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FOREWORD

This is the final summary report of work performed
by General Semiconductor Industries, Inc., under Contract
No. NAS8-31547, from George C. Marshall Space Flight
Center, Alabama, to conduct a continued reliability study
extension of Contract No. NAS8-30811. This reliability
study is on the Surge Pulse Life of the General Semicon-

ductor Industries, Inc., TransZorb .

This report includes a description of the transient
voltage suppressors, conditions of the test, and analysis
of the data gathered by the tests, a summary of the
analysis and its implication on engineering design, and
also a definition of the Mean Number of Peak Pulses Before
Failure (MPZBF). Also included is an analysis of failed

devices and a sampling of the raw data.

Information gathered in this test is intended to be
used as a guideline for engineering design in using transient

voltage suppressors in space equipment applications.

The reliability analysis on this effort was performed
at the University of Arizona in Tucson, Arizona, by Edward
Haugen, Associate Professor in the College of Engineering
Department of Aerospace and Mechanical Engineering, and
Michael Jacob, a Graduate Research Assistant in the

Doctoral Program.

TransZorb™ - Trademark of General Semiconductor Industries,In
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This final report was accomplished under the technical
direction of Mr. Michael Nowakowski, Mr. Felminio Villella
and Mr. Lcon Hamiter of Marshall Space Flight Center,
Huntsville,/ﬁlabama, and we thank Messers Nowakowski,
Villella and Hamiter for their guidance and assistaunce in
accomplishment of the work effort and the writing of this

report.

Acknowledgement is also given to Richard Gadberry
and Michael McMorris of General Semiconductor Industries,
Inc., for their efforts in development of test equipment
and performance of the tests respectively, and also to

Joe Pizzicaroli for his efforts in conducting the analysis

on the devices which failed during tests.
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SUMMARY

This report documonts the offorts expendod in testing,
analyzing and development of a meaningfui definition of the
Mcan Number of Peak Pulses Before Failure (MPZBF) levels of

a family of transient voltage suppressor devices, the
TransZorb™,

Fr YT

This study is a continuation of the efforts initiated
in NASA Contract No. NAS8-30811. The purpose of this con-
e . tinuation is to determine the ability of the transient
- suppressor to effectively and reliably protect against severe
short term, millisecond range, transient voltages of the types
resulting from inductive load switching and induced lightning,

In the Final Summary Report on Contract NAS8-30811,
the Mean Number of Peak Pulses Before Failure reported for
all four voltage level device types, the 6.8V, 33v, 91v,
and 190V, required extensive extrapolation of the data
presented mainly due to the fact that there were insufficient
} failures to produce a meaningful MPZBF. The purpose of this
% :' g study is to extend the number of pulses and subsequently ?

extend the meaningfulness of the data presented.

This reliability study utilized existing pulse testing
instrumentation, interfaced to an automatic sequencing test
rack accommodating up to 50 devices. Tests were performed
in step stress increments of 25% beginning at 25% and
extending thru 100% rated I p for each voltage category.
The four voltage types tested were the 6.8V, 33V, 91V, and
190V, Concurrent with the tests performed under Contract
NAS8-30811, engineering efforts at General Semiconductor
Industries, Inc., were addressing the problem of improving
the reliability of the 190V types. The results of the
previous program confirmed the requirement for improvement.
The improved construction is not included in this study as

. this study includes only those devices used in the initial
test.
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As specified in Contract No, NAS8-31547, an additional
20,000 pulses were to be applied to the devices or were
to be teérminated upon failure of the entire lot, whichever

ocecurs first,

Data gathered from this program was reduced to graphs
plotting step stress levels vs MPzaF. The meaningfulness
of these curves has been cxtended to the extent of the
additional number of pulses gathered. However, most lots
tested at 75% Peak Pulse Current and below had relatively
few failures under this new extended, long term pulse
testing., Failures dt the 100% I level were virtually
total and subsequently meaningful MPZBF curves could be
derived and presented.
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1.0 WORK EFFORT

1.1 Background

o 1,1.1 Silicon Avalanche suppressor devices have
boen on the market for a poriod of many yecars;
however, this is the first effort to gather long
term reliability data, defining the MPZBF at
various stress levels, ' .h

1.1.2 Since a transient suppressor normally
operates in the stand-by mode and conducts
appreciably only in the presence of transient
voltages, a meaningful measure of l1ife expectancy
for this device type would be MPZBF instead of
the conventional MTBF. Because the TransZorb™
transient voltage suppressor is a unique device
having the capability of withstanding high power
transients (1.5Kw for 1 millisecond pulses and
100,000 watts for 100 rnanosecond pulses) it is
anticipated that the components of this type will 4
be needed for lon, term life space hardware to q
protect circuits subjected to a large number of

transients over a broad spectrum of pulse width

and amplitudes. :

1.1.3 The TransZorb, an acronym for "transient 1
; absorber" was designed by General Semiconductor

Industries, Inc., and developed initially for the ‘ |

telecommunication industry for protection against

i short term, high power transients originating from

induced lightning, This device differs from other

semiconductor components as it was designed

VN_ specifically for transient suppression.

s% 1.1.4 The first attempt to quantitatively describe
Vo the reliability of the TransZorb was performed under
1, NASA Contract NAS8-30811 with the Final Report

:?I Surge Life of Transient Voltage Suppressor published




!
in July 1976. 1In this previous effort to define |
the MPZBF. the devices wore tested to a maximum i
o numher of 5,760 pulses, This number was arbitrar- |
ily chasen and thought at the onset of the test to
be a good numbher to produce sufficient failures
for establishing good MPzﬂF curves., However, the
plot of tho percent of maximum rated Peak Pulscs “
i ' Current versus the !Mcan Number of Peak Pulse
E Before Failure reported, required extensive
o extrapolation of data due to insufficient failures
| P of tested devices, It is the intention of this
; study to gather sufficient data to produce a more
meaningful reliability curve.

1.2 TransZorb™ Description

———re e o

The Transient Voltage Suppressor used in this and
the earlier report is the TransZorb which is

S F characterized by the description above and also by
‘ its small size and fast response. Device charac- ,
teristics for the types used in this study are 4
given in the appendix.

1.3 Failure Modes

Failure modes and mechanisms for each device
category will be defined and attempts will be
madé to establish some correlation between initial

2l i B
P

electrical parameters and the specific failure mode
and/or mechanism.

1.4 Life Test Equipment

_ 1.4.1 Surge pulse life tests were performed on

"b 1' Translorbs with the automatic surge test apparatus
| capable of delivering accurate and reproducible

;; surge pulses at current levels as required for the
i; specific test current of the devices under test.




fhe Peak Palse Current (I ) was adjustable over
a o wide outpat range to accommodate those levels
required for the performance of this Contract.,

The wavetform of' the test curront pulse Is shown

in Fig, 1,
PEAK
[ 8
U
-
z 4 PEAK-
@«
>
v
|
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a1 e te o
TIME ’
Fig. 1: Test Current Pulse Wave Form )
§

The virtual rise-time of this pulse, tl, is 10
microseconds while the time for decay to one-half
crest value, tz, is 1,000 microseconds. The pulse
is also described as a 10x1000 pulse,

The test equipment was designed with a fault
detettor to de-energize devices under test which
became no longer functional in either the open or
the short mode. A schematic of the equipment used
in the pulse testing is shown in Fig. 2 for the
Pulse Sequencing Circuits and the device counter
Failure Sensing and Pulse Limit Circuits are shown
in Fig. 3.

1.4,2 With a master digital read-out counter, it
was possible to accurately determine the number of
pulses subjected to each device prior to failure.

3
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TABLE I

ORIGINAL PAGE Is '
DEVICES TESTED ON THIS. CONTRACT EFFORT OF POOR QUALITY

6.8V (IN5629A)
25% PEAK PULSE CURRENT - S0 Started

S0 Completed

50% " " " - 49 Started - 49 Completed
75% v " " - 50 Started - 43 Completed!?
1008 v " " - 44 Started - 0 Completed?

33V (IN5645A)
25% PEAK PULSE CURRENT - 50 Started

SO0 Completed

50% " " " - 43 Started - 43 Completed?®
75% " " " - 49 Started - 49 Completed
100% " " " - 25 Started...~——.0.-Completed

91V_(1N5656A) . .
25% PEAK PULSE CURRENT. - 50 Started

50 Completed

so% v " " - 47 Started - 47 Completed*

75% " " " - 23 Started - 23 Completed®

100% v " " - 25 Started - O Completed ‘ 1
190V (1IN5665) : T
25% PEAK PULSE CURRENT - 48 Started - 48 Completed® ‘ \
504 " " " - 32 Started - 32 Completed? 4
75% " " " - 4 Started - 4 Completed® 1
100% " " " - 25 Started - 6 Completed ‘
'Unit, No. 121, had initial leakage out of spec. but drifted 1
back in after 7,500 pulses. Unit, No. 107, drifted out of

spec. on leakage at 10,000 and 15,000 pulse internal
measurements.

ynit, No. 160, lost in handling.

3Sseven failed during final Vc measurement of NASA Contract
NAS8-30811.

“Two failed during final VC measurement. Unit, No. 67, lost
in handling.

SSixteen failed during final V_, measurement in Contract
NAS8-30811. Seven failed dur1ng initial VC measurement for
Contract NAS8-31547.

®Two units degraded on sheclf between contracts.

’Six units failed on final Ve on Contract NASS- 30811. Twelve
units failed on initial Ve on Contract NAS8-31547.

- e ————— i e o tamas

®Two failed on final V., (first Contrict). Three failed on
initial V. (second Cotitract). Sixtecn degraded on shelf .
storage hétween first contract,

6 i




1.4.3 In the work performed in Contract NAS8-30811,
thé tests were automatically discontinued after

50% of the devices failed. In this study, devices

' were allowed to operate out through 20,000 addi-—

g tional pulses or the failure of all devices in

. that lot, whichever was first.

1.5 Devices Tested_

The devices used in this test were those which were
r remaining from the previous Contract. The number
' of devices and the Peak Pulse Current Level foxr
the devices are described in Table I. Since there
were failures on earlier tests there were either

50 or less study devices in the work performeéd on
this contract.

1.6 Peak Pulse Test Current

The Peak Pulse Current for the various levels of
tests are shown in Table II. This represents the
pulse exposure of the TransZorb ™ at the 25% rated

1 up through 100% of the rated I__.
pPp PP

v o
L[]

TABLE 11 1
TRANSZORB'™ PULSE EXPOSURE

_ - Peak Pulse Current in Amperes

o Grou Sample % Rated IN5629A INS5645A IN5656A IN5665

] p Size Ipp 6.8V 33V 91V 190V

=T :

_g 1 50 25 35.75 8.25 3.0 1.45

i 2 50 50 71.5 16.5 6.0 2.9
" 3 50 75 107.2 24.75 9.0 4.35 1
1 ) 4 50 100 143.0 33.0 12.0 5.8 |

] ) i
‘;: 7
l‘ "-‘ : et gt - dhaa tsilipea e e - Lo s “TJ




1.7

1.8

Initial Electrical Measurements

1.7.1 Prior to initiating the surge testing,
all devices were measured and electrical param-
eters were recorded. The data taken includes;
Breakdown Voltage (BV) at the specified Test
Current level (It), Reverse Leakage Current (Ir)
at the Reverse Stand-Off Voltage (Vr), and
Clamping Voltage (Vc), at the 100% Ipp level.
These parameters are those which are charac-
teristic of Transient Voltage Suppressors,

1.7.2 Specifications described in the preceding
paragraph are substantially different from those
of a voltage regulator. An impedance at the knee
and impedance at the test current are not very
meaningful for a Transient Suppressor.

Operational Life Tests

1.8.1 Starting with the 6.8V group, the fifty
devices from the previous Contract, NAS8-30811,
were placed on test as described in paragraph 1.4
above and pulsed at the 25% 1I level. Measure-
ments of all parameters, including Breakdown
Voltage, Reverse Leakage Current, and Clamping
Voltage were measured at 7,500 additional pulses,
The devices were then returned to life tests and
electrical parameters were measured after a total
additional 10,000 pulses, then 12,500, at 15,000
and at 20,000 pulses. The time interval between
pulses was 1 minute. Total incurred pulses per

1,8.2 After tests were completed on the 25% 6.8V
group, the second group of devices was placed on
test at 50% of the Ipp level with the measurements

ORIGINAL PAGE IS
device were 25,760. OF POOR QUALITY




at the same intervals as described above. This
process was repeated for the 75% and 100% IPp
levels for the 6,8V device. After tests were
completed for the 6.8V devices, the same procedure
was repeated for the 33V types and subsequently
the 91V and 190V types.

1.9 Test Anomalies

1.9.1 The significant anom: lies are defined in
Table I in the footnotes at the bottom of the
Table, with the major anomaly being failure of 16
devices of the 75% Ipp group in the 91V (1NS656A)
type. Sixteen of the devices failed during final
Ve measurement in Contract NAS8-30811 and seven
failed during initial Vc measurement for the
present Contract. This yielded only 23 devices
for starting out of which all 23 completed the
test. This could have been due to the fact that

‘ ' the failed devices were part of a different parent
population. In the 33V group, seven devices were
1ost on final Ve measurement of Contract NAS8-30811;
however, the remaining 43 devices completed an
additional 20,000 pulses without failure. In

the 190V group (1IN5665), six units failed on

final Vc measurement on Contract NAS8-30811 while

f 12 units failed on jnitial Vc and were performed in o]
the present Contract. Out of the 75% Ipp group }
of the 190V (1N5665) type, there are only 4 devices
started of which all 4 completed a full 20,000
pulses. Of this lot, 16 devices degraded on

shelf storage between the time lapse of the end of
Contract NAS8-30811 and the present effort. ' 1

. 1.9.2 It is of interest to note that at 100% Peak
Pulse Current Levels all devices in the 6.8V, 33V,
and 91V types failed. However, 6 out of 25 in the

")




i 190V group did complete a full 20,000 pulses
without failure,

2,0 BVALUATION

2.1 Device Failure Profile

2.1.1 For statistical purposés there were insuf-

ficient failures in all lots, with the. exception

of the 100% Ipp’ to be significant, Because of
! this, only the 100% Ipp level will be considered
| in this failure study. The Pulse Level at which
failures occurred and the failure sequence for
each of the 6.8V, 33V, 91V and 190V types are
given in Tables III thru Table VI, inclusive.
This information quantitatively yields the
sequence of failure and the total pulses incurred
by each device prior to failure. The Mean-Surge
Level of Pulse Failure X is also given on the
Tables.

JE O

2.1.2 The information contained in each of these
four tables includeés the devices which were tested
in both Contract Nos., NAS8-30811 and also the
present effort. All cummulative failures are
{ncluded in these Tables.

