 98

680 i000 1500 2000 3000

77

77
84
93

96

99
101

i02'

102

76

76
82

93

95
96

IO0

lO1

lO1

76 79
76 79
82 84
91 941

94 96

96 99

i01 io3

lO2 1o3

lO2 io3

79

79
84

95
99
IOO

lO3
lO3

lO3

P=200mw.

VCB=20V.

TA=I50°C.
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PROCESS C. CENTRIFUGE ONLY SCREEN.

hFE DISTRIBUTION CHANGES WITH LIFE TEST.

TABLE 79.

I
I
I

I
I

I
I

I
i
I

I
I

I
i

I

HRS. INIT. 168

Min 49 50

5_ 49 50
io_ 5o 5o
25% 61 62

50_ 77 78

75% 88 88

9o% 106 109
95% 106 llO

Max 106 llO

Min

95%

!Min

J-O%
25%
50%
75%
9O%
95%
Max

Min

5%
lO_
25_
5o%
75%
9O% i
9_ !
Max !

I

48

48

5O
58
96

lO6

122

125

125

481
p*

59

70
86

lO8

124

134

54
54
55
71
96

lO1

ll4

ll5

ll5

h_ (zc =20mA., Vc_,--_v.)

49

49

51

59

94

106

113
124

124

49

59
7O
85

lO6

123

131
141

54
54
55
71

98
104

114

115

115

34O

49

49

50
59

73
82

i01

i01

i01

48
48

51

58
89

109

116

]-25
125

49

52

69

82
106

122

126

138

54
54
55
71

95
102

114

116

116

68O

50

5O
5O
62

79
88

ll0

ll0

llO

48
481

97!
]-o91
122i

49i
r'-_I

ooi

vjj

1081

1211

1281

1371

521

521

521

6BI

831
901
ovl

981
981

lO00

51

51

51

63

0

89
iii

iii

iii

2O

21

49

58
98

ii0

!24

130

130

5O
,,
_+

71

86
09

26

33

39

53

53

54
69

84
00

ill

i12

112

1500 I 2000

5]- 42
51 42
51 42

62 48

78 66

88 8O
llO 104

11o lO6
ii0 106

20 20

20 20

48 23

57 57

93 89
108 ll0

123 121

128 127

128 ].28

50 49
Ci, I C_
_I J_

60 57

70 69

87 84

iii 107

128 123

135 131

140 135

53
53
54
68

85
102

I13
I14

114-

3000

20

20

20

25
53
80

103

105

lO5

20

21

48

58
94

109

121

128
128

51

53
59
72
86

110

126

133

139

i0

20

23
54
67
98

112

113

113

P-8OOmW.

VCB=2OV.

TA--25°C.

P=7OOmW.

VCB=2OV.

TA=25°C.

P=50OmW.

VCB--2OV.

TA-25°C.

P--_OOmW.

VCB=EgV.

TA=I50°C
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TABLE 79. (CONTINUED).

HRS. INIT.

Min

5_
lO_

75%

_5_
Max

51
51

52
63

102

116

125
125

168 340

51 51

51 51
53 53
60 63

102 103

I16! 117_

124_ 124i

126! 125i
126 125

278

68O i000

20

21

51
59

lO4

118

127

127

127

1500 2000 3000

2O 20

21 21

49 51

57 58
_oo 95
ll5 ll7

122 126

123 128

123 128

20 20

21 21

51 51

58 58
95 95

118 118

126 126

128 128

128 ]-29

P--2OOmW.

VCB=2OV.

TA=ISO°C
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PROCESS A. CONTROL LOT. TABLE 80.

ICB 0 DISTRIBUTION CHANGES WITH LIFE TEST.

Nin

5_

25%
5o_
75%
90%
95%
Max

Min

5%
I10%

25%
5o%
75%
9o%
954
Max

i

I.... T

125%

!50_

J75_

!90_
95%
Max

Min

5%
].o%
25%
5o_
75%

9o%
95%
Max

LNIT.

0.3

0.3

0.3

0.4

o.7
i.I

i.i

i.i

°ii0

0

0

0

2.1 1

i

o.zl

0.2

0.4
0.2

0.61

1.21
1.41

1.7

0.2

0.2

0.2

0.2
0.4
0.6
0.8
0.8
0.8

ICB 0 (VCB = 60 V.) (Nanoamperes).

