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JANTX1NS415

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

The short-term objective of this preliminary study
of transisters, diodes, and FETS is to evaluate
the reliability of these discrete devices, from
different manufacturers, 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.

ii*




]
JANTX1NS415

TABLE OF CONTENTS
Page

1.0  INTRODUCTION
2.0 TEST REQUIREMENTS

2.1 Electrical

4.2 Stress Circuit

2.3 Group I - Power Stress

2.4 Group II - Temperature Stress I *
2.5 Group III - Temperature Stress II

3.0 DISCUSSION OF TEST RESULTS

. 9 | Group I - Power Stress

Jsdsl Semtech

3,12 Micro Semiconductor

3:.1.3 Statistical Summary - Group I
3.2 Group II - Temperature Stress I
L . 3 | Semtech

Jeded Micro Semiconductor

k P Statistical Summary - Group II
X P | Group III - Temperature Stress II
Js3.1 Semtech

35304 Micro Semiconductor

3:3.3 Statistical Summary - Group III

4.0 FINAL DATA SUMMARY

@ ~ SN ooununnune s ww w NN - - -

5.0 CONCLUSIONS

L¥ iii




Pigute

A-2
A-3

B-1

LIST OF ILLUSTRATIONS
Title

Power and Temperature Stress Circuit
for JANTX1NS5415

Cumulative Percent Failures Versus
Junction Temperature, Semtech

Time Steps Versus Junction
Temperature, Semtech

Cumulative Percent Failures Versus
Junction Temperature, Micro
Semiconductor

Time Steps Versus Junction
Temperature, Micro
Semiconductor

S/N 7366. Magnification 10X

S/N 7392, Magnification 10X

S/N 7419. Magnification 10X

S/N 7397. Magnification 10X

iv

)
JANTX1N5415

Page

11
12

13

14

15
30
30
31
34

)

~




Table

<

LIST OF TABLES
Test Flow Diagram
Parameters and Test Conditions
Power Stress Burn-In Conditions

Group I - Power SGtress Data
Summary

Group II - Temperature Stress 1
Data Summary

Group III - Temperature Stress II
Data Summary

Final Data Summary

Step Stress Catastrophic Failure
Summary

Step Stress Parametric Failure
Summary

‘ 1
JANTX1NS41S

19
21

22
23

24

25




1.0

2.0

2.1

2.2

]

JANTX1NS415

<

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 diode JANTX1INS5415
manufactured by SEMTECH and MICRO SEMICONDUCTOR;

A total of 48 samples from each manufacturer were
submitted 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 the test devices during the power/temper-
ature stress conditions. The voltage was set by VF
and the current was varied in order to comply with
the specified power rating for the device. At
least one of the devices was subjected to maximum
rated power (MRP). All remaining devices were
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subjected to no less than 90% cf MRP. See Figure 1
for load resistance ‘values and voltages.

Group I - Power Stress

Thirty-two units, 16 from each manufacturer, were
submitted to the Power Stress Process. The diodes
were stressed in 500-hour steps at 50, 100, 125,
150 and 175 percent of maximum rated powe: (MRP)
for 2500 hours or until 50% or more of the dev{ges
in a sample lot failed.* Electrical measurements
were performed on all specified electrical
parameters after each power step. See Ta-
ble 1. (*See Notes at end of text.)

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 1600 hours of stress at
maximum rated power 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% or more of the devices failed.* Electri-
cal measurements were performed on all specified
electrical parameters after each temperature step.
See Table 1.

Group III - Temperature Stress II

Thirty-two units, 16 from each manufacturer, were
submitted to the Temperature Stress II Process.
Group III was subjected to 112 hours of stress at
maximum rated power 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% or more of the devices in a sample lot
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failed.* Electrical measurements were performed
on all specified electrical parameters after each
temperature step. See Table 1.

DISCUSSION OF TEST RESULTS

Group I - Power Stress

Semtech. The Semtech sample lot completed §50
hours of Group I Testing at which point 50% of the
lot failed. The lot continued processing an
additional 700 hours and had three more failures.
The first failures occurred 150 hours into the 50%
MRP step. Serial numbers 7387, 7388, 7389, 7391
and 7392 failed due to excessive IR leakage. The
next failures occurred 250 hours into the 50% MRP
step. Serial numbers 7390 and 7393 failed due to
excessive iy leakage. Serial numbers 7388 and 7389
had remained in the testing and became visual
rejects. (See Note B, Table 8). The next failure
occurred 50 hours into the 100% MRP step. Serial
number 7363 was a visual catastropic reject. The
next failure occurred 500 hours into the 100% MRP
step. Serial number 7362 failed due to excessive
IR leakage. The next failures occurred 250 hourrs
into the 125% MRP step. Serial numbers 7366
and 7367 were visual rejects. (See Note B,
Table 8.) Typical characteristics of this lot's
performance were:

1) The mean value for IR changed 349.8nA

from an initial mean of 33.40nA to a final

mean of 382.2nA.

