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JANTX2N20%0

FOREWORD

This report is a summary of the work performed on NASA
Contract NAS8-31944.' The investigation was conducted

for the National Aeronautics and Space Administration,
George C. Marshall Space Flight Center, Huntsvillej

Alabama. The Contracting Officer's Technical Representative
was Mr. F. Villella.

The short-term objective of this preliminary study of
transistors, diodes, and FETS is to evaluate the relia-
bility of these discrete devices, from different manu-
facturers, when subjected to power and temperature step
stress tests.

The long-term objective is to gain more knowledge of
accelerated stress testing for use in future testing of
discrete devices, as well as to determine which type of
stress should be applied to a particular device or design.

This report is divided as follows: description of tests,
figures, tables, and appendix.
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INTRODUCTION

DCA Reliability Laboratory, under contract NAS8-31944
for NASA/Marshall . Space Flight Center, has compiled
data for the purpose of evaluating the effect of power/
temperature step stress when applied to a variety of
semiconductor devices. This report covers the dual
transistor JANTY2N2060 manufactured by Raytheon and
Motorola.

A total of 48 samples fror each manufacturer were sub-
mitted to the process outlined in Table 1. In addition,
two control sample units were maintained for verification
of the electrical parametric testing.

TEST REQUIREMENTS

Electrical

All test samples were subjected to the electrical tests
outlined in Table 2 after completing the prior power/
temperature step stress point. These tests were performed
using the Fairchild Model 600 high-speed computer-controlled
tester. Additional bench testing was also required on

the devices.

Stress Circuit

The test circuit shown in Figure 1 was used to power all

of the test devices during the power/temperature stress
conditions. The VCE was varied to obtain maximum rated
power (MRP) on at least one of the devices. All the
remaining devices were subjected to no less than 90 percent
of maximum rated power. See Figure 1 for load resistance

values and voltages.
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2.3 Group I ~ Power Stress,

Thirty-two units, 16 from each manufacturer, were

submitted to the Power Stress Process. The transistors

were stressed in 500-hour steps at 50, 100, 125, 150,

and 175 percent of MRP for a total of 2500 hours or until
- 50 percent or more of the devices failed.* Electrical

measurements were pérformed on all specified electrical

parameters after each power step. See Table 1.

2.4 Group II - Temperature Stress I

Thirty-two units, 16 from each manufacturer, were
submitted to the Temperature Stress I Process. Group II
was subjected to a total of 1600 hours of stress at MRP

in increments of 160 hours. The temperature was increased
in steps of 25°C, commencing at 75°C and terminating at
300°C or until 50 percent or more of the devices failed.*
Electrical measurements were performed on all specified
electrical parameters after each temperature step. See
Table 1.

2.5 Group III - Temperature Stress 11

Thirty-two units, 16 from each manufacturer, were
submitted to the Temperature Stress II Process. Group III
was subjected to a total of 112 hours of stress at MRP in
increments of 16 hours. The temperature was increased in
steps of 25°C, commencing at 150°C and terminating at
300°C or until 50 percent or more of the devices failed.*
Electrical measurements were performed on all specified

*Conditions for failure:

A) Open or short

B) Leakage exceeds the maximum limit by 100 times.

C) Other parameters exceed MIL limits by 50 percent or greater.
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electrical parameters efter each temperature step.
See Table 1.

DISCUSSION OF TEST RESULTS

Group I - Power Stress

Raytheon. The Raytheon sample lot completed the entire
2500-hour Group I testing with two catastrophic faélures.
The two failures occurred 150 hours into the 50 percent

MRP step. Serial numbers 1904 (SIDE "A") and 1900 (side "B")

failed the maximum V limit and the minimum hFEIimit.

CE (SAT)
Typical characteristics for this sample lot's performance

(side "A") were:

1) The mean value for ICBO changed 222.6pA from an

initial mean of 421.2pA to a final mean of 198.6pA.

2) The mean value for VCE(SAT) changed 1.95mV from an

initial mean of 72.69mV to a final mean of 74.64mV.
3) The mean value for hFF changed 6.45 from an initial
mean of 59.66 to a final mean of 66.1l.
Typical characteristics of this sample lot's performance
(side "B") were:

1) The mean value for ICBO changed 209.5pA from an

initial mean of 358.1pA to a final mean of 148.6pA.