2.2 Failure Trends

2.2.1 It is interesting to observe from inspection
! of the information given in the aforementioned
| Tables that as the device breakdown voltage
increases, the incurred pulses at which failure
begins decreases. For example: The first six
volt device failed on the 834th pulse, whereas
the first 190V device failure occurred on the 38th
pulse. For the 33V and 91V data, this appears to
be reversed in that the 33V devices began failing

10




earlier than the 91V devices. '

2.3 Reliability Analysis

2,3.1 Qualifications of Analysis

The reduction of data and subsequent analysis of
the test results contained on this study contract
was performed by Professor Edward B. Haugen and
Michael Jacob, at the University of Arizona. Mr. .
Jacob is a Graduate Student in the Doctoral
Program, working toward his Degree in Reliability
Analysis.,

2.3.2 Objectives

The goal of this study was to obtain-a meaningful
curve for each Trans;orb'" type and for the estab-
lishment of a meaningful MP2BF for each voltage 1

category and also an extrapolation from the curves

of engineering use criteria., An idealized curve »
plotting the percent of rated Peak Pulse Current i
vs Mean Number of Peak Pulses Before Failure is ‘q
shown in Fig. 4 i
I " T - TTTTYTTTT™M) ‘
‘ _
— - Locus oF Mp2af
3 \ M / L
=2 VN /-LOCUS OF 90% |
¥ \[ CONFIDENCE LEVEL
W ool N /L / FAILURE - |
s / DISTRIBUTION {
Q s s CURVE 4
52 4 T 4
[T g ~ ~ —— N 4
o< ] S —— !
5 E 28 - - 1i
~
gm 0 — ).J i
(1 4 0—-"
&0 MEAN NO.OF PEAK PULSES BEFORE FAILURE (MP2BF) ‘;

.Fig. 4: Loci of Mean No. of Peak Pulses to
' Failure and 90% Confidence Level
For Ideal Case

CoaqE 1S |
]ﬂﬁﬂﬂhl‘?AGE‘l {
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With a sufficient number of pulses, it should be
possible to plot this curve for each of—the device
types selected for this test. This study is-a
continunation of Contract No. NAS8-30811 with
sufficient number of pulses to extend the meaning-
fulness of the curve with a total of 26,760 pulses
per device., As shown earlier in Table I, there
were insufficient failures at the 75% Peak Pulse
Current Level and below to produce meaningful data.
The 100% Peak Pulse Current produced failures in
all of the device categories in sufficient numbers
to yield a meaningful curve.

2.3.3 Discussion of Tables III, 1V, V, and VI

This information was gathered by pulsing each of
the voltage categories at 100% of the Peak Pulse
Rated Level, up through 25,760 pulses or complete
failure of the lot, whichever occurs first. s
For the 6.8V, 33V, and 91V types, there was
failure on all devices. However, six of the 190V
devices survived a full 25,760 pulses. Due to
certain anomalies, including loss of devices in
handling and unexplained failures in testing, all
of the 50 devices starting omn the test were not
accounted for. Nevertheless, the number is suffi-

cient to represent meaningful data, In each group
represented in the Tables, there appears to be a

: normal progression of failures as pulses were \
o incurred by the devices. {

f# | 2.3.4 Discussion of Tables VII thru X

Tables VII thru X represent an initial statistical , 1
analysis of the breakdown voltage of each device
type. The Mean Breakdown Voltage and Standard
Deviations are listed for the initial measurements

12




TABLE III

PULSE LEVEL AT WHICH FAILURE OCCURRED
DEVICE TYPE: 6.8V TRANSZORB™

(IN5629A)
FAILURE PULSES FAILURE PULSES
| SEQUENCE INCURRED SEQUENCE INCURRED
1 834 26 9637
| 2 2054 27 9776
‘ 3 2581 28 9824
4 2767 29 10079
5 4201 30 10136
6 5762 31 10175
7 5806 32 10254
) 8 5899 33 10263 =
9 6214 34 10287 |
b 10 6658 35 10641 4
11 7206 36 11112 4
12 7591 37 11618 i
13 7853 38 11693 ’
14 7861 39 11999
15 7922 40 12611 |
| 16 8380 a1 12761
: 17 8454 42 12945
| | 18 8603 43 13020
ORIGINAL PAGE;YS 19 8842 a4 13870
OF POOR QUALI 20 8883 45 14629
21 8966 46 15006
22 9209 47 15425
23 9387 48 20102
. 24 9453 49 20540
25 9454 :
n=49 X = 9100




TABLE IV

PULSE LEVEL AT WHICH FAILURE OCCURRED

DEVICE TYPE:

33V TRANSZORB™

(1N5645A)

FAILURE PULSES FAILURE PULSES
SEQUENCE INCURRED S4QUENCE INCURRED
1 151 25 1615
2 152 26 1961
3 193 27 2008
4 503 28 2011
5 519 29 2059
6 920 30 2059
7 951 31 2063
8 962 32 2154
9 1098 33 2154
10 1113 34 2184
11 1129 35 2204
12 1194 36 2234
13 1216 37 2237
14 1254 38 2246
15 1267 39 2353
16 1317 40 2351
17 1328 41 2359
18 1361 42 2387
19 1374 43 2422
20 1375 44 2424
21 1424 45 2433
22 1474 46 2700
23 1492 47 2843
24 1520 48 2872
n =48 X = 1659

% i <t e At o i et s
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TABLE V

PULSE LEVEL AT WHICH PAILURE OCCURRED
DEVICE TYPE: 91V TRANSZORR™

(INS656A)
FAILURE PULSES FAILURE PULSES
SEQUENCE INCURRED SEQUENCE INCURRED

1 496 24 2227

2 547 25 2569

3 637 26 2607

4 678 27 2610

5 745 28 2627

6 852 29 2681

7 942 30 2683

. 8 1114 31 2687

9 1233 32 2708

T 10 1246 33 2822

11 1309 34 2965

12 1311 35 3173

13 1342 36 3177

. 14 1361 37 3195

- 15 1371 38 3410

;l 16 1392 39 3469

%i . 17 1411 40 3664

y 18 1592 41 3785

%i 19 1698 42 5081

T 20 1780 43 5209

Bt 21 2118 a4 5495

at 22 2122 45 9698

B 23 2150 46 9895
i

n =46 Xx = 2562 ORIGINAL PAGE &
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TABLE VI

PULSE LEVEL AT WHICH FAILURE OCCURRED
190V TRANSZORB™

AVICE TYPE:

(IN56GS)

- 9
FAILURE PULSES FATLURE PULSES ,
SEQUENCE INCURRED SEQUENCE INCURRED *

1 38 22 419
2 60 23 422
3 72 24 425
4 86 25 439 1
5 95 26 1383
6 152 27 2307
7 183 28 2357
8 190 29 2381 1
9 195 30 2390 |
10 228 31 2605
11 254 32 2936 £
12 258 33 3994 L
13 258 34 3037 |
14 260 35 3047
15 308 36 4812
16 373 37 4815
17 375 38 5037
18 390 39 5037
19 396 40 5037
20 402 a1 5093
21 406 42 5093
n =42 X = 1638
16
L
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TABLE VII

6.8V (INS629A) STATISTICAL ANALYSIS OF BREAKDOWN VOLTAGE

MEAN
PULSES BV (VOLTS) Standard Deviation

IN5629A 25%

Initial 6.802 .105
7,500 6.798 .101
10,000 6.802 . 099
12,500 . 6.790 . 099
15,000 6.796 .103
Final 6.802 .103
IN5629A 50%

Initial 6.796 . 094
7,500 6.798 . 096
10,000 6.796 . 094
12,500 6.798 . 097
15,000 6.798 . 098
20,000 6.782 .101
IN5629A 75%

Initial 6.792 .09
7,500 6.782 . 089
10,000 6.784 .091
12,500 6.772. . 087
15,000 6.763 .09
20,000 6.802 . 085
IN5629A 100%

fnitial 6.748 11
7 » 5 0 0 - -
12,500 - -

ORIGINAL PAGE IS
OF POOR QUALITY
17

N P




33V (1N5645A) STATISTICAL ANALYSIS OF BREAKDOWN VOLTAGE

TABLE VIII

MEAN
PULSES BV (VOLTS) Standard Deviation
IN5645A 25%
i Initial 33.12 .57
i 7,500 33.13 .57
10,000 33,11 .57
12,500 33.14 .57
15,000 33.17 .57
Final 33.15 .57
IN5645A 50%
Initial 33.24 .48
7,500 33.20 .48
10,000 33.19 .47 i
12,500 33.20 .48
i 15,000 33,19 .47
| Final 33.22 .48 p
t
IN5645A 75% 4
Initial 32.76 .35
7,500 32,77 .35 i
10,000 32.74 .35
12,500 32.74 .36
15,000 32,73 .35
Final 32.72 .35

18
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TABLE IX

91V (1IN5656A) STATISTICAL ANALYSIS OF BREAKDOWN VOLTAGE

MEAN
PULSES BV (VOLTS) Standard Deviation
b
INS656A 25% ) "'
Initial 88.5 1.17
7,500 88.5 1.19
10,000 88,38 1.17
12,500 88.6 1.17
15,000 88.58 1.17
Final 88.60 1.17
IN5656A 50%
Initial ' 88,98 1.71
7,500 89.06 1.71 |
10,000 89.04 1.71 >
12,500 89.00 1.7 i
15,000 88.85 1.69 {
IN5656A 75% ‘!
1
Initial 88.78 ) 1.5
7,500 88.74 1.53
10,000 88.78 1.53
12,500 88.78 1.53
15,000 88.74 1.53 1
Final 88.70 1.53 J
:
ORIGINAL PAGE IS
OF POOR QUALITY
|
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TABLE X

190V (IN5665) STATISTICAL ANALYSIS OF BREAKDOWN VOLTAGE

MEAN
PULSES BV (VOLTS) Standard Devidation
IN5665 25%
Initial 179.1 29,7

7,500 184.7 4.5
10,000 184.2 4.5
12,500 184.0 4.68
15,000 185.5 4.3
Final 187.1 4.2
IN5665 50%

Initial . 185.8 4.3

7,500 185.9 5.0
10,000 186.1 5.0
12,500 186.5 4.7
Final 187.2 4.8

’ IN5665 75%
Initial 94,65 68.33..

7,500 - - ]
10,000 - - ]
12,500 - - :
15,000 - -

Final. - - :
IN5665 100% 1
Initial 187.9 2.16 i

]




at the 7,500 Pulse Level, 10,000 Pulse Level,
12,500 Pulse Level, 15,000 Pulse Level and 20,000
Pulse Level of the Surge Testing performed in this
effort, Slight changes in the Mean Breakdown Vol-
tage (BV) and. the Standard Deviation can be
accounteéd for due to temperature variations at the

time tests were taken, d4lso in variations in-the

accuracy of the equipment at the time tests were

made. The most significant change is represented

by the 190V (1N5665) types. The high voltage

i types are more prome to voltage change because of
junction surface sensitivity. Through adsorption
and/or loss of electron-hole .pair generators, the
surface resistivity can be alteréd and subsequently
the Breakdown Valtage changed, as is observed in
Table X.

2.3.5 Discussion of Tables XI, XII, XIII and XIV

] Although the Reverse Leakage Current for these
’ devices are specified as 1000pA at standoff voltage
for the 6.8V device and SuA for the 33V, 91V and
190V types, the typical ratings are much lower than
the maximum specified value. This is reflected
in che Mean Ir as shown in Tables XI through XV.

2.3.6 It is of interest to note that at 100% Peak
; Pulse Current Levels, all devices in the 6.8V, 33V,
' and 91V types failed. However, 6 out of 25 in the B
‘ 190V group did complete a full 20,000 cycles without
failure.

: ORIGINAL PAGE IS
OF POOR QUALITY
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TABLE XI

6.8V (IN5629A) STATISTICAL ANALYSIS OF REVERSE-LEAKAGE- CURRENT

MEAN
PULSES (I, (uA) Standard Deviation

| IN5629A 25%
.
| Initial 228, 139,

7,500 224, 137.

10,000 224, 135,

12,500 226. 137,

15,000 225, . . 135,

Final 230. 138... . ....

IN5629A 50% ,

Initial 258. 151. .
: 7,500 254, 142, ;
i 10,000 254, 142, -
| 12,500 253, 142. 4
b 15,000 262. 145. &

20,000 272. 149.

IN5629A 75%

Initial 281, 211,

7,500 279, 180.

10,000 294, 194,

12,500 282, 173.

15,000 298. 195.

20,000 287, 183,

IN5629A 100%

Initial 320, 183, i

7,500 - - 1

12,500 - - i

§
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33V (IN5645A) STATISTICAL ANALYSIS OF REVERSE LEAKAGE CURRENT

TABLE XII

4o vd

MEAN
PULSES (Iy (uA) Standard Deviatiwm

IN5645A 25%
Initial . 247 .763
7,500 . 195 .589
10,000 . 208 . 528
12,500 . 213 .527
15,000 .211 .572
Final .207 .507
INS645A 50%
Initial. . 232 .306
7,500 221 . 287 \ i
10,000 .223 . 280
12,500 . 224 . 279
15,000 .229 . 295
Final .241 . 317
IN5645A 75% 4
Initial . 035 .053 3
7,500 033 .052 1
10,000 .032 . 054
12,500 . 036 .056
15,000 . 033 . 054
Findl . 035 . 055

§

ORIGINAL PAGE I
OF POOR QUALITY|
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TABLE XIII

91V (IN5656A) STATISTICAL ANALYSIS OF REVERSE LEAKAGE CURRENT

MEAN
PULSES (I, (HA) Standard Deviation

IN5656A 25%

Initial .162 .681
7,500 .147 .670
10,000 .147 .673
12,500 .154 .678
15,000 .151 .672
Final . 155 .692
IN5656A 50%

Initial .049 . 047
7,500 . 044 . 038
10,000 . 041 . 034
12,500 . 043 . 043
15,000 . 041 . 047
Final .042 . 052
IN5656A 75%

Initial . 048 . 026
7,500 .038 . 020
10,000 . 042 ~024
12,500 . 040 .024
15,000 . 036 . 022
Final .037 .023

- ey
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190V.. (IN5665) STATISTICAL ANALYSIS OF REVERSE LEAKAGE CURRENT

lu &

TABLE XIV

MEAN
PULSES {1, (vA) Standdrd Deviation
1N5665 25%
Initial 174 . 292 !

7,500 .230 .373
10,000 .214 .383
12,500 232 .401
15,000 .164 .278 ]
Final .118 .237

).
IN5665 50%
Initial .183 .415 o

7,500 .366 .958 *
10,000 .303 1.062 {
12,500 .300 .920 ¥y
15,000 .369 .975 q
1N5665 75% f
Initial - -

7,500 - - q
10,000 - . !
12,500 - . i
15,000 - - .
Final - - 1

i
1N5665 100% 1
i
Initial .130 424 i

- 18
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2.3.7

Discussion of Normal Distribution Curves

Fig. 5 through Fig, 8 represent the Normal Distri-
bution Curves for the 100% Peak Pulse Current Plot
of the failures for the 6.8V, 33V, 91V and 190V
device types. In all cases there were sufficient
failures to yield a reasonably sufficient number
to permit statistical evaluation. The curve on
Fig. 5 represents the fit of the data to the normal
distribution for the 6.8V (1N5629A), 100% Peak Pulse
Current tests. From inspection of the curve the
data does appear to fit the normal distribution
reasonably well with a very good fit between
approximately 5,000 pulses and 13,000 pulses.