2) The mean value for VFl changed

17.00mV from an initial mean of 1.268V to

-
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a final mean of 1,285V,

3) The mean value for VFZ changed

4.100mV from an initial mean of 928.2mV to

a final mean of 932.3mV.
The control units for this sample lot remained
constant throughout the entire Group I Testing.

Micro Semiconductor. The Micro Semiconductor

sample lot completed the entire 2500-hours.of
Group I Testing with four catastrophic failures.
The first failures occurred 500 hours into the
150% MRP step. Serial numbers 7419, 7420 and 7421
were visual rejects. (See Note B, Table 8). The
last failure occurred 25 hours into the 175% MRP
step. Serial number 7425 failed due to excessive
IR leakage. Typical characteristics of this lot's
performance were:

1) The mean value for IR changed 90.60nA

from an initial mean of 466.6nA to a final

mean of 376.0nA.

2) The mean value for VFl changed

10.10mV from an initial value of 921.5mV

to a final mean of 911.4mV.

3) The mean value for vFZ changed

2.700mV from an initial mean of 764.8mV

to a final mean of 762.1lmV.
The control units for this sample lot remained
constant throughout the entire Group I Testing.

Statistical Summary - Group I. Table 4 outlines

the results of Group I - Power Stress Process for
each of the three electrical parameters and all
measurement points for both Semtech and Micro
Semiconductor.

~
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Group II - Temperature Stress I

Semtech. The Semtech sample lot completed 160
hours of the Group II Testing before the lot was
stopped because of a 50% failure rate. The
failures occurred 160 hours into the 75°C-tempera-
ture step. Serial nuwmbers 7395, 7396, 7397, 7398,
7399, 7400, 7401 and 7402 failed due to excessive
IR leakage. Typical characteristics of this lot's
performance were:

1) The mean value for IR changed 2.712mA

from an initial mean of 24.14nA to a final

mean of 2.171mA.

2) The mean value for vFl changed

300.0uV from an initial mean of 917.1mV to

a final mean of 2916.8mV.
The control units for this sample lot remained
constant throughout the entire Group II Testing.

Micro Semiconductor. The MSC sample lot completed
the entire 1600 hours of Group II Testing with no

catastrophic failures. Typical characteristics of
this lot's performance were:
1)) The mean value for IR changed

3.926uA from an initial mean of 280.7nA

to a final mean of 4.207uA.

2) The mean value for VFl changed

2.400mV from an initial mean of 906.2mV

to a final mean of 908.6mV,.

3) The mean value for VFZ changed

4.700mV from an initial mean of 767.9mV

to a final mean of 763.2mV.
The control units for this sample lot remained

constant throughout the entire Group II Testing.
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Statistical Summary - Group II. Table 5 of this

report outlines the results of Group II -
Temperature Stress I for each of the three
electrical parameters and all of the measurement
points pertaining to both Semtech and Micro
Semiconductor.

Group III - Temperature Stress Il

Semtech. The Semtech sample lot completed the
entire 112 hours of Group II Testing with seven
catastrophic failures. The first failures occurred
16 hours into the 150°C-temperature step. Serial
numbers 7404, 7405, 7406, 7407, 7409 and 7410
failed due to excessive Ig leakage. The next
failure occurred 16 hours into the 175°C-tempera-
ture step. Serial number 7408 failed due to
excessive Ir leakage. Serial number 7376 was
reported missing 16 hours into the 200°C-tempera-
ture step. Typical characteristics of this sample
lot's performance were:

1) The mean value for IR changed 165.8nA

from an initial value of 19.52nA to a final

mean of 185.3nA.

2) The mean value for VFl changed

12.00mV from an initial mean of 1.276V to

a final mean of 1.264V.

3) The mean value of VFZ changed 7.200mV

from an initial value of 938.1mV to a final

value of 930.9mV.
The control units for this sample lot remained
constant throughout the entire Group III Testing.

Micro Semiconductor. The MSC sample lot completed

)
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the entire 112 hours of Group III Testing with no
catastrophic failures. Typical examples of this
lot's performance were:

1) The mean value for IR changed 44.20nA

from an initial mean of 279.6nA to & final

mean of 323.8nA.

2) The mean value for vFl changed

3.800mV from an initial mean of 936.1imV to

a final mean of 939.9mV.