2) The mean value for VCE(SAT) changed 2.65mvV from an
initial mean of 73.06mV to a final mean of 75.71lmV.

3) The mean value for hFE changed 5.64 from an initial
mean of 60.74 to a final mean of 66.38.

4) The mean value for hFE (matching) changed .0322 from
an initial mean of .9838 to a final mean of 1.0l6.

The control units for this sample lot remained constant
throughout the entire Group I testing.

3
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Motorola. The Motorola sample lot completed the entire
2500~hour Group I testing with five catastrophic failures.
The first three failures occurred 150 hours into the 50
percent MRP step. Serial numbers 3710 (side "A"), 3717
(side "A"), and 3708 (side "B") failed the maximum VCE(SAT)
limit, and minimum hFE limit. The next failure occurred
50 hours into the 150 percent MRP step. Serial number

3703 (side "B") failed because of excessive ICBO leakage.
The last failure occurred 500 hours into the 175 percent
MRP step. Serial number 3705 (side "B") failed the minimum
hFE limit. Typical characteristics of this sampie lot's
performance (side "A") were:

1) The mean value for Icpo changed 57.7pA from an initial
mean of 219.4pA to a final mean of 161.7pA.

2) The mean value for VeE (SAT)

initial mean of 104.9mV to a final mean of 105.6mV.

changed .70mV from an

3) The mean value for hFE changed 2.09 from an initial
mean of 61.83 to a final mean of 63.92.

Typical characteristics of this sample lot's performance
(side "B") were:

1) The mean value for ICBO changed 36.7pA from an initial

mean of 255.0pA to a final mean of 218.3pA.

2) The mean value for VCE(SAT)

initial mean of 163.9mV to a final mean of 105.3mV.

changed 58.6mV from an

3) The mean value for hFE changed 9.48 from an initial
mean of 52.34 to a final mean of 61.82.

4) The mean value for hFE (matching) changed .161 from
an initial mean of 1.183 to a final mean of 1,022.

The control units for this sample lot remained constant
throughout the entire Group I testing.
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Statistical Summary -~ Group I

*

Table 4 outlines the results of Group I - Power Stress
Process for all of the specified electrical parameters
and all measurement points for both Raytheon and Motorola.

Group 11 - Temperature Stress 1

Raytheon. The Raytheon sample lot completed the entire
1600-hour Group II testing with a total of nine catastrophic
failures. The first failure occurred 160 hours into the
200°C-temperature step. Serial number 1925 (side 'A")
failed the minimum hFE limit. The next three failuires
occurred 160 hours into the 225°C-temperature step.

Serial numbers 1918 (side "B") and 1920 (side "A") failed
the minimum hFE limit. Serial number 1921 (side "3")

failed the maximum V limit and minimum h limit.

CE (SAT) FE

The next failure occurred 160 hours into the 250°C-
temperature step. Serial number 1924 (side "A") failed

the minimum hFE limit. The next failure occurred 160 hours
into the 275°C-temperature step. Serial number 1915 failed
the maximum hFE (matching) limit. The last three failures
occurred 160 hours into the 300°C-temperature step.

Serial numbers 1914 (side "A"), 1916 (side "B"), and 1926
(side "B") failed the minimum h__ limit. Typical charac-

FE
teristics of this sample lot's performance (side "A") were:

1) The mean value for ICBO changed 25.8pA from an initial

mean of 140.6pA to a final mean of 166.4pA.

2) The mean value for V changed 16.fV from an

CE (SAT)
initial mean of 73.13mV to a final mean of 89.73mV.

3) The mean value for hFE changed 26.95 from an initial
mean of 65.1 to a final mean of 38.15.

Typical characteristics of this sample lot's performance
(side "B") were:

1) The mean value for I-go changed 145.98pA from an
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initial mean of 63.12pA to a final mean of 209.1pA.

2) The mean value for‘vCE(SAT) changed 5.28mV from an
initial mean of 72.63mV to a final mean of 77.91mv.

3) The mean value for hPE changed 23.31 from an initial
mean of 64.29 to a final mean of 40.98.

4) 'The mean value for hFE (matching) changed .581 from
an initial mean of 1.008 to a final mean of 1.589.

The control units for this sample lot remained congtant
throughout the entire Group II testing.