The extreme ends of the curve have points which
deviate substantially from the rest. Fig. 6
represents the fit of the data to the normal
distribution for the 33V (1N5645A), 100% Peak
Pulse Current tests. It can be observed from
inspection that there appears to be two distinct
populations with the HMean Failure Point for one
occurring at approximately 1,250 pulses and the
Mean Failure Point for the other distribution
occurring at approximately 2,200 pulses. Agdin,
as compared with Fig. 5, the few devices at the
extreme ends of the curve do not fit with the
balance of the distribution. Fig. 7 illustrates
the fit of the data to the normal distribution for
the 91V (1N5656A), 100% Peak Pulse Current tests.
The data appears to give a reasonable fit to the
normal distribution. Again, as compared to the
6.8V and the 33V type devices, there are out-
lyers at the extreme ends of the distribution.
Fig. 8 represents the fit of the data to the
normal distribution for the 190V (1N5665) 100%
Peak Pulse Current tests. From inspection it

26




0.01

0.08-
01
02
0s
IN§629A
! FIT OF DATA TO THE
NORMAL TRIBU‘!ION
2 FOR 6.8V, 1 PEAK
PULSE cbsaem
: o
.
" /]
§” o
O 2
40
80
&
» @
d
.
A
®
e
.. . w4
o e ’//
o
% —
Y]
w.e
9o
uun-L
1 2 3 4 8 6 7 8 9 10 11 12 13 14 18 18 17 8 19
PULSES X 10°
Fig, 5: Fit of Data to Normal Distribution Curve for 6.8V

(IN5629A) TransZorbT

27

ORIGINAL PAGE IS
OF POOR QUALITY




0.01

0.08
0.1 - - - - —t— SIS S S—
02

2]

F DATA
2 NomgL olsmaeumu . /
PULSE c'uamsm /

S 8 &8 &

0 800 1000 1500 2000 2500 3000 4000 5000 6000
PULSES x 10°

Fig, 6: Fit of Data to Normal Distribution Curve for 33V (IN5645A)
TransZorh ™

e s mann —atnda &

28

e e Gy o AT oA o AAD MR 5 - — . - e - ‘..




00

0.08 g
0.1
02

2 NORMAL DISTII&BU‘I'ION
FOR 100% PEA
PULSE CURRENT

™

¥,

2 223 3

1 2 3 4 8 ] 7 ] )
PULSES X 10°

Fig. 7: Fit of Data to Normal pistribution Curve for 91V
g%lg&%L&ﬁm (IN5656A) TransZorb™

29

INSSS6A |
FIT OF DATA TO THE ‘ N



0.01 T - - - — S B R

0.08 4+ — . NSO [ W S —
0.1 -
0 t—1+—1+—+ : - - —+ -

2] - N — o -

v |- INSS8S —4 . ui .
FIT OF DATA TO THE

2 NORMAL DISTRIBUTION .| ‘

FOR 190V, 100% PEAK ,

PULSE CURRENT o

T...

9.8

999
1 2 3 4 8 6 ? 8 ]

PULSES X 10°

Fig. 8: Fit of Data to Normal Distribution Curve for 190V
(IN5665) TransZorb ™

B IS
20 GINAL PAGE
Or PooR QUALITY




2.4

2.3.8

Design

appears that there ar- three distinct parent
populations represented by this curve, .one group, .
having a relatively high early failure rate,
under 500 pulses, the second group in the 2,000
to 3,000 pulse range for failures and the third
group at approximately 5,000 pulses prior to
failure.

Data Reduction and Fabrication of MPZBF Curves

Results are given in Fig. 9 through Fig. 12 in-
clusive, summarizing MPZBP at the various levels
of Ipp for all devices in the current effort and
also including the tests performeéd in Contract
NAS8-30811. The MPZBF curves are plotted with
both Mean and a 90% confidence level for each
device type. The solid portion of the line in

the curves is derived from the data and the

dotted portion of the line represents extrapolated
data from those lots in which there were none or

insufficient failures to generate meaningful data.

Engineering Criteria

2.4.1

Application of Data

TransZorb™ Transient Voltage Suppressors were
designed to protect voltage sensitivé élements
from transients and over the past several years
many applications have been found for their use.
These uses are rather extensive in electronic
equipment containing sensitive electronic compo-
nents such as integratéed circuits and MOS device
types. Some ICs have been destroyed with
transient energies in the range of 10 to 100
microjoules with MOS devices destroyed with lower
transient energies. Most larger power semicon-

a1 ORIGIN
OF POOR
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MEAN PEAK PULSE BEFORE FAILURE VS PERC OF
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2.4.2

ductors have not required the low clamping vol*age
protection offered by solid.state transient voltage
suppressors because of their.inlkerent_hardnéss

against transient voltages. Some power devices,.
especially fast switching transistors, can be quite
vulnerable..to transient voltages and these devices
have been found to require transient voltage suppres-
sion. Since the largest demand for transient
suppression is in the microcircuitry field which-.
utilizes devices operating below 50V, this is within
the operational range of the higher reliability
TransZorb™ 1In addition, the major portion of logic
ICs are operated at 5V or lower which emphasizes

a need for low voltage transient suppression. The
reliability of the.TransZorb Transient Voltage
Suppressor, as shown in this report, is maximum in

the low voltage area, whete the greatest number of
circuit requirements exists. Even at the overstressed
conditions 0£..125% Rated Peak Pulse Current, as shown.
in Fig. 18, Page 31, of the Surge Life Transient
Voltage Suppressor Final Report of CLontract NAS8-30811,
the 6.8V TransZorb does provide some protection.

Guidelines for TransZorb Selection

The TransZorb has been manufactured and in service

on the market for more than ..x years with an
excellent reported field history. Applications in-
clude providing protection.from a broad spectrum.of
transient soufrces, including induced lightning, induc-
tive switching, transients, high voltage disconnects,
static discharge, and many others. In closed systems
where transients are anticipated and can be well
defined, it is much éasier to select a device or
combination of devices to protect the more sensitive
elements of the system.
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A general guideline for selecting the right

Transient Voltage Suppressor is.-listed below with
reference to—the data sheet—as listed in the appendix.
Please refer to the appendix for optimum meaning of
the selection criteria below.

2.4.2.1 Determine.the Maximum D.C. or-Continuous Operating
Voltage, which is a nominal circuit voltage plus.
the tolerance, on the high side, giving maximum
voltage of the circuit.

2.4.2.2 Select a Transient Voltage Suppressor to have a.
reverse standoff voltage equal to or greater than
the maximum circuit voltage, as defined in the
paragraph immediately above. This selection will o]
allow for operating over the temperature range of j ;
-65°C to +175°C. | ;

: 2.4.2.3 Define the waveshape or source of the transient '
i and duration of the pulse. Determine the maximum . ‘ K
' ) Peak Pulse Power of the transient. If the pulse L
is exponential decay, define the pulse time for
decay to 50% of the crest value.

! 2.4.2.4 Check the Peak Pulse Current on the data sheet to

‘ ' assure that the current of the pulse is within the

‘ maximum rating of the suppressor for a 1 millisecond
pulse. An example would be for the standard

1IN5629A (6.8V), for a current rating of 143A maximum,
or 100A maximum for the IN5633A (1ovy, or, for
example, 19,5A maximum for the IN5651A (sev).

2.4,2.5 1If the pulse decays exponentially, but different
than the 1 millisecond which is specified on the
data sheet, check the chart entitled Peak Pulse
Power vs Pulse Time For Pulse Durdation.
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2.4.2.6

2.4.2.7

2.4.2.8

2.4.2.9

1f the Peak Pulse Power is within the maxinmum
rating of the suppressor, for example, 1.5kW

per.1 millisecond, or 6.5kW for a 40 microsecond
exponential decay pulse, usée the device ds selected.
Determine the worst case Peak Pulse Power by multi-
plying the Maximum Clamping Voltage by the Peak
Pulse Current for any given pulse duration.

1f the pulse is.a non-repetitive square wave,
derate the Transient Suppressor to 66% of the
maximum value under exponential decay conditions.
1f the pulse is a nonrepetivive one half sine
wave, derate the suppre-sor Peak Pulse Power to
75% of the maximum capability.

If t¢he pulse is a rapidly damped sine wave or
rapidly damped-sguare wave with one time constant
of eight cycles or less, rate the device the same
as if the device were subjected to only one pulse
as defined in the paragraph- above.

If the..Peak Pulse Power of the incident pulse is
greater than the vating of the suppressor,

devices may be stacked in series to increase the
power rating for voltages usually above 20 volts.
An example of this would be a 1.5kW, 100V suppressor,
which is inadequate, and a 3kW..peak power is re-
quired. The most advantageous way to achieve this
power level is to stack in series two each of a
S0V ¥ 5% tolerance suppressor. The total Peak
Pulse Power dissipation would then be twice that
of a 1.5kW device, or 3kW. Stacking three each of
a 33V * 59 device would yield a 4.5kW Peak Pulse
power and stacking 4 each of the 25V ? 5% device
would give a Peak Pulse Power of 6kW. The devices

can be stacked almost without limit.
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2‘4.2.10

2.4.2.11

2.4.2.12

In practice they have been stacked to in excess of
18D0. devices with good reliability. However, 5%
tolerance devices of the same voltage must be used.
to insure even loading of the devices. When the
power rating is doubled, notice that the current
rating is doubled also,.

If it is impossible to achieve the necessary power
rating by stacking the devices in series, parallel
stacking can be done effectively for voltages below
100V. Close matching, about 20mV between each
device, is necessary to assure even loading of the
transient between the suppressors. This is usually
done at the factory for optimum rcsults.

Observe that the Maximum Clamping Voltage is 1.33 x
the.Breakdown Voltage. If this Maximum Clamping
Voltage exceeds the circuit limitations, devices

can be derated to reduce the clamping factor. For
example, two devices in series have a clamping fac-
tor of approximately 1.2 as compared to the clamping
factor of 1.3 for a single device.

I1f the suppressor is used on dc or low frequency
signal lines, the capacitance of the suppressor
will not attenuate or alter the circuit conditions,
However, if the frequency is quite high, and inser-
tion loss occurs, methods of effectively reducing
capacitance by adding low capacitance diodes in
series have been developed.

AIGINAL PAGE B
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2.4.3

Guidelines for Protection Against Static Discharge

With the introduction of sensitive semiconductor
devices such.as metal oxide semiconductor structures,
the requirement for static.discharge protection has
increased substantially. In order to understand the
nature of the destructive levels of static discharge,
one must bear in mind that—the rise times are quite
fast which produces the destructive effects. Studies
performed by Van Keuren of RCA have shown that fast
rise time short duration pulses have destroyed MOS
semiconductor.devices with energy levels less than
Sng) Some CMOS threshold levels as described by
van Keuren are shown in Table XV. Although the work
performed by Van Keuren was primarily to study the
effects of EMP_.(electromagnetic pulse) as generated
by an exoatmospheric nuclear detonation, this is
applicable to static discharge by virtue of the

fast rise-time. of static_discharge.

The waveforms of static discharge are described by

T. J. TuckerC) and shown in Fig. 13. It is

observed from these curves which show both calculated
and experimental values that the fast rise-times are of
the order of 1 to 2kV per nanosecond. Under these

very fast-rise-times, inductance effects of the
protector wiring can be detrimental. Generation.

of voltage determined by the inductance and time rate
change of current can generate a secondary voltage
which can be destructive to sensitive components.

®f. Van Keuren, Effects of EMP Induced Transients
on Integrated Circuits, IEEE Electromagnetic
Compatibility Symposium Record, 75CH1002-5 EMC, 1975

®T. J. Tucker, Spark Initiation Requirements of
a Secondary Explosive, Amnnals of The New York
Academy of Sciences, Volume 152, Article I,
Pages 643-653, 1968
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TABLE XV: OMOS FAILURE THRESHOLD LEVELS

PuLse WinTHs 25NSEC m%ﬁéﬁs 1uSEC ;
VoLTs 30 150 60
(D400IA PuLse Current (awps) 10 7 1.2
Ineur  WATTS 350 1050 72
MICROUOULES & .5 105 72..
VoLTs 106 120 20
D416 Pusk Curment (amps) 2.0 4,0 2.0.
INuT  WATTS 300 430 'y
MICROJOULES 7.5 I8 iy
VoLTs 150 5 12
CDUO49  Puise Current (avps) 15 6.0 3.0
Output  WATTS 250 150 %
MICROUOULES 56.2 15 %
VoLTs 170 60 2
DCHOSO  PuLse Current (awps) 13 7.5 3.0
QurpuT  WaTTS 210 | 10 60 r
MICROJOULES 55.2 45 60 1
VoLTs 120 60 24
Cuos0  Puise Current (avps) 4.0 4,0 2.0
INeur WATTS 480 240 u8
Mt CROJOULES 12,0 24 us {
VoLTs 80 150 20 i
(4071  Putse Curment (amps) 5.2 0.3 0.4 ‘
Ineur  WarTs 416 45 100
M1CROUOULES 10.4 4,5 100
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Thi

s has bheen previously described and investigated

by Clark and Winters (3).

CURRENT IN AMPS
]

S

L. —— EXPERIMENTAL
)/ N -=== | = CV4a?te -2

1 1
.am‘io‘.cﬂ‘"zﬂ

Vo = 10, 20, 30, 40 kv

TIME IN NANOSECONDS

Fig. 13: Static Diséharge Curve

(3)
O0.M. Clark and R.D. Winters, Feasibility Study
for EMP Terminal Protection, Harry Diamond
Laboratoriés, Contract No. DAAG39-~72-C0044, 1973
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3.0

Conclusion
3.1 Qualification of Results

All samples were pulscd out through a total of
25,760 pulses or until all dovices in that lot
failed, whichover occurred first. For the 100%

peak pulse curront groups, thore were sufficient
failures for an cvaluation which would produce
meaningful results. All devices in the 6.8V, 33V,
and 91V, groups failed during 100% Peak Pulse
testing. Most of the 190V types failed giving
sufficient data for a sufficient evaluation.
However, for the 75% peak pulse current levels and
below there were insufficient failures for gathering
meaningful results and subsequently it was necessary
to extrapolate the MPZBF curves at current levels

of 75% Peak Pulse Current and below.

In Figures 14, 15, 16 and 17 are shown histograms

and statistical curves on the failures patterns

of the various device groups at 100% Peak Pulse
Current. The 6.8V device types appear to follow a
reasonably well developed pattern. However, the 33V
devices appear to have representation from two
different parent populations as observed on the
histogram spread. The histogram and failure pattern
of the 91V type as shown in Fig. 16 represents a
relatively tight distribution compared to the other
device types making it appear that the parent popula-
tion was singular and the devices were approximately
homogeneous in long term pulse characteristics.

