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1.0 INTRODUCTION

This report is a summary of the work performed by DCA
Reliability Laboratory, Sunnyvale, Califorpnia, for NASA
MSFC, Huntsville, Alabama on Contract NASS8-31944 \

Transistor and Diode Stress Evaluation.
; s | SCOPE

This program was executed to assess the effect of
power and temperature stresses when applied to a )
variety of semiconductor devices. This report covers
the transistor JANTX2N2905A, from Texas Instruments

and Motorola.
1.3 SAMPLE DISTRIBUTION

A total of forty-eight samples from each manufacturer
were divided equally (16 per group) among three groups
and submitted to the processes outlined in Table 1. In
addition, two (2) control samples were maintained for

verification of the electrical testing. '
2.0 TEST REQUIREMENTS
o | ELECTRICAL
All test samples were subjected to the electrical tests
outlined in Table 1I at each measurement point. These 1

tests were carried out using the Fairchild Model o000

high-speed computer-controlled test system,.

pomaey 1 . ' l i d ‘ \ ! ; -
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2.2 STRESS CIRCUILIT
The circuit in Figure 1 was used to power all of the
test devices during the various stress conditions.

The V. was adjusted to obtain the specified power

A

‘-
requirements. See Table 111, Page 9,
o 2.3 POWER STRESS
. Thirty-two (32) units, Sixteen (le) from each manu-
: facturer, were submitted to this process. The units
'
| were stressed for 500 hours at 50%, 100%, 150% and
i 175% maximum rated power (MRP), Electrical measurements
x were pertormed at various intervais. See Table 1, Page 8.
: 2.4 TEMPERATURE STRESS 1
Thirvty=two (32) units, sixteen (l16) from each manu-
‘ facturer, were submitted to this process. This group
| was subjected to 1e00 hours of stress at 100% MRP in
increments of 1o0 hours with temperature steps of 259C
. commencing at 75YC and terminating at 3009C. See Table
Page 8.
i P TEMPERATURE STRESS 11
i
Thivty-two (32) units, sixteen (16) from e¢ach manu-
| H facturer, were submitted to this process. This group
was subjected to 112 hours of stress at 100% MR ia
ﬂ increments of 16 hours with temperature steps of 259
l commencing at 150°C and terminating at 300°C. See
Table I, Page 8.
y
[ 2
— 1 i 1 | s ok i e ___,I
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3.0

3.1

DISCUSSION OF TEST RESULTS
POWER STRESS

TEXAS INSTRUMENTS

NO rejects due to electrical tailure were encountered
until the test was terminated at 1750 hours. The
electrical characteristics of this sample remained
essentially constant throughout the entire test period,

Typical of this pertormance, the mean value for 11”.,

\!L'l':\.‘;:\'l'l) and \'L‘lix.‘h\'l‘.?) changed less than 2.5%. l\.m,
changed only 33pA from a mean of 2IPA to a mean ot HS4pA.
The test was terminated due to excessive mechanical
tairlures induced by handling during the test program,

See Appendix A, Page A-2.

MOTOROLA
This group started with two (2) parametric Bpp fatlures,
These units continued to fail throughout the first 500
hours. After 50 hours at 100% MRP, both devices displayed
enouagh increase in hpp o meet the established parametric
limit. This increase in hpp was roughly paralleled by the
good units. After 1500 hours, this qroup sutfered two (2)
catastrophic electrical tailures, S/N 4765 and 8/N 4707

[ N .

Fifty (50) hours later, S/N 4769 also failed catastrophically,

Failure analysis was pertormed on these units.,
Appendix A, Page A-4. No other electrical failures were

encountered with this group,
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3.1.3  STATISTICAL SUMMARY

Table 1V outlines the results of the power stress

Rev A

for

each param:ter and measurement point for both vendors.

3.2 TEMPERATURE STRESS 1

}1.2.1 TEXAS INSTRUMENTS

e

no failures or abnormal parametric changes.

hours at 200°¢, 900 hours into the test, two

fhis group progressed throuagh all testinag to

1750C with

(2)

After 1o

units,

S/N 4724 and 8/N 4734 suffered a deterioration in 1\'1!\1‘

-

S/N 4724 was catastrophic. At the end of an

additional

160 hours at 225°9C, five (5) more units showed a

deterioration in 1.,
CIBO

. All five of these units

similar

waere

catastrophic. Two of these units and one subsequent

failure were subjected to tailure analysis, with the

only abnormality being that of severe intermetallic

formations surroundina the base and emitter.

