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PREFACE
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direction. In addition to the many McDonnell Douglas personnel who contributed
to the program, special thanks are extended to Messrs. Van Heissflug, Michael
Ruberts, Thomas Faltus, Edward Sisul, Will Eastes and finally to Ron Mackin
and Gordon Johnson for providing engineering management of the test program.
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EVALUATION

This study in support of TPOS, C3 System Availability, is one of the first in a
series of reliability assurance efforts designed to evaluate the reliability, failure
modes and mechanisms, of the latest LS]I NMOS technologies which are being used
in Air Force electronics. °

Memory devices have been selected as test vehicles because, typically,
introduction of new semiconductor design fabrication techniques occurs first in
memory devices. Thus, memory reliability studies allow the earliest assessment of
design, process and‘materials associated with the reliability of the emerging
technology.

The devices selected for this study were commercial AM9130 and AM9140,
4K n-channel silicon gate MOS RAMs purchased to MIL-M-38510/237 Class B
requirements. This effort employed high stress test cells including 400C hour
operating life tests at Vcc = 6.5 volts and temperatures of 175°C and 200°C.
Despite extreme conditions, only 18 devices of 120 stressed in these operating life
test cells failed, and of those, one was not considered life test induced, and seven
were marginal Icc failures on parts which were close to the specification limit on
that parameter prior to life test. There were no temperature cycling or high
temperature non-operating life test cell failures.

This study establishes a baseline for LSI NMOS silicon gate reliability of
these relatively mature, early generation 4K devices, The results will be used in
improving MIL-M-38510 specifications and MIL-STD-883 test methods and proced-
ures. The data is already being applied to innovative studies of more advanced

technology memories using microprocessors to detect and record transient or soft

ix




crrors which occur during the lite test betwecn the electrical test measurement
times. With so few hard failures occurring in a 4,000 hour accelerated life test,
such an approach is expected to yield a great deal of additional useful reliability
information,

The ALEI40 is already in use in F-16 and F-13 systeins and the AN/TPA-
L2NITE equipnent. This stuay should provice gssurance that parts procured to the
readire nents of L= 0-3R512/237, Class B will perforn reliablv in these ang other
systeanis,

/),, . “,/n/ (
A e eens A B
‘ /

CARMINE J. SALVO
Project Engineer




1.0 INTRODUCTION

Air Torce systems are currently being designed with 4096-bit static NMOS
Randois Access Memories (RAMs). New, more complex, higher density devices are
expected in the near future with this technology. A reliability characteriza-
tion program is an essential step in assessing the reliability of the 4K-bit
NMOS RAM technology. Particular attention was given to determining the suit-
ability of high temperature operating life tests with static excitation and to
compare the relative effectiveness of static versus dynamic excitation acceler-

sted Tife tests.

The primary objective of this program was to evaluate and characterize the
relrability and failure modes of 4096-bit LSI Memories procured to the specifi-
calion reuwuircnents of MIL-M-38510/237. The secondary objective was to evaluate
the soreening effectiveness of the detail specifications and to make recommen-
dations for wmproving the screening effectiveness as a result of life testing.

This report provides a general description of the overall program and
presents the results of all tests and evaluations conducted throughout the
prograit.  The results of failure analysis and data analysis are also included

in this report.

———
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2.0 PROGRAM DESCRIPTION

2.1 TEST PROGRAM

The program for characterizing the failure modes of 4090-bit 151 memories
is illustrated in Figure 2-1. The work flow of the test program was subdivided
into three phases which included: (a) initial inspections and herneticity
testing, (b) electrical, physical and reliability characterizations, amd (¢} «
matrix of temperature cycling and high temperature operating and nonoperating
life tests. Upon receipt of devices at MDAC-St. Louis, the test devices were
subjected to visual inspection and hermeticity tests. All devices that passed
the Phase 1 inspections and tests were electrically tested to the appropriate
MIL-M-38510 slash sheet. The electrical characterizations were pervforned on a
100% basis to the Group A de and functional tests of the appropriate MIL-M-30510
slash sheet. TFollowing the initial examinations and electrical tests, accept-
able devices were allocated by serial number to individual test aroups.  The

device allocation for each part type is shown in figure 7-1.

Physical characterizations were perforned by both MDAC-St. 1ours and RADC
on a sample of five devices of cach mewory type. Uv;lru\(ivu physical
analyses were used to determine construction methods, manutacturing process
techniques, detail device schematics, and internal gas ambient. These results
were used to predict potential reliability problems, to identify any physical
limitations which may influence the selection of life test temperatures and to

provide a baseline for failure analyses activities.

Reliability characterizations were performed on a sample of ten devices ot
each memory type as prerequisites to determining the accelerated Tite test
conditions. These studies included the evaluation of both static and dynamic
excitation bias circuits and thermal resistance measurements for comput ing the
device junclion temperatures at the anticipated lite test temperatures. Prior
Lo selecting the static excitation bias circuils, considerations were given to
the devices' operational modes, address input selection and oulput load. For
the dynaiic excitalion bigs circuits, the considerations included the devices'

operat ional nodoa, data patterns, operating frequency, and out put load.

P
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The results of the Phase Il characterizations were used to select the
operating life test conditions for Phase 11l evaluations. In addition to the
operating life tests, high temperature storage tests and temperature cycling
tests were included in the evaluations. The high temperature storage tests
were performed with ten devices of each part type for 2000 fiours at an ambient
temperature of 275°C. The temperature cycling tests consisted of ten devices
of each part type subjected to -65°C to 150°C temperature extremes for 200
cycles. The accelerated life tests were performed with 60 devices of each part
type and consisted of: (a) two cells of 15 devices each with static excitation
and (b) two cells of 15 devices each with dynamic excitation. The duration of
the life tests was 4000 hours with ambient temperatures of the test cells at
200°C and 175°C. Interim electrical performance weasurenents were performed on
test devices after cool! down to room ambient temperature with bias applied.

The schedule of electrical measurements for the memory stress tests is shown in
Tables 2-1 through 2-3. The subgroups 1, 2, and 3 are the dc tests at 25°C,
125°C, and -55°C and subygroups 9, 10, and 11 are the functional tests at 25°C,
125°C, and -55"C of the detail specification and are defined in Appendix B.

A1l devices that failed an interim test at 25°C were removed from the life test
and subjected to failure analysis. In addition, shmoo plots were initially
generated for access time as a function of supply voltage for 25°C, 125°C and
-557C with two devices of each part type. One device of each type was assigned
to the 200°C dynamic excitation test cell and shmoo plots were generated at the
4000 hour measurement point.

A control sanple of five devices of each menmory type was subjected to
electrical performance measurements prior to the start of each interim test
measurerent period. The purpose of the control sample was to verify the long
term stahility of the automated test equipment.




TABLE ?2-1. HIGH TEMPERATURE OPERATING LIFE TEST INTERIM ELECTRICAL MEASUREMENT

SCHEDULE
M38510/237, TABLE 11
CUMULATIVE HOURS SUBGROUPS 1 & 9 SUBGROUPS 2, 3, 10 & 11 SHMOO
i 0 X X X
168 X ]
504 X X
1000 X X ¢
{ 1500 X {
2000 X X
4000 X L X L X —J

TABLE 2-2. HIGH TEMPERATURE NON-OPERATING LIFE TEST INTERIM ELECTRICAL MEASUREMENT

SCHEDULE
[ T T " Hags 07237, TABLE 111
CUMULATIVE HOURS SUBGROUPS 1 & 9 SUBGROUPS 2, 3, 10 & 11
...} SuBGRoL
0 X . X '
168 X |
504 X
1000 X
1500 X
2000 X X |
U S S

TABLE 2-3. TEMPERATURE CYCLING INTERIM ELECTRICAL MEASUREMENT SCHENULE

£ CMOLATIVE CYCLES M38510/237, TABLE 111
] ' SUBGROUPS 1 & 9 Euncaouvs 2,3, 10 & 11!
eeeew. .. .. . | SUBGROUPS 1 &9 ISUBGROUPS 2. )
0 X X
10 !
50

I > > M >
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2.2 MEMORY TYPES

Two different LSI memory types were selected for reliability and life
characterizations. These included a 1024 x 4 bit static RAM (AM9130) and a
4096 x 1 bit static RAM (AM9140), both implemented with NMOS technology and
procured to the initial draft of the MIL-M-38510/237 specification requirements.
A tota) of 120 memories of each part type was procured to MIL-STD-883, Class B
equivalent processing requirements with the exception that a 168 hour, 125%¢C
static burn-in was performed. Initially, it was hoped that the memories could
be procured from multiple sources. However, the devices were only available
from a single source, The manufacturer, part numbers, part description, and
military specification references of the selected memories are shown in F
Table 2-4.

87 s A AR A A W




TABLL 2-4. MEMORY TYPES

r-

MIL-M-38610

"REFERENCE ?ART TYPL ,MANUfAC]UFEF » 'MéﬂpFAFTpRFRA?ART QU?BLR
/23704BWC 1024 x 4 BIT NMOS ADVANCLD MICRO AM3130A0M-8
STATIC RAM DEVICES
22 PIN CERAMIC DIP
/23712840 4096 x 1 BIT NMOS ADVANCED MICRO AMS140ADM-B
STATIC RAM DEVICES !
22 PIN CERAMIC DIP
' l
NOTES:
1. ALl MEMORIES SCREENLD TQ MIL-STD-883, CLASS B WITH 168 HOUR, 125°C {
STATIC BURN-IN. !

2. NOT QPL-38510 DEVICES.

e b, SR MR




3.0 RESULTS OF PHASE 1 INSPECTIONS AND TESTS

3.1 EXTERNAL VISUAL EXAMINATIONS AND HERMETICITY TESTS

A1Y devices were shipped from the manufacturer in anti-static tube/rail
type carriers and were examined for conformance to the purchase order require-
ments for device type, package style, lead finish and marking, Each device
was examined at 10X magnification for evidence of damage to package, package
seals, and leads per MIL-STD-883, Method 2009.1, Nine AM9130 and seven AM9140
devices exhibited chipped corners which appeared to be cosmetic defects. Sub-
sequent hermeticity testing and electrical characterizations showed that the
chipped corners were only cosmetic defects and all 16 devices were acceptable
for the test program.

Following the external visudal examinations, all devices were subjected
to hermeticity testing to MIL-STD-883, Method 1014.1, Conditions Al and C2. A
single AM3140 device failed both fine and gross leak tests and was returned to

the manufacturer for replacement. The replacement device was received from

Advanced Micro Devices (AMD) shipped in a plastic bag (not anti-static material)

and is shown in Figure -1, A summary of the visual inspections and hermeticity

tests is presented in Table 3-1,
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TABLE 3-1.

INITIAL INSPECTION AND HERMETICITY TEST RESULTS

l VISUAL INSPECTION HERMETICITY TESTS Soral !
TOTAL TTOFALLED
| PART NUMBER | resTep | passeD | FAILED FINE Leax | ooss Leak  FA
} PASSED | FAILED  PASSED | FAILED :
— ) t ey e ey
| | | |
. AM9130 120 120 0 120 0 bazo oo 0
: ! ! |
I am9140 120 120 0 ARILE 1 g 1
! | i .
| | ! i

NOTES:

A COSMETIC DEFECTS NOTED BUT DID NOT AFFECT SUBSEQUENT TESTS.
& SAME DEVICE FAILED BOTH FINE AND GROSS LEAK TESTS BUT DID NOT HAVE CHIPPED CORNERS.
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4.0 RUSUTS OF PUAS 1L CHARACTEREZATTON,
AL TEVETRICAL CHARAGHERTZATTONS

Phase 1L activities were initiated with electrical characterization, of
120 devices of cach part type.  This characterization consisted of peeforiog
an 2 IORY Basis all of Lthe initial drai't MIL-M-38510/237 specification olee.
ceical oortorsance tests dat 25°C, 125°C and -55°C.  In addition, for o <ainle
of Lwo devices of ecach part Lype, shioo plots were generated for chip enabie

acuoss Lime as o function of supply voltage and temperature.

The elecirical tose conditions, Lest Tinits, waveforus, algorithe, anl
voads Fae bart o dypias are included in Appendix B, All elechrical tfests
weee an aceordacoe b the initial drdaft of MIL-M-38510/237 with the folicu.ry
cacapbiens e 1) aqipat high voltage (VOH) and output low voltage (VUL) de.

