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PREFACE

The work described in this report was performed by the Parts Evaluation
Laboratory section of the McDonnell Douglas Astronautics Company-St. Louis
Engineering Reliability department during the period between. July 1976 and
November 1978. The work was performed for the USAF Rome Air Development
Center under Contract Number F30602-76-C-0371. The RADC project engineer was
W. Keith Conroy. Significant technical contributions were made by Messrs.
Gordon Johnson, Gary Keller, Ron Mackin, Michael Roberts and Edward Sisul.
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ZYALUATION

It is uscally desirable, but not always pnssible, to fully characier-
ize and evaluate the reliability of linear mic~ocircuits before a MIL-M-
3851C detail specificatiun s generated., The specification must be
verified 10 preveat manutacturers from qualifying inferior products either
because *he specification ‘coesn't accuret:ly retlect the screening condi-
tions that vere intended, or these conditions, however accurate, are
insufvicient., In this effort, both the selected iincar devices and their
respective detail slash shee.s weic evaluated. After tle specifications
were vevifiad, sample parts were screened to the verified specification,
stressed, and tested in order to measure their fitness for military applica-
tions. The resuit of this screening and testing is a reliability determina-
tion based on a failure rato extranoiation. The reliability data generated
in this contraciual effort will be used to determine which vendors of the
Lroducts tested have potential for supplying reliable, military grade
linear microcircuits, and also to provide some insight intc the ctate
of the art in linear microcircuit production. In addifion, the vendors
pariizipating in this study can use Lhe failure analysis data providec to
imprave their product which will result in increased yield, higher
reliability. and lower cost. Recommendations for improvement c¢f the
prcrurement specification will be.implemented in both MIL-STD-883, “Test
Methods and Procedures for Microelectronics,” and MIL-M-~38510, "General

Specification for Microcircuits," resulting in an improved standerd for

procuring reliabile lin2ar microcircuits as part of the R5R TPO thrust in

Solid State Device Reliability.

%Léﬁidf? (:;;7V43;Z<7f

W. KEITH CONROY

Project Ergineer <i




1.0 INTROPUCTION

The objective of this program was to evaluate the reliability ot selected
MIL-M-38510 linear nmicrocircuits. Included in the evaluation were a) devioe
electrical characterizations, b) analyses of device physical characteristics,
¢) deterninations of device thermal characteristics, and d) hiygh temperature
accelerated test studies of device aging characteristics. Kkesults of the

evaluation were intended to provice infoniution related to the following:

a) Adequacy of MIL-M-38510 specifications and test methods of the selec-
ted Tinear devices,

b) Relationship of device physical characteristics and processing iech-
nigques to device reliability,

¢) Failure mechanisms,

d) Failure distributions at acceleratec test conditions, and

e) Arrhenius model parameters and failure rates.

This report pirovides a general description of the overall program and
presents the results of tests and evaluations perfonmied prior to, during, and
subsequent to long-tern high temperature accelerated life tests. Inciuded 1n
these tests are all tests and evaluations required as a prerequisite to
initiating long-term high temperature life testing, as well as the interim and
final electrical measurements, results of characterization *esting, analysis
of failed devices, and analysis of failure data to determine device aging

characteristics,

ot or e C PN P )




2.0 PROGRAM DESCRIPTIOHN

The overall reliability test and evaluation of the MIL-M-38510 linear
microcircuits program is depicted in Figure 1. A total of five device types
from “wo manufacturers each were included in the program. The specific device
types and manufacturers are shown in Table 1. At the time of procuresent both
the L1109 and the 78M05 devices were specified in MIL-M-38510/10701 as elec-
trically equivalent 5 volt regulators, and the LM109 was only available from
ianufacturer B. Therefore, the Manufacturer D 73M0O5 was used as the second
source for the LM109 regulator. However, for clarity, the Manufacturer D
device is referenced as a LMI09 throughout this report. A total of 150 of
each manufacturer's device type were procured to MIL-M-38510 Class B, or
equivalent processing requirements. Upon receipt at MDAC-St. Louis, all
devices were subjected to external visual examination, henjeticity tests and
electrical tests. The electrical testing consisted of MIL-M-38510 Group A, dc
tests at 25°C, -55°C and 125°C. However, when a high percentage of devices
failed to weet the MIL-M-38510 parameter limits, the end-point limits were
adjusted as required, to obtain an adequaté number of devices for accelerated
life testing.

Subsequent to performing the initial examinations and tests, acceptable
devices were assigned by serial number to test grcups. Device allocation for
each manufacturer's device type is shown in Figure 1.

Electrical characterization testing was performed to provide a complete
description of the electrical characteristics of each manufacturer's device
type. The testing included, in addition to the initial dc electrical tests
performed with all devices, sample tests of ac parameters and transfer charac-
teristics.

Construction analyses require destructive physical analyses to determine
construction methods, manufacturing process techniques and workmanship used in
the fabrjcation of devices. Results were used to predict potential reliability
problens, determine possible accelerated Tife test limitations (due to mater-
jals used in device fabrication), and to facilitate subsequent failure analyses.
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TABLE 1. LINEAR MICROCIRCUIT TYPES
M28510 PART NO. | COMMERCIAL
REFERENCE PART NO. PART TYPE MFR |PROCUREMENT SPEC
M38510/10104 BGC L M108A OPERATIONAL AMPLIFIER | A [MFR'S ELECTRICAL*
B |MFR'S ELECTRICAL*
A

M38510/10107 BGC LM118 OPERATIONAL AMPLIFIER, | C  [MFR'S ELECTRICAL*
HIGH SPEED B [MRF'S ELECTRICAL*

M38510/10201 BIC 723 PRECISION VOLTAGE 0 |Jm3ss10
REGULATOR C  [MFR'S ELECTRICAL*
M38510/10304 BSC LMY PRECISION VOLTAGE D [MFR'S ELECTRICAL*
COMPARATOR/BUFFER B [MFR'S ELECTRICAL*
M38510/10701 BXC 78M05 VOLTAGE REGULATOR, D |MFR'S ELECTRICAL*
LM109 5 VOLT ' B |MFR'S ELECTRICAL*

* DEVICES WERE TO MEET THE MIL-M-38510 ELECTRICAL CHARACTERISTICS, BUT DID NOT NEED
TO BE TESTED TO THESE REQUIREMENTS IF JAN TEST TAPES WERE NOT AVAILABLE.




i

The initial device studies were prerequisite to performing the acceler-
ated life tests and included an avaluation of the MIL-1-38510 bias circuits for
accelerated tasting, development of rev bias circuits as required, and thermal
resistance measurenents for computing device junction tesperatures at rntici-
pated test temperatures.

Three accelerated life tests were pertformed o provide information
about device failure mechanisms, failure distributions and 1ife acceleration
factors. Actual life test tenperatures were deternined from results obtained
in bias circuit evaluations and step~-stress tests. Etach life test was conduce
ted for 4,000 hours or a minimum of 50% failure, whichever occurred firsi.
interim electrical tests were performed on life test devices after cool-down
tec room temperature with bias applied. These measurements consisted of
MIL-M-38510 dc tests at 25°C and were pertformed at 4, 8, 16, 32, 64, 128, 236,
500, 1,000 and 2,000 hours of life testing. Unless otherwise directed by the
Project Test Engineer, all perts that failed an interim test were removed Trom
che 1ife test ena subjected to failure analysis. At the conclusion of each
1ife test, surviving devices were subjected to the same set of MIL-M-38510
electrical teste performed prior to life testing.

A control sample of each manuracturer's devices was subjected to electri-
cal testing each tima the test devices were subjected to interim or final
electrical tests. The purpose of the control sample was to provide a check on
the Tong tarm stability of the automated test equiprient.

Application and test related studies were performed to determine applica-
tion-related reliability problems associated with system use of the linear
devices included ir this progran. Application and test related experience
derived throughout the program was used to develop design guides for items
such as board layout, compensation, bypassing, and interfacing. '

L&)



3.0 RESULTS OF PRE-LIFE TESTS AND EVALUATIONS

3.1 EXTERNAL VISUAL EXAMINATIONS AND HERMETICITY TESTS

Upon receipt at MDAC-St. Louis, all devices were exaained for conformance
to purchase order requirements for device type, package style, lead finish,
and marking. Each device was exanined at 3X magnification for evidences of
gross damage to package, nackage seals, and leads. Fine and gross leak tests
were then performed per MIL-STD-883, Method 1014.1, Conditions Al and C2.

With one exception, no major visual or hermetic defects were found in the
delivered devices. One manufacturer's devices were rejected for incorrect
Tead finish and were subsequently replaced. Results of examinations and tests
performed with this manufacturer's replacement devices and all other manufac-
turers' devices are shown in Table 2.

Replacements for electrical test rejects were also subjected to visual
examinations and hermeticity tests. Thus, the total quantity of devices shown

in Table 2 exceeds, in some cases, the procurement quantity of 150 devices.

3.2 BASELINE ELECTRICAL PERFORMANCE TESTS

With the exception of the devices noted in Table 2, all devices surviving
the initial visual inspections and hermeticity tests were subjected to elec-
trical performance tests at 25°C, -55°C, and 125°C. These tests consisted of
selected subgroups of the MIL-M~38510 Group A tests. Specific subgroups for
the MIL-M-38510/10104'(LM108A), /10107 (LM118) devices were Al through A6.
Specific subgroups for the MIL-M-38510/10201 (723) and /10701 (LM109) devices
were Al, A2, and A3. The speci®ic subgroups for the /10304 (LM11ll) device
were Al, A2, A4, and A5. IM11l testing at -55°C (Subgroups A3 and A8) was not
performed due to device/test fixture oscillation at -55°C. Details of the
electrical test conditions and end-point limits used for testing each device
type are contained in Appendix B. In most cases the end-point limits are
those contained in the current MIL-M-38510 slash sheet. However, in several
instances the end-point limits were relaxed to obtain a -sufficient number of
"good" devices for subsequent testing. A summary of the MIL-M-38510 parameter



TABLE ¢. INIVIAL INSPECTION AND HERMETICITY TEST RESULTS

’ VISUAL INSPECTION EE»R_ME”CITY TE§_‘§ TOTAL SURMITTED
FINE LU GRUSS LEAK Y. .
COVSERTIAL M. ' w. | . NO. M. | FAIED [ ELECTRICAL
PART %0, MANUFACTURER | TESTED | FAlLEs | TesTeo | FAILEn | Testeo | rareo | otvices st

LM10GA A 198 0 198 1 197 3 ' 194
8 150 2 148 1 147 3 § 184
LM118 ¢ 150 0 150 0 150 3 3 187
B 150 0 150 3 1 v 3 147
723 o 150 2 148 1 147 0 3 147
188 3 185 0 185 0 3 185

LH11] 0 150 0 150 2 148 0 2 120 A

150 0 150 0 150 0 0 133 Db
7805 0 150 1 149 1 148 u Z 145
L LH109 B 150 0 150 0 150 1 1 149

: I i

A 3 Devices used for construction analysis and 3 devices were subjected to Gas Mass Spectroneter Analysis.
£\ 13 Sevices used for test fixture deveinpment,
& 11 Devices used for test fixture development,




limits that were revised is shown in Tanle 3. Pesults of the initial elec-

trical testing using the revised end-point limits are summarized in Table 4.

Parametric data taken at 25°C is shown for each device type in Tables 5

thorugh 9. The tables providing parametric data contain the parameter limits,

a computad mean vilue of the parameter for all devices meeting the revised
specification limits, and a computed standard deviation of the measured

parameter values. E[xamination of the test data revealed no marked differences

between manufacturers for the majority of param=ters. However, the gain tests )
on both the LMIOGA and LM118 devices da show a difference of approximately one

grder of magnituda. This is caused by nonlinearities in the dc transfer

responses and is discussed in more detail in Appendix E. Also the I

10
values for the LM118 devices differ by an order of magnitude. The LM109 also
exnibited an appreciable ditference in 1ine regulation (VRLN) and load

ragulation (VRLD) parameters. Monufacturer D's devices exhibited better

line regulation while Manufacturer B's devices exhibited better load requlation.
The Manufacturer D device was actually a 78M05 device, and has different
cirvcuit design which accounts for the differences in these characteristics.

The only JAN qualified device was Manufacturer D's MIL-M-38510/10201 of
which five devices were rejected. There were two visual, one hermefic, and
two electrical failures noted in the initial examination of the JAN devices.
A1l data on the failed devices can be found in Appendix G.

3.3 MICRCCIRCUIT CONSTRUCTION DETAILS

A destructive physical analysis of at least two of each wanufacturer's
device lype was performed to deterinine the materials, construction methods,
process techniques and quality of workmanship used in the device fabrication.
Complete results of these analyses including schematics and chip topography .
are contained in Appendix A. With the exception of the basic package type and

material, no major construction differences were noted between manufacturers'

device types. All devices had the followitrg construction characteristics in
comon, a) aluminum internal wire and chip netalization, b) gold plated Kovar
external lead and internal post, c¢) gold-silicon die attach, and d) a welded
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3 VABLE 4. INITIAL ELECTRICAL TEST RESULTS
1 ( FAILURES AVATCABLE
3 PART NO. INTO | FOR
: NO. MFR TJEST 25°¢ 125°C | -85°C TOTAL TEST
723 D 147 6 ) 6 /N 141
M 723 C 185 40 39 62 123
% LM108A 8 144 4 17 9 27 117
* LM108A A 194 A\| 42 13 10 51 143
R TRSE c 147 2 11 0 13 134
% ILM118 B 147 4 6 5 13 134
LM109 B 149 5 4 6 13 136
|-M109 D 148 0 10 | 138 Al 10 138
LW 11 B 133 4 4 Pa 4 129
LML D 129 4 la 4 125
g |
[ﬁ; Fou:: (4) parts were destroyed by test equipment failure.
125 Two zul"parts also failed at 125°C. The remaining 134 were -55°C
VSTART hagaqeter test failures which were ignored for the iife test
progran, -
,\&u
A\ The -55°C tests weré“agt performed for this device due to excessive
oscillation, .
\»\
"
4@3 Of the 194 devices which were sebmivted for electrical tests, 28 devices

failed the initial 25°C electrical tests and were returned Lo the manu-

facturer for replacements.

Since the 125°C and ~55°C electrical teste

vere not performec on the 28 returned devices only 166 devices were
tested at -5%°C and 125°C,
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TABLE 5. M38510,1¢104 (LMI08A) INITIAL FLECTRICAL 25°C PARAMETER CHARACTERIZATION

] NUFACTURER B | MANUFACTURER A

- LIMITS
PARAMETER |y o?'  — MEAN | SIGMA | MEAN | SIGMA | UNITS
MIN | MAX
Vio 1-4 | -0.5 | +0.5 | -0.007 | 0.204 | -0.003 | 0.137 | m
+hys 7 80 | --- | 1,614 | 1,892 |865.8 | 1,568 | v/mV
-Ays 72 80 | --- | 1,920 | 3,039 |203.5 |87.26 | v/mv
#Ays 75 20 | --- | 1,320 | 1,373 |252.6 | 255.2 | V/mv
-Ays 76 20 | --- | 2,534 | 8,859 [141.4 | 47.95 | V/ou
Iy 5-8 | -0.2 | +0.2 | -6.012 | 0.041 |-0.007 | 0.026 | nA
Iy 9-12 { -0.1 | 2.0 |1.067 | 0.413 |1.056 |0.305 | nA
Iy {13-15f <0.1 [ 2.0 [1.078 | 0.415 |1.063 |0.302 | nA
+PSER | 17 0 16 10470 | 1.636 12438 |0.903 | /v
-PSRR | 18 o | 16 [1.707 [o0.925 |1.m18 [ 2.078 | wv/v
CMR 19 96 | --- |124.7 |8.916 |121.124]7.240 | B
+o 22 { -15 | -2.0 |-5.406 | 0.165 |-9.033 | 0.627 | ma
“Tns 23 2 | 20 |41 |o0.269 |12.289 | 4.302 | mh
Py 24 2 | 24 |11.38 |0.874 |13.958 |2.588 | N
Vopi 67 16 | --- ]13.493 | 0.090 |19.167 |0.078 |V,
Vop. 1 1 hsase | 0056 118.914 | 0.064 |V,
. S . -

1




TABLL 6. M38510/10107 (LM118) INITIAL ELECTRICAL 25°C PARAMETER CHARACTITIZATION
MANUFACTURER C | MANUFACTURER B
PARAMETER | TEST LT MEAN SIGMA | MEAN | SIGMA | UNITS
NOS. | MIN | MAX
V1o 1-4 | -4.0 | +4.0 | 0.053 | 1.273 | -0.319 | 1.393 my
+hyo 69 80 - | 2068 3915 | 151.9 | 29.11 | v/mv
-Ays 70 80 --- | 2966 8711 | 112.0 | 16.46 | V/mV
+Ays 71 80 --- | 964.4 2321 | 154.0 | 81.50 | v/mv
~Ays 72 80 --- | 140.9 | 129.9 | 174.9 | 65.18 | v/mV
*A 73 40 --- | 61,2 | 129.1 | 169.5 | 98.31 | v/mV
“Ays 74 40 --- | 228.9 | 778.1 | 115.92 {18.21 | v/mv
+hy 75 40 --- | 525.8 1037 | 123.2 | 70.73 | v/mV
-Ays 76 40 -—- | 738.6 1852 {1139.8 | 3037 v/mv
Iy 5-8 | -40 +40 | -9.439 | 9.523 | -0.317 | 6.401 nA
1 9-12 | + 250 | 173.5 | 31.44 | 168.0 | 23.82 nA
I 13-16 | 41 250 | 187.0 | 31.23 ! 111.2 | 24.05 nA
+PSRR 17 0 100 | -14.768 | 10.15 | -26.08 | 10.37 | uV/V
-PSRR 18 0 106 | -35.373 | 12.13 | -14.95 | 6.447 | uV/V
CHR 19 80 --- | 100.1 | 6.568 | 105.3 | 8.658 dB
Vig apugs) | 2 7.5 --- | 16.92 | 1.193 | 12.52 | 0.830 mv
Vigapg(o) |2V |75 | --- | -16.83 | 1.397 | -12.68 | 0.844 | m
Igs(+) 22 -40 -12 | -30.19 | 1.358 | -31.18 | 1.205 mA
Ins(-) 23 12 55 | 24,94 | 2.533 | 39.42 [ 1.553 mA
P 24 10 280 | 204.3 | 11,65 | 262.6 |9.72 mi
Vopp 57 34 --- | 37.81 [ 0.147 | 3777 foa v,
Vopp 68 32 --- | 35.60 | 0.138 | 36.25 | 0.123 | V.,

12
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1ADLY /. PACoIVU/HUcUE \/7£0) INLiLIalL el ECIRICAL 2270 PARAMEITER CHARACTERIZATION

[ MANUFACTURER D | MANUFACTURER € ]
. oot MANUFACTURER D | MAWUFACTURER C1
veq | TEST | LIMITS \
PARAMETER | '\ o =1 MEAN | SIGMA | MEAN | SIGMA | UNITS
ColMme | max
VRLINE 1] -0.10{ 070} -0.017 | 0.004 | -0.019 | 0.011 | % vy
VRLINE 2| <0.3 0.3 | -0.117 | 0.029 | -0.141 | 0,049 |5 v
VaLINE 3| -2 102 | -0.011 | 0.005 |-0.013 | 0.000 | % Vg
VRLOAD ¢ [ -0.15[0.16 [ -0.011 | 0.009 |-0.007 | 0.010 | % vy
VRLOAD 5 |-05]0.5 | 0.000 |0.014 [0.001 |0.005 |% vy
VaLoAD 6 |-0.2 0.2 |0.003 | 0.008 |0.003 |0.003 |% vy,
Veer 701695 |7.35 | 7.243 | 0.05 |7.208 |0.097 | v |
Tsen 8 |0.5 13.0 |2.472 |0.143 |2.185 | 0.412 | mA
o g |45 |8 5919 |5.217 |58.58 |2.801 | nA |
|
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TALE §. M38510/10701 (L103) INITIAL ELECTRICAL 25°C PARAMETLR CIARACTERLZATION
_ MANUFACTURZR D | MANUFACTURER B |
TEST LINITS
PARAMETER | TEo° : mEan | stema | mean ! sigMa | unITs
| omiv ! omax
Vour 1 | a.80 1520 | 5.039 | c.061 | 5.044 | 0.042 | vdc
Vour 2 | 480 |5.20] 5.003 1 0.060 | 5.044 | 0.081 | vde
Vour 4 | 4.80]5.20] 5.0 | 9.063 | 5.029 | 0.044 | vde
Vo 6 | ~20 |+20 | s5.7110 ] 2.626 |[-17.388 | 1.908 | mvdc
VLo 7 | <50 | +50 | 35.689 | 3.510 | -2.798 | 2.626 | mvdc
Iegg ¢ lago!l o | -a.08a ! 0350 | -7.168 | 0,382 | made
Iecp 10 {100 0o 1 -4.070 | 0.367 | -7.224 | 0.367 | madc
Iecp M 1-16.0! o | -4.056 | 0.3¢3 | -7.130 | 0.368 | mAdc
My 12 | -0.8{-0.8{ 0.01410.047 | -0.056 | 0.046 | mAdc
pgep 3 | <05 0 | -0.008]0.028 | -0.038|0.067 |mAdc
To 1 | <2.0|-0.11-0.90510.149 | -1.221 | 0.003 | Ade
Vorarr | 15 | === | 90| 5.007 | 0.081 | 5.037 |0.086 | vdc
14
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TABLE 9. M38510/10304 (LM111) INITIAL ELFCTRICAL 25°C PARAMETER CHARACTERIZAILON
MANUFACTURER D MANUFACTURLR B
rEST LIMITS !
PARAMETER | | -2 MEAN SIGMA MEAN STGMA UNITS
. MIN | MAX

L 1-4 -4 +2 -.335 AV -.243 458 my
Y10(R) 5-7 -4 +4 -1 .389 -.229 .467 mv
AVC+ 92 150 - 459 73.3 925 1354 V,’mv
AVC- 94 | 150 - 302 88.8 1371 2028 v/
I g-10 | -10 1 +10 678 1.66 1.24 1.18 nA
IIO(R) 1 -25 | +25 3.99 4.44 3.81 3.15 nh
Iips 12-14 | 150 +.1 -56.4 27.4 -53.8 14.7 nA
Iip- 12-14 |-150 | +.1 -57.1 27.8 -65.0 15.0 nA
vIO(ADJ)+ 23 4 - 8.829 .289 5.22 .251 my
vIO(ADJ)u 24 - 4 -8.81 290 -5.369 266 my
CMRR 25 75 - 105 5.76 110 5.95 dB
VoL 1 26-27 0 1{.400 .230 .018 .276 .015 V
VoL 2 28-29 0 |1.500 .833 .021 .915 .037 }
N 16 0 |.500 123 007 123 .007 A
I 17 | -10 0 -.853 .966 -1.30 1.34 A
I 18 o | .100 .048 .003 .048 .003 uA
It 19 0 | .100 .049 .003 .048 .004 .\
e 20 .5 | 5.0 4.1 .244 3.25 .267 mA
S 21 {(-4.0 | -.5 -2.95% .225 -2.306 .209 mA
Ly 22 70 | 200 164 5.01 140 13.0 mA
PO 15 3¢ | 270 211 13.9 167 141 m
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Fid seal. A sunmary of the differences in package type and material is shown
in Table 10. There were no physical features observed that would have a major
impact on life test results or would limit Tife test temperature to below
250°C.

Thirty devices (thfee of each manufacturer's device type) were subjected
to Gas Mass Spectrometer Analysis. This analysis was performed by RADC and
the results are shoun in Table 11. Marfacturer D's 723 devices contained
only traces of oxygen and carbon dioxide, but his LMI11l devices contained
significant amounts of water vapor, argon, and carbon dioxide. Al1l of Manufac-
turer B's devices (LM108A, LM118, LM109, and LM111) contained oniy nitrogen
and carbon dioxide, suggesting that this manufacturer has good control of the
packaye atmosphere during device fabrication. Although surface related
mechanisms are related to water vapor content in the package, the life test
resuics disclosed no  fference between devices with or without water vapor.

3.4 BIAS CIRCUL:  "LUATION

Short-teri high temperature tests of a sample of each manufacturer's
device type were conducted to a) verify the suitability of the MIL-M-3§510
bias circuit for operating devices at ambient temperature up to 250°C, or b)
evaluate candidate 1ife test bias circuits for those device types that fid not
operate satisfactoriiy in the MIL-M-38510 bias cirguit. A suitable bias
circuit was considered to be one that maintained maximum rated voltage across
the device without causing excessive current at anbient temperature up to
250°C. A constant output voltage over the desired 1ife test temperature range
was also desired.

The bias circuit tests indicated that the LM108A, LM10G, and LM111
devices were capable of operating at temperatures up to 250°C without exhibi-
tiny thermal runaway. Themal runaway was encountered with the 723 and LM118
devices, at ambient temperatures above 20Q0°C.

16
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TABLE 10,

MICROGIRCUIT CONSTRUCTIOM DIFFERENCES

PACKAGE
PART TYPE MANUFACTURER PACKAGE TYPE MATERIAL
M38510/10104 B T0-99 Nickel
1LM108A
A T0-99 Au Plated
Nickel
M38510/10107 B T0-99 Nickel
LM118
C T0-99 Ni Plated
Kovar
M38510/10201 C 10 tead T0-5 Nickel
723
D 10 Lead T0-5 Nickel
M38510/10304 D 8 Lead T0-5 Nickel
LM111
8 8 Lead T0O-E - Nickel
M38510/1070% B T0-5 Nickel
LM109
D T0~5 Nickel

17
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TABLE 11.

SUMMARY OF GAS MASS SPECTROMETER ANALYSIS

|
l CONCERTRATION % (V/V) ]
| ] LK108A { LuI1B Lu109 723 l M1
. CONSTITUENT | e
i wrR ! wR | MFR HR | MR MR MR HER £FR
i [ B ) c LT 0 c 0 8 0
H 1 . i
. WITROGEW Degr | o8 99.97 | 99.77 99.87 | 99.7 99.6/ i 99.97 | 97.931 ¢ 99,57
! | f .
© CARMON | o7 ‘ 0.10 0.03 0.17 0.10 0.10 0.10 i 0.03 ! o.n
. DIOXIDE ' i | |
| : | i |
. RRoun | €33 i : | 000
| : , !
! ! |
o wATEk | 0.5 0,03 0.13 0.23 : l 0.17
VAPOR ' | (
i ! |
OXYGEH L 0.20 0.03 I J
NOTE: YALUES ARE AVERAGES OF THREE DEVICES
18
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The bias circuits used for each accelerated life test are shown in Figure 2.
The details and results of the bias circuit evaluation are contained in
Appendix D.

3.5 STEP STRESS TESTS

When a non MIL-M-3851C bias circuil was used, step stress testing was
performed to evaluate that circuit and to obtain additional device failure
data to aid in the final determination of accelerated jire test conditions.
Step stress testing was parformed on the LM108A, LM11S and LM1il devices.

Five cf each manufacturer's devices were operated in the selected bias config-
uratien for 16 hours in a test oven at 75°C. After 16 hours of operation a.
75°C, devices were allowed to cool down under bias, and electrical testing was
performed at 25°C. The surviving devices were then returned to test at an
ambient temperature of 100°C for an additional 16 hours of operation. This
sequence was repeated in 25°C increments until all surviving devices experien-
ced thermal runaway at 275°C. Therual runaway was not observed in the {MI111
devices. The results of the LMIOBA, LMI18, and EM111l step stress tests are

With the exception of the Manufacturer C IML18 devices, all LM1O8BA and
LM118 failures were due to bake- recoverable surface related mechanisms. The
Manufacturer ¢ LM118 devices experienced a thennal runaway failure mode at
260°C and exhibited melted cnen metalization due to excessive current. Prior
circuit evaluation tests had indicated a therial runaway problem above ¢25°C,
Thermal runaway was not observed witn the Manufacturer B LM118's since ¢l
devices had failed after ihe 150°C step due to a surface related rechanism.
As a result of these findings, LM116 life test temperatures were limited to a
maximur of 175°C to avoid thermal runaway and te enhance the failure time

resolution of Manufacturer R devices at the meximum test temper.ture,

19




30 vDC

40 Vdc
o
1009 :
Ty Iec cct > 5800 540
2vdc 0—A N\ N—— - v )
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I — -0 VG
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MIL-M-38510/10104 (LM10BA) MIL-M-38510/10304 (LM111)

MIL-M-38510/10107 (LM118)

1000 Iin L Vo G s
IE{BU\{(’L""W IN 0T fe—g—o Vg 20 ¥dt O AAA Ve Vol 4
GND 100n v Ny b —]
22F === 5K wov. Fe
| T
—b—

MIL-M-38510/107C1 (LM109) MIL-M-38510/10201 (723)

FIGURE 2. ACCELERATED LIFE TEST BIAS CIRCUITS
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TABLE 12, STEP STRESS RESULTS

i T COMULATIVE "Nj. OF FATLURES
MANUFACTURER| P/N 1 NOTES
75°C 100°C [125°¢ {150°C |175°C |200°C|225°C;250°¢ |275°C

8 tM08r o | o 1 2 3 3 4 4 2,8
A LMio8a!l o0 | 0 0 0 0 0 0 0 2
B LM118 01l 0 3 5 | emm famm | mem | -ee 4
C LM118 o} o 0 0 0 1 1 2 4 3,5
B LMI1) | wme | wee | eee [ eum | 3 3 3 3 5 6
D LMILL [ ~=e [ ome | aem [ -em O 1 Z 2 3 7

Notes:

1.
2.
3.

4,
5.
6.

7.

Fach test started with fivae (5) devices, and each temperature step lasted 16 hours.

Devices drew excessive current at 275°C. Step stress test terminated @ 250°C,

Devices drew excessive current at 275°C, Step stress teminated after 1/2 hour
@ 275°C.

A1l failures were due to surface instability.

A1l failures were due to thermal runaway.

Two gevices failed IIB due to operation of device near the saturation limit of
the amplifier and three failed IIO due io surface instability.

One device failed Lo and two devices failed V10 due to surface instability.
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As had been suggested by the prior circuit evaluation test results, the
LMIOBA devices did not exhibit thermal runaway at Z50°C indicating that the
maximum life test temperature for the LMiI08A's could be as high as 250°C.
However, subsequent attempts to initiate life tests at 250°C did reveai a
thermal runaway problem with a high percentage of devices, and the maximum

test temperature was reduced to 225°C.

With the exception of two Manufacturer B LM11ll device IIB failures at
the 175°C step, and two Manufacturer D LMI11 device VIG failures at 275°C,
all LM11l1l step stress failures were due to out-cf-tolerarce IIO parameters.
The apparent failed values of IlB were attributed to device operation at
common mode voltages too close to the supply voltage. Therefore the baseline
electrical parameters were revised and performed at common mode voltages
(VCM) of OV, -13.5V, and 12.0V rather than the 0OV, -14.5V, and 13.GV speci-
fied in MIL-M-38510/10304. Both the IIO and VIO failures were due to
surface instability, therefore life testing at 250°C was considered reasconable.

3.6 THERMAL RESISTANCE DETERMINATIONS

Upon completion of the bias circuit evaluzrion and step stress tests, the
thermal resistance of each manufacturer's device typ= was determined to
estimate maximum junction temperatures that would be experienced during life
testing. An electrical test technique utilizing the forward voltage of a
substrate diode az a temperature sensitive parareter was used to determine
device junction temperatures. A MDAC-St. Louis thermal resistance tester was
used to make the substrate diode forward voltage measurements. This tester
operates the device in a power dissipating mode for 99.9% of the time and only
briefly (1 millisecond every second), forward biases the substrate diode. Ambient
temperatures and circuit configurations were consistent with expuected accelerated
Tife test conditions during the time junction temperature measurements were
being performed. However, the actual power dissipation was somewhat less than
the expected life test cuntitions. Thus, the thermal resistance values
determined from ticse tests were used to compute junction temperatures at the
power dissipatien conditions expected during life testing.

[
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The results of these tests are snovn in Tabie 13. Thermal resistance
values for each device type are simitar for both wanufacturers, and the

variations between device types are inversely reiated to die size.

3.7 CURRENT DENSITY DLTERMINATIONS

The current density in the VCC stripss of each nanufacturer's device

type was deterimined from measurements of VC stripe dimensions during

construction analyses and wmeasuraments of device currents during bias circuit

lep]

evaluations. Results of these calculations @e shown in Figures 3 and 4 for

anbient temperatures up to 250°C. The naxluum calculated current density at

anticipated 1ife test tomperatures was less than 1 x 104 A/cmz. Therefore E

only minimal metal migracion failures were anticipated in 4,000 hours of 250°C

life testing at current densities below 1 « 194 A/LMK. 3
;
3
]
1
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]
|
¥
i
i
!
]
i
i
!
:
4

23

O WP P



TABLE 13.

MICROCIRCUIT THERMAL RESISTANCE

S e
i THERMAL RESISTANCE
PART NUMBER MANUF . " JUNCTION TO AMBIENT
6., - °C/WATT
! JA
MiL-M-38510/10104 A ] 107.8
(LMi08A) f
£ ; 118.2
e . ——— = X e e e
MIL-M- 38510/10107 ¢ { 67.0
(1LM118) ;
B i 79.0
PR . —-——— _...! \ e ———— e = e = @ s e e = ¢ ]
MIL-M-38510/10201 ¢ i 65.7
(723) |
D g €5.5
e e
MIL-M-38510/10701 B : 60.0
(LM109) ;
U ! 75.0
| MIL-M-38510/10304 B ? 199.9
: (LM111)
! D i 218 .6
24
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FIGURE 3. MICROCIRCUIT CURRENT DENSITY,; LMIO8A, L.M118, 723 & LM109
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4.0 ELECTRICAL CHARACTEPRIZATION TEST RESULTE

Characterization testing was performed in addition t¢ initial haseline
electrical tests to gain furtker insight into device performance characteris-
tics. Those ayranic tests not performed during baseline testing such as
rigpie rejection, output noise, transicnt response, and slew rate, were per-
formed with a sannle of ten of each manufacturer's device type. The
specific tasts perfunned for each device are described in Appendix B. In
addition, the transfer characteristics of two of each manufacturer's device
type were evaluated at various vonditions of temperature, voltage, ~9ad, and
frequency. Summaries of the dynamic test resuits and details of the device

transfer funstion scudies are containeq in Appendix E.

4.1 DYWAMIC TEST RESULTS
The dynamic test results are summarized in Table 14. At least 50%

of vach manufacturer’'s devices Tail one or inore of the dynamic paraneter
tests. Subsequent vevisions to MIL-M-38510 contain relaxed end-peint limits
for these parameters. A review of the new specification limits and the data
fron these tests indicale that no furtvher revisions of the specifications are

neLescary.

4.2 TRANSFER FUNCTION STUDIES
A study te determmine the transfer function (the curve of the cutput

rasponse as a function of input voltage) of two of each manufacturer's devices
was performed. The purpose of the study was to determine the response of
transfer function curves to variations in temperature, voliage, 1oad, and

frequency.

The transfer function of the LMICCA and LM11§ operational amplifiers would
ideaily be the open-loop gain and would appear as in Figure 5. However, inter-
nal thermal effects cause the slone and linearity to change, as can be noted
in Figures 6 aerd 7. In addition to Manufacturer B8's LMIUBA and LM118 devices,
the LM11l devices exhibited one or both of these thermal ef fects. Differences
in phase and linearity re ceused by thermal gradierts which exist between the
inout and output circuits. These temperature gradients are nroduced by the
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TABLE 14 DYNAMIC TEST RLSULTS

1 - ©TOTAL TALLED
PLVICE TYPE —-
MFR MT R MER MFR
A B C D
LH108 A 7 10 - -
LM118 - 6 10 -
723 . ] 10 5
LM10Q ; 10 i, i
LMI11 - 0o - 10
|
) N
3
1 TEN (10) DEVICES GF EACH MANUFACTURER WERE SUBJECTED TO DYNAMIC TESTING. g
P
§
1
F
1
i
i
|
1
|
i
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power dissipated in the outpul stayes of the awplifier. The resulting heat
¢onducts throuyh the siiicon chip causing uneven hcating of the input canpo-
nents. Since all input components are not on isothermal lines, the resultiny
temperature differences in these componcnts cause the device to produce other
than ideal open loop gain curves.

The identification of device characteristics which produce linear
transfer curves within operational amplifiers could not be fully determined.
Although Tinearity is improved by minimizing temperature differences in the
input circuitry, devices with nearly identical die layouts {Manufacturer B
and C LM118) produce different transfer curves. Likewise, devices from
different manufacturers with similar junction temperatures preduced dissinilar
transfer curves. In all cases the best transfer curves were obtained by
operating the device at nd load, thereby reducing the magnitude of the thennal
effects within the die.