!68 34O

0.6
0.6

0.6

0-7

I.i

1.3

1.5

1.5

1.5

0.6

0.6

0.7 _

O.8

0.9
i.O

2.6

3.4

3.4

r
"0 .±

40.1

"0.!

0-3

0.5
0.6

0.7

17.8

0.2

0.2

0.2

0.2

0.6

0.6

1.1

I.i

i.i
F

0.i'

0.1

0.1

0.3!
o.41
0.7

2.;3
315

I

68O looo

<0.i <O.1

"O.1 "O.1

_0.i 40.1

0.I "_%.;.,"

0.3 0.3

0.6 1.0

2.0 1.5

2.0 1.5

2.0 1,5

"0.i _O.1

_0.i "0.I

O.1 O.1

0.4 0.2

0.5_ 0.4

0.8 0.6

4.4 4.3

5.9

t
I

0.6 _.5 i ,o.i0.9! _O.l
0.6 1.O 0.i
0.7 1.0 0.2

o.91 1.2 0.3

1.5i 1.6 1.0

1-9 2.1 1.6

31.5 42.5J 766.0

]_5oo

_0.I

<0.i

_O.1

"_0.1

0.1

0.3

0.7

0.7

0.7

_0.1

_0.1

_0.i

_O.1

0.2

0.5

44"01
85.5

185.5!
i

*0.i

_O.1

_O.1

O.1

0.3

0.7

1.3

37.5

20OO

"O.1

"0.I

"_0.I

0.5

0.7

1.5

1.5

1.5

1.5

_0.i

_0.1

0.i

0.3
0.4

1.0

45.3
88.2

88.2

_0.1

_0.!

0.i

0.2

0.3

1.1

1-5

43-8

30OO

0.i

0.1

0.i
£% i-_
%.;.,"

0.3

0.7
1.1

1.1

I.i

o.5

0.5

0.5

0.5

0.7

I.I

56.6

IIo. 5

llO. 5 _!
i

40.i

<0.!

_O.1

0.2

0.4
0.8

51.5!

Vb_B=2OV.

TA=25°C.

P=70OmW.

VCB:2OV.

TA--25°C.

P=5OOmW.

VCB=2OV.

TA=25°C •

275.2

0.7

0.7

0.7

0.9

1.2

1.4

3.0

3.0

3.0

589.01

<0 .i

<0.1

<0.1

0.2

0.4

0.6

0.8

0.8

0.8

809.0

0.3

0.3
0.3
o.3
o.4
0.5
_oi
1.O

1.0

_luA

0.2

0.2

0.2

0.2

0.4

0.5
1.4

1.4

1.4

72.4

<0.i

<O.1

<0.1

0.2

0.3

0.3

1.3

1.3

1.3

842.7

<0.1

<0.i

_0.i

O.1

0.3
0.8

1.7

1.7

1.7

0.2 i
0.2]

0.2]
0.2i
o.4!
o.71
1.71
1.71
:]-.71

P=40OmW.

VCB=20V.

TA=I50oc.

28O
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TABL_

BRS.
i

80. (CO_TTmmO).

INIT. 168

Min _0.i 0.6

5_ _o.i 0.6
1o% o.i 0.6
2._ 0.2 0.8
5o% o. 5 1.o
75% 0.9 1.5

90% i. 5 1-9

95_ 1.7 2.1

Max i.7 2.i

340 68O

0 .i 0.2

0.i 0.2

0.2 0.3
o.4 0.3
0.5 0.6
o.8 0.8
1.4 1.7

1.7 2.0

1.7 2.0

i000

0.I

0.i

0.i

0.3
0.5
0.9
3.8
6.2
6.2

150)

_0 .i

<0.I

<0 .i

0.2

0.3
0.6

1.3
1.6

1.6

2000 3000

<0.i

40.1

<0.I

0.i

0.3
0.5
i.i

1.4

1.4

0.i

0.I

0.i

O3
O6
09
2.0

2.0

2.0

P--2OOmW.

VCB=2OV.
TA-_150°C

28]_
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PROCESS B. C0h_fROL LOT.

ICB 0 DISTRIBUTION CHANGES WITH LIFE TEST.

TABLE 81.

_s. INIT.