3) The mean value for VFZ changed

2.700mV from an initial mean of 781.0mV to

a final mean of 778.3mV.
The control units for this sample lot remained
constant throughout the entire Group III Testing.

Statistical Summary - Group III. Table 6 outlines
the results of Group III - Temperature Stress II
Testing, for each of the electrical parameters and
all of the measurement points for both Semtech and
Micro Semiconductor.

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 temnerature
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 T2 calculated from Figures 2
and 4. Tables 8 and 9 summarize the failures
encountered for all three stress groups. The
failures are separated into two categories:

~
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catastrophic failures in Table 8 and parametric
failures in Table 9. The data from Table 8 were
used as a source for the graphs in Figures 2
and 4. Figures 2 and 4 were used as a scurce for
the graphs in 3 and 5, respectively. Junction
temperature is plotted on an inverse hyperbolic
scale.

CONCLUSIONS R
While the Semtech sample lots suffered large
failure rates in all three stress tests, the Micro
Semiconductor sample lots experienced no failures
in the Group II and III Testing and only four in
the Group I Testing.

There were two types of failures throughout all
three stress tests for both manufacturers. One was
a visual catastrophic reject. The failures were
still within the electrical limits of the test
when they became visual failures due to a loss of
an external lead.

The second type of failure was the reverse bias
leakage. The main cause of this failure was the
conductive external paint on the diodes. When the
continuity of the paint was interrupted by means
of sandpaper, the reverse leakage fell to
acceptable levels.

A complete plot showing cumulative failure
distribution and activation energy for Semtech
could not be extrapolated due to an early
excessive failure rate in the Group II Testing
(Figures 2 and 3). A plot for the Micro Semiconduc-
tor lot could nnt be plotted due to an absence of
failure points in the Groups II and III Testing
(Figures 4 and 5).

~
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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 main failure

point. The regression line was calculated using

the least squares method.

The activation energy was calculated from the

formula:

E =] £n
Where: tl
t,

Tl

L

>

8.63 X 10°° ev/°k

(

| 1
T +273 ) - ( T,+273 ) e

step of Group |l - Temp Stress | =160 hrs.
step of Group Ill - Temp Stress |l = 16 hrs.
temperature in °C of 16% failure for Group 11,

temperature in °C of 16% failure for Group 111,




]
JANTX1N5415

NOTE:
* Conditions for failure:
A) Open or short
B) Leakzge exceeds the maximum limit by 100 times
C) Other parameters exceed MIL limits by 50% or more.
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SWITCHING DIODES

- <

w
i

W/ + 1%

P, = IE

FIGURE 1
Power/Temperature Stress Circuit
for JANTXINS5415
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TARLE 1
TEST FLOW DIAGRAM

INITIAL
EEECTRICAL
TESTS
Per Table 2
(2):‘: l (16):’: l (‘6):’: ] (]6):‘: ]
. Temperature Step Temperature Step
‘Non-Operating Power Stress Stress | Stress |1
Control Group Ty = 25°C 100 Percent MRP 100 Percent MRP
Note 3 Note 4
| | 1 L
0.50 MRP ° °
= T =
500 Hours T, = 75°C Ty 150°C
Note 1 t = 160 Hours t = 16 Hours
1.0 MRP _ 0 - °
500 Hours TA = 100°C TA = 175°C
Note 1 t = 160 Hours t = 16 Hours
[ l |
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*‘ ’—T*"
1.75 MRP T = 300°C T, = 300°C
500 Hours A A
t = 160 Hours t = 16 Hours
Note 2

*Quantity per manufacturer (Semtech and Micro Semiconductor)

NOTES:
1) Electrical measurements per Table 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.

2) Electrical measurements per Table

3) Electrical measurements per Table

N NN NN

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

16 AAJ
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PARAMETERS AND TEST CONDITIONS

rorm Lovu=—-=
——— cm—

Ul

SPEC. LIMIT CAT. LIMIT
PARAMETER CONDITIONS ¢ MIN MAX MIN MAX UNITS
IR VR = 50V - . 1.0 - 100.0 HA
VFI IF = 9A (Pulsed) .6 1.5 «3 2.25 \'
VF2 Io = 2A (Not Pulsed) .6 1.2 53 +«1.8 \'
NOTES:
1/ 1In addition, any open or short shall be considered catastrophic
TABLE 3
POWER STRESS BURN-IN CONDITIONS
VF =
lg = Percent Pp
1.8A 50
3.6A 100
4. 5A 125
5.4A 150
6.3A 175
17 )
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NOTE
FOR TABLES
4 THROUGH 7

The minimum/maximum initial and final
data generally have an absolute accuracy
of +1% of the reading and *+ one digit
except for readings greater than 9.99mA
which have an absolute accuracy of +2%
of the reading and + one digit. The data
also have 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 supplying
a constant number of significant digits.