The transfer curve of the LM109 and 723 voltage regulators was normally a
steady output voltage after there was sufficient input voltage to achieve
turn-on. The curves in Figure & are typical of the voltage reguiator transfer
characteristic curve, and show the overall response {curve A), and a magnified
response of the normal output of the device (curve B).
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5.0 APPLICATION/TEST RELATED STUDY RLSULTS

The application/test related studies were performed to provide informa-
tion and recommendations velated to the application of these Tinear devices in
electronic equipment. Consideration was given to requireients for board
layout, supply voltage filtering, shielding, compensation, loading, and
in.erfacing. This information was derived from the results of characterization
tests, development of electrical test programs and fixtures, and a literature
survey of applicatiaon guidelines. Test results were alsu used to formulate
reconmendations for improving the applicable MIL-M-38510 specifications.

5.1 APPLICATION GUIDELINES
The foliowing recommendations are suggested as aids to optimal appiica-
tion of the linear devices studied in this program:

LMI08A - The LM108A is a precision operationai auplifier with very low
offset voltage drift and high common mode rejection. The input is shunted
with back-to~back diodes for cvervcltage protection. Therefore the input
differential voltage must be kept below 1 Vd¢ or excessive input currents will
result. To improve power supply noise rejection, a 100 pF capacitor should be
added from pin 8 to ground. In laying out a circuit using these devices care
should be taken to keep packuge Teads short and input leads ciose tocether,
not only to minimize the pocsibility of parasitic oscillatiions and noise, but
also to minimize offset errors due to thenral effects. Thermocouple effects,
due to package lead to printed circuit beard connections, can create micro-
voits of error if the temperature of the input lead connections differ by only
a few degrees centigrade. Maintaining botn ends of resistors at the same
touperature is also important since carbon, oxide film and sowe netal film
resistors can cause large thermocouple errors. Wirewound resistors of evenohm
(20% Cr + 75% Ni + 2.75% AY + 2.75% Cu) or manganin {84% Cu + 12% Mn + 4% Ni)
only gengrate about 2 uV/°C referenced to cepper {11, but the inductance of
wirewound resistors should be considered. Likawise, the gain fixing resistors
should be of the same material to assure tracking with temperature. S5Since the
device input bias currents are in the range of 1.0 nanoampere, care nwust be
taken to reduce Teakage currents by properly cleaning the printed circuit
boards. To prevent subseguent conlawination, the voard should be covered with
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an epoxy or silicone ruboer coating. To futher reduce lcakage currents on a
printed circuit hoard that hdas b en properly cleanad and couted, a quard ring
is sugygested by both manufacturers. By designing the guard ring around the
device input pins, as shown in Figure 9, the voltage ditferential between

device pins is reduced, thereby reducing potential leakage currenis.

LML18 - The LM118 device is a precision high speed operatioral amplifier
with wide bandwidth and high slew rate. Thesa devices also have diode input
protection, but Manufacturer B's devices have a 1 volt breakdown 1imit while
Manuiacturer C's devices have ¢ 5 volt breakdown 1imit. To achieve the high
gain and Targe bandwidth of the device Lhe circuit layout should be arranged
to keep atl lead lengths as short as possibie and the output separated from
the inputs. The values of the feedhack and source impedance shouid be kept
simall to redu.e the effect of stray capacitance at tne inputs. The power
supplies should be bypassed to ground at the supply leads of the amplifier
with Tow inductance 0.1 uF capacitors, Caparitive Toading must be kept to a

minimum.

LML09 - The LMIO9 device is a complete five volt regulator. The regula-
tor is current limited and goes into thermal shutdown at junction temperaturcs
greater than 165°C. VWher operated at 25°C with no heat sinks, the device will
go into thermal shutdown with a constant current Toad of 500 miiliamperes.

For a constant current of 500 milliamperes, proper heat sinks must be used.
Output capacitors are not needed for stability, but a 1.0 yF capacitor from
the output to ground improves the transient response. Also, an input capaci-
tor of 0.2 uF is required if the regulator is localed an appreciabie distance
from the power supply filter,

723 - The 723 device i 4 precision voltage regulator. The device has
Tow standby current drain, low tumperature drift, and high ripple rejection,
The device can be used as a series, shunt, switching, or floating regulator
in positive or negative power supplies. In using the device as a low voltage
regulator the circuit shown in Ficgure 10 is used. For this circuit R3 should
be equal to RL in parailel with Rz for minimum temperature drift, since the

device is susceptible to temperature drift under high dissipation conditions,
I n f
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FIGURE 9. SUGGESTED PRINTED CIRCUIT BOARD LAYOUT QOF INPUT PROTECTION FOR LM108
DEVICES ~

IN

v
REF ouT Re.
RY L '1—’\/\/\/"0—-0
1 I CS L. - I
Caprr R2 I —¢-

V}‘ [cowr]

FIGURE 10. 723 APPLICATIONS CIRCUIT
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LM111 - The LMIll device is a voliage comparator with input bias currents
typically in the 50 nancampars vange. When the LM11l device is used in a cir-
cuit which does not use feedback, there are no special precautions to recom-
mend, but in a feedback loop type circuit the device is susceptible to oscil-
lations. Yo eliminate ihese oscillations 1ead lengths should be kept as short
as possible and power supply bypass capacitors should be placed as close to
the device as posxible. Details of the compensation necessary to reduce oscil-
lation for the MTL-14.38510 test circuit are contained in the next section.

5.2 STATIC TEST CIRCUIT MODIFICATIONS

The circuits used in the static electrical tests were those contained in
the appropriate MIL-M-38510 specification. The conpensation and filtering
capacitors were as shown in the specification except as noted below.

(a) Capacitors connected to the device under test were placed as close to
the device as possible.

(b) MIL-M-38510/10104 and /10107 (iM108A and LM118) - an additional
1 microfarad capacitor was added from Vee (pin 7) to “Vee ipin 4).
This was done to eliminate transients caused by relay switching
belween the speciiiv fesis.

(c) MIL-M-38510/103CG4 (Lil11) - The LM111l device in the static test
circuit was extremely susceptible to oscillation. By constructing
the test fixture as compact as possible and attaching all capacitors
associated with ihe device under test directly to the test socket,
the oscillations were eiiminated o reduced.to an acceptable level,
except for the emitter gain tests. The oscillation could not be
reduced to an acceptable level for the emitter gain test so this
test was deleted from the testing sequence. Additinnally, the IO
and IG test parameters were out of tolerance and test repeatability
was poor due to vipple and transient currents in capacitors used to
stabilize the test {ixture. The automated system used to test these
devices measures an instantaneceus rather then an average current.
Thus, it was necessary to fabricaie a scparate test fixture for
measuying ihe ln and 16 narameters. Since the compensating

capacitoirs also permitied large current transients through the relay
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contacts used for switching between tests, the fixture used for the
i 3 s al sed f re-

10 and IG measurements was also usead for VOL’ ICC and II measure

ments. The two circuits and their compensation capacitors are shown

in Figures 11 and 12,

5.3 MIL-M-38510 ELECTRICAL TEST BLIICIFNCILS

During the course of preparing software for automated tests of the linear

microcircuits, a number of deficiencies were noted in the MIL-M-38510 siash

sheets.

(a)

A brief description of each discrepancy is as follows:
MIL-M-38510,10104 and MIL-M-3¢510/10107 - The static test circuit
(Figure 8) in the 1% Scptaiber 1975 revision of the specification
has a 50K ohm resistor in the minus input to ground path. This
should be a 50 ohm resistance to match the impedance to the positive
terminal. This discrepancy was corrected in Amendment 3, dated
22 February 1977. In addition, the Power Supply Rejection Ratio
(PSRR) test limits should be double sided since it is possibl:
to have a negative P5RR,

MIL-M-3351C/10304 - With the exceptions of the IOS and 11 tests, all
LM111 test conditions require the inputs (LM111 device pins 2

anc¢ 3) to be the same voltige. Uuring preparations fc-

electrical testing, a scparale power supply was programmed for each
input, While checking oul the static test fixture it was noted that
separate power supplies could not provide exactly the same voltage
to the test socket, and willivolt diftferences in these voltages
caused invalid test results., The difference in these supplies
should be less than +10 microvolts. To insure that identical volt-
age conditions were present on each input, two additicnal relays
vere added to the /10304 static test circuit. The first of these
relays shorts pins 2 and 3 together when the same voltage is
required on each input, thu, eliminating the ervor induced

when using a secund power supply. A sccond relay was added

which provides ground on the device inputs when both of the addi-
tional relays are e¢nergized, thereby eliminating the need for either
power supply on the device inpuls during many tests. By installing
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the two (2) relays as clcse as possible to tne test socket, invalid
test conditions in the inpur offset voltages were eliminated. The
static test circuit was also changed for the emitter gain test. The
davice under test should have +V.. connected to pin seven {7) to
provida a voltage across the outpit transistor.

(c, MIL-M-38510/10701 - The cest Timits for the Delta Stendby Current
Drain ( ISCD) for the 1ine current shouid be double sided since it is
possible to have negative delta results.

5.4 M[L-M-38510 ACCELERATED LIFE TESYT CIRCUIT DEFICIENCIES

The circuits in MIL-M-38510/101D (15 Septembar 1975}, MIL-M-38510/101F
(29 September 1977), and MIL-M-38510/103A did not provide adequate biasing
conditions for accelerated life tests. New accelerated 1ifa test circuits

were developed for the operational amplifier and the veltage comparator, The
MIL-M-38510 bias circuits which were evaluated and the recommended life test
bias configurations are shown in Figure 13.

The MIL-M-38510/1010 bias circuit, which applied 3UVdc to VCC and
ground to the device inputs, did not provide maximum stress conditions across
the device. The MIL-M--38510/1ClE bias circuit increased the appiied VCC
voltage from 30Vdc tc 40Vde wnich provided the maximum rated VCC voltage
across the device. However, by applying 5Vdc to the (+) input of the device
this configuration allowed the input protection network tou draw excessive
current. The recommended bias circuit was preferred since it reduces the
input current by lowering the input bias voltage from 5Vdc to 2Vdc in addition
to applying the maximum rated device voltage (40 Vdc) across the devices.

In the recommended life test bias circnit for the comparators, a 5K ohm
current limiting resistor is connected between the output (pin 7) and the 30
Vdc power supply. The MIL-M-33510/10304 life test circuit has the output
connected directly to +VCC (pin 8). In the MIL-¥-38510/10304 configuration
the voltage across the device would depend on the state of the device output,
and it the cutpui switched low there would be no voitage across the device.
Any test circuit which does not insure that 8% of tue supply voltage would
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always he present across the device is considered unacceptable. This conditicn
was eliminated by connecting the device output to the power supply through a
5K ohm resistor.

Both recommended life test circuits provida adequate Tife test conditions
and no bias circuit related tailures resulted during the actual life tests,

5.5 MIL-STD-883 DEFICIENCIES
The MIL-M-33510/101E and MIL-M-38510/103B contain a Group A inspection
table (Table IiI) which lists the ele~irical test requirements for the appli-

cable linear devices. Within each tatle is & column of MIL-STD-883 test
methods which can be referenced for mest electrical tests. The information
found in each referenced MIL-5TD-883 test method can be categorized by one of
the following:
{2) The test method dones not apply to the MIL-M-38510 electrical test in
guestion,
(b} The test method was written for testing of digital microcircuits, or
(c) The test method is cutdated by test information contained in the
respective MiL-M-38510 slashk sheet.
Since all Group A electrical tests for the LMIO8A, LM118, and LM118 devices
can be implemented with the information found in MIL-M-3851G, the column of
MIL-STD~883 3000 and 4000 series test methods should be deleted, or the test

methods should be revised.

5.6 DEVICE OPERATION CHARACTERISTICS
The MIL-M-38510/10304 (LM111) device was found to exhibit erratic
behaviar in the extreme common mode voltage regions. Analysis of device

operation in these regions showed that electrical tests performed at common
mode voltages of -14.5 Vdc and +13 Vdc resulted in device operation at or
close Lo the saturation limits of the input transistors. Figure 14 shows a
typical plot of IIB current versus common mode voltage. At common mode
voltages of -14.5 and +13 Vdc the device is at or near the point where it is
driven into saturation. Thus, the output of the nulling amplifier is alsc
driven into saturation, resulting in a Targe out-of-tolerance value of IIB'
IT is suggested that the tests on these devices be modified to common mode
voltages of -13.5 Vdc ang +12 Vdc,

40

<y s magan

PP S E




1 nA
162 IB (nA) 162
| } 120 4
1 100
t 80
4 60
1
} 40 18
} 20
" . , 4 ) V. (VOLTS)
” Lg L v Rt B Ll
as| -6 -5 0 5 10 15
: + -20
1 ,—s‘m/
*lg M
o
.&/ 1 -60
{ -80
e 1 -100 “Iyg
NP
-162 -162
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6.0 ACCELERATED LIFE TESTS

6.1 LIFL TEST CONDITIONS

Based on the results of the prelife test evaluations, the life test
temperatures shown in Table 15 were selected. These temperatures appeared
12 avoid thermal runaway problems and the selected circuits maintained a

constant device output voltage with minimal current drain. However, after
operation of LMI08A life test devices at 250°C for 1/2 hour, 43% of the
Manufacturer A devices drew excessive current due to thermal runaway. The 14
devices which drew excessive current had a different date code (7642) than the
devices used for circuit evaluation and step-stress (7643), and is apparently
why this problem was not encountered during the preiife evaluations. Due to
the themal runaway problem, the maximum LM108A 1ife test temperature was
reduced to 225°C and the other two life vests were conducted at 200°C and
175°C. Unfortunately at 175°C, the output voltage of some of the Manufacturer
B LM108As is low, whereas at 200°C and 225°C, the output of every device is
thermally biased high. Although an undesirable condition, it was anticipated
that most life test failures would not involve the output transistor, but
would involve other transistors on the die where the junction stresses were
the same at all temperatures. Actual failure modes for this device were not
associated with the output transistors.

During initiation of LM111 1ife testing, more than 50% of the devices at
life test temperatures of 225°C and 250°C failed within 32 hours. Almost all
failures were due to slightly out-of-tolerance IIO and VIO vaiues., In
order to provide a reasonable faijlure distribution, the I10 and VIO Timits
were relaxed and Tife tests were continued. Previously failed devices were
then subjected to the new failure criteria, and those passing were returned to
life test. The IIO Timits were changed from +10nA to +20nA and the Vio
limits were changed from +4mV to +5mV.

A summary of voltage, current, power dissipation, and junction tempera-
ture conditions at the selected ambient test temperatures is shown for each

device type in Figures 15 through 19,

The sequence for performing the Tife tests is shown in Figure 20,
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TABLE 15  LIFE TEST TEMPERATURES

TEST TLMPFRATURES (°C)
PART TYPE "“""‘
125 150 175 200 225 250
M38510/10104BGC X X X ¥\
(LM103A)
M38510/10107BGC X X X :
(LM118)
M38510/10201R1¢C X X X ;
(723) ]
:
M38510/10701BIC X X X
(LM109)
M38510/10304BGC X X X
(LMI)
3
5
/1 Initial attempts to operate LMIG3s at 250°C resulted in a
thermal runaway and the devices were subsegquently placed
on test at 175°C. :
9
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+40 Vd¢

ACCELERATED LIFE TEST CIRCUIT

, Ta Vee Tec P Yo LA
W‘“T" AMBINT GEVICE DEVICE POKER euTPUT JUNCTION
FQER' TEMPERSTURE | VOLTAGE CURRENT DISSIPATION | VOLTAGE | TEMPERATURE
v (°¢) (YOLTS) | (MICROAMPS) | (MILLIWATTS) | (VOLTS) (°c)

A 178 39.98) 108 5.1 9.6 175.5
200 39.994 61 3.3 39.6 200.4
225 39.972 282 12.0 39.2 226.3
B 175 39.98¢ 173 7.8 5.6 175.9
200 39.977 192 B.5 38.4 201.0
225 39.961 340 15.4 34.6 226.7
1. DEVICE CONDITIONS ARE APPROXIMATE AVERAGE VALUES
2. JUNCTION TEMPERATURES BASED ON A CALCULATED THERMAL
RESISTANCE {0ga) OF 107°C/WATT FOR MANUFACTURER A
AND 11B°C/WATY FOR MANUFACTURER B,
FIGURE 15, M38510/10104 (LMIDBA) SUMMARY OF LIFE TEST COMDITIONS
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40 vdc

ACCELERATED LIFE TEST CIRCUIT

1
ARG~ TA Vee Tee Pq ¥o )

FACT- AMBIENT DEVICE 0EVICE POMER ouTPUT JUNCTION ]
URER | TEMPERATURE | VOLTAGE CURRENT DISSIPATION | VOLTAGE | TEMPERATURE ;

' {°C) (VOLTS] | (MILLIAMPS) | (MILLIWATTS) { (VOLTS) {¢)
c 12¢ 39.70 3.0 ne 1.44 132.9 ]
150 39.69 3.0 121 1.42 158.1 ‘ %

175 39.68 3.0 122 1.58 183.2

8 125 39.78 1.9 76 .925 131.0

150 34.81 1.9 76 .813 156.0

175 35.79 2. 36 .726 J 181.8

1. DEVICE CONDITIONS ARE APPROXIMATE AVERAGE VALUES

2, JUNCTION TEMPERATURES BASED ON A CALCULATED THERMAL
RESISTANCE {0ja) OF 67°C/WATi rOK MANUFACTURER C
AND 79°C/HAYT FOR MANUFACTURER B.

IR RSRURREY PRN o ot A S o e o et a2 bt ol

FIGURE 16, M33510/10107 ('M118; SUMMARY OF LIFE TEST CONDITIONS
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ACCELERATED LIFE TEST CLRCUIT

_ Ty Ve | e | Fq ¥ £ 1
HANU- AMBLENT DEVICE DEVICE POLER TPYT JUNCTI0H
FACT- | TEMPERATURE | VOILTAGE CYRRLNT DISSIPATION | VOLTAGE | TEMPERATURE
URER (+c) {(VOLYS) | (MILLIAMPS) | (W:LLIWATTS) | (VOLTS! (°C)
¢ 150 19.7 } 278 a5 7.8 153.0
175 s | z.ee 43 7.45 178.1
L 200 19.7 3.2 54 7.06 203.6
v 150 19.7 2.8 55 7.2¢ 156.1
175 19.8 7.72 44 7.25 9783
200 9.8 2.67 43 7.25 203.2
R |

1. OEVICE CORGITIONS ARE APPROXIMATE AVERAGE VALUES

2. JUNCTION TEMPLRATURES BASED ON A CALCULATEC THFRMAL
RESISTANCE (€34) OF 65.7°C/WATT FOR MANUrACTURER £,
AND 65 HUC/WATI FOR HANUFACTUREY D.

FIGURS. 17. 128510710201 (723 SULMMAR' OF LIFt TEST CONDITIONS
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ACCELERATED LIFE TEST CIRCUIT
AU~ 1 Ta Vee Icc Fo Yo Ty
FACT- ANSTENT DEVICE DEVICE POWER QUTPUT JUHCTION
I URER TLMPERATURE | VALTAGE CURRENT DISSIPATION VOLTAGE | TEMPERATURE
(°Cs {voLTs) (MILLIAMPS) | (MILLIWATTS) | (VOLTS) (?¢)
B j 200 24 .66 &.3% 104 .561 206.3
225 24,54 4,55 12 .%60 2.8
50 2¢, 35 6.51 159 .430 59,6
D 200 24 .62 3.99 S8 .B92 207.4
22% 24,35 5.09 124 .753 234.4
| 250 23,13 7.68 85 .78 264.0
v. DEVICE COMDITIONS ARE APPROAIMATE AYERAGE VALUES
2. JUNLTION TEMPCRATURES BASED ON A CALCULATED THERMAL

RISISIANCE (64
AND 75°0/wATT'F

) OF 60°C/%ATT FOR NANUFACTURER 8
OR MARUFACTURER D,

FIGURE 18, M38510/10701 (IM109) SUMMARY OF LIFE TEST CONDITIONS
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g 3
ACCELERATED LITE TEST CIRCUIT 3
T Voo Iee Py Yo LK
MANUFACTURER ANBTENT OEViICE DEVICE POWER puipyy JUNCTION ]
TEHPERATURE [ VO TASE CHRARERT DISSIPATION JOLTAGE (TEMPERATURE 3
("c) (voLTS) Tl L TAMPSY | {6 LLINATTS) {vaL 1) (e 1
8 200 79.570 .879 24 .8 29.18 | 20%.0 :
225 26,602 T 5. 29.20 | 730.1
250 29.623 .DaB a1 25.53 | 2594 .
¥
3
) 200 29652 738 49,0 23.35 | 210.7 ]
226 29692 172 48 6.75 | 235.5
250 29.657 .798 54.9 10.47 | 262.0
1, DEVIGE CONMDITIONS ARC APPROXIDATE AVERAGE VALUES.
2. JUNCTION TEMPERATURES BASED OR A CALCULATED THERIAL RCSISTANCE ;OJA) OF 200°C/WATT FOR
MANUFACTURCR B AKL 219°C/WATT FOR MAKRUFACTURER O. : .
i 1
1
|
i
FIGURE 19. M38510/10304 (LMI11) SUMMARY OF LIFE TEST CONDITIONS ! :
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FIGURE 20 ,

F

FINAL DEVICE
ELECT, TESTS

: OPERATE PERIODICALLY COOL T0 25°C
INITIAL DEVICE 'C”:;[;‘SL}NTEST || DEVICES AT | IMONITOR DEVICE | [Tt Buss
ELECT. TESTS . DESIGNATED CONDITION IN APFLIED AT
TEST FACILITY ) .
CONDITIONS TEST FACILITY SCHEDULED TIME
/\ N0
l 0 FAILED™
Imrzmm DEVICE | FAILED > N, GEVICES
ELECT. TESTS oev;& IN GROUP
- ?
- YES YES
REMOVE FAILED
DEVICES FOR
B NO AMALY SIS t—'
REMOVE TEST ‘ TEST YES
— CARDS FROM | COMPLETE - -+
TEST FACILITY 2 / ¥
™~

FAILED DEVICES

AMALY SIS OF
FAILED DEVICES

LIFE TESTING SEQUENCE

49

s e,

FRIPPS P



6.2 ACCELERATED LIFE TEST RESULTS

Accelerated 1ife tests we-e continued to the 4,000 hour point or to
the 70% failure level , and the resulls are summarized in Table 16, This
table shows the cumulative number of devices failing the 25°C dc¢ eleciricul

tests at each measurement point, and the number of devices failing the final
125°C and -55°C tests.
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TABLE 16. LIFE TEST FAILURE SUMMARY
NO. OH | MANUFAC- CUMULATIVE NUMBER OF FAILURES AT HOURS GF TEST
PART CELL TEST TURER TEMP 1 2 4 8 16 32 64 128 256 500 1000 2000 4000 FINAY
|LMI08A | 115 35 A 225 - - 0 1 2 2 4 10 1N 12 1V 20 23 26
114 35 200 - - 1 1 2 2 3 3 4 9 13 14 17 17
113 35 175 1 2 2 4 4 5 6 6 6 7 9 1l 16 17
215 30 8 22 Y- - 18 19 2 20 21 24 5 27 29 - - 29
214 30 200 - - 14 18 18 18 20 2 22 23 2% -~ - 29
213 30 176 J11 12 16 18 19 19 19 20 20 23 27 - - 28
LM118 233 34 B 179 122 23 24 24 25 25 25 26 26 26 28 - - 28
222 34 150 |17 22 25 26 26 26 27 27 27 21 30 - - 33
221 33 125 0 0 6 15 18 20 21 23 23 23 23 - - 21
323 34 c 175 1 2 2 2 2 3 3 3 3 3 8 8
322 35 150 0 o 1 1 1 1 1 2 3
321 34 125 i 1 1 1 1 1 1 2 2 2 3 3 6 6
723 434 38 D 200 -~ - 0 0 0 G 0 G ] 0 ] v Q 0
433 K 175 - - 1 1 1 1 2 2 2 2 2 2 3 3
432 35 150 - - 0 0 0 0 0 0 0 0 0 0 0 0
334 30 c 200 - - 0 90 0 0 0 0 0 0 0 6 6 8
333 ki 175 - - ¢ 0 0 0 0 0 0 0 (¢ 0 0 0
332 35 (150 - -~ 0 0 0 0 U0 0 0 0 0 0 0 0
LM109 256 J5 B 250 -~ = 0 0 0 0 © 1 2 Z 2 P4 3 3
255 35 225 -~ = 0 1 1 2 2 2 Z 2 2 ] 3
254 35 200 - - 0 0 0 0 ¢ 9 0 2 2 2 3 3
456 35 D 250 - - 2 3 3 3 3 3 3 3 4 4 4
455 35 225 - - 0 1 1 1 1 1 1 1 2 2 2
454 35 200 - - 2 2 ¢ 3 13 3 3 3 3 3 3 3
LMLl 24¢ 34 R 250 - - 4 5 6 11 12 14 16 19 23 - - 24
24% 35 225 - - 2 2 3 8 10 16 22 2% - - 25
244 35 200 - - 0 0 3 4 16 25 - - 29
446 35 D 2490 - -~ 0 2 2 5 5 5 12 14 34 - 24
445 33 225 - - 1 € 12 12 12 % 19 29 - - 29
444 34 200 - - 0 1 1 2 49 g 18 19 35 - - 35
51
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7.0 FAJLURE ANALYSIS

Al devices failing an interim or final electrical test during step
stress and life testing were analyzed to determine the failure mode, mechanism,
and probable cause. However, only a limited analysis was performed for those
few devices that exhibited a randon, isclated failure mode and most of the
devices that exhibited parametric failures at +125°C only. Summaries of the
failure analysis findings for each manufacturer's device type are shown
in Tables 17 through 21. Complete details of the failure analysis procedures
and findings are contained in Appendix F.
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TABLE 17. MIL-M-38510/10107 (L.M118) FATLURE ANALYSTS SUMMARY

i A, FRILED FARAMETERS Ok SYMPT(HS I QUANTITY OF rATLURES ALD ‘.I)‘!. _O_F FAILURE il_:@fls) By TesT CELL
8. TAILURE MODE FANUFACTUPER A HANUF ACTURER ( _
v FZILURE MTCKAR]SM STEP ACCELYRATED LIFE step I ACLELERATID LIFE ]
b CAUSE OF FAILURE STRESS - [ o) STeess i T
125°C | 180°C UopIseC 126%C | 150°C { 115°C
A, '-'1U AKD/OR F3RR 3¥125°(C SPa 15¢} 2281
B. ChANNEL CURREHT FROM RLS 10 Tiif 20550 | Y8 562 162
SUBSTRATL 2814 ki 134
L. INCERSUOK OF THL RTSISTOR Tug 2a32 108 1016
UUEL TO CHARGE MIGRAT!Qli 16864 1064 181003
0. MUBILE TONS QR CHARGLS IN THE 28128 1*@1 090
PLSSIVATION H
e A AT wicie |  Lsavo0 104
B. ¥+ 1y |BPYT CHANHEL CURRENT 1HRLOG0
. PKIDABLY INVERSION OF THE C-8
JUKCYION OF THE iNPUT TRANSISTOR f
b. MOBILE 10KS IN THE PASSIVATION
LH PN T 18128 181 192000
B. LO& GAIN IN THPUT TRANSISTOR 1€1000 208000
{. PEOSAB.Y DEPLELTION OF THE
bLASL
0. MORILE IONS Ok CHARGES IN Te D
PASSTVATION
— i
AV, LATCHED ub 18200%C 102
B. MLLTED STRIPLS AND SHORTED JUNCTIONS 18250°C 204000
C. PRUBADLY THERMAL HUNAWAY OF (] 28Z274C
. UNKNOWH
A Y LATCHED WP 19128 184 264000
B. SHORTLD CAMAC]TO< 182000
C, DITLECTRIC BREAFDOWN
B, DLFECT IR DILLECFRIC S\(‘z B | |
AV, LATCHED UP 184 T Tetowo | 1easooo
8. OPEN STRIPE OR SHGRYEU JUNCTION
C. ELECTRICAL OVERSTRISS
D. TEST ERROR .
KANDDM FATILURLS<NOT ANALYZED IN DETAIL
- iy —
A. Vo D PSRR (RECO/ERLD UPON w64
DILIDOIKG) 1 | _-
A, PU 4=@1000 281
$,  HURE 14810c0
(. HOUNE
the TEST ERRUR {IHITIALLY TAILLD) _
TUTAL NUMBLR OF FAILED PAPTS 5 21 3 28 4 6 3 8
TR0 oNLY. ’
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TABLE 18, MIL-M-38510/10104 (LMI108A) FAILURE ANALYSIS SUMMARY

A.  FAILED PARASETERS OF ZYMPTOMS QUANTITY OF FAILURES AND TIME OF FAILURE (MOURS) BY TEST CELL
8. FAILURE MODE MANUFACTURER 8 MANUFACTURER A
C. FAILURL MECHAMISM STEP ACCELERATED LIFE STES ACCELERATED LIFE
K. CAUSE OF FAILURE STRESS STRESS
175%¢ 20°C 225°C 175°C 200°¢C 225°C
A, VIO AMD/OR Ns 18125°C {100 1484 15684
8. CHANNEL CURRENT FROM R7 YO THE 18150°C | 182 kL] 108
SUBSTRATE 18175°C | 44 2864 1816
C. INVERSION OF THE R? RESISTOR Tub 18228%C | 208 20128 1864
D. ®OBILE 10NS OR CHARGES IN THE 1016 381000 ®28
PASSIVATION 38500 | 3*A1000 18250
461000 28500
181000 2819000
A, 'IC‘ LATCHED UP 185000 19256 108
B. MELTED STRIPES AND SHORT.D JUKCTIOMS 282000 | 49500 o
€. THERMAL RUMANAY AT yé 44000 | 491000 w126
D, URKN(OWN 12300 1wi3%
384000 19500
391000
202000
3M000
A. NS el 1500 281000
8. XOT DETERMINED (RECOYCRED) 148 162000
C. SURFACE INSTABILITY 281000 ] 84000
D. PROBABLY IONIC CONTAMIMATION 192000
Ao ’lO AHD/OR l“ 101 168 192 104 1016
8. PROBABLY DEGRAIED INPUT TRANSISTORS 10128 18500 1032 1816 28128
C. PROBABLY CHARGE ACCUMULATION 1064 1064
D. TEST ANOMALY (STATIC O1STHARGE)
+125%C FAILURES AND RANDOM FAILURES - ROT ANALYZED IK DETAIL
. '10 € +125°C OMLY 184000 184000
A, lw 9 & 125°C ONLY 184000
A. IOS (<) (RECOVER.D WHEN LEFT ON TLST) 188
TOTAL MUMEER OF FAILED PARTS J 4 28 23 29 9 17 17 26

NOTES: = @ +125%C OMLY,

® ¢ -55°C OALY,
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TABLE 19. MIL-M-38510/10701 (LM109) FAILURE ANALYSIS SUMMARY

i A, FAILED PARAMETERS OR SYMPTOMS
% B. FAILURE MODE

. C. FAILURE MECHANISM

D. CAUSE OF FAILURE

QUANTITY OF FAILURES AND TIME OF FALLUPE (HOURS) BY TEST CELL
ACCELERATED LIFE

MANUF ACTURER © HANDFACTURER B
200°C 225%C 250°C 200°C 225°C 250°¢C

i A. UPEN PIN
: i B. LIFTED WIRE BUND AT Tug POST -
! C. KIKKEMDALL VOIDING N AuAlz

0. EXCESSIVE »‘\uAl2 GRONTH DURING BONDING

19,00 164 1025
104000

A OPENPIN L OR 3

2. BROKEH EXTERNAL LEAD
. C. ACHANICAL OVERSTRESS
: D. MISHANDLING

1@20')0 18

i A. (PEN PIN 3
B, BROKEN EXTERNAL LEAD
C. Au LEACHING
D.  TIN SULDER

184000 18120

L]

. . A. “SCD [13] 264 1816 784 184600
: B. NONE 1664 1616

182000

C. NORE
0. INITIALLY FAILED OR MARGINAL

i sk ae

RANDOM FALLURES - NOT ANALYZED IM DETAIL

- r——

i

A vw, (4] (ONLY MAKGINALLY FAILLD) 16500

TOTAL NUMBER OF FAILED PARTS

[ ———— RS i
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TABLE 20. MIL-M-38510/10201 (723) FAILURE ANALYSIS SUMMARY

A. FAILED PARAMETERS OR SYMPTOMS QUANTITY OF FALLURES AND TIME OF FAILURE (HOURS) BY TEST CELL
B. FAILURE WODE ACCELERATED LIFE

C. FAILLRE MECHAMISM “MANUFACTURCR D MANUF ACTURER C

D. CAUSL OF FAILURE 150°C | 176°C | 200°C 150% | 175%C | 200°C

o 2

A. Lsep 682000
B. HOKE 3
C. NONL ]

D. TEST SET DRIFT

A VR['E BRvp xe (134 Vg Lonp (43 @-55°C 204000 4
NON

C. NOKE
D. FRGBASLY AN INTERMITTENT TEST SOCKET

4—

A Ty 1M [
B, NOT DETIRMINED 1804 i‘
C. SURFALE IRSTABILITY + INITIALLY MARGINAL

0. MOBILE CONTAMIMANT 10HS

KANDOR FAILURES - NOT AiALYZEw IN DETAILL

A Vo i 11 (ONLY MARGIRALLY FAILED) 184000 I

TOTAL NUMBER OF FAILED PARTS 0 3 0 0 0 8 A
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TABLE 21. MIL-M-38515/10304 (LM111) FAILURE ANALYSIS SUHMARY

A, FAILED PARAMETERS OR SYeTOMS
B. FAJLURE MOUC

QUARTITY OF FAILURES AXD TiME GF FAILURE (MARS) BY TESY CELL

MANUT ACTURER B

WANUFACTURE? D

Co PALLUPL MECHARTSM STEP ACCELERATED LIFE 5T ACCELERATED ;1i¢
U. C(ALSE U FRITUKE 5TRLSS - STRESS T
200°C 225 2227 z200°C 225C 250°C
L Y 19225°C | 108 e
LR [ERT 391000 194 18275%C | 122 1616 108
C. 1KaCRSIOW OF THE BASE OFf Q4 1864 sl o2 3432
0. PROGABLY JOHIC CONTAHIRATIOW 181000 ™, 56 462% 70255
13500 30500 18500
160" 00 § 1091000 | 2081060
Al Iw 1815°C ) tM0g 3 162007C
8. Lwh, I prd 20275°C | 1¢rse 184 1016 1064 184 18
(. SWKFALE IMSTABILITY AND BULK-RELATED 126590 1832 6832 18500
M CHAN 515 661000 4854 1864
L. FROOABLY 10MIC COXTAMINATION 29128 20123
68256 23256
Ly 30502
i 701000 3€1000
r
Al lle 2011%°C
B, Wi
€. WL
0. Ven 10¢ KiGH
. ‘(, 19128 14
8, OLGHADED Q15 COLLECTOR - SUBSIRATE 188
LroLt
(. PaUBASLY JHYERSIOM O THE CGLLECTOR
U. FRUBABLY CATION CONIARIKATIOR
*125°C UMY FAILUSES AlD KAKDOM FATLURLS - HOT ANALYZED IN DETAIL
A, (M (RETEST Or) 1864 2%
A, AV(. (RECUVLRED) 18)28 1930
A. A ® 4125%C O Y 48100} 18000
A, VOL (i0] 161000
TOTAL MMECR OF TAILED PARTS H 29 25 24 3 35 29 M
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8.0 DATA EVALUAITONS AND CORRELATIONS

Evaluations and correlation of the data generated during the program were
performed to determine device aging characteristics. Tnis was 2ccomplished
through comparisons of the types of failure modes observed in each test, plots
of failure distributions, Arrhenius model evaluations, aid calculations of use
temperature failure rates. The determination of faiiure distributions,
Arrhenius model parameters, and usc temperatur2 failure rates genzrally
followed . blished techaiques [2], [3], and [4].

8.1 FALLURE MECHANISM IDENTIFICATION
The types of Tailure mechanisms gencrated for cach device type during

step-utress and accelerated life testing are s "mavized in Table 22. The
first three mecharisme (inversion of an N-type tub, rollector or hase, deple-
tion or inversion of a P-type base, and surface instabiiily mecnanisms which
could not be traced to a specific mechanism) are all surface related mecha-
nisms. Tnese surface related mechanisms accounted for 75% of the total number
of device feilures. The second largest group of failures (5%) was att-ibuted
to a localized thermal runaway mechanism. This mechanism was time-tenperatiure
dependent but the cause of this dependency could not be determined. Only a
small percentage of devices (approximately 1% for each mechanisin) failed due
to dielectric breakdown (oxide related), Kirkeudirl vo.ding (wire bond related),
and gold ieaching (package related). The failure mecnanisns for a tmall
percentage (3%) of the failures are classified as unknown hacause either the
devices had recovered besfore the failur ~ichanism ¢ould be estahlished, or
the devices were not investigated since .ne devices exhibited only a single
marginrally out-of-tolerance parameter, or a single parametric failure at 125°C
only, or a random isolated type of failure.