Losts ceasarantents g bY chip paable access tine ( (CE)) measuroments. o

t
a
Food D tala autonated Lest measwrenients of VOH and VUL’ both tests were
poreortied by Forcing the roquaeed oubput current and measuring the oufpul,
volitage.  The shash sheet roguirenents specify an output current wedasdecmens
afrer {arcing Lne gutpat o vin Lo oa specified voltage. To assurce thal bolh the
crto b le aceess Ll and nurpﬁt snable on delay (tco) paraseters are

drihin specitication Vinits, the device output buffer must be turned ottt for o
cindcun of 280 as, dhowevee, by changing the timing of the output enabte
buiter to be eoincident with the chiv enable pulse, a rore accurate Lo (er)

was aeasueed. The b paraneteor cannot be guaranteed with this neasurenent

s

it ol b was tacidnd based on o previous experience that the chip cnable
woosns e ganld ae the beitor indicator of device aying.
ddor NARGC raadd, Rediabiiity FEvaluation and Electrical Characterization

ci weeros Progeant (Uonbeact 130602-77-C-0003), included the AMIL4A0 device

P cocprehensive olectrical characterizations.  The results of this program
b ed Uhat Lhere was no observed pattern sensitivity for the AMI140

Gt T AMGIRD device wges the ddentical oxide and diffusion masks as the
recbH) and diiTers wdy A e Pinal metallization step.  In-house studies at
SUAGSE L e indicated ihal there was also no pattern sensitivity for the AM9130

fevie o Tha pattorns tor Lhe varlier eloectrical characterication program included:

s i




GALPAT, GALWRY, WALKING, ROWPAT, MARCH, ADDCOMP and SHIFTING DIAGONAL. A
description of these algorithms is provided in Appendix 8. The initial draft
of the MIL-M-38510/237 specification (AM9130 and AM9140) required functional
testing with the GALDIA, MARCH, CHECKERBOARD and CHECKERBOARD NOT patterns,
Based on the results of the Reliability Evaluation and Electrical Characteriza-
tion of Memories Program, it was decided to complete the 1007 electrical tests

with only the specified slash sheet test patterns.

A summary of the initial electrical characterization results are shown in

Table 4-1. Nine (7.5.) AMO130 and five (4.2°) AMGI4Q failed to mecet the require-
ments of the slash sheets. AMD replaced all the failed devices and the replace-
ments passed ail subsequent electrical tests. The devices that failed initial
electrical tests were not subjected to failure analysis. However, a review of

on Yoo i Tec
It is not known how these devices passed the manufacturer's final electrical

the failure data showed various V and functional test failures.
test prior to shipmont, and AMD could/would not provide an explanation of the
reject rate of the screcned devices. However, it is believed that the 5.8
combined reject rate is excessive for devices screened to a MIL-M-38510 equiva-

Tent specification.
4,01 AMIT30 Electrical Characterization Results

41,11 DC Tests « The test data tor both part types are summarized for the
tost celly, i.e., devices allocated tor temperature cycling tests, ctc.  These

data summaries include both paramcter mean and standard devidatinn values,

The results of the AMITID electrical charactervisation Jdoe tests for g
typical test cell, f.e., non-gpervating Hife with ten devices, are shown in
Table 4-20  The input ‘output Teakade carvents measured on the automated test
system detault to + 50 nAde as g mimamun value,  Therefore, for those parameters
whose actual values Tie hetween b 50 nAdc the compated mean (X - 50 nAde) and

Stgma - 0) shown an the tables ave not representative of the actual mean and

sigma. The measurcd parameler values are well within the Timits contained in
the initial Jdratt at MIL-M-38510,/03),
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L
TABLE 4-2. AM9130 INITIAL ELECTRICAL CHARACTERIZATION, - DG oTE
S S : o 1
; LM 38s 10755708 1 Ta o 20ec Ta - 1 e wgr
| PARAMETER }— L30T LIMILS _ . # B |- O mate
‘ Comin om0 man | sigMa | MEaN GIGMA , MIAN STGMA
[ i b B BN B - - L e | ‘ ;
K . ! 1 i ! l !
D olw | ; 0 0.0 0000 0,049 N LR RTINS B (YR B X :
. lowsia | : | 0.05 | 0.000 0.050 0.000 | 00t ERTIR !
Y olgwero ] { } 0.0% | 0.000 0,050 0.000 | 004K 0oozy .
] " ! [
Ul L | U o0.050 | 0.000 {0,050 | 0000 ‘. DN L 0|
t ! i
Colonve | i ’ 0.050 | .00 0,050 RN R ;
Towe 2 : ‘ 1 0,050 { 0.000 |-0.19% won 1 00ae 000
IR , | 0.080 0.000 0,195 10068 ‘ oo 0o
1 |
AT 0050 ] 0. 000 1-0,1% REANGIZ) } (UG IO B AT B *
' I
ITHRRIN I 0ame | e.000 -0.00% [ 0. o.oan oo Ade
Looe 104 AN A0 | 4603 64400 } 3180 i [EANATY \ 6 NN A
. el omoe b4 on Jeocon 0 3o anwe eum
s 1 ‘
oo . b { 60,50 r 1.03 4% 300 ’ AR I A A 13 ‘\ 4 A4 i
H I .
IERN ; b4 | 46,600 1 2686 !m.nno N
Vo 11 2o Poaonw | o.oow 3900 1 opona Laan o Vot
i
Vow 2 Poxo D oo.oss 1 pao ] Dost | coaea |0 :
ot ; Pooa | ooaw ! oaa | oass | ooone ; Gl oaart |
VoL 34 J u.4 0. 160 0,04 (USR] . AR o b o ' Voo
: 1’ ! I | !
NOTE

DATA FOR NON OPELRATING LITE TEST CLLL WiTH 10 DEVICES.

TABLE 4- 30 AMOL30 INDYTAL tLECTRICAL CHARACTLERIZATIONS - FUNCTLONAL [H SIs

. . - .
MIL M- 38810/ 3104 1 1 v 1 .
A - e [ A 160 AR
PARAME 11 R - TR LM 1 S 1 ) UNLTS
' MIN | MAX l MEAN ‘ S1GMA MIAN STOMA MiAN STGMA i ‘
. 4 i - i
‘ ! ‘ , i ‘
READ Wk Dy | l'w 4 ( : |
I 1 l
, | I
gy Yoot ANy ! | ! ! ;
't MARCh ! 500 1 141, pon q. 769 18,0600 8. 298 107,000 LRI " |
MEMORY STALUS 500 161.000 R.O12 186. 000 9376 oo | 2w ons |
I
, . | |
gy YooY ! |
] COMARCH 500 138,000 4,629 17%.000 560 J000 0 A oo

v

3 ; REA MO Y WRE L

5 !

I'Mfl" LA L ! |
MARG M : 00 166. 000 7.R61 191, 000 #6049 1 00 | 2 et !
: I 4
|

i

Yhep s Y

[ M ; 500 146000 6.455 171,000 6 W1 144000 (TR nt
[
| Ny

BRYEVUE ORDN OF RAVENG LTEE TESYT CEEL WITH 10 DEVICES.




4.1.1.2 Functional Tests - The results of AM9130 chip enable access time
measurements performed while running functional tests for a typical test cell,
i.e., non-operating 1ife with ten devices, are shown in Table 4-3, Examination
of the mean values of access time obtained for the MARCH, CHECKERBOARD, and
CHECKERBOARD NOT patterns showed no pattern related variations and corroborated
the results of the previous Reliability Evaluation and Electrical Characterization
of Memories Program. GALDIA and MARCH pattern tests with a sample of two devices
showed less than 5 nS difference in access time measurements. Therefore, the
access time measurements for the GALDIA pattern were performed as a GO/NO-GO

test to minimize the “est times.

4.1.1.3 Shmoo Plots - The AM9130 shmoo plots of chip enable access time were
generated as a function of the device supply voltage, VCC‘ The access time
shmoo piots for the MARCH pattern at 25°C. 125°C, and -55°C are illustrated in
Figure 4-1. Additional shmoo plots generated at 125%C for various test patterns
are included in Figure 4-2 and showed no pattern related variations. A review
of the shmoo plots indicated there would be no device operating restrictions at
the maximum rated supply voltage and maximum specified temperature.

4.1.2 AM9140 Electrical Characterization Results

4.1.2.1 DC Tests - The results of the AM3140 electrical characterization dc tests
for a typical test cell, i.e., non-operating 1ife with ten devices, are shown in
Table 4-4. The interpretation of the computed mean and sigma values for input/
output leakage current are identical to the AM3130. These results are similar

to the AM9130 and indicate parameter values are well within limits for the
military specification requirements and the limits for the supply current (I
test parameter could be tightened.

CC27)

4,1.2.2 Functional Tests - The resuits of the AM9140 chip enable access time

measurements performed while running functional tests for a typical test cell,
i.e., non-operating life with ten devices, are shown in Table 4-5. These results
are similar to the AM9130 and indicate no pattern related variations.

4,1.2.3 Shmoo Plots - The AM9140 shmoo plots of chip enable access time were
generated as a function of the device supply voltage, Vcc Figure 4-3 illus-

trates the access time shmoo plots for the MARCH pattern at 25°C, 125°C. and -55°C.
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FIGURE 4-2.
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TABLE 4-4. AMI140 INITIAL ELECTRICAL CHARACTERIZATIONS - DC TESTS

T MIL.M- 385 ne Ty o oee 1 . Ty o cge
| PARAMETER } RN A B A A s
1 LOMIN | M MEAN SIGMA |  MEAN SIGMA | MEAN s |
) ]
. 1w ! 1 0 0.051 0.010 | 0.081 0.008 | 0.050 | 0.000 | uAd :
o lwoe | 0.050 | 0.000 | 0.050 | o0.000 | 0.090 | 0.097 ! ,
" towra : | 0.050 0.000 | 0.050 0.000 [ 0.0% | 0.097 ! i
low ‘, : ; 0.050 0.000 | 0.050 0.0C0 0.095 0.007 1 ‘
Tow:ze ‘ 0.050 0.000 | 0.050 0.000 ! 0.085 0.094 | f
Iy | 0.050 0.06 | 0.075 0.026 | 0.055 0.016 ‘ \
oo : 0.050 0.000 | 0.060 0.021 0.085 0.016
o124 j 0.050 0.000 | 0.075 0.026 | 0.060 [ o0 ’
Tozss b o050 0.000 | 0.080 0.07% | 0.0 1 0.0 Adc
N, ; 128 [ 79.200 6.889 |63.900 400 | 86300 P L mAdc
oo P 74,100 ‘ 6.841 50,600 a.07¢ | B0.e00 | 6ooe
R VAR : a9 1 55,800 4 878 | 44 900 S8 eloue o 4.en ) ‘ !
R P ' 64 142,200 l 4,027 |36.100 | ;.59 ‘ a6.200 | 4w } mAdL
Cvan b2 4960 | 0. L ao0 § 0w | oaase | oo | va |
U Vowar o2 t 2.950 0.127 | 2.9% 0125 ] 230 | one ;
Povoess 0.4 0.128 0.006 | 0.160 0.004 t ana o l ‘
i voLe ' i 0.4 0.147 0.009 | 0.189 0.019 RNRRK AL I Vi f
TSRS T B R | |
NOTE -

DATA FOR NON-OPERATING LIFE TEST CELL WITH 10 DEVICES,

TABLE 4-5.  AMY140 INITIAL ELECTRICAL CHARACTLRIZATIONS - FUNCTIOHAL TESIS

R STV VIV B . Ty ey oo
‘ 4 : A+ 25%C A 10ar A
PARAME TER e L S {un
i L + MAX MEAN SIGMA MEAN S1GMA MEAN SiMa | l
| READ/WR1TE f ! { ‘
1 . . ]
{tageeys Vee » 45V | \ ! \
} MARCH j fos0p | 162,000 | 17420 189000 | 17870 | 156,000 | te.pdo ey
! i ‘
CHE CKERBOARD } l 166.000 | 17,20 [1gs.000 | 1rsm0 | tsdooe e ‘
CHECKERBOARD NOT | 166.000 | 17.320 | 188000 [ 17,690 | 15a.000 | 16160 ‘ !
MEMORY STATUS i 500 | 177.000 7ar0 [eon000 | 20.000 | te2.0m0 17060 ¢ owy
| ) v
- i i .
tageyr Yoo BV | | :
| MARCH I 500 1 155,000 | 13960 [47e00 a0 Dadom D)
| CHECKERBOARD { 1a.000 | a0 | soo | s | oaroce |
D CHLCKIRBOARD NOT 1 15a.000 | 14820 [ eooo | ore0 fradoon | ooa
| MEMORY STATUS | 500 | 166.000 | 16.480 | 190.000 | V8730 [ saoo0 | s Do
i ! ‘ i
[READ/MODIEY/WRITE 1 ! ;
ey Yoo AV i ! !
MARCH i 500 1 T6s.000 (16470 | 1es.000 | t2.680 | 1s2oo0 07w o |
: ! \
ey Yoot v Y, ; | :
AR N 1 D500 | 1%.000 | 14360 1174.000 | 1a80 | erem | iroo |
! ' . (
NOTH
DASA FOR NOW OFYRATING 115U TEST CEUL WETH 10 DEVICES.
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Additional shmoo plots for various test patterns generated at 125°C are included
in Figure 4-4 and showed no pattern velated varjations. The AM9140 can be
operated at the maximum rated supply voltage and maximum specified temperature.