B, Page B-2. At the sixth sequence, 2500C,

additional catastrophic tailures ocurred. One

See Appendix

five

(5)

(1) of

these rejects was analyzed and found to be similar to

previous failures. At this time testing was stopped

due to excessive failures.

-

3.2.2 MOTOROLA

y 35O
-

Until the post

displayed any significant parametric changes.

" y B 1 N g . - x - oy . \
the 225 stress, one unit, S/N 477 2, failed hl-.-

x — —— e Sty A 3 e = -

y O measurement, none of these

units

Atter
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3. 2.2

CONTINUED

catastrophically. This unit was submitted to failure
analysis. See Appendix B, Page B=3. After the 250Y¢
exposure, /N 4780 dritted out of spec for Veps. This
unit was marginal from the zero (#) hour measurement
and this failure represents only a 240mvV (17%) change.
See Appendix B, Page B=3. An additional 160 hours at

.

2759 producted two (2) additional faiiures. 8S/N 4779
eventually became catastrophic and §/N 4784 continued
to degrade and was subjected to failure analysis. See

Appendix B, Page B-4,
STATISTICAL SUMMARY

Table V outlines the results of this temperature stress

for each parameter, measurement point and vendor.
TEMPERATURE STRESS 11

TEXAS INSTRUMENTS

After sixteen hours of exposures at 1509C, one unit,

8/N 4737, displayed an 83% increase in lopgoe as opposed
to a mean change of approximately 10%. This condition
persisted until after the 2009C cycle, at which time the
reading more closely approximated the initial data. This
reading continued stable until the test was terminated

after the 2759C cycle. S/N 4737 was subjecred to failure

analysis. The only abnormality noted was the intermetallic

e po p-;&m

P

T IE——



Rev A

DA RELIABILITY LABORATORY

—_— =

[p——

- e e o

3.3.1

CONTINUED

formations surrounding the base and emitter lead wires.
See Appendix ¢, Page C=2. At the end of the 2500
stress, two (2) additional failures were encountered,
§/N 4739 and S/N 4747. After failure analysis of these
units, the internal characteristics were similar to

S/N 4737, except they showed a distincet reduction in
hypye and an increase in lopge  See Appendix ¢, Page C-2.
After the 2509C stress, S/N 4744 displayed a significant
increase in 1o and subs quently failed catastrophically,
as did seven (7) other units, after the 275°C stress.

All failed units from this subgroup, with the exception
of §/N 4737, failed due to intermetallic formations
caused by thermal stress. See Appendix ¢, Page ¢-2.

This test was stopped after the completion of the 2759C

stress, due to the excessive number of catastrophic failures.

MOTOROLA

Prior to the initial 15009C stress, S/N 4793 was an hpg
parametric failure. It improved with the first temperature
bias exposure and continued to be stable throuaghout the
balance of the stresses. No other failures were encountered

from this vendor during all subsequent stresses.

STATISTICAL SUMMARY
Table VI outlines the results of this temperature stress

for each parameter, measurement point and vendor.

8
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5.0

FINAL DATA SUMMARY

Table VII summarizes the change in the mean value from

the zero (M) hour data to the final data. Figure 1

and 2 graph the cumulative percent failures vs the
temperature stress level for TEMPERATURE STRESS 1 and

11. Tables VII1 and IX summarize the failures encountered
for all three stresses. They are broken down by catastrophic
failures in Table VIII and parametric failures in Table IX,
The data from Table VIII was used as an input for the

graphs in Figures 2 and 3.

CONCLUSIONS

Thirteen parts were destroyved by handling and 31 other
parts failed for a variety of reasons. The most common

of these was intermetallic formations due to exposure to
temperature stress. A plot of the catastrophic failures
is made in PFigure 2 and Figure 3 to establish the
act.vation eneray of 1.69 evV. There were insufficent
failures in the Motorola aroup to perform the calculations.

The activation energy was arrived at using the formula:

E = TR H.03 X 10"“0\‘
(T.' 1 |
2 (T (Ta73)

Texas Instruments appears more susceptible to external
lead damage than Motorola although the reason was not

apparent.
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TABLE I,

Test Flow Diagram.