A summary of the lypes ot defects observed and the suspected defect
causes i5 shown in Tabtle 23 for each manufacturer's device type. The absoluvte
cause of failure could not be positively determined in many cases, consequentiy
many of the failures identified as process-related may ultimately or indirectly
involve the design or materials of the device. Nevertheless, the failures
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TABLE 22. FAILURE MECHANISM SUMMARY

i L LM 18 (MI0BA | 723 L4109 L1l

FAILURE MECHANISM U MFRB | MAC | MRA| MRB | MRC | HRD | MRB | MRO | MRE | RO

W synol xlwel siaef tiwof sire.] s wo., % no.] sino.] 2{wo. | s

L. INVRSION OF N-TYPE TUR, [ 83 | 48] 2 | 10 86 | 96 67 8] s 8
ll COLLECTOR, OR BASE
L2, DEPLETION OR INVERSION | 2| z| 4| 19 | o] 71| 2l
| ™7 o »-7TvpE BASE

3. SURFACE INSTABILITY A 0! 216

A, THERMAL RUNAWAY 7 33| ¥ 62

5. OIELECIRIC BREAKDOWN 23

6. KIRKERDALL VOIDING 4] 4

7. Au LEACHING 2] 22

8, STATIC CHARGE g|15] 4| a

ACCUMULATION

9, MICHANICAL OVERSTRZSS 22| 1|11
10. ELECTRICAL OYERSTRESS 1 1 2 10
N1, NOND (TEST SET ERRGR) 7| 8 8 | 100 5| 89 2
2. unxowy 1] 5|4l s S EIRE 10| 3] 3
| TOTAL 93 {100 | 21 [100 60 [100 {90 f100] & [ 100] 3 foo] 9 100| 9 [109]83 [100 [100 frc0

A\ Spectfic Mechanism Ynknown

@
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TABLE 23. DEFECT/CAUSE SUMMARY

MUMBER OF FAILEP DEVICES

| PRIPARY OEFECTS AR CAUSES LH11E LM20BA 73 LH109 M1
; malrwnc,mnjrrae WRC [ WRD | MRE | WRD | WRB | WD
peeect_carsaony {

1. SURFACE PELATED Y 3 10 85 e 2 3 g 73 59

2. OKIDE RELATED 0 5 9 s ¢ 0 5 ¢ 0 0
I3, WIRE BOND RELATED 0 0 0 0 o 0 ‘ 0 0 0

4. PACKAGE RELATED o ) 0 9} 0 o 2 0 ¢ 0

5. ELECTRICAL QVERSTRESS 1 z | 9 4 o 0 0 0 0 0
6. TEST £PR0R ? ¢ 0 0 e v 2 g 2 0

7. UNGEFINED 0 8 a1 0 0 1 i v 8 3
—— _—

T0TR S 2 12 [ w [ |8 | 3 9 19 &
i 1 I
H I |

CAUSE CATEGO™Y I
| 1. erocess reLaTes & | 1 10 86 0 2 4 0 71 98 .
| 2. DESIGN RELATED 2 l 0 0 0 0 0 0 0 0 0
| 3 MATERIAL ROLATED a 0 0 0 0 ) 2 3 0 ¢
| 4. WORKFANSHIP RELATED 0 I 0 0 u 0 0 0 b 0 0
l §  TEST RELATIO ! 8 2 l 9 4 L 0 2 9 2 o |
¢ 6. UNKHOWN ;0 I a ] a ¢ n ! 1 0 § 3
L | ] 2 _
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attributed to process-related problems probably can be reduced by a tightening
of process controls.

8.2 FAILURE TIME CALCULATION

The failed devices exhibited out-of-tolerance parameter values or, in
some cases, catastrophic failures. Thus, the parametric data was examined for
time dependent degradation and, where feasible, interpolation methods were
used to determine the actual device failure time. Where the interpolated
failure times were gathered about the measurement times or where the device
failed catastrophically, the midpoint betwean the last two measurement times
was used as the estimated failure time.

8.3 FAILURE DISTRIBUTIONS

Distributions of the times to failure were determined for each manufac-
turer's device type whenever sufficient failure data was available. The fail-
ures due to test-set releted problems, and those failures that oucurred only
at 125°C and -55°C were nct included in these analyses. In all cases, the
failure time distributions were assumed to be either single lognormal distri-
butions, or bimodal distributions that could be represented bty two lognormal
distributions. The bimodal distributions ware represented by two lognormal
dgistributions [6], an early cdistribution of failures (freak), and a later
distribution of failures (main). This bimodal failure distribution is

. ] . 1 (]n t' - IJF) ,
Caf{vifefynnal a’——-ormf‘ Toexp }- gr’ (%)
[+

(1)
e (‘n t' - UM)Z .
g '7-; '{u exp - '———'2—' dt (%M)
i o 2°M
where
Mg @ in (median life of the freak distributicn)

op = standard deviation of the freak distribution
= 1n {median 1ifc of the main distribution)
standard deviation of the main distribution

)
b ]

o1

.
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the percentage of the total population that is described by the
freak distribution
M the percentage of the total population that is described by the
main distribution

2
[}

T = use time

The bimodal distribution was fitted using a graphical method [3], [4].
Then the graphic result was used with equation (1) and the calulated probabil-
ity was compared to the test probability at each failure time. From this
starting point the values of the unknowns in equation (1} were iterated and
the probabilities compared until plots of the resulting ecustion appeared to
provide a ¢ood representaticn of the observed data.

8.3.1 LMLl Failure Distributions - The primary failure mechanism for Manufac-

turar B's LM11& cevices wes inversion ¢f a resistor tub, most orobably caused
by either tha separation of mobile ionic species in the fringing field of the
reverse biased junction, or electron drift in the Tringing field aiong

defects in the glass/insuiator intertace. Aiso inpiudea in the failure dis-
tributiuns were failures due <0 inversion of the collector-base junctior of

an input transistor and failures due to depletion of tha base region of an
input transistor. Both mechanisms are suspected to be caused by mobile ions
or charges in the pessivation layers., The failuvre distributions for these
surface related mechanisms at each test temperature are shown in Figure 21. A
bimodal distribution is indicated but the data was cnly sufficient to determine
the main distribution median 1ife at the highast test temperature (175°C).
Even for this temperature, there are only a few data points, and the actual
failure distribution of the main population cannot be accuracely deterwined.

Only a small percentage (16.5%) uf Manufacturer C's LM118 devices failed
and the failures were divided intc the following time-temperature dependent
mechanisms: &) inversion of an input transistor, b) depletion in the base of
a transistor, c) themal runaway at Cl, and d) dielectric breakdown in a
capacitor. There were insufficient data to permit & valiu evaluation of the
Manufacturer C failune distributions.
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8.3.2 LMI0O3A Failure Distributions - The primary mechanism of failure for

Manufacturer B's LMI0BA devices was also channel current from a resistor te
the substrate due to inversion of the resistor tub. The most probable causes
of this mechanism were the same as those previously mentionad for Manufacturer
B's LML1t devices: either the separation of mobile ionic species in the
fringing fieid of the reverse biased junction, or eleciron drift in the
fringing field along defects in the glass/junction interface. The failure
distributions for this mechanism are shown in Figure 22. The distributions
are bimodal and the freak population accounts for approximately 65% to 70% of
the total population.

The primary failure mode for Manufacturer A's devices was thermal runaway
of PNP transistor G6. Several devices also faiied the gain test (Avs), but
these devices were left on test and most of the devices recovered. Three of
the gain failures later failed &t the 2000 hour test peint due to thermal run-
away and are included in the failure distributions. The other gain failures
are not included, since the gain measurements are not representative of actual
gain, and are not necessarily indicative of failure, as was discussed in
Sectign 4.0, Tne failure distributions for the thermal runaway mechanism are
shown in Fioure 23, and arz singla lognorma!l distributions. Although thermal
runaway would normally be con:idered a temperature dependent only mechanism,
the failura distributions do indicate a time-temperature dependency. The
exact cause of this dependency was not established, but is probably linked Lo
the bulk degradation of the emitter of Q6.

8.3.3 LMI11 Fadiure Distributions - The majority of Manufacturer B's LM111
failures were due to excessive IIO and the failures were attributed to two
mechanisms, a surface related {reversible) mechanism which predominated at
200°C and a bulk reloted (nonraversible) mechanism which predominated at 225°C
and 250°c. Alse included in the failure distribution plots were the two other
surface related mechanisms, inversion of the base of an input transistor, and
inversion of the collecvor region in an output transister. Both mechanisms

were probably caused by ionic contamination in or on.a .passivaticn layer. The
25°C ccllector @ain (AVC) failures were excluded from the distributions due
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to the nonlinearity of the gain measurements. The resulting failure distribu-
tions shown in Figure 24 indicate single lognormal distributions at each test
temperature. The difference in standard deviation .(sigma) between the 200°C
plot and the higher temperature plots supports the failure arz.ysis findings
suggesting different mechanisms predominating at those temperatures.

The primary mechanism for Manufacturer D's LM111 devices was an inversion
of the base of an input transistor, a surface related mechanism most probably
caused by ionic contaminatinn in or on a passivation layer., Also included in
the failure distribution pliots were four IIO failures due to the surface
instability and bulk mechanism discussed above. The failure distribution
plots indicate a bimodal distribution at all test temperatures as shown in
Figure 25,

8.3.4 LM109 and 723 Failure Bistributions - Insufficient failure data was
generated in the accelerated life tests of both the 723 and LM109 devices to
permit evaluation of the failure distributions.

8.4 AGING CHARACTERISTICS

Sufficient multiple temperature data was generated during the accelerated
life tests of the Manufacturer B LM118 and beth manufacturers' LM108 and LM111
devices to evaluate aging characteristics for these device types. The
Arrhenius reaction rate model [4] was found to provide a good representation
of the aging characte.istics for the freak and main device populations, and
was used to relate median lifetime and junction temperatures as follows:

E
teng = A exp ( A) (2)
50% T
where
tSO% = freak or main population median lifetime at & junction temperature
A = A constant
Ep = Experimental activation energy - eV
k = Boltzman's constant - 8.617 x lO"5 eV/Kelvin
T = Absolute junction temperature - Kelvin
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The linadar transform of this equation is

L
Al
In tyg, = In A+ = []} (3

The transformed Arrhenius equation was evaluated using a linear regression
analysis that assumes the junction temperature is a known value and 1n tSO% is
the only variable [73, [8].

3.4.1 Manufacturer B's LMI18 Devices - The Arrhenius piot for Manufacturer

B's LM118 freak population failures is shown in Figure 26. The activation
energy was calculated to be 1.24 eV for the surface instability mechanisms
responsible for the failures. The freak population consisted of approximately k
72% of the sample size. There was insufficient data to calculate the main
population activation energy.

8.4.2 Manufacturer A's LMI08A Devices - Sixty-two percent of Manufacturer A's

LM108A device failures were attributed to thermal runaway at the Q6 transistor,
At elevated temperatures the current in the transistor reached excessive

L AN adat

levels, resulting in catastrophic damage to the device. Normaliy this would

not be considered a time-temperature dependent mechanism, but evaluation of
the failure data indicated that the failures were time-temperature dependent
as shown in Figure 27, The activation erergy for this mechanism was calcu-
Tated to be 0.61 eV.

watnitrtmdaia aen Gt nl, Sl oD o

8.4.3 Manufacturer B's LMLOBA Devices - Manufacturer B's LMIOBA time-tempera-
ture related device failures were due to inversion of a resistor tub. The

Arrhenius plot for this tailure mechanism is shown in Figure 28, The activa-
tion energy was calculated to be 0.6]1 eV for the freak population and 0.49 eV
for the main population. Both these activation energies differ from the 1.24
eV activation energy calculated for the Manufacturer B LM118 freak population
with a similar failure mechanism. The failure mechanism in both devices was

[T PR | DRI VR SR

suspected to be either separation of the mobile ionic species in the fringing
field of the reverse biased junction, or electraon drift in the fringing field

L b o
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along defects in the glass/junction intertacz. Thus, the differerce in acti-
vation energies is possibly due to one mechanism predominatirg in one davice

and the other mechanism preaoiiinating in the olher device.

8.4.,4 Manufacturer B's LMI11 Devices - The Arrhenius plot shewn in Figure 28
iy for the bulk failure mechanism which predominated at the 225°C and 25C°C

temporatures, This mechanism exhibited an apparent activation energy of 0.10 2y,

Also showr on the prot is the median life of the 200° tailures which were
atiributed to a surface related mechanism, Since no 290°C *i1fe test failures
were 2tlributed to the buik related wecharism, the Arvheniuvs plot for this
mechanisn should not be extended welow 225°C. However, the exact nature of
both the tulk and surface related mechenisms coulc net be determined, and it
is possible that the lwo mechanisms are related. Tnerefore, as a means of
#stablishirg a conservative estimate of use-temperature failure rates. the
Arrhenius pict has been exterded helow 225°C.

8.4.5 Manufacturer J - YML11 Devices - The freak population accounted for an

avrirage of 28% of Manufacturer D's LM111 devices and exhibited an activation
ercorgy of 0.74 eV as shown in Fiqure 30. The main pupulation exhibiied a very
Tow cctivation erergy of 0.01 ¢V. This indicates a non-temperature dependent
failure mecheiine Aoncoximately 50% of the failures due to this mecnanism
occur-ed peivwee ' the 00 ard 100U heur measurement points at eacn test femper-
ature. i:=e, ibhe caloulated median Tifetimes of the main population at each
test tempe, aturs vere 811 approximately 600 hours. Ap examinaticn of the
parameter drift deta was made in an effort to detervine the reason fur Lhis
low activatior energy. The value of the failinu parameter (VIO) was plotted
versus test time as shown in Fiqure 31, 1t wos nolted that the parame*er value
would sometimes inrrease if the device were left on bias at 25°C for a period
Tonger than 24 nours prior to being ere~tvicaliy t<sted. However, thne overall
drift of the devices does appeer 10 be indepondent ¢f wenperature. Tne fail-
ure analysis of the dovices deterwined ve L the me hanism wes bake recoverable
and that tre failures werc dve Lo g g2 aismatch in che input transistors,
most or-obably caused by ienic contananation. This rechanism is generaily
time-temperature dependent, but <here were a0 obher anomelies that would
account for the temnarature independent nature of trhe failuras.
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8.5 FAILURE RATES

Use-temperature failure rates were calculated using the valtues shown 1in
Table 24 for Arrhenius model parameters (con<to it “A" and activation energy
“EA"), average value of lognormal distribution standard deviation and
percent freak and main population. The failure rate for a single distribution
is defined as [9]

A(t) = ;-g (4)

where
A(t) = the instantaneous failure rate at time

-
—
4

- the Tailure density at time £

R(t) = the reliability at time t.

Also, a lognormal failure rate for a single d}stributicn is detined as [10]

1 exp 3 §1n9f - y)zg
: /2_ ] exp !L"Elz;rlzz dt!
o]

A{t) =

where

u= 1n (median Vife)

o= the standard deviation.
Assuming that an Arrhenius equatinn defines the median life at a junction
temperature provides the fnllowing temperature dependent, lognormal failure
rate:

] g [nt- (InAs g Ty
- exp -

~(t} o vin : 20° (6)
v i [r v~ (n A+ Bk 1T )
oV TPy ? g
“T 20
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For a bimodal distribution consisting of two lognormal failure rates, the
total failure rate is defined as

MOgorar = () freg (% freak) + (% main) (7)

(t)main
These techniques were used to calculate the mix:mum instantaneous *ailure
rates shown in Table 25 Comnarison of the 125°C and 50°C failure rates
illustrate the value of junction temperature derating to achieve 1mbroved
failure rates for the predominant failure mechenisms. Additional factors for
secondary failure modes must be included 1n the total device failure rate
prior to using the failure rates for reliability estimates.

The failure rates shown are for device junction temperatures of 125°C and
£50°C. The failure rites are based on the predominant failure neckanisn
for ali devices. The devices were burned-in by the manufacturer for 168 nours
at 125°C, The specified additional hours of 125°C burn-in shown in Table
25 would be required to eliminate 99.9% of the freak population. Removal of
99.9% of tha freak population can be assumed to constitute removal of all
freak devices, An additional 271 hour burn-in at 225°C for Manufacturer B'sg
I M108A devices would result in an improvement in failure rat2, but would
eliminate 22% of the mairn population, and since tne freak population consisted
of 68% of the sample, this would result in 75% of the devices being removed.
An additional burn-in of 30 hours at 175°C would remove the freak papulation
¢7 Manufacturer B's LM118 device, but there was insufficient data to evaluate
the main population failure rate. Also the freak population accounted for 72%
of the sample size., An additional burn-in for Manufacturer D's LMI1l device
would actually increase the failure rate due to the fact that the median
11fetime of the main population is actually less than the freak population at
teaperatures less than 150°C.  Additional burn-in for those devices which
exhibited a single Tognormal distribution would not resuit in improved failure
ratrs without sacrificing @ high percentage of the total population. In
generai, additional burn-in is not recommended since either it is not cost
grfective, or the failure rates cannot be greatly improved.
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TABLE 25.

FAILURE RATE SUMMARY

MAXIMUM INSTANTANECUS FAILURE RATE IN 165

HOURS
0F USE TIME (FA}LURE/HDUR)
BURN- IN
WITHOUT BURN-IN WITH BURN-IN CONDITIONS
DEVICE | MR TIME 1
125°C 50°C 125°C 50°C (RS)  (°C)
1 108A A 3.02 x10°° | 227 x 1078 AN - - -
LM108 8 8.45 x 107¢ 1.94 x 1070 | 1.78 x 10°% | 6.52 x 1070 2n 225
LMI18 8 1.22 x 1971 | 2,69 x 107° A - 30 175
LM111 B 777 x 107 | 3.93 x 1072 o - . -
) 2042107 | Lk | neex10m? | 173 x 1973 201 250
NOTES :

A\ SINGLE LOGNORMAL DISTRIBUTION, AODITIONAL BURN-IN NOT RECOMMENDED.
/A ENSUFFICIENT DRTA 70 CALCULATE MAIN FAILURE RATES.
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9.0 CONCLUSIONS

The results of this study indicate that linear microcircuit manufacturers
have the capability of producing nigh reiiabiiity devices which would be
acceptable for use in military applications., Alsoc the M{L-M-38510 specifica-
tion for testing the linear devices studied in this program appear adequate to
fully electrically characterize the devices. However, there were differences
vetween the same device type from different manutacturers and between dif-
ferent device types from the same manufacturer. These differences indicate
that tighter controls over both the electrical testing and the manufacturing
processes are necessar to produce high reiiability devices.

Although the devices were procured as capable of meeting the MIL-M-38510
snecifications, several of the devices failed to conform to al: of th2 test
specification limits. Initial electirical failures were a minimum in the one
JAN qualified device, but were numerous in all other devices., In most coses
the parameter end-point limits were expanded to obtain a sufficient number of
devices for further evaluations. With tha expandea limits, as many as 33% of
a particular manufacturer's devices failed initial clectrical tests. Although
many parameter end-point limits had to be expanded, the MiL-M-38510 electrical
test limits are adequate with the excepticn of the LMIl1 device. Each
manufacturer's device failed different electrical parameters, and not all
devices from a particular manufacturer failad a specific electrical parameter,
indicating that the MIL-M-38510 electrical test limits were capable of
being met.

Information obtained in testing the LML11l devices indicate the current
MIL-M-38510/10304 (8 March 1977) is in need of revision, With the LMI1l
devices, the static and dynamic test circuit was impossible to stabilize.
Several attempts to construct the MIL-m-38510 test circvit resulted in severe
oscillations in the device under test. Attempts to recduce these oscillaticns
for a particular parameter test only produced worse conditions faor other
parameters. The devices were eventually tested with two separate test
fixtures, each of which was specially designed to dampen oscillations far
specific parameters without affecting other test results. Due to oscilla-
tions, several tests were not performed with either fixture, including all
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tests required at -557C. It was beyond the scope of this program to further
investigate the oscillating LMllls because the oscillations may have been
partly or entirely the fault of the particular devices available at the time
of procurement.

Revisicens are necessary to some of the MIL-M-38510 specificaticons due to the
nonlinearities of tne qain of the operational amplifiers and the compar-
ators, and the instability of the comparators. Linearity in the gain measure-
ments can be incressed by recucing the load current during the gain tests. It
is further recommended thet the emitter gain tests for the comparators be
deleted due 1o the instability of the part in this configuration. Minor
revisions to the specirications should also be made as detailed in section
5.4. With the above exceptions, all remaining MIL-M-38510 specifications/
methods are adequate to electrically characterize the devices evaluated 1in
this report.

Maximum temperaturss at which the linear microcircuits would operate
satisfactorily during accelerated 1ife tests were widely dispersed for the
devices evaluated. Particuiar maximum temperaiures varied for device iLypes
within the same fanily (LM108A and LM118) and also varied for different
devices fabricated by the same mawufacturer. A maximum temperature of 175°C
was utilized for the LM118 devices, while a 250°C maximum was utilized for the
LM109 and [ M111 devices. During life tests, the output voltages of several
device types were different from the voltage levels.which would be present had
the devices operated in the ~55°C to +125°C temperature range. Devices were
either thermally biased (LM108A and LM111} or the outputs were suppressed by
thermal protection networks within the die {LM109). It is believed that
thermaliy biasing operational amplifiers and suppressing the cutput voltages
of the regulators represent valid accelerated life test conditions. There-
fore, the temperature at which thermal runaway occurs should be considered the
iimiting factor in selecting life test temperatures, not the temperature at
which thermal biasing or voltage suppression occurs.

In procuring sufficient good devices from a single manufacturer some
devices which failed initial electrical tests were returned for replacements.
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Date codes on the repiacement devices were different from the date codes

o the original devices indicating the devices were from different lots,
Athough subsequent construction analysis noted rno differences, the replace-
ment devices exhibited parameter failures different from the failures of the
initial devices. Lot to lot variations in linear devices were not determined
in this contract due to limited sample sizes, but these variations should be

considered in reliabiltiy evaluatiors.

The failure rates for the operational amplifiers (LMLOBA and Manufacturer
B's LMI11&) ranged from 1.22 x 10"1 failures per hour to 8.02 x 10'S
failures per hour. The failure rates for the comparators (LM11l) were in the
1 x 10’3 failure per hour range. The failure rates indicate that these
particular devices would not be acceptable for most military applications.
Also, additional burn-in would not reduce the failure rate for these devices.
The voltage regulators (LML0% and 723) and Manufacturer C's LML18 operational
amplifiers exhibited too few failures during the 40C3 hour 1ife tests to
compute failure rates, but it is expected that these devices would have median
Tives greater than 4000 hours when operated at life test temperatures, and could
be expected to exhibit acceptable failure rates for military applications.

The primary failure mechanisms for the LMLU8A operaticnal amplifiers,
Manufacturer B's LM118 operational amplifier, and the LM111l comparators
were surface related. As a group, surface related failure mechanisms
accounted for 76% of the total number of failures. Although, in many cases,
the absolute cause of the failure could not be positively determined, those
failures which are due to surface related mechanisms can be greatly reduced by
Ltightening prccess controls.
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M38510/10104BGC

MANUFACTURZR A

OPERATIONAL AMPLIFIER

DATE CODE 7443
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Lamiz rER rremerat,

MIUROCIRCUIT CONSTRUCTIGH INFORMATION

S/h: 11 DATE CODE: 7643 DATE: 5/9/17
PART YAME: Uperationyl Amplifier

MAEJ-AGTURFR’S PART NG.: 108A8%23B MAMUFACTURIR: A
GENERZZ PART WC.: LMIQBA PACKAGE TYPE: ¢ Piy Can

MILITARY SPEC(TICATION HJ.: M38510/10104B5C

k. PRCKAGE DE1XILS  (Se: Figu.e A:-)

Lead Materia!: 4r1d Plated Kovar
Lead Finish - internat: Gold Plate
~ dxternai: Gold Piace
~ rod Through: None
Header daterial: 621d Plated Kovar
Cap Material: Golrn Plated Nickel
Case Seal Methrtd: keld
Lead Seal Matevial/Mounod: Matched Glass

B. INTERCONNEGCTION DETRILS {3e2 Figuve A1-2)

Die Wounting Matarial- Goi:l-3ilicorn Sutectic

Interronrect Wire Material: Aluminum

Interconnect Wire Diameter: 0.0012 inch

Longest Interconnect Wire Length:. 9.0%¢ inch

Wire Bond Type(s) Post: Ultrasoric {See Fivire Al-4)
Die: WUltra:zcnic {S2e Figure A1-3)

C. DIE DETAILS (See Figure Al-6)

Passivatron Typ2: Silicen Dioxide

Glassivation Type. Vapor Deposited Giass

Basic Die Construction: Epitaxiai Planar

Die Dimensions: 0.656 inch x C.041 dinch

Metalication Typa: Aluminum .

Metalizatior Thicknass: 13,7134

Scribe hethod: Mechenical

Bond Pad Size: 0.007 inch x 0.007 inch

Voo Stripe Cross-Sectional Area: 1 37 x 10" %m x 4.65 x 1073em = 6.39 x 10" cn
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D. ELECTRICAL SCHEMATIC

Since the schematic for Manufacturer A was not included in military specifica-
tion MIL-M-38510/10104, a s:hematic diagram was obtained from Manufacturer A. The
accuracy of this schematic was confirmed by a detailed microscupe sxemination of
the die af.er glassivation removal. The schemati: was found to be correct. The
schematic is included as Figure Al-b5 and the die photograph with circuit elements

identified is incli:ded as Figure Al-5.
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£. COMPONENT DESCRIPTION

An examination ot the die surface was conducted in order to deiLermine the
structure of each circuit element.

1. TRANSTSTORS (Transistors listed together share a common N type collector or
base tub.)

Vertical NPN Vertical PNP Lateral PNP N Channel J FET

n® Q16 Q6* Q23
Qz® Q19 Q9
Q@ Q28 Qo
S qn
BO : Q12
Q7 Q24
08 Q28
Q13*

Ql4, 034

Q15

Q7

8

Q20*

Q)

Q22

925, Q26

Q7%

029%, Q30*, 431

Q32
033

* Diode connec*ed transistor, -f

! ’ @ Super beta t-ansistor.

A9
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2. RLSISTORS

P lype Squeezed P Type N+ Crossunders
R1 thru R5 RG Rx] thru R 3
R7 thru R15 Rio

R17 thru R20

(8¢

CAPACITORS

HOS Thin Oxide Over N+

Cl

The schematic supplied by the manufacturer and the die itself contained a nunber
of circuit elements and bonding prads not connected in this device. These are
used to trim nffset voitage by .electively zapping the transistors Q29, Q30 or
Q31. Shorting ¢ ¢ removes R4 trom the circuit, shorting Q30 removes R7 and short-

ing 131 remrves 3 and RS from the circuit. In the particula- part being evalucted,
transistor Q30 hed been zapped (see Sigure A1-7) vemeving R7 from the :ircuit,

Ar. attempt vas made to examin> in detail the construction of the super-beta
transistors §Qi, G2, 43, ys.and Q5. Several devices were angle sectioned and
stained 1n an attempt to delineate the junctions. However all attempts failed to
detine the base, as shown in Figure Al1-8. A discussion with the manufacturer
revealed that the base is very near intrinsic and extremely difficult to show. They
stated it could be donz with limited success using dif¥ra-tion i1n a scanning
electron microscope. This is beyond the scope of this irve tigation and was not
attempted.

F. QUALITY OF WORKMANGHIF

PIUNIPONSNUVI S

The quality of workmanship is considered acceptable per MIL-51D-883, Method
2014, 3.
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HMICROCIRCUIT CONSTRUCTION INFORMATIG

S/N: 45 DATE CODE: 7608 DATE: 5/9/77 i
PART NAME: Operational Amplifier é
MANUFACTURER'S PART NO.: LM108AH/101048GC MANUFACTURER: B 4
" GENERIC PART NO.: LMI08A PACKAGE TYPE: 8 Pin Can ]
MILITARY SPECIFICATION NO.: M38510/107104BGC 3

A. PACKAGt CETAILS (See Figure A2-1)

Lead Material: Kcvar

Lead Finish - Internal: Gold Plate
- External: Gold Plate
< Ferd Through: None

Header Material: Gold Plated Kovar

Cap Material: Nickel

Case Seal Method: Weld ]

iLead Seal Material/Method: Ma.ched Glass

i K el

B. INTERCONNECTION DETAILS (See Figure A2-2)

Die Mounting Material: Golid Silicon Euteciic

Interconnect Wire Material: Aluminum

Interconrect Wire Diameter: G.001 inch

Longest Interconnect Wire Length: 0.101 inch

Wire Bond Type(s) Post: Ultrasonic (See Figure A2-4)
Die: Ultrasonic (See Figure A2-3)

C. DIE DETAILS {See Figure A2-7)

Passivation Type: Silicon Dioxide

Glassivation Type: Fhosphorous Glass

Basic Die Construction: Epituxial Planar

Die Dimensions: 0.058 inch x 0.057 inch

Metalization Type: Aluminum

Metaiizaiion Thickness: 22,913A

Scribe Method: Mechanical

Bond Fad Size: 0.0047 inch x 0.0047 inch

VCC Stripe Crens-Sectionat Area: 2.29 x 10—4cm X 5.59 x 10'3cm = 1.26 x 10 %n?
A13
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D. ELECTRICAL SCHEMA"IC

An electrical schemetic of the device was prepared by modifying the schematic
giver in MIL-i#-38510/10104 o conform to the actual circuitry on the diz. The
modification vesulted from & microscopic examination of the die after removal of
the glassivation and metalization. The coriected schematic is shown in Figure A2-5
and the aie photomicrograph with components identified is Figure AZ-6. The
schematic modifications were as fullows:

1. The MIL-14-28319/10104 schematic included & resistor between the bases of

Q17 and Q18 which is cn the die but shorted by metalization and, thereforz,
not used.

2. Twa zener diodes D1 and D2 added across a small porticn of R3 and R7.
The modifications are indicated on the schematic by an asterisk (*).

Resistors R3 and R7 and diodes 91 and U2 requive additicnal explanation. These
1esistors have a small resistance path ir serieswith the zener diodes. 1f the zener
dindes are zapped a small recuction in the total resistance ot either R3 or RY
will result. A discussicen with the manufacturer revealed that at one time these

-, L B S N T o T T - I U Wuruy B o R T L T T 34
were used (o adjust offseh. The manufacturerc stated that they no jonger find it

necassary to adjust the device. The large circular pads over R3 and R7 were used
to make contact during the diode zapping aperation.
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* Madifications to MIL-M-38510/10104 schematic.

FIGURE A2-5 - SCHEMATIC DIAGRAM
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E. COMPONENT DESCRIFTION

The structure of each component was deternined frow examination of the die

surface.

1. TRANSISTORS (Transistors listed together share & common N type collector or
base tub.)

Vertical NPN Vertical PNP Later.1 PNP li Channel FET

Q3 Q14 Q1+ 19
Q4 Q27 Q2
B® Q30 Gl *
Q6 - Q7 Q12
Q8* 015
Q9 Q16
Qo &
Q13*
Q7*®
Qig ®
920
21
Q22
G23
g24 ®
125
026, (28
Q26

* Diode cunnacted iransistors,
C)Super beta transistors.

A19
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2. RESISTORS
P Type Squeezed P Type N cpitaxial

R3 R12 R21
Ra R24

R7 thru Rl

R13 thru R17 ;
R19 ' i
R20
R22
R23
R25
R26

PP TP

b b -

Bt

Reference designations R1, R2, R5, RE and R18 ara not used,

FORYUNPTIPNES

3. CAPACITORS ' 3
MOS plus PN_junction '
cl

Capacitor C1 is a metal oxide silicon capacitor with a parailel
PN junction to increase capacitance. Figure A2~7 #llustrates the

construction of this capacitor, T

F. QUALITY GF WORKMANSHIF

~ The quality of workmanship is consideved acceptable per M{L-STD-883, Method
2010.3,
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MICROCIRCUIT CONSTRUCTION INFORMATION

S/N: 82 UATE CODE: 7632 : PATE. 57000
PART NAME: Operationai Amplifier

MANUFACTURER'S PART NO.: LM118/10107BGC | PANUFACTURN K. @
GENERIC PART NC.: LM118 PACKAGE TYPL: G Pin Can

MILITARY SPECIFICATION NO.: M38510/70107BGC

A. PACKAGE DETAILS (See Figure A3-1)

Lead Material: Kovar
Lead Finish - Internal: Gold Plate
- External: Gold Plate
~ Feed Through: HNone
Header Mate-~ial: Gold Plated Kovar
Cap Material: HNickel
Case Seal Method: Weld
Lead Seal Material/Method: Matched Glass

B. INTERCONNECTION DETAILS (See Figure A3-2)

Die Mounting Material: Gold Siticon Eutectic

Interconnect Wire Material: Aluminum

Interconnect Wire Diameter: 0.007 inch

Longest Interconnect Wire Length: 0.077 irnch

Wire Bond Type(s) Post: Uitrasonic (See Figure A3-4)
Die: Ultrasonic (See Figure A3-3)

C. DIE DETAILS (See Figure A3-6)

Passivation Type: Silicon Dioxide

Glassivation Type: Prosphorus Glass

Rasic Lie Construction: Plapar tpitaxial

Die Dimensions: 0.075 x 0.050 inch

HMetalization Type: Aluminum

Metalization Thickness: 10,1603

Scribe Method: Mechanical

Bond Pad Size: 0.005 x 0.005 inch

Voo Stripe Cross Sectional Area: 1.02 x 107 % x 2.67 x 10 % = 271 x 10 ot
A23
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D, eLeCTRICAL SCHEMATIC

An electrical schematic of vhe device was prepared by modifyirg the schematic
given in MIL-M-38510/10107 to conform to actual circuitry orn the die. The
modification resulted from & microscoupic examinatiun of the die with glassivation
aixd metalization removed and from a metallurgical cross section. Tne corrected
schematic is shown in Figure A3-5 and the comporents are identified in ihe
die photegraph shown iu Figure A3-6. The schematic modifications consist of the
following:

1} Added four diffused cross unders (Rx] - in)

2) Addea resistor (R26)

3) Added a diode connected transistor (Q39)

4} Added collector-base clamp diodes to Q& and Q18

5) Added a small value metal over »ubstrate capacitor (C4)
6) Changed Q31 from NPN to PNP

77 Changed JFET ieference designatior tc 238 (to corrsct duplication of numbers;

The changes are indicated an the schematic with an asterisk (*).
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* Additions or corrections to the MIL-M-38510G/10107 schematic.

* FIGURE A3-5 -~ COMPLETE ELECTRICAL SCHEMATIC
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E. COMPONENT DESCRIPTION

From examination of the die surrace and the ¢ress sections, the structiure uf
each component was determined.

1. TRANSISTORS (Transictors listed together sharc a cummzn H-iype ccliector ar
base tub.)

Vertical NFN Vertical DNP Lateral PHP N Channel JFET

Ql, 03, Q171* 023 Q13* Q38
02, G4, Q12* Q30 014, 015
G5, Q1o Q4

Q6 Q17
Q7, Q9 Q25

Q8 , 028
018 ' Q31
Q19

n20, Q21

22

Q24

02é, (27, Q33

Q29

Q32+

Qa4*, Q35

Q36, Q37*

Q39%

* Divde connected trensistor,

A29




2. RESIZTORS

P Type Squeazed P Tyne N epitaxial N* Crossunders
R1 R5 R2, 3 Rx]’ 2, 3, 4
R4 R10, 11
P thru 9 kRid
R12, 13 RZC
R15 theu 19
R21T thru 26

3. CAPATITORS

MOS (thin oxide over N') MOS (thick oxide over substrate} MOS + Ph Junctions

c2, 3 Ca Ci

The structure of the four capacitors and transistors Q48 and Q39 require further
discussion. Figure A3-7 is an etched metaliurgical cross section of C1, C2 and Q38.
The V1 channel junction field effect transistor (036 is a squeezed N epitaxial resitor.
The channel region is composed of M enivaxial silicon. The gate is composed of a
P iype base difrusion (upper channel boundary), a Jdeep P type isolation diffusion
(sidewail boundary) and the P type subdstrate \:xwer boundary). The drain contact
of the JFET is the N diffusion of the R14 squeezed £ type resistor and tne
source contact is the N+ upper centact to R2,

Capacitors Cz and €3 are normai MOS N capacitors except that the N* diffusion
15 preceeded by @ P type base diffusion. In{2, the P type diffusion is shortsd to
the N type tank via an N diffusion and the ohmic contact as shown in Figure A3-8(a).
This contact is connected Lu an emitter of 029 which resuits in a diode connected
transistor 439 being uddel to the schematic between Q29 ancd the Nt side of C2.
the complete equivalent civcuit far L2 is snown ir Figure A3-8(b}. InC3, all three
diffusions, the N+, the F type end the N tanxk are shorted together and, therefore,
no additional circuit element exists.