4.1.3 Analysis of Electrical Characterization Results - Electrical characteri-
zation test results were used to compute the maximum power dissipation for both
part types. Discussion of the dc and functional test results are also included

in subsequent paragraphs.

4.1.3.1 Power Dissipation - The results of power dissipation calculations for
all test cells for PSOC. 1250( and -SSOC are shown in Table 4-6. The average
values of the maximum power dissipation at each temperature were obtained from
the products of average values of device supply current and the maximum value
of device supply voltage. The worst case values shown in Table 4-6 were calcu-
lated as the product of the average plus three sigma {(30) values of the device
supply current and maximue supply voltage (VCC-S.S Vdo ). The worst case power
dicsipation values are shown for each ambient temperature for the quiescent
state.  The maxipum power dissipation values are within the limits (Pp'l.?B W)
specitied by the manutacturer, The results of these calculations indicate

hesaaeneous test o (eplle,

4.1.3.2 0C Tests - The test results indicated that the distributions of all
parameter, were within the manufacturer's ltimits and tightened Yimits for the
) could be incorporated in the released version of the

supply current (ltCﬁf

MIL-M-38510/237 specifications,

4.1.3.3 tunctional Tests - The MARCH pattern was the most effective (100 )
pattern in detecting all the initial functional test failuwres. The GALDIA and
CHECKERBOARD patterns detected 56 to 67  of the functional failures. Thewse
results are in agreement with a previously conducted electrical characterization
program { 1}, The MARCH pattern was the only common pattern tar both test pro-
gram<,  However, both test programs snowed no N? or N pattern related variations

g
and an N° pattorn for these 4K RAMs is probably unnecessary. In addition, AMD

20

does not includs the GALDIA pattern for functional test of its commercial devices,
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POWER DISSTPATION COMPUTED FOR EACH TEST CELL PRIOR TO LIVE TESTS.
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Plots of the worst case values of chip enable access time for a typital
test cell as a function of temperature, as shown in Figures 4-5 and 4-¢,
illustrated the temperature dependence of this parameter,

4

4.2 PHYSICAL CHARACTERIZATIONS

]

1

Physical characterizations of two devices of each part type were performed
to determine the construction methods, manufacturing process techniques,
materials and detail device schematics, The devices were subjected to detailed
optical, SEM and radiographic examinations, energy dispersive x-ray analysis,
angle sectioning and bond pull testing. A summary of the major construction
features for the AM3130 and AM9140 are shown in Table 4-7. The detailed cesults,
of these analyses are provided in Appendix A.

The results of physical characterizations showed the following: a) an
uneven eutectic coverage beneath the die of all the devices examined,
b) identical diffusion/oxide masks for both the AM9130 and AM3140 with only
different metallization masks to achieve the required memory organization,
¢) no material used in the manufacturing process that would limit life test
temperatures, d) the observed test probe marks do not compromise the device's
bond strength, and e) the detail circuit schematics are in agreement with the
initial draft of the MIL-M-38510/237 logic diagrams.

The coverage in the eutectic for one AM9130 was approximately eighty-five
percent (85%) but within the specified requirement of fifty percent (507) die
attach coverage per MIL-STD-883, Method 2010.3. The uneven eutectic coverage
will impede heat conduction from the die to package and result in some devices
operating with higher junction temperature than others. A sample of devices
that passed the stress tests as well as all devices that failed the stress
tests were examined radiographically. These results showed no relationship
between uneven eutectic coverage and the occurrence of failures during the
life tests,
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Probe marks were noted on several bond pads and AMD related that all
pads are probed during die level testing with the exception of the Memory
Status pad. A bond pull test was performed to determine if bonding over probe
mark sites would result in inadequate bond strength. A1l bonds passed the
MIL-STD-883, Method 2011.2 bond pull requirement of 1.7 grams for a 1.1 mil
aluninuti wire. HNo bond wire lifted from the bond pad.

RADC performed Gas Mass Spectometer (GMS) analysis of four devices to
deteriaine the package atmosphere. The percentage of all constituents identi-
fied in GMS analysis are presented in Appendix A, Table A4,

4.3 RELIABILITY CHARACTIR]ZATIONS

Reliability characterizations of each device type were perforued to
eciehlich the electrical and environmental conditions to be used in subsequent
stress tests.  The selected test conditions nust provide adequate stressing of
antaciveced teilure mechanisms without inducing failure modes that are not
tyticat utder noraal operating conditions.  For this study both static and
dyneic crcitetions were used Lo stress the memory devices. The failure
cechanisns for the AMI130 and AMI140 were expected to be similar to other NMOS
i5] devices such as surface instability and dielectric breakdown. Therefore,
the charqge nsigration riechanisms would be accelerated by the static excitation
Poae cirentie ard mechanical nechanisms such as dielectric breakdown in the
wennry celt waleix would be accelerated by the dynamic excitation bias circuits.
wince oll type of failure mechanisms were expected, the requirements for the
Lot progran included bath static and dynamic excitations.
|

7

Selection of Static Excitation Test Conditions - The effectiveness of

“he reltobility characierization is based primarily upon the choice of accele-
ratanyg stresses. A major part of this program was devoted to the selection of
“ittable combinations of electrical and thermal stresses for the accelerated

ot renting. The major considerations in defining the static excitation bias

[ —




circuits were: a) device operational modes, b) input address selection, and
¢) output load conditions. In addition, the candidate static bias circuits

were required to meet the following criteria:

a) maintain maximum rated voltayge across the device to provide maxinue

acceleration of surface effect failure mechanisms,

b) maintain the device current at a controlled low level to minimize

failures due to thermal runaway dnd electromigration, and

¢) maintdain a consistent set of output voltage conditions over the

tesperature range.

To ectablish a consistent set of intornal memory stross conditions, it
15 necessary to clock the date and control signals into the test device.
However, this approach would not provide a valid comparvison of static and
dynamiic excitations.  Theretore, "fully static” configurations were used tor
this program and randon data was stored in the device menory each tine power

was nitially applicd to the doevice.

A study of the device logic diggrams and schenatics provided the possible
operational modes availables  These included the: a) read mode, b)) write
mode, ) high output opedance mode, and d) precharye mode.  The trath tables
tor the AMIL30 and AMIT40 to place the DUT into ecach of these operational
nodes are shown in lables 4-8 and 4-9, vespectively.  The read, write and high
output mpedance modes were the only operat ional modes included for static
excitation bias circuits.  The precharge node was not considered because the
cutputs were in oan indeterminite state, 1,00, the revious stale of the data

out put. or the high impedance slate.

The device address inputs may be selected from one of 1004 coubinat ions
for the AMI130 and one of 409 combinations for the AMI140, Since the data
stored 1nto the DUE memory 14 randon and anpredictable, input addresses with
both positive and zevo volts applied to the gate are acceptable. 1t iy
expected that the positive voltage across the gate oxides would accelerate the

N-channel transastor tarlores due Lo catton contamination in the gate oxide.
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TABLE 4-8. AM9130 TRUTH fABLE

Operation
1.7 chip Not Selected
2. Wrate "L" in (el} A)(Y

3. Write “H" in Cell Axv

4. Read Date in (el Axv

5. Ct Low-Chip Precharge

o

NOTES:

Inputs Outputs
(43 ADD Ct ot 0D 1/01 ~ 1/04
WX W x X HIZ
L A)(v H L X L (externally
(or X H) driven)
L Ayy H L X H (externally
(or X H) driven)
L Ryy H H L Data in Cell A,y
Previous DO if
X
X L X X OF = H and
0D =1L or
else HIZ

1. Data-out is the same as the original data-in,

2. CE is a clocking pulse and the "H" represents the first part of the cycle (UP level)

and "L" represents the second part (DOWN level).

3. X's are "Don't Cares".

4. A, denotes proper address logi¢ to address cell Axv'

Xy

TABLE 4-9.
[T e
Operation R/W vl
1. Chip Not Selected X
2. drite “L* in Cell Aw !
. drite WY oin el A)(V H
4. HRe { i )
ead Data in Cel) AXY X
5. (E Low-Chip Precharge <
(NOTE:  4)
L
NOTES:

AM8140 TRUTH TABLE
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.

.S ADD Ct 0t
H X H X

! Ay ] X

' Mo 't A

{ - H H

X X 1 A
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Z. (E s a clocking pulse and the "n"
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X's are "Non't Cares™.
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{(DOWT Tevel ),

3.
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The zero volts on the gate would bias the transistor off and accelerate
failures due to contamination in/on the passivation. Previous preliminary
static bias evaluations were performed for the AM9140 device during the
Reliability Evaluation and Electrical Characterization of Memories Program,
These results showed that there was negligible difference in the device
operating current for the various address inputs selected. The input address
conditions included: a) all addresses high, b) all addresses low and c) half
the addresses high and half the addresses low. Based upon these results it
was decided to bias half the addresses high and half the addresses low during

static bias evaluations.

The output load conditions are dependent upon the DUT output state.
Since the output states are random and unpredictable, the output load should
include both pull up and pull down resistors. However, the output load
current will not significantly increase the junction temperature of the output
transistors. The rated output load current (IOL) is 3.2 mAdc with a 0.4 vdc
maximum output low (VOL) voltage. The maximum power dissipated in the
device output transistor is 1.28 mW. Consideration was also given to the use
of an output load to accelerate electron injection. However, the accelerating
conditions for electron injection are low temperature, high voltage and high
channel current [2]. In addition, the AM3130 uses a single Input/Output (1/0)
pin for writing and reading data. During a static excitation write mode, the
1/0 acts as an input pin. When the AM9130 device is in the high output impedance
or "OFF" state, the output resistor load has negligible effect on the DUT output
circuitry. Similar output conditions exist for the AM9140 device. Therefore,

all static excitation bias circuits included no output load.

4.3.2 Static Excitation Circuit Evaluations - Using the major consideratians

identified in Section 4.3.1, three static excitation bias circuits were
evaluated. Figure 4-7 illustrates the three static bias configurations for
the AM9130. The AM9130 device was biased in the read, write and high output
impedance modes with half the addresses high and half the addresses low and no
output load. The results of evaluating the AM9130 device in these circuits
over the etmperature range from 125°¢ through 250%C indicated no approciable
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/ difference among the three configurations. The device VCC voitage during
these tests was maintained at 7.0 Vdc. A typical plot of device Icc current
as a function of ambient temperature for the read mode is shown in Figure 4-8.
k For all three circuit configurations there was less than 2 mAdc difference

between the 1 .. values in each circuit over the evaluation temperature

cc
range. The write mode static circuit currents were approximately 2 mAdc

higher, but this difference is not considered important.

The bias evaluation results showed that at 225°C, the outputs that were
monitored either had changed state or were on the verge of changing state. At
250°C, all outputs had switched to a complementary state. Therefore, the
maximum temperature at which the device could be properly operated for all
configurations was 200°C. The read mode circuit was selected for further
step-stress testing because with the devices outputs enabled, it permits
monitoring of the output pins for changes in internal operating states.

The AMI140 device static excitation bias circuits are shown in Figure 4-9.
These circuits are similar to the AM9130 configurations which included read,
write and high outpul inipedance wodes with half the addresses high and half
the addresses low with no output load. The results showed no appreciable
difference for the three contigurations. The operating temperature range was
from 125°C through 2507C with the device VCC
Figure 4-10 shows a typical plot of device current as a function of ambient

voltage maintained at 7.0 Vdc.

temperature for the read mode.  The three circuit configurations showed less

than 3 wAdc difterence between the ICC values in each circuit over the
evalualion temperature range. This minimal difference was not considered
important in the selection of the step-stress circuit. For a1l configurations
the monitored outputs had changed states or were on the verge of chénging
states at 225°C. At 250°C, the output had switched to a complementary state.

Therefore, the test device could he properly operated at a maximum temperature

of 200%C.  The read circuit was selected for step-stress testing., The advan-
tage of this circnt is that with the output enabled the device can be moni-

tored tor changes n interna) operating states.
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The manufacturer's static burn-in circuits for both device types are
shown in Figure 4-11. Static bias circuit evaluations of these circuits at
Vcc of 7.0 Vdc for the AM3130 and AM9140 indicated similar results to the
circuits of Figure 4-7 and 4-9. Device output switching occurred at 225°C
with device currents within 3 mAdc of the MDAC-St. Louis configurations.
However, these configurations were not selected because the address inputs
selected did not include zero volts on the gate to accelerate failures due to
contamination in/on the passivation.

4.3.3 Selection of Dynamic Excitation Test Conditions - The dynamic excitation

bias evaluations provide electrical stress conditions that are similar to the

device usage conditions. This is the main criteria in designing dynamic life

test circuits. Other major considerations in establishing the dynamic cxcita-
tion bias circuits were: a) device operational modes, b) data pattern selec-

tion, c) output load conditions, and d) operating frequency. In addition, the
candidate static bias circuits were required to meet the following criteria:

a) maintain maximum rated voltage across the device to provide maximum

acceleration of surface effect failure mechanisms,

b} wmaintain the device current at a controlled low level to minimize
failures due to thermal runaway and electromigration, and

¢) maintain a4 consistent set of internal memory stress conditions over
the temperature range.