Motorola. The Motorola sample lot completed the entire
1600-hour Group II testing with one catastrophic failure.
The failure occurred 160 hours into the 200°C-temperature
step. Serial number 3723 failed the minimum hFE limit.
Typical characteristics of this sample lot's performance

(side "A") were:

1) The mean value for 1 changed 30.65pA from an

CBO
initial mean of 93.75 pA to a final mean of 124.4pA.

2) The mean value for V changed 18.9mV from an

CE (SAT)
initial mean of 107.0mV to a final mean of 125.9mV.

3) The mean value for hFE changed 4.92 from an initial
mean of 63.73 to a final mean of 58.81.

Typical characteristics of this sample lot's performance
(side "B") were:

1) The mean value for ICBO changed 100.58pA from an
initial mean of 35.62pA to a final mean of 136.2pA.

2) The mean value for V changed 18.6mV from an

CE (SAT)
initial mean of 106.3mV to a final mean of 124.9mv.

3) The mean value for hFE changed 5.13 from an initial
mean of 53.59 to a final mean of 58.72.

4) The mean value for hFE (matching) changed .186 from
an initial mean of 1.189 to a final mean of 1.003.

m e e A & Saw s m i mren s iR pwm W -
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The control units for %his sample lot remained constant
throughout the entire Group II testing.

Statistical Summary - Group II

Table 5 outlines the results of Group II - Temperature
Stress I testing for all of the specified electrical
parameters and all of the measurement points pertaining
to hoth Raytheon and Motorola.

Group IIl - Temperature Stress Il

Raytheon. The Raytheon sample lot completed the entire
112-hour Group III testing with a total of three catastrophic
failures. The first failure occurred 16 hours into tue
150°C-temperature stap. Serial number 1939 (side "A")
failed the minimum hFE limit. The next failure occurred
16 hours into the 175°C~temperature step. Serial number
1934 failed the maximum hFE (matching) unit. The last
failure occurred 16 hours into the 300°C-temperature

step. Serial number 1937 failed the maximum hFE (matching)
limit. Typical characteristics of this sample lot's
performance (side "A") were:

1) The mean value for ICBO changed 9.001nA from an initial

mean of 314.0pA to a final mean of 9.315nA.

2) The mean value for VCE(SAT) changed .27mV from an
initial mean of 72.13mV to a final mean of 72.4mV,

3) The mean value for hFB changed 8.44 from an initial
mean of 60.65 to a final mean of 69.09.

Typical characteristics of this sample lot's performance
(side "B") were:

1) The mean value for ICBO changed 1.513nA from an
initial mean of 180.0pA to a final mean of 1.693nA.
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2) The mean value for-vCB(SAT) changed 36.10mV from an
injtial mean of 72.4mV to a final mean of 108.5mvV.

3) The mean value for hFE changed 3.60 from an initial
mean of 59.55 to a final mean of 63.15.

4) The mean value for hFE (matching) changed 1.005 from
an initial mean of 1.020 to a final mean of 2.025.

The control units for this sample lot r»m~ined constant
throughout the entire Group III testing. .

Motorola. The Motcrola sample lot completed the entire
ll2-hour Group III testing with no catastrophic failures.
Typical characteristics of this sample lot's perfo-nance
(side "A") were:

1) The mean value for ICBO changed 1.33pA from an initial

mean of 48.67pA to a final mean of 50.0pA.

2) The mean value for V changed 3.30mV from an

CE (SAT)
initial mean of 103.0mV to a final mean of 106.3mvV.

3) The mean value for hFE changed 8.30 from an initial
mean of 60.39 to a final mean of 68.69.

Typical characteristics of this sample lot's performance
(side "B") were:

1) The mean value for I changed 14.67pA from an

CBO
initial mean of 38.0pA to a final mean of 52.67pA.

2) The mean value for VCE(SAT) changed 4.40mvV from an
initial mean of 102.7mV to a final mean of 107.1lmV.

3) The mean value for hFE changed 9.34 from an initial
mean of 58.57 to a final mean of 67.91.

4) The mean value for hF (matching) changed .01l from
an initial mean of 1.028 to a final mean of 1.017.

The control units for this sample lot remained constant
throughout the entire Group II1 testing.
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Statistical Summary - Group II

Table 6 outlines the results of Group III - Temperature
Stress II testing for each of the specificd electrical
parameters and all measurement points for both Raytheon
and Motorola.