€1 contains a P-N junction capacitor in parallel with a MOS canacitor Lo increase
its caparitance as shown in Figure A3-S(a). The P-M capacitor is part of the
MOS capacitor and uses & deep P' isolution diffusion. The equivaleny circurt uf
this capacitor is shown in Figure A3-9{b).
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C4 15 forued by expanding the metollization comnected Lo the 49 hase/R2

contacts which adds additional capacitance belween these points and the unaer-
Tying substrate (V-).
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FIGURE A3-7 - METALLURGICAL CROSS SECTION (ETCHED) OF €2, Q38 AND Cl

F. QUALITY OF WORKMANSHIP

The quality of workmanship is considered acceptable per MIL-5TD-883, Method
2010.3.
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CONSTRUCTION ANALYSIS
M38510/10107BGC
MANUFACTURER €
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(ICROCIFCUIT COMSTRUCTICN INFORMAT:ON

S/M: 12 DATE CODE: 7651Q
PART NAME: Operational Amplifier

MANUFACTURER'S PART NO.: M38510/10107RG

GENERIC PART NO.: LMI18

MILITARY SPECIFICATION NO.: M38510/1010736GC

A. PACKAGE DETAILS (See Figure A4-1)

Lead Materital: Kovar
l.ead Finish - Internal: Gold Plate
- External: Gold Plate
- Feed Through: None
Header Haterial: Gold Plated Kovar
Cap Material: Nickel
Cas2 Seal Method: Weld
Lead Seal Material/Method: Matched Glass

B. INTERCONMECTION DETAILS (See Figure Ad-2Z)

Die Mounting Material: Gold Silicon Eutectic

Interconnect Wire Material: Aluminum

Interconnect Wire Diameter: 0.0C11 inch

Longest Interconnect Wire Length: 0.128 inch

Wire Bond Type(s) Post: Ultrasonic (See Figure Ad.-4)
Die: Ultrasonic (See Figure A4-3)

C. DIE DETAILS (Sce Figure A4-6)

Passivation Type: Silicon Dioxide
Glassivation Type: Phosphorus Glass
Basic Die Construction: Pianar Epitaxial
die Dimensions: 0.084 inch x 0.077 inch
Hetalization Type: Aluminum .
Metalization Thickness: 49,388 A

Scribe Mcthod: Mechanical

Bond Pad Size: C(.U07 inch x (007 inch

DATE:  5/9/77

MANUFACTURER:

C

PACKAGE TYPE: 8 Pin Can

VC’ Stripe Uross-Sectional Area: &.0L0 lo”dcm % 1.98 x 10 2cm = 9,90 x 10'7gm‘
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D. «LECTRICAL SCHEMATIC

An electricai schematic of the device was prepared by modifying the schematic

giveﬁ in MIL-M-38510/10107 to conform to the actual circuitry on the die. The

rnqgéfication resulted from a.-microscopic examination of the die after glassivatien

rembval and was aided by the previous study of the tanufacturer B device. The

corrected schematic is shown in Figure A4-5 and the components arc identified on

the die photograph shown in Figure A4-6. The schematic modifications consist of

the following.

v =~ > a O O P
— e e et et e e

Added four diffusad crossovers (?X1, RXZ, Rx3’ Rxd)

Added resistor (RZ6)

Added a small value metal over substrate capacitor (C4)

Changed Q31 from NPN to PNP

Changed JFET reference designation to Q35 (duplication)

Added collector-base clamp diode to Q18

Changed input protection from & transistors to one dual emitter transistor
(G34) '

Removed connection between C2 and Q26 base, R19

Added conrectiorn between C2 and R20, Q7?7 emitter, Q32 emitter, QP2 collector,
023 base

Changes are indicated in the schematic with an asterisk (*).
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* Modifications to MIL-M-38510/10107 schematic.

FIGURE A4-5 ~ SCHEMATIC DIAGRA
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L. COMPONENT DTSCRIPTION
From examinatian of the die surface and the similarity betwren this device and

the Manufacturer B version, the structure of each component was determined.

1. TRANSISTORS (Transistors listed togetier share a common N-type collector or ‘
base tub.) f

Vertical NPN Vertical PNP Lateral PNP N Channel JFET

Q1, Q3, qQuI* Q23 Q13+ Q35 ._
02, Q4, Q12* Q30 Q14, 015 :
Q5, Q10 Q16

Q6 Q7

Q7, @9 Qz5° =
(8 028 g
Q18 Q31 :
Q19
Q20, Q21 i
Q22 ]
Q24 '
Q28, Qz7, Q32 i
Q29 ~
Q32*- ]
Q34+ ]
* Diode conrected transistor. }
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2. RESISTORS

? Type Sgueezed P Typa N Epitaxial N+ Crossunders
| RS R2 Rx]
R4 - R10 R3 R 2
R6 thru 9 R11 b3
R12 R14 ra
R13 R20
R15 thru 19
R2% thyu 26

3. CAPACITORS

MOS (thick oxide over N+) MOS (thick oxide over substrate) MOS + PN Junction

ce C4 €1
€3

The structure of the four capagitors and transister Q35 requirve further
discussion. The N-channel junctiorn field effect transistcr Q35 is a squeezed
N-channel epitaxial resistor. The channel region is composed of N-epitaxiel siiicon.
The gate is composed of a P-type base diftusion (upper chawmel boundary), a
deep P-type isolation diffusion (sidewall boundary) and the P-type substrate {lower
channel boundary). 7The drain contact of the JFET is the N+ diffusion of the Ri4
squeezed P-type resistor and the source contact is the N+ upper contact of R2.

Refer to Figure A3-7 in Appendix A3 for a metallurgical cross section of the JFET
since Q35 is constructed identically to Q33 in the Manufacturer B device.

Capacitors C2 and €3 are also of the same construction as the same capasitnes
in the Manufacturer B device (Appendix A3). Thay are normal MOS N+ capacitors except
the N+ diffusion is preceeded by a P-type base diffusion. in €2 the P-typa
diffusion is shorted to the N-type tank via an N+ diffusion and the ohmic contact
as shown in Fiyure A4-7(a). -This contact is left unconnected in this device.
The equivalent schematic of C2 is as shown in Figure A4-7(b). In C3 the three
diffusions, the N+, the P typs and the N tank are shoried together,

C1 contains a P-Ncapacitor in parallel with a MOS capacitor to increase its
capacitance. As shown in Figure A4-8(a), the P-K capacitor is part of the M0S
capacitor and uses a deep ?+ isolation diffusion. The equivalent circuit of tnis
capacitor is shown in Figure A4-8(b).
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C4 is formed by expending the wetalization connected to tro 9 base/R2

contacts which ad! capacitance between these pcints and the underlying substrate
{v-3.

F. QUALITY OF WORKMANSHTP

The quality of workmunship is considered acceptable per ML STN-883, Method
2610.3.
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CONSTRUCTION ANALYSIS

M38510/10201B1IC

MANUFACTURER D

PRECISTON VOLTAGE REGULATOR

DATE CODE 7630
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MICROCIRCUIT CONSTRUCTION INFORMATION

S/N: 51 DATE CODE: 7630 DATE: 7/8/77
PART NAME: Precision Volitage Regulator

MANUFACTURER'S PART NQ.: M38510/10201BIC MANUFACTURER: D
GENERIC PART NQ.: 723 PACKAGE TYPE: 10 Pin Can

MILITARY SPECIFICATION NO.: M38510/10201RIC

A. PACKAGE DETAILS (See Figure A5-1)

Lead Material: Kovar
Lead Finish - Interpal: Gold Plate
- External: Gold Plate
- Feed Through: None
Header Material: Gold Plated Kovar
Cap Material: Nickel
Case Seal Method: Weld
Lead Seal Material/Method: Matched Glass

B. INTCRCONNECTION DETAILS (See Figure Ab-2)
Die Mounting Material: Gold-Silicon Eutectic
Interconnect Wire Material: Aluminum
Interconnect Wire biameter: 0.001 dinch
Lonigest Interconnect Wire Length: 0.105 inch

Wire Bond Type(s) Post: Ultrascnic (See Figure A5-4)
Die: Ultrasonic (See Figure A5-3)

C. DIE DETAILS (Sce Figure A5-6)

Passivation Type: Silicon Dioxide
Glassivation Type: Vapox

Basic Die Construction: Planar Epitaxial
Die Dimensions: 0.057 inch x 0.048 inch
Metalization Type: Aluminum
Metalization Thickness: 22,611A

Scribe Method: Mechanical

Bond Pad Size: 0.0044 inch x 0.0044 inch

Veo Stripe Cross-Sectional Area: 2.28 x 10°%

cm x 7.34 x 15 3m = 1.67 x 10%cm
;

LY.y

2
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FIGURE A5-1 - PACKAGE PHOTOGRAPH
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FIGURE A5-2 . INTERCONNECTION PHOTOGRAPH

NG

e vt o g i

.;M—-M— arls e

Ca—— e

s




700X
(SEM-1.2KV)

K24 ’

380X L
(SLM-1.20kV) .
&, o
FIGURE ML-4 -y

I

BOND AT POST

A9

S/NSE




0. ELECTRICAL SCHEMATIC

An electrical schematic of the device was obtained from MIL-M-38510/70201
(Circuit C) and compared with the actual die configuration. The die layout
agreed with the military specification schematic except for one area. Transistor
Q14 shywn in the schematic as a single emitter transistonr actually has two emitters
tied togetner and transistor Q18 is not connecied in this device. The corrected
schematic diagram is included as Figure A5-5 and a die photomicrograph with circuit
elements identified is included as Figure A5-6.

E. CCMPONENT DESCRIPTICN

From examination of the die surface, the structure of each component was
determined.

1. TRANSISTORS ({Transistors listed togeiher share a common N-type collectfor or
base tub.)

Vertical NPN Lateral PNP N Channel JET

Q4, Q5, Q14, Q17*% QZ*, Q3, Q7 Q8 Ql
96, Q19
Q9
Q10

Q1
Mz, Q20

Q13
@15, Q16
Q018

* Diode connecied transistors.

z. REZISTORS
P Type Squeezed P Type N+
R1, R2 R3 R13
R4 thru R6 R7 K14
R8, R9 R10
R11 Ri2

R15 thrv R18

A50
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FIGURE A5-5 - ELECTRICAL SCHEMATIC DIAGRAM

AS1

PP

Y DTN

o




FIGURE

l‘\ I_) - () -

Y

IR RN TAAAT

-
~S

o g o e oo o e e




3. CAPACITORS

MCS (thin oxide gver N+)

9 |
i
3 F. QUALITY OF WORKMANSHIP 1
E The quality of workmanship is considered acceptable per MIL-STD-883, Method :
: 2010.3. ;
i
:
t z
i
ﬁ
4
3
H
L ]
i
!
]
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CONSTRUCTION ANALYSIS

M38510/102018B1IC

MANUFACTUREK C

PRECISION VOLTAGE REGULATOR

DATE CODE 7649P
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S/N:

NSNS

MICROCIRCUIT CONSTRUCTION INFORMATION

51 DATE CODE: 7649P

PART NAME: Precision Voltage Regulator
MANUFACTURER'S PART NO.: 723HMB

GENERIC PART NO.: 773

MILITARY SPECIFICATION NO.: M38510/10201EIC

A.

C.

PACKAGE DETAILS (See Figure A6-1)

Lead Materiai: Kovar
Lead Finish - Internal: Gold Plate
- External: Goid Plate
- Feed Through: None
Header Materiai: Gold Plated Kovar
Cap Material: Nickel
Case Seal Method: Weld
Lead Seal Material/Method: Matched Glass

INTCRCONNECTION DETAILS {See Figure A6-2)

Die Mounting Material: Gold Silicon Eutectic
Interconnect Wire Material: Aluminum

" Interconnect Wire Diameter: 0.0012 inch

Longesti Intercunnect Wire Length: 0.162 inch
Wire Bond Type(s) Post: Ulirasoenic (See Figure A6-4)
Dic: Ultrasonic (See Figure A6-3)

OIE DETAILS (See Figure A6-6)

Passivation Typz2: Silicon Dioxide
Glassivation Type: Silox

Basic Die Construction: Planar

Uie Dimensions: 0.037 inch x 0.049 inch
Metalization Type: Aluminum
Metalization Thickness: 19,5224

Scribe Methed: Mechanical

Bond Pad Size: 0.004 incli x 0.004 inch

P Al

DATE:  2/6/77

MANUFACTURER: C
PACKAGE TYPE: 10 Pin Can

Vee Scrile Cross-tectional Area: 1.96 x 107%m x 2.26 x 107 2ch = 4.42 x 10 %n®

ASS
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0. COMPONENT DESCRIPTION

Sin~e @ schematic for Manufacturer C device is not included in MIL-M-3851y/10201,
the closest eauivalert was selected {Circuit C) and this schematic was wwodified to
agree with the actuai circuit determined from a microscopic examination of the die.
The actuai schematin is includeu as Figure A6-% and the die photograph with civcuil
elements identiTied i3 includec as Figure A6-€6. The follcwing modification was
irade:

1. Tne resisior between Q3 collector and Q4 base does not exist and was removed
from the schematic.

The change is indicated on the schematic by an asterisk (*).

E. COMPONENT DESIRIPTICN

From examration ¢f the die surfoce, the structure of each cowpgneni was
detenained.

-

1. TRANSISTOR: (Transisiors Tisted together share 3 common N-type collector or
base tub.)

Vertical NPN Lateral PAP N Channel JFET
04, Q5, Q14, qzo* Q2*, 2 5
Q6, Q19 Q7, Q4
(43
§ Q10
; M1
i Q1z, Q7
"r AqF
‘ 015, N6
k QIR*
E * Diode ¢onnected transictor.
g
]
;’{
‘
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* Modifications to MIL-¥-38510/1020) schematic.

FIGURE Ac~5 - ELECTRICAL SCHEMATIC DIAGRAM
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2. RESISTORS

P Type Squeezed P Type N*
R1, R2 : R3, R7, R10, R12 R13, R14
R4 thru R6
RE, RY
R11

R15 thru R17
3. CAPACITORS

MOS (thin oxide over N+1
Ci

F. QUALITY OF WORKMANSHiP

The quality of workmanship is considered acceptahle per MIL-STD-823, Method
2010.3.
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CONSTRUCTION ANALYSIS

M33510/10701BXC

MANUFACTURER D
VOLTAGE REGULATOR

DATC CODE 7432

A62




]

MICROCIRCUIT CONSTRUCTION INFGRMATION

S/N: 105 DATE CODE: 7432 DATE: 5/9/77
PART NAME: VOLTAGE REGULATOR

MANUFACTURERS PART NO. F78MO5HMQB MANUFACTURER: D

GENERIC PART HNO: 78MO5 PACKAGE TYFE: T0-5

MILITARY SPECIFICATION NO: M38510/10701BXC

A PACKAGE DETAILS (See Figure A7-1)

Lead Material: Kovar

Lead finish - Internal: Gola Plate
- External; Gold Plate
- Feed Through: None

Header Material: Gold Plated Kovar
Cap Materiail: Nickel
Casa Seal Method: Weld

Lead Seul Matarial/Method: Matched Glass

B  INTERCONNECTIONS DETAILS (See Figure A7-2)

Die Mounting Material: Gold Silicen Eutectic

Interconnect Wire Material: Aluminum

Interconnect wire Ciameter: 0.002 inch

Longest Intecconnect Wire Length: 0.097 inch

Wire Bond Type (s) Post: Uitrasonic (See Figure A7-4)
Die: Ultrasonic (Sec Figure A7-3)

A63
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DIE DETAILS (See Figure A7-6)

Passivation Type:
Glassivation Type:

Basic Uie Construction:

Die Dimensions:
Metalization Type:

Metalization Thickness:

Scribe Method:
Bond Pad Size:

Silicun Dioxide

Vapox

Planar Epitaxial

0.074 inch x G.069 in:h
Aluniinym

12,988A

Mechanical

0.0066 inch x 0.0068 inch

Vee Stripe Cross-Sectional Areg: 1.30x10"4cmx1,35x10'2cmﬂ1.76110"6cm2

A64




- TR

e ket REAN s ey L7, . L Ly e v rmer

S/NIO4

10X S/N104

FIGURL A7-2- INTERCONNECTION PHOTOGRAPH

Abh



270X
(SEM-T.2KV) |

.J" ’ . . e o N ; ’4'”
agox  fe oA AT BB T 605

(SEM-1.20V) e W &7 0 g T

FIGURE A7-4- WIRE BOND AT POST

A66

Ddamod e qgh % sge  “ohene:

AT g Al VxR b Y i « Ba i




D. CLECTRICAL SCHEMATIC

An electrical schematic of the device was prepared by modifying the
schematic in MIL-M-38510/107. Schematic "C" for device 02 was seiected
as being the closest match to the circuitry on the die. The corrected
schematic is included as Figure A7-5 and the die photomicrograph with
circuit elemenys identified is shown in Figure A7-6. The schemacic mod-
ifications consisted of the following:

1. Diodes D1 and D2 ot the military specifications were changed

to diode connected transistor Q20 and Q21.

2, Q5 emitter was connected to Q13 and the junction of RZ2 and R15.
3. R3 was changed to 3 parallel resistors.
The charges are indicated on the schematic diagram with an asterisk (*).

i §ddition there are nine unconnected and undesighated resistors since
this same die is used for a number of dirferent voltages.
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*MODIFICATIONS TO MIL-M-38510/10702 SCHEMATIC

FIGURE A7-5 - ELLCTRICAL SCHEMATIC DIAGRAM
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E. COMPONENT DESCRIPTION

An examirction of the die surface was conductzd after removal of the
glassivation and metailization in order to getermine the structure
of each circuit element.

1. TRANSISTORS (Trarsistors listed together share a common N typs
collectnr or base type diffusion)

Vertical NFN Vertical PNP Lateral PNP

M e Q8*, Q9
Q2

Q3, Q4
Qs

Q6*

Q7

Q0

G2, Q19
Q13

Q14

25

6, Q17
Q18*
Q0%
Q21%*

*diode connected transistors

A7l
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2. ERESISTCRS
P _tyve
kY thirough RS
R0

R1¢ through RS

(teferance disignations R9 and R11 are not used in the
MIL-M-38510/10702 schematic ()

B’ The resisior designated f{L represents a group of
paraller emitter balvast resistors incorparated into
the lerge power transisior Qi7 to equalize the cu--
went di tribution cver the full length of the
transistor. A ghotomicrograph of a portion of
transfstor G17 after removal of the ylassivation
and metalization is included as Figuce A7-7. The
extra LCase type diffusions arcund the emitter con-
tacts create restricted current paths to the
emitter contactor.

|
¢
¢
{
}
!

[

3. CAPACITORS

; MOS (thick oxide over N

Ci

F. QUALLITY OF WORKMANSHIP

The quality of workman,hip is considered acceptable per MIL-STN-865.
Method 2010, 3.
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CONSTRUCTION ANALYSIS

M38510/10701BXC

MANUFACTURER B

VOLTAGE REGULATOR

DATE CODE 7552
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MICROCIRCUIT CONSTRUCTION INFORMATION

S/N: 43 CATE CODE: 7552 DATE:

PART NAME: VOLTAGZ REGULATOR

MANUFACTURERS PART NG: LM109/10701/BXC MANUFACTURER:

GENERIC PART NO: LMI1G9

PACKAGE TYPE: T0-5

MILITARY SPECIFICATION RG: M38510/10701BXC

B PACKAGE DETAILS (Sae Fiqure A3-1)
Lead Material: Kover
Lead Finish - Internai: Gold Plate
- External: Gold Plate
- Feed Througt: None
Header Material: Gold Plated Kovar
Cap Material: Nickel
case Seal Methud: teld
Lead Sea® Material/Methed: Matched Glass
B INTFRCONNECTION DETAILS (Sec Fiqure AS-2)

Die Mounting Materisl:
Interconnect Wire Material:
Interconnect dire Diameater:

Gold - Silicon Eytectic
Alumi num
0032 inch

Lonaest Interconnect Wire Lenagth: 0.128 inch

Wire Bond Type (3)  Post:
Die:

Uitrasonic (See Figure AG-4)
Ultrasonic (See Figure Ab-3)
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DIE DETAILS (See Figure A3-6)

Passivation Type:
Glassivation Type:
Basic Die Construction:
Die Dimensions:
Metalization Type:
Metalization Thickness
Scribe Method:

Bond Pad Size:

Vce Stripe Cross-Sectional Area:

Silicon Dioxide

Phosphorus Glass

Planar Epitaxial

0.084 inch x G.077 inch

Aluminym

11.006x

Meckanical

(¢.007 inch 3
1.710x10™

0.007 vnch
cmx1.34x10 Zem=1,

A75
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D. ELECTRICAL SCHEMATIC

An electrical schzmatic diagram was prepared by modifying the schematic
jacluded in MIL-M-38510/107 for device 01 to conform to the actual
circuitry on the die. The modifications resulied from a detailed
microscopic study of the die and inciuded removal of the glassivation
and metalization. The modified schematic is shown as Figure A8-5. A
die photomicrograph with the circuit components identified is include.
as Figure A8-6. The schenatic modifications were as follows:

1. Resistor RI0 is two resistors in parallel.

Resistor R6 is twy resistors in parallel.

Diode D3 of the MIi.-M-38510 schematic was changed to an
additional emitter oh Q14,

Crassunder Rx1 was added.

Raesistor R16 was added between (8 emitter and terminal 3,
Resistor R7 does not exist an the cie.

Resistor R15 and dicde D5 were added across D2.

Added D6 across the C-B junction of Q14.

Added D7 acrnss the C-B junction ¢f Q5.

w N

NeNo LN Noy ey I s

Tre modifications are indicated on the schematic diagram with an asterisk (*).
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*MODIFICATIONS TO MIL-M-38510/10701 SCHEMATIC

FIGURE A8-5 - ELECTRICAL SCHEMATIC DIAGRAM
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E. COMPONENT DESCRIPTION

An examination of the die vwas conducted in order to determine the structure
of each circuit element.

1. TRANSISTORS (Transistors listed together share a common N type
collector or base tub)

Vertical NPN Vertical PNP Lateral PNP N Chanpel J FET

Q2 Qi1 Q17 W)
Q3*, Q4
Q5

Q6

q7

Q8*

Q9, Q10
Q12+

Q1 3*
Q14, Q15
16

Q018

Q19

*diode connected transistors
2. DIODES
PN PN+
TN 02
D4
D5

b3

D7
4C5C011ector isolatfon diode of Q12
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3. QESISTCRS
P type N+ Squeezed P type
Rl thru R6 R4 R15
R8 thru R13 Rx1

R16

Peference designation R7 removed

4. CAPASITOR
cmiiter - Base Junction Capacitor

€1

. QUALITY QF WCR«MAHSHIP

The quality oF werkiminship is considered acceptaitle per MIL-STD-883,
Method 2010.3.

P " A - A e e
il il i "

-

Dt oy A Tt e L AN it o s - C o



;
]
|
]

CONSTRUCTION ANALYSIS

M38510/10304B6C

MANUFACTURER D

PRECISION VOLTAGE COMPARATOR/BUFFER

DATE CODE 7612
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MICRGCIRCUIT CONSTRUCTION INFORMATION

S/N: m DATE CODE:  761Z DATE:

PART NAME: PRECISION VOLYAGE COMPARATOR/SUYTER
MANUFACTURERS PART NC.  JAT1THMQH MANUFACTURER: D
GENERIC PART NO. LM111 PACKAGE TYPE: 8 LEAD CAN
MILITARY SPECIFICATION NO: M38510/103048GC

A. PACKAGE DETAILS (See Figure .9-1)

Lead Mzterial: Kovar
lead Finish - Internal: Gold Platy
- huterrad: void Flate
- teed Through: Nune
Header Material: Gold Plated €ovar
Cap Haterial: Nickel
{as5¢ Seal Method: Weld

Lzad Seal Material/Method: Matohed Siavs

B. INTERCOMNECTIGN DETAILS {See Figure At.2;

Die Mounting Material: G21d-Sildcon Eutectie

Interconnect Wire faterial: AT am? e

Interconnect Hire Dianeter: C.303%7 nch

Longest Interzonnect Wire Lengvh: 0.702 {uch

Wire Boud Type (S} Post: Ultrasoniz (3ee Figure As-4)
Die: Ultresonic {(See Figure RY9-3)
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DIE DETAILS (See Figure AS-8;

Passivation Type:
Glassivation Type:
Basic Die Construction:
Die Dimensions:
Mctalization Type:
Matalization Thickness:
Scribe Method:

dond Pad Size:

Vce Stripe Cross-Sectional Area: 1.19410-%cni2.54x10"3em=2 02x1077 cme

5ilicon Dioxide

Silicon Diuxide

Planar Enitaxial

0.043 inch x 0.G64 inch
Alumingm

11,9:

Merhanical

0.0 dinch x 0.904 inch
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D. ELECTRICAL SCHEMATIC

The MIL-M-38510/10304 schemaiisc "A" was determined to be the schematic

tor this device. Only minor changes were mude to this schematic as a
raesult of microscopic examination of the die. The schematic modifications
are as follows:

1.

2.
3.

4.

These modifications are identified on the schamatic diagram (Figure AS-5) by
an asterisk (*). A die photomicrograph with the ¢ircuit elements identified
is included as Figure A9-6,

H .- .. . i a0 Bk, radt s
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0% is actually tw separate transistors, therefore one is
designated GHA an<d the other Q535.

trossunders RxT and [x¢ wore aaded.
R18 and R19 are actually two resistors in parallel.

D3 was aaded anrvss the C-B junction of (22.
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E.  COMPONENT DESCRIPTION

An examination of the die surface was conducted atter removai of the
glassivation and meta11lzat1on in order to determine the structure of
each circuit element.

1. TRANSISTORS (Transistors listed together share a ccmmon N type
ccllector or base tub)

Vertical NPN Vertical PNP Lateral PNP N Channel J FET

N3 QN Q5A Q20
Q4 Q2 Q58
w*, Q10 Q14 Q1
Q7. Q9 Q7*
08
Q12
Q13%, Qi6
Q15
|s
s
Q21
Q22
023
*DJiode connected tranzistors.

2. DIODES
P,
D1

D2
b3

w

RESISTORS

P type N+

R1 thru R12 R'3
R14 thru RIS Rx1l
Rx2

F. QUALITY OF WORKMANSHIP

The quality of workmanship i considered acceptabie per MIL-STD-883,
Method 2010.3.
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MICROCIRCUIT CONSTRUCTION INFORMATION

S/N: m DATE CODE: 7601 DATE: 7/20/77
PART NAMEL: PRECISION VOLTAGE COMPARATOR/BUFFER

MANUFACTURERS PART NO. LM111H/10304BGC MANUFACTURER: - B
GENERIC PA!  NO. i PACKAGE TYPE 8 LEAD CAN
MILITARY SPECIFICATION NO: M38510/103048GC

A. PACKAGE DETAILS (See Figure A10-1)

Lead Material: Kovar
Lead Finish - Internal: Gold Plate

- External: Gold Plate

- Feed Through: None ;
Header Material: Gold Plated Kovar .
Cap Material: Nickel :
Case Seal Method: Weld i
Lead Seal Material/Method: Matched Glass ;

B.  INTERCONNECTION DETAILS {See Figure A10-2) :

Die Mounting Material: Gold Silicon Eutectic
Interconnect Wire Material: Aluminum
Interconnect Wire Diameter: 0.0611 inch

o tm s e R O s s

Longest Interconnect Wira Length: 0,102 inch
Wire Bond Type (s) Post: Ultrasonic (See Figure A10-4)
Die: Ultrasonic (See Figure A10-3)

Ag3

< et ORI




DIE DETAILS (See Figure A10-6)

Passivation Type: Silicon Dioxide

Glassivation Type: Silicon Dioxide

Basic Die Construction: Planar Epitaxial

Die Dimensions: (0.045 inch x 0.063 inch

Metalization Type: Aluminym

Metalization Thickness: 14,732X

Scribe Method: Mechunical

Bond Pad Size: 0.0034 ingh x 0.0C34 inch 2
Vce Stripe Cruss Sectiona? Area: 9.88x107“cmx1.47x10” cm=1,46x10"8cm

A94
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D.  CLECTRICAL SCHEMATIC

The MIL-M-38510/1020% schematic "B" was determined to be the schematic

for tkis device. A comparison between this schrmatic and the actual

die layout was made after removai of glassivation and m~talization. A
number of chavwges in the schematic were requirea to produce cgreement with

the actual die laycout.
1. Crossunders Rx1 and Rx2 were added.

2. (5 is actually two separate transistors; therefore, one is desig-
hated Q5A and the other Q5B.

3. The diode shown connectad to the coliector of (1% is actually a
verticle PNP transistor (there is no huried layer under the
emitter diffusion); therefore, the diode was changed to (24.

4. Diode D5 was added across the C-B junction of Q22.

ic
he

Changes in the schematic are indicated on thc schemat
with an asterisk (*j. The die photomicrograph with t
tified is included as Figure A10-6.
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E.  COMPONENT DESCRIPTION

An examination of the die surface was cunducted after removil of glass-
jvation and metaiization to determine the structure of each circuit
element.

1. TRANSISTORS (Transistors listed together share a common N type
cnllector or base diffusion)

Vertical NPN Vertical NP Lateral PNP N Channel J-FET

Q3 01 QbA Q20
Q4 Q2 Q58
G6*, Q10 on
Q7*, Q9

Q8

Q12

Qi3*, Qi6

Jid

Q15

Q17*

Q18>

s

Q21

Q22

*diode connected transistors
2. DIODES

PN Diode connected NPN transistor
D1 D4

D2
D3

DS

D3 Remuved

A100




3. RESISTORS

P Nt
k1 thru R12 R13
R14 thru R23 Rx1

Rx?2

F. QUALITY OF WORKMANSHIP

The quality of workmanship is considered acceptable per MIL-STD-883,

Method 2010.3.
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APPENDIX B

ELECTRICAL TEST ‘CONDITIONS

!
i
TABLE QF CONTENTS %
PAGE !
INITIAL/FINAL AND INTERIM TESTS FOR MIL-M-38510/10104 & /10107 . . B2 i
CHARACTERIZATION TESTS FOR MIL-M-38510/10104 & /10107. . . . . . . B3 3
MIL-M-30510/10104 & /10107 SPECIFIED TESTS/LIMITS. . . . . . . . . B4 i
MIL-M-38510/10104 & /10107 CIRCUTT DIAGRAMS. . . . . . . . . . . . B19 |
INITIAL/FINAL AND INTERIM TESTS FOR MIL-M-38510/10201. . . ., . . . B12
CHARACTERTZATION TESTS FOR MIL-M-38510/10201 . . . . . . . . . . . B13
MII.-M-38510/10201 SPECIFIED TESTS/LIMIYS . . . . . .. . . . . . . Bl4 3
MIL-M-38510/10201 CIRCUIT DIAGRAMS . . . . . . . . . . . . . . . .BiI5 i
INITIAL/FINAL AND INTERIM TESTS FOR MIL-M-3851G/10304. . . . . . . Bi7 3
CHARACTERIZATION TESTS FOR MIL-M-38510/10304 . . . . . . . . . . . B18 }
MIL-M4-38510/10304 SPECIFLED TESTS/LIMITS . . . . . . . . . . . . . B19 i
MIL-M-38510/10304 CIRCUIT DIAGRAMS . . . . . . . . . . . . . .. . B22 1
INITIAL/FINAL AND INTERIM TESTS FOR Mil.-tM-38510/10701., . . . . . . B24 4
CHARACTERIZATICON TESTS FOR MIL-M-38510/1070%1 . . . . . ., . . < . . B25 :
MIL-M-38510/1Q701 SPECTFIED TESTS/LIMITS . . . . . . . . . . . . . B26 §

MIL-M~38510/10701 CIRCUIT DIAGRAMS . . . . . . . . . . . .. ... D029
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TABLE £1. INITIAL/FINAL AND .‘H‘{ERH'_I TESTS FOR MIL-M-38510/10104 &
MIL-M-3851U/10107
! INITiRL/FINAL INTERIM
PARAME1 %R TEST #'S TEST ¢
| 2s°c | 175°C =85°C 25°C
Vig 1, 2,3, 4 25, 26, 27 46, 47, 48 1, 2,3, 64
Iio 5, 6,7, 8 31, 22, 33 52, 53, 54 5,6,7, 3
+n 9, 10, 11, 12 37, 38, 39 58, 59, 60 9, 10, 11, 12
-11g 13, 14,15, 16 | 40, 41, 42 61, 62, 63 13, 14,15, 16
+PSRR 7 - - 7
-PSRR 18 - - 1%
MR 19 - . 19
Vi0 Apai+) | %0 - - o
vig anu(-) 1 2 - - 2l
105 (+) 2¢ 43 (1) b2
105 (-) a3 4 83 23
Pp u 45 56 24
Vopp 67, 68 77, 18 87, 8¢ 67, 68
g 69, 711,73, 75 | 79, 81, 83, 85 | &3, 91, 93, 95 | 69, 71, 73, 75
-Ayg 70, i2, 74, 76 | 80, 82, 84, 86 | 90, 92, 94, 96 | 70, 72, 74, 76
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TASLE B2. CHARACTERIZATION TESTS FOR MIL-M-38510/10104 & M{L-M-38510/10107

CHARECTERIZATION
TEST #'S

PARAMETER 25°¢ 125°C -35°C
™ 97, 93 108, 109 115, 116
SR 99, 100 110, 111 17, 1
t.” 106, 107 113, 114 120, 121
AV o/aT 28, 29, 30 49, 50, §1
Aljo/AT 34, 35, 36 55, 56, 57

* DEVICE 38510710107 QHLY
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FIGURE B3. TEST CIRCUIT FOR STATIC AND DYNAMIC TEST
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TARLE B4. INITIAL/FINAL AND INTLRIM TESTS FOR MIL-M-38510/10201
INITIAL/FLNAL INTERIM
PARAMETER S1. £'3 . TES1 ¢
259C 1259¢ -55%¢C _ 259¢
VaLINg 1, 2, 3 1L 16 1, 2, 3
VeLOAL 4, 5, 6 12 17 4,5,
Vray 7 13 18 7
Tos 8 - - 8
Isco 9 15 20 9

B12
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TABLE 5. _CHARACTIRIZATION TFSTS FOR MIL-M-38510/10201 ]

5

CHARACTERIZATION TESTS y

PARAMETER TEST #'S 3

S : 1

c2sec | 123%C _..=55%_| {
- 14 18
TC VOUT [
!

RIPPLE | 1

REJECTION 21,22 - - 3

. ]

OUTPUT NOISE 23,24 - - ]
LINE TRANZIENT 25 - - .
RESPONSE |
LOAD TRANSIENT :
RESPONCE 26 - - :

;

- L. - ]

;

k

!

r
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TABLE B6. TEST SPECIFICATIONS FOR MIL-M-38510/10201

* ALL TESTS REFER TO FIG. B2.

UNLESS OTHERWISE SPECIFIED.