The three different dynamic operating nodes are the read, write and
read/modify/write (R/M/W) modes. The device timing diagrams for these niodes
are included in Appendix B. The possible modes for dynamic evaluations are
the read/write, continuous read, continuous write, and read/modify/write
modes. Combinations of the read cycle followed by a succession of write
cycles and vice versa were not considered. Since the data retrieval and
storage for a read/write cycle operates at a slower frequency, the read/modify/
write cycle (read and write during the same cycle) was selected. In addition,
the effects of continuous read cycles and continuous write cycles were also
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evaluated. Prior to performing continuous read cycles, the selected data
pattern was written into all memory cells. This operating cycle was intended
to stress the sense amplifier circuitry. During the continuous write cycles,
it was intended to stress the write amplifier circuitry and observe the
effects.
N2, N3/2
ture device operations. Proper pattern selection is necessary in establishing

and N type data patterns were considered for high tempera-

the worst case stress on the test device. tHowever, to accelerate the random
defect failures it was necessary for the data pattern to write the same data
in each memory location. With this approach the identical stress levels are
placed on each active elenent every tine data is written/read from the DUT
memory.  If these stresses cause the charges on g particular transistor to

nove toward the Si—SiUZ interface, ubsequent cveles reinforce this effect.
i thi 2 nd 1372 :
Hence, using this groundrule both N and N ¢ patterns were not implenen-

ted. Many N type patterns met this criteria but the patterns were limited to:
@) all "1's" in the entire momory, b) all "0's" in the entire memncry and ¢) an
field of alternating "1's” and "0's" {CHLCALERBOARD). Other data patterns with
both "1's" and "0's" combinations are available but the checkerboard pattern

is the only pattern that provided the effects of complementary data in adjacent
cell locations. It s also essential that "topoygicaly pure" patterns based on
the correct bit map and proper address sequence be used for dynamic bias

evaluations,

For dynartic excitation test conditions a suitable output device load
is necessary to sumulate part usdge in system applications. Typical applica-
tions show the data outputs of a memory device driving the data bus of a
microprocessor. Since the output load of the AMULI3Q and /AMIT40 is MDS, 4
capacitive lood 15 satistectory for chavectorizations and stress testing.,  The

out put load used tor dynamic bias evaluatiens was a 30 pb load.
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The final consideration for the dynamic bias circuits was the device
operating frequency. A literature search produced no information concerning
the effects of the device frequency in conducting an accelerated Tife test.
The MDAC-St. Louis designed dynamic driver circuit operated both part types at
near the maximum operating frequency.

4.3.4 Dynamic Excitation Circuit Evaluations

Three dynamic excitation bias circuits (continuous read, continuous write
and read/modify/write modes) were evaluated using the considerations and
criteria of Section 4.3.3. The AM9130 circuit and timing diagrams for the
read/modify/write mode are shown in Figure 4-12. For the continuous read
mode, the Write Enable (WE) signal is switched to a high state for the total
cycle time after the power up sequence with the proper pattern written into
the memory. For the continuous write mode, the WE signal is switched to a low
state for the total cycle time immediately after the power up sequence. The
three dynamic bias circuits were operated in the temperature range of 125°C to
230°C with a CHECKERBOARD pattern. Initially, the device supply voltage was
5.5 Vdc, but between 212°C and 230°C, the supply voltage was varied between
5.5 Vdc and 7.0 Vdc. This was done to observe changes in device operation at
the same voltage as the static bias evaluations. The AM9130 device showed no
appreciable difference in device currents among the three dynamic configura-
tions. Figure 4-13 shows a typical plot of device Icc current as a function
of ambient temperature. There was less than 1 mAdc difference in ICC
current among the three configurations. The difference in device current
between the static and dynamic excitations bias evaluation was also negligible
(<1 mAdc). The AMI130 device was functional at 211°C but nonfunctional at
225°C and was not affected by the supply voltage changes. This was similar to
AM9130 static bias evaluations which switched in the same range of ambient
temperatures. The AM9130 device performed suitably in all three modes and all
the circuits were acceptable for step-stress testing. The AM9130 timing
waveforms at 25°C, 200°C and 230°C for the R/M/W, continuous read and contin-
uous write modes, are shown in Figure 4-14. The waveforms show that the 1/0
signals are stable at 200°C for all modes, but were unstable and non-
functional at 230°C. Based on preliminary evaluations all dynamic bias
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circuits perforued satisfactorily. The R/M/W configuration was selected for
step stress testing because it exercises all functions of the devices and best
simulates device usage in system applications.

The AM9140 circuit and timing diagrams for the read/modify/write cycle
are shown in [igure 4-15. The timing is similar to the AM9130. The two
other dynaric tiwdes included the continﬁous read and continuous write modes
and arc controlled by the WE signal. The AM3140 dynamic bias circuits were
operated frowm 125°C to 230°C with a checkerboard pattern. The device supply
voitage bigs was varied from 5.5 Vdc to 7.0 Vdc. Figure 4-16 shows a typical
plol of tane I('(.
device correnl for the three bias configurations was negligible and the

current as a function of ambient temperature. The change in

resslts were also comparable to the static bias evaluations. The AM9140
tining wavetfors ot elevated temperature for the R/M/W, continuous read and
centinous write modes are shown in Figure 4-17. The Data Out signals were
unstable ot 275°C and the device was non functional at 230°C. A1l three
dynearic bias (ircuits were acceptable for step-stress testing, however, the
R/M/W mode bias circuit was selected because the device exercises all

func tion, and hest sinulates usage conditions.

4.2.5%  Step-Stress Tests - Step-strass tests were performed to validate the
results of static and dynamic bias evaluations of the selected circuits and to
obtain device failure data for determination of life test conditions. For
each part type, step-stress testing was conducted on four devices with static
extitation and four devices with dynamic excitation. The test devices were
opevated in the static and dynamic bias configurations at 125°C for 16 hours.
Duaring step-stress testing, the device current and output voltage were monitored
prinr to the start and end of each step. Followirg cool down with bias, the
devices were ctectrically tested and surviving devices were returned to test.
The test lemperature was then increased by 25°C and the sequence was repeated.
The riaxicwn temperature for both step-stress tests was deteniiined by the
criteria established in Sections 4.3.1 and 4.3.3. The AM9130 and AMA14Q were
operated to e maxinum temperature of 225°C. Summaries of the AM9130 and
AM9140 statlic and dynamic step-stress tests are presented in Tables 4-10 and
4.-11, respeclively.  The static step-stress tests showed that all device
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outputs switched or were on the verge of switching at 225°C. The dynamic
step-stress tests indicated that the devices were nonfunctional or unctable o
225°C. There were no step-stress test failures. A review of the dc¢ and
functional test data for both part types indicated negligible parameter
degradation. The dc parameters which were expected to degrade were the supply
currents and output voltages. The ac parameter used to observe device deyrada-
tion was the chip enable access times.

4.3.6 Junction Tenperature Determinations - After completion of the bias

circuit evaluations and step-stress tests, the maximum junction temperatures
during life testing were determined for both part types. The temperature
dependence of a substrate diode forward voltage was used to determine the
device junction temperatures. A MDAC-St. Louis thermal resistance tester was
used to make the substrate diode forward voltage measurenents. The tester s
designed to establish the DUT Tife test conditions for 99.9% of the time and
forward biases the substrate diode for 1 msec. The largest difference between
the junction and ambient temperatures for both parl types was 1.07C.

4.3.7 Device Current Density - Current density determinations were required

to assure that device currents were not excessive for life test conditions.

At the maximun bias evaluation temperature the calculated current densitices

were 3.2 X 10° A7en? for the AM9130 and 2.3 X 10 A/en’ for the AMOIA0.

At room temperature, the device current density was 3.6 X 104 A/Cm?.

Based on Black's data [3], no metal migration failures were expected in 4000
hours of life testing at 200°C for the AMY130 and AMW140.

4.3.8 Rationale for Life Test Conditions - The three static bias civcuits for

both device types evaluated were equally suitable for static bias life testing
based on their performance at elevated temperatures. The read nmode bias
circuits, shown in Figures 4-7 and 4-9, with the outputs cnabled, permit
wonitoring of the output pins for changes in internal device operating states
and were selected for the life tests. The other two civcuits do not periat
monitoring of the output data for the address selected. Similarly, the three
dynaniic bias circuits for both device types were suitable for life testing.

a6
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The read/modify/write node was selected for life Lesting becausue 1L crzirc,
all functions of the devices and simulates usage conditions. A checkerhingd

data pattern was selected because it would stress half the cells in the high

state and half in the low state with adjacent cells in couplenentary < taten,

The same state is always stored in a given memory cell.

The temperatures selected for the operating life tests were 200°0 and
175°C. During the static bias circuit evaluations and step-stress tests,
the outputs of both device types were in a high state and stable at ambicne
temperatures up to 200°C. However, at 225°C the outputs were either swilched
or on the verge of switching to a low state. The supply currents wer: also
increasing with temperature in this temperature range (200°C to 225°C) hut
were not excessive., Similarly, both device types remained functional in the
dynainic bias evaluations and step-stress tests at 200°C but were unstable and
erratic at 225°C. Therefore, the maximum life test temperature of 200°¢ was
established for both static and dynamic excitations.

The supply voltage selected for both the static and dynamic life tosts
was 0.5 Ydc. During bias circuit evaluations both device types were operated

at /.0 Vdc¢ in both the static and dynamic configurations at 200°C. During Lhe

subsequent life tests, with the individual DUT VCC voltage variations,
an average of 6.5 Vde on the devices ensured that no devices would excied

7.0 Vdc, the absolute maxinum device rating.
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5.0 RESULTS OF PHASE 111 STRESS TESTS

The Phase I11 stress tests included a matrix of temperature cycling, high
temperature operating (static and dynamic excitation) and high temperature
non-operating storage life tests, The interim electrical measurement sched-
ules are shown in the previous Tables 2-1 throuygh 2-3.

5.1 TEMPERATURE CYCLING TiS1 RESULTS

The temperature cycling tests were performed to the requirements of
MIL-STD-883, Method 1010.2, condition C (-65°C to +150°C) for 200 cycles., The
tenperature cycling tests for both device types were performed in a non-
operating mode Lo reveal potential pachaye and bond weakness as well as
corrosion mechanisus due to moisture in the device package. A sumiary ot the
temperature cycling test resulis are presented in Table $-1.  There were
nu temperature cyeling test failures for the “MOLI30 and the AM9140.  tollowing
temperature cveling tests a1 devices were subgected Lo an oxternal visual
exantinat ton and herueticity tests. The results of these inspections and tests
are sutmmarized in Table -0 A dark stain was observed on the inside of the
Tedads at the braze material as shown in Figure 5-1.  SEM examination of the
stain site disclosed that the goid plating had been nicked by a sharp edge as

M

shown in Figure 5=, Ineryy dispersive x-ray analysis of the dark material
surrounding the nick disclosed that it was composed of a) copper, silver, and
molybdenunt {lead braze), b) nickel and cobalt (lead base metals), ¢) gold
(plating), d) aluminum (backaround), and ) chlorine (a contamingit) as shown
in Figure 5-3.  This indicated that the mater gl was scrdpings or debris tron
the nick. The source vt the chlorine is unknown, but probably came from a
contaminant chemical residue.  Since chlorine is corrosive it probebly caused
the scrapings to decompose giving 10 the blockened appearatce. Sinee the
chlorine could corrode the lead base metal expoced by the nicks a polential
problem exisis.  However, no dotevioration o the teads ocowmred dwrmg the

tenperature cycbing tescs,
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TABLE 5-1. SUMMARY OF TEMPERATURE CYCLING TEST RESULTS

CUMULATIVE NUMBER OF FAILURES AT CYCLES OF TEST
PART TYPL QTY R, . _
o | 0 1 s 100 150 (;o__4
U U SRS TR | L
AM9130 w | o 0 0 0 0 0
AM9140 v o|o 0 0 0 0 0
Lo I

TABLE 5-2. PQOST TEMPERATURE CYCLING INSPECTION AND TESTS

) ' Vjuxréhm VISUAL | WERMETICITY TESTS

PART TYPE qrY Marking ﬁ;:‘f}f\a CFINE LEAK | GROSS LEAX
Pass Fail|Pass Fai]LPass Fatl Pass Fail

AM3130 10 1 o0 |10 o110 0 10 0
AM9140 10 1 0 [0 o 10 0 10 0

NOTE:
A BLACK COMPOUND AT BRAZE OF PACKAGE LEADS.
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40X
FIGURE 5-1. OPTI1CAL PHOTOGRAPH OF THE STAIN ON A PACKAGE LEAD

100X
FIGURE 5-2. SEM PHOTOGRAPH OF THE PACKAGE LEAD SHOWING THE NICK (ARROW)
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5.2 OPERATING AND NON-OPERATING LIFE TEST RESULTS

The operating life tests were performed with both static and dynamic
excitation to compare their relative effectiveness for accelerating LSI
memories failures. The AM9130 and AM9140 life tests with both static and
dynamic excitations were conducted with 15 devices in each test cell at: a)
200°C for 4000 hours, and b) 175°C for 4000 hours. A summary of the test
devices' life test conditions is presented in Table 5-3.