The 190V type obviously is representative of at least
3 parent popuvlations based upon an inspection of the
histogram profile. The 190V type has been redesigned
since this program has commenced and the information
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MISTOGRAM AND STATISTICS ON FAILURE
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Fig. 14: Failure Statistics for 6.8V (IN5629A)
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HISTOGHAM AND STATISTICS ON FAILURE | o

18 PATTERN OF 33V (1N§B45A) AT 100% i
PEAK PULSE CURRENT. .
" MEAN NO. OF PULSES TO FA:LUOF!E T

STANDARD DEVIATION Sn = 710
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Fig, 15: Failure Statistics for 33V (IN5645A)
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Fig. 16: Failure Statistics for 91V (1INS5656A)
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gathered-in this testing program supported..the .
need. for redesign. Future efforts will probably

be required to defetrmine the reliability which is.

estimated to be_approximately that of the. 91V

device.types.

3.2 Test Limitations

The efforts described in this report represent
f one of the first attempts to perform a meaningful
i reliability study and analysis of solid state
transient voltage suppressoxrs. The maximum number :
of pulses was extended from 5,760 as defined in the ]
original contract, NAS8-30811, to a total'of 25,760 ]
pulsés as défined in the. present effort. This
appeared to be sufficient to describe the reliability
at the 100% Peak Pulse Current level; however,
* additional testing would be required to define a
meaningful reliability at lower current levels.

.

3.3 Failure Anralysis

e R

From analyzing the failures which were generated

in this test, it was observed that all devices failed
in the shorted mode which was expected. The. two
basic mechanisms of failure identifiable in transient
voltage suppressors.as shown in this study appear to A
be over stressing in excess of 100% of thé Peak Pulse 1
Current levels whére devices failed short under a
relatively small number—of pulses and 4 long term

wear out which exists under the maximum Peak Pulse
Current levels. At the 75% Peak Current level, the
devices appear to exhibit no failures and as a result
none of these were analyzed during this effort. Of

the devices which failed earlier in tests, 6.8V devices
appeared to exhibit internal shorting as observed




in the data published Previously with 6 out of 10
devices shorting internally, The higher voltage
devices, 33V..through 1ogy types, exhibited ga...
large number of shorts at the die edge., There
appeared to be no difference in this pattern
comparing the early failures with the later failures
in terms-of..cumulative device test pulses, Usder
prolonged conditions under which the devices
operated at full capacity, there definitely appears
to be a change in the intermetallic structure as
i shown in the scanning electron photomicrographs in
the failure analysis section in.the Appendix.. The
mechanism which eccurs appears to be such. that there
is an embrittlement and subsequent separation of the
silicon junction from.the silver heat sink beginning
at the periphery which may slowly reduce the heat {
sinking ability of the device. Over a period.of
time, the temperature of the junction could -
continue to increase with subsequent over.stressing _
due to elevated temperatures resulting in a fail- “
short._mode,

ORIGINAL PAGE IS
OF POOR QUALITY




|
l

3.4

Probable Cause of Failures

The low voltage devices show a higher degree of
reliability than do—the high voltage types. This
phenomenon is characteristic of. virtually all
semiconductors. Avalanche breakdown occurs at
macroplasma sites as determined by Chenowyth and
MacKay, of Bell Telephone Laboratories, which
result.from-a discontinuity within the crystal
latice. Each of these sites carties a current of
the order of 50 to 100 mic¢roamperes. . For a given 1
amount of power dissipation, a high voltage device |
will have fewer sites in parallel conduction, sub-
sequently a higher dissipation at each site. Low
voltage devices, such as 6.8V types experience a
breakdown which is a combination of both avalanche }
and field emission due to the high electric field

at breakdown, about 1 million wolts per centimeter. .

Failure Anomalies . 4‘
1

Some anomalies which exist in the data need a few 1
words of explanation. In Fig. 5, Fig. 6 and Fig. 7 {
the fit of the data to the normal distribution is 3
shown for the .6.8V, 33V and the 91V types. For J
all three types, there appears to be a definite dis-
continuity at the extreme ends of the curve. This
appeared to manifest itself in 30 failures and then
followed by a few devices which outlasted the rest by
a substantial margin at the completion of the test.
The 33V type as illustrated in Fig. 6 and also in

Fig. 15 definitely displayed the characteristics of
two separate parent populations. Both the 6.8V and
the 91V types appeared to fit good distribution curves
as illustrated in Fig. 14 and Fig. 16, with the 6.8V
manifesting premature failures and the 91V device
manifestifig samples which were exceptionally good at

50




the high end of the curve., From Pig, 8 and Fig, 17
it—is readily apparent that for the 190V types,
three_separate parent populdtions existed from which
the samples were taken— The first. group_experienced
relatively high mortality within.the first 500
pulses....The sécond group extended out to failures

in the 2,300 to slightly over 3,000 pulse range,
whereas the balance extended out to the 5,000 pulse
range prior to significant failures. It is interesting

to note that out of the 190V types, six devices with- ...

stood the entire 25,760 pulses without failure.

Electrical Parameter Stability

Tables VII through X inclusively illustrate the
statistical analysis of the. Breakdown Voltage,
including the Mean Breakdown Voltage and Standard
Deviation..for the 6.8V, 33V, 91V and. 190V Transient
Suppressor--types. It can be seen from this data
that there is extremely good stability in -the
Breakdown Voltage and Standard Deviation for the
6.8V, 33V, and 91V types, with a variation of the
order of 1 part per 1,000 in the Breakdown Voltage.
This can be readily accounted for by changes in
temperature dutring the time of parameter measurement
and also in slight drifting in the equipment in-
between the. periods at which the readings were made.
The 190V type does display a substantial drift in
the upper direction from the initial to the final
measurements. The higher voltage types atre more
prone to change because of the basic resistivity of
which the junctions are made. The higher resistivity,
the greater the sensitivity. Foreign materials
adsorbing on the surface can alter the resistivity
and substantially affect the Breakdown Voltage of
the order of sceveral percent. Tables XII, XIII and
XIV 1ist the Mean Leakage Current and the Standard

51 '
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3.7

Deviation of this same parameter for all _device
types tested. It is observed from this data that
the parameters dre quite stable, however, some

groups appear to be part of-different parent popula- .

tions., The 75% 33V type appedars to be-lower in
Reverse.Leakage Current than do the 25% and..$0%
group. This appears to be true of the 50% and 75%
of Peak Pulse Current lots of the 91V type. The
Standard Deviation is stable over the duration of
the tests,

Statistical Presentation of Datd

The graphs and Figures 9 through 12 inclusive,
represent the anticipated life expectancy of the
four TransZorb™ voltage types over a wide spectrum
of transient exposure. The 6.8V device represents
the highest reliability with the Mean Confidence
extending in excess of 9,000 pulses and the 90%
Confidence extending to almost 5,000 pulses at 100%
Peak Pulse Level. The 33V TransZorb has a Mean
Confidence of slightly over 1,500 pulses and a 90%
Confidence of approximately 750 pulses, this is
mainly due to the double distribution of the parent
pepulation. The 91V TransZorb by comparison with
the 33V is substantially improved as to reliability,
The Mean Confidence Level of the Mean.Peak Pulse
Before Failure is in excess of 2,500 pulses with a
90% Confidence of jus* slightly under 2,000 pulses.
The 190V types appeared to have a relatively higher
Mean and 90% Confidence values compared to the 33V
type, mainly due to the additional parent population
which had a relatively long life expectancy.

TransZorb Derating

From the summary of the curves for the Mean Peak
Pulse Before Failure vs the Percent of Rated Peak
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OFrom N. Cianos and E. T. Pierce, a Ground Li

Current, it ig readily observed that 4s the-devices
are derated below 100% of.the maximum Peak Pulse
Operating Level, the curves--flatten out with apparent
infinite 1life time- below 75% Peak Pulse Current.,

The exception to- this is the 33V as illustrated..in
Fig. 10, It is the opinion of the Author_that this
was a non homogeneous lot and that it is not rep-
Tresentative of other device groups.

Relationship of the Results Found ip This Report
to In-Service Performance

The Transzorb™ yag originally designed to rrovide pro-
tection against induced lightning in telecommunication
Systems. From anuhistorical“prospective, it has
yielded a good performance record. These results
have initially been qualitative; however, this

study represents ga substantial indepth quantative
test to accurately define MPZBF. While pulsed at
50% rated Peak Pulse Current and below, alil devices
appear to have infinite MP28F. For all types, with
the exception of the 33V type as shown in Fig, 9
through Fig. 12, a1i devices can be eXpected to
operate at 75% Peak Pulse Level and maintain ga

good performance record out. through 10,000 pulses,
When the Peak Pulse Current Levels are related to

the actual in-service pProtection performance re-
quired under induced lightning conditions, the
reliability of the TransZorb appears to be definitely
commensurate with the intended use for which it was
designed. The assumption is that the Maximum Peak
Pulse Current of the TransZorb is factored into the
worst case transient which could be eéxpected. A plot
of the Peak Current distribution for first return
lightning strokes ® is shown in Fig, 18, 1t can

ghtning Environment

gineering Usage, Stanford Research Institute, Prepared
for Mcbonnell Douglas, under Contract No. L-2817-A3, 1972.
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be seen from this graph that 99% of strokes are
140kA or less, with the 50% ordinate reflecting

8 MaximumPeak Current of 20kA. If the TransZorbs™
are in a circuit to protect—against induced
lightning from the 1% ordinate strokes, 50% of the
strokes will have a Peak Value at less than 8% of
the capability of the TransZorb. Also, with the
TransZorb designed_in such a pPro*ection circuit,

only 1% of the strokes would equal to the worst
case condition of. the TransZorb.

Probability of TransZorb Performance

Based on the MPQBF Curves shown in Fig. 9 through

Fig. 12 the devices will safely operate at 100% Ipp
to 1,000 pulses prior to failure. Bxpose& to pulses
having a Probability distribution such as that shown
in Fig. 18, the 1life time of the TransZorb would be

in excess of 100,000 pulses in Protecting against
induced lightning.
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Fig. 18: Peak Current For Lightning Strokes
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4.0 FAILURE ANALYSIS

4.1 Device -De-encapsulation

A sample of 10 devices from each of the 100% Ipp
lots failing on surge tests were opened using a
metal turning lathe. The devices were clamped firmly
in the latheé collet and the tubulation and in- "
sulated lead subsequently removed with extreme

| caution using a very sharp pointed lathe tool

; especially fabricated for this purpose. The cap

’ of the device was subsequently removed exposing

the Transzorb™ cell and the silver internal lead,
Device identity was maintained by careful handling
and separate storage of all components.

4.2 Die (Silicon Junction) Removal

The shorted devices used in this failure analysis
weére next separated at the die/heatsink interface
to expose the surface of the die which hopefully
would yield some visible signs of failure. The ten 4
devices selected were chosen randomly and to repre-

sent a sample over the time domain in which the

failures occurred. The Specific method of

separating the silicon "junction from the remainder of

the component was accomplished with a hot soldering

iron and two pairs of heavy duty tweezers. The base

lead (cathode) was grasped firmly with a pair of

tweezers and the base of the device was subsequently ,
Placed in firm contact with the hot soldering iron. |
The top lead was held firmly with the second pair
of tweezers and a gentle but firm tension was placed 1
on the opposing leads of the device. As the metal bond

joining the cell approached the melting point, prefer-

encial separation occurred at the lower (cathode)

Q“‘ . o=
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side of the die. Separation usually occurred at the
die/heatsink interface., The net result was that

the silicon chip was removed from the device with a
minimum disturbance of the pn junction and evidence
of failure,

4.3 Die Clean Up

The solder bonding material was removed from the
die surface, using a saturated aqueous solution

of tricholoracetic acid. This solution dissolves
the heavy metals used in bonding the die/céll
assembly. Approximately twenty-four to forty-eight
hours of soaking at 25°C was sufficient to yield

st anil

clean silicon die surfaces. No solvent is available

which would thovoughly dissolve the elastomer

coating on the junction. Removal of the elastomer

coating was performed most effectively by mechanical 4
means with a small ikard-wood stick carefully sharpened .

] to a fine point. Ultirasonic scrubbing was used to
remove all loose material and subsequently expose the
die as thoroughly as possibie for observation and
search for the failure stress point. The junctions
were subsequently observed under 25X and 40X
magnification for the specific areas of failure.

‘ The failure method of all devices was short and

e ——— e

observations were¢ made to locate small areas which
had obvious evidences of melting.

|

‘ 4.4 Die Examination

All silicon junctions which were removed were

carefully observed and examined for evidence of

melted regions. ‘Both the die edges and central i
i regions were observed for melting which always . i
b occurs during the "fail-short" mode. !




4,4,1 6,8V TransZorh™ Visual Appenarance

The 6.8V catastvophie fallures were examlined
under 40X magnification and all ten were found

to have vislible evidence of shorting, As to

the location of the shorting arca, three weore
located well within the periphery of the die

cdge and seven were located at the edge of

the silicon dice. Three of the sceven edge shorts
occurred at the corner, Typical failures are shown
in Fig, 19 and in Fig. 20. Fig. 19 represents

a typical internal short with the shorted region
having dimensions of approximately .030 inches
diameter. The cdge fuilure as shown in Fig. 20
incurred not only a melted region but a fracture
as well. These failures occurred at 8,380 pulses
for the device shown in Fig. 19 and 10,641 pulses

for the device shown in Fig. 20,

| £ 18
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Fig. 19: Shorted 6.8V Siticon Junotion, Internal
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Fig. 20:

Shorted 6.8V Silicon Junction, Peripheral

33V TransZorb™ Visual Appearance

The 33V failures were also
magnification and found to
and edge failures, Of the
one device had an internal

edge failures of which six

examined under 40X
have both internal
nine devices examined,
failure, eight having

occurred at the corner.

The internal failure, shown in Fig. 21 exhibits

a fraccuring of ths silicon die. The thermal shock

generated during failure can produce severe frac-

ture in the silicon junction., The melting point

of silicon is in excess of 1,400°C and this

thermal shock can and has fractured junctions upon

failure.




Fig. 21: Shorted 33V Silicon Junction, Internal

Fig. 22 represents a typical shorted silicon
junction as it has occurrcd at the edge. Observe
that the area of melt appecars to be smaller than
that of the 6.8V device owing to the current
limiting the power supply aqd subsequently

lower power dissipation during the shorted mode.

Fig. 22: Shorted 33V Silicon Junction, Peripheral
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4,4,3 91V TransZorh™Visual Appearance

The 91V devices were examined under 40X magnifi- ’

cation in an attempt to observe characteristics

of failure.. There were three out of eight whichu i —
failed internally and five with edge failures,

of which three were located at the corner. A

view of the internal junction is shown in Fig. 23 ]
and a typical corner failure is shown in Fig. 24, )
The region of the melt appears to be smaller,

| however, the internal short still generated
substantial heat to cause fracturing of the die.
The corner region of.the melt is plainly visible
as shown in Fig. 24, The internal failure
occurred at 5,837 pulses with the .peripheral

failure occurring at 6,432 pulses.