Min 0.7

5% 0.7
10% 0.7

25% 0.9
50% 2.6

75% 3.9
90% 4.o
95% 4.o
Max 4.0

Min 0.4

0.4i 0.5

3.0
75% 3.8
90% 4.9
95% 5.4
_x 5.4
I ii

iM±n o._ i

0.4ii 0.71

1.51

75% 3 .ii
90% 4.41
95%
Max

Min

5%
10%
25%
50%
75_
90%
95_
Max

ICB 0 (Vc9 = 60 V. )

168

1.0

1.0

1.o I
1.91
3-3
3-7
3.8
3.8
3.8

1.4

9
9.11

i

0.4_

0.41
0.5i

1.21

1.81
4.01

6.1i
5.oi iio.1 i
5.bl ---

I

0.21 0.9

0.21 0.9
0.21 0.9
0.61 i.3

I.ii 2.0

3.71 4.2i

4.31 5.oi
4.31 5.oi

4.31 5.o I

(Nanoampere s)•

340 ! 68O

1.8 _0.i

1.8 "0.i
1.8 _0.i

2.7 o.4
3.5 2.4

3.9 2.9
4.1 3.0
4.1! 3.0

4.1 3.0

I

o.8i
0.8i
0.8!

1.6
3.4

3.7
4.9

5.9
5.9

i._ u._
yl

1.4 0,6
1.6 0.8

1.8 1.o
2.3 1.6

3.9 3.6
6.5 5.0

124.5 105.3

0.31 0.4
0 i•3 0.4
o.31 0.4
0.71 0.7
1.4i 1.3

3.6i 3.6
4.21 4.3

4.21 4.3

4.2i 4.3

I000 1500 2000 3000

0.i

0.i

0.I
t'% '7

1.9
3.4
3.5
3-5
3.5

1.0

1.0

1.0

1-3

3.7

3.8
610.0

700.0
700.0

U.ji

o.51
0.7
1.0

1.5

3.6

4.7
108.4

0.2
0.2
0.2
0.6
1.2
3.4
3.6
3.6
3.6

0.3

0.3
0.3

0.3
0.8

3.1

93-5

93-5

93.5

0.3

0.3
0.4

0.6

3.2
3.6
6.4

6.8
6.8

0.I

0.4

0.5
0.8

1.3

3.3
4.0

104.5

_0.I

_0.I

_0.i

0.5
1.0

3.1

3.4
3.4
3.4

_0 .i

_0.i

cO.l

_0.!

1.5

3.0

55.0
55.0
55.0

0.3

0.3
0.4
0.7

2.7

3.1

3.3

3-3

3-3

o.il
0.4

0.7

1.3

3.4
4.3

104.2

0.3

0.3

0.3
0.6
1.2

4.0

I

0.7

0.7

0.7
0,8

1.3
8.1

10.3

I0.3

10.3

1.0

1.0

i.i

2.0

3.5
3.9
4.5
4.7

4.7

0.4

0.5
1.2

1.6

3.6
4.4

5.8
i0. i

o.8

0.8

0.8

0.9

3.9

P--800row.

VCB=2OV.

TA--25°C.

P=7OOmW.

VCB=2OV.

TA=25°C

P=5OOmW.

VCB=2OV.
TA=25°C.

P=4OOmW.

VCB --20V.
TA:I50°C
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TABLE 81. (CO_).

mRS.

Min

2_

9_
95%
Max

INIT.

0.3
0,3
0.4

1.0

1.2
2.4

3.5
3.8

3.8

168 340

0.9 0.5

0.9 0.5

i.I 0.7
1.4 1.2

1.9 1.9
3.4 3.4
I,,_ 6.2

4-5 8.2
4.5 8.2

680

o.6

0.6

0.6

i.i
1.8

3,3

7.0

7.0

i000 1500 2000 3000

0.4

0.4

0.5
1.0

1.7

2.9
h 4
-rl

4.6

4.6

0.4

0.4

0.5

0.9
1.6

3.2

3.9
4.1

4.1

i.i

1.1

1.2

1.7

2.5

3,8
h

j- ,

6.3

6.3

0.4

0.4

0.5
1.O

2.1

3.6

15.7

15.7

P=2OOmW.

VCB=2OV.
TA=150°C

285
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400 roW., 150°C. TABLE 81 GRAPH
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]:__F_S C. CONTROL LOT. TABLE 82.

ICB 0 DISTRIBUTION CHANGES WITH LIFE TEST.

__RS.

Min

5_
io%
,-27D

5o_
75%
9O%
95%
Max

Min

51
I_,

251

501

751

90%
95%
Max

Hin

lO%
25%
5o%
75%
9o%
95%
Max

Min

5%
lO_
25% i
5o% i
75% j
9o%
95%
Max ]

LNIT.