FINAL DATA SUMMARY

Table 7 statistically summarizes the change in the mean
value from the zero-hour data to the final data. The
graphs of Figures 2 and 4 plot the cumulative percent
failures versus the temperature stress level for Group II -
Temperature Stress I, and Group III - Temperature Stress II.
The graphs of Figures 3 and 5 plot the time step for

Group II (160 hours) and Group III (16 hours) versus the
temperatures Tl and T, calculated from Figures 2 and 4.
Tables 8 and 9 summarize the failures encountered for all
three stress groups. The failures ar: separated into two
catagories: catastrophic failures in 7Table 8 and parametric
failures in Table 9. The data from Table 8 was used as

a source for the graphs in 3 and 5 respectively. Junction
temperature is plotted on an inverse hyperbolic scale.

CONCLUSIONS

The Motorola sample lot showed signs of weakness in the
Group I testing, while the Raytheon lot lost a majority
of its devices in the Group II testing.

The Motorola devices in the Group I testing experienced

a decline in hFE’ while the collector-base leakages
remained within specification limits, Such a loss of hFE
without any evidence of surface leakage or low breakdown
voltage suggests a change in emitter efficiency,
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The migration of gold or other impurities has possibly
continued under the in¥luence of extreme high-power
operation with consequent loss of hFE'

All of the failures in the Group II testing for Raytheon

experienced some marked loss of h There is no

FE*
significant bulk of surface leakage on these parts. This
implies that the hFE

emitter efficiency. The loss of injection efficiency

fall-off is due only to a loss of

in turn is due to the migration of gold and intermetallics
under the influence of heat and bias, with a consequent
loss of bulk silicon lifetime.

A plot showing cumulative failure distribution for Growi3 II
and III testing was drawn for the Raytheon sample lot
(Figures 2 and 3) but a plot for the Motorola sample lot
could not be drawn due to an insufficient number of

failures in the Group II testing and an absence of failures
in the Group III testing. Figures 2 and 3 display the

data for the Raytheon sample lot used to calculate an
activation energy of 1,29%eV.

A broken circle around a marked point on the graph indicates
a freak failure not calculated as part of the regression
line. A solid circle around a marked point indicates an
isolated failure point. The regression line was drawn

using the least square method.

10
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The activation energy was calculated from the formula:

. 8.63 X 10°° ev/°kK
1 7 ]
E =] 4fn{~— aan—ampe oo S I (R S eV
(tz) ( T+273 ) ( T,+773 )

Where: t) = step of Group Il - Temp Stress | =160 hrs,

L J

’ : t, = step of Group 111 - Temp Stress |l = 16 hrs,
T' = temperature in °C of 162 failure for Group 11,

T2 = temperature in °C of 162 failure for Growvo 11,

10Aa
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NOTE
FOR TABLES
4 THROUGH 7

The minimum/maximum initial and final data
generally have an absolute accuracy of tl% of

the reading and * one digit except for readings
greater than 9.99mA which have an absolute accur-
acy of t2% of the reading and I one digit. The
data also has ‘a resolution for four digits. The
standard deviations, means, delta means, and
average means are, therefore, valid indicators

of trends over time and temperature, excepting
the minor statistical computer error of supply-

ing, a constant nunber of significant digits.

11A
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JANTX2N2060
TABLE 1
TEST FLOW DIAGRAM
INITIAL
ELECTRICAL
TESTS
Per Table 2
(2)* | (16)* ] (16)x | (16)x_ |
Temperature Ste Temperature Ste
-Non=-Operating Power Stress pStress i P ‘Ztress i P
Control Group T, = 25°C 100 Percent MRP 100 Percent MRP
Note 3 - Note 4
] | L
0.50 MRP o 7c0 °
500 Hours TA 75°C TA = 150°%¢
Note 1 t = 160 Hours t = 16 Hours
1.0 MRP ®
500 Hours TA = 100°C TA = 175°C
Note 1 t = 160 Hours t = 16 Hours
1 ] ]
1.25 MRP T = 125°C T, = 200°C
500 Hours A A
t = 160 Hours t = 16 Hours
Note 2
1.5 MRP
500 Hours 25°C Steps 25°C Steps
Note 2 "]~—— "‘T—f’
|
1.75 MRP T. = 300°C T = 300°C
500 Hours A ™3 A"l
t = 160 Hours t = 16 Hours
Note 2
*Quantity per manufacturer ( RAYTHEON & MOTOROLA )