Fig., 23: 91V Shorted Silicon Junction, Internal

——
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Fig. 24: 91V Shorted Silicon Junction, Peripheral

190V TraasZorb™vVisual Appearance

0f the 10 devices evaluated for failure, three
had..internal shorting with.seven devices shorting
at the edge. Of the seven edge shorts, four
occurred at the corner. Fig. 25 illustrates the
internal short with the small but prominant burn-
through region plainly visible. The peripheral
short is observed in Fig. 26 which was taken at 30X

magnification. The short occurred at approximately

the center of one of the hexagonal sides and a crack ..

was formed which propogated across the entire surface
of the die. The failures occurred at 8,317 pulses
for the internal short and 7,706 pulses for the
external short, as shown in Fig. 25 and Fig. 26
respectively. In comparing Fig. 19 with Fig. 25,

the region of the melt at the failure point is
substantially smaller for a 190V silicon junction.
This is due to the fuct that the test ecquipment has

4 current limitced power source which has a maximum

determined by the test pulse. This is 143A for the

N




is 143A for the .8V device and slightly over 5A
for the 190V device. As a result, the pewer

dissipated is substantially higher fox the-lower

voltage device when the short occurs than for

voltage device due to the.much greater
carriced in the lower voltage

the higher
amount of current

circuit.

190V TransZorbT™Visual Appearance, Internal

Fig. 25:

P

Peripheral

190V TransZorb Visual Appearance,

fig. 26:
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Scannin Electron Microscape Analysis
__h____JLy_a»w~__.*.-_.,QJL_._*.).__

As described in the previous effort under Contract

No. NAS8-30
¢ylinders,

using speci
visual reso
die and the
solution de
grain struc
silicon to

surfaces of

811, two devices were mounted in plastic
¢ross scctioned, andmsubsoquently etched,

d4lized solutions to pProvide optimum

lution and Structure of the metal SR D Y01 R ————

adjacent silver hcat sink. An-.etch
signed specifically for bringing out the
ture of the metallization bonding the
its heat sink was applied to the. exposed
the cross section, These samples were

subsequently observed under 5,000X using a scanning
electron microscope (SEM) Model 1000AMR. One of the.

samples, sh

own in Fig, 28, is the control, with no

Pulse testing whatsoever. The device shown. in Fig,

27 received

4,000 pulses at 85% Peak Pulse Current.

Fig. 27: 4,000 Pulses At 85% Ipp
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: HLV

Fig. 28: Control, No Pulse Testing

The structure of the metallic bonding is obviously
quite different foxr each of these two samples.
This can be attributed to the thermal cycling
which occurs during the Pulse Testing. The
experimental device exhibited an apparent micro-
fracture separation in the inter-metallics at the
edge of the dic only (within approximately .010
inches from the edge). There appeared to be no
discontinuity in the bonding of the control sample
at the outer cdge or at any other point in the
bonding.

Discussion of Failure Analysis Results

When the silicon junction of the Transient Voltage
Suppressor fails, it appears that in all cases it
fails in the shorted mode. During the process of
failure, a singlc small area, of the order of .030

inches or smaller, is hcated to a temperature well




in excess of the melting point of silicon, which is
over 1.400°C. The exact recson for the failure is
not too well understood. This could be a latent
latice defect due to a microfracture, or perhaps,
a. screw dislocation or the presence of some other

"~ latent defect mechanism. The surface failures

appear to be due to some discontinuity at the
interface, the nature of which also is not too
well understood. One.possible explanation for

the failures appears to lie in the SEM Analysis

as shown in Fig. 27 and 28. Under long term

high power pulsing, a change in the metallization
of bonding structure appears to exist. With this
change there appears to accompany a separation
beginning at the periphery. This separation would
continue to propogate toward the center of the
junction as time progresses. Subsequent continued
cycling would result in the periphery of the
junction-heating due to less heat sinking and
subsequent greater probability of failure. This
appeared to be the case in reviewing the number

of edge failures compared to the internal failures.
Of the 37 that were analyzed, ten had internal
failures and twenty-nine had edge failures. This
could indicate that the loss of heat sinking at
the periphery could be a cause for this failure
after long term cycling near the rated Peak Pulse
Current of the device.
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DESCRIPTION

Thus specitication sheet defines a serigs of Silicon Transient Suppressurs used m
nermanently damage voltage-sensitive companents. The Trans2orb is packaged in a her

JANTX TransZarhs quahfied to MIL S 18500/800 are also svailable.

aiphcations where large voltage transients can

matically sealed, glass-to-metal package. JAN and

Trans2orbs are charactenzed by then high surge capability, extremely last 1esponse time, and low impedance, (Rgy). Becauss of the
unpredictable nature of transients and the varsation of the impedance with respert to these transionts, impedance per so is not specified as
A patamettic value. However, a mimmum voltage at low current conditions {BV) and
peak pulse current i specihied. In addition, 8 maximum clamping ratio 18 indicate

severe duty cycles thus making a maximum impedance speciication insignilicant

nulses are availahle from the factory. Extended power curves vs. pulse time are algo

The Trans2nrh has a peak pulse power rating of 1500 watts tor one millisecond
mduced hghtning on rural or rentote transmission lines presents a hazard to electronic
tesponse time uf TransZorb clamping action 1 theoretically instantaneous (1 x 10 2ge

MOS devices, Hybrids, and other voliage-sensitive e tors and comp

increase the peak power ratings.

a maximum clamping voltaye (Vg ) at a maxmum

d.

In
Clamping Voltaae) may be responsible for 50% to 70% of the ohserved valtage differentia

some instances the thermal effect (see V¢
| when subjected to high curtent pulses ot
Curves depicting clamping voltage vs. various current
availahle,

and thereture can be used in apbluulions where

ciecuutry {ret- R.E.A. specification P.E. 60). The
¢), therefore, they can protect integrated Circunts.
1. Trans2orbs can also be used in series ar parallel to

. This sevies of devices has been proven very effective as EMP Suppressors. For the actuel test results and application send for repont

number AD90Y2661. This specification sheet is only one of many series ot Transient Voltage Suppressors available from General

| Semiconductor Industries.

* 1500 watts peak power dissipation
¢ Available in ranges from 6.8V to 200V.
* DO-13 hermetically sealed package

MAXIMUM RATINGS

* 1500 Watts of Peak Pulse Power dissipation at 25°C

® toump (0volts to BV min): Less than 1 x 10 ='? seconds
¢ Operating and Storage Temperatures: -65° to +175° C

¢ Forward surge rating: 200 amps, 1/120 second at 25° C
® Steady State power dissipation: 1 watt
¢ Repetition rate (duty cycle): .01%

) MECHANICAL CHARACTERISTICS
. o Standard 00-13 package — glass and metal hermetically sealed
i ¢ Weight: 1.5 grams (approximate)

* Positive terminal marked with band

¢ Standard Polarity - Cathode to Case

* Body marked with Logo *;* and type number

ELECTRICAL CHARACTERISTICS

* Clamping Factor: 1.33 @ Full rated power
1.20 @ 50% rated power

Clampiog Factar  The tann of the actual lCIunpmg Vollagel 1o the BV {Breakdown
Volageb a3 mpasuted an & specitic device  (See Fagure 3 for test pulse wave shape |

100 T T T — i
+ + .“ 4 ¥§ -i - 4 :»4
botbe (R b+t
e b o+ teiln b asbiiy | Waesom  Seetigwe ) i)
- ;1.’! i v ; Non cepel- ve

I

IO*-%:.V. _,_1:'.‘ o O it == ‘ =
S o
, i A N ool

S O
Illn tl

Ty 10ms

“ean P.ise Power

Pp

H

00,
ty  Pulse Time  gut

FIGURE 1 — Peak Pulse Power vs Pulse Time

\ i
Mi&_ . P

Prak Puise Power (P,) or Current (1,,.)

100°

n percent of 25°C rating

~
o

~
o

o
o

T )
(See figure 1 for peak pulse vs
pulse time chatactenistics)

N

50 100 150 200

Temperatyre in *C
Derating Curve

ABBREVIATIONS & SYMBOLS

VA Stand Off Voltage Apphed Reverse
Voltage to assure a2 noncanductine (on
ditenn  (See Note 1)

BV(min) This 15 the muumum Breakduwn
Vultage the device will exhibil anit
1 used 1o assure that conduction does
nat occut prior to this voltage tevei
25 C

Ve tmex) Manimum Clamping Vaoltage The

10000 mpe
o S =
Faluils e
U T I " §
—r P35 Measured ot H4
z fd Lero Buay H
ey
<1000 =t —
3 33 -
—y
s R
2 1] Meosured at
3 * 11| Stand att vanage
2 100 4 H 3 8 = =T
A —3- 133 =
- -
() i
444+ " 4444
W L |
v 10V LNV [N
BV Breabonwn vettae oy

FIGURE 2
Typical Capacitance vs 8reahdown Voltage

Ny

peak voltaye appearing ac sy
the TransZoth when subjected 1. 1w
peak pulse catrent in a pie midige o
time interval  The pead pulse woltiges
dre the combingtiun of vohtage rise duv
to buth the seres tesistance and ther
mal sé

Ipp  Peak Pulse Cutrent

P> Pean Pulse Power

IR Reverse Leakage

Note 1

A TransZarh o nornally selected accardung to

the teverse “Stand 01 Voltage™ (V) winch

should be equal to o grester than the DC o

continuous pesk operating voltage level

See buure 3
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ELECTRICAL CHARACTERISTICS at 25°C
.
REVERSE a%'é"'#.% MANIMUM MABHIUM
$TANDOFf BREAROGWN- votTage "’:HI PEAR PULSE  MARIMUM
SN t voLtace Ul LEANAGE CUNNINT  YIMPIRATURE
z (Bes Note 1} W ® b Ses g 3 ®vn St 3 COEFHICIENY
) ol swicoNnuEron Yo vous - Ve " e of
llll'lh NUBSER-. vouls. [ ] Mas vauig i [ *ol°C
- INS629 1.4K0-8 $.50 01 148 10 108 1000 19 oy
- . INSG29A® 1 SK6.8A (¥ 11 6.4% 714 10 1.6 100 144 1Yl
INS610 1$K7.§ 6.08 6.8 8.2¢ 10 1 $00 128 i
INSGI0A® 15K7.54 640 113 788 10 1 $00 12 )
INSGSY 1.9K8.2 (Y3 7.58 9.02 10 12.8 200 120 [
INSG31A® 1.5K8.24 1.02 1.9 861 10 12.1 200 124 06
INS632 15001 147 819 100 1 148 50 109 068
INSBI2A® 1 8K9.1A 118 869 9.5¢ ) 14 S0 " ok
INS63) 1.5K10 8.10 9.00 110 ) 159 10 100 04
INSGIIA® 1SK10A [ 9.5 10.§ 1 14.5 10 104 0y
INS634 K11 492 9.9 121 ) 162 ) 934 uls
INS6I4A® 15K11A 9.40 10.§ 1.6 ' 1.6 § 9 074
INS63S 1.5K42 9.72 10.8 13.2 | 174 § [ o7
INSGISA® 1.3K12A 10.2 14 126 1 16.7 [ 90 078
INS636 15K13 10.5 1L 14.3 1 19.0 [} 9 081
INS636A®  1.5K13A 1 124 13.7 ! 18.2 5 2 ol
. WNS6d? . 1skis 12.1 138 16.5 ! 220 5 o8 084
| INS6ITA®  1.5K1sA 128 143 s ] 21.2 s ] 084
te INS63g | 1.5K16 129 14.4 1.6 1 218 [ 64 086
‘ 1NS63 £SK16A 13.6 15.2 16.8 ) 22.8 § 6? 080
INSe39 | 1.5K18 14.5 16.2 19.8 | 26.8 5 56§ 088
. INSG39A 1.5K18A 15.3 171 18.9 1 25.2 5 59.4 088
INS64D 1.5K20 16.2 110 22.0 | 291 s $18 090
INSG40A 1.5K20A " 19.0 21.0 t 2.7 3 4 090
INS6AY 15K 17.8 19.8 4. ) .9 s a7 092
INSGATA 1.5K224 18.8 209 230 1 10.6 s 49 092
INS642 1.5K24 19.4 216 264 ) 347 s 43 094
INS642A° 1 5K24A 205 28 25.2 1 3.2 5 48 094
INS643 1.5K27 FIR ] 24.3 297 1 191 3 e 096
INS64IA° 1.5K27A 2. 257 284 | 1.8 s 10 096
INSG44 1.5K30 4.3 21.0 33.0 ! 438 s 348 097
INSG44A® 15K 30A 25.6 28.5 ns 1 aae [ ™ 097
INSG4S 1.5K33 26.8 29.7 6.3 1 41.7 s s 09y
INSG4SA®  1.3K33A 28.2 34 U7 1 45.7 ‘ 1" 098
INSG46 1.5k 36 291 12.4 19.6 1 52.0 s 2 099
INS646A°  1.5K36A 10.8 4.2 178 1 49, ‘ 10 099
INS647 1.5K39 e 8. 429 ) 56.4 N 26§ 100
g INSG4TA®  1§K30A 33.3 .1 410 ' 534 s i 100
: - ms‘st: 1.5k43 .4 8.7 473 ) 619 s 2 01
INSGABA®  1.5K43A 6.8 409 45.2 1 9.1 . ! 10t
: IN$649 1.5K47 8.1 423 $17 1 67.8 s 222 101
. INSG49A® ). $K47A 40.2 447 494 1 64.8 s 232 101
' ' INS650 1 5KS1 a3 459 561 1 138 ) 20.4 02
P INSGSOA®  1.5KS1A 436 LIX] $36 1 0.1 s 214 A0
' : INS651 1.5KS6 45.4 $0.4 616 1 80.5 s 18.6 103
i INSESIA®  1.5KS6A “©38 $3.2 58.8 1 77.0 N 19§ 103
! INS6S2 1.5K62 $0.2 55.8 68.2 1 89.0 N 16.9 104
INS6S24A°  15K62A 53.0 8.9 6S1 1 85.0 ‘ 17.7 104
1ie8$6S3 1.5K68 5.1 612 ‘48 1 98.0 \ 15.3 04
INSGSIA® 1.5K68A $8.1 64.6 7t4 | 520 S 16.3 004
. INS6S4 1.5K78 60.7 61.5 82,8 ) 108 0 s 119 105
. INSES4A®  1.5K75A 64.1 n? 8.8 1 103.0 s 146 108
INS6SS 1.5K82 66.4 118 90.2 1 180 D 127 108
4 . INS65SA® 1.$K82A 0.1 779 86.1 I 1130 s 133 108
: INS6S6 | 1.5K91 37 819 1000 ! ts1o 5 1.4 106
' INSES6A 1.5K914 s 86.8 955 ) 1240 s 120 10n
' INSES? 1.5K100 81.0 900 Itun [ 144.0 < 104 1on
‘ ) INSSSTA®  1sK100A as.s 950 1050 1 1370 s 1o ton
. . INS6SS 1.5r110 89.2 90 12t ' 158.0 S 9.5 0"
INSGSEBA 1.IKIICA 94.0 10%.0 1160 1 152.0 b LA 11}
INS639 1.5K120 97.2 1080  1ag ] 174g s 8.7 0:
INS6SOA® 181204 102.0 1140 1260 t 165.0 s 9 10:
INS660 15K130 105.0 170 1430 1 1470 N 80 S
INS660A®  1.4K110A 1110 1240 1370 t 1799 s LY -
INS661 1.5K15¢ 121.0 1450 1650 ] 280 N 7.0 108
' INSSSIA® 1 §5K170a. 1200 1430 . 1580 1 2070 s 7.2 108
INS662 1 SK160 130.0 1440 1760 ] 230.0 s 65 108
INS6S2A® | SK1604 1360 1520 1680 t 2190 s 68 108
INS663 YSKIT 1380 1530 . 1870 1 2440 A 6.2 108
INS663A® 1 SH170A 145.0 1620 1790 ] 2340 s 6.4 108
INS8S64 1.5K180 146.0 1620 1980 1 2580 s 5.8 108
INSEC4A® 1.$K180A 154.0 1710 189.0 ] U6 0 5 61 108
INS663 1.5K 200 162.0 1800 2200 1 210 s 82 108
INSGESA®  135K200A 17,0 1900 2100 \ 2140 [ X 08
Vi at 100 AMPS PEAK, 8 3 MSEC SINE WAVE equals 3.5 VOLTS MAXIMUM
Trans2otbs!¥ can be used in seres o paratiel to Inctease their power handhng capabitity No precautions dre
fequired when using Trans2ords 1n » series string and power dissipativn for two Or more devices of the
Same type 1S equally \Nared When using Trans20rbs 0 paraliel 1t 1y fnecessary for the umits to be closely
matehed (approx | vo! of each othet) wn order for equal shaning 1o take place Matched sets con be
ordered from the factory ‘or a smalt additiona) charge.