INITIAL
ELECTRICAL

Per Table 11

Rev A

(2) (16) * (16)4 (16)*
Non-Operating Power SSresa Temp Step Temp Step
Control Group TA = 2570 Stress 1 Stress 11

100% MRP 100% MRP
Note 3 Note 4
. i g - 0.,
.50 MRP T = 75°C T = 150°C
500 Hrs. tA= 160 Hrs tA= 16 Hrs
Note 1 -
1.0 MRP r. = 100% T, = 175%
300 Hrs. tA= 160 Hr~ LA= 16 Hrs
Note 1 i} > RS
1.25 MRP T, = 125% T,y = 200°%¢
500 Hrs. - & Tas HHE s
Note 2 t = 160 Hrs t 16 Hrs.
1.5 MRP 25°% steps 25°C steps
500 Hrs. : 2
Note 2 | |
[3) o
1.75 MRP TA = 300°C TA = 300°C
500 Hrs. S
= 160 Hr: = 3
Note 2 t b0 Hrs t 16 Hr

*Quantity per manufacturer

NOTES:

(T.I.

& Motorola)

1. Electrical measurements per Table 11 were made at 50,

150,

250 and 500 hours.

2. Electrical measurements per Table 1I were made at 10,
150, 250

25, 50,

3. Electrical measurements per Table II were made

end of each 160 hours.

and 500 hours.

at the

4. Electrical measurements per Table II were made at the
end of each 16 hours.

s}

ORIGINAL PAGE 1S
OF POOR QUALITY
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TABLE 1I. Parameter and Test Conditions
DCA RELIABILITY LABORATORY
SPECIFICATION C}\'I‘I\S'I‘ROPI!IC-L
LIMIT LIMIT
PARAMETER CONDITIONS MIN MAX MIN MAX UNITS
ICBO Per MIL-STD-750, Method
3036, Bias Condition D
i o, S = Sl = -
’CB = 50 vdc 10 1000 nAdc
hFE VCE = -]10 Vvdec
IC = -0.,1 mAdc 75 - 7.5 — -
= =)
VCR(SAT) IC 15C mAdce
IB = -15 mAdc; Pulsed - -0.4 -_—— -0.6 vde
7 = .5
NCE(SAT) IC 500 mAdc
I. = =50 mAdc:; Pulsed - -1.6 - -2.4 vde

1/ 1In addition, any open or short shall be considered c:tastrophic

TABLE 1II1I. Power Stress Burn-In Conditions
r_ I1.=12.0 mA

7 %

VeE £ pl)

12.5 5(C

25,0 100

31.2 125

37.5 150

43.7 175

9
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TABLE 1V PART NUMBER JANTX2N2SUSA

POWER STRESS DATA SUMMARY

e i e

A

AL
WO

\

d
o B
:36 VNI

Al
g\ ﬂ -

PARAMETER ICBO 10 NA MAX. HFE 75 MIN. VCE (SAT 1)-0.4 Vv MAXY] VCE(SAT 2) -1.6 V MAX

CONDITIONS AND VCBE -50 vDC VCE = -10 VDC IC = =150 MA IC = =500 MA

LINIT IC = -0.1 MADC IE = - 15 MA IB = - 50 MA

TEXAS |MOTOUROLA | TEXAS MOTOROLA| TEXAS MOTOROLA | TEXAS MOTOROLA
INST. INST. INST, INST.

INITIAL DATA

MIN VALUE 0.0 2 0.0 Al 140 6.7 158 mv] 135.0 MV 434.0 Mv] 382.0 MV

MAX VALUE 260 A 5.35NA | 222 188.0 195 Mv] 255.0 My S520.0 Mv| 797.0 MV

MEAN 21.33pA | 705.9 PA| 169.5 117.8 166.6 Mv] 185.3 M| 466.4 M| S61.3 MV

STD. Pry, 65.00PA 1.2498A | 20.58 33.89 9.258Mmv| 36.75 a4 20.75MV] 128.5 MV

JA\MEAN VALUE

INITIAL TO POST

STRESS

50% POWER

50 HOURS - Al - 20.0ra 0.4 - -4.9 MV -4.10 MV -23.4 -25.4 MV
150 HOURS 0.67 pA 68.2pa | 2.6 0.5 9.9 MV 2.5 MV 21.4 MV 10.4 Mv
250 HOURS 8.67 pA| - 25.9PA ] 3.1 2.0 0.2 mMv] -0.6 MV 1.0 Mv] - 1.0 mv
500 HOURS =3.47 pr | -124.7PA 1.9 1.9 -0.1 MVv] -0.7 MV & M| - 1.7 mv

1002 POWER

550 HOURS 123.67 PA | -139.4PA| 2.5 6.9 0.5 MV 2.2 ] 2.7 mv] - 1.2 mv
650 HOURS -4.90 PA 45.3PA 4.3 11.8 0.8 Mmv 2.4 MV 5.2 My -13.5 mv
750 HOURS -1.33 PA | -128.8PA 3.9 16.4 -0.7 mv] -0.8 My -1.0 Mv] - 2.7 mv
1000 HOURS 5.81 PA‘l- 71.8PA | 4.1 12.9 0.1 mv] -0.2 Mv] 1.8 mv 1.2 mv