NOTES:

1) Electrical
2) Electrical
3) Electrical
4) Electrical

measurements per Table
measurements per Table
measurements per Table

measurements per Table

NN NN

were made at 50, 150, 250 and 500 hours.
were made at 10, 25, 50, 150, 250 and 500 hours.
were made at the end of each 160 hours.

were made at the end of each 16 hours.
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TABLE 2
PARAMETERS AND TEST CONDITIONS

SPEC. LIMIT CAT. LIMIT
PARAMETER CONDITIONS ¢ MIN - MAX MIN MAX UNITS
lCBO @Vca = §ov - 2 - 200 nA
h = - . -
L FE @VCE 5V & lc 100HA . .9 1.1 b5 1.65
matching
VCE(SAT) @lc = 50mA & lB = SmA - 1.2 - 1.8 v
hFE @VCE =5V ¢ Ic = |00UA 30 90 15 135 -
NOTES: e N ' o -
In addition, any open or short shall be considered catastrophic.

TABLE 3
POWER STRESS BURN-IN CONDITIONS
lE = 10.0mA
VCE,= PERCENT PD
12.5v 50
25.0v 100
31.2v 125
37.5v 150
43,7v 175
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FAILURE ANALYSIS
MSFC STEP-STRESS TEST

JANTX2N2060 )

TRANSISTORS pate 16 _September 1978
J/N_2CN242-230A __ p/N_2N2060 _ _______ wrR_RAYTHEON
FAILURE VERIFICATION:
s
h Initial
| nitia
o €80 o I A
CED BVCBO o ;uA-- BVEBO IOOCuA; -volts- Test linitial
. -volts= ~volts- o ~volts- v. =s5vyv| @ lggg ™ | Seqa. |Rej.
3/N 80 Vv CE 10 mA No.: for:
W' —_— —— ]
900A " open short short open --- -—- MP-3 Cat.
B open 176 0.2 nA open -=- Vaco 0.69
904A open open -=- “-- --a -== __*iup-1 | cat
B | 0.20 0.20 10_mA* shart --- Vgeg 0-70
* St1gped at 3.2 ¥ to prevent |damage

INTERNAL VISUAL INSPECTION:

S/N 900 A, 900 B, and 904 A have open wires due to electrical overstress.
(See Figures A-1 thru A-3.) All base and emitter gold ball bonds are sur-

CONCLUSION:

than 2 amperes

and shortened the junctions.

rounded with a narrow circle of 'purple plague.’

hot spot surrounding the emitter wire bond.

S/N 904 A exhibits a
(See Figure A-4.)

Both samples were destroyed by a fast rise (tens of microseconds) pulse
of high current at normal voltage which melted the internal gold wires
The current level is estimated to be greater

Side GE)
side (@)

Bottom View

*hpg trace present.

*thpe trace very leaky.

Inv = inversion

H = hysteresis

Cannot meet stated test conditions.

(Leaky)

“Uns = unstable
_J
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JANTX2N2060

FIGURE A-1

S/N 900A, Raytheon Sample, 86X

Open internal emitter wire due to electrical overstress.

S/N 900B,

FIGURE A-2

Raytheon Sample, 86X

Open internal emitter wire due to electrical overstress.

32




JANTX2N2060

| FIGURE A-3
S/N 904B, Raytheon Sample, 112X

I Open internal base and emitter wires due to electrical overstress.

R TS R R AE ] b

.