T DR Syiabol Test Conditions
1 Voise 1 Vour = 5VY. i = 1mA
Tye «23°C Vi e 120018 Y .
h'nu:—:s ) Vory * S V. I« bmA
Vig» 9.5t 40V
_-"IiLl?-'E [ | YouT =27, 1 = 1A
! Vivs 12015V
e e e D e e e e e e s e e moed e e J—
Viipan 4 Vour = 9 V. \’ He 12V -C. 15 0.15 = Your
. l| X 1l:\ 50 mA
_VJ(_I‘DAD s VOU— Sav, Vix Y 0.5 0.5 ¢ Vo
)
' I+ 10 1ImA
Vaoan 6 | Voyrs 1.5V, vgsagv T T 02 0t | Wvger
i IL' 6o 12 mA N B ! R
ViiF i Vit 12v 8.95 | 135 | Ve |
! '“EFL' 1 mA - ) E
Yo o8 Rge = 100 Ry - 0 ) 58 85 mA
) Voure S V. v.,;xzv -
+ t2co Tos s Torp s & Vi 30V, Vo ge Vg of 130 dmr ]
d VRLINE I | Vours 3V, ipe tmA 0.2 o2 | %vgg
Tp= e20°0 Vine® 12t015Y
YioAD | 12| Vgups SV Yig- 12V 0.4 104 | evg e
' T; = 2150 m4A
L. JES— —— —
Vary Po1e | Ipgpp=tma vige 12v 6.90 4 1.40 | ¥pe I
TCyoyr T 14 "ovr‘ =5Y, Viyeiz¥ ~0.010 ) Q010 | %/°C
{ Ij = emA
- — . ————— e
Iecp 15 e Iger = 0 Vin = 30V, Voyur = Vyey 0.5 2.4 nA
S RN S S e I . —_— S
3 . VR LINE 16 Voyt = £V, ([~ 1mA -6.3 0.3 s Your
TAI~55 C Vl\" l?lolSV
VR LOAD 11| Voure SY. Vyqs12v o6 o6 [ %Veyr |
L 11050 mA i
VRer 10 ! Inpy = 1 ma, Vix - 1zv 6.S0 | 7.40 | Vpe
1Cyouy 19 | Vour-sV. v” 12V 0,051 6.015] “/'C
} I, = VmA
) lscp 20 l = hgp= 0, Vg = Loy, ‘ow R 0.% 2.5 nA
. _ . Rt USRI SIS SRR AR
T e B5. o m
A BC Rappie ref 22 ; f= 10k, 'REF = 5 uF, scchsure B5. JTG 177 ]—::E__‘
1
vl - .
Ouiput noyse | Ly ; TW e 100 H2 ta
w.—C‘t—'_-—ll-ul notge _24—‘": w6 e
T —~———--,~----—~~——-—--- - - 7
I X.n::: :ran'.len! 25 Vin=129, Your: TV, I ~ 1 mA, [} i mv./v
reLponse R'\C x OQ x\”‘ < 3v, <1c(|g\|re 34 ,
S - N SR DR
: Vi s 123, Vgup 7 S0 e 40 A s [ ° mv/ma
Feajunge bz v 06 Al - 10 ma, ecn fiure 84 i h
T S, KU S S PRRPRESEU S RN SO

3/ To eliminate hcat1ng, test muct be made in less then a 10 mS
less than 5%. VOUT is tne nomingl output voltags prior to ap

short circuit.
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FIGURE B3.

see MIL-M-3B510/102A for cwitch positions
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TRGLE 87. INJTIAL/FINAL AND INTERIM TESTS FOR MIL-M-38510/10304
INITIAL/FINAL INTERIM
PARAMETER TEST #'S TEST #'S
T 250C 1250¢C i
Vio 1, 2, 3, 4, 30, 31, 1, 2, 3, 4,
5, 6, 7, 32, 33, 34 5, 6, 7,

35, 36

110 8, 9, 10, 11 38, 39, 8, 9, 10, 11
40, 41

Iis 12, 13, 14 43, G4, 45 12, 13, 14

P 15 46 15

I 16 47 16

Ig 17 48 17

I 18 49 18

112 19 50 19

+Icc 20 51 20

~Tee 21 52 21

Los 22 53 22

Vio(apa+) 23 54 23

Vio(ADI-) 24 55 24

CMRR 25 56 25

Vo 26, 27, 28, 29 57, S8, 26, 27, 28, 29
59, 60

Ayp 92 94 92
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TABLE R8. CHARACTERIZATION TESTS FOR MIL-M-38510/10304
T CHARACTERIZATION
PARAMETER TEST #'S
25°¢ 125°¢C -55°¢
tRLHC 98 98 98
tRHLC 99 99 99
CRLHE 100 100 100
tRHLE 101 101 101
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TABLE B9,

AN

TEST SPECIFICATIONS FOR MIL-M-38510/103

USE FISURE B6. UNLESS OTHIRWISE NOICD

* Indicates changes proposed_far MIL-M-38510/10304 are snown.

Sauireoy Sviled Tyst NO L ““—‘U" “‘M_ vvr Uit §‘
T _\,: T ty 5(‘.'1-. Yic T -4 44 mv
A e N _1-__ n. . s-(;r.»;. ::[E;‘.E,V-h + VCC - T +4 ) my E
s ic H
7y ns—v S0, v,L ! +]2\I + VCC +]5V o j4—- +4 wy
‘__4-'> rl;.- 300 Ve - 0. .ch e 1Y% _‘h ﬂa_j -—4: ) +4 . my t
e e Rl R
Yo L i s+ loui'zrrv“‘_?‘u-:\./-c;_- ..nv ——»—7 o :_]Q:_ ;_"-’:J_—: n.é—:[
[ | neenevic-13.5V; £ VeC = 418V e 410 | m
I TR 7 PP T L I KT TR
1 lr-.:r'a:(i\_l B—‘:m n\L'STUa a AL u:mm lo ’.Y?E‘_ —2_5_._(11»_‘!»25.0 __'A__4 *
fio B ]¥ee 1BV et —— 8 PRLLLIE L, 4505 § A )
M| e v, Vie -13. 5y -150 |+ QLJ L
i veer v et 17V -150 14 0 M
Pp 15 | Pp = 15 (/+Icc/+/- Icc/) 30 270 | oW |*
© 16 T¥CC e AV, Vg« 3 Y 10 17500 Tm |*
o 17| Weg s 11BY Vi ety Tlooool e | e |x
[ I8 e ey o 00 [ |*
I 10 ivee 1B 1o _—]E)L; Ten e
oo 20 Veg e r1sY 0% | -5- 70—"__;—"
v “dce bl 'Vc.‘:' a8y 0 1 03 ma
A e ne 21 wuth fupi Gurstiun, YO s 185V 10 | 200 A (R
VIQiaD ). 2) 1Yee - 118y 5v. Vic + 0 - (4.0 - ___mf'__*
vioapg)- un Yoo - -lSv vige @ ‘iq, - ,ﬂ_‘*
cMn 25 Vee = 118V, Vic - »12V and -13.5V 80 an
VoL 26 eVeg = 4 WY, vee s O VNt 0.8V, v s S v 9 @00 i-_mT
T A Ao v M
28 wee s asv. vin - 12Y; vpp = 7 mV ° 3506 | myv P
[ EATINE TR VID = 7 mV 0 —1:5_‘70_ -k
NI T I S R 3l g
3 s e300 vic s 2136y, + VOC = #15V 5.5 |+6.5 | mv |*
1 fg . s0% vic - 412y + VCC = *15V k5.5 |+5.5 | mv v
TR ey e e
_—:%: ; ?:::::l:;:;;.;\]’ 32, 33wmnoausTeanaBAL oo fig 5 | wv | #
sVio/aT 27 i!'Q_ Yia “”—(H' Vig Lest W -25 :E;- |,_\.'—/"C‘ *
5T 100°C I R
o N RS+ 100 Vo » 0, avep « 13V =10.0+10-0 1~ | * ~
m | n ownvics 213.5V; £ VCC = £16V (<10.0410.0| A | *
| B ot vic e 412V; & VCC = 16V -10,0#10.0 "m_g] .
L 0 | Repeat o3t 39uwith NALSTD and BAL connectidto « Vee | =50, 0450.0 1 ~ |

e e o Batoin e a o Al I tr oot rat

j ki,

R VRPN



TABLE B10. TEST SPECIFICATIONS FOR MIL-M-38510/103
USE FIGURE BG. UNLESS OTHERWISE NOTLD
P ittty
Subgroup Srmbot | Test bo. Conditions e
Ta-ousc | ao/aT aQ ¥$-Eﬁlﬂéyum" -700 #7060 puasc
Iig 4 wee - «15\;, Vics 0 <100 #O.1 A
" avee MY, Vg - =13,
l cc vic - -13.5V =100 pO,1 | ™ ]
(1] | +vee - V. vie - 412V =100 #0.1 nA
Pp 4b Pp = 15(/+ I"C/+/' Icc/) 3 PARY o
-i o 47 sVeC s 418V, Ve S Y ] 500 aA
! I ] Veg e 118V VY e S mV -100 [ uA
I " tVoe ¢ BV 0 _5‘00 nA
I 0 Wee s 11V 4 500 A -
e | 31 wee e |.HV Q‘S !‘__L':A__
-lee EH A7 181 -J.0 -0.5 A
os LA 10 ins maatnmm ¢t duralion, AVCE = o1V 20 150 mA
Vio(ADd)e 8 Vg e SV Ve = © 1.0 ]
VIO(ADS)~ 2 Voo = A3V Vi = O p‘i.o my
(511 36 ';/CC LRI L AR T -—HV and -14.3y 75 a0
VoL I CVoE - A, Vee 0 Vs LAY, Vip 8 mY ] 100 Vv
] eVop = 45V Ve s O Vg LOV, Ve 8 mV ] 100 my
H e v SV N s 13V Yy e S my o 1,500 mv
60 Ve stV Vi e -4V, Ve 3 mV 0 1,5c0 my
61 Rg = SO0, V¢ « O wvpg = aidV -3 .3 mv

* Indicaetes changes proposed for MIL-M-38510/10304 are shown.
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TABLE BI1. TEST SPECIFICATIONS FOR MIL-M-38510/103

USE FIGURE R6. UNLESS OTHERWISE NOTED

Srwreup Spated | Yaiowe, Coaditlns TL- ar ] yax
n N ne Ave n 35V throug h 2 ) 2M] toud 150 v/mv i *
¢ —
- {IN‘C Aye n " 35V theourh 3 180 toad 35 v/imy | &
¢ — *
F L HLe 9 Vop ¢ 3mV. 3V 100t SEp FIGURE BT, 300 a
et e
Y e v Vop * Y mYidViy « 190wy, SEE FIGURE B7. . 300 ne
Wiaie 106 Vop e $m¥ievy,+ 109nY, SEE FIGURE B3. ‘1 eos ne
" e 16 Von- dev avy v16dmv, SEE FIGURE B8. 1,100 | a8
' nne % | vope¥mv.aviys 109mY SEE FIGURE B7. 500 | m [«
Ta s ¢ 128°C _—
i SHhlC ” YoD * ImY, AV s 1803 myY, b}‘;i’: FIGURE B7. \ 450 LTI ]
tnony t1en Yun s eV, 8V ¢ ey, g FICURE  BH. fo.son) " ! “
] e 1™ Yon: 3aViavy - i9m¥. SEE FICURE B3, 3,500 ne | *
TA-""T —l.uu: L von 1 bm¥ aviys 100mV  SEE FIGURE 87. 106 as
win.e » Vop * B mViaviy e 160mY, SEB FIGURE 87. 300 [
e ] 1% Von - mViaviy < 10 mV. SEE FIGURE 63. o0 | ms
e 10 von e dmvV:avy 160w, SEE FIGURE B8. 1,300 as

® Indicates changes progosed fur Mil-M-36510/10304 are st.own,
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TABLE B12.

INITIAL/FINAL _AND INTERIM TESTS FOR MIL-M-385'0/1070)

INITIAL FINAL

TEST #'5 INTERIM
_ PRI 26 128 oo TEST #'s
VRLINE 6 21 37 6
VeL0AD 7 22 8 7
Your 1, 2, 4 16, 17, 19 32, 33, 35 1,2, 6
Isco 9,10, 25, 26, 27 41, 42, 43 , 10, 1
41SCD 12, 13 28, 29 .44, 45 12, 13
Igs 14 30 46 14
VSTART 18 kY| 47 15

This table refers to tests specified in this appendix.

with the proposed changes in MiL-M-38510/10701.

324

These tests are in accordance




TABLE B13. CHARACTERIZATION TESTS FOR MIL-M-38510/1070]
CHARACTERIZATION
]
FARAMETER - TEST #'S
] 26°C 125°C -55°C
aVout
i . 24 40
Avih 48 52 55
Yoyt
Mo 49 - -
Aoyt 5
AIN 50 53 56
, AVoyt
I IS STM 51 54 57
I
{ Icy 58 - -
Ta(s#) 99 -

This table refers to tests specified in this appendix.

These tests are in

accordange w.th the proposed changes in MIL-M-38510/10701.
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TABLE Bl4,

MIL-M-38510/10701 SPECIFIED TESTS/LIMITS

CONDITIONS (FIGURE B9.
SUBGP7uP SYMBOL ng‘[ UNLESS OTHERWISE SPECIFIED) LIMLTS UNITS
INPUT VOLTAGE|  LOAD CURRENT | MIN | MAX
1 Your 1 Vo W 1, = -5m 480 | 520 | v *
Ty oz 2% 2 | Wy = tov 1, = -034
4 Yy = 35V 1, = -50mA
VRLIRE 6 VeV [ <25V 1~ -5m 20 | 20 .
[ VeLono T iyt o -0.5A<l =-5mA | <50 | +50 oV v
Isco 9 'INERT 1, = -fmd -10.0( 0 e
00| v, 2y [ = ~5mA
n Vg o I, = -0.5
HSCD 12 7‘-’-‘-"3&95" !i. = .SmA ~-0.8 1+0.8 mA
{LINE) ‘
alsep 13 Vins IV ~0.5A<l <5 2.0 0 mA
(LOA) '
lys 14 Vi * JOV. 0.7 | -0.Y A e
v VeranT 15 SEE FIG B11. - 9.0 v
TAE 1asec | Your 16 'TNERT! 1, = -5mA a.75 | s5.25 Ve
: Vo vy <o 1, 050 | 4.50 1 1
19 VIN » 35V IL = -50mA 4.75
AT TN [ <25V I " -SmA -25 25 | e
Yoao | 2z | vy = ov 0.9kl <-5nt | =500 | 4500 | qv ¢
} 2ot 240 | Ve I, = -5mA -1.25 | +1.26 i my/oC *
- L

* INODICATES TEST (OR TEST LIMIT) CHANGES FROM tXISTING MIL-M-38510/107GY SHEET, AND SHOWS
TESTS (OR TYEST LIMITS) IN ACCORDANCE TO THE NEW PROPOSED SPECIFICATIONS.
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TABLE B14.

MIL-M-38510/10701 SPECIIED TESTS/LIMITS (cortinued)

* Indicates test {or tert limit) change, from existing

— (.

CONCITIONS (FIGURE B9. ),
e - .
INPUT YOLTAGE ' LOAD CURRENT MIR MAX
2 T
rﬁi 125°¢ | e 25 Vig = 7V { 1, = -Smh -10.0 n )
{
26 Vi .25 {1, v -Sm
21 Yy - W I, = -0.5
alsce 28 | TVeVy, <25V i v - -6.8 ¢ wA
: TLIRE) I
alsen 129 UTIRRA ~0.5A<l, <-6mA [ -0.5 0 ”
{1L0AD} - : i S
- a - - El
I 30 Vi * 10V ~ ] n.7 0"-"”"}—-"1
. ; ° - |
l VTRt 3 SEE Fru B11, 3.0 v
. 3 o Your 32 Vg ™ I, = -5 T ags | sz v e
" 3| Wy e l%p 1 e 0.5 l 1
3 Vi = ioY I, # -S(mA » l
e | 7] Mgt | e s | s |owe
YaLono B | Ny e 100 R e ARAT s oo "]
aVour 40 Vi * TV PT,  -5ah 21,281 +1.25] mysece
ar L — -
I 4 e
Yecn 4 V= 1, - -5m4 -10.0] o0 oA
YD Vi 25V I, = 5w
PV IUN U U E U — i
B Vg = 7Y | 0sAe T | g ‘
. - e e e e e e e et yotan e s
alsco 4 VeV 2% )~ ~Smh -0.8 0 |
mr — e S e e
ﬁlﬁﬁQ a5 V!N =7y -O.SjILf;SmA ~0.5 9
erAo) - SRR NS SO S
! 16 Y, 1Y | -ud .r—-:).! A o
i——(JS l’q _______ o m— — —— - st A e @4 | oy 3 - T ey
) Vorany 47 skx FIg 811, i | - (o ¥

¢ - — e by P s st

MIL -M-389510/10791 sheets, and Thows

tests {or test limits) fr succrdinge with thi new propesed srecifications,
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TAELE B14,

MIL-M-38510/10701 SPECIFIED TESTS/LIMITS (continued)

-
LIMITS
. TEST CONDITIONS
SUSGROUP | sYMBOL i (¥ ™ 10) NOTES MIK ! MAx | UMITS
O e e —
¢ V1N 48 I = -30mA | See Figure B10. 60 - d3
Tye 2800 o . avViy = 1Vrms
| Y . Bi=10Hz to 100KHz
4 40 = -SOwA | See Figure B10. - | 120 uw
BN = 10Hz to
J00KH:z
AN 50 IL = -1mA See Figure B17. - 4.0 |my/y *
aVout 51 I, = -40mA | Sce Figure B1Q, - 1.0 |mi/rA *
Ta = 123°C ] avpy 52 I, = -50mA | See Figure B12. 60 - d8
E;“‘ AYIN = 1Vrms
oy BM=10Hz to 100KHz
sVour 53 IL-JM See Figure B12, - 4.0 /v
10 oV = 3Y
i aver 54 I = -40mA | See Figure 210. - | 1.0 [my/mA - *
v o a1 = -10m
6 | a¥ip 55 I, v -50mA | See Figure B1Q. 60 - d8
Ty = -55°C : ffay 0¥y = 1Vrms
A T N
S SYOV gW=10Hz to 100KHz
L Aoyt 56 I, = -1lm See Figure B12. - | 40 mv/v o
“‘-’;n A\Im = 3V
ot 57 I = -40mA | See Figure B12. - 1 %0 | mvme
v v Al » ~10ma
P oy !
——— e t ar e gt A e e .+ & = o ——
? L 58 See Figure 813, 1.6} -0.7] A »
Ty =0 |
e Vatens 59 I = -5m See Figure §14. ' 165 | 185 W e
i

tests (or test 1inits) in accordance with the new proposed specifications.

% Indicates new test.
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Indicates test (or test 1imit) changes from existing MIL-M-38510/10701 :neets, and shows
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IL PP A——
v ~ 51
m o~ .0Tuf 3
1K, | 1k
‘ LW
) ————E 2N3055
‘- e e
i1 < 508
g
. iﬂ% SCOPE
FIGURE BS. TEST CIRCUJT FOR MIL-M-38510/107
PAR] —

haTES ! Vintiov w+ o.LY. P —
1. For ripple rejection: -_ ]

&y« } vp_p 2t 10 Hx and 100 kHZ ->V"' l .

RIPPLE REJECTION (dB) = 20 Log Eﬁ?‘ 2.22 uF == 10C n @

6o Ouf :
2. For nofze output:

NEX TN l

Hy " Er“; {f11tared to 18 Kz to 100 kHz)

Cs 200

FIGURE B1C. RIPPLE REJECTION & NOISE CIRCUIT
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VOLTAGE | ? Do L )
SOURCE U.T, r‘_—-';l
v ) . v
IN | =he .20uf 250 0
% .22 2 2
-

et
a——

Yoltage eouses gtall ba & varusble powsr supply crpadle of groducing the [ollowing iy
wanloes. Divico shall turs om a8 Vm <9V aad sholl romita on whea the AR &
vensda TV,

0T

oL 1

6 -+ -
4+
2——-

0T

SECONDS

YOLTS

FIGURE 11, START-UP INPUT VOLTAGE TEST CIRCUIT

PULSE 1
504 ~, QUTPUT
0 J D . U . T . A-:..._. & -
-..J..— - : 7 Y 759
—— Srru— (,.2],.'.1 <:
]TbO] r . [-oruLse
fye '
i o l ok s = 2
L K \L

FULSE 1 = 3¢
PULSE 2 ~ ~74,0mV

FIGURE B12. TRANSIEMT RESPOMSE TEST CIRCUJY
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INPUT

VIN ”"’"I' o.u.T,

P -——

1 T.??uf GND

< <1 : vH
+ 1%
1/Pulse Generator Parameters: = = i—‘“o
Pulse Width: BOusec )
Pulse Repetition Rate: 400Kz =
Amplitude: 1.0 vV + Vg L = n

FIGURE B13. CURRENT LIMITING TEST CIRCUIT

- 1Kr‘
T, 22uf [GHD

| —

The temperature chamter shall be stabilized at Tg = 165°C. The temperature shall be
incressed to TA ® 185°C over a 10 minute period ana allowed to stabilize at Ta = 185°%C,

Accept/Reject Criteria: 4t Tp = 165%C; Vo must be > 4.6 V.

At Ta = 185°C, all devices must be shut down; Vg < 1.0 V.

FIGURE B14. THERMAL SHUTDOWN TEST CIRCUIT
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APPENDIX C
PARAMETER CHARACTERIZATION

&




APPENDIX C
PARAMETER CHARACTERIZATION

Electrical parameter measurements were performed initially on all devices,
and also during and after life tests.

The final electrical parameter measurements were compared to the initial
results to detect any shift in parameter values. These results are shown in
Tables C1 through Cl0,

An examination of the data was made by compari.g manufacturer to manufac-
turer differences in initicl data and comfaring initial and final life test
parametric data of each device type. This comparison of initial/final para-
metric data of each device type revealad only minor shifts in the parametric
values. Where apparent differences in parameter values were noted, the
control data also shifted indicating test set drift or variations due to test
set recalibraticn. Also, comparison of the initial data to cells which have
only a few survivors is not completely valid. In those cases, individual
device parameter values were examined at each test time, and no major shift in
values was noted. Differences in the gain parameters (iAVS) were noted in
the manufacturer to manufacturer comparison of MIL-M-38510/101C4, MIL-M-38510/
16107, and MIL-M-38510/10304 device types. A study of the transfer plots for
these devices showed that the curves were nonlinear and that the two-point dc¢
electrical measurements are not a valid indication of open loop gain. A fur-
ther discussion of the open loop gain differences can be found in Appendix L.
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TABLE C1. MANUFACTURER A MIL-M-38510/10104 25°C PARAMETER CHARACTERIZATIUY

FINAL ACCELERATLD LIFL TEST DATA )
: -
25% 4000 KRS, 1 200°C 2000 HRS] 175%C 4000 RS,
0. OF PARTS - 12 | HO. OF PARTS - 13| N. OF PARTS - 23
Testf Limits Initia) Data |
parameter | ™7 [MIN |MAX | mean Sigma Mean Sigma [ Mean T S1gmy _‘ Kean ‘ S1gma U ts
N [6.5]:0.5 -0.003 | 0137 | -0.132| 0.09%| 0.603, 0.125 | -0.622 | 0.sy | v
Vw -6.8[+0. -0. . -0.132 .095 . ] FES T . !-J‘
e |69 |80 [ | o688 | 1ses | 3745.142 [5908.029 [ 2453.999 4766.953 | 496 .am0 194150 1 vy
Agg |70 |80 |--- | 2038 | e7.26 | 166,908 | 79.274 | 239.160 [ 79.717 [ 142,351 [ 45030 | v
tys |1 [a0 |- | asze Lasia | 2e9.0ie [ 200,429 | 3085.472 1724693 2030 6622 | v
Ays |72 20 [ ] vera | w798 | vaar | se.a02 | raaizsz|  39.94a) 124 38 | as.30e ‘ e
V4
1o |/ \bo.zle2] -0.007 | 0026 | 0.004] 0.008] -0.083 | 0.017 | -0.009 | 0.029 o
g /Ao 2ol voss | 0305 | o9s| onar | 08 | oo | 1099 | 02m | me
st [A\Foazo)l v.oss | 9302 | ooso| oasi| o9 | onac| 1o i 0266 | ah
spskn 17 |o | 16] 2438 | 0903 | -2.525| 0.9a8 [ -2.612 | 0.85 | -2a8 | 126y ! vy
|
-bSKR 1@ o L sl 118 | 2058 | 2304 163 | 0839 | 2,983, 2.600 | 2.3 | v
ok D19 fos |---N21t2e | 7200 {119,923 ] s.008 |2z | omiom 113w | s | g
. ' 1
tlgs ez f1s fzo| -9.033 | oser | w9305 | o0.208 | 5709 | oue2s | -vzes | 043 ) ma
-los f23 lz le2o | 12280 | 4302 ! 13,8350 o0.856 | s.647 | 3.088 | 1a0ns | 2426 | mn
Py 24 |2 o [13.959 | 2.580 | 10462 1168 [12.498 | 209 | 10875 | 0ser |
Vope |87 16 |--{ 19067 | woora | 1s.ase | 006 Dioaze | ovooxs Drsan | oo 0w
i
Vo[8[ |16 (re.ona Lo.ose | awe32 | 0.027 14708 | 0.0ae L1870 | 003§ e
_J i s ]

PN Average values for Test Numbers 1-4.

[A Average values for Test Nurbers 5-8.
Aversge values for lect Numbers 9-12,
Average values for Test Numbers 13-16.
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TABLE C2. MANUFA.CTURER B MIL-p-38510/10104 25°C PARAMETER CHARACTFRIZATION

FINAL ACCELERATED LIFE TEST DATA J .
E}: 1000 HRS 200%C 1000 HRS | 175°C 1000 HRS
N et LL-lnir.s Initial Data NO. OF PARTS < 1 NC. OF PARTS - § |HD, OF PARTS - 4
Parameter Ho- ik [ MAX | Mean Sigma Hean 1 Sigme Hean ] Sigms Mean Sigma Units :
————)

vm /i\ 0.5 ]+0.5) -0.907 | 6.204 0.01% 0,0%% 0.208 0.179 0.036 0.140 my
Ay, 69 {80 |--- 1,014 | 1,892 223.892 1163.350 1824.343 {10'34.512)4315.242] v/mv
-hye, 0180 )--- 1,920 | 3,039 174,257 2052.478 P1B7.422 |1129.867 i 525.7C4 v/my
'A"S 720 |--- 1,120, 1,373 170.314 397.930 1 109.976 | 653.7531.267.677] V/m¥ '
-Ayg 72 120 |--- 2,504 | B.CS9 152 987 1172.205 1398.600 12509.917 | 1647.569; v/mv¥
Iy /}) 0.2 0.2 0.012 | 0.041 -0.022 L, 003 | -0.0%0 ¢.932 -0.008 0.0'2 nd
Iip Z}\ 0.1]2.0 1.067)0.413 0.633 0.045 0.707 0.091 0.687 0.053 nh
-l /A\s 0..12.0 1.078/0.215 0.685 Q073 0.757 ¢.10? 0.699 0.057 nA |
+PLRR 170 16 0,470{1.635 4.551 -0.286 1.370 ~0.762 1.635)  wv/y
-PSHR 18 ;0 16 1.70%0.925 2.535 2.764 1.170 2,008} °0.807 wV/¥
CH&R 19 196 L-- 124.7[ 8 316 L6137 1250644 5.694 ! 11/.269 2.757, dB
“lyy 21 ;2.0 25805, 6.195 | oL.08 -s.227 ! 0.e6 -5.253 0.2‘33I B
~ing e feo 11.41 |0.26° 11.314 e | 0.155 ! 10.810 o.na‘ mA '
P FZ I - L \1:38 G.074 10.268 10,889 ! 0.492 1€.980 0.351} md i
Yops €7 (16 p-- 15.49310.690 18.951 18.947 I 0.027 | 18,918 0.031! [ :
Yor. 68 |--- }1b -18.836{0.u%6 18.238 -18.73¢ l 6.0 il -18,693 0.028y ¥, 1{
AB Average values fov Test Mumbers 1-4.

A fverage values for Test umbers 5-8.

Average vaives for Tnst Numbers 9-12.
Average values fur lest humbers 13-16.
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TABLE C3. MANUFACTURER B MIL-M-38610/10107 25°C PARAMETER CHARACTERIZATION 1
FINAL ACCEL SRATED LIFE TEST DATA
173% 1000 HRS. | 150% 1000 HAS! 125°C 1000 KRS 3
hese| Lisits | Isttdal Dats [0 0 PaRTs -« | o 0F PARTS - 4] M. oF PaTs - 6
rFauM!tr Moo uin [max | Mean S1gae Meua Sigme | Mean Sigma | Wean S Units 1
io AN\ bacofeo] ome | 132 | oiose | 130 | cuses | 1 | cozes| .63 | my 1
e 63 f80 |---{ 1509 [20.11 | 1se6us f2s.1a1 | 138.75¢ | 21.843 | 188.162 | 74.720 | V/mv
~Bys 70 |80 -] 1120 [16.46 | 111.006 | 22.457 | 103808} 10.04 | M12.673]20.935 | v/mv
+hys 7 dee | ---] 1540 Jor.s0 | trc.oer [esses | 172,847 79574 | 2a7.666 | 113.403 | wymy
Ay 7¢ |80 [---f 149 |6£.08 | 18t.578 [118.307 | 144,645 | 38.858 | 166.892] 7401 | wmv
hyg 73 fao | ---lisas {9831 | 482.070 | 51.433 [ v6r.800) 37,531 { a80.114{688.503 | wmv i
“hys 14 ra0 | ---] 5.9 Jas.2t | 596 | 30.827 | 95.200 [ 11125 | i7.325] 26.086 | vimy 1
g 75 Ya0 | ---j123.2 7073 [ 1s.560 | 36.273 | 215.996 p83 g2z | 2z4.287 | r9s70 | vrmv
Ay 76 fao {---In30.8 203 231,374 | 86.480 | 212.964 116,225 | 483.305 | s0a.467 | ¥/my
I VN Lao fesu] 0omr) eor | vam b arasr | el sses | w6003 829 nA j
*1yp YN F41 [ om0 t0s.0 |23.82 §rer.aee | sian [ res.siefzs.eos | tn.2ss| 29.962 ] na :
I AN (5 jasop 1.z 208 fwe2on ! 3708y [ 12058326095 | 128,448 31,828 ]
+PSRR 17 10 {100y -26.08 {10.47 | -22.mra ] an.2e5 | -30.068 {12,902 | -21.389] 11902 ] v k
-PSFR 8 | 0 100) -14.95 | 6.6a7 | .18.760] 2,740 | -16.098 ]| 16.420 | -10.096 | 13.70 ] v 1!
o .9 (80 [---]105.3 | 8.658 | 1i0.746] i18.48a | v0s.067] 11,605 | 107.764 ] 10.032 | a8
Vicaoy(e) f20 [ 78]} 1202 | o.sa0 | 12908 r_\1.802' 12.889] 0.534 | 1361 0.883 | @/
Viasoag-y |21 lo.sf ---f s1z.68 | o800 | 12,896 .64/ | 13085 | 0652 | -13.38] o.e10] ay ]
Ipgit) 22 k40 [ 2] <3118 | 1,200 | -30.663] 0.770 [ -3u.811 { 0.743 | -30.656] 1.849] mA
Togt-) 123 11| ss] 3542 | 1,533 | 40.23| z.203) 33340 ) voon | w.ese| 3.292{ ma 3
% 24 110 fono) 22,6 | 9.77 | 261.452 .86 | 266,111 | 4.507 | 260.321] 21133
Vops s7 st barar oz |oaren| o2z | aeis| 0027 | ow.9e2] oom| v,
Vopp 69 132 § - 36.25 | 0123 | 36530 oak | mwa0 | 9.9020 | 3ce98] 0a23) v,
J 1

A Data Tisted represent average values for test numbers 1 through 4,
A Data isted represent aversge values for test numbers § through 8.
/3N Dase 1isted represent average values for test numbers § thrrough 12,

A Data Mstad represent averaye values for test numbers 13 through 16,




TABLE C4. MANUFACTURER C 25°C MIL-M-33610/1C107 PARAMET A\RACTERIZATION
FINAL ACCELERATED LIFE TCST vatA
nae
1759 4000 KRS | 150%C 4000 WRS | 125%C 4000 MRS
td). OF PARTS - 23 ] 0. OF PARYS - 30§ He. GF PARYS - 23
Test | Limits Inftial Data

Pavameter Ho. TN | Ma Ketn Sigme Hean Slgm Mean Sigma Mean Sigma Units
Vw A -4.0 +4.0] 0.053 1.273 0.673 1.561 .27 1.235 0.937 1,374 Ly
MVS 6% | 80 |--- | 2068 N5 2723.017 :6429.410 1716 6392094 .006 |923.154 1803.507 /my
_AUS 70 | 80 |--- 2966 ant 572,578 18963 .5951 4675,023 116405.414|767.412 602,991 Vyms
'AUS il [ B0 |--- | 964.% 232 539.678 | 497.054 | 743.015 | 1209.795] 622.427 [9£6.223 V/uy
-AMS 72 |80 [--- | 140.9 129.9 70.044 30.501 | 71.146 21.862] 75.495 | 28.030 v/nv
OA'S 73 | 40 |--- 161.2 129.1 204,720 ; 220.265 |149.579 103.002) '64.300 | 77.997 v/
-AVS 74 |40 j--- | 228.9 778.1 142,51 41,387 [136.108 27.495/2584.124 N1294,500| v/my
'AVS 75 |40 ]--- 1 525.8 1037 464,529 | 726.873 412.51% 469.878} 749,231 R2721.002 v/my
s 76 (40 |--- | 738.6 1852 1150 085 |2294.207|626.213 832.009{1299.613 {5007.146 V/iov
‘IO A -40 40 |-9.499 9.523 -5.130 9.8¢5 | -7.704 B8.540 {-9.13L 7.04C nA !
”lB /5\ +1 250 | 173.5 31.94 186,541 | 35,442 |185.446 34.016(177.005 | 34,359 nA
'llB Q +1 rZSD 187.9 31.23 197.005 ; 36.594 1157.407 33.4691799.958 | 34.470 nA l
+PSRR 17 0 (100 }-14.758 1015 -18.51t | 10.169 |-16.283 ! 6.A98;-17.778 | 12.359 v/
=PIRR 16 O % (-35.373 ji2g =32.363 1 2 130 [ -3%.54) §5.95u00-33.105 14,30} \7al !
CHRR 19 |80 |-- [100.0 6.568 ¢ 100.526 | 4.951 | 98.23% 4.094;101.773 | 6.8 dB l
le&ADJ(f) 29 §7.9--~ 16.%92 1.133 16.U28 1.654 | 17114 1.026| 17.364 1.203 my 5
VIOMF:J(_) 21 {2.5}F-- }|-1€.83 1.397 -16.987 1.502 |-17.360Q 1.389:-17.270 1.206 my i
IOS(') 22 40 12 |-30.19 1.358 -30.549 1.299 }-30.893 i.1€81-30.813 1.409% mA
105(-) 23 |12 |55 | 24.94 2.533 25.093 3.238 | 24.694 1.835} 24,759 2.238 mA ‘
FD 24 |10 R8O [204.3 11.65 206.444 | 13,903 1204.720 B.091 [201.53% 110,837 md
VO"P 57 |34 }-- | 37.01 0.147 37.796 0.243 | 37.789 0.112] 37.838 0.083 Vop
Yope |68 [32 |- 3660 | o.ee | xesa| 0,300 | 36.476 0.2m | 36.56¢ | ez v, l
A Avgrage valuas for Test lumbers 1-4.

/A wverage valuas for lest Hutbers 5-8.

/_’!& Average values for Test Mumbers 9-1%.