1252 POWER
1010 HOURS 6.53 PA| - 38.3PA| 5.1 16.7 14.1 Mv 3.6 Mv] 20 MV 12.3 mv
1025 HOURS 3.67 PA | -123.0PA | 4.9 17.2 0.7 mMv| -1.3 M- 1.7 mv] =~ 3.1 mv
1050 HOURS -4.19 PA | -200.3PA | 4.4 16.5 -0.6 Mv| -0.5 mv|-1.2 mv|] - 0.9 mv
1150 HOURS 17.24 PA | -269.4PA | 8.3 20.2 -0.1 Mv|] -1.3 mMy] O.1 Mv|] - 2.9 mv
1250 HOURS 27.76 PA | -200.0PA | -1.1 17.1 2.7 Mv 3.8 Mv] 9.1 wmMv 20.9 mv
1500 HOURS 0.49 PA | -388.8PA | 1.2 34.7 -0.1 Mv] -5.1 Mv] 1.0 mv 6.1 mv
CONTINUED

¥ a9Y
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TABLE V PART NUMEER JANTX2N290SA
Temperature Stress I (160 Hour) Data Summarvy
PARAMETER TCBO 10 NA MAX. HFE - 75 MIN. JCE(SAT 1)-0.4 v MAX|] VCE(SAT 2) -1.6 V MAX.
CONDITIONS AND VCB = -50 VDC VCE = -10 VDC C = <150 MA IC = =500 MA
LIMIT IC = -0.1 MADC B=« 15 MA IE = - SO ™A
MOTORCLA MOTOROLA | TEXAS MOTOROLA | TEXAS MOTGAOLA
INSTRU, INSTRU,
INITIAL DATA
MIN VALUE 340.0 pA pBso.0 pa| 99.0 83.7 159.0 y |150.0 mv]442.0 My B7.0 MV
MAX VALUE 430.0 PA| 2.54 ma | 237.0 184.0 194.0 Mv |246.0 Mv|S54.0 My] 1430 My
MEEN 376.9 PA| 1.044%a | 178.9 134.4 172.1 Mv |186.0 Mv|487.0 Mv] 586.2 MV
STD. DEV. 27.55 PA ] 710 PA 31.61 28 2% 8.54 MV 30.14 my] 26.07 Mv] 238.0 MY
D\ MEAN VALUE
160 HRS. STEPS
INITIAL TO POST
STRESS
OTAL HGURS
g Eeo T 75% | 128.7 pa |68 PA |- 2.2 21.3 2.4 MV -3.1 MV |- 2.4 v ]-1.3 WV
320 +100% | 141.9PA | 5 ?a| - 0.8 20.5 L2.0 Mv -2.8mMv]-1.3mv]-0.9 w
480 +125% | 265.0pa] 93 pal- 1.4 21.5 2.8 My -~-32mwl-29w |- 2.4 W
e €40 +150°% |1e6.8 pa] 170 pA]- 1.3 27.2 4.8 MY - 3.1 MV |+ 0.2 My 1.8 MV
- BOO +175%C 121.8 PA 7 PAl- 7.0 28.9 4.3 My - 3.1 MV |+ B.1 Mv 11.4 My
960 +200% | 261.3 NA | -77.1 PA| - 11.7 29.7 LS.7 MV - 9.9 My |+15.3 MV 7.1 M
1120 +250°% | 297.8 UA }115.3 PA | -304.5 16.2 b 6.2 MY -16.5 MV | +60.3 MV 7.6 MV
1280 +275°% |*499.4 na | -67.8 pa | -319.7 13.8 13, 1MV -24.1 My |+91.0 v | 17.5 MV
1440 +275% | tEsT | ¢ 1.048A | peory 10.1 —_— F-34.9 MV | Locn  P-84.3 v
1600 +300% | STOPPED | . ) o9xa | STOPPES | 14.4 STOPPED |-36.2 mw | stoppen |-89.1 mv
FINAL DATA
- = 2002 € N0 R € e Aroe SOYr f"
LAST STRESS Temp. 2507 ¢ 300°C 2509¢ 300™C 250%C 300%C 2507C 300°C
MIN VALLUE 480 PA 520 PA 143 95 156 Mv |128 wmv |4&0 v B My
MAX VALUE 999 NA | 431 Na| 999 199 346 Mv |174 wv Qod0 My 727 My -
MEAN 499.85A 34.1€n8A | 498 148.8 175 MV | 149.8 4V |578 Mv 497 wmv =
STD. DEV. 499.2%A | 114.6 mA| 408 28.96 54 My 15.1.mMv | 170 mMv 98, EMY »
—
;:_:
>
! e =
* CATASTROPIC REJECT(S) REmMOVED FROM DATA -
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TABLE VII PART NUMBER JANTX2N290SA
Final Data Summary