18

]
p
JANTX1NS5415

~\

T T ———— P



s

(3I®@9YsS puoOOas uo panuUTIUOD)

T,..0¢XINvs

R T SRR RN SR,

I AWQ/"€Z—- |dd3ddOols dor AWQ9 *8Z- |ddddOLS 4dOr VU0 '961-|d3ddOLS €0l S¥H 00S1
AuQ0Z°8 AWQOT "% AWQQ0S " 1- AWQ0 " LT vug *1¢¢- vug - 6v¢ S¥H 06¢I
AUWQ8 91~ AWQT "9 AUQZ €2~ AWQQ0 * %Y vuz - 81z~ Vui-gie SYH 0STI1
AUQ0E " T AuQ00 0T AWQ0CZ " L- AW00 " LY Vuz'oei- Yu9 *86¢ S¥H 0601
AUQ0T "€ AWQS " €€ AWQ0L "S- AW00 66 VU9 €91-| vri196°9 SYH GZO0T
=y AUQ00° € AWQ0° ¢ AWQQS "9- AU00° 66 Vuo 161-| ViivL 1 SYH 010T
s | ¥IM0d 2521
AWQ®* L1- ARQ6° 81 AWQZ*GZ- AU00°Z6 Vug - ezz-| VM8E €9x S¥H 0001
AW009° 1 AW06°E€E AUQQ0% " 8- AW00 ° 66 VU8 691-| VMG6°T1I S¥H 0S¢/
AWQOT " 1- AWQS * 0T AWQ8°01- AWQ0 99 VU6 GEI-| VNSeI1°S SY¥H 069
AZQ00°0 AUQ9 "6 AUQ0L " 6- AWQ0 " L8 vug ‘9% 1- Vug 061 S¥H 0SS
¥43M0d 7001
AUQ9°0T1- AWQT "91 AWQT " T1- AUQ0° €L BUQQ " 6L- | VM®ZO°€ S¥H 006
AUQQ% " 0- AWQOT "0~ AWQ00L " - AUO0 LT vu,°0¢e- v/ L08x S¥H 06¢
AWQ06 * %- AWQO% " €- AWQ09 * L- AWQ0°T1 VUG " /91-| VrgGe - Zilx SYH 061
AQQ0€ "0~ AZQ0E"0 AW008 "€~ A000°0 VuQg "%/- | VU06C°L S¥H 0S
¥3M0d 70§
. INIVA NVIW ©
%2521 01 05 ¥3M0d
s ———————————— = v1iva z_mm._.z_Lt
AU9/6°Y AB/°CT16 AU66°91 AW60 66 vui“6%2 VUu6eg " %1 A3Q a1S
AUg* %9/ AUZ"R76 AWG 126 A89C "1 Vug 994y VuQy - €e NY3IW
AUE Y LL AUg 186 AU0 “€96 AOTH® "1 VuQ-° %68 VuQ9 65 INTYA XYW
AU °9G/ AU8°6L8 AUQ 968 AOTT T VuQ - €£0¢ vuog "81 INTIVA NIW
Viva IVILINI
JOSH W3S JOSKH W4S JSH W3S NOILVD13d1LN3AI
(pesTnd 30N) VZ = OH (pesInd) V6 = mH AOS = m> LIWIT ANV SNOILIONOD
XVAZ T (NDDA9 =C3A (kwioas' 1 (NTR)A9® = ' VRVAT = U1 ¥313WVHvd
Z 30 1 °bed
AdYWWNS VYIVAd SSTILS ¥IMOd — I dno¥os
v dT149dVYL
\__ . . .

(1)20-0081# wi0o4 vIQ

19




)