éﬁ Average values for Test Nusbers 13-16.
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TABLE 6. MANUFACTURER [ 25°C MIL-M-38510/19201 PARAMETER CHARACTERiZATION

FINAL ACGELERATED LIFE TEST DATA ]
200°C 4000 HRS 175°%C 4000 HRS | 150°C 4000 HRS
et Limfts Inftia) Data 0. OF PARTS - 33 | WO, OF PARYS - 32| M, OF CARTS - 35\
Paraagcer Ho lwik Jmaz | kean Sigms Hean Sigma Mean S{gma Mcan _[ Sign W
VRLINE t L().'I\’10.l() -0,017 {0.004 -0.020 | 9.007 -0.019 | 0.005 -0.015 | 0.003 3 VOUT
VRLINE | 2 [0-3}0.3 20,117 10,029 -0.144 | 0.040 -G.141 | 0.025 -0.126 | 0.018 4 VWT
VRLIHE y [0.2(0.2 -¢.011 | G.00S -0.01% | 0.009 -0.013 | 0,005 -0.012 | 0.004 4 VOUT
VRLOAU s 05u.15 -0.011 | D.003 -0.015 | 0.012 -0.012 | 0.001 -0.014 | 0.nvk % VWT
vRLO!-D g [|0.8]0.5 0.000 {0.014 -0.001 | 0.004 -0.002 | 0.001 0.002 | 0.002 % VUJT
VRLOAD 5 FO.Z 0.2 0.003 | 0.003 0.005 | 0.005 0.006 | 0.00" 0.006 | 3.001 b ﬁOUT
VREF 7 $.9510.39 7.243 | 0,056 7.230 | 0.058 7.248 | 0.004 7.228 | 0,052 v
ISCD 6.5(3.0 2.472 | 0,143 2.5%2 (0.7 2.591 | 0.108 2.686 | 0.143 L5
; 103 8 4% | B5 | §9.19 5.217 61,760 ] 3.001 62.628 | 2.426 €2.737 | Y 922 mA l
: 1 | .
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TASLE €6. MAUFACT ‘RER C 25°C MIL-M-38519/10201 PARAMETER CHARACTERIZATION

|
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%
1
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FINAL ACCELERATED LIFE TS DATA

~200'C 4000 HR3 | 175%°C 4000 HRS | 150°C €30 KRS

Frestf Linits Initial Data NO. OF PARTS - 27 | NO. OF PARTS - 35 HO. OF PARTS - 35

[Tarsmeter (M- [Min [aax | Hean | Sigwm x«n-l Stgaa | man | sigw | Wean Stpma | untes ]
™ i - i ;
Yaping 1 bowloae! cc.oie | oon }eciovr | oo.one | -0.023 | 0.012 f-0.039 0000 |k Vg )
Vo tne o lo.alos | -cner | o.oas | -cover § ooo2r | -0027 | o003 | o | 0.0 | % Vo }
Yalihe s bozlo2 | -0.033 | 0.on0 | -0.02 | oot | -0.7 | 0.0tz | -p0v2 | 0000 | % Vg ?
Yw ¢ |ooslo.is| -0.007 | 0.010 | -0.0v7 | 6.0C5 i-o.ozz G.00 | -0.61 | 0.008 | % gy
VoL 0AD 5 ho.slo.s | o.cor | 0.005 | -0.000 | 0.002 | -0.00 | 0.004 | 0.000 | G.003 | %V
Yt LoAD 6 ro.2l.2 | 0.003 | 6003 | 0.003 | 0000 | 0007 | 0.018 | 0004 | 0001 | TV,
Vagr 3 le.gsl7.350 7.208 | 0.087 | .7.146 | c.o97 | 7.254 | 0.50 7291 ] coxs |y o
Teco v losh.al 28s | o.ave | 2.5% | 0.287 | 2,201 | 0.:6 | 2.201 | 0.368 | mt
Y 3 las 1as | se.se | 2.800 {60401 | 2,503 | 60.626 | 1157 | 61.600 | Vvl | wA

-ty —
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TABLE C7. MAWUFACTURER D 25°C MIL-M-38510/10701 PARAMETER CHARACTERIZATION

FINAL ACCCLERATED LIFE TEST UATA

250*C 4000 HRS | 225°C 4000 MRS | 200°C 4000 HRS
st | LiRiLS ! tnictad pata MO, OF BARTS - 321 NO. OF PARTS - 32 [ BC. OF PARIS . 32
Pacaneter e, HIN | MAX hean Stgna Kran Sigaa Mean Sigm Hean Stepra Units
VOUT 1 14.805.20] 5.044 0.042 $.032 0.035 5.047 0.015 5.037 3.025 ¥dc
VOU1 2 |¢.805.20 S5.04¢ 0.641 5.024 0.036 5.040 0.035 5.029 .022 Vde
VO\JT 4 (4.895.24 5,029 0.044 5.03% 0 035 5.051 0.035 5.03 0.023 ¥deo
Vaun 6 1-20(+20 £17.382 | 1.909 14,437 1,540 {14,750 1.479 159,093 1.2066 m¥de.
'hLD 7 1-90]+50 | -2.790 ¢ 626 6.219 2.103 4,563 1.467 5.434 2,783 mydc
ISCD 9 (104 0]-7.,168 0,342 -6.71717 0.346 -6.890 0.214 -€.876 .74l mAdz
Tsco 10 -m.(l Cl-7.228 }0.367 |[-6.684 | 0,357 |-C.781 €233 |-.772 0.289 e
IS(.D 11 p10.G¢ 0 |-7.130 0.3€68 -6.622 0.346 -6.733 0.216 6.733 0.2 nAdc
a XSCD 12 }-0.81-0.8]-9.0%6 0.046 0.093 0.064 G.109 0.042 0.104 0 (48 rAdc
BXSCD 17 [+0.5) 0}-0.038 Q.087 -0,18% [ K. -0.157 0.11% TO.H} 9.110 AL
lOS 14 |-2.0[-0.1}-1. 2% U3 -1.22% 0,00 -1.228 8.93 1.238 ¢.00: Ade
vSTMT 19 ---] 9.0} 9.0%7 <, 046 5,042 0.035 5.057 0.0% $.047  10.025 Vdu
. |
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TABLE CR.  MANUFACTURER B 25%C Mit -M-38510/1070) PIRAMETER _CHARAGTERIZATION

VINAL BLILLEMRTCD LIFY TUST WhiA
F0°C v L | 225%C AUOO WS ) 208°C 4700 Nk |
I.‘(,“{Lwlu Inttdal Grtn | HO. GFoPAES .32 wp, OF pAuTS - J?l K. OF TS - 32 .
Parareter o, LILAE YA Kear, S1gea Hran [ Ligea .l-t:nn H;m Mou;-’m Stgna [ llr.il‘:_—j
. A e

Vw.‘ 1 fi.8015,20 .03y 0.061 5.0 0.0 ! 4.0 2,055 4.4%% 0n.(145 Yéc

VWT 2 L.BO .20 5.063 0.050 4,951 1, g3 A,%U45 0,0%% a.301 0.044 Yec

Yot a hogefs20] 5.0 [ 0.063 | s.usy [ post | v.56 | 0.57 | .09 bo.oi6 Ve

'm,n f [ZO 20 S. 710 2.626 7.9 7 7 7001 1.4%9% (.037 1.6 nyds

Yoo 7 Vso |0 ] us.en0 | awio | msed | 2709 Jraane | ozasa J3nson ) o e

¢ 9 bnde |-t | oo |0 ] 0us jeaost | o0y [crew [0 i

Iecp w bwolo | -rore | 0z | onem | oo oo | 0o Jeises [ooae e

by i fimofo | 4056 | .39 | -x82 | aaet [-3m0 | 033 )37 |o.3ae P

Mgy |2 t0.000.8] 0.014 | 0047 | c.is | oo [oms | 0.033 [0 |0.0m Wi,

“560 13 0.5]06 ~-0.078 0.028 6.0 0.12% ;-0.28% 0.107 -0,24] Q.o YA

Iys v bz leo] -usos | 09 | 090 | 0038 |-0.%81 | 0139 j-nsam e )t I

Vorr 5 Lo fsof s o | s ez | ses | 00se e loo Y ,
4l SESSUSSY UUNNNY RV D NSRN SURNS NSNS NN
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TABLE 9. MANUFACTURER B MIL-M-38510/:0304 25°C PARAMETER CHARACTERIZATION |
4
|
:
FINAL ACCELERATED LIFE TEST DATA
250"C 500 HRS 225%C 500 HRS 2007C 500 HRS
Test Limits inftial Data No. of PARTH-20 Mo, of PARTS-14 No. of PARTSA17
Parameter Ko. Hin Hax Hean Sigma Nean $1gma Mean Siygma Mean Sigma Units
{
Yo 14 -5 (>3 ~0.,243 0.45° 2.142 1.131 2,747 0.7¢4 3.492 0.791 »
VIGR 47 -5 5 -0.299 0.447 0.618 .27 0.887 0.412 1.291 G.3n (]
Yhye 92 150 - 975,260 {1354.266 650.5C5) 522.605 | 522.568 | 373.444 | 899,970 | 404,188 Y/
e 9 150 | - 1371.06412028.147 331.463] 149,427 | 331,471 | 132,577} 240.000) 6?.518 v/ 3
o 8-13 -20 +20 1.7240 1.181 -3.938 5.141 -4,040 4.474 -3.72] 2,331 M
L or 11 25 425 1,187 3.150 =2.972] 13.56% -8.965 10,0531 13.834 6.890 L]
*la 12-14 -1% 0.1 -53.8291 14,778 ~56.260| 18.245 | -£5.936 18.275 | -53.018( 13.115 w ! 1
-lIe 1214 =150 0.1 -5%.014] 15.0%5 ~55.018| 17.726 | -c2.68% 17.057 1 <50.733} 11.826 A L
*V(O(W) 23 4.0 - 5.219 0.251 5.784 6.225 5.6%9 0,405 6.013 0.403 L]
-Vlo(N)J) 4 4.0 - -£.369 0.246 -5.118 €.335 -5.132 4.326 -5.345 0.301 w
2403 23 a0 - 110.727 5.946 88.004 1.914 87.517 1.27% 36.291 1.981 db
YoL 1 26-27 0] 400 0.276 0.01% 0.012 0.021 0,328 0.024 Q.32% 0.018 \
v,x_ 2 28-2% 0 |1.500 0.91S|  0.037 0.93% 0.048 0.939 0.0% 0.922 0.048 v
10 16 21 .500 0.123 0.007 0.09% 0.020 0.083 0.005 0.07¢ 0.004 whA
1G 17 -10.0 0 -1.29% 1.342 -0.412 0.%19 -0.R9% 0.815 -0.023 0.168 uA k
Iy 18 0l .100 0.048| 0.003 0.072] o0.008 | 0.071 [ 0.003] 0.063] 0.001 uk 1
llZ 19 0§ «100 U, (A6 U.004 0.070 000 G.076 0, 0u G.067 0.004 wh
e 20 0.5 ] -5.0 3.250 0,267 3.n 0.27% 3.382 0.28% 3.020 0.108 A
e 2] ~4.0 | -0.5 -2.306 0.209 -2.14] 0.211 «2.334 0.178 ~2.063 0.083 L) 4
los @ 10 200 140.112) 12.962 129.469| 13.2¢4 | 140191 15,25 | 129,490 | 2.695 L
PD 15 X0 270 166.652] 14,072 160,518 1 14.470 | 171.461 13,083 | 197.487 9.683 i
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TABLE C10. MANUFACTURER D MIL-M-38510/10304 25°C PARAMCIER CHARACTERIZATION

FIMAL ACCELERATED LIFE TLST DATA
250°C 500 HRS | 295% 500 KR 200°C 500 RS
Test Linits inttial Deta Mo. of PARTS-20 Mo. of PARTS-14 Ko. of PARTS-17

Parameter No. Hin Max Mean S1gma Maan S1gme Mean Sigma Mean Sigma Units ’

le 1-4 =5 +5 -0.33% 0.418 1.570 0.640 3.25%9 0.792 3.402 0.18¢ i

VXO“ $-7 -5 +5 -0.74% 0.389 0.597 0.522 0.38) 0.528 0.501 0.338 -

“VC 92 150 - 459.867 | 73.339| 621.617 | 429,181 | SAL.B30 | 6G28.532 | 17/.44]1 | 577.447 v/

"VC 93 150 - 302,513 | 98,799 265.437 | 73;.412 [1075,414 [ 757.56) | 362.708 | 534.96% Y/

‘IO 8-10 -20 +20 0.678 1,661 | -6.592 4,065 -%.490 2.118 -1.613 2,241 oA

L 11 -25 +25 3.992 44461 -9.34, 5.664 -5.465 5,342 10.027 6.855 ™

+Ia 12-14 -1%0 0.1 | +56.370 27.401 | -64,108 | 27,035 | -54,975 24,628 |-n9,.702 26,718 )

-]lB 12-14 =150 8.1 | -57.132 27,791} ~99.41) ; 27.491 ~49, 465 | 27.34] -59.726 29.651 nd

'VXO(NN) 23 L] - 8.929 2.289 9.404 0.264 $.359 0.214 9.722 U.345 i

-vm(pw) 24 4.0 - «8.612 0,290 | -8,202 0,256 ~-8.199 0.202 -B.4L5 0.298 o

CHRR 25 £5 - 105.368 5.760 1 91.256 39N 91.997 7.904 88.091 2.746 . -]

VoL 1 26-217 0| .400 0.230 0.013 0.271 0.02v .21 0.019 0.28% 0.C2% \J

VoL 2 28-29 0 [1.500 0.833 0.021 C.845 0.022 0.829 0.p21 0,84 0.080 ¥

Iy 16 T 01 .50 0.123 0.007 0.089 0.003 0,094 0.906 0.99] 0.008 A

Ig 17 -10.0 e «0.859% 0.966 0.0)7 0.021 -2.001 0.946 -0,011 6,043 A

I:“ 18 0.100 0.048 0.002 0.074 0.004 0,074 0.005 0.970 0.002 A

1:2 19 Q| .10 0.040 0.003 0.070 1 174 0.079 0.on0 0.07¢ n.002 A

I 20 0.5 | 5.0 4.113 0.244 4,22% 0.221 4.u79 BT 4,100 0.239 L

'IIC 21 -4.0 | 0.5 -2.951 0,026 | -2.850 0.191 -2.101 0.116 -2.716 0.1499 L :
lOS 22 70 260 11631.697 5.014 ) 171,278 4.335 | 168.89) 3.8%8 163,94/ 4,245 L .
"D 15 3 210 | 211.924 13,962 | 212.250 1 12,227 | 203.971 } 6,305 |4y 17,961 - .
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1.0 INTRODUCTION

Valid accelerated life test results at ambient temperatures up to 250°C
depend upon the selection of the proper bhias circuit. The existing MIL-M-38510
bias circuits were evaluated up to ambient tcmperatures of 275°C. In those
instances where the existing circuit was unacceptable, or a MIL-M-38510
circuit did not exist, several candidate circuits were evaluated to find a
bias circuit that

(a) Maintained maximum rated voltage at the device terminals over the
temperature range to provide maximum acceleraticn of surface erfect
failure mechanisms.

(b) Maintained the device curvent at a controlled low level to minimize
failures due to thermal runaway and electromigration.

(c) Maintained a consistent set of internal microcircuit stress (primar-
ily voltage) conditions over the temperature range. A drastic
difference between circuit node voltages at different accelerated
test temperatures may invalidate subseguent calculations of acceler-
ation factors.
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2.0 MIL-M-38510/10104 (LM108A) EVALUATION

Pricr to selecting a suitable bias circuit for the {MIO8A devices the
accelerated 1ife test bias circuit contained in MIL-M-38510/101D {15 September
1975) was updated by the circuit contained in Amendment 3 (22 February 1977)
and subsequently included in MIL-M-38510/101L. The original bias circuit (as
shown in MIL-M-38510/101D) did not apply maximum stress across the device,
therefore the circuit configuration was updated. Operation of LM108A devices
in the accelerated life test circuit shown in Amendment 3 indicated the
circuit was not suitable for the LM10GA operational amplifier. The circuit
places 40 Vdc¢ across the device through a 100 ohm resistor, § Vdc to the
non-inverting input through a 1K ohm resistor, and qrounds the inverting
input. Two problems were experienced with this configuration: a) the & Vdc
input voltage results in excessive input current due to transient protection
diodes between the inverting and non-inverting inputs of the amplifier, and b)
device output voltage would switch state (due to themmal biasing) above 150°C.
Lowering the 5 Vdc input voltage to 2 Vdc reduced the input current to accep-
table levels, but the device output voltage would still switch state above
150°C. Applying a 2 Vdc voltage to the inverting input of the amplifier and
grounding the non-inverting input provided a fairly consistent ocutput voltage
between teaperatures of 200°C and 250°C. Although the cutput is thermally
biased high, previous experience had indicated that most operational amplifier
failures were input related, and operating the device in this configuration
was not considered a pioblem. The average performance of five devices in this
c¢ircuit configuration is shown n Figures D1 and D2. As indicated in these
figures, the output voltage is high and corsistent (between 35 Vdc ard 39 Vdc)
at ampient temperatures above 200°C. Also, the input bias current is below 2
mA at ambient temperatures up to 250°C. Above 250°C tha total cavice current
became excessive due to thermal runaway. During step-stress testing, thermal
runaway occurred at the 275°C step. These results indicated that life tests
could be performed at temperatures up to a maximum of 250°C. However, when
the 250°C 1ife tests were initiated, 43% of the Manufacturer A devices drew
excessive current after one half hour at 250°C. A1l of these devices had a
7642 date code whereas the circuit evaluation and step-stress test devices had
a 7643 date code. Apparently the 7642 date coded devices were susceptible to
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FIGURE D1. MANUFACTURER B_MIL-M-38510/10104 (LM108A) CIRCUIT EVALUATION
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FIGURE D2, MANUFACTURER A MIL-M-38510/10104 (LM108A) CIRCUIT EVALUATION

Py i o Al S e sk st s TR

PRI S TP ¥ 73

ey

——



therimal runaway at a lower temperature {250°C) than were the 7643 date coded
devices, but examinations of these devices disclosed no physical difference
Letween the devices of each date code. Consequently, the 250°C life test was
immediately terminated and, after electrical testing, the devices were returned
ity life test and the temperature was reduced to 175°C. Thus, the LMIO8A life
r¢st temperatures were 175°C, 200°C and 225°C.
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3.0 MIL-M-~38510/10107 (LM118) EVALUATION

Operation of LM118 devices in the acceierated life test circuit shown in
Amendment 3 (22 February 1977) of MIL-M-38510/101D indicated the circuit was
not suitable for the LM118 gperational amplifiers. This circuit is identical
to the previously described MIL-M-38210/101D circuit for the LM1O8A, and
identical problems were experienced with the {M118 (tne input bias currents
were excessive and the output voltage changed state). Operation of LN118
devices in the bias circuit selected far the LM1OBA resulted in the performance
characteristics (averige of 5 devices) shown in Figures D3 and D4. As indica-
ted in the figures, the output vcltage is constant up to 200°C and input bias
currents are less than 1.3 mA. However, tne output voltage changes state due
to thermal biasing at temperatures stightly above 200°C and one Manufacturer B
LM116 drew excessive current 8t 225°C. The Manufacturer C LML18 device did
not draw excessive current uniti 250°C. Attemnts to find a biasing configura-
tion that would avoid the thermal biasing problem were ursuccessful. Two
candidate circuits evaluated in attempts fc avoid thermal biasing are shown in
Figure D5 as Circuits B and . Also shown in the figure for comparison is the
selected LM108A/LM118 bias circuit (Circuit A). Circuit B reduces the voltage
across the device from 40 Vdc to 30 ¥dec, but devices still experience thermal
biasing slightly above 200°C. Circuit C maintains 40 Vdc across the devices
by anplying plus and minus 20 Vdc¢, but total device current is higher than
wit! the 40 VYdc configuration of Circuit A, Thus, since none of the circuits
avoided thermal biasing above 200°C and Manufacturer B's devices were suscep-
table to thermal runaway around 225°C, the Tife test temperatures were selected
as 175°C, 150°C, and 125°C. Circuit A was selected because it placed maximum
rated voltage across the device at the lowest total device current.
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FIGURE D4. MANUFACTURER B MIL-M-36510/10107 (LM118) CIRCUIT EVALUATION
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140 Ve +30 Vde T2 val
+2 Ve
I
CIRCUIT A CIRZUIT B ClReutt ¢
ACCEPTABLE UNACCEPY 4BLE URACCEPTABLE
N MRACCEPTABLE =
l T, (°€) lee (mA) Vo (VOLTS) iec (ma) Vg (VOLiS) Ine (mb ) Yy (VOLTS)
25 2.5 1.3 2.5 1.4 7.5 -12.8
125 2. 1.18 2.2 1.0 5.3 2167
150 1.9 0.81 1.5 0.80 €.5 -13.3
V75 2.1 0./3 1.5 0.6 6.2 -18.4
260 3.2 2.2 1.6 0.60 | 5.8 8.8
238 2. 39.55 2.2 URsTABLEA .5 15
70 THERMAL S THERMAL THERMAL —
RUN iz L HARAY RUNAWAY

NITES:  (AVERARGE VALUES FO'. UATA FROM BOTH MAUFACTUKREWS.)

Ay ORL MaNUFACTURZ® B DEVICE WE (T INTQ THERMAL RUMAWLY, ANG IS NOT INCLUDED
[N THE AVERAGE.
A MLGUFACTURER B'S Ui VICE OUTPUT SWTCHED TO A HIGH STATE WHILE MAKUFACTURER ('S

sy

OUTPUT REMAINED IN THI i0OW “TATE.

FIGURE DS, MIL-i1-38510/10107 (LMI18) CANDIDATE BIAS CIRCUITS
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4.0 MIL.-M-38510/10201 (723) EVALUATION

Operation of the 723 devices in the MIL-M-3351C/10201 zccelerated 1ife
test bias circuit indicuted, as shown in Figures D6 ena D7, that the ¢ircuit
wes satisfactory for tre Manufacturer D devices, but unsalisfactory for the
Manufacturer C devices at life test temperatuves above 200°C. The averaga
pevformance of five Manufecturer D devices exliibited an abrupt 300 mV changa
in output voltage between 225°C and 250°C. A 300 mV change is nct con-
sidered excessive. However, the Manrufacturer € devices exhibited a 5 Vdc
change 1in output voltage between 200°( and 225°C and 2 15 Vdc change between
225°C and 250°C. Thase changes are considered ercessive and the MIL-M-38510/
1C201 bias circuit was deemed unacceptable at ambient temperatures above
2067C.  Attempts to find an alternate circuit configuration that was satis-

factory above 200°C were unsuccessfuil and it was decided that accelerated life
tests of the 723 devices should be conducted at ambient temperatures of 200°C,

17%°C, and 150°C.
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FIGURE [6. MANUFACTURER D MIL-M-38510/10201 (723) CIRCUIT EVALUATION
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5.0 MIL-M-38510/10701 (LM109) EVALUATIONM

Operation of five of each manufacturer's LM109 devices in the MIL-M-38510/
10701 accelerited life test bias circuit indicated that the circuit configura-
tion was satisfactory ror life testing at ambient temperatures between 2G0°C
and 250°C. Results of the LM109 bias circuit evaluation (average perfonmance
of five devices) are shown in Figures [8 and D9, and indicate the devices are
in their thermal} shutdown mode above 175°C. Although this is not the normal
node of operation, most of the microcircuit iunctions, especially the failure
prone input transistor junctions, are stressed in & manner simiiar to normel
operation. The output voltage also remains Tow (%1 Vdc) above 200°C, and the
total device current is less than 10 mA. Tnus, the circuit meets the estab-
lished criteria for an accelerated life test circuit at ampient temperatures
of 250°C, 22»°C, and 200°C.
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6.0 MIL-M-38510/10304 (LM111) EVALUATION

Operation of LM111 devices in the MIL-M-38510/103A accelerated life
test circuit shown as Circuit A of Fiqure D10 indicated the circuit was not
acceptable for use as an accelerated life test circuit. In this circuit the
output was tied directly to VCC’ which forced the output to a high state and
caused the device to draw excessive current at temperatures above 200°C. The
circuit was modified, as shown in Circuit B of Figure D10, to current limit
the input and output pins. Although this circuit operated acceptably, the
circuit was modified at the request of RADC to apply the maximum voltage
stress at the inputs. This circuit was evaluted, Circuit € of Figure D10, and
operated satisfactorily up to 250°C. The results of the bias circuit evalua-
tion on this circuit are shown in Figures D11 and D12. However, to maintain
the output current to a reasonable level if the device should fail with the
output in a low state, the resistor tied to the cutput was changed Trom 1K to
BK ohms for life testing. The input current was not sufficient to warrant a
current Timiting resistor; therefore, it was removed from the positive input
{pin two) and this input was connected to VCC at pin eight. The final life
test circuit is shown in Figure D13. The life test temperatures were selected
to be 250°C, »25°C, and 200°C.
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FIGURE DI10. MIL-M-38510/10304 (LM111) CANDIDATE BIAS CIRCUITS
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1.0 INTRODUCTIGN

Characterization tests vere performed Co supplament the device elecirical
periarmance information obtained durino initiai electrical testing. The
characierizelion fecting was performed on a sample basis and corsisted of two
test groups: dynamic testing, aud trarsfer characteristic studies, The
dynamic test greoup consisted of ten of each manufucturer's device type
that had passed the initial Yaseline tests. These aevices vere subjected to
a1l the MIL-M-38510G Group A tests not performed during baceline testing.
Although thecs devices were tested to the MIL-M-38%10 specificitions, only one
device, the Manufacturer D 723 device, was a JAN qualified davice. This may
account for the large number of failures nuted in the dynamic testing, The
transfer characteristic group consisted of twoof each manufacturey's
device type. The transfer characteristics of these devices were examined
undar varicus conditions of temperature, load, voltage and frequency.




2.C DYNAMIC TEST RESULTS

The results of subjeccing ter of each manufacturer's device type in
the M;L-M-38510 dynamic test subgroups are contained in the following sections.
The dynamic tests subgrouns are those contained in the specific revision of
MIL~-M-38510 shown in Table El. Subsequent amendments and revisions of the
particular MIL-M-28510 documents have revised the limits, and in sone cases
the c¢cnaitions for the dynamic subgroups. In most cases, the revisions have
widened the 1imits so thul mcre devices would now pass these tests. The
results ot subjecting ten of each manufacturer's device type to the
MIL-M-38510 dynamic test subgroups are as follows:

2.1 MIL-M-33510/10104 (LMI0N8A)
The results of the cdynamic tests for the LMIO8A device are sunmarized in

Table £2. Five of Manufacturer B's devices failed the transient response
overshoot test at 25°C and all ten devices failed at 125°C. Figures El énd E2
shotr the transient response curve of a typical guod Manufacturer A device and
of a failed Manufacturer B device at 125°C. The Minufacturer B device euhi-
bited considerably more ringing and higher overshoot than Manufacturer A's
cevices. Five of Manufacturer A's devices and two of Munufacturer B's devices
also failed the positive slew rate test at -55°C. Two additional Msnufacturer
A's devices aiso failed the three Input Offset Current Sensitivity tests at
-55°C,

2.2 MIL-M-38510/10107 (iM118)
Tabic E3 shows the results of the Mil8 dynamic tests. Nine devices from

Manufacturer C failed the 25°C and 125°C positive slew rate test. One device
of each manufacturer was inadvertently destroyed during the positive slew rate
test at 25°C. Also, there were four Mianufacturer C failures at -55°C, The
minimum for this test was /5V/us. Nine of Manufacturer C's devices also failed
the negative slew rate test. Comparison of the two manufacturer's devices as
to slew rate indicate that Manufacturer B's devices are faster and have less
censitivity to timperature for this particular test. All Manufacturer ({'s




TABLE Ei. M38510 SPECIFICATION LSEL FOR DYNAMIC TESTING

MIL-M-38510 .
SPECIF1CATION REVISION
/101 D - 15 September 1975
/102 A - 10 May 1974
/103 B - 8 March 1977
/107 A - 15 November 1977
—_
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PIGHPY E1 . TYPICAL CURVE OF HORMAL MANUF ACTURIR A 1 MIG3A TRANSIENT RESPONSL Ax 12577

FIGURE k2. CURVE OF MANUFACTURLR B LMinaA FATLIHG TRANSTENT RESPONSE TEST AT _1257C
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TABLE E3. MIL-M-38510/310167 (LM118) CHARACTERIZATION TEST SUMMARY

r JU— e e e e s e s e mn -
R 1,
Parameter Yﬂ?f'c';"”" Mr)u_f.”C_T e it 8 T unts
Maan Signa Failed Mesn —‘ S{gna favied
25 23.10 0.782 0 17.00 1.000 0
Transiert response TR(") 12% 27.00 2.872 0 20.7¢ 1.600 [} ng
rite cian
=53 22.30 1.000 4] 16.13 1.000 Q
25 6.800 1.398 9 5.0 0.383 o
ru::::;.;g;:ponn TR(“; 125 13.00 1.944 0 17.60 1.578 0 N
-55 4,300 C.483 0 i-500 0.527 U
T
28 £9.4) 8.608 9 1.2 7.040 ]
Slew rite SR {+} 125% 3.3% 16.2% 9 104.9 5.504 D] ¥/us
-5% 73.18 7.609 ) 18.7 6.959 0
28 61.44 9.509 1 75.51 3.064 n
Ses rate () 12% 39.09 7.259 9 51.43 2.208 [ ¥lus
-t§ 77.08 8.022 0 81.66 2,768 a
taput offse j2¢ 25.02 3.428 10 6.35¢ 5999 1] u"/"—C‘
voitige temperature a¥ /aT ’
sensitivity 10 (-15) -5% 12,43 12.63 10 17.59 9.408 §
—1 - I
. , -
. " n 12¢ 25.62 RIS O I [ 7.258 5.263 0 wvsor
81y (18} . s H 3 .
BT 45 68 11.23 10 %06 12.30
[4] 1.400 10 £.593 5172 0 s
- ¥y, (o, /8T 125 25.62 a¥roe
1o {0 -85 485 12.88 to 17.62 9.558 6
Inbut affset [N 1.3
\ curreni terperature Alx IR 12% . . Q F{ Y 37.13 9 PA/T
sensitivity 9 (-15) 58 76,19 2933 \ 36.39 74.34 G
3 . 1¢,1 .6 o3 .
. “.!D (qs)/AT 125 12.2% ¢.10 i a 40.69 63..% 0 PAIYC
«53 32.16 41.3% 0 AB.8% 92.02 0
...... I .
v 1 12% n.a 28.%9 [/ .14 §5.3¢8 0 .
8yg 1oy /8T ! 2 Y
-5%5 -5.128 2.8 0 e .35 76.58 G
SN S -1
25 385.0 41.98 [*] 279.0 34,75 [} )
1 . | settltag tiag o i 128 2.5 102.0 0 s32.0 1806 | o n
-5 356.7 26.95 [\ 256.0 29.2% )
: I T S .
28 469.0 17.45 0 R22.% 1078
b s (-) 123 5680.% 33.08 c 490.0 W7 | g as
-38 389.5 20,06 ] 292.% £8.1% 0
| 3 1
TOYAL FAILEL 10 TOYAL FAILED 6
‘: 1
1
E
1. One device of each manitacturer was accidentally alectrically damaged in
3 the test setup cducing this semgle size ti nine (9) devices.
1
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devices also failed the Inpuc Offset Voltage Vemperature Sensitivity Tect and
six of Manufacturer B's devices failed the 25°C to -55°C portions of this
test. As can be seen from tne data, the offsei voltage of Manufacturer C's
gevices is more than twice as sensitive to temperature as the offset voltage
of the other manufacturer's devices.

2.3 MIL-M-38510/10201 (723)
The results of the 723 dynamic tesls are shown in Tabie E4. Al of Menu-

facturer C's devices and four of Manufacturer D's devices failed the Line
Transient Response test. The four Manufacturer D failed devices are only

stightly out-of-tolerance, whiie the parameter value of Manufacturer C's fail-
ures arc an order of magnitude greater than Manufacturer D's failed values.

2.4 MIL-i4-38510/10701 (LM109)
The results of the dynamic tests for the LMICY9 devices are shown ir

Table E5. One of Manufacturer D's devices failed the Average Temperature
Coefficient of Output Voltage test at 25°C to 125°C, and eicht failed the same
test 1n the 25°C to -55°C temperature differential. The Manufacturer D
tailures in the 25°C to -55°( differential test, however, were the resuits of
ctart-up provlems in the -55°C tests. The VOUT test for these aevices

failed at -55°C due to start-up problems at this temperature. Three of
Manufacturer B's devices failed this same test in the 25°C to +125°C tempera-
ture differential. Nine of Manufacturer D's devices also failed Ripple
Rejection at 125°C and 100 kHz. Two of these devices also failed Ripple
Rejecticn at -55°C and 100 kHz. A7l Ripple Rejection failed values were only
slightly below the 60db minimum limit and except for one failed value all of
the values were less than 60-0.5dB. This device subsequently failed both the
125°C and the -55°C Ripple Rejection tests. Also, five of Manufacturer D's
devices failed the Load Transient Response test at £5°C and all this manufac-
turer's devices failed the test at 125°C and -55°C.  All of Manufacturer B's
devices also failed the -55°C portion of this test. Manufactuser D's devices
were very sensitive to load transients. Both manufacturers exhibited sensiti-
vity to load at -55°C.

£e

B T

Lp—y




TAGLE F4 MIL-M-38510/10201 (723) CHARACTEKIZATION TEST SUMMARY

i

E9

Ambient Maruf. D l Manuf. C
Parameter Test Temp. - Units
Mean Sigma Mo, Fafled  Mean STg™ INo.Failed
Average Temp. 125%¢ 0.C06 0.001 0 0.002 0.001 0 2o
Coefficient (ch t) 4
Ve R T 0.009 | 0.001 0 0.006 0.001 | o
Ripole aVin zeoc [Crer= | 87.23 1.612 0 95.43 2.264 | o
Rejection \aVout SyF g8
a5ec SReFs | 77,85 1.567 0 77.66 4090 | o
OuF
Outpuc \ 250¢ {REF= | 2.560 | 0.640 0 2.210 0.380 | g
Hoise ( 0 Suf W
25°C“REF~ | 42.% 32.90 0 42.40 21.70 0
Ouf
Lina . . ny
Transient (ﬁg_u 25eC 1.107 0.180 5 12.76 7.5 | 10
Response aVin
Loead AYout oy
Trarsient  fay ™ 25eg -0.102 .004 o -0.0" 0.006/ O oL
Response LS - 0.10 0 __f — mh
TOTAL FAILED & TOTAL FAILED 10
i
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TABLE E5, MIL-M-38510/10701 (LMIO9) CHARACTERIZATION TEST SUMMARY

Manufacturer D

Manufacturer B

|

ET0

Number Number
Farameter Test Ambient Mean ! Sygma | Failed| Mean | Sigma | Failed| Units
: —]
Averaje Temperature v, .. o
AR L (JtT;T 125°¢ 0.59] 0.31 1 0.99] 0.99 3L mvyec
Dutput Voltage -55°C 30.2 | 23.5 8 0.52] 0.14 0
sgoc |10 Hz 182,71 6.25 0 | 68.0 | 0.78 0
160 kdz | 61,8 | 1.47 7 [ 7401 0.9 d
Ripple Rejection v op L 10 Hz 1 78.7 | 4,51 0 | s6,6 | 1.26 0 dB
| 7% o0 'Rz TR8.E ] 0.78] 9 | 65,8 | 0.56] 0
ouT oor ki Hz (78,4 1 %07 e lesol 078, 0
2~ 1100 kHz 161.6 2.98 2 80.8 0.84 0
Output Noise N, 25°¢ 41,9 1.79 ¢ o27.0 ) 1.0% 0 W
Line Transient oyt 25°C 1.72] 0.2) o | o0.18] .54
. 1
Fesponse iy 125°¢ 1.09] 0.i4 ¢ | 1.01] o2 ¥ /v
-55°¢ 1,95 0.10 0 1.34] 1.97
Load Transient Yaur 25°¢ i.45] 0.73] 5 | o0.52) 0.08] 0 |
Response 1 ° - -
L 125°C 1.28] 0.03] 10 0.79] 0.03 G| mi/ma
—55°( 17.4 | s.17] 10 | 11.05| 3.58| 10
. e e ] —
Current Limiting I 25°C -.93, 0,05 U -.98| 0,00 G a
s e |
eint
- wﬂ' bt Shnadt— A —_‘1""'—"' b ——
Thermal Shutdown T)(sh) - 162.2 | 3.59 ¢ |179.0 { 5.16 e , ¢
Point H
LTOTAL FAILED 10 { W0TAL{FAILED | 10
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2.5 MIL-M-30510/10304 (iM)11)
The rasulcs of the LM1lLl dynamic test vesults are shown in Table E6. One

Manufacturer D device failed the tPHLC test &t 25°C. While at 125°C, nine cof
Manufacturer 13's devices and ten of Manufacturer B's devices also failed the
tRLHC test. Two additional Manufacturar D device failures occurred at 125°C
during the tRLHE tests.

The current MIL-M-38510/10304 (8 March 1977) does not include the emitter
" : + ~ N N Q9
response time tests (tRLHE or tRHLE) and the test limits for the 125°C
collector response time were expanded. Seven Manufacturer B devices and two

Manufacturer D devices would pass the revised tRLHC tests at 125°C.

EN
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TABLE_E6. MIL-M-38510/103C4 (LM111) CHARACTERIZATION TEST SUMMARY
§ [ MANUFACTURER B [ MANUFACTURER D
PARAMETER B IENT UMRER NUMBER
MBIENT | wean | stoma | FAILEC | MEAN | SIGMA | FAILED
RESPONSE TIME | to .. | 25°C | 140.0 | 16.3| 0 | 269.0| 50.6 1
(COLLECTOR) 125°C | 637.0 | 109.0 | 10 | 986.0| 358.0 | 9
55°C |119.0 | 8.6| o0 | 132.0] 9.8| o0
tewce | 25°C |188.0 | 03| o | ies.ay 47| ¢
125°C |25%.0 | 41.9) o | 24.0] 13.8| 0
s5eC [142,0 | 8.9 o | 8.0l 12.6| 0
RESPONSE TIME | to .. | 25° |438.0 | 25.6 | 0 | 3670/ 20.8| 0
(EMITTER} 125°C [1338.0 | 157.0 | 0 |2126.0| 9a4.0 | 2
-55°C | 348.0 | 18.0| o | 275.0| 16.3| o
tae | 25 | 840.0 | 46.4 | 0 | 824.0] 50.8 | o
125°C [1544.0 | 1i5.0 | 0 |1942.0| 126.0 | 0O
-55°C |571.0 | 39.2| 0 | 556.0| 22.7 | o
TCTAL FAILED| 10 | TOTAL FAILED | 10

E12

- BlEA e W 3T

L

et mam e am o e e h o Ao e

——e

.

e,

.