ECIFICATIONS .
SPECIFVLATLS J | MEAN | AyERAGE A IN MEAN VALUE
LINIT N JinT
I | DATA 1. ]'-rr TOROLA ; 495 ]r-fcv'rr:?r-r,f'\ = 1. I.\:f*':f ROLA.
AN TED 1N A% T
PARAMETE M S POWER STRESS TEMP STRESS | TEmMP STRESS 11
ICBO -10 NA| .335|+ .0146 |- .2588 |+ .2108 + .2261 |+ .1837 - .1500
HFE 75 | 176. |+ 1.89 1423 .76 -5.46 +20.36 -7.43 +16.10
VCE (SAT) -0.4 166 b .0007 .0010 }- .0003 - L0137 |- .0025 - L0156
——— B
VCE(SAT) =1.6 .469 b .CO1EB ( .0043 b .021t - .0930 |+ .o0l01 - .0149
IOTE: ALL CATASTROPHIC REJECTS REMOVED FROM DATA.
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TABLE _VIIT sTEpSTRESS __C2taStrophic  paA|LURE SUMMARY JAN TX2N2905A

GROUP | POWER STRESS GROUP Il 160 HR. TEMP. STEPS GROUP Il 16 HR. TEMP. STEPS

W
TEST MFR A NFR B TEST MFR A MFR B TEST MFR A MFR B

STEP STEP TEP
oTY. NOTE aTy. NOTE ary. NOTE arTty. NOTE e arty NOTE aTy. NOTE

= = e

100 hr. 100" C 175°C

100 hr. 125°C 200 *c

250 hr. 150°C 225°c 1 3
100%
50 hr.
100 hr. 200°C 1 1 2715°%C 8 1

TES
100 hr. 225°C 6 1 1 3 300°c étospe'i

175°C 250°cC

250 hr. 250°C

- 2715°C

15 hr. 300°C

-3
| W

abe g

25 hr
NOTES

100 hr.

91

MFR A
B

Texas Instruments

100 her.
Motorola

1

250 hr 2 4

% )0 ni
‘13?“ 1. ICEOZ 1000 nA

15 hr.

2. Test stopped due to excessive mechanical
25 hr. 1 - failures.

100 hr.

. PRRRl; - T 37.5
100he. | @ 2 f£ S

250 . 4. Open

175%
10 hr

15 hr.

25 hr.

100 hr

100 hr

250 hr

A

v a9y
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TABLE _I1X _ STEP STRESS

Parametric

FAILURE SUMMARY

JAN _TX2N2905A

GROUP 1! POWER STRESS GROUP N 160 HR. TEMP. STEPS GROUP 111 16 HR. TEMP. STEPS
o~ MFR A MFR B S MFER A MFR B R MFR A MFR B
T T
sTeP " 0 I wore | arv. | note | | ™%° | arv. | wote | atv. | noTeE STEP | arv. | note | ary. | nove
50%

50 hr. 2 1 75° C e
100 hr. 100° C 175°C
100he| ] 2 125°C 200 °C
-+
250 hr. 150*C 225*C
15?,0;, 175°C 250°C 2 4
100 hr. 200°C 1 7 275%C
100 hr. 225°C 300°C %csmceﬁ
250 hr. 250°C 1l S
125% Test
10 hr. 275°C| Stopped 1 o
15 hr. 300*C
25 hr.
NOTES T . i

wone. | 1 3 MFR A = Texas Instruments
100hr. | 5 3 1 3 B = Motorola
250 hr. - !

1. S/N 4761 & 4767 h failures.
150% fE
10 hr.
15 hr. 2 3 2. S/N 4712 missing
25 hr. 1 3 » : 1!

3. Lead(s) broken - Electrically good.
100 hr l 3

Test 4. S/N 4739 & 4747 h__ failures.

1000 | Stopped fE
il 5. S/N 4780 fail

- /N 4780 V ailure.
175% " \/CEZ R
10 hr
5t 6. S/N 4784 1._. failure.