S IHCEN L XLV

(P,3u0)) % dT9VYL

*jutod STY3l 1333Je BIEp WO1J pasowsx (s)3dalaa orydoialseie)d :IION
- AUZIG*9 AWg8" T AUWQE * L1 Awy 106 Vuy 0zl vug * €8¢ A3Q Q1S
= AU * 29/ AUE *ZE6 AUY 116 | AS8Z°1 VU0 9/€ Vuz *Z8¢ NV 3W
Pa AWQ° /L AUWQ * %86 AWQ " /G6 AOEY "1 VU0 LZL VU0 026 INTYA XYW
> AWQ TG/ AWQ 868 AUQ "988 A00Z°1 VUuQ 752 YUy 61 INIVA NIW
m -~ Viva 1VNI4
9 MK T
AWQQL " Z- AWQT 01~ VU9 06~ S¥H 00S2
AWQ09° € AWQQS * £~ vuz - 181- SYH 0S22
AWQOT " AWQ09 * 8- vuy - Ly1- SYH 0512
AWQQT "L AWQQT "G~ vui-122- S¥H 0502
AWQOL" T AWQQS *8- V106" 26% S¥H $20%
[AWQOT * T | AWQ06 " 8- Vuy 671~ S¥H 0102
¥IMOd 25/1
AWQQL" Y AWQQL *9- Va1 z91- S¥H 0002
AQ08 " ¥ AWQQ9 *G - VU00 * 66~ S¥H 0S/1
AWQQS * L~ AWQZ G- vuz ' z81- S¥H 0S9T
AWQOL " T AWQQS * /- vuy oy 1- S¥H 0SST
AW009° T AWQ09 - Vuz *sg1- S¥H STST
AUQOE *9 A2ddOLS 90r |AW006°Z-  |a4ddOIS 90r| VUI*661- |AdddOLS €Or SYH 01S1
" ¥IM0d %061
INTVA NV3IW V
%61 0L 051 ¥3Mod
ViVA WIYILNI
AU9/6° Y AW.°Z16 AU66°9T AU60° 66 VUl 6% VU6E 41 A3Q a1S
AWg* %9/ AUZ 876 AUG°T1Z6 | A89C°T VU9 *994 YUy €€ NV3IW
AUE YL/ AUg* 186 AU0°€96 | AOTY'1T VUQ ' %68 VU9 ‘65 INTIVA XYW
AUG*9G/ AU 6/8 AW0°968 | AOTT'T VU0 * €02 vuog 81 INTVYA NIW
V1Va IYILINI
ISR WAS JSH WAS JSH Was NOT LYD 141IN3GH
(pesTnd 10N) VI = OH (pasInd) V6 = 4y AOS = L7 SLIWIT ONY SNOIL!ANOD
Nl 313WVYVd
(XVAZ'T (NDDA9° =IA | (xvi)as 1 (NIR)A9-=Ta (XVR) V1T = o1 e
¢ 30 z 9beq AMVWWAS YIVAd SSTYLS ¥aMOd — I dno¥d (38/Ys 3ISITI uDIF PSOUTIUCO)

(2)20-0081# wio4 vIQ

20




JANTXIN5415

*jurod STyl I93JB BIEP WO1J paAouml (s)3Idafax drydoaisele)d :JION x

wIo4g vOd

1-008T1

21

CT saiXINvy

S dT1dVYL

AU/8T°S Az 1y | AwST'6 a1 v | vriges e YUZ/6°2 A3Q ais
AWZ €9/ AUg*9T6 AU9°806 | AL9TT vriL0Z" Yy YUz NV3IW
AWQ"ELL AWO * 086 AWO°ZE6 | AOTY'T MALIARA vuoe9 “ L ANTVA XVW
AUQ " 4G/ AUQ" 158 AU 68 | AOWT'T VUuQ " 16€ VUuQs 81 INIVA NIW

[~ 9000€ 2051 D000€ 20SL 2000€ DoSL (V1) dw3l YNI4
g ViVd TYNI4
—

AWQQL * %= n» % AWQ0% * T N A | vi9ze-€ T ‘ 2000€ 0091

AWQ08 " - AWQOE "0 VUQT *£99 20S LT 0491

AWQ09 * 0- AUQ09 " ¥ VI0€ €1 96052 0821

AWQQL * - AUQQY " T VUuQ/*8S 00522 0Z11

AWQOS * G- AUQOT " 1 VU8 " 1 20002 096

AUQOT *0- AWQOY VU0 61~ 90SL1 008 .

AUQ06 "€ AWQ0Z " 8 VUQ6 * 6S- 20051 0%9

AUQOZ " T AWQ0Z 9 YuQ9 " gg- 20521 08Y

AWQ0%°Z- |a3addors gor| Awpo9 € adddois gorf] vuosz'zz | a3addois €or| 2,001 0zZ€
A0OT°0- Au0°00€-| AWQOE S AU000° 9 vuQL L1- | vwziscex 20SL 091