The AM9130 1ife test results for cumulative 25°C failures are shown in
Table 5-4. Table 5-5 presents the number of -55%¢/125%C failures at the
electrical measurement points. The total percentage of AM9130 life test
(operating and non-operating) failures for all three temperatures was approxi-
mately 11%. Table 5-6 shows the AM9140 1ife test results with cumulative
failures at 25°C. Table 5-7 shows the number of AM9140 -55°C/125°C failures
at each measurement point. The total percentage of life test (operating and

non-operating) tailures tor all three temperatures was approximately 14 .

The non-operating or storage life tests were performed to evaluate the
test devices long term process stability and mechanical reliability. Although
a 200% storage life tost would permit a direct comparison between the
non-operating storage and operating life tests, it was anticipated based on
previous test experience that few failures would occur in this environment.
Since the maximum acceleration will occur at the maximum temperature permis-
sible, the non-cperating life tests were conducted at 275°C. Tables 5-4 and
5-6 present a summary of the AM9130 and AM9140 life test results. There were

no storage life test failures,

P




PART 1YPt

A9l 30

AM9140

TABILE b~

TEST CELL

STATIC
STATIC
DYNAMIC
DYNAMIC

STATIC
STATIC
DYNAMIC
DYNAMIC

3.

SUMMARY OF LIFE TEST CONDITIONS

AMBIENT
YEMPERATURE
Ta
(°c)

200
175
200
V75

200
175
200
175

DEVICE DEVICE 1 POWER JUNCTION __]
VOLTAGE | CURRENT | DISSIPATION TEMPERATURE
Vee Iee P T [
(vdc) (mAdc) (mw) (°c) !
6.48 58.00 375.84 21 l
6.56 55.00 360.80 186 ﬁ
6.51 59.68 388.52 212 |
6.51 59.60 388.00 i8/ :
6.49 49.50 321.26 210 .
6.50 51.00 331.50 185 ;
6.49 57.16 370.97 Al }
6.51 56.48 367.68 186 f
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6.0 TFAILURE ANALYSIS

A1l devices that failed high temperature stress (operating) tests were

subjected to failure analysis. The failed devices were analyzed to detcriiine
# failure mode, failure mechanism and probable cause of failure. Table 6-1
presents a summary of the failure analysis results for the AM9130 and A19140
for 25°C, 125°C and -55°C electrical measurement failures. Detailed discus-
sions of the failure analysis results are contained in Appendix D. i
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7.0 DATA EVALUATIONS AND CORRELATIONS

7.1 AM9130 DATA ANALYSIS

There were insufficient test failures to allow failure distribution
analysis. Table 5-4 and Table 5-5 show that there were eight device failures.
Seven failures were attributed to marginal ICC30 currents prior to the start
of life tests. These devices failed ICC30 measurements at -55°C. Since the
failure data is inadequate for failure distribution analysis, the dc and
functional data was investigated for trends that would allow extrapolation of
times to failure. The stress test data summaries which included parameter
mean and standard deviations tabulations for O hour and 4000 hour data at 25°C
and 125°C are contained in Appendix C. This includes test data for input/out-
put leakages, supply current, output voltages and access times. With the
exception of the supply current, ICC‘ all device parameters have worst case
values at the maximum measurement temperature (125°C,;. The worst case supply
current occurs at -55°C. The input/output leakayes and supply current worst
case values are at maxinmum Vee voltage (5.5 Vdc) but worst case output voltage
cC voltage (4.5 Vdc). A1)} test data

was reviewed and the device parameters exhibited excellent stabilities during

and access times occur at the minimum V

the 4000 hour life test. No trend was observed and an increase of 6 mAdc for
supply current was noted at the 504 hour electrical measurement point. This

was attributed to a recalibration of the automatic test system and was verified
by an identical shitt in data for the control sample. The shift in dc para-
metric data for all AM3130 4000 hour life tests was negligible. It was expected
that the chip enable access time would be the indicator of device aging, There-
fore, the chip enable access times for the 200°C and 1757C life test cells

were plottedas a function of the electrical measurement time and are shown in
Fiqures 7-1 and 7-2. This worst case values of access time were the computled
mean plus 3 sigma values for a MARCH R/M/W pattern at VCC - 4.5 Vdc and 1257C.
The ygraphs indicated neyliqible access time degradation. With no data trend

the interpolated time to failure (ta(CL)\ 500 nS) could not be estimated. In
addition, the static and dynamic excitations and life test temperature and
overvoltage stress conditions had a neyligible effect on device operation. The
data did not allow extrapolation of times to failures for any AM8130 stalic and
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FIGURE 7-2. AM9130 WORST CASE CHIP ENABLE ACCESS TIME VERSUS TEST TIME FOR DYNAMIC :
EXCITATION TEST CELL i
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dynamic test cells. In order to investigate device access time degradation
as a function of Vcc voltage, one of the devices for which an initial shmoo
was generated was placed on dynamic life test for 4000 hours. Shmoo plots,
as shown in Figure 7-3, for both 0 hours and 4000 hours at 25°C indicated
minimal degradation as a function of Vcc voltage. Considering the severity
of the stress test conditions the lack of test induced failures or parameter
degradation trends indicates the device should have a high reliability
potential.

The AM9130 life test data for functional tests was analyzed to determine
the relative effectiveness of the GALDIA (N2), MARCH (N), and CHECKERBOARD (N)
patterns. The criteria used to judge pattern effectiveness was the ability of
the pattern to detect life test failures. A summary of the percentage of
pre-stress test and life test functional failures detected by each pattern is
shown in Table 7-1. The N pattern was equally effective in detecting life
test failures as the N2 pattern. However, with only one life test timing
related failure these results are not considered conclusive. During initial
electrical testing, the MARCH pattern was most effective in detecting failed
devices.

7.2 AM9140 DATA ANALYSIS

There were also insufficient test failures to allow failure distribution
analysis of the AM9140. There were eight static excitation and two dynamic
excitation life test failures. One static excitation life test failure was
due to a degraded input caused by static discharge or an electrical transient.
The Jife test data was then analyzed to determine whether trends existed that
would allow extrapolation of times to failure. Appendix C includes the stress
tests data summaries of parameter mean and standard deviation tabulations for
0 hour and 4000 hour data. A review of all the test data showed that the
AM9140 exhibited excellent parameter stabilities during the 4000 hour life test.
The ICC anomaly of the AM9130 due to an automated test system recalibration
was also noted with the AM9140. In addition, the'AMS]dO dc tests showed neglig-
ible parameter shifts with no discernible trends. The functional test data was
reviewed and the chip enable access times were plotted as a function of the
electrical measurement time. Figures 7-4 and 7-5 show the worst case test cells.
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TABLE 7-1. PATTERN EFFECTIVENESS SUMMARY

PRE-STRESS TEST FAILURES

PERCENT OF FAILED DEVICES DETECTED BY PATTERN

TOTAL NUMBER - oo oy ooy - ooome e e e e

PART TYPE OF FAILED N N

DEVICES  t——meoem—o- e — i 1

GALDIA MARCH CHECKERBOARD | CHECKERBOARD X
STOP POME RDOWN

.- [ VR ,Jr._--_--_,;.-.__.*._.*.__ RISy U U

. g

AM3130 9 56 100 67 67

TN, T W,

AM9140 3 67 100 67 67

et

- e o c————— R - . R ‘i
LIFE TEST FAILURES ;
[ ] oL mmece |- —— PLRCENT OF FAILED DIVICES DETECTED BY PAYIERY | A

PART TYPE

OF FAILED N N J

DEVICES  pmv oo e g ~ 1
GALDIA MARCH CHECKERBOARD | CHECKERBOARD f
J STOP POWE RDOWN L4

r- e e r-— L, FevHyI IS o - ———

AMI130 1 100 100 100 100

: AM9140 10 90 90 10 60

Rt =T

Rl l . TS
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FIGURE 7-4.

FIGURE 7-5.
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The worst case values are the computed mean plus 3 sigma values for a MARCH
R/M/W pattern at VCC = 4.5 Vdc and 125°C. The static test cell data showed
limited access time change with an interpolated time to failure (ta(cﬁ)-soo no)
of approximately 42,000 hours at ?200°C for the 200°C test cell and 57,000 hours
at 175°C for the 175°C test ce11 based on the 2000 hour and 4000 hour measure-
ment points. In addition, a single device which was initially shmoo plotted
was placed on dynamic life test for 4000 hours. Shmoo plots, as shown in
Figure 7-6, for both 0 hour and 4000 hours at 25°C indicated minimal degrada-
tion as a function of VCC voltage. Considering the severity of the stress

test conditions the lack of test induced failures indicates a high reliabiiity
potential.

Table 7-1 presents a summary of the percentage of pre-stress test and
Jife test functional failures detected by the GALDIA (N°), MARCH (N), and
CHECKERBOARD (N) patterns. The MARCH pattern was as effective in detecting
functional life test failures as the GALDIA pattern. Although no pattern
detected 1000 of the life test failures, these results are misleading since
the power down test was nol performed with the GALDIA and MARCH patterns.
The results of this test program and the Reliability Evaluation and Electrical
Characterization of Memories prograin both indicate that the N2 pattern is not
necessary in the MIL-M-38510/237 Group A electrical tests. As was the case
with the AM9130 devices, the MARCH pattern was most effective in detecting
failures during initial electrical testing.
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€.0 CCNCLUSIONS AND RECOMMENDATIONS

This reliability program to evaluate the 4K static RAMs procured to the
MIL-M-38510/237 specification included both electrical and environrental

stresses. These devices were evaluated as a function of voltage, temperature
and static and dynamic excitations. Although the AM9130 and AM9140 indicated
a high reliability potential, there were insufficient life test failures (18

failures out of 120 devices on operating life tests) to estimate device
failure rates based on the Arrhenius Reaction Rate Model. Previous LSI
meriories life tests (1K NMOS static RAMs) conducted at MDAC-St. Louis

were operated at higher temperatures (- Z50°C) and accelerated a larger number
of failures, The small number of AMO130 and AMO140 failures may be due to the
reduced Tife test maxirur tenperature of 200°C and inproved manufaecturing
precess since the 1K NMUS static RAMs were introduced. In addition, the
elinination of pattern related design deficiencies may have contributed to the
increased reliahility of these 4K static RAMs. It is believed that hich
reliability nilitary systems can be desiuned with devices procurred to the
MIL=M-38510/237 specification.

Static excitation bias circuits were expected to be more effective than
dynariic circuits in acceleratinc charve migration failure mechanisms, while
dynariic excitaticn bias circuits were expected to be more effective in accele-
rat ing mechanical rechanisms such as dielectric breakdown in the memory cell
matrix. The failure analysis results show predoriinantly surface instability
(bake recoverable) failures for both the static and dynamic test cells. Based
on the Timited test cell size and srall number of failures, these results are
not conclusive. The controversy whether a static or dynamic excitation
circuit is rore effective for burn-in/life conditions renmsains unresolved.
Therefore, it is recormended that nmore extensive evaluations be perforiied for
static excitation versus dynamic excitation of LSI menories. These should

include larger test cell sizes and multiple wafer lots.

The MIL-M-38510/237 specification reguires a dynawic burn-in/life circuit
that operates the test devices in a write only configuration at less than
rated cycle tines. [urina reliability characterizations a similar circuit

{continuous write circuit at rated cycle tinge and maximum rated voltage)




produced satisfactory results. However, it is believed that a dynamic bias
circuit for burn-in/life tests should operate at rated cycle times in a
configuration that approximates device usage in system applications, e.g.,

read/modify/write cycle.

The supply current (ICC27) and chip enable access time (ta(CE)) test
limits could be tightened based on the electrical characterization and 1ife
test parameters degradation results. In addition, the GALDIA (N2) pattern
may be deleted from the military specification without compromising device
reliability. Both changes were previously recommended by MDAC-St. Louis for
the Reliability Evaluation and Electrical Characterization of Memories Program.
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9.1

for.

4096 Bit Static Randcm Access Mennry (RAM), Monolithic, Silicon.
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1.0 INTRODUCTION

The physical characteristics evaluation was performed to document
the physical and electrical structures of 4K static RAMs procured to the
initial draft of the MIL-M-38510/237 specification.