_0.i

<0.i

_0.i

_0.I

0.i

0-3
0.4
0.4
0.4

_0.I

_0.i

"O.1

_O.1

_O.1

0.2

0-5

1.2 950-9

1.2! ---

_u.± i 0.4
<0.i 0-5

"0.i 0-5

"0.i 0.7

0.i 0.9
0.4 1.7

0.6 3.4

i.i 107.4
1.2 ---

_0.I 0.6

_0.i 0.6

•0.i 0.6

_0.I 0.8

O-3 1.0

0,4 253.2
1.0 ---

1.O ---

i'0 i

ZcBo(VcB--60v.)

168 340

O.6 0.i

0.6 0.i

0.6 0.i
t% "7 t% r%
42, i %2.'-

1.0 0.2_

1.5 0.3
3-5 900.01

3.7 ---

3-7 ---

0.4 40.1

0.4 "0.i

0.6 "0.i

0-7 <0.I

0.9 0.3

1.7 1.3
20.2

680I
0.i

0.I

0.i

0.2

0.4

0.6

1.8

1-9

1-9

,0.i

_0.i

_0 .i

<0 ._0
212

i000

(Nanoamperes).

1500 2000

174.84 96.4
610. 955.2

632.81--
i i

0.2 40 .i

0.I

0.i

0.i

0.2

0.4

0.6

1.8

1.9

1.9

<0.i

<0.i

<0.i
0.I

0.6

2.5

120.2

956-5 648.1

--- 677.7

3O0O

<0.i _0.i

<0.I _0.I
"0.i _0.i

t% 1 0 1

0.2 1.6

1.7 43.9

3.3 912.4

3.4 ---

3.4 ---

_0.i _0.i "0.i

_0.I _0.i _0.i
_0.i _0.I 0.i

_0.i 0-3 0.2
0.4 2.5 4.0
2.4 67.6 345.0

81.3 918.7 ---

40.1 _0.i i 0.2

(0.i

_0.i

_0.i

0.2
4.9

147.1

926.4

P=80C-roW.

VCB =20V.

TA=25°C.

P=700roW.

VCB=20V.

TA=25°C.

0.8 _0 .i

1.0 0.i

1.0 0.3

1.3 0.5

1.7 1.2
4.3 3.2

208.2 213.7

0.2 <0.i

0.2 _0.i

0.2 _0.i

0.4 0.2
0.5 0.3

16.8 12.8
906.3 904.1

L

0.i

0.i

0.3
0.6

1.3
3.4

219.1 i

O.11

o.ii
0.i

0.2

0.6

8.9

902.0

(0.i

•0 .i

0.i

0.2

1.0

2.5
244.4

<0.ii

_0.i

_0.i

0.i

0.2

3.1
281.1
311.5

311.5

<0.i

_0.I

0.i

0.4

1.3

2.9
252.3

0.5

0.5

0.5

0.7
1.O

1.2
12.8
12.8
12.8

O.q

°i
0 P=5OOmW.
o18 VCB--2OV.

2.0 TA=25°C.
4.1

50.9
133.1

0.i

0.i

0.i

O.3 P=kOOmW.

3.7 VCB--2OV.

97.2 TA=I50°C
919.5
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TABLE 82. (CONTINUED).

HRS. INIT.

Min

5_

95_
Max

<0.1

_0.I

<0.I

_0.i

0.2

0.6

1.9

5.8

5.8

168 340

0.4 0.i

0.4 0 .I

0.5 0.i

0.6 0.3

0.9 o.5
1.5 !.5

23.1 2.9

70-0 526.1

70.0 526.1

68o icoo

_0.i _0.i

_0.I _0.i

0.i _0.ii

0.2 0.2

0.5 O.5
1.8 161.1

4.4 ---

mo ....

1500 2000

40.1 <0.i

<0.11 40.1

<0.1 _ _0.1

<0.i 0.1

0-3 0-5

1.0 1.3

2.2 3.0

3000

<0.i

_0.i

_0.i

0.1 P=200mW.

0.3 VcB--2ov.
1.4 TA=I50°C.

5.1

ii

289
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PROCESS A. CONTROL LOT.

hFE DISTRIBUTION CHANGES WITH LIFE TEST.

TABLE 83.

HRS. INIT. I 168

Min 74
5_ 74

10% 74

25_ 74

50% 78
75_ 84
9o% 85
95% 85
Max 85

Min 65

5_ 65
10% 66

25% 67

50% 8_
75_ 88
9o% 89
95_ 9o
Max 90

!M_,_ iI u91
5_ 59

10% 67

83
75_ 89
90% 93

95_ 98
Max i00

h_ (Zc =20mA., VCE_-5V.)