(V1) awas SYH TVLOL
INTVA NVIW 7
{(TYNI4 Ol IVILINI)
Vivd WIY3LINI

AUGGE G Aup6 1% | Awivz'6 AWG g 08 VUug9°G6 Yu0gs '8 A3d ais
AUG* /9L AUT* /16 Auz 906 | A19z°1 VUu/ ' 082 Vuyl - 4g NV3IW
AU 8/L A0 086 AU 06 | AOTH'T VU0 €19 VU8 €S 3INTIVA XYW
AUQ* 09/ AUQ° 168 Au0° 168 | AOST'T VuQ €61 VuQ9 91 INIVA NIW

v1ivad IVILINI
JSH W3S JSH Was JSH W3S NOILYDI411N3IQI
o . d
(P3STnd I0N) VZ = I (pesTnd) v6 = 1 A0S = SA ww_mﬁ.ﬁ_amuw
CVIDAZ T (NDDA9 " =C3a | (xvi)as 1T (NIR)A9-="9A XV VAT = 31 S¥313IWVHYd
XMYWWNS VIVAd 1 SSJAYLS dWAL II d4noyo




*jurod STyl 1233® BIEp wWOlj pasowdl (s)3Idafax orydoxiseie) JION «x

JANTX1IN5415

C1meNIX1ANYL

dT9VYL

AWTS9 "G AGQS * Zh AWQY* 9T Aw/L*Z8 Vu/1°9g vuph*zg A3 als
AWE QLY AU6°0E6 AW6°6E6 A%9T°1 Vug - gz¢ vug "G 81 NV3IW
AWQ *98/ A0 " 666 AUQ°9/6 |  AOO%'T VUuQ *89% VUQ * %0€ ANTVA XYW
AWQ*99/ AWQ"//8 AU %16 |  AO9T'T VUuQ * 842 VuQ *0Z1 INIVA NIW

- 0000€ 0000€ 0000€ 0600€ 0000€ 0000€ (Y1) dW3l TVNI4
viva J<z_¢L

AUQOL * Z- AuQ0Z - | Awg08°€ AWQ0 71 VUQz 4y VUg'G91 2600€ A

AWOOT * 6- AUQ9°0T-| AWQ06" Y- AUQQ " 42 VuQ9 G/ vug /11 005L2 96

AWQOL * L- Aup9-01-| Awpo'0I-| Aw0O°ZI- vu1 *gn1 Vuz 001 206052 08 .

AWQOT *9- AuQ% 61-| AwQO8 ' 8- AWO0 LT LA vuygez | 00522 %9
AWQY 0T~ Aupg o1-| Awoge 11-| Aw0O°1Z VuQg *€8 VUu68° 2z 95002 8%

AWQ06 * - AU006°9- | AWEO8* /- AUQ0 LT VuQg '8¢ VS 60Sx| 0oSLT rds

» AUO06* 6- AWQ0E°9- | AWQQO" ¥~ AWQQ * Y€ Vug *€Z1 vz 8Lzx| 0,051 91
V1) awar S¥H TVIOL
INTYA NV3IW G
(T¥NI4 OL TYILINI)
VIVA WIN3ILNI

AUYES*G AUGE Q% AWG9 9T AU99 */ Vug6 09 | vugzs's A3a als
AWQ " 18L AWT*8E6 AUT9€6 | A9LZ°T vug-esz | vuzs el NV W
AUQ " T6L AU)* 666 AU0°Z.6 | AOSE"T vup v1y | vuos-sg INTVA XYW
AUQ*0LL A0 *8/8 A0 116 |  AOLI'T vup 60z | vuos-zi INIVA NIW

VIVG IVILINI
ISH WaS JSH WaS ISH WaS NOILVI1411N3QI
o, _ E _ ¥ SLIWIT aNV
I9STn 30 = asTn = Al = >
(PSTNd ION) V¢ 1 (PasTnd) v6 = I 0S SNOT LGNGO
(XVR)AZ'T (NIW)29°=CIA | (XVI)AS'T (NIW)A9'=1dp V) VAT = °1 S¥Y31INYYYd
XJYWWNS VIVA II SSAVLS dWHI III  dJNo¥ud

1-008T1 wxod vOd

22




JANTXINS5415

-jutod STY3l 191Je EBIEp WOl paAowdl (s)3Ioafa1 orydoiiseled :3LON x
9z200°- | 9zo10°- 80200°-| 0000€ - $Z100°- IYS10° + A 1 9° cdy
71900°- | 00610+ cr€00°+| 00900°+ 2€600° - LLLSO"+ A 61 9 H,
p600T°+ | SO"TTT+x pgoch + | 0°ziLz4x| €8T% C+x| 788" #itx yrt 0°1 " 4
IOSH Has 25H Was 258 WS viva | | XYW NIW ¥313WV¥Yd
11 SS3IYLS JUNLVYIAW3L | | SSI¥LS IWNLvyIdWwil $S3YLS %3IMOd hﬂuz |
N
INTIVA NVIW NI V 39VY3AV n LIWIT
SNOILYI14193dS
AYVWANS YIVd TYNIJ
; aTavYL
\_