The test devices selected for examination were 4K static RAMs manufac-
tured by Advanced Micro Devices in 1K x 4 and 4K x 1 organizations. Two
samples of each organization, procured to MIL-M-38510/23704 and 23712 with
the manufacturer equivalent MIL-STD-883 Class B screening and designated as
AM9130 ADMB and AM9140 ADMB, were used in this study. The devices examined
in the study are presented in Table Al.
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MIL-M-38510 MANUFACTURER PART DESCRIPTION ODATE COOE ASSIGNED i i

REFERENCE & SERIAL KUMBER .

PART NUMBER :

.‘.1. . m e e e "
/23704 BUWC ADVANCED MICRO 1024 X 1 STATIC R/M 7803 GP l 6 N
DEVICES RAM 7 | :
AM9130 ADM-B i
¢
e

/23712 BWC ADVANCED MICRO 4096 X 1 STATIC R/MW 7803 KP 6
DEVICES RAM 7
AM9140 ADM-B ‘
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2.0 PHYSICAL CHARACTERIZATION

2.1 PACKAGE ANALYSIS

Both part types were constructed in identical 22-pin side brazed packages.
This package with its dimensions is illustrated in Figure Al. The packages
were constructed of three layers of black cofired ceramic having a minimum
of ninety percent (90%) alumina content. Several superficial chips were noted
on all four packages, particularly at the corners. The chips probably
resulted from improper handling techniques during processing. Figure A2
presents package photographs of the parts examined. The external leads were
gold plate over nickel and the lead frame gold plate only, both on Kovar type
metal. The package 1id was gold plate on Kovar type metal sealed with solder
of eighty percent {80%) gold and twenty percent (20%) tin. The information on
the material composition of the package, leads and 1id seal was provided by
the manufacturer. The 1id seal appeared uniform and hermeticity tests con-
firmed the integrity 6f the seal. The average mass of the four parts examined
was 2.437 grams,

2.2 DIE ANALYSIS

Both the AM9130 and AM9140 utilized the same diffusion/oxide masks.
Different metallization masks were used to achieve the 1K x 4 and 4K x 1
memory organizations. The die of both part types was mechanically scribed
using a diamond saw technique. The die size from scribe line to scribe line
measured 187 x 192 mils (4.75 x 4.88 mn), and the die was bonded in a cavity
with approximate volume of .00212 cu in (34.72 cu mm). The attachment of the
die to the package is through a ninety-eight percent (98%) gold and two
percent (2%) silicon eutectic. This was confirmed by an energy dispersive
x~ray analysis of the eutectic region. The energy emission analysis, shown in
Figure A3, indicates the presence of silicon and gold in the eutectic and
aluminum due to background scatter from the leads. Radiographic examinalions
disclosed an uneven euteclic coverage beneath the die of all the deviees
examined as illustrated in Figure A4. This uneven coverage was more pro-
nounced in the AM9130 with an approximate coverage of eighty-five poreemt
(85%), as shown in Figure Ab.
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2.3 WIRL INTERCONNECTS

Aluminum wires of 1.1 mil (.128 mm) diameter were ultrasonically bonded
at the bond pads on the die and the lead frame. Figures A6 and A7 present SEM
photographs of an aluminum-aluminum bond at a pad and an aluminum-gold bond at
the lead frame, respectively. Probe marks were noted on some pads, as pre-
sented in Figures A8 and A9. The manufacturer related that these probe marks
should be present on all pads with the exception of the Memory Status pad,

The probe marks occured during wafer level die testing. Since probe marks
were not visible in most cases, the wire bonds were probably made at the probe
sites. To determine if bonding over probe mark sites resulted in inadequate
bond strength, a bond pull test was performed on one device of each type.
Table A2 presents a summary of this test. No bond failed due to the lifting
of a lead from the pad, thus, verifying the integrity of the bonds. In
addition, all bonds passed the MIL-STD-883B, Method 2011.2 bond pull require-
ment (1.7 gm) for a 1.1 mil aluminum wire. The placement of the bonds on the
die pads satisfied the requirements of MIL-STD-883B in all cases. However,
several bonds were located near or over the pad edge, as shown in Figure AlO.

2.4 SUMMARY
A summary of the physical characteristics of the devices studied is

presented in Table A3. Presented in Table A4 are the results of a gas mass
spectrometer (GMS) analysis performed by RADC.
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FIGIRE A7.  SEM PHOTOGRAPH OF AN Al-Au BOND AT THE LEAD FRAME
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TABLE A2. BOND PULL TEST SUMMARY

el

g

o

B ~ Feria__FORCE REQUIRED T0 BREAK BOND 1/ T_":Iﬁfé'rﬁiééa
PART TYPE NO. | MIN GRAMS | MEAN- SIGMA | mMAx GRAMS | pEln0h 20117
2/ GRANIS daRagt""
p——— pp— e e _‘}_—_ WM
AM9130 6 4.0 5.0 0.8 6.5 1.7
AM9140 6 4.3 5.8 0.7 6.6 1.7
NOTES:

1/ NO BOND SEPARATION AT BOND PAD.

2/ THENTY-FOUR (24) BOND WIRES OF EACH PART TYPE PULLED. BOTH TWENTY-TWQ (22) PIN
DEVICE TYPES HAVE TWO (2) Vee AND THO (2) VSS BOND WIRES TO THE DIE.
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FIGURE A10. SEM PHOTOGRAPH OF LZAD DISPLACEMENT -
PAD 4 AMI130  S/N 6
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TABLE A3. SUMMARY OF PHYSICAL CHARACTERISTICS

PACKAGE
Type
Size
Mass
Die Cavity

oIE

Size - scribe line to scribe line
Area

Scribe Method

Attachment

BOND _PAD

Area of smallest pad

WIRE

Material

Size (diameter)

Average measured bond pull strength
Bonding Method

INTERCONNECTS

Alyminum

Narrowest stripe measured
Closest line spacing

Nominal Thickness

VCC Stripe Cross Sectional Area

Polysilticon

Narrowest stripe measured
Closest 1ine spacing

A8

22-pin side brazed, cofired ceramic
1.076 x .412 in (27.33 x 10.46 nm)
2.437 gm

.00212 cu in (34.72 cu mm)

187 x 192 mils (4.75 x 4.88 mm)
35904 sq mils (23.18 sq mm)
Mechanical - Diamond saw
Gold/Silicon Eutectic

18.9 sq mils (.012 sq mm)

Aluminum

1.1 mit (.028 mm)
5.4 gm of force
Ultrasonic

2139 mils (.0035 mm)

.305 mils (.00775 mm)

6000 A

3.4 x 1077 sq fn (2.2 x 1076 sq cm)

.194 mils (.0049 mm)
.417 mils (.0106 mm)
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PART TYPE NUMBER
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NOTE

SUMMARY OF GAS MASS SPECTROMETER ANALYSIS RESULTS

e e e ——

SERIAL Lo e ,.C.O.NC.E.N.T.RﬂA.T.I.O.N_ _(:;. .V‘/_V_) ..... —q |
0 ‘1 Ho 0 :

B e R

- 4 - RS S, c ]

98.8 0.8 - 0.2 0.2

AM3130
98.7 1.0 - . . :

AM3140 98.8 0.5 0.5

L= -

99.3 0.5 -

Lo

mmmm i e e e e

GMS ANALYSIS PERFORMED BY RADC (RBRM).
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3.0 DEVICE TECHNOLOGY

Both the AM9130 and AM9140 memories were implemented with N-channel
depletion and enhancement mode polysilicon gate MOS transistors. The enhance-
ment and depletion mode transistors used with these devices have nominal
thresholds set at 0.8V and -3.5V, respectively. Depletion mode transistors
that were used as loads were formed by using ion implantation coupled with a
buried contact between the polysilicon gate and source diffusion layer, as
shown in Figure All. The interconnects used throughout the devices were
metallization, polysilicon and diffused conductors.

An angle section was performed on both device types to study tne internal
structure of the memory cell transistors. A close-up photograph of the memory
cell area is presented in Figure Al2., The corresponding section and transistor
structure is presented in Figure Al3.
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4.0 ELECTRICAL CHARACTERIZATION
Die photographs indicating the functional blocks for the AM3130 and

A19140 are presented in Figures Al4 and AlS, respectively. The pincuts of thw ,

corresponding devices are presented in Fiqures Alé and Al7 with associated bit ’

maps in Figures Al8 and A19. The bit maps were verified and correspond ;

to those illustrated in the initial draft of the MIL-M-38510/237. ‘

4.1 DEVICE ORGANIZATION g

The AM9130 is organized as 1024 words with four bits per word. A single
four bit word is accessed through ten address lines (A0 through A%9). Addresscs
A0 through A5 select one of 64 rows of memory through the row decoders.
Similarly, addresses A6 through A9 select four of 64 columns, one column from
each bit section, through the column decoders. Data is written into or read
ot from the cells through four input/output (1/0) pads. Bits 1, 2, 3 and 4
correspond to 1/0 1, 2, 3 and 4, respectively.

The M9140 is organized as 4096 words with one bit per word. A one
bit word is accessed through twelve (12) address lines (A0 through All).
As in the AM9130, addresses AO through A5 select one of 64 rows through
the row decoders. Addresses A6 through All select one of 64 columns through
the column decoders. Data is written into the accessed cell through the Data
In (DI) pad and read out through the Data Out (DO) pad.

4.2 CIRCUIT DESCRIPTION

A1l the inputs of the AM9130 and AM9140 devices are designed with static
charge protection circuits, as presented in Figure A20. These circuits
utilize an RC network coupled with field turn-on transistors with threshold
voltages in the 10-20 V range. The circuits are designed to protect against
both positive and negative transients in the 200 volt range.

The address input registers of both mcmory types are implemented using a
tatching network which operates as an address register. This latching register

allows the memory to ignore the address 1ines until the next Chip Enable (CC)

AZ3
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ADORESS 6

ADDRESS 7
ADDRESS 8
ADDRESS 9
DATA 1/0 1
DATA 1/0 2
DATA 1/0 3
DATA 1/0 4
OUTPUT DISABLE
MEMORY STATUS

(GND) Voo

FIGURE Al6.

ADDRESS 6

ADDRESS 7
ADDRESS 8
ADDRESS 9
ADDRESS 10
ADDRESS 11
DATA IN
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FIGURE A17.
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T

cycle is initiated. The latch is set in response to the Chip Enable input and ?
the outputs of the slowest row address bit position through the«bh signal. |
The address input register is presented in Figure A2l and the dk signal
generator in Figure A22. The Chip Select (S) input performs the function of
a high order address, used when multiple devices are stacked to handle word
capacities larger than that of an individual device. The Chip Select input
register is presented in Figure A23. The Row decoders are identical for both
device types and a typical example is presented in Figure A24. The Colutn
decoders for the two device types differ for addresses Al0 and All. Although
both addresses AlQ and All are present, they are inaccessible to the user on
the M9130 device. The gates of decoder transistors Q2 and Q3 are connected
to ground for the AM9130, as shown in Figure A25.

A1l of the AM9130 and AM9140 functions operate from an internal timing
control network, which outputs several clocked signals in response to the Chip
Enable signal. This network is presented in Figures A26, A27 and A28. These
Chip [nable controlled signals, with the Qutput Enable (OL), Qutput Disable
(00) and Write Lnable (W) are used in the input-output control circuits which

are presented in bigure AZ9,

In the NMAL130, the Input circuit and Output Buffer circuit are accessed
through a cort:on pad tor each word bit. The AMO130 Input circuit and Output
Buffer circuit are presented in Figure A30 and Figure A31 respectively.

The M9140 Input circuit is accessed through the Data In pad and the i
Output Buffer circuit is accessed through the Data Out pad. The Input circuits
and Output Butfer circuits of word bits 1 and ¢ of the AM9130 exist on the
MA140 but are inaccessible. The [/0 3 pad of the AMY130 serves as the Data
In pad ot the AM9140 and the 1/0 4 pad of the MY130 serves as the Data Out
pad of the AM9140. The 1/0 2 pad of the M9130 is not used on the AM9140.

The 1/0 1 pad of the AM9130 serves as the A1l pad of the M9140. Conversely,
the A10 pad of the AM9140 is not used on the AM9130. Presented in figure A3?
is the 1/0 1 pad and unused static cnarge protection circuits ot

addresses Al0 and All of the AM9130. Figure A33 illustrates how addresses Al0O
and All are implemented on the AM9140.