340

74 68
74 68

74 68

74 68

79 70

87 78
87 79

87 79

87 79

66 67

66 67

66 67

69 69
8O 86
89 9O
92 92

92 93

92 93

_8 50
62 63

65 69

71 75

85 83

91 93

96 99

98 99
I01 102

68O

73
73

73

74
8O

86

87

87

87

66

66

67

69

85

89

91

92

92

4o

6_
63

7o
81

86

91

92
96

i000

75

75

75

75
81
87
88
88
88

66

66

67
68

81

89

91

92

92

_0

2O
20
65
75
86
94
97

lO1

Min 56i 57! 56_ 54 55
5% 56i 57i 56 54 55

10% 561 57i 56 54 55
25% 63! 63 631 60 61

50% 77 821 84 78 79
75% 81 85! 85 80 82
90% 91 921 91i 87 89

95_ 9Z 92 911 87 89

Max 91 92i 91 87 89

1500

73

73

731
75!

80i
821
83
83
83

66

66

67
68

87

89

93

93

93

po
20
20
65
76
87
95
97

lO0

56

56

56
62

81

83

91

9l

91

200O

20
20
20
72
8]
87
87
87
87

65

65
66

67

85

89

93

93

93

20

2O

2O

66

79

90
97

99

lO5

57

57

57
63
82
84

91

91

91

2O

2O

2O

20
64

78
88

93
96

!o0

22
22
22
56
73
9]

541
541
541

20
20
72 P-_8OOmW.
8O VCB=2OV.

86 TA_-25°C.
87
87
87

P--7OOmW.

VCB =20V.

TA=25°C.

P=5OOmW.

VCB=2OV.

TA=25°C.

P,,4OOmW.

VCB=EOV.

TA=I50°C
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TABLE 83. (CONTINUED).

HRS. INIT. I 168

Min

2%
5o_
75_

95%
Max

57

57
63

74

78

83

96

99

99

340

59 56
59 56
64 61
76 72

83 77

88 87
92 89
94 89

94 89

68O

59
59
64

76

83
87
91
94
94

i000 1500 2000 3000

57 59 58 59
57 59 58 59

63 64 63 64

74 76 74 76

81 83 83 83

86 87 87 87

90 91 460 92

92 94 829 94

92 94 829 94

P=2OOmW.

VCB =20V.

TA=I50°C
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PROCESS B. CONTROL LOT.

hFE DISTRIBUTION CHANGES WITH LIFE TEST.

TABLE 84.

HRS.

Min

5%
1o%
25%

5o_
75%
90%
!95%
Max

Min

5%

25_

75_
,90%
95%

!Max

I

5_

25%
50%
75%
9o%
95%
Max

I

Min

5%

25%

75%
9o%
95%
Max

h_ (zc =2omA., VCE = 5v.)

INIT.

69 71

69i 71

691 71

761 81

85i 87

95 i01

i00 104

i00 104

i00 104

64 65

64 65

65 68

77 77

89 88

94 lO1

lO1 ll0

105 lll

105 lll

168 340

20

20

20

70
89

102

106

106

106

63
63

68

76

89
102

112

114

114

680

20

20

20

7]-
9o

lO6
lO7
lO7
lO7

i000 1500

_]

64

64

69

76

86_

i02_

i12_

?-15!
115

2O
2O

20

7]
91

lO7
lO8
lO8
lO8

66
66!
7o!
77!
Q I_7

]_02 89?-O8

illI i14

1131 Ii5

i13_ 115

20

20

20

2O

93
112

115

115

115

I
2O

2O
44

75

2000

2oi

20!

91
ii0

116

116

116

20

20

20

65
88

112

120

124

124

3o00

9o

90

90

95
llO

ll7

120

120

?-20

5O

5o

57

79

95

114

128

!28

128

VCB-20V.

TA--25°C

P =700__W.

VCB=20V.

TA=25°C.