T TR T v ey WA ), —

e cmmrr ANl 5 ey (T SO IRELIG L T RTT T A TR 2 viarnne oa o o T WM a1 T TR FTTRATEEINY TR U S TRETETCR, R TR R,

4

]

2.0 TRAHSFER CHARACTERISTIC 5TUJIES §

]

Device transfer characte-istics {output voltage as a function of input i

voltage) were evaluated to determine the device responsa to variations in b

temperature, supply voltage, load conditions, and frequency. Transfer funce 3

tions were chtained by testing two [2) devices from eack manufacturer on a _

curve tracer or test fixture and varving the conditions such as temperature, ?

frequency, load, and supply voltage., Fuor the reguiators (MIL-M-38510/19201

and /10701) and the /10104 gpevational amplifier varying the lcad congiLionsg 4
nad the most drametic erffect., For the /10167 operational amplifier, varying

the temperature produced the more noteble affects. The LMIL1 devices were ;

affected by variations in both lcad and temperctura. The snecific test '

conditions for evaluating dovice transfer characteristics are detailec in

!

Tables £7 and £8. The particuler effects of varying these test conditions are
roted in the foillewiny secticis:

3.1 MIL-M~34530/10104 (LM108A)

Comparison of the twd curves shown in Figure E3 revealed that Mapifact -er
A's devices exhibited much mere linearity than Manufacturer B's devices.
Non-Tinearity is caused by divferences in the thermal gradient hietweon the
output end eacn of the input transistors. Manufacturer A's die layout has the
input transistovs criss.crossed as snown in Figqure L4, to equalize the thermal
:viects.,

However, the sivie of Manufacturer A's device curve is positive, and not
the expected negative s ope of an ideal amplifier, This inversio. of the
srupe 15 caused by thermal feedback {1]. Verying the temperature had very
Tittie citect on the Tinearily of Manufacturer B's devices, as is shown in
Figure £5. Varying the lu3a had no measureable evfect on ManuTacturer n's
devices but an increase in 1oaa resistance, a¢ shown in Figure 6, did Lend to
reduce the non-lincarity of Manufacturair B's transfe. curve.

Ideally, an ircreese in the eperating frequency should improve the
lTincariiy of the device sirge effects of thermal gradients are minimized.

PV ¥ YN
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TABLE E7. OPERATIONAL AMPLIFIFR/COMPARATOR TEST CONDITIONS

i TECT CONDITICNS ]
o1 { o TESTY AMB]ENY ‘L—UAD FR—EE— POYIE F——T COMMA
TYOE | MUMBER | TEMP. | RESISTANCE UPPLY MU
(°c: (ohm) (Hz) {vac) (vac)
LMI5SA 1 s 2k 0.1 4200 0.0
-55 206 6.1 420.0 0.0
3 125 20k 0.1 420.0 0.¢
4 2 10x 0.1 +20.0 0.0
5 25 50K 0.1 +20,0 0.0
6 % 200 4,9 4200 0.0
7 oh 20 0.1 2.5 n.o
8 25 200 0.} +5.0 0.9
9 25 20K 0.1 420.0 | +10.0
A0 s 20 0.1 +23.0 | 10,0
LM1E 1 25 100 0.1 +20.0 0.0
: -85 3 0.1 #20.0 ¢.0
3 125 1 0.3 +20.0 0.0
“ 2 x 0.} £20.0 0.0
5 5 50K £.1 +20.0 0.0
6 25 10K 2.6 £20.0 0.9
? 2t 10, 2.1 4125 .0
8 25 1 6.1 +5.3 6.0
$ 2y 10K 0.1 #20,0 1 210.0 I
10 25 10K u.s s20,0 | -30.0
- - ——e
LNl 1 24 3 0.1 23,9 0.0
? 55 = o1 +18.0 0.0
3 125 x 0.1 LY .0
4 2 x 0.1 a4 0.0
5 25 1 0.2 418.0 0.0
6 P31 o LRV *18.0 f.b
7 b€l ) 1.04 s18.0 0.0
] A S 0. N 0.0
9 2 N 0.1 | 2 8.0 0.2
16 s 2 0% TN “12.0
1 25 2 0.1 l SR80 | 22,0
e LT S N TT [upuvE P AU [ ...AI - SR S _,..._...J
04
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TABLE 8. REGULATOR TEST CORDITIONS
TEST CONDITIONS
DEVICE | TEST  ["AWBIENT] 1, FREQ |
TYPE | NUMBER | TEMP.
(°¢) {(mA) (nz)

LM109 1 25 5.0 0.1

2 -55 5.4 0.1

3 125 5.6 6.1

4 25 £0.0 0.1

5 25 500.0 0.1

6 25 5.0 10.0

7 25 5.0 1006.0
723 1 25 1.0 0.1

2 -55 1.0 0.1

3 125 1.0 0.1

4 25 10.0 0.1

5 25 50.0 0.1

6 25 1.0 10.0

7 25 1.0 16060

]
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Vi = 26uV/BIV. Vg = SV/DIV.
Ty = 257 R = 20Kz

Voo = +20 Vdc = 0 vdc

'f Freq. = 0.1 HZ

Ve

"h 1 .- - - e .
N -
B A ] oot
L
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SANGEACTURER B
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FIGURE E3. MIL-M-38515/1C108 O AlGs) 1ol iR CONPASTERIGIIC,
ORI ARTSIN T —

L BT b e i i £ L I

(36

TN T




" ETE AV - QR L} ., e/ &Y S " Y+ - . - . R R RELAE R

tﬁ:Ld..-...f.—__..-_..MVM.M.‘,M wres 5 g

FIGURE F4. MIL-4-38510/10104 {(LMI10SA) MANUFACTUREP A INPUT TRANSISTOR CONFIGURATION
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However, attempts to obtain transfer curves at frequencies above 1.0 Hz
resulted in excessive hysteresis for both manufacturer's devices, as shown in
Figure E7. Thus, our test results were inconclusive as to whether the
tncreased frequency would have an effect ¢n the transfer curves.

Varying the device supply voltagr nad little effect on the slope or
lineavity of Manufacturer A's device transfer curves, but decreasing the
suppiy voltage did improve the lirearily of Manufacturer B's device transfer
curves, as shown in Figure E8. However, decreasing the commcr moue voltage
decreased the slope ( VIN/ VO) of the transfer curve and also tended to
exaggeratie any nonlinearities. Figure E9 shows the operation of Manufacturer
A's devices under common mode conditions of +10 Vdc, 0 VYdc, and -10 Vdc.

In general, the linearity of the MIL-M-38510/10104 (1.M108A) transfer
curves was affected by changes in temperature and load. The slope of the
I.MI08A's transfer curve was mest affected by changes in common mode voltage.

3.2 MIL-M-38510/10107 (LML18)

/

Figure E10 shows the difference in linearity between the two manufactuiers
of the MIL-M-38510/10107 devices. Alihough the die layout of Manufacturer C's
devices is similar to Manufacturer B's layout, the former transfer curve
exniibits much less Yinearity. Temperature had 1ittle affect on eithar the
Tinearity or the ¢lope of the trarsfer curve for Manufacturer C's devices, as
is shown in Figure £11. However, the curves of Figure E12 show that for
Hanufacturer B's devices, operating them at -55°C tends o decrease the slope

of the curve,

Increasing the 1oad resistance siightly increased the slope of Manufac-
curar Bis davizes but had Tittle effeci on the linearity ot the curves.
Howeve, Tncreasing the Toad resistance of Manufactures C's devices vemoved

most of tre non-linagrity, as shoum 1n Figure 13,

Javiation 1n power supply voltege end conaon motde volvage had wioimad

effect on the linecrity of tha transier 2lats, as is snown it Figures 14 ind

t.20
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MANUFACTURER A FREQ = 4.0 HZ MANUFACTURER B FREQ = 4 HZ
Voo = 20 Vdc Vg = SV/DIV.
T, = 26°C Vey = 0 Vdc Vi = 20uY/DIV,

20 Kq

FREG AS NOTED

438510/10104 (LM108A) TYPICAL TRANSFER CHARACTERISTICS VS. FREQUENCY

L2




MARGTACTURTR B VCL ~S NOTED
Ty oue Vey = 0 Vde
Moo PO TRLG. = 0.1 H.

Piniia 05, M3851G/10104 (LHI08A) TYPICA

Vep = +20 Vdc

cC
V0 = DV/ODIV.
(UNLESS NOTED)
VIN = 10.V/D1V.

&AN%&{F CHARACTERISTICS VS, SUPPLY VOLTAGE

F2e

o e AP 1 e




) VCC = 450V/-T0V VCH = -10 ¥dc Vs = 20V v = 0 Vdc
VO = S5V/DIV.

-+
-
‘ 1» LR
;- 3 s, or‘ :3‘ ? -'1"
"Rl VAR Ak Ll 0
B 4 P i A TR A5 s

1

VCC = 10V/-30V VCM = +]0 Vdc

MANUFACTURER A V . AS NOTED Vo = 10V/01V,
Th=2c Yoy AS NOTED (UNLESS NOTED)
R, = 200 IRLG = 0.1 HZ Vi = 200V/DIV.

FIGURE £Y, M36510/10704 (LMIUSA) TYPICAL TRANSFER CHARACTIRISTICS VS. COMMON MODE
VOLTAGE
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BAHUTACTURIR VIN = 500V/div. v
TA = 2570 R
VCC = +20 Vdc V
frzq. = 0.1 HZ

= hV/dv,
10k
= 0 Vdc
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E15. Like the previous operational amplifier, the /10107 devices exhibited
excesive hysteresis on the curve tracer at frequencies above 1 Hz, as is shown

in Figure E16. Thus, the response of the device to frequency was not determined.

3.3 MIL-M-38510/10201 (723)

There were no major differences in the transfer plots of both manufac-
turer's MIL-M-38510/10201 devires. The output of both manufacturer's devices
varied only 50 miilivolts when the temperature was varied from 125°C to -55°C.
However, Manufacturer D's device has small (200 - 300 mV peak-to-peak)
osciltation at -55°C. The devices also exhibited very little sensitivity to
1oad, as is shown in Figure E18.

The transfer plots showed considerable hysteresis at fregquencies above 5
Hertz. This was found to be directly related, as shown in Figure E19, to the
capacitor across the non-inverting input and V-. The transfer plots were run
with this capacitor removed and the dlots, as shown in Figure E20, showed
little sensitivity to frequency other than a slight decrease (.2 ~ .3 Vdc) in
the output voltage at the higher frequencies. In general the MIL-M-38510/10201
devices exhibited very little sensitivity to Lemperature, load, or frequency.

3.4 MIL-M-38510/10701 (LM10¢)

Manufacturer B's MIL-M-38510/10701 devices exhibited line requlation char-
acteristics with 50 mA of load current similar to those with 5 mA. Also, both
manufacturer's devices were relatively insensitive to changes in ambient
temperature, as is shown in Figure E21. Subjecting the devices to a constant
500 milliampere load at 25°C without a heat sink induces a sufficient junction
temperature rise tc cause the devices to go into thermal shutdown.
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Thus, the devices were subjecteda to a 300 microsecond 500 miiliampere pulsed
Toad at 5G. duty cycle. Figure £22 shows that there was minimal deviation in
outnut whan the devices were gperated at junction temperatures below their
rated shut-down temperature. Since the 500 mitliampere load curve was made
using the pulsed mode of the curve tracer, a magnified curve of the output
valtege wa: not able to be wade. The devices also exhibited Tittle senitivity
tu Trequency except that Manufacturer B's device exhihited an increase in
line reaulation at the 1.0 kHz frequency, as shown in Figure E23. In general,
the MIL-4-38510/10701 devices were relatively insensitive to temperature,
Yoed, and freguency with the restriction that the load duty cycle does not
cause The jurction tenperature to exceed the thermal shut-dewn temperature.
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3.5 MIL-M-38510/10304 (IM111)
The MIL-M-38510/10304 transfer characteristics were performed for the

collector (pin seven) output only and a comparison of Manufacturer B's and D's
devices is shown in Fiqure [24. Varyiny the temperature degraded the linear-
ity of Manufacturer B's devices as shown in Figure E25. AC an ambient temper-
ature of -55°C the slope of the transfer curve increased while &t 125°C the
slope of the curve is distorted. Temperature variations improved the linear-
ity of Manufacturer D's device transfer curves as shown in Figure £E26, The

slope of the curves aiso increased as the temperature increased from -55°C to
+125°C.

Similar results were noted in both manufacturer's devices when changes
were made in the device load conditions as shown in Figures E27 and £28., A
Toad resistance of 10K ohms in each case provided the hest linearity and only
slight differences were noted between the 1K ohm load and 2K ohms load curves.

Fiagure E29 shows the effects caused by varying the input frequency of
Manufacturer D's devices. These results are inconclusive since the effects
may have been related to the test fixture and not to the device under test.
Manufacturer B's devices exhibited simiiar curves at freguencies ot 1.0 Hz
and 1.0 kHz.

Variations in the supply voltage had nc effect on the linearity or slope
of either manufacturer's device transfer curves. Changing the common mode
voltage of Manufacturer B's cevices likewise had no effect on the transfer
curves. However, tne lipearity improved on bcth common mode voltage transfer
curves (+12 vdc) for Manufacturer D's devices as shown in Figure E30.

The MIL-M-38310/10304 is most affected by changes in ambient temperature
and load resistance. For Manufacturer D's devices, optimum performance is
provided by reducing the ambient temperature or by increasing the load resis-
tance. Manufacturer B's devices are adversely afrected by either temperature
extreme; however, at an ambient temperature of 25°C and load resistance of 10K
ohms, Manufacturer B's devices provided an optimum transfer curve.
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MANUFACTURER B VCC = 414 Vdc \0 = 5Y/01V.
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1.0 INTRODUCTION

This appendix presents a condensation of the failure analyses performed
during the program.

To facilitate reader use of this appendix, an overview of ali failure
analysis results is presented in Section 3,0. Individual failure analysis
reports are contained in Sections 4.0 through 8.0, and the paragraph numbers
tor specific reports are cross-referenced in the Section 3.0 overview.
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2.0 PROCEDURE

A1l parts that failed an electrical test during Step Stress and Accele-

rated Life testing were analyzed to determine the particular failure mode,
failure mechanism and probable cause of failure. The general analysis proce-

dure was as follows:

1)

2)

6)

A1l failures were retested on the zutomated microcircuit tester tu
verify the failure, and to obtain final dc electrical parameter
measurements.

Failed parameters were confirmed using a curve tracer or, if neccs-
sary, a bench tast set.

The failure was isolated to a specific junction or element to the
extent possible via external pin-pin curve tracer measurements.
Failures were classified into subgroups (failure categcries) on the
basis of the analysis findings.

A representative sample of devices from each subgroup was subjecred
to a detailed analysis,

The remaining samples from each subgroup were subjected to the
following steps to confirm their cateqorization and to obtain any
additional information:

a) Unpowered Bake ~ Each device was cubjected to an unpowered bake
and retested at 25°C to obtain post bake electrical data. The
exact time and temperature of the bLake depended on the time and
temperature at which the failure occurred. Usually, an overnight
bake (16 hours) at the test temperature sufficed.

b) Leak Tests - Each device was subjected to a helium bomb fine leak
test and a fluorocarbon gross leak test.

¢) Delidding - tach device was delidded and subjected to routine
optical examinations and documentations.

£3
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3.0 FAILURE ANALYSIS OVERVIEW

Sunmaries of the failure analysis resultis for each deviie type are
contained in Tables F! through F5, Each table cortains a brief description of
each of the different failure symptoms, failure modes, fuilure nwchanisms,
causes of device failure, and a paragraph number reference to th2 ralated
failure analysis report. Certain random failures were not analyzed 1n detai}
and ara not discussed in the reports, thus ro reference paragraph number is
iisted for them.
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TAGLE F3-2.  MIL-M-38510/10104 (1MI108A) TATLURE ANALYSIS SUMMARY

——— s R [ .
A FAILED PARAMETERS OR SYMPTOMS QUAKTITY O FAILURES AD YIME Of FAILURE (HOURS) BY TEST ZELL t/A W
8. YALLURE MODE MANUF ACTUREK B _[ MANUFACTURER A REPORT
C. FAILURL MECUANISM ST ACCELERATED LIFE - STEp _ ACCELERATED LIFE PARAG.
D. CAUSE Cf FAILURE STRESS STRESS MIMBER

125%¢ 200°¢C 225°C 178°¢ 200°L 7e5%C
A ¥y PND/OR Ay 1R8125°C {1681 1484 1884 [}
B. CHANNII CURRENT $ROM R7 TO THE 12150 182 3a8 168
SUBSTRATE 19175°C | 4e4 2868 1816
C. INVIRSION OF THE R7 RESISTOR TuB 18225 | 208 w2 1604
0, MWILE IONS OR CHARGLS [N THE 1816 381009 328
PASS [VATLOK 3esn0 | 31000 | 13250
481000 28500
14R1000 281000
A vy LTCHD WP 165000 | 10256 188 5,2
§. MELTED STRIPES AND SHORTED JUCTIONS 282000 | 48500 3064
L. INLRMAL RUNAWAY AT Q6 AG4000 | 401000 | 38128
D. UNKNOWK 182000 19256
30K | 18500
301000
282000
384000
As i 16500 281000 5.3
R, MOT DETERMINED (RECOGVERED) 108 1€2000
€. SURFACE INSTABILIT( 261000 01 84000
0. PRUBABLY JONIC CONTAMINATION 182000
e
ATy, MDIOR Ly 181 108 102 184 1616 5.4
B, PROBABLY DFGRADED INPUT TRANSIST(RS 18128 | 10500 1032 1R16 20128
C. PROBASLY CHARGE ACCUMULATION 16864 1866
0. TEST ANOMALY (STATIC DISCHARGE)
+125°C FAILURES AND RANDOM FAJLURCS - hOT ANAL YZED IN Di TAJt
A Vi @ +125% iy 183600 ] 184000
SN SSSRSSS S =
A lIO €+ 125°C OHLY 184000
A, xos (-) (RECOVERED Witde LEFT ON TEST) 186
TO"AL HUMBER OF FAILED PARTS 4 28 J 29 ¥ 0 17 17 26
NOTTS: ™ @ ¢125°C ONLY, ® Q@ -55°C ONLY.
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TABLE F3-3.  MIL-M-38510/10701 (1.M109) FATLURE ANALYSIS SUMMARY

A, FJLLD PARAMETERS OR SYMPTOMS QUANTITY OF FAILURES AND TIME OF FAILURE (MOURS) BY [EST CELL F/A
8. FAILURL MODt ACCELERATLD L.FE REFORT
C. FAILURL WECHANISM HANUF ACTURER O MAKUE ACTURER & PARAG,
U. LAUSEL OF FATLURE 200°C 225°C 250°C 200°C 229°C 250°C

A. UtN PIN 18500 1864 18250 6.1
B, LIYTED WIRE BGMD AT THL POST 184000

Co KIAKLNDALL VOIDING IN AuAl?
0. LXCESSIVE AuA12 GROWTH DURIENG BOMD |MG

B, UPLNPIN1OR 3 162000 18 6.2
$. BRUKLN FXTERNAL LEAD
C. MECHANICAL OVERSTRESS
D. HMISHANDL ING

A, UPEN PIN 3 184000 10123
B, HROKEM FXTERNAL LEAD
Co Ay LEACHING
D.  TIN S0LDER

A “'\rn i3] 248 1816 chd 184000 6.3
Sv NONL 1663 1¢le
C. Nt 162000

B. INTTIALIY FAILED OR MARGINAL

RANDUG FAELURES - MOT ANALYZED [N OfIaiL

A. Vour L8] (UNLY MARGINALLY TAfLLD) l 16500 _1
TOTAL MUMBER OF FAILLD PARTS 1 2 4 3 3 k|
S
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TABLE F3-4.

MIL-M-38510/10201 (723) FAILURE ANALYSIS SUMMARY

FAILED PARAMETERS OR SYMPTOMS
FAILURE HODE

FAILURE MECHANISH

CAUSE OF [RILUGE

QUANTITY Ot FAILURES AND TIME OF FAILURE (HOURS) BY TEST CELL

ACELERATED LIFE
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MANUF ACTURER €

150°C

125%¢
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150°C

175%¢C

200°C

fIA
REPORT
PARAG .

Lo
MONE
ONE
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642000

1.1

Voer O Vg ing (11 ¥ ¥y (gap (41 8 -50%C
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05
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1964

1.3
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A.

VR LIME [1} (ONLY MARGEINALLY FAILED)
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TABLE F3-5. MIL-M-38510/10304 (LM111) FAILURE ANALYSIS SUMMARY

A. FAILED PARAMETERS OR SYMPTOMS QUANTITY OF FAILURES AND YIME Of FAILURE (KOURS) BY TEST CELL F/A
B. FmILyRE MODE MANUFACTURER B MANUS ACTUREP D RCPORY
C. FAILURL M.CHAN|M STEP ACCELERATED LIFE STL? ACCELERATEG LIF( PARAS .
L. CAUSE OF CALILURE STRESS STRESS NUKBLR
200°C 225°¢C 250°C 200%C 228°¢C 250°¢C
LU 18225'C | 188 ® 8.1
B, 10w r\r[ 1% Q4 381000 184 18275C | 132 1816 188
G, INVERSICK OF THZ BASE Of (4 1864 5864 5032 ae3z
D. PROBASLY IONIC COMTAMINATION 1€1000 2t 40256 782%
18500 30500 1050C
! 1581000 | 1681000 | 2001590
A, 110 18175°C| 18128 I 1€200°C .2
B, LOW h‘£ IN @2 28215°C | 18256 184 1816 1864 ied 168
C, SURFACE INSTABILITY AND BULK-REIATED 120500 1832 5832 18500
o CHAR T SHS 681000 4854 1864
D. FROBABLY 10WIL CONTAMINATIAN 20128 20128
68256 28256
58500 38500
201000 | 381000
A e 26178 8.3
B. 0N
. WON
Do Yy 100 HIGH
A1 18128 e 8.4
B, LEGRADED Qib CORLLCTUR - SURSTHATE 168
0laut
C. ©xO8APLY SGYERSION OF THE COLLECTOR
0. PRORSBLY CATICT CONTAMINATION
+125°C OMLY FAILURES AND RANDOM FAILURES - NOT ANALYZED IN DLYAIL
| IR
A, CMRO(RETEST (K) 1064 288
A, ‘\/C {RECOVERED) 10128 19500
o Ay @ +125°C ONLY 481000 161000
A, Yo (30) 191000
TGIAL NJMBER OF FAILED PARTS 5 29 2% 28 3 35 29 34
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4.0 LM118 FAILUREL ANALYSIS REPORT

4.1 RESISTOR TUB INVERSION (MANUFACTURER B ONLY)

Seventy-nine Manufacturer B parts failed VIO and/or PSRR during step
stress and accelerated life, Ten parts failed VIO only, 27 parts failed
PSRR only, and 42 parts failed both VIO and PSRR., The failures were bake
recoverable, indicative of a surface instability mechanism.

The 52 parts which had failed VIO exhibited excessive VIO at a supply
voltage of +20V (VCM = +15, -15V, OV) ranging from -4mV (the specified
minimum 1imit) to -18 my (latch limit of the test circuit). The failed values

were always negative.

VIO was atmost always within specification at a supply voltage of +5
volts indicating that VIO was supply voltage sensitive. Measurement of
VIo (VCM = QV) vs. supply voltage of representative failures disclosed
that VIO exceeded the Timit of -4V al supply voitages ranging from +6Y to
+20V. Below the critical supply voltage, VIO was fairly constant and above
the critical voltage, VIO increased (in the negative direction) rapidly.
Since this suggested a possible internal low breakdown/excessive leakage
current, the I-V characteristic from V+ (pin 7) to V- (pin 4) of each part was
examined on the curve tracer. Each failed part exhibited anomalous leakage
from V+ to V- beginning at a voltage proportional to the supply voltage at
which VIO became excessive. For example, Figure F4-1 shows the 1-¥ charac-
teristic of a normal part, control sample S/N 24, with a VIO (+20v, VCM =
0V) of ~G.9mV. The characteristic is essentially IDSS of J-FET Q33 amptified
by Q7-Q9 until breakdown occurs at 45 volts. S/N's 74, 102 and 61 each had
failed VIO after one hour of 175°C life and were found to have critical
supply voltages of 6V, 15V and 20V, respectively. The three parts exhibited
excessive leakage above V+ to V- equal to 5V, 13V and 33V, respectively, as
shown in Figure F4-2, The fourth trace in Figure F4-2 is that of S/N $2 which
had nornal VIO (+.36mV) atter four hours at 175°C. VIO cf 5/N 92 would

F19

nkkirind

2 Mk U R




PR I

@u&-}-w—lﬁ .—41«»11«-1 - H-‘-’"?"f'**‘*!!ﬂ‘ :

«“

.y

= ja \
UPPLY 0.5 mA/DIV.

5

Veypppy (* 10 =) = 5 VOLTS/DIYV.

FIGURL I4-7,  1-V CHARACTERISTIC KON V4 T0 V- OF
. A LORMAL PART _g COLTROL. SAMPLE S/H_24)

0.5 mA/OLY.

Y
i

UpPPL?

I5

T .
VSUPPLY (+ 10 -) = 5L VOLTS/DIV,

PIGURE 14=2, 1-V CBARACTEISTIC PROM Vi 10
THUEL Vi FATLURES (57N ,741 192
I\)“L' ')]) /\ IU l\ 4‘/\” ”l]' ALY IO
,\' Il i '1] "[_(A',‘_LSIH 9.’ )

T

i

& i

et Ta e e

Y Tyt el inartah 2.2

i Gh et




not exceed -4mV until the supply voitage was increased to + 23 volts and its
leakage from V+ to V- became excessive at 37 volts.

Thz anomalous leakage was traced to channel leakage from resistors R15
and R16 to the substrate (V-). Figure F4.3 shows R15 and R16 of S/N 102 after
severing the stripes for isolation. Figure F4-4 shows the leakage from the
common contact to R1S and R16 (+) to the substrate (-). This leakage, ampli-
fied by Q25, was primarily reponsible for the anamalous current observed
beiween V+ and V-, The pn junction between the resistor diffusion and the
n-epi resistor isglation tub and the junction between the tub and the substrate
exhibited no leakage and nominai reverse breakdown voltages of 90V and 98V,
respectively. This indicated that the leakage from R15/16 to V- was caused by
a channel in the tub which extended from the resistors to the substrate due to
inversion of the n-type tub. Inversion ¢f n-type material is caused by the
accumulation of a net negative charge in or on the passivation layers. To
further pin-psint the location of the channel, a high potential field effect
nrobe tachnique [1] was used. A manipulator probe, biased either positively
or negatively with respect to the n-tub, was scanned over the region of the
tub hetween the resistor and the substrate isolation diffusion of representa-
tive failures (before and after removing the glassivation) while monitoring
VIO of the part. It was found that positive potentials of up to 150 volts
over any point on the tub did not reverse the inversion and improve VIO‘

This indicated that the width of the anomalous channel was probably much
greater than the diameter of the probe and simply could not be totally pinched
off with the probe. Negative potential, as low as -75V, would affect VIO'

Yhe area of greatest sensitivity was found to be along the outside of resistor
P15, between the stripe to the emitter of Q16 and the stripe to the base of
Q1% (see Figure F4-3), VIO wouid latch negative at a probe potential of

-125 volts above the tub along this area. This is because the negative field
enhanced tihe inversion thereby increasing the conductance of the channel.
Negative potential applied above the tub anywhere along the outside of R1%
would worsen VIO to some degree which indicated that the channe! was dis-
tributed alorg the entire length of R15, A channel also existed along the
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outside ¢ R16, but increasing the inversion with negative probe potential
caused VIO to increase a few millivolts ir the positive direction. This
indicated that leakage to the substrate from R15 increased V10 in the

negative direction and leakage fran R16 increased V., in the positive

10

direction, It is suspected that V_ . was always negative at the time of

1
‘failure because R15 has a greater égount of its perimeter adjacent to the .
p-isolation than does R16. Using the voltage probe it was discovered in the
same manner that the n-epi tub containiag Ri2, R13 and R14, shown in Figure
F4-5, had also inverted or at least depleted. The exact amount of 1leakage
from these resistors to the substrate could not be determined because other
inherent circuit elements existed between the resistore and the substrate that

could not be disconnected.

The parts that had failed PSRR only were found to exhibit channel leakage
from V+ to V-~ as did the V10 failures, but the leakage was not as severe in
the PSRR only failures and usually saturated. Again, tnis leakage was traced
to inversion of the R15-R16 resistor isolation tub. Thus, it is probable that
the PSRR failure differed from the VIO
further substantiated by the fact that any part failing PSRR only, that was
also.

failures only in degree. This was

left on test, eventually feiled VIO
The resistor tub to substrate junciien was reverse biased at 40 Vdc

during the tests. Thus, the accumulation of negative charge aover the tub was
prebably the result of separation of mabile ionic species in the fringing
field of the raverse biased junction or electron drift in the fringing fiela
aleng defects in the glass/insulator interface [2], Microscepic examinations
of failed parts disclosed two types of anomalies in the glassivation layer
which probubly contributed to the failure. One hundred percent of the

parts exanineu (27 out of 27) contained one to three cracks in the glassivation

over the wide metalizatiurn ctripe between Q25 ard RI5,/16, as 11lustrdted in

Figure F4.6 and F&-7. Sixty-six percent of the parts (18 out of 27) contained one
or mnre cracks c¢lsewhere on the die, principally over tne wide emiitter contacts

of the PNP transistors and the capacitor electrodes. One hundrad percent of
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A500X S/N 293 (5TP STRESS @ 07 iR/ 150" C)
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the parts aiso contained pinholes in the giassivation over hillocks in the
metalization. As shown in Figure F4-8 and F4-9, the holes appeared to be
etched into the glass which indicates that they probably were caused by
pinholes in the photo resist during etching of the honding pad openings. The

pinholes were probably causad by flaking of the photo resist over hillocks in
the metalization.

4.2 I;O (VCM = -15V) FAILURE

Four Manufacturer 8 and two Manufacturer C parts failed IIO at a common
mode voltage of -15V during acceleraced life. The faiied values ranged from
-592 nA to +143 nA, Three of the Manufacturer B parts also failed +I

(Ve = -15V) and one of the Manufacturer C parts also failed +I., (-15V)
cM iB

IIO of five of the parts was excessive at a common mode voltege of -15V
because the inverting input bias current (—IXB) was normal, but the non-
inverting input bias current (+IIB) was too 1ow or negative at negative
common mode voltages, as illustrated in Figures F4-10 and F4-11. This was
indicative of excessive current from V+ to the non-irverting input (pin 3).
Examination of the I-V characteristic from V+ to pin 3 {with V- and pin 2
grounded) of each part disclosed the presence of anomalous channel current, as
illustrated in Figure F4-12, IIO of the sixth part (Manufacturer ¢, 125°C

failure) wac excessive at VCM = ~]15V because +IIB was excessive and --IIB
was negative.

The twc Manufacturer C parts recovered prior to bench testing and two of
the Manufacturer B parts were baked and both recovered, indicating that the
anomalous leakage was caused by a surface related mechanism. The other two
Manutacturer B parts were delidded for analysis but both recovered instantly
upon delidding and neither contained any visible defects. Thus, the specific
failure mode of these parts was not determined, During life test, 38 and 40
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Vdc was applied from V+ to the inputs. This reversed viased the collector-base
suncticns of the input transistors. Consequently, it is believed that the
anomaious leakay: was the resuit of inversion of the c-b juntion of an input
tran.istor caused by mobile ions or charges in or on a passivation laver.

4.3 IIO and/or :IB FAILURE

—

Two Manufacturer B and four Manufacturer C parts failed combinations of
IIO and +IIB or 'IIB’ usually at all three common mocde voltages during
accelerated life. This was bocause ovne of the input bias currents was signi-
ficantly higher than the other, as illustrated in Figure F4-13. The probiem
was traced to a gain siismatch in the input transistors., For exampie, the part
iltustrated in Fiqure F4-13 had (at VCM = +15V) an IXO of 75 nA, a +IIB
of 246 nA, and a 'IxB of 173 nh at the time of failure {1000 hours). Die
level prching estabiiched that, at a VCB of 5 volts and a collector current
of 25 A, hFE of 03 (the -input transistor) was 83 and hFE of G4 (the
+input transistor) was 52. +IIB was 42% higher than 'IIB’ and hFE of
the +input transistor was 37% lower than hFE of the -input transistor, thus,
the gain difference accounted for the excessive IIO' The life test data
indicated that the gain of buth inputs had degraded during life. Initially,
+IIB and -IIB at VCM = +15 were 133 and 132 nA, respectively. At the
time of failure +IIB was 246 nA and "IIB was 173 nA. The other parts
displayed similar degradation except that in one part at the time of failure
-IIB was greater than +IIB‘ The gain degradatioun was present only at Tow
collector currents. The gain ui both transistors in the example was 156 at
Ic = 1 mA. This indicated that the low gain was caused by degradation of
the base-emitter junction, probably due to depletion of the p-type base
region, IIO and IIB would recover upon baking, indicating that the degra-
dation was the result of a surface releted mechanism, prcbably caused by ionic
contamination in the passiviation.




4.4 CATASTROPHIC DAMAGE DUE_TO THERMAL RUNAWAY (MANUFACTURER C ONLY)

During step stress, four Manufacturer C parts drew excessive supply
current at temperature and failed. The 200°C failure drew rominal current
upon reaching temperature, but was drawing excessive current upon completion
of the step and was found to be latched up to V- when measured during the
post-step parametric tests. Examination of the part disclosed that the V+
wire and the metailization stripes had :nelted, as shown in Figure F4-14, Al
of the damage occurred at the V+ ohmic contacts of the circuit elements, and
this indicated that the damage was caused by thermal runaway. The other
three parts drew excessive current after reaching temperature (250°C or
275°C) and were removed and tested at this point. One part was latched to V+,
one part exhibited VIO's of -7mV, and one part failed only -AVS [74].
Examination of these parts disclosed that each contained spears of aluminum
extending from a contact of the cross-under (RX1l) between V+ and Cl, as
illustrated in Figure F4-1%, and either spears extending from the ohmic
contacts of C1 or a flash-over short across the p-n junction of C1, as illu-
strated in Figure F4-16, and no other damage. This indicated that the thermal
runaway probably initiated at C1, but the p-n junction contained no apparent
defect or deficiency.

The accelerated tife test temperatures were limited to 175°C, but three
Manufacturer C parts displayed the same failure mode as did the step-stress
parts. One parl was latched-up after one hour at 175°C and two parts were
latched after 4,000 hours at 175°C. As illustrated in Figure F4-17, all three
parts contained cdamage almost identical to that found in the 200°C step-stress
feilure. 7he failures indicated that the thermal runaway mechanism was not
strictly temperature dependent, but was time dependent as well. However, no
reason for the time dependency was found,

4.5 SHORTED CAPACITOR (MANUFACTURER C ONLY)

Five Manufacturer C failures during accelerated life were caused by
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256X S/N 42 (STEP STRESS - 275°C)

FIGURE F4-16. FLASH-OVER SHORT (ARROW) IN C1
(DELINEATED BY SIRTL ETCH)

b/N 94 (1 HR @ 175 C)

FIGURE F4-17. DAMAGE SUSTAINED BY AN
ACCELERATED LIFE TEST FAILURE
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defects in the dielectric oxide of one of the MOS capacitors, €2 or C3. Two 3
parts were latched-up to V+, one after 128 hours at 125°C and one after 4,000 :
hours at 175°C. Examination of the dice revealed no visible damage or defect. |
In each part, the latch-up was traced to a 40 ohm short-circuit in the MCS
capacitor C2. Removal of the aluminum electrode of the 125°C failure disclosed
a minute breakdown site in the dielectric at an imperfection in the 5102, as
shown in Figure F4-18. The 175°C failure contained a pinhole defect in the
dielectric of C2, as shown in Figure F4-19. Three parts were latched-up to

V-, one after four hours at 150°C, cne after 2,000 hours at 150°C, and one i
after 4,000 hours at 175°C. Examination of each die disclosed thermal runaway
damage similar to that displayed by parts shown in Figures F4-14 and F4-17.
However, die level probing of the capacitors disciosed that in each part, C3
contained a 15-150 ohm short. Removal of thz aluminum electrode revealed a f
pinhole defect in the C3 dielectric of each part, as illustreted in Figures

F4-20 and F4-21. Thus it is believed that the thermal runaway in these three ‘
parts was initiated by failure of C3 caused by the oxide pinholes. '

4.6 CATASTROPHIC DAMAGE DUE TO ELECTRICAL OVERSTRESS !

One Manufacturer C part was latched to the positive supply after 1,000
hours at 125°C. Examination of the die revealed that the pin 2 (-input)
metalization stripe had vaporized open due to excessive current, as shown in
Figure F4-22. A small particle bridged between the pin 2 stripe ano the edge
of the substrate, but the particle was nonconductive (transparent) and could
not have caused the excessive current. Therefore, this failure was probably
caused by electrical overstress of pin 2.