A30
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The Memory Cell consists of a bistable latch for the static storing of
data. The cell is accessed through the row select 1ine and data flow is along
the bit lines. Figure A34 presents a typical memory cell. The bit and data
line organization is presented in Figure A35. The Bit Line Latch, presented
in Figure A36, aids the accessed cell in discharging the high capacitance load
developed on the data and bit lines. Data flows along the data lines through
the Sense Amplifier to the Output Buffer during a read cycle and through the
Write Amplifier from the Input during a write cycle. The Sense and Write
Amplifiers are presented in Figure A37. Both devices provide a Memory Status
(MS) circuit which parallels the data flow circuits to supply accurate timing
information of the device's operation. The Memory Status circuit is presented
in Figure A38 with its Qutput Buffer in Figure A39. The capacitor network
presented in Figure A40 is used by the Memory Status circuit to simulate the
line capacitance of the bit lines. The area of this network for the AM9130 is
twenty-five percent (25%) of that used by the AM9140, since each output of the
AM9130 accesses 1/4 of the bit line capacitance of the AM9140.
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5.0 CONCLUSIONS

Internal visual examination of the devices studied revealed no feature
that may limit life test temperatures. The uneven eutectic coverage discov-
ered through x-ray examination, though in compliance with MIL-STD-883B, will
impede heat conduction from die to package, and result in some devices operat-
ing with higher junction temperatures than others.

The test probe marks on the lead pads did not compromise the devices'
bond strength. Bond integrity was confirmed through a bond pull test per
MIL-STD-883B, Method 2011.2. In several cases the bond was displaced near the
pad edge but away from where metal exited the pad. The alignment window in
each pad isclated the bond from the active input protection circuitry near the
bond pad.

The circuit schematics of the AM9130 and AM9140 are in agreement with the
MIL-M-38510 logic diagrams. For the internal timing control network, several
clock signals are simulatanecusly generated in response to the Chip Enable
signal. These signals (¢', ®", etc.) are not all identified in the initial
draft of the MIL-M-38510/237 logic diagrans for both part types.
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APPENDTX B

This appendix is included to supply various details for the electrical
test conditions of the AM9130 and AM9140 devices. Presented in Figures B, B7
and B3 are the timing requirerients of the AM9130 for the read, write and
read/rodify/write cycles, respectively. Similarly, presented in Figures b4,
R5 and Be are the timina recuirements of the AM9140 for the read, write and
read/modify,/write cycles. Switching time test circuits for the AMI130 and
AMA140 are presented in Fioures B7 and B8. Tables Bl and B2 show the Group A
inspection electrical tests for the AM3130 and AM3140 devices per the initial
dratt of ML-M-38510/237.  Table B3 provides a list of the syubols and their
detinitions that are applicable for these devices. Table B4 1ists the func-
tional alavrithms provided by the manufacturer for the initial draft of
MIL-M-385107237.  Table B5 Tists the functional algorithiis used in the Relia-
bility fvaluation and tlectrical Characterization of Mewories Program for the
AMOI30 device. The functional algorithm of an additional pattern used during

failure analysis is presented in Table B6.
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; Read cycle test conditions over operating range (notes 7, 8, and 9).
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Write cycle test conditions over uperating range (notes 7,

8, and 9.

)
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Read/ modify / write cycle test conditions over operating range (notes 7, 8, and 9).

arameter o ':_Mm'rﬁ'm_n Min Max PrEgd
te () R/M/W Cycle Time (Notes 5, 16 117 ns
a_(_Cg)_ T Access Time [CE To Tutput Valid Delayy 500 ns
T~ Thip tnable HIGH Time [Notes 14, 15 00 ns
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th Ad) L Chip EnabTe to Address Hold Time o 200'4‘—“_[_' s
[Ssues) | e Select 1o CF Settp Tine Tlote 1) :; =
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Read/ modify/ write cycle timing definitions.
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Read cycle test conditions over operating range (notes 7, 8, and 9).

Parsmeter Tescription Min | Wax UnTt
(L"U'd\ 1 Read (ycle Time {Note 5) 770 ns
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\L;R\’ “thip Select 16 TF Set:lip Time {Note 37~ 7T 25 ] - » ] ns
-t.SLi\\m)— M Address to Chip TnabTe Set-Tp Time 77 L 0 *} ' :_‘th“
t;;(\"j\,’) “l Read to Chip FnabYé Set-lp Time = 77 ) T - T s ]
T’t: - “Toenip Foable to Read Hold Time 01 7 1 ns
& "\; ' Smp fmable to dutput OVE Delay {Note 3) 0 ns ]
f’l?" [I\f ar 00 to datput OFF Delay (Note 11) A * ' o :nH
_{{\‘ TS e an o datpat 0% telay (Sote 1Y o ‘,'),U, s
_W:T.nt‘ Outiut taabde to Ut LW Set-Up Time (Note 101 90 i T ns {
—-r\—y_ ata Mt to Mooy Statas DeTay h T aT rra
FT; caternal Veeset Inteeval (tote 14) tN((il) ns 7
Read vycle timing definloes
e e - - tC(rdY “““ —_— =
b tw(cm) - - twtcm
CHIP r x 1 20V
ENABLE ’ .
oev
tsu(odr %J = __thiadr “ 20y
\»A \.\- -.08YV
tsu(cs) -]l- thi&s) -* i ~20v
CNIP
SELFET Q) m m 1 SR L.
=t tsuied) ~thiay 20w
R/W WRITE W R et
ENABLE I J —-08v
[—-tsu(oar
OUTPUT i \

--20V
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--08V
ouTPUT ERAREERENY ?:§§ Y:fs T-aov
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mswumymx‘ ,&msm m\'

ENABLE
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FIGURE RaA,  READ CYCLE WAVEFORMS AND TEST CONDTEFIONS FOR AM9140
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Write cycle test conditions over operating range (notes 7, 8, and 9).

Parameter Description Hin Max | Unit
Bl AL SR 4 f-Achil o Al U G gl A
tc(w_) Write Cycle Time (Note 5) 770 ns
'Ta'(t’”" ‘LAc’céis‘fﬁiE’(C’E”to Output ON Delayy ™ " 7| 7500 [ ns
LE_(CEN}“N Chip Enable HIGH Time [Notes T4, 157 7 15601 '”'F'ﬁs—“
‘w;c’f-f)" "‘}' Chip Enable LOW Time (Notes 14,157 ~ 7 J260° |~ [ ns
‘suiéd‘; TTTAddress to Chip Enable Set-Up Time =™ =~ ~ """ 01 T Ths
_t'h'iad') T I7chip Enable to Address Hold Yime ™™~ © T TT200 T T [ e ]
Sl R AU | L om- P L. N L .. S O U
[ Ssu(cs) | ohip Select to CE Set-Up Time (Note &) | -5 | = [7n¢ |
En(CE) Chip Enable to Chip Select Hold Time 200 s
™ T Write Pulse Width (Note 10) D ng
L Wlwr) L ok
tSU(da) Data [nput Set-Up Yime {Note IOV 200 ns
[E 70 77T hata Input Hold Time (Note 10 ™7 77 "7 170 1" ns
h(da) SIS RIS SR SR
TDM “Data Tul to Memory Status Delay L h¢] [' ns
3=~ - — . [ e e s e e - ——— ._,_.._.._.1 U D et Rl
t, Internal Preset Interval tece)l ™

Write cycle timing definitions.
o e Y0 ()
oo - - twicEn— - l-—' twiceL—

CHiP -
ENABLE l- '

tsuledit=-- = thiad)—~ b - -:.ev
m - ' XX T AR ~-20V
aooness e XL RULN

tsu(s

SELECT
R/W WRITE YW .szr.
ENABLE A x&k .

DATA IN

DATA
out v
MEMORY towt k. voL
STATUS (NOTES 6,18) /-'____L_— om
= ~Vou

FIGURL BS. WRITE CYCLE WAVEFORMS AND TEST CONDITIONS FOR AM9140
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Read/ mrdifyf write cycle test conditions over operating range (notes 7, 8, ane 3!

Parameter Description in We._< Rk

tC(RMN) R/M/W Cycle Time (Notes 5.‘ 16) s i .ns

) | RS TR ot Ty +"‘““L

Yy (CEH) Chip Enable HIEH Tinf TNro_tVes‘nld_.r_lg)- o s

t(cEL) Chip Enable L0W Time {Rotes 14, lSI R v‘-s_:

tn(f‘S’) Chip Enable to Chip Select Hola TTem ‘ .Z‘Jn‘ - ns ]
r—t;é;f—_-F Chip EnabTe to Address Hold Time 7 ) Zﬂ(?* 1 =
[Touzs) | Cnip Select toCE Setup wme [dole ) | b

tSUQJ_)-v 'idaireéj t(_i cnip f'\'db:]e Set-tp Time " 1); . ]

t Read to Chip Enable Set-.p Time Jd "<
L_%gﬁ!d')_‘_'—"crxib Eraple to Qutput AFF Jeliy f at - —t ns

mda)- Cata [nput Hoid Dime (ete 1) f
"qj;,;)’ﬂ[ Bata Tapit Set-p Yire (Note 19) gl
M) | #rite Pulse didth Dote 1) B |
I;~’ "O'ETA)I"E.U'?O Tutput T Delay (Mate 117 i T * )
:_CQ,. ) r—:—{,o,r Gf‘)‘;o ")ulw: G x‘fl?:.xy (Nvote M1 l { N '

t Nata atid after arile Molay . N
L'tL:'(‘Lr"d) Read Made Hold Time ol N
}-TIJM—A T T Data Out te Mewory status N I
__{‘,‘_4 7T Tnternal preset Interval i N\: . --"_j

Read s modify /write cvele tining Jefinitions.

["* mem e e U R T e o
}*" B EEE e 27110 371 Bt TwiCEL)-
ENABLE , ——— A 08V

tsuied) f-~-°l “thiag) -

-}& B \*1 VR Ay T 20
ADDRESS OXAY N f
e I AR

tsyicE)- |- l~ thics)-- I Caov
C_HJP & l 0y v n l'\;‘;\\t\t‘: «W_—- --2.0
SECECT LI s&\&w VORI S
tsutrd) +-—f- Shirgy— - =hi= twwn - ‘ 2oV
W WﬂlTE W T T 1 WX’:‘I x'!'(‘l. "\ 1‘1'1: % T
ENABLE ’ SRR .+ ( (OSBA CCE T O Y
I ’
ouTPUT m S?; N0, u - e SRR ‘-\ --2ov
ENABLE &&t ‘ l %}\&l (_x_(_x_(_&\x L ~08v
X - dcy
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DISABLE u.u - NNy £\ L LU CUREC ULV PR
toH- 4= ,}- 4 tco feltov ! - 1 ter ,
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ouwou =3 e LR o e
b tarey o fo tsmdoy -l o thidm ,Oc;‘v
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10.

NCTES FOR FIGURES Bl THROUGH Bb

Typrcel opereting supply current values are 11.
specified for norinel processing paraneters,
nomnal suprly voltage and the specific

artient termperature shown,

Typical power-down supply current values

are specified for norinal processing 12.
paraneters, the specific supply voltage

shown and the specific ambient tenperature

shown,

At any operating temperature the minimur

access time, ta(cgg( min.), will be greater 13.
than the maxiour CE to output OFF delay
ton{max.). 14,

The negative value shown indicates that the
Chip Select input mey become valid as late
as 5.0 ns following the start of the Chip
fnable rising edge.

The worst-case cycle times are the sum of CE
rise time, tw(CEHi’ Ct fall time and ty(cpL)-
The cycle time values shown include the
worst-case ty(cpH) and twsch) requirements
and assume Cf transition times of 10 ns.

The Menrory Status signal is a two-state

output and is not affected by the Output 15,
Disable or Output Enable signals. 1f the

output data buffers are turned off, Memory

Status will continue to reflect the internal

status of the remory.

OQutput loading is assumed to be one standard
TTL gate plus 50 pf of capacitance. See
1oad at lower right.

Timing reference levels for both input and
output signals are 0.8V and 2.0V.

CE and WE transition times are assumed to 16.
be < 10 ns.

The internal write time of the memory is
defined by the overlap of CE high and WE
low. Both signals must be present on a
selected chip to initiate a write. Either
signal can terminate a write. The ty(ur),
tsu(da) and tp(ga) specifications shouvd
a?* be referenced to the end of the write
time. The Write Cycle timing diagram shows
termination by the falling edge of CE. If
termination is defined by bringing WL high
while CE is high, the following timing
applies:

cE ‘§

o 2 tulwr) o —_——
— = tulwr) =
E /

*:‘Eu(da) -

o1 ”'I'xl':l':" oF INPUT - ‘}‘.?:v'('. AR
h :': ' L‘& ___STABLE Vi ‘llls"‘\‘

B9

The output date buffer cen be UOh anc output
date valid only wien Outiut Enable 1s high
and Dutput Misabile 1s Tow. 01 anc QL per-
forr. the same funclion with opposite control
polarity.

The output dste buffer should be enabled
before the falling edge of CI in order to
read output information. When the output
is disabled anc CE is low, the outpul dete
register is cleared.

Input and output date are the same polarity.

The Chip Enable waveforn requirenents may
be defined by the Menory Status output
waveform. For a read cycle, the basic Cf
requirement is that ty(ceny 2 ta(cr) and

tw(CEL) 2 tp:

- Ons MIN }*4{ OnS;_uN
ce \__,__I

The Memory Status output functions as if all
operations are read cycles, If & write
cycle begins with WE low and Date in 15 stable
at the time CE goes high, the rising edye

of MS may be used as an indication that the
write is complete and CE may be brought

low. In a cycle where WL goes low 2t some
point within the CE High time, the rising
edge of MS should be ignored as an indica-
tion of write stetus. The falling edge of
MS is always valid independent of the type
of operation beiny performed.