61 61

64 i 64

76 75

83 84

89 93

i00 i02i

iOl 1061

lO3 iio

i05 ii31

61 601

61 601

61 60

92 9o

io3 96

?-05 io0

lll 103

lll! 103

lll 103

2O
c_

72
81

88

98

iOi

109

liO

61

61;

61J
89

i01

104

ll0

ii0

ii0

56

7i

831
93

i021

107
ii0

li41

19

19

19

59

981
102

105

io5I
105 I

I

_j

2 _ 21

711 7182 83

9O 93

iOi i03

I05 i06

i07 iiO
ill ii4

20 20

20 201
20 201

6o 6_i

i021 104

lO4 109

io8 ---

io8 ---

io8 ---

5v
_7

83

92
102

107
110

i13

20_
2oi
2O

162

267

281

297

297

297

2O

2O

2O

62

lO5

1o7

iii

iii

Iii

P =500mW.

VCB--20V.

TA_-25°C.

P--400mw.

VCB =20V.

TA_-I50°C
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TABLE 84. (CONTINUED).

HRS.

Min

5_
lO_
2_
5o_

9o_
95%
Max

INIT. 168

57 56

57 56
60 58

78 78_
92! 901

971 941
io6 io2
i08 i07

108 lO7

340

55

59
76i

89
95
io4
lO4

104

680

55
22

59
78

90
96

i0 5

106

106

i000 1500 2000

54
54
58
75
88
95
i04
104

104

54
54
58
75
88
93
io4
lO4
1o4

55i
55
59
771
9o!
97

io5

lO5

io5

3oo0

54
54
58
79 P=20OmW.

91 VCB--2OV.

98 TA-150°C
io7
109

lO9
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i
PROCESS C. CONTROL LOT.

hFE DISTRIBUTION CHANGES WITH LIFE TEST.

TABLE 85.

!

!
I
I
I

I
I

I

I
i
i

F]_S.

Min

5.%

5o_
75.%
90.%
95.%
Max

Min

5.%
io.%
25.%
5o_
75.%

9o_
95.%
iM_v

25.%
_o%
75%

90.%
95.%
Max

Min

5.%
io%
25.%

75.%
9O.%
95.%
Max

h_ (ic :2o_., VCE = 5v.)

INIT.

51

51

52
65

89
120

131

131

131

36

36
48
64

84

168 340

53 43

53 43

54 43

65 54
91 61

I18 88

133 95

134 96

134 96

49 48

49 49

58 58
67 65

85 84

9_I 92
i18 i19

126 123

126 123

CO! TO

J_t JO
r,<!
>u, 57

60 63

68 71

79 87

102 i00

Zl9 zz5
126 126

z40 141

41 49

41 49

42 50

63 65

81 82

Iii 113

129 130

131 131

131 131

i00

115

122

122!

p_
6o

70
80

95
iii

128!

4oi
4Oi

41!

56
771
io6
124

t26i
126

68O

49
49
5o!

891
zo6
ll8
119

119

48
49
58
69

87
95

121

126

126

:o!
/'-)1

671
68
82

101
116

126

139

32

32i

33
5ol

120
122

I
122

I

1000

51

5z
5]-
65

108

119

120

120

20

2O
28
66
88

104

123
128

128

=1,
j-l"

r:"O
j'._.,

64
7z
85

102
118

128

142

32

32

33

50
80

110

127
128

128

15oo

52

52

52
66

83

i09

i19

]20

120

2O

21

49

58
97

iii

127

130

130

=2
_J

63

70
82

101

117

127
140

33

33

34

49

82
113

13o

131

131

2000

48
48
49

67

91

lll

ll9

ll9

ll9

1'J i

J_

641
I

70 _

82
101

116

127
141

33

33

33

46
87

io9
132
132

132

3000

24

24
25
4.6
76

111

12o

121

121

O,'%
_v

56
6l
71

78

lO1

i16

121

142

2O

20
21

39
74
98

116

117

117

P.8OOmW.

VCB--20V.

TA=25°C.

P --700roW.

VCB =2or.

TA--25°C.

P=500mW.

VCB =20V.

TA=25°C.

P :400mW.

VCB=2OV.

TA--150°C

!

i
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TABLE 85. (CONTINUED).

HRS.

Min

54

254
504
754

Max

INIT. 168

35 54
35 54

54 54

58 6O

80 80

104 107

120 llg

120 121

120 121

340

54

54

55
60

79

]04

114

120

12o

680 i000

521 53

521 53

52 54

57 59

76i 77

104 _ 107
]l_ llQ
..... j

ll4 126

ll4 126

15oo

55i
551

55
60

74

iio

!22

132

132

2ooo

55

6O

78

lll

121

135

1351

3000

55

55

56
61

79

113
!42

159

159

P=2OOmW.

V_-2OV.

TA_I50°C
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