“JAN and JANTX availnble par MiL § 18500/500
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FIGURE 3 - Pulse Wave Form
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Non stancard voltage types between truse tabulsten: 1y
be specitied as rhustrated

Family Type Nominal 8V Talerance Suttn

15 72 A
BV Will be Nommal BV 6. for A" suitix fyprs
0. toe wn syt types at the 105t cuttent ot the
next lower standard voltage type
Ve Wil be 85 . of Nominal 8V tur A~ sulti Tyt and
81°. of Nominal BV for non sutha types
Ve Wall be proportionally interpolated between the wo
neighboteng standard types
IR Volt be that ol the next lower standard 1y pe
lpp Wil be proportionately interpolated telhween the two
neighboring standard types
For reverse polanty insert “R* i type number 1m
y alter N BV o o0 and beto:
the “A” suthx  Example 1 5K1§RA

BIPOLAR APPLICATIONS

Electricat characteristics apply in both direc-
tions. For Bipoler use C or CA Suffix for
types 1.6K7.5 through types 1.5K200.

Exampic: 1.6K7.5C - 1.5K200C
1.5K7.5CA - 1.5K200CA
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NASH FULSE LIFE TESTY INSE29A.. 7S% PEAK FULSE CURRENT INITIAL Y
STAM=Y FTN#=Z2@

TEST #: 1 2
TEST 10:. ... YR LR —

UNITS: v ]

SER BIN

161 1 €. 800 152. 5 U * Add 5,760 pulses from Contract
102 €. coo 24€6. % U No. NAS8-30811 for total P ses,
182 1 ¢ 8%@ €95, & U

184 1 ¢ 7se 179.5 U

108 1 ¢ 7s@ 319. 8 U

186 1 ¢ ?%a 2%0.0 U

187 1 ¢. s@e 995. @ U

186 1 ¢ gee 168. 3 U

109 1 ¢ 7%@ 2310 U

116 1 ¢ 7se 12e.e U

111 1 ¢ ese 268. @ U

112 1 ¢ 8se 168. 7 U

112 1 6. gee 2€7.5 U

114 1 6. 8@ 27s. 8 U

1iS 1 ¢ gsa 1137 U

116 1 6. gee 29€6.5 U

117 1 ¢ 7a0 149.1 U

118 1 ¢ gae 226.0 U

119 1 ¢ gse 1481

126 1 6. ese 10d. 8 U

120 2  6.8%0 F1. 143 M

122 1 ¢ coe 45%. @ U

123 1 ¢ sea 101.7 u

124 1 6. ¢ao 430. @ U

125 1 6. 7%a 208. @ U

126 1t ¢ 7%@ 154.8 U

127 1 ¢ 75@ 17€. 6 U

128 1 ¢ gee 17:.7 U

129 1 ¢ 7%a 129.4 U

12@ 1 ¢ sae 228. 5 U

131 1 ¢. 9ae 657. @ U

1312 1 §.8%e 184. 8 U

132 1 ¢, 7a@ 696.@ U

134 1 ¢ 8%a 114.7 U

135 1 ¢ seo 1% 0 U

126 1 6. 7s0 258. 0 U

13?7 1 6. see 121.5 U

128 1 ¢ 9ee 149.7 U

129 1 ¢ ?%@ 194. 7 U

146 1 ¢ gae 1.8 U o
141 1 e85 172 ¢ u R
142 1 6700 2460 U PAGE BARE
142 1 ¢ 850 266. % U gg&ﬁﬁsﬂﬂﬁ‘

144 1 ¢ 750 16z. & U )

145 1 ¢ goe 242.0 U

146 1 6. 9% 158 7 U

147 1 ¢ ?s@ 29s. @ U

148 1 ¢ 700 418 @ U

149 1 ¢ ¢sa 248 s U

157 1 ¢ 7sa 215 @ U

ORIGINAL PAGE IS
OF POOR QUALITY
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NRSR PULSE LIFE TEST

STA#=Z

TEST .
TEST 1D

UNITS
SER  BIN

101
v2
102
104
i0%
106
iov
iew
1@
11a
111
11
113
114
115
118
117
11¢&
113
1za
121
122
123
124
129
126
127
128
123
120
11
1x2
123
124
1%
1xé
1x7
138
113
140
141
142
142
144
145
14¢
147
148
142
159

PRPRRRPRRRBRPERRRPEBRRBRRREBRREBPREBRBRRBRRERRBRRRPBERRBRBRRBRBIER DG RRBRRERRRERRR R RR R

RTNa=2@

PO RN NN ROAR AT AT ARRCNOANROARATRORROOARCOORRRTRATRHTN

1
VR

. <]

&0
gue

. 790

rse

. 75e
. -1-14]

soe

. ree
-1
. 658
31

gao

. S0

] 4]

. gae

780
75a

. 8%ea

gte
gse

. 600

Jaa
6aa
750
vaa
°Se
coe
75e
gea
ase
gSae

. 7aea
. 85@
. 8ee
. 75@
. 85¢
. @@
. 75@
. 80
. 85@
. e%@
. 8%@
. vee

goa

. 9%@
g1
. 70a
. €650
. 75@

IR
H

& 0 0 PY 30D 3 =)

NI Mt

(S SR ST N ST SN, A
ROV AAADINAIMR YD ADDANADQIN P ILIAADRDRPIYIDNANAND A 0O A D ~F S Ch =

| ]
0

I4e

188,
284,
2453,
ie1.
291.
154,
23a.
151
116
TES.
499,
112
4385,
219,
15¢.
191,
ire.
1z2e.
&S7.
S84,
i8z

€44,
12¢€.
I3,
268,
127,
153,
2ee.
2es.
iez.
240
273.
17¢.
241,
lel.
xer.
419,
2598,
&el.

INSELHA

LT AN
§owlis

FERK FULSE CURFENT AFTER 7SO@ FULSES.™

72

* Add 5,700 pulses from Contract
No, NAS8-30811 for total.pulsecs.
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NRSH PULSE LIFE TE=T LHSEZ5R CON OFEAK FULZE CUFRENT AFTEF 10688 SULSES.
STA#=2 RTN#=26
TEST # 1 e

TEST 1D VE IF

fgéng," v ; * Add 5,760 pulses fram Contr?ct
HEh 0, NASR- ot: 58,
101 1 6. 600 168 % u No. NASB-30811 for total pulse
dez 1 € coo ea4. @ 1)

163 i €. gho T At

184 1 €. 7%@ 187. @ u

1es 1 €. voe J48. 5 U

i8¢ £ 6. 7%a eve @ |

187 1 6. See 1. 011 M

o 1 6. go0 @6 o U

109 1 6. 7@0 «45. @ 1

11e i €. 75a O S 1

111 1 6. €50 8% 6 W

112 1 6. &Sea 184 0 U

112 1 €. 00 27¢. a4

114 1 €. 8%a 296 Sy

115 1 €. 850 124. 7

11¢ 1 6. 800 29€. 5 U

117 1 6. 70a 1€ . & U

118 1 €. 8ao 241. ¢ U

119 1 6. 850 155 4 U

120 1 €. 85@ 112. 7 u

121 1 6. 850 8315 . 6 0

122 1 6.68@  Si9. @ U

123 1 6. 908 112 9 U .
124 1 6. 620 482. 6 U

125 1 6. 759 2235 U ORIGINAL PAGE IS
12¢ 1 €. voa 1Sg. 4 U POO
izv i 6. 7%d 2a¢. @ U OF R QUALITY
28 1 é. 8o@ ig7. 4 U

129 1 €. 750 1x9.4 U

1ze 1 €. goe 266 @ U

131 1 €. 858 &€Sa. @ U

1zx2 1 €. gaa 19v. @ U

132 1 6. 7aa 7EF. 8 U

124 1 6. 85@ 129.¢ U

139 1 €. taa ixg. @ U

136 1 €. VS0 a79. 5

1z7 1 €. gae 1z2.12 U

138 1 6. sg0 155. 8 U

129 1 6. 758 215. e U

140 1 €. 750 1. e U

141 1 6. 85a 187. 4 U

142 1 €. 658 asr. e u

142 1 €. 8%5@ 283 @ U

144 1 6. 7ea ig2. 4 U

145 1 €. 8a@o0 2%¢. @ U

146 1 €. 9%a 16z 2 U

147 1 €. 7%9¢@ It e u

148 1 €. oo 427 S U

143 1 €. 650 264. 5 U

15a 1 é. ?5@ @29 e U
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NASA PULSE LIFE TEST INTE629A 5% PEAK FULSE CURRENT AFTER 1250@ PULSES*
STA#=3 RTN#=20

TEST #: 1 2
TEST ID: VR IR
UNITS: v A * Add 5,760 pulses fram Contract
SER PIN No. NASB-30811 for total pulses, .
101 1 6. 800 e o u
102 1 6. 6oe 281. 0 U
103 i 6. 8oa 664. 5 U
104 1 6. 750 i7e. 7 U
103 1 6. 780 306 .0 U
106 1 6. 750 281, 5 U
i1e? 1 €. 500 985, 5 U
108 1 €. 800 212. e U
109 1 €. 700 252. a U
110 1 6. 7?50 123, 2 U
111 1 6. 650 /25U
112 1 6. 8ow 189. ¢ U
113 1 6. 750 276 .5 U
114 1 6. 800 251. 0 U
11$ i 6. 850 124. 9 U
116 1 6. 800 292. 5 U
117 1 6. 700 159. % U
118 1 6. 750 236.5 U
119 1 6. 800 155. 8 U
120 1 6. 859 115. 1 U
121 1 6. 850 ’iS5. @ U
122 1 6. 600 S69. 5 U
123 1 €. 85@ 115.4 U
124 1 6. 600 439. @ U
125 1 6. 700 228. 0 U
126 1 6. 700 161. e U
127 1 6. 7@ 2e6. @ U
128 1 6. 800 184.1 U
129 1 6. 750 141. 1 U
130 1 6. 8@@ 264. 5 U
131 1 6. 850 S79.a U
122 1 6. 850 202. 5
133 1 6. 700 6372.5 U
134 1 6. 850 13e.7 U
135 1 6. 800 219.8 U
136 1 6 7%e ev’s. e u
127? 1 6.5 14.9 U
138 1 6. 969 155. e U
139 1 6. 750 197. e U
140 1 6. 758 128 U
141 1 6. 850 182. 8 U
142 1 6. 650 241. 5 U
143 1 6. 859 280.5 U
144 1 6. 700 ig6. 6 U
148 i 6. 8@o 247. 0 U
146 1 6. 950 162.5 U
147 1 6. 750 313. 5 U
148 1 6. 700 425. 5 U
149 1 6. 650 268. 0 U
130 1 6. 7?50 232 e U
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NHZA PULSE LIFE TEST INSe AR %% FPEAF FULESE CURFENT AFTER 1%@a8.pPULCE=.*
STH#=1 RTN#=Z2a

TEZT # 1 Py
TEZT LD VE IR
- UNITS - Y H
SER EBIN— * Add 5,760 pulses from Contract
141 1 6 20 17% 2 u No. NAS8-30811 for total pulses,
lag 1 £ &£00 SHuT. S 0
103 1 €. 200 vEL @ U
104 1 €. 75@ 183 2
1% 1 €. Y08 282 85 U
1ae 1 €. 750 e9e. e
1e? 1 6. 500 1. a4 M
lag 1 6. 800 2za. a u
1a9 1 €. 706 298 @ u
116 1 6. ?5a 137. 5 U
. 111 1 €. c@0 4a¢6. S U
112 1 6. gaa 195 3 U
11z 1 €. 7S¢ 2% & U
114 1 €. &85a Ica. S u
115 1 €. 850 124.4 U
11e 4 €. &an Iae s u
117 1 €. 704 165 3 U
_' 113 1 6. ’Se 248 v U
i{ 120 1 €. 8Sa 120 2 U
] 121 1 €. 8§50 RIS U
) 122 1 6. 6aa S1&. 6 U
- 123 1 €&. 850 119. ¢ u
- 124 1 6. 600 455. 5 U
be . 125 1 €. 700 X5 .S U
" 126 1 €. 700 166. 9 U
4 127 1 €. 7006 215 s u
: 128 1 6. 800 197. 3 U
129 1 6. 700 147. 2 U
1z@ 1 6. 750 296. @ U
132 1 6. 850 212.a U
122 1 6. 760 8x%. o0 U
1x4 1 6. 8Sa 137. @ U
1S 1 6. 8@a 4S8 5 U
1xé 1 6. 750 2%6. S U
1x7? 1 &. 85 141 . x U
128 1 6. 15@ ié1. 8 !
129 1 6. 758 221. % U ) ‘
i4e 1 6. 75a Ig6. 0 U
141 1 6. 85@ 197. 4 U
142 1 6. 65@ 2¢6z. 6 U
142 1 6. Saa 285 . s u
144 1 €. 70 1%¢. 2 U
14% 1 6. 8eo 264 5 U
14e¢ 1 6. 940 167. ¢ U
147 1 6. 7SS0 28 9 U
145 1 €. €5@ S80S U
ORIGINAL PAGE IS
OF POOR QUALITY
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NRSR PULSE. LIFE TEST LNSEoSH 7G5 PERK PULSE CURFENT FINAL .*
STAK=2 RTN#=2@
1