[ UL RSV NP

One Manufacturer C part had passed the 25°C parametric tests after
4,000 hours at 150°C, but was latched to the negative supply during the +125°C
parametric tests. When bench tested, the part was found to be latched negative
al 25°C. FExamination of the die revealed flash-cvers through the cross-under
in the V+ (pin 7) line, RX1, and the cross-under in che COMP C (pin 8) line,

o ek ARl ot Mmoo .

F25 4



g 5 e

400X S/H 282 (128 HRS @ ]25”)

FIGURE F4-18. C2 AFTER REMOVAL OF THE ALUMINUM
ELLCTRUZE SHOWLHG. THE BREAKGOWI

SITE _ARROW) -

/

400X S/N123 {4,000 HRS @ 175°C)
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SHOWING T OX1UL PIRIOLE_(ARROM)
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RX2. Examination of Q20, which is connected between pin 8 and V+, disclosed

that it contained flashover shorts, as shown in Figure FA-23. Consequently,

this failure was attributed to electrical overstress of Q20 probably caused by

a transient or static discharge across pins 7 and 8 prior to the +125°C
parametric tests.

One Manufacturer B part was latched-up after four hours at 125°C. This
part contained damage at Q25, Cl and 3 cross-under, as shown in Figure F4-24,
indicating that it probably had been electrically overstressed.
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S/N 261 {4 HRS @ 125°C
DAMAGE SUSTAINED BY THE MANU-

)
FIGURE F4-24.

FACIURER B CATASTROPILC FAILUR
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5.0 LMIOSA FAILURE ANALYS1S RCPORT

5.1 RESISTOR TUB INVERSION (MANUFACTURER B ONLY)

Eighty-six Manufacturer B parts failed VIO and/or AVS during step-
stress and accelerated life. Sixty-Tive parts failed VIO' ten parts failed
AVS’ and eleven parts failed both VIO and AVS‘ Many of the parts also
10° PSRR and CMR because V10
was severely degraded. The failures were bake recoverable, indicative of a
surface instability mechanism.,

failed other associated parameters such as I

Of the 75 parts which failed VIO’ the predominant failure was VIO at
a supply voltage of +20V and VCM of -15V¥. The failed vaiuzs were always
positive and ranged from 0.5mV (the specified maximum limit) to 19mY (the
latch limit of the test circuit). These parts exhibited anomalous current
from ¥+ to V- proportional to the degrec of VIO failure, as illustrated in
Figure F5-1. S/N A is a sample part with normal VIO' Its I-V characteristic
is essentialily IDSS of J-FET QL9 amplified by G22. 5/N 185 exhibited a
VIO of +,03mV after four hours at 225°C and exhibits anomalous current
beginning at V+ tc V- equal to about 20 volts. 5/N 284 exhibited a VIO of
>19mV after four hours av 225°C and exhibits anomalous current beginning at
V+ to V- equal to about 4 volts.

VIO of these parts would recover instantly upon delidding, as iltu-
strated in Table Fb-1. Because the symptoms of these failures were very
similar to those of the Manufacturer B LM118 device (reference paragraph 4.1),
it was suspected that LMIOSA failures might also be due to inversion of an n-type
resistor tub. To determine if any tub was still slightly inverted or depleted
after delidding, a manipulator probe Liased ¢t -100 volts was scanned over the
resistor tubs. It was found that the failure, i.e., excessive positive VIO’
could be reinduced by applying negative potential across the oxide above the
tub containing R3, R7, R13, R14 and R30 in the region along the perimeter of
R7 adjacent to the isolation diffusion were shown in Figure F5-2. The leakage
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TABLE F5-1. EXAMPLES OF V] RECOVERY DISTLAYED BY THC
MANUFACTURER B LMT084 UPON DELIDDING

Vig @ Vo = =15V (mv)

PRIOR TO V/ IMMEDIATELY AFTER L/

oN ot M YR e efr e DELIDDING _ DELIDDING

282 224%°C 4 HWR 4 HR  -0.03 >+]9 - +10 -0.01
LIFE

141 225°C 4 HR 1000 +0.35 >+19 >+19 +37 +0.24
LIFE PR

62 200°C 4 HR 1000 -0.c2 >+iS +11 +7.,2 +0.0%
LIFE HR

202 175°C 1000 1000 -0.35 >479 - +3.2 ~0.20
LIFE HR HR

NOTES

t'F = Time of Failure
tp * Time of Removal From Life Test

to = Prior to Life Test

—
[y
"

Curve Tracer Test
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current from the resistors to the substrate (determined after severing appro-
priate stripes) would increase upon application of the negative field in this
region of the tub, as shown in Figure F5-3. This indicated that the failures
prubably had been caused by anomalous channel current from the resistors to
the substrate due to inversion of the n-type resistor tub. Inversion of
n-type material is caused by the accumulation of a net negative charge in or

on the passivation layers.

The parts that had failed only AVS exhibited two basic types of anomalous
gain. Some parts exhibited negative gain that was too low at VOUT = +15Y and
-15V as illustrated in Figure F5-4 and others exhibited positive gain that was
too low at VOUT = +15V as illustrated in Figure F5-5. The gain characteris-
tics indicated that the 1ow gain was probably caused by gain distortion due to
variation in VIO with output voltage. These parts exhibited anomalous

current from V+ to V-, as illustrated in Figure F5-6 and recovered instantly
upon deiidding, as shown in Table F5-2, These findings indicate that the
failure mode of the parts faiiing oniy AVS wds probably the same &5 that of
the VIO failures, i.e., inversion of the R7 resistor tub.

The resistor tub to substrate junction was reverse biased at 40 Vdc
during the tests, Thus, the accumulation of negative charge over the tub was
probably the result of separation of mobile jonic species in the fringing
field of the reverse biased junction or electron drift in the field along
defects in the glass insulator interface [2]. Micrnscopic examination of
failed parts disclosed anomalies in the glassivation similar to, but not as
severe as, those found in the Manufacturer B LMI118 failures. Seveaty percent

of the perts examined (21 out of 30) contained at least one crack in the glassiva-
tion, as 1lustrated in Figure F5-7. Using an aluminum etch it was determined that

30% (10 .out of 30) of the parts also contained glassivation pinholes.

5.2 CATASTROPHIC DAMAGE DUE TO THERMAL RUNAWAY (MANUFACTURER A ONLY)

[

Thirty-seven Manufacturer A parts failed during accelerated Tife that
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200X S/N 374
FIGURE FS5-7.  [XAMPLE OF GLASSIVATIGN CRACK
IN_THL MANUFACTURER B LM108A
(Gt M_PHOTO)
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were latched to either V+ or V-. Twenty-six parts were date coded 7642, ten
parts were date coded 7643, and one part was date coded 7652. Examination of
the parts disclosed catastrophic damage such as depleted or melted aluminum
along the V+ stripe and aluminum spears protruding from various chmic contacts
to V+, An exaunple of the most severe damag2 found is shown in Figure F5-8,
Some parts contained only depleted aluminum and aluminum spears at the (6
emitter contact, as illustrated in Figure F5-9. Every failed part, regardless
of the amount of tota’ damage present, contained depleted a‘uminum or spears
at the Q6 emitter contact, which indicated that the problem originated at Q6.
The 1ife test monitor readings revealed that the fajled devices drew excessive
currvent indicating that the failures had occurred while the parts were at
elevated temperature, consequently, a thermal runaway mechanism was suspected
as the cause rather than any external electrical uverstress cordition.
Furthermore, the life test start-up had indicated that the 7642 date coded
parts were susceptible to thermal runavay (Ref: Section 6.1).

Q6 is a lateral PNP transistor. The failed Q6 transistors almost always
contained an aluminum-silcon melt-channel or an altuminum spear extending from
the emitter contact, indicative of excessi.e emitter current. 1lhe emitter of
Q6 is connected directly to V+, but its collector-base is connected ta cir-
cuitry of sufficient impedance to 1imit the collector current. Hewever, a
Tateral parasitic PNP transistor exists between the emitter of Q6 and the
substrate., As shown in Figure F5-10, the base current, IB’ of QC can cause
a slight parasitic PNP collector current, ICP’ te flow from the Q6 emitter

to V-, At elevated tomperature, this current can possibly increase to damaging

levels since there is no series limiting resistance for the parasitic current
path. The path of damage emanating from the Q6 emitter always pointed in the
direction of the ¢-b contact (the direction of base current flow), as illu-
strated in Figure F5-11, indicating that the damage probsbly was the result of
excesssive parasitic PNP collector current., 7Yransistor Q6 is adjacent to
three "zappable" transistors, Q29, Q30, and Q31, that are used to trim the
offset voltage. However, in many of the failed parts, none of the three
transistors had been zapped; therefore, the proximity of Q6 to these transis-
tors was not considered significant.
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256X | S/N 202

FIGURL F5-9. DEPLETED ALUMINUM AND ALUMINUM
SPEAR (ARROW) AT THL Qb EMITTER
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The failure data showed a time-temperature dependency but the exact cause
of the dependency was not established. The failure mechanisms identified in
these parts involved parasitic PNP current and localized thermal runaway which
led to excessive Q6 emitter current and aluminum melting or migration/silicon
dissolution which led to the opens and shorts. The physical appearance of the
melting and migration indicated that the damage probably occurred relatively
rapidly with Tittle time dependency. Parasitic PNP current and thermal
runaway are temperature dependent, but ordinarily are not time dependent
mechanisms. Examination of the life test monitor readings disciosed no sign of
supply currert increase with time in the parts that failed. The supply
current of each part was censtant until the time of failure at which point the
current jumped and the part failed.

5.3 AV FAILURE DUE TO SURFACE INSTABILITY (MANUFACTURER A ONLY)

S

Nine Manufacturer A parte failed +AvS [71] during acceleratec life.
The failed values ranged from 79 to 30 V/mV. A1l nine parts were left on
test., Three parts failed cetastrophically at 2000 hours due to thermal
runaway at Q6. By 4000 hours, +AVS [71] of the other s$ix parts had recovered
as illustrated in Table F%-3. The recovery indicated that the gain failures
probably were caused by a surface related mechanism. Since the parts had
recovered the exact failure mode could not be determined.
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TABLE F5-3. EXAMPLES OF +AVS [71] RECOVERY

VALUE OF +Ayq [71] (V/mV)

CELL
S/R TEMP FAILURE INITIAL
3 175°C 1 HR 163
194 175°C 1000 HRS 717
214 175°C 2000 HRS 509

ROTES

FAILED YALUES ARE UNDERL{NED

F43

256 KR 100G HK 2000 HR 4000 HR
101 142 128 139
620 36 2 656
402 91 32 104
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5.4 Iw/lIB FATLURES ~ TEST ANOMALY

Four Manufacturcr B parts and nine Manufacturer A parts failed LIIB’
'IIB’ and/or 1[0 through 500 hours of accelerated life. During the same
time period; three Manufacturer A control parts also failed 110 a"d.iIIB'
All three exhibited excessive +IIB and 'IIB at each conmiorn mode voltage
and supply voltage. One pai't was analyzed and found to contain no anomaly.
The other two parts were baked for 16 hours at 250°C, and both recovered. The
history of *lig and -l at Ve, =0 volts and +V = +20 volts of each
control part is presented in Table F5-4. The accelerated life failures
likewise vecovered when baked.

In view of the failure of the three control parts, it was suspected that
the degradation was caused by the parametric testing or by handling of the
parts. Experiments were conducted which established that the parametric
testing did not induce any detectable degradation. Therefore, it was decided
to treat the LM1N8As as static sensitive parts ahd implement all precautionary
measures for handling such parts. This was done immediately after the 500 hour
test point and, as a result, no further IIO/I[B failures of this type were
encountered. Apparently, the input transistors of the failed parts had been
degraded by static charge generated during handling. For reasons unknown, the
damage was not permanent and could be annealed by baking.

Fa4




T T T T R T e e g T g

hac S adn it Lt iaiand. St o

B Rl 2 — i Y e« I T

¥/4 404 0360173C @
1S31 HON39 ONI¥NO QINIVISO 3NWA

S3:ON
as1 1 161 ® ® €071 00r°1 ININVE ¥3L¢ 30TYA
S8 0°8 6°¢l 0"yl '8 2°g S{LL7T1/01) 3¥OTIVA 40 IWIL IHL LY 3INTWA
£€€L°0 tveo 280° [ 9tr-y o¥L'0 99{°C (£475/01) 3EN11v4 0L ¥01¥d 3NTWA
Z89°0 $69°0 050° 1 1660 £89°0 90L°0 (£L/92/8) 3MTWA WILIND

(0z'0) - (oz'er e (oztoy 8- (oze) 8re (020} ¥i- (0z¢0) i

£9 N/S 29 N/S 19 N/S

(sauadweoueu) m:_

S1¥¥d TOYINQD ¥ HIYNLIVAANYW Q3 TIV3 33UHL 3HL 30 AY0ISTH

81y —5<7 TvI

Fa45

7 I IR




6.0 L[MI09 FATLURE ANALYSIS REPORT

6.1 OPEN PIN DUE TO INVERMETALLIC GROWTH (MANUFACTURER B ONLY)
Four Manufacturer B parts failed during accelerated 1ife due to an open

internal wire bond at the post. Three parts contained an open bond at pin 1,
one after 500 hours at 200°C, one after 4,000 hours at 225°C, and one after
250 hours at 250°C. One part contained an open bond on one of the pin 2 wires
after G4 hours at 225°C. 1In each case, the three mil aiuminum wire 1ifted
from the geld-plated post. Separation occurred in the intermetallic zone, as
shown in Figure F6-1 and F6-2, and the fracture surfaces were purple-colored.
This indicated that the fajlure mechanism was Kirkendall oiding in AuAlz.
Because these failures were random, the excessive AuAl2 was probably aene-
rated during the wire bonding operation.

6.2 OPEN PIN DUE TO BROKEN EXTERNAL LEAD
Three Manufacturer B and one Manuvacturer D parts had t¢ be removed from
test because one of their external leads broke or fell off ducing insertion or

removal from the iest socket. In the earliest (8 hour) Manufacturer B failure,
the pin 1 lead broke at its point of egrecs from the glass insuiator and most
1ikely was mechanically overstressed by mishandling., In the other three
instances, the pin 3 lead broke above the weld to the case. The Manufacturer
D part broke cleanly with no sign of deterioration. Thus, the break probably
was caused by mishandling or flexure of the leads during insertion and removal
from the test socket. The welds of the two Manufacturer B parts were blackened,
as illustrated in Figure F6-3. This conditicn was not present upon receipt of
the parts and visual examination of 1ife test survivors after 4,000 hours
disclosed that the welds of almost every part had degraded to some degree.
Ustually the weld was biackened and there was a ring of discoloration in the
gold plating of the header around the weld. Apparently, the weld of the
Manufacturer B part also contains tin based solder and the tin had scavenged

or Teached gold froum the header and the joint at elevated temperature thereby
weakening the welds.
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6.3 AISCD FAILURES

Eight Manufacturer D parts and one Manufacturer B part failed during
accelerated 1ife due to excessive standby current drain change with 1nad
change (AISCDfla])‘ AISCD[13] is the difference between the draia current
at I, = -5 mA (ISCD[Q]) and the drain current at IL = ~500 mA (ISCD [i1]).

AISCD[13] has a specified minimum limit of -C.5 mA. Tha failed values ranged
from -0.501mA to -0.640 mA.

E;
|
|

Ty

Bench tests of the parts confirmed the failed
values, but examination of the test data disclosed that the AISFD [13] of

these parts was probably out of tolerance or marginal upon receipt and this
was not detected during the pre-life tests due to a t>st set malfunction.

oS

As shown in Table F6-1, AISCD{IBJ of the Manufacturer D parts was in toler-
ance and near zero (in some cases) initially and then out of tolerance or

marginal at the nex: test point (4 hours into life). Two of the parts were

left on test afier failing and, through 4,000 hours, AISCD[13] d1d not vary
more than two percent from the 4 hour value.

Examination of tue control cample data revealed the same npattern,

As shovn in Table F6-2, the alc..[13] of the four control samples was near
zero during the nitial test and then significantly iigher during every
subsequent test. One part was merginai or out of tolerance during every
subsequent test. Consequentiy, it isc suspected that the 500 mA iest current
was not being applied to the part during the initidl ISCD[ll] measurement,
due to a *ost set malfunction, ond this caused the AISCD[13] values to be
near zero orv too low initially.

i e e TR T T T T STOT e e

The problem 15 suspezied to bhe a stuck reiay
contact ir the rest se: which corrected itself, since normal ﬁisr9[13]
values wzre cbtained dining the life tests.

R—

As indicated by the four hour
values, AISnD[ISJ of these eight parts peobably was out of tolerance or

marginal upoun receipt, cconsequzntiy, these failures were not valid accelerated
lite failuvres.
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200°C

NOTE:

SN

11
12
13
14
15

TABLE F6-1. PARAMETER HISTORY OF THE Aic.pl13] FATLURES

SN

a4
145
143
164
264
782
233
2N

8lsep

INITIAL

~0.000
-0.11
-G.100

-0.070

-0.050
-0
~0.120
-0.060

AT & HOURS

AT TIME OF FAJLLRE

(23] - mA

BT 8,000 W k2

-0.545
-0.640
-0.530

-0.490
-0.530
-0.520
-0.50)
-0.500

FAILED VALUES ARt UNDERLINED.

(See 4 hours)
(Sev 4 nours)
=0.530 (64 nours)

-0.520 {16 hours)

{See 4 hours)

{See 4 hours)
=0.560 (16 hours)
-0.500 (1000 hrs)

H/A
N/A
Wik

R/A

=0.549
N/A
M/A
-0.490

TABLE F6-2. AISCD[13T HISTORY OF THE CONTROL SAMPLES

AISQQP]3] - mA

4/8/77_(INITIAL)

-0.010
-0.11
-0.030
-C.010
-0.000

8/1/77 (4 HOUR 1)

-0.500
-0.290
-C.350
-0.350
«0.230

F50

8/8/77 (4 HOUR 11)

-0.500
-0.29¢
-0.350
-0.340
-0.230

4122/78 (4,000 FRS)

=0.540
-0.2%0
-0.350
-0.330
-0.240
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7.0 723 FAILURE ANALYSIS REPORT

7.1 o FAILURE (MANUFACTURER C ONLY)

's
Six Manufacturer C parts exhibited excessive standby current drain

(ISCD) after 2,000 hours at 200°C. ISCD has a specified maximum limit of

2.0 mA and the failed values ranged from 3.001 to 3.066 mA. Three of the
parts were returned to life test after failing, and all! were within specifica-
tion at 4,000 hours. All six parts were then returned to life test for an
additional 2,000 hours, after which theiy ISCD values were virtually the

same as the pre-stress values. The ISCD history of the parts is shown in
Table F7-1. Examination of the control sample data, also given in Table F7-1,
indicated that a current sensing resistor in the test set had drifted causing
an average =rror of +0.153 mA in ISCD of the control samples at the 2,000

hour test point. Adjusting the ISCD values of the six 2,000 hour failures
accordingly brings all of the values to within specification. Consequently,
these failures were attributed to test set drift rather than any part
deficiency.

7.2 =557C FAILURES (MANUFACTURER C ONLY)
One Manufacturer C part faiied V

RLINEEI] and VRLOAD[4] at =55°C at

4,000 hours and one Manufacturer C part failed VREF at -55°C at 4,000 hours. *
The failures appearad to _be catastrophic; therefore, the parts were retested
at 25“C and were found to be within specification. The parts were returned to
life for an additional 2,000 hours after which the failed parameters were
within specification and virtually the same as the pre-life values, as shown
in Table F7-2. Microscopic examination of the interior of the parts plus pull
testing of the wire bonds disclosed no interm:ttencies which could account for
the 4,000 hour failures. Therefore, these failures were probably caused by
test socket intermittencies during the -55°C test at 4,000 hours.

7.2 ]OS
Two Manufacturer b parts failed IOS during 175°C accelerated life. As
shown in Table F7-3, one part was marginal upon receipt and simply drifted out

of specification at the first test point (4 hours). Consejuently, this

FAILURES (MANUFACTURER D ONLY)
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TABLE F7-1.

I

RIGTORY

SCD

o ST TR AN R XTI

@ 25°C {mA) [SPEC = 3.0 mA MAX.]

1,060 HOURS

2,000 HOURS

4,000 HOJRS

ADDITIONAL
2,000 _HOLRS

CELL SN PRE-STRESS
200°C 232 2.658
235 2.641
313 2.656
) 2.673
363 2,626
74 2.662
. CONTROL 13 2.105
12 1.643
13 2.059
1 1.263
15 1,539
HEAN 1.842
MEAN &
(t-tpop_srress)

e gron e e e e

LSS R KO R NN

- ) - N

.830
839
.792
.o
.760
.796

.240
.758
.184
.975
1.63
1.

+0.118

953

3.0 2.9i6
3.03: 2.927
3.015 2.885
3.{%0 -
3.C24 -
3.058 -
2.3 2.322
1,792 1.813
2.223 2.262
2.013 2.048
1.665 1.699
1.995 2.029
+0.153 +0.187

NN N R

2.
630
2.
1.
1.532
1.
-0.

1

.668
.672
630
646
.603
.637

687

043
849

828
014

- ".‘M“

A da Wikt R nE Matad IV L v e



TASLE _F7-2. PARAMETER HISTORY OF TH -55°C FAILURES

CELL  5/N PARAMETER
200°C 325 vRL!NE[1] (%)
Veeoant*d (2)
334 Veer (VDC)
NOTES

Y. FAILED VALUES ARE UNDERLINED.

PARAMETER VALUES AT -55°C

INITIAL

~-0.016
-0.018

7.075

SPICIFIED
4,000 HOURS 6,000 HOUPS _ LINIT
-162.878 -0.012 -3t .2
+1.704 =0.016 -6 10 +.6
0.000 7.076 6.90-7.40

TABLE F7-3. PARAMETER HISTORY OF THE IOS FATLURES

(SPECIFIED LIMIT = 45 - 85 mA)

Lo (mA)
CELL  §/N INITIAL 4 HOUR
175°C 175 83.3 86.1
162 50.6 56.1
REF: CONTROL (MLAN C7 62.4 6.4
5 PARTS)
NOTES

1. FAJLED VALUES ARE UNDERLINED.

F53

32 HOUR 64 HOUR BENCH TESY
56.2 86.0 64.0
62.0 61.2 -
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- ey,

failure was not investigated further.

was back within specification when bench tested.

The other part failed marginaily and

This indicated that the

failure mechanism was probably surface related and no further investigation

was performed on tkis single isolated failure.
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8.0 fM111 FAILURE ANALYSIS REPORT

8.1 VIO FAILURE DUE TO DEGRADED Q4

During step-stress and life test, 93 Manvfacturer D paris and 6 Manufac-

turer B parts failed due to excessive VIO' These parts failed combinations of the

first four specified VIO parametric tests and the failed vilues ranged from
+5,01 mV to +11.02 mY. The parts would recover when baked which ‘ndicated
that the failures were caused by a surface instability mechanism.

Analysis of these parts established that the excessive VIO was caused
by a gain mismatch in the NPN input transistors, Q3 and G4. In each part
examined, hFE of Q4 was Tower than that of Q3 as illustrated in Table F8-1.
Whan baked (100 hours at 250°C), hFE of Q4 improved two to three-fold as
also illustrated in Table F8-1. The bake also caused a slight decrease in
hFE of Q3 but this is apparently due t¢c a separate annealing effect since

hFE nf both transistors of a unstressed control pari decreased when baked as
shown in Table F8-1.

The reversible gain decrease displayed by Q4 indicates that the degradation
probably was caused by depleticn or inversion of the p-type base region due to
the accumulation of ¢ net positive charge in or on the passivation over the
Lase. The cellector-base junction of Q4 was reverse biased during life test,
consequently the accumulation was the result of charge separation in
the fringing field of the reverse biased jurction,
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TABLE F8-1 - EXAMPLE OF THE RESULTS FROM DIE LEVEL PROBING

OF REPRESENTATIVE VIO FATLURES
hFE 8l = 29 mA, VCE = 15V
CELL
MANUF TEMP S/N TIME OF FAILURZ TRANSISTOR @tF POST BAKE

D 5H0°C 74 1,000 HRS Q3 210 180
Q4 43 104

D 200°C 135 1,000 HRS Q3 174 145
Q4 32 101

D CONTROL 15 (UNSTRESSED) Q3 207 174
(REFERENCE) 4 235 154

F56
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8.2 IIO FAILURE DUE TO SURFACE AND BULK MECHANISMS

Durin: step-stress and life test, 64 Manufacturer B parts and 5 Manufac-
turer D parts failed due to excessive IIO' 0f these 6% parts, 61 failed
110[11]. Seven parts failed 110[9] and one part failed IIO[B]. 110[11]
is the raised input offset current, IIO(R)’ which is the difference of
the input bias currents, “IIB(R) and +IIB(R)' measured at +V = +15V and
VCM = 0V and with BAL/STB and BAL connecied to +V. IIO(R) has specified
limits of -25 nA MIN and +25 nA MAX. In 56 parts IIO(R) was positive,
because the inverting input bias current, "[IB(R)’ was greater than the
noninverting input bias current, +IIB(R)' as illustrated in Figure F8-1.
The failed values ranged from +25 nA to +151 nA. In five par.s IIO(R) was
negative, because +IIB(R) was greater than 'IIB(R)’ and the failed values
ranged from -26 nA to -30 nA.

Analysis of parts with positive excessive IIO(R) established that the
failuras were caused by a gain mismatch in the PNP input transistors. The
input bias currents are the base currents of the PNP input transistors Qi and
Q2. +IIB 1s the quotient of hFE of Ql, the noninverting input transistor,
and I of Q1 (+IIB = ICI/hFE)“ Likewise, -I,5 is the quotient of
hFE of Q2, the inverting input transistor, and IC of (2 (~IIB = ICZ/
hFE)' Die level probing of representative failures established that the
collector currents of Q1 and Q2 were equal, but that hFE of Q2 was lower
than hFE of Ql, as shown in Table F8-2, which is why 'IIB(R) was greater
than +IIB(R)' To determine what change took place during life test, the
test data was examined, +IIB(R) and 'IIB(R) were not measured during the
tests (they are not specified parameters), but +IIB[12] and -IIB[lz] were
measured. +IIB[12] and ~IIB[12] are the input bias currents at +V = +15V
and VCM = 0 volts with BAL and BAL/STB open (dc wise). As showr in Table
F8-3, the values of +IIB[12] and -IIB[12] of the representative failure
before and atter accelerated 1ife indicate that the gain of both transistors
decreased during life, but that hFE OF Q2 decreased more than did heg

of Q1.
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IOUT (200 LA/DIV)

FIGURE F8-2 - I-V CHARACTIRISTIC FROM QUTPUT (+ ON PIN 7) TO

Yout

(5 VOLTS/ulv)

OF THL THRLT TPARTS VHTTI HAD YATLED ;7

SUBSTRATE (- ON PIN 4)
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TABLE F8-3 - :IIB-LYCM = V) HISTORY QF THE REPRESENTATIVE IIO(R) FAILURES

BANUF  S/N PARAMETERS
B 155 +pl12]
-IIBUZ]
B 211 ”15[123
-1,012]
B 5¢ #IIB[l?]
-1,gl12]
D a2 +1,012]
~1;5012)

F60

PARAMETER VALUES (nA)

INITIAL TIME OF REMOVAL
-59 =67
-60 =5
~11 17
-13 -96
-63 <73
-65 -80
-38 -41
-38 -45
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Sample failed parts were bakea (sone after delidding and removing the
qlassivation) for about 80 hours at the test cell temperaiure. In each part,
I:O(R) recovered as shown in Table F4-4. In the 20C°C failures, 'IIB(R)
decreased after beking which indicated that hFE of Q2 iaproved (increased)
upen baking. However, in the 225°C ard 250°C failures, 'IIR(R} and +IIB{R)
usually increassd after baking which ingicated that hFE of ¢l and N2 further
decreased upon baking, Trhe decrease n hFE of Q1 was greater than tha. of
Q2; consequently, IIO(R) was within specification after baking. Thece
findings indicated that the IIO failures were caused by two dedradation
mechanisms, & surface related (reversible) mechanism predominant at 200°C and
a bulk related (nonreversible) mechanism which predominated at the higher
temperatures. 1lhe surface related mechanism probanly was similar to that
responsible for the vlo type failures described in Section 2.1. The cause
of the bulk mechanism was not established. FElerisigai evgluations of the p-n
Junctions of degraded transictors disciosed nio apnormal characteristics and
optical examingtions of the trensistors disclosed no visible ancmaly which

m Vb aiimmd Ll PR U R S
CoOuId GuiOuiny vir LN yain UC\JIO\..'ULI(Jho

8.3 I]B FALLURE DUE T AMPLIFIER SATUKATION (MANUFACTURER B ONLY)

During step-stress two parts failed due Lo excessive +1]B[13]. In zach
case +IIU[13] was positive (+32 nA and +107 nA),; normaily +IIB is negqative.
+IIB[13} is the noninvarting input bias current at a common mode voltage of
~14.5Y and 3upply voltages of 415V, {xamination of the input bias currents of
these parts on the curve tracer disclosed that as tha common mode voltaye
aoorsacred the specified valaes of -14.5V and +13¥, +IIB decreasea shavrply
tovare positive vealues due to saturation of the amplifier. This effect is
11lustrated in [igure 13 of the main report. Repeated retests of the two
failed parts and other sample parts on the tesi set disclosed that a1 parts
would intermittently pass and fail +I]B' This 1udicated that the device
could nct operale consictently at the specified common mode voltages; i.e., the
specified coinmon mode voltages were too close to the supply voltages., Conse-
quently, th2 commor mode voltages were reduced to ~13.5V and +12V. Subsequent
to this change no furtner +IIB failures of this type were encountered during
step-stress and accelerated life,
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TABLE F8-4 - RESULTS OF BAKE OF REPRESENTATIVE IIO(R) FAILURES

DIRECTION O
CElL TIME VALUE PRIOR  WALUE AFYER CRANGE [N
TEMP 5/N OF FAILURE PAKAMITLR TO BAKE (nA)  BAVE (nA) heg of G or Q2

250 18 1,000 WS elpgo -2 -300 DECREASE
ligpy -6 _285 DECREASE
Howk) % .15
102 L0 MRS el 240 242 NONE
gy 235 INCREASE
Low) 47 ?
8 500 MRS slgp -89 -176 DECREASE
gy 18 -193 BECRE ASE
llO{R) »® 17
92 R R ! 218 CECRIASE
gy W .28 DECREAZE
L 2 2
225°C 242 1,000 RS gy i3 200 DECREASE
gy -1 -200 DECREASE
Lo(r) " 9
23 1,00 W5 el -128 -205 DECREASE
ligmy -1 -205 DECREASE
o(k) 52 0
192 64 MRS el 128 200 DECRLASE
igpy 168 -210 DECREASE
oy @ 0
2000142 1,00 WS el -168 174 INCREASE
ige; 220 -186 INCREASF
Lork) 32 12
e 00K e R -190 NONE
ST 192 INCREASE
o) % 2
143 SO0 KRS +ljgay 222 204 -
Gy -2 22¢ INREASE
o) 3 ?
o BALED WITH THL LiD REMOVED AND 1ui GLASSIVATION SIRIZPED
NOTES:
1.7 ALL PARTS WIRD BRIID AT (M Cii TIMPLRATURE FOP 80 nikk5,
2. PARANCTER rALULS ERE Mims i 6N A §77 CURVE TRACLR,
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8.4 FAILURE DUE TO DEGRADEL Q15 (MANUFACTUKER % ONLY;

to
During accelerated 1ife, three Manufacturer B ou-ts failed due to excecsive

10[16] which is the output leakage current with 37V applied to the collector
ot Q15. The failed values renged frem C.589 t¢ 60.1 microamperes. Examina-
tion of the parts on the curve tiacer disclosed a channeled characiersitic
between pin 7 (output) and pin & (-V) <n one de.ive. a1 quasi-exponantia’
characteristic in one device, and ro lealzge in one rdévice (I0 had recovered)
as shown in Figure F8-2. The leakage wes traced t¢ the collector-to-substrate
diode (isolatiun junction) of the NPK output transistor Cid. The Yeatage
dropped to zero when the parts were baked indicating that the degradation was
caused by a surface velated nechanism, probably inversion of the n-type
collzector tub of Q15. During life test the coliectour~substrate iusction of
Q15 1as reverse biased (the output was high; ; censequently ., thzs inezcazon
probubly was the result of charge separation in the fringing fiel! cf the
reverse biased junction.
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INITIAL JAN QUALIFIED DEVICE FAILURES
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APPENDIX G
JAN QUALTFIED DEVICE FAILURES

Upon receipt at MDAC-St. Louis, a1l devices were subjected to external
visual exeminations, hermeticity test, and electricai test. ODuring these
tests, five of Manufacturer D’'s MIL-M-38510/10201 JAN qualified devices were
found to be defective, Two devices were reject.d during the visual inspection
test., Shown in Figgre Gl is a device which has been physically damaged and in
Figure G2 a device is shown with a cavity in the package base. During the
fine leak hermeticity tests one device failed with & leak rate of 2.0 x :HT6
atm cc/sec. Initial data taken at 25°C, +125°C and -55°C is shown in Figure
G3 for the two devices (S/N 301 and S/N 302) which dia not meet the electrical
specifications. No further date was taken on any uf the five failed devices.

Lz




F l Lybz

£




i vl PO Bl ek et
.% - nll-lx@_ e

$30TRIT UT TV T0ZOT/0158EH S.G a38aLI72ivA 403 Yivd TWOIYLIINT WILIND €59 34N97]

0Ll e
IE T

1251

Zhb £
a9 <

nist

Lo - e G e N MMe e e BRI

NOOO -

Nak )

501

;

v

$0I

KFA NS
&1L B35

=01

i0Z ‘¢
JCY 'L

4380

&64Z L
¥S1 L

EpL]

HOGO O
NOOO O

x

1320v0A

9109070

GO0
S0C
%

(731090740

3

%4

NOUG O 31 (- HO2O O NCCO O e O 08
NCOO 3 £l G- W00 G N OO O 8i0 O~ 10€
% % x X 7

(5 QY0 164 1 ravis s () 2N A (Z3 318N 13 NT M trs
S5~ 1Y 03183t QLSBT I
RUIRTA ‘a3l 32 0 T1140 1s4L

‘SUH O ‘M1i AS3AL J0ZOL/IISBEN N/4 MiAT7]

NOOL O E¥E O~ »NOOO O NOOG D B1Q 0~ ror
NOOO © oee O- NCOO O HWOOO 0 0.0 0- 10E
% X% % b4 b

(S GU0TMNA () IHO M (2)3INT Win (£I3N] WA COIHNT A NS
J &ZV L9 03.551 FLIAT/0Y 5L
J s2 ‘dWdl M3 o TIAY £S5k

SgH 0 -RIL A53L ICZOI/OIGREN N/ 3DIA

£0C 0-— *¢Z O~ 210 ¢ ¥oL O FE0 G- * TO¥

000 0 *FTE Q= cIC G- ool S L GED O = ey

% % X X %

{3AYGINA (v )NuDTHA 1) 30 MA (7Y ML CEAINLTIMA NS
J 6B RV B S SO AN Forwt, QU A
a6z i3l 1130 o IRID LsAL

S O 1L 1532 INTOL/0InarW N2 351830

<t
<&




/ ‘ ...
o LT L ‘-
- —’s_,' o v

g

'
)

T T T e e R T

MANUFACTURER COCE

MANUFACTURER CODE
Precision Monolithics Inc. A
National Semiconductor Corp. B
Advanced Micro Devices C
Fairchild Semiconductor Corp. D
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MISSION
af
Rome Air Development Center

RADC plars and exncutes reswarch. development, Lest and

selected acquisdition proghams £ supoort of Command, Control
Commnications and Intelligence (C7I) aativities. Technical
and engineen'ng Supporl wéthin aread of ltechnical competence
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elements, The principal technical mission areas ane
communicaiions, c!;e.:wwmagnu;éc auddance. and control, Sur-
vedllance of ground and aerospace cbfects, intelligence data
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collection and handling, ingormalion syatlem ec hnof,ogy, Q
Lonosphenic propagation, solid sizie sedences, misrowave
physics and electronic reliability, maintainability and
compatibility.
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