'

\.‘ ‘8 )\ 19 e N, wed iy
g.&ﬁ:#!ﬁ?u‘f"’-f FIA PR T IR

— . i,

4

24
s

I FIGURE A-4
S/N 904A, Raytheon Overall Die View, 112X

' Arrow indicates area of melted emitter metallization due to electrical
overstress. Note purple gold-aluminum intermetallics
I surrounding each ball bond.
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JANTX2N20)60 )
FAILURE ANALYSIS
MSFC STEP-STRESS TEST
TRANSISTORS Date 218
| o/ __2cN242-388  p/n 282060 MFR MOTOROLA
FAILURE VERIFICATION: ‘
i
3 | Pre v
BV BV che BV elg= | 0| inttia
CEO c8o [ U™, EBO 100 s | @ 1o w| Rei. @ |

; ~volts- -volts~- c8 -volts- Vo = S'V BEO | Test Seq. Initial
- S/N 8o v CE 10 mA No.: Rej. for
3705A] 128 128 0.2nA 8.7 7.5 0.73 MP=-1 hii match

8| 130 130 0.6nA 8.7 7.4 0.74
3708A | open 128 0.lnA open --- 0.72 MP=1 h : match
e8] 106 128 g.2n4 | 8,7 b 0.75

INTERNAL VISUAL INSPECTION:

S/N 3708A has &n open internal emitter wire due to electrical overstress (Sce
Figure A-6). There are no visual defects on S/N 3705 which relate to the present
failure,

CONCLUSIONS:

S/N 3708 failed due to electrical overstress in the form of excess current at

normal voltage. The destructive current had a fast rise time (tens of microseconds)
and exceeded one ampere. S/N 3705 has experienced a decline in hgg, while the
collector-base leakage remains within specification limits. Such a loss of hgg
without any evidence of surface leakage or low breakdown voltage suggests a change
in emitter efficiency. The migration of gold or other impurities possibly
has continued under the influence of extreme high power operation with
consequent loss of hFE'

8L,

S me AE) SN Emy M TEP G B Aue U SRS IR WN SE Ik SER A SRR WS GEF SN NP I M A SR SR T dEr

w
i

i ﬁhFE trace present. Cannot meet stated test conditions. (Leaky)
. *%h.e trace very leaky.

}

H

D= drift H = hysteresis Inv = [nversion R = resistive § = soft Uns = unstable

\_ 34 _J
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FIGURE A-5
S/N 3705, Typical Motorola Die Layout, 36X

FIGURE A-6
S/N 3708A, Motorola Sample, 100X

Open internal emitter wire due to electrical overstress.
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JANTX2N2d60 )
FAILURE ANALYSIS

MSFC STEP-STRESS TEST

19 September 1978

TRANSISTORS Date
J/N 2CN242-38B P/N 2N2060 MFR  RAYTHEON
'FAILURE VERIFICATION: ‘
h
BV BV i°29 BV @ - _Vafo - | tnitial
CEO B0 | SV, EBO 100° N I £ | Rej. @
-volts= | -volts- CB ~ |-volts- | -US’V BEO  |Test Seq.| Initial
S/N 80 v CE 10 mA No.: Rej. for
—————— o~ ——— —— ————
19250 110 164 18 nA 8.3 27 0.69 MP-9 hee match
B 85 160 17 nA 7.9 13 0.69
1926A| 160 170 26 nA 8.4 48 0.90 MP-7 heg match
8l 100 160 20 nA. 7.8 0.64 L, 10%
1916A] 160 190 0.5 nA 8.6 15 0.71 MP-8 hpg match
Bl 120 120 0.5 nA 8.6 13 0.72
*VC}O - 5.B

INTERNAL VISUAL INSPECTION:

All three samples exhibited dark gold-aluminum intermetallics ("'Purple Plague') around
all gold ball bonds. (See Figure A-7.) The emitter wire of S/N 1924 (Side B) has been
kinked and has a thin spot due to being stretched.

CONCLUS IONS:

All samples have experienced a marked loss of hgg, and S/N 1925 (transistor B) has
developed high contact resistance as evidenced by its excessive Vggg and Vgco (emitter
and collector forward voltage drop).

There is no significant bulk or surface leakage on these parts. This implies that the
hpg fall-off is due only to a loss of emitter efficiency. The loss of injection
efficiency in turn is due to the migration of gold and intermetallics under the
influence of heat and bias, with a consequent loss of bulk lifetime.

BOTTOM VIEW

suos‘l}
snos(:) |

E B C
*h.. trace present. Cannot meet stated test conditions. (Leaky)
**hFE trace very leaky.
D = drift H = hysteresis Inv = inversion R =resistive S = soft Uns = unstable
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JANTX2N2060

FIGURE A-7

S/N 1916, Typical Die Geometry of Raytheon Samples, 11 X

The dark areas around the gold ball bonds are gold-aluminun
intermetallics ("Purple Plague").
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