S-0081 wi0g vod

23




—

- 0 A AN | yosz

H = 0 “3y 001
L

W = 0 "1y 001
=

&) = 0 gl K74
ted

.“ v 1 4Gl

< ¢ — 0 "3y oL

n %SLL

q € "4 0SZ

- 0 a4 001

= 0 ; *14 001

- 0 SUL-T4

= 0 ‘4G

_ 401

0 %0G1

- 0 d3ddoLS 490r] -wosz

SS913S 03 9np payoelap Pe3a[ 2pCYIed - JINTIBI TENSTA - d B 0 g [4 14 00L

g = 0 = 0 "3y 00L

vrio0l < “I - V :S3LON

= 0 = 0 "y sz

» - 0 1 ™ | o.00¢ - 0 - 0 461

YOLONANODIWAS O¥IIW - ,,9,, ¥4dN T

- 0 2,5LZ - 0 - 0 or- Loy

HOIIWIS - V. 4iR

- 0 0,082 = 0 v T |vosz

- 0 = 0 J,.00¢ - 0 JeS22 = 0 - 0 1y 00L

= 0 = 0 0 4SL2Z - 0 2,002 - 0 - 0 14 001

- 0 - 0 | o,0s2 - 0 9,51 ~ 0 g I ..Monm

- 0 = 0 | 2e822 = 0 0,051 - 0 - 0 |mosz

= 0 - 0 0,002 - 0 0,521 = 0 Vv 4 14 001

= 0 \'4 1 JeSLL = 0 d3dddojLS 4d0rj o o0t - 0 \'4 S 14 00L

- 0 v 9 | 2e0st - 0 v 8 |oest - 0 - 0 -

: . (V1) ' : Vi : : :
310N ALD | 310N | “AtD f1 e 310N | "ALD | 310N ALD | ok 310N | "AL0 | 3LON | “Ar0 | o o
g H4W v H3IW 453X g 44w v H4W 1531 g H4W v H4W 1531
Sd31S "'dW3L "HH 9L ill JNOYHD Sd31S "dW3L "HH 09L 11 dNOHO SS3IHLS HIMOd | dNOHDO
GIHSNIXINVF AHVWIANS 34NTIVS DIHdOYLSVIVD  SS3H1S d3lS 8 378vl

\__

24

¢
o




~

- 0 p b |wosz
-.n = 0 _ 14 001
m = 0 “ *a4 001
~ - 0 “ “ 6z
- |
1MN.. - 0 | st
< ~ 0 4 0L
n %SLL
- 0 ﬁ 44 052
v j | w 14 001
- 0 . “14 001
- 0 | UL
B 0 ‘4 6L
- 401
0 %051
- 0 3ddOJLS 90[] -1y gsz
3urssTw 9/¢/ N/S - D
14 - 0 - 0 | -woor
2an[reJ ITWIT WnUIXeWw '“A - ¢
q = 0 = 0 |-moot
2AnTrey JITUIT "I - V :S3L1ON
- 0 . 0 14y GzZ
» v 9 4 h 2,400€ = 0 = 0 gL
q IN - .49, 44K -
¥OLONANOJIWAS OWIIW - .4, 5 : B - : - o
HOJAIWAS - ,,V,, ¥4dNW
= 0 04052 = 0 = 0 |yosz
= 0 - 0 2,00¢ = 0 2522 - 0 '/ 1 -1y 00L
= 0 = 0 0452 = 0 2,002 = 0 = 0 |-yoor
. 0 = 0 2,052 = 0 2,6LL = 0 d I Mowm
- 0 = 0 04522 = 0 0,05t = 0 - 0 |wyosz
= 0 2 1 D4 002 o= 0 o -4 = 0 A 1 -1y 001
= 0 - 0 D 4SLL - 0 a3ddqLS 490f] o .00t = 0 A 4 -1y 001
= 0 A4 [4 De05t | = 0 - 0 D oSL =~ 0 = 0 ..upwm
. . L) | . - VL) - ,
310N | "ALD | 310N | "ALD | 3ic 310N | "ALD | 310N Ao | e 310N | "ALD | 3ION | “ALO | o
8 H4W v HAW 1531 8 HAW v H4W 1531 8 44w v HAW 4534
Sd34S 'dW3L 'HH 9L 11l JNOYHD Sd31S "dW3L1 ‘HH 09L 11 JNOYD SS3H1S H3IMOd | dNOYDO
SIYSNIXINVF AHVWIANS 3dN1Iv4 0IdLANvVavd SS3H1S d31S 4 378avl