TEST & b
TEST 1D YR IR
UNITS \4 R .
SER BIN
181 1 g goee i7é. 5 u * Add 5,700 pulses from Contract
182 1 6. é%e 281, 5 ) ASS - 308 _tot: ses.
103 1 6 gs@ 712 8 U No. NAS8-30811 for-total pulse
104 1 6. 800 181. @ u
1@$ 1 6. 758 Ite. 0
1866 1 ¢ so0 arx. s u "
1a7? 1 6. SSo 9€6. a U
188 1 €. 856 «ie. @ U
i@s 1 6. 750 244 S U
ile 1 6. 780 1xe. 1 b
111 1 6. 650 e S u
12 1 6. 8se 186 9 U
112 1 €. see eg@. S u
114 1 ¢ gse are. e v
115 1 6. 90a 128. 8 U
118 1 €. gaen 286. S U
117 1 €. 750 ige. 2 U
118 1 6. &ae 23¢. 8 U
1za 1 6. 9aa 115. 8 U
121 1 6. 85@ 7SS S U
122 1 €. coa 471..5 U
124 1 6. 600 441. S u
12% 1 €. PSa 225 e U
12 1 €. 758 158 9 U
127 i 6. 75a 216.5 U
, lz¢ 1 €. &oa 18@.1 U
- 123 1 6. 7s@ 138. 5 u
- 1z0 1 6. &0a 2€4. 5 U
' 1z2 1 6. &5@ cea. ? U i
133 1 6. 75@ FoI. S U
124 1 €. Saa 1x1. 8 U
- 135 1 €. 8a0 24. 6 U
1:e 1 6. 75a are. e u
1x7 1 6. 30@ 1z5. 7 U
1x39 1 €. goa 212.6 U 1
140 1 €. go@ lac. @ U
141 1 €. 85@ i8S . e u
14% 1 €. &5@ 78 S U
144 1 6. 7Sa 18€. 4 U
145 1 €. g0 24¢. @ U
14¢ 1 €. 95a 15e. ¢ U
147 1 6. 800 3a7.5 U
149 1 €. 70a g7a.a U

e
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NAEH PULSE LIFE TES

LT T RIN#=20

TEST & 1
TESTY 1D VR
UNITS Vv
SER EBIN

151 1 6. 800
182 b | 6. 800
152 1 6. &S50
154 1 €. 700
158 1 €. &Q0
156 1 &, 600
153 1 €. 290
159 1 €. €50
161 1 6. &G0
162 1 6. &50
164 1 6. 754
1£% 1 6. 938
1606 1 6. 850
167 1 6. 6508
1682 1 6. €00
169 1 6. 906
i7ea 1 6. 650
171 1 6. 618
172 1 6. 750
1?72 1 6. 7@0
174 1 G, 95a
17% 1 &, 63560
ivé 1 6. 6010
178 1 6. 756
172 1 & 700
121 1 6. 708
182 1 6. 7506
gz 1 €. 900
124 1 &, 700
18% 1 6. S50
186 i 6. 700
187 i 6. 750
188 1 6. e0e
139 1 6. 950
138 1 €. 75e
191 1 é. 908
192 1 6. 638
134 i 6. 7950
195 1 6. SS0
196 1 6. €50
197 1 6. 750
132 1 6. S%a
192 1 6. 700
200 1 6. 700

ORIGINAL PAGE IS
OF POOR QUALITY
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14¢.
41c.
eas.
See.
319,
427,
249,
S61.
€65,
2as,
15¢,
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)

LL T ]

-
Do
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|
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Lo FIRAEPULSE CUREENT .. INIT1AL, "

* Add 5,760 pulses from Contract

No. NASB-30611 for total pulsces.




NRSH PULSE LIFE TEST INSESSR 100N FEN. FULSE CURREMT FTER TSOO FULSES®
STR#=2 RTN#=2a

TEST #: 1 &

TEST 10: VYR 1R

UNITS: v A .

SER BIN * Add 5,760 pulses from Contract

183 1 t. 85? 193 6 U No. NAS8-30811 for total pulses,

168 1 €.€50  S47. 8 U |
iv2 1 €. 80@ civ.a U '
1?9 1 6. 750 2099 U

194 1 6. 758 319 0 U Y
200 i €. 250 1¢1. 5 U

&,
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NEZR FUHLEE LIFE TEST INGESRR Laas FEIEK FULSE CLFRENT RETEF Loy PLLSES  *
3TAK=Y RTM#=2@

TEST . 1 e

TEST 10, W . IR

LNITS : v #

SER BIN * Add 5,760 pulses from Contract .
153 1

€. 85¢ @ No. NASB-30811 for total pulscs,
1?9 1 6. 750

GE 1B
]NAI‘PA
R
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NARSA PULSE LIFE TEST INGEZ3H 100X FEM. PULSE CGURRENT AFTER 12500 puLSESS"
STHE=1 RIN#=20

TEST - i P4

TEST 1D VR IR

URITS: v f

SER  EIN

153 1 6. S0 189. 4 U

79 1 ¢€.73¢0 214.6 U , * Add 5,760 pulses from Contract

No. NAS8-30811 for total pulses.

e B
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NRSA PULSE LIFE TEST INTE45A 9% PERK PULSE CURRENY INITIAL*
.
STR#=3 RTN®#=20 ’

TEST & 3 4
TEST 1D VR - —
UNITS: v R * Add 5,760 pulses from Contract
SER BIN No. NAS8-30811 for total pulses.
@2 1 33.10 22.55 N
703 1 22 10 25. 60 N !
304 1 34 €0 17.55 N ,
38 1 32 .85 22. 40 N
W@ 1 32 8% 27. 45 N
30?7 1 32 8@ 101. 0 N !
W8 4 32 .95 28. 5% N
W9 1 32 10 25. 60 N
318 1 322.90 20.35 N ‘
; 31 1 32. 7% 18.20 N !
‘ 312 1 2215 13. 65 N |
32 1 322 6% 25.95 N |
314 1 22 10 140. @ N |
215 14 2295 28. 4@ N |
316 1 322 00 26. 35 N
‘317 1 32.60 4.75@ N |
318 1 32 28 €. 5@ N
319 1 21.9@ 15. 60 N
20 1 22. 8% 124. 9 N
320 1. .23 0% 112. 2 N
322 1 23 @% 12. 75 N ,
32 1 32 5@ 19. 95 N !
' 324 1 22.4% 13. 55 N
25 1 2275 248.5 N
326 1 22 85 41. 6@ N ,
1 327 1 %2 1@ 25. €2 N {
P 328 1 32 6@ 4.7%a N o
329 1 22 ¢ 12. 95 N
338 1 22 60 33. 65 N
331 1 33.05 17. 5% N
332 1 32 85 4.75@ N
333 1 22 g0 43. 20 N
234 1 22.7S 12. 85 N
335 1 32 35 21. 55 N
337 14 33 25 26. 35 N
338 1 33 .65 16. @5 N
339 1 32.4% 7.15@ N
249 1 2215 97. 55 N
344 1 32 ¢0 6.250 N
342 1 32 15 €. 450 N
343 1 32 20 1% 15 N
34; 1 32.45 19.2% N ORIGINAL PAGE IS
34 1 22 65 1S 1S N
246 1 322.7% 12. 40 N OF POOR QUALITY
347 4 32 4@ 19.60 N
348 .. 1 32 3% 15 9@ N
349 1 32 10 22. 2% N
- 30 1 32 40 16. 2@ N
- | 354 1 32 63 12 05 N

4
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NRSA FULSE LIFE TEST INSE4SA 7%% FEAK. PULSE CUFRENT AFTER 7%00 PULSES.*
STRE=Z RIN#=20

TEST #- 2 4
TEST ID.. (4 IR
LINITS v A * Add_5,760 pulses fram Contract
SER  EBIN No. NAS8-30811 total pulses.
Ja2 1 1% 10 15 1S N
J8z 1 2% 1@ 1e. IS N
Jad 1 1. €@ 12. 85 N
389 1 3e. 7S 12 45 N
346 1 x2. 88 2%. 60 N
I87 1 3. 8% &3 . 7% N
203 1 2. 9% 25,89 N
a3 1 23 10 25 55 N
1@ 1 32. 9% 12 3% N
12 1 3275 17. %9 N
3z 1 X215 X 458 N
¥ 1 2. €5 2a. 15 N
14 1 22, 15 131. 2 N
195 1 22. 98 X1, 95 N
16 1 22 0a 0. 88 N
x17 1 22. 60 3. %0@ N
k$ §- 1 33 zea I 2ea N
X3 1 1 9@ 12. &8 N
Ize 1 2. 9% 115. € N
x21 1 3. 8% 1X1. & N
22 i XX @5 12. V7S N
22 1 I2. 5a 17. 85 N
324 1 22. 4% 16. 9@ N-
225 i 32. 7S X285 .5 N
i2e 1 32. 85 S1. 35 N
227 i 32 1@ 1%. 2@ N
28 1 32 6% 3 5S5@ N
2% 1 22 6@ ¢ S5a@ N
3@ 1 2. 9% €4 . 1S N
331 1 XX @8 12. 7% N
33 1 22. 6% V. 958 N
333 i 2. ¢a IZ.0a N
334 1 2. 7% 2. 6506 N
338 1 Iz 28 1. 1S N
XI7 1 XX 2@ 2. aa N
228 1 XX 4% 16¢. 1% N
339 i 2. 4@ 12. &a N
I4a 1 ¥R 1S % 2@ N
341 1 2. €a X 858 N
42 1 3215 12 s@ N
34% 1 22 28 12. &6 N
144 1 I2. 4% 17. é@ N
349 1 32 6% 13. 2@ N
idé 1 2. 79 “ .4%a N
347 1 2. 40 12. &8 N
48 1 22 3% 1% S% N
343 1 22 10 19 g8 N
%0 1 Je. 2% g 5% N
351 1 X2 6@ 7. oS58 N
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NRSR PULSE LIFE YEST INSF4%a THNOPERV FULSE CURRENT HE TEF Lt b S B

. STRA#w RYN#=2D
TEST#- 2 4
TEST I0— R LE...
. UNITS . Y A * Add 5,760 pulses from Contract
SER  BIN ASS - s,
02 1 13 10 16 &5 N No. NAS8-30811 for-total pulse
39 1 32,08 15 2% N
304 4 31 €0 13,19 N
308 L4 32 78 1% o N
306 1 32. 8% & @s N
T 1 22 se §3. 95 N
w3 1 12 8% $E 40 N
@ 1 23 10 iL 8% N
@ 1 3z se 25 95 N
322 1 3z.7S 1215 N
¥2 1 3318 T oSEe N
P NI 1 22, €5 1€. 65 N
| T4 1 2310 123 4 N
X5 1 32 90 1 1S N
6 1 33 00 25 &a N
¥1? 1 32 6@ € gad N
8 1 3320 3. 95a N
39 1 21 %@ 12 8@ N
20 4 32 9% 118 4 N
¥ 1 33 @S 128 2 N
22 3. s 12 15 N
X221 32 %0 18£8 N
324 1 22 40 & as@ N
. 128 1 32.7% I41.5 N
26 1 32 8% €7. 15 N
32?7 1 32 1@ 13 S5 N
228 1 3z 60 745 N
! 2% 1 32 €e & 280 N
13a 1 2. 85 1. 38 N AGE 8
334 1 33 0% 13 25 N
X324 32.65 S ssa N ORIGINALQPUAIIN
332 1 32 80 iz @S N OF POOR
x4 1 22 7@ 7 154 N
%5 1 3228 3118 N
%7 1 33 e% 21 6@ N
3¥8 1 32 @5 I 0@ N
i X291 32 4@ 12 &6 N
: 140 1 33 10 I8 N
341 1 32 €0 4. 7SO N
342 1 2215 7. 950 N
' 242 1 22 1% & 65a N
; 144 1 32 4% 1420 N
i 345 1 22 6@ Toesa N
v 346 1 22 7% £ 7Sa N
47 1. 22 40 13 15 N
42 1 22 20 12 85 N
249 1 22 1@ 1825 N
ise 1 22 1% B 858 N
11 22 e 11 15 N
r;
=
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NESA PULSE LIFE TEST  AINSEASH 7S5 POy PULIE “URRENT  AFTER 12%0@ PULSES, ®

A T S FTH#=20 ’
TEZT # :
TRET 10 YR
MN]TS y
LER BIN % Add-5,760 pulses from contract

K

~

o <)
e o
n

.

1 oLo0e 14 28 N No. NAS8-30811.total pulses.-
ALy by o.oas en SUON
Indg 1 31 £l 10 0% N
INE it TEoTa 1> 7% N .
e 1 I MR ]
ny 1 -2 ga 2018 N .
AL RS 1 o2 A JHOLS N .
I3 it I3 01 1000180y
Tl 1 32 A0 Ll I8N
il 1 iz s Li @0 N
ile 1 33019 ¢ 250 N
B B 1 22 60 1% 1% N
14 1 I%.10 1L8 & N
s 1 32,90 IWOLE N
Ile 1 23.a8 20 M
7 1 32 K0 oosS@a N
I1E 1 3320 5 SS8 N
) 1 R BT 7158
I20 1 22 95 1135 & N
T2 1 3285 153 6 N
Ky 1 3305 B oEaE N
227 1 2. %68 1e &% N
24 1 2. 48 1% 15 N
29 i 2. Ta T4l @ N '
ey 1 e 2% 149 & N
1 4T 1 Iz 26OIS N
i : 23 1 X2 €S 1. =S N
! 2% 1 Iz o € a8 N 4
) 1 32.5%S m? A& N
I3l 1 I3 1@ 1% 28 N
Ied 1 I ES €. 408 N
I3 1 & &n &7 5SS ON
T4 1 2 7S ToA%a N
4 Ix%5 1 32 3% 19 28 N
] Ix7 1 II. 20 2% &5 N
| Iid 1 iI.05 14 a8 N
Y K 1 2240 11 1% N
48 1 2315 1(t2. 4 N
41 1 3. %@ 2 E%0 N
I42 1 2. 10 4 aSg N
. o e 1 ¥z 1S 10 85
" ¥44 1 11 45 14 IS N
. 145 1 I 60 £ S8 N
T4 1 iz To € &390 N
47 1 I 40 19 28 N
idd 1 I&.In 10 T8 N
143 1 IIo1a 16, 'S N
i5a 1 T2 39 €. 4@ N
o K35 G T2 8% 1€ IS N
o
84
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o
=, R

pEsA PULSE LIFE T2 TSR B A A T VL S R o

RN L RTH®=20

TEST #. -

TE2T 1k YR
TTTLING TS i

SER O OBIN. .