CRBO

25 hr.
100 hr. 1 3 7. S/N 4734 I... failure.
100 hr l 3
250 hr 1 3
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*This value was chosen to PERCENT FAILURES Ty T, + 175
more closely approximate
the actual value for this
part type.
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FIGURE 2. Cumulative Failure Distribution
(Texas Instruments)
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I MS¥FC STEF- ........;’_.T..'.'_ . URIGINAL PAGE IS
FAILURE ANALYS': 3 OF POOR QUALITY

w! (POWER) Date <26 April 1978

J/n_ 2CN242-04A p/n_2N2905 (I.4%) MiR; Texas Instruments
1 FAILURE VERIFICATIONS: Max. 10nA Min = 75

s/N ICBO BVppo | BelA Vauo INITIAL INITIAL 1

-voi%s- -vofgn- -u\= =volts= G Iqe= -volta- REJ,? test |REJ, FOH: -~
+ Vop ™ JOOuA; 12 Igpn = | sequence #3
| VeE = | 10 mA ' . :
10 V,

4706 72 86 0.2 nA 7.3 | 185 0,78 35 .gatantrophic-vinunl
I : 7(150% power, 50 nrf.) ’
| 4708 [ 70s | 100 |o.2mal 7.3 | 122 | 0.76 25 | catastrophic-visual
| {125% power, 150 Tiys,)
2 4711 70 108 1.0 nA 7.6 172 0,78 33 catastophic-visual

(1oo%powery2smxp.) |
i

NWIERNAL VISUAL INSPECTICN: S/N 4711 has some areas of non-significant abraded
metallization under the glaasivation (figure A=D). The other 2 samples show no signifi-
cant anomalies,

All rejected samples in this sublot have a missing external emitter lead, (Total of 8
including 2 control units,)

CONCLUSIONS: All the selected samples were functional and within acceptable limits, '
The only significant anomaly was the breaking off of the externmal wire leads, This
L3 breaking was caused by the use of close hole  sockets on the burm-in boards, The |
leads had to be bent together for burm=in at each stage and then spread to normal \
| separation for each test, These samples experienced from 25 to 35 cycles of bending
i and spreading before they broke., The miin bending stress is concentrated where the
leads exit from the glass of the header and all glass seals are somewhat cracked from
‘ this flexing. (See figure A-2)

Bend tests were performed on undamaged samples and on the remaining leads of the
damaged samples and no evidence of crystallization or brittleness was found in 3 rignt
;1 angle bend cycles per wire.

- Sample size = B ea.

ﬂ Failure Analysis = 3 ea.

' \
‘ H = hysteresis

! S = soft D = drift Inv = inversion Uns = unstable R = resistive

A A-2

T— .. J € - ’ L8 ‘ Jd i f
-—-l-_.&* - ¢ 4 L
" N — —
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OF POOR QUALITY

FIGURE A=)
S/N 4711, Magmifiontion 144X,
geometry, (The dark arean in
are me.l.anically dig turbed, )

T.I. die
the metallization

FIGURE A=2
S/N 4760, Tagnifieation 5x,
for insertion in burn-in board

Typical lead bending
L
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MSFC STEP-STRESS TEST
FAILURE ANALY 1S~ TRANSISTORS . e
J/N_2CN242-04A p/n_ 2N2905 (P1p) MiR; Motorola
FAILURE VERIFICATION: Max w -
S A liax = ¥§a
s/N Bcpo (BVopo |Icme ng§o BETA | Vyue  |INITIAL INITIAL
“voltse [=voltae=|=yis «volts=| @ e [=volts= |REJ.? test [REJ. POR:-
S Vep® 100dAs 1V Ippo= | sequence #1 |
5a V. VES i O |

-

—_— e — — # f | — —— ——
4761 5 96 0.4 nA| 7.2 | 100 0,78 1-5 IWFE (505 power 150

P T——

4755|1033 90 | o.am| 7.0 | 159 | 0,75 | lcatastrophic (., )
—1 iorn—(mwr*.‘

(250 hra.) !

4769 open short | @ open - - 35 |eatastropic (1504
rpover, SO IXE. )|

pad

=5

INTERNAL VISUAL INSPECTIONS

S/N 4769 has been destroyed by electrical overstress,
(See figure A-4.)

The other 2 samples show no significant internal anomalies,.