25

Page




o andambinbe. Sa . L omam ol Lo

|‘ )
‘ JANTX1NS5415
APPENDIX A
FAILURE ANALYSIS
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FAILURE ANALYSIS

]

JANTX1NS5415

Date 1 December 1978

J/N___2CN242-14A P/N IN5415 MFR SEMTECH
FAILURE VERIFICATION:
Limit:
100uA Max.
PIV IR@ VF@ INITIAL INITIAL
S/N -volts- REJ. AT TEST REJ. FOR:
50 V.dc dc SEQUENCE NO.E
7363 380 < 0.1uA 11 (100% MRP Lead off
550 Hrs.)
7366 330 < 0.1pA 27 (1257% MRP Lead off
1250 Hrs.)
7392 } 400 Uns, Inv 110uA 05 (50% MRP Lead off

150 Hrs.)

T T T T Ty p——

VISUAL INSPECTION

All three Semtech samples have lost their external paint.

S/N 7363 and 7366 have a detached external lead (see Figure A-1).

S/N 7392 has cracked glass (see Figure A-2).

*

—

«h

hFE trace present. Cannot meet stated test conditions.
FE trace very leaky.

(Leaky)

27
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FAILURE ANALYSIS

.

Date 1 December 1978

J/N___2CN242-14A P/N__1N5415 MFR ___MICRO SEMICONDUCTOR
FAILURE VERIFICATION:
Limit:
100uA Max,
b INITIAL INITIAL
s/N| Tvolts- Ip @ Vp €@ REJ. AT TEST | REJ. FOR:
EQUENCE NO. ;
50 V.dc _dc S QU c e
7419 80 < 0.1uA 41 (150% MRP Lead off
2025 Hrs.)
7420 78 < 0.2yA 41 (150% MRP Lead off
2025 Hrs.)
7421 98 < 0.1pA 41 (150% MRP Lead off
2025 Hrs.)

INTERNAL VISUAL INSPECTION

All three Micro Semiconductor samples have lost their external paint and have a detached
external lead (see Figure A-3).

*EFE trace present. Cannot meet stated test conditions. (Leaky)
**'FE trace very leaky.

_ i .
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JANTX1N5415

CONCLUSIONS

All of the samples except Semtech S/N 7392 were
still within the electrical limits of the MSFC
test when they became visual failures due to loss
of an external lead. These structural failures
were caused by exceeding the thermal design limits
of the parts.

Semtech S/N 7392 exhibits instability and surface
inversion due to moisture and other impurities
which entered through the cracked glass.

29 r
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FIGURE A-1
S/N 7366. Typical Semtech Sample
With Detached Lead, 10X.
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FIGURE A-2
S/N 7392, Semtech Sample
Showing Cracked Glass, 10X.

'
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FIGURE A-3
S/N 7419. Typical Micro Semiconductor
Sample Displaying Detached Lead, 10X.
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APPENDIX B

FAILURE ANALYSIS

TEMPERATURE STRESS
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FAILURE ANALYSIS

! .

Date | December 1978
J/N__2CN242-14B P/N IN5415 MFR SEMTECH
FAILURE VERIFICATION:
Limit:

| 100uA Max
| PIV I, @ v, @ INITIAL INITIAL
| S/N ~volts- REJ. AT TEST REJ. FOR:
| 50 V.dc de SEQUENCE NO.;

7397 | *R = 40K >1mA 03 (75°C T
| *k 425 <0.1pA 160 Hrs.)
| 7399 | *R = 50K >1mA 03 (75°C I,
| ** 380 <0.1pA 160 Hrs.)
‘; 7401 | *R = 800K >50uA 03 (75°C Ty
‘: *k 375 <0.1pA 160 Hrs.)

S e e it o e

VISUAL TNSPECTION

No visual anomalies were present.

CONCLUSION

These Semtech samples failed the reverse bias leakage test because of conductive external
paint. When the continuity of the paint was interrupted by means of candpaper, the reverse
leakages fell to acceptable levels (see Figure B-1).

The glass on these samples was not hygroscopic as seen on previous Semtech samples.'

I * Resistive leakage is due to conductive external paint.

** These readings were taken after interrupting the paint
conductive path.

| *hFE trace present. Cannot meet stated test conditions.
** 'FE trace very leaky.

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

(Leaky)

_ 33 _
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FIGURE B-1

| S/N 7397, Semtech Sample, 10X.
Interruption of paint conductive
path by abrasive paper.

=
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