S

3.
-— L
1)

ReRn Y ¢ ! * Add 5,760 pulses from Contract

N No. NAS8-30811 for total pulses.

1
I 1 N 1
Shte 1

AL RS

DN

i R

the b PO Fo

PR ¢

£
T3] ce KN
3; oo ';1 'E; 3 '
A %) PO AP I
)

14

e

Pos 30l Po i3 F P X, £
LA LR IE TR R LIS AR A
-

. -
v
DR,
—

At

oS

D
o
N

-- Ji.. Ay M
: a2 79 CES N
. PN B 47a
i S 6% s i h
o FRE | CEL A
B b g 8%
KRN zi a8 @ 15 N
= = by

S e bV R

B o o N S O e S e LA

bobo bo bo bo o ko be bo bo bo Bo bo Be Be Be e is b b

E1
@
; [x]
v > S
2 o Ix]
A s a PR R
3 e A% E1.6 N
igl ORI 21 a4 & N
Jad I aa U I
SeE 2 S0 PR
-3 D4 o, TERE N
e w7 - T
o 289 A win
av .. ca S RN
¢ 24084 P
) P N 453 h ORleAL PA-GE E
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=
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=

A

0
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N SRET R SUETTOE S S S T P Y 2 A MO O

< BCRl IR B IS L0
Do

R
-
=

[ T
oo

o
= Z

7,
L

<

RO VRN PRSI Y S S VU R N P PR B T S P U P Y R

n
o bo o o b S0 b b e

e 60 $a 3 PO e
v
. e
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=
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o
[ k H
BT fa e e P e D b e T,
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47 P eSS N
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NASA FLLSE LIFE TEZ]D
ZTANET RTN#=20
TEZT #. ¥
TESY 10 YR &
UNITS \s A

INSEAGRA vEH PEAK FULSE CURRLNT FINFL:®

* Add 5,760 pulses from Contract

1l e: em
B 12 &4

eu 3 S%a

2 1 I3 2% 5. 69 N . - o 8@5,
103 . P S0 7E N No. NAS8-30811 for total puls
iwé 1 31 60 TSN
IA% 1 &0 1o g N
TR i Té =% a8 TS N
rav 1 Ze R 23019 N
¢ 13 1 bl 1 20 H9 N
AR 1 27 0% o2 49 N
a0 1 T2 S22 1SN
’ % 1 SR S S 16, @0 N
C 1z 1 3310 11. 28 N
A 313 ) I e 1349 N
i 314 1 x> 1@ 127 AN
315 1 33090 2% 99 N
16 1 2. 9% e3 L5 N
37 1 I& 9% 13 7O N
I 1 216 TOHS0 N
P 1 1. &9 S L9 N
Iz 1 I& 9 114 8 N
Iaa 1 el <] 140 & N
22 i 35,0 12 290 N
. T2k 1 I 48 21 &8N
! 24 1 & 4u 14 I3 N
=i IS 1 T Té IIv @ N
- T2 1 -] 44 S5 N
! 27 1 3. 1@ 1 25 N
: o 1 se. en 12 29 N
Ieo 1 2. 0% 12 1% N
I 1 2. 9% T1 3% N
31 1 S5 ao 1o €8 N
ixa i 2. 69 €. 20 N
XXX 1 Ig. an e 9 N
i 1 Iz . Ta 18, @1 N
_ 3 1 2 g 11 1% N
. 7 1 13 2% & 0@ N
. - I SR S 12 12 75 N
] 339 1 2. 40 v.ase N
- x4 1 T3 la 14 . a N
= 41 1 Iz €@ € 400 N
I I42 1 12 10 I 95a N
3 343 b e 1S 15 e N
B 44 1 22 45 12 09 N
245 b 2. €@ € %8 N
. 346 b 2. 7% a SS0 N
. 147 1 2 4v 1e €0 N
x4 1 e XU 1€ @@ N
14 i 3 N
x5 1 i N
K 1 ie. N

DEN-SVE

o
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NAER PULEE LIFE 1L 2 TN E A CRE b B e ' .
STaws RTHNWS 0 ' Pt ol ek, brji i ..
TE3T - 4
1557 !c‘, . '.’F' l"‘
UNITS Y H
SER EIN

o 5 ; * Add 5,760 pulses from Contract

167 i da, S N
Tes 4 g; So ;!*.‘44;-;1 :: No. NAS8-30811 for total pulses.
TS i I 10 2%
15 b JI6S ce N
16l 1 i Y] A LK
) i e ] HOSEN N
167 1 cieS cel o oN
148 1 e N 1) 400 8 N
17a 1 e N Y] Sad &
171 i -, S 2ooe0n N
174 1 23 10 &5, s N
ivs 1 210 8l 5 N
17 1 23 €8 1re & N
v 1 X I TR N
121 1 Iz en LOSTa N
184 1 -2 IS 172 v
149 1 > oas I 0oy
136 b >2. 1. 28 R T
1320 1 220 s N
132 1 2 PRI I Y
154 1 22 a8 TET Sy
137 1 12 1S oahosoy
1329 1 I3 1s Toasn oy
| 204 1 r2. a8 dETS N
: gl 1 T2 9 Sod 0o

‘ 18
‘ ORIGINAL PAGF. 13
OF POOR QUALITY
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NASA FULSE LIFE TEST  3afcatd 1oy f1 b FULHE CURFENT AP Ter Do RIS
BTN RTHN =20

TEST 4 - 4

TEST 10 YR IR

UHITS ! A

SER BIN

17y 3T AN Tl ] % Add 5,700 pulses from Contract

No. NASR-30811 for total pulses,

88
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NRSR PULSE LIFE TEST INSESER 78% FERK PULSE CURRENT INETIAL:; ®
STRE#=2 RTN#=20
TEST @ S 3
TEST ID: VYR IR
UNITS: v A
SER BIN
104 1 88.7@ 32.35 N * Add 5,760 pulses from Contract
ies i 89. 38 2% 15 N No. NAS8-30811 for total pulses,
1@¢ 1 87. 7% €4. 7S N
199 i g87. g 74 25 N
110 1 87. 45 €2. 3% N
112 i 89. 2% 22. 30 N
1i¢ i 91. Se 7e.7e@ N
120 1 89. 6@ §5. 1@ N
121 1 89. 7@ 46. 7S N
122 1 87. 45 ve. 50 N
124 1 9@. 95 §8. 60 N
126 1 87. 20 66. 7S N
ize 1 89. @0 25. e@ N

. 132 1 92 9@ 12. 85 N !

= 135 1 87. 65 16. 25 N

- 126 1 88. 10 €8. 60 N
127 i £88. 8@ 28. 85 N
139 1 87. 10 9€. 5@ N

- 140 1 88. 70 1. 85 N

- 141 1 8¢. 8@ 16. 78 N
144 1 89. 40 2a. 7S N
146 i g8¢. 90 20. 7?5 N
1506 1 89. 1@ 86. S5 N

=

89
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.



NASA PULSE LIFE TEST
STR#=X
TEST #:
TEST 10:
UNITS:

SER
101
1S
106
i@9
iie
11z
11¢
1ze
121
122
124
126
1z@
132
135
1xé
137
139
140
141
144
146

-1%5a

Bl

RRRPRRRRRPRRRRRPPBPRRRRBRRRBRREPARRR

N

RTN#=2@

v

VR

. €%
.28
.20

A

25,
22,
k-3
k3-}
S1.
2z.

44.
4z,
€4. 2

41.
18,
14,
17.
S1.

€4,
1.
11.
2e.
16.
71.

INSESER 7%% FPEAK FULZE CURRENT AFTER 7566 PULSES,;
€

IR

* Add 5,760 pulses from Contract

ce
No. NAS8-30811 for total pulses. .

40
28
7S
2e

[
<
ZLTZZZTTZZZETZZ2TZTZZTZZZTZ
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-
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PEE 1

NASA PULSE LIFE TEST  INSESER 7SN PEAK FULSE CURRENT  AFTER 10000 FULSE .#
STA#=2  FTN#=20

TEST & S €
§ TEST 1D VR IR
‘ UNITS: Ui R

SER  BIN * Add 5,760 pulses from Contract
101 1 88 8@ € 38 N No. NAS8-30811 for total pulses.
188 1 89. 5@ &1 S8 N
1as 1 87. 38 7 1S N
ie39 1 87. &8 S3I 1S N
i@ 1 87. 48 S& %o N
112 1 89, ¢ e Te N
11¢ 1 91 €S & 88 N
120 1 &9 ¢ S& X5 N

' 121 1 89. 7@ 34 3G N

: 122 i 87. 8§ 9. @85 N

: 124 1 90.88  1@1.6 N
12¢ 1 87. %0 44 €0 N
120 1 83, aw 18 XS N
1x2 1 92, as 11. 15 N
128 i &7. €5 1€ %@ N
126 1 88, 10 Sz. 88 N
137 1 88. &@ 19 95 N
129 1 87. 2@ €€ IS5 N
14a 1 88. 7S 1. 96 N
141 i 86. &u & 7Sa N
144 1 88 S5 &£5. 08 N
146 1 27, 6 22. 7S N
15ea 1 89 @ Fr. 99 N »

B
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NRSR PULZE LIFE TEST

INGESER

. e

CON FEAY FULZE CURFENT AFTER 1.5 FULZED #

STA#=) FTN#=21
TEST # &
TEST ID: YE IF
WINITS v A
SER  EIN
141 1 e &9 42. 75 N * Add 5,760 pulses from Contract
145 1 29. 20 17 SS9 N No. NAS8-30811 for total pulscs.
1ae 1 7. 46 4¢. 3% N
1a2 1 gr o 4. 10 N
11 1 27 45 S2. 76 N *
11z b 83 39 £6. 7S N
1ile 1 91 7a ST.S5 N !
120 1 €9. 65 94. @ N
121 1 &9 va J1. 95 N
1z2% 1 &v. €0 94 X5 N
124 1 0. &5 104. 1 N
126 1 87. 25 I9. 600 N
1@ 1 89. 15 18. 7S N
123 i 93, 25 14 a0 N
1395 i g87. €5 15 1S N
128 1 28. a5 45. 40 N 2
17 1 88 7S 17. 55 N y
129 1 &v. 1@ 4. XS N
142 1 gg. 7o 27. %8 N
141 1 86.75 7. 950 N 4
144 i €9. Sa 25. 68 N
146 1 &e. 90 17. S5 N
15@ 1 &9. 2a 7@.15 N
|
4
i
92
u’}' ] - - ~- = - j
;F, S S i | —— !Qn *




s e

NASA PULSE LIFE TEST

STR#=2
TEST &
TEST 1D:
UNITS:

SER
101
108
106
109
110
113
116
120
121
123
124
126
130
133
135
136
137
139
140
141
144
146
150

BIN

RRRPRBRRBRRBRRBRBREBRRRBRE DR R R R

RTN#=zQ

S 3

VR IR

v A
88. 7@ &7 A8 N
89, 35 22. 35 N
87. 25 44 €@ N
8?7. 75 4. 40 N
&?7. 25 49 S N
89. 25 16. @S N
81. 50 s5.2@ N
89, Sa 5. &8 N
89. 65 IX. 55 N
87. Sa Ti.85 N
94, 80 94. 5 N
87. 25 35. 55 N
89. @0 15. 1S N
92. 20 12. 80 N
87. €5 10. 35 N
87. 85 42. 7S N
88. 65 12. 85 N
87. 10 7. 5% N
88. 60 19. 86 N
8¢6. 70 9.600 N
89. 45 26. 89S N
8¢, 9@ 22. 3S N
89. 20 67. 1S N

5 18

PAGE
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-
i
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€
-.ll'

EEAK FULSE CUPFPENT

* Add 5,760 pulses from Contract

L adi

HFTER LS000 PULSES.®

No. NAS8-30811 for total pulscs.




NASA PULSE LIF™ TEST INSESER 7S PEAE FULEE CUFFENT FINFL. ®
STH#=Z RINS=c

TEST # b €

TEST 10 VR IR

UNITS. \4 H

SER BIN

141 1 g8 7e Ta. 3% N * Add 5,760 pulses from Contract
1@s 1 £9. 40 A7 . 1S N No. NAS8-30811 for total pulses.
10¢ 1 87. 20 45, £@ N

189 1 87 8 49 85 N

110 i gr. 30 44 75 N

112 i 89 2@ 17 1% N

118 1 w1 58 S1.20 N

12 1 89 5% 51. 20 N

121 i £9. 60 25 €66 N

12% 1 87. 595 72 S5 N

124 1 9@, 7a “€. 2@ N

126 1 8v. ze 2. 85 N

1x¢ 1 8. 7S 17. 85 N

122 1 2. 95 7. @S N

1%5 1 87. 65 12. 8% N

1€ i g?7. 9% 44, 25 N

137 1 ge. Ve 18. z2ae N

129 1 ev. 2n 0. €6 N

148 1 8. &5 25 . SS N

141 1 g86. €5 4. 758 N

144 i g89. 5@ @ 25 N

i4é 1 g6, 90 19. 26 N

159 1 9. 1§ 68. 7S N
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RASAH PULSE LIFE TEST INGESER L0 PEAL FULSE CUFFENT INITIAL . *
STR#=3 RTN#=2@

TEST & <) (3
. TEST 10: VR IR
UNITS: v i
is‘g B;N 87, sa 23 S0 N * Add 5,760 pulscs from Contract
153 " 6. €5 T8 40 N No. NAS8-30811 for total pulses,
15¢ 1 87, 89 €3, #S N
188 1 88, 20 44, 7S N
162 1 g8, 1% €& IS N
16 1 9@, 0s % XD N
165 1 P89 I8 e N
168 1 91. 29 34,40 N
1731 1 &7, 45 4€. Q0 N
v3 1 .45 9. IS N
176 1 8. €% I IS N
ivs 1 98, as 44. 7S N
173 1 &v. Sa & 40 N
igl 1 88, 2¢ ST.S5 N
182 1 &7. 55 105 6 N
134 1 €9, an $3. 95 N
128 1 &v. 95 41. SS N
188 1 89, 4% X8, 45 N
189 1 &?. X0 S1. S N
190 1 gr. ?s Se. e N
152 1 e3. 10 71.15% N
13$ 1 ev. ? 47. 9a N
196 1 88, eu 2. a0 N
198 1 8g. ?% 44. 75 N
318 1 89, 94 17. 59 N

s
GINAL PAGE ]
O SOOR QUALITY
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CHER PULSE LIFE TEST  INSESER  1éon Fio

FULZE CURRENT AFTEF 7600 FULZES, #
2THe=1 kTha=g@a

TEST # < €

TEST 1D VR IF

UNITS v A

155 q" * ses Contract
158 1 g oo 2o.I8 N Add 5,760 pulses from

124 1 gg 78 45 €0 N No. NAS8-30811 for total pulscs,
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