5/N 4770 has a missing external emitter lead.This sublot contains 9 devices with
miseing leads, including 1 control unit,

CONCLUSIONS: S/N 4769 was destroyed by high current operating over a long period of
time, The emitter metallization and silicon were melted, as well as the internal

gold emitter wire, (See figure A-3), The appearance of the damnge suggests tho* the
overstress current was greater than 2 amperes and flowed for longer than 100 r=-seconds.
The voltage was not greater than the device breakdown of 30 to 75 volts., (S/M 4765
and 4767 which were not failure analyzed also exhibit open emitters and are presumed
to have the same failure mode as S/N 4769.) The source of the massive overstress is
not known but the VSAT teasts suggest themselves as possibilities,

- Refer to Texas Instrument's analysis for a discussion of broken external

leads,
Sample size = 9 ea. ORIGINAL Plil\:‘l:‘i"}:
Failure Analysis = 3 ea. OF POOR Q

1/ Initial breakdown occurs at 10 Volts and by increasing current
the second breakdown occurs at 33 vVolts.

H = hysteresis
S = goft D = drift Inv = inversion Uns = unstable R = resistive

A=4

hrs

‘
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ORIGINA!

FIGURE A=3
S/N 4761, Magmifioation 144X, Typieal Ho

torola
Instruments die geometry,.

FIGURE A=4
::/N 4769, Magnifieation 144X, Motorola
device deptroyed by electirical overstress,
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MSFC_STH'=STRESS TEST
FAILURE ANALY31S= TRANSISTORS
(TEMPERATURE STRESS I) Date 27 April 1970
J/n 2CN242-04D P/N 282905 (rur) Mg Texna Inntruments
. . . r X, = Min, =
/ R "] ) . Ll
_r:}Lum :munmmu 10 oA 75 e it =k
S/N Bepo  [Wepo  |Teng BVgppo | BETA Vigo INITIAL INITIAL
-volto- -voi&a- -uh= =volto=| @ Ig= Tvoltu- REJ.® test |REJ, FOR:
Q Vop* 100uA} 17 Ippo™ | pequence #1
50 V., ;'gs 5 |0 m
- T N LR . " R
—_ — e
= I h 1100% 140
4722 0.50 | 4.01 1,03 md 7.2 It 0.8 15 cno’ PE ’
cati22%
4725 | 13.5 | 568 | 5.0 ur| 7.2 | 54 | 0.79 17 Teno ('“’ggolg" hroy )
) 00l 14
a12 0.6 | 13.58 | 600 wAl 7.3 | & 0a7¢ 15 Teno? "}'F._(-wf‘,’g,;ol‘) %
4

INTEHNAL VISUAL INGPECTIONS

\ \\)‘-\
ON

Sample size

D
R\
kq&*)

Failure Analysis

.

3 ea.

The appearance and conclusions
for thiv subgroup are the awre
au Tor J/N 20N242-04C (Texae

Instruments).

3 ea.

FIGURE B-1

gxan InstrumentS die appearanoce,

o Magnification 160 X

S = aoft

n
1Y)

#fete trace present .
##*pota troce very leaky.

« drift

Qannot meet atated test oconditions,
H = hysteresis
Inv = inversion

Uns = unstable

R

= renintive
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MSFC STEPe! TRESS TEST

FAILURE ANALYS]S5= TRANSISTORS

(TEMPERATURE STRESS 11) Date 28 April 1978
J/n 2CN242-04 B p/n_ ON2905  (1up) MiR; Motorola
FAILURE VERIFICATIONS _
——— T T LR mine75 :
8/N Bepo |BVeno IN‘O BVpno | BETA Vaeo INITIAL INITIAL
=volts=|=volto=|=yi® =volts= i c= [-volts= |REJ,® teet |REJ, FOR: -
3 Vep*® 200AG 1 Igpo™ | sequence #:
50 V Vep = |10 mA
IR IS SN . oorpibd SRR 5 | 2770 ool NS L L e fE
) ’ o i . %, 160 3 ]
477» 50=380H 97 Ced nA Te2 4.6 0,78 ;| 15 | hf":} (lg};slbuz __hrf)
l I ) -
4780 | 8O H 92_l0.dnAl 7.1 1 179 | 0,78 19 lygg (300%,160 hrs)250°
Vaco @ R0 mAe 0,75, V§rO(sat) $ 150 mA= 0,3%. I
4784 M2w82ii | 104 /0,5 wA | 7,1 |1%8 0,26 | 19 liomg (100%,160 hrs)y275
= i
The higher BVCEQ figures were megasured after de-lidding.
= i

INTERNAL VISUAL INSPECTION:

CONCLU

SIONS:

S/N 4772
This sample has lost most of its current gain without exhiditing any other
Junetion anomalies sufficient to explain that loss. This suggests that the beta
fall=off was due to loss of emitter injection efficiency- specifically a loss of hole
lifetime and/or mobility. Such a change could be induced by drifting of impureties
under the influence of the high pownr and temperature used to stress the device, The
change (increase) in collector-emmitter breakdown voltages upon opening the packages,
and the hysteresis seen on those measurements is evidence that contamination was
indeed present within the packages.

S(h 4780

S/N 4772 and 4760 have no significant visual defects.

ORiGl

Ol

i\

vAL

NI

i '

A

\

Y DR

]

« 404 exhibits silicon damage on the base=-collector junction, (See fig., B-3.)

This 1s a good unit, The Vyppo and Vono forward voltage data given above

considered to be

confirms that there is no abnormal resistance present in the contacts or package, and
the Vog (sat) at Ic = 150 mA was within epecified limits, This is

a measuring error reject, possibly for poor ocontact, since the external leads of this
sample are oxidiszed,

S = poft

D = drift

Inv

H = hysteresis
= inversion Uns = unstable

R = resistive

Y R G Y—

=1
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. 2CN242-04 B

S/N 4784

There is a collector-base junction defect on this sample which
breaks down at 70 volts. As the collector-base voltage is raised, a
resistive trace appears on the curve tracer from 70 volts to the true
breakdown at 104 volts. This defect is the cause of the excessive
leakage for which the sample was rejected. See figure B-3.

Sample Size = 3

Failure Analysis = 3

e

s e P e et S e T B S e S e
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FIGURE B-2
S/N 4772, Magnification 160 X, Typical Motorola
die geometry.

FIGURE BE-3
S/N 4784, Magnification 200 X, Arrow indicates
collector-bage junction defect on this Motorola
sample,

B=5

L ge—

ORIGINAY, PAGE 13
OF POOR QUALITY
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MSFC STE®-STRESS TEST

FAILURE ANALY31S= TRANSISTORS
.
(TEMPERATURE STRESS II) pate <0 «arch 1978

J/N 2CN242=04C p/n_ 2N2905A MFR3 Texas Instrupents
Max, = Min, =
FAILURE VERIFICATIONS 10 md 75
1 » L)

S/N BV Bv I BVgno | BETA Vaeo INITIAL |INITIAL
/ -vgfga- -Vg§gl- -EEQ -VE?tl- %3; -volts= |REJ,25eqs# REJ, FOR:

S : - —.-uA; =

* See fote aQ VCB . @) IBEO
beloy, 50 v CE

Ve |10 mA
T -———-——~=;=:=1=_—=1$==¥—_——=1=‘=;~
2014737 35 100 | 10nA 7.0 160 0.75

=not | rejected-
739 (6,78 |158 (152, | 7.2 | 25 |0.70 11 (2500)| hyg, Iemo

745 |80, uns| 84 wns| 1.0 | 7.1 10 0,65 09 (225°)| catastrophic
747 [2.58 |16s |120, 7.2 * 0,68 11 (:raq%lhya,rcgo
752 [1.8 8 4.5 |600, 7.4 R | none | 0,76 15 (5°0°/Lcauastrqp ic

|

*NOTE: THE BVgpo AND BVopo READINGS WERE MEASURED AT 5 uA. Actual break-

down had not heen reached on S/N 739, 747 and 752. The Iopo readings
were also below breakdown voltage.

INTERNAL VISUAL INSPECTIONS

All samples have severe intermetallic formation surrounding the base and emitter
lead wires, lNo other significant defects were visible, (See fig, C-1)

AGE I
.(v;ﬁ\\&‘v‘}
‘\L .“!“i( Ol

. t,"\

OTHER TESTSt

Upon stripping the metallization and lead wires chemically, areas of damage to
the surrounding oxide could be seen under the former intermetallics, (see fig, C-2)

CONCLUSION

These samples failed due to thermal overstress which caused gold/aluminum
intermetallics to form, and which degraded the collector-base junctions, The excess
die temperature and intermetallic attack upon the oxide allowed metallic impurities
to contaminate the oxide and thus degrade the transistor characteristics., The
emitter-base junctions did not degrade because the higher boron concentration of the
emitter diffusions gettered the impurities at the emitter-base junction.

Sample size = 5 ea.
Failure Analysis = 5 ea.
S = soft D = drift Inv = inversion

Uns = unstable R = resistive

C=21
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FIGURE Ce]
S/N 739, Hagmification 152 X, Typieal overall

die view, Dark areas of pold/aluminum inters-
metallics surround the emitter and base ball
bonds,
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YIGURIE C-
/N 759, Magmificention 152 X, Same die as fig.
1 after stripping the metallization and wire
bonda, Arrow indieates damaped oxide which was
attacked by the intermetallics,
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