For the R/M/W cycle ty(cen)(min,) is defined
as th(rdg(min.) + tw{wr). Note & defines
te(RMN) Dut it may also be viewed as to(pg) +
tw(wr)s _ Modify times are assured to be

zero. fFor systems with Data In and Date

Qut tied together R/M/W timing should make
allowance for tgp time so that no bus
conflict occurs.
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2
2 ouTPUT
TRI-STATE
INPUT BUFFER
PULSE N ., PULSE
GENERATOR ) GENERATOR
____] INPUT PULSE
GENERATOR
PULSE R/W 170,
GENERATOR | 15 s -
.
— T
+av
SYNC ADDRESS
INPUTS
[ .
7 21 |/02
LS8 Lo 20 & LOAD CIRCUIT
" A2 1703
. 19 7
1024 o A3
> aa]'® 1/04 | SAME AS ABOVE
Y 17 8
BIT s |
BINARY | | A8 f
COUNT oAl
OUNTER e i
] A9
MSR * 4
'l i
+
Vss
NOTES
. CL = 80 pf minimum, including probe and jiq capacitance.
B. R =4 K.
C. Address waveforms must be coherent to within <5 ns of CE.
D. Al tTLH and tTNL + 20 ns.
€. A1l generator output impedance = 500,
F. All diodes are IN914 or equivalent.

FIGURE B7.

SWITCHING TIME TEST CIRCUIT FOR AM9130
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J ADDRESS
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120l
| Al
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4096 LE-S
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COUNTER »—=12
—o. 3
t Aa .
MSe 1 A0
S
| Al
.- 6 1
L—1— I
Vss
NOTES:
A € - 50 pF minimum, including probe and jiq capacitance.
B. Rl = 4 K2,
(. Address waveforms must be coherent to within <5 ns of CE.
, D, Al l'(LH and tTHL < 20 ns, -
2 E. A1l generators output impedance = 500,
! f. A1} diodes are li914 or equivalent.
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FIGURE B8. SWITCHING TIME TEST CIRCUIT FOR AM9140
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TABLE B3. SYMBOLS AND DEFINITIONS

DL INITLON
Supply vo'tage
Commen o~ reference vcltage noae
Outiut eratle, input

crsadle, tnput
{nep-enadle, 1nput

Chap-selest, vnput

1t
wrile ingut
Lata nput ocutiut
mrgteTpesanie-state
Porgh-tr, eddnie- <t at,

Sty Current frac oy

nIgh o level Oul, Lt voilace
Lom Tevel output wvoltsge
trah Tevel -nput voltage
cow Tevel anput veltage
Memoey status autpul

Seac {ycle time

T e

Aovess time

Write

{hay enable high

{nt, enable low

Auaress

hata

Read

Setup

Rius LAy wr te cycie e

Aadress tc <" enatle setul time -
Chip eratle tc aderess helc time
Chip select to vy oenedle setu;
Chiyoenable to hty seledt he's e
Reas te chy, enable setul tew

Chy, erable to read helo tone

(hir enable to outprut CHE delay

¢

inbut setul time
'su(da! ate \ Lt t

th(da)
t

Cate nput hole time
‘ mrite pulse wodth
wiwr)
.

t e OF or 00 e cutput OfF celay
CF

Woor 0P te ootpet ON celay
interna’ Preset interval

t Ch+; enable HIGH time

WL
twicel
:akt[‘
tsu(ﬂ[) - Output enable te (f low setup time

Chrp enghle Liw time

Boess Urme P ote outent vathid aetay

tn” - - Data out te Memory Status delay

write Cyile time

!c(-rl

‘DV - - Pata valid after wrate delay




TABLE B4.

MIL-M-38510/237 FUNCTIONAL ALGORITHMS

punctional ¢lgorithies are test patterns which define the exact sequence of test used to verify proper
operativn vt & randas Aaccess Beaory (RAM).  kach algorithn serves o spectfic purpose for the testing
of the device.

ALGUR | THM DESCRIFTION

AM3130

GALDIA A, wWrate 07 anto o1t of the memory.
(N€) B, Starting at Jocatiron O write 1 to that Yocation (1),
€. Read @ gt the bachground location 1 * 3] and then read 1 at the test word locatron .
D, Repedt Step ¢ dragonally incrementing the backyground location by 31 every time).
Ee weite O to the test word locatron 1oand read (0 to chech it
Reprat Stepw Bel through all locations,

GALOIA "1™ 1y the sarie as GALDIA 0" with pppesite data.

A, Write a backgrouny pattern of "0s" throughou! memory.
(N) B.  Increcenting from gddress O to aadress 1003, read a “(" and write o “1" tnto esch cell.
¢ Increcenting tror sadress 1023 to addrbss 0, read a "1" and write a “0" 1nto each cell,
0. Repeg! Steps B ang ¢ with a background pattern of "ls" throughout memory.
ce Write (0 and ] alternately tn the first or even row.
(N} Write 1 ang O alterndately 1n the second or odd row. X

. Reaad 0 and 1 alternstely 1n the first or even row.
. Read ] and O alternately an the second or odd row.
. Repeat Steps D oand [ through 811 rows.

0. Repeat Steps A through b with complement data.

A

B

Co Repeat Steps A and B through all rows,
n

t

3

Ry

SCAN ) A, Write g background of "1s” throughuut memory.
Keao o 17 tror each lTocation an the memory starting at sddress 0 to address 1023.

AMO140

GALDIA Ao wWeate 07 ante all of the memory,

(NY) B. o Starting ot lucation 0 write 1 to that location (1),
C, Read 0 at the background location 1 463 and then read 1 oat the test word location
U Repeat Step O dragonally (tncrement tng the backyround tocation by 43 every time),
te Write 0 to the test word location b and read O to check 1t.
Foo Repeat Steps B-U through all Jocations.

9 T

GALDIA "1" ts the same as GALDIA "0" with opposite data.

Write o buchyround pattern of "0s" throughout memary,
(N) B, Incrementing from address 0 to address 4095, read a "0" and write a "1" anty each cell.

C. Increnenting from address 409% to oddress 0, read 8 "1" and wrate a "0" nto each cell.
Repeat Steps B and ( with a background pattern of "1s" throughout memory.

o] Ac Werte O und 1 oalternately in the first or oven row.
(N) B, Wrate 1 and O alternately in the second or odd row.
C.
D

Repeat Steps A and B through all rows,
Read 0 and 1 alternately in the first ar c¢ven row. J
» Rewd Toand ¢ alternately an the wecond ot odd row,
o Repeat Steps Dand £ thirough all rows,

o Repeat Steps A threoagh Fowrth cocplenent dota,

SCAN ) Av o Write g Packground of "ls" throughoat (eaory,
(N) Boo Read a "1 troe each Tacation in the meaory starting at wddress 0 to whiiess 4095,

L




TABLE B5. FUNCTIONAL ALGORITHMS FOR THE RELIABILITY EVALUATION
AND ELECTRICAL CHARACTERIZATION OF MEMORIES PROGRAM

ALUOR ] THN S RIFTION l
AL |
‘
GALPAT AL W te w backarogns (attern ¢ e Lorouahogt memary ., f
{n2) Boowrrte o U0 tent bt gt the faet o gtion,
U Read dugsm o v e ety rend docet o U rew tent bl vead Tocatten ) oread test
[ RS Y IO LTS N Y every lovattor 1y regt wite test tot Jocatoon,

Lo Move the tesr bt U0 se Tocat tun dng reeat the segaenee an step .
Lo Keyodt the seence et eack (el oy gard o tent Dt Tocation,

Corn ot oLt

GAENR‘ A, write a baoraronnd pant Cheaoghagt
(N¢) Boooweate g Y10 ants the baovaronng celloane reac o from the test bt cell,
Pathe e wrir P s tent bt ced] Bt the neat background el (ontinae

e Repeat the sy
wrtrloentire ey 1y sequence,

PooMeve Tont B Lo nest Lo atan gnd st segquence agann,

aence Wty pach cell o gnea s test bt Jocatvon,

o o Kegeat

A Wate o baosgr oot pattere uf Mgl thro ghogt memory .,
booowrte o P10 gt the fargt cello(test i),

L. ke the enthrte semory,
{

t

b

WALKING
(N<)

Cocor e ent e CTY At the st cell oang weorte a MEY aate cell O (new test bt
Read the eetire oenory,
Keora' the wegemce untrl each cell s gned av test tit tocation,

G. Reyoat steyp Cheoanh Towith g backeround patiern of "G thraughout memory ,

ROWPAl Ao Wwocte 0 taoharaond pattere of YO0 1o the firat rom,
(N3/2y Beoowrcte g "0 0 tae i Tocathar gtest b,
Ve Reas Tacption an ey e cewt lacatien Uory
bt head wntrioall ©d Yocatioes an otow teocheored with the test bt
Do Move the tens bt fo g oot Tacatren and repeat the segaehce an slep U,
Lo hecedt the segaernce antil each (et the tirst rom s used as test it Tocaton,

R,

test bty read locathon 3, read tes!

- TS — -
- — i s

P Inorenon MY rowe e congleted,
B Repwat stoys Bahroggh bowith g backarognd pattern ot "1™ 1 oughout memory,
MARCH Ac o woate w Bacbaregnd pattern ot Y theeaghout meeory .
(N} B, Trore anf g frae wadress o gddress B0 pead 2 "0" and write 3 Y1Y ante each
cell,
Codncre vrtieg frar atdeens 4ot 10 address ) rpad an and wrate an "0" wnto each
celt,
Do Koy eat e gnd oo th o backyground pattern of "14" throgghout memory.
SHIFTING AL Wt o bacbaroand of 08" with a dragnal steipe of "1, B
DIAGONAL b, Koo the paltern ancre enting the address by one each time, 3
(N) o Wt the e i one e, ;
N Kew o IR ARIE Ate et g the wtdress by o e h taime, !
B Sepven vrn e b e et e sty e has beer abatted o4 tiaes and the pattern resd V
eut oeach ame, '

Foo Repweat wfeps 8 fhrough b owrth o bacbgopand of “10% with a areeral stope of

ADDCOMP AL sty o wlterngle pattern of 08" amg "I the caghout aesory, .
(N) Bo Veraty each Tocation by the adidress sequence address, ahdress conplanent | address,
widrens « 1, ete.
Co Read ot data pattern from mveaory.

P
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TABLE B6. FUNCTIONAL ALGORITHM USED DURING FAILURE ANALYSIS

cos,RT A. Write a background pattern of “0Os” throughout the memory. ]
(N3/2)  B. Set the address to zero. This becomes the first test bit. A
C. Write a "1" into the test bit.
D. Read a "1" /rom the test bit.
E. Write a "0" into the background cells of the test bit's column alternating the writes with a
read of a "1" from the test bit.
F. Increment the row address by one. This bit becomes the new test bit in the column. ]
G. Repeat steps C through F until a1l the cells in the column have been the test bit. 1
H. Increment the column address by one and repeat steps C through G.
-
.
L
A &
L2 |
|
A
b
B19
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PARAMETER CHARACTERIZATIONS
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APPENDIX C i
PARAMETER CHARACTERIZATIONS !

Electrical parameter measurements were performed on all devices prior to
the start of stress tests, during stress tests and at the conclusion of each
stress test. The initial and final data at 25°C and 125°C was summarized in
groups of devices defined by the various stress tests. These summaries are

provided in Tables C1 through C12. The input/output leakage currents measured
on the automated test system default to + 50 nAdc as a minimum value. There-
fore, for those parameters whose actual values lie between + 50 nAdc, the

T

computed mean (x < 50 nAdc) and sigma (o= 0) shown in the tables are not

representative of the actual mean and sigma. MNo important parametric shifts
indicating parameter degradation were observed from the initial data to the :
final data. i

ce
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TABLE C1. AM9130 STATIC LIFE TEST PARAMETER CHARACTERIZATIONS AT 25°C
NIL-#-38510/23704 1255 STATIC LIFE 200° STATIC LiFE
PANETER TEST LINITS ™ 4000 R m 4000 R wits
uIN A WM [ SIoM | e | siow | mem 16 [T SIGW
Un 10 0.0%0 | 0,009 0.0e8 | 0.021 | o007 | 0.028 0.0 | 0,003 | whec
lats 10 0.008 | 0.019 0.050 | 0.000 | 0.050 | 0.000 0.050 | 0.000 | uAk
Yozt 10 0.050 | 0.000 0.050 | 0.000 | 0.05 | 0.000 0.0 | 0019 | uacc
lecay s | er.800 [ reez | sso00 | 8wz |eeso0 | r.o2e | essoo | 7.080 | maac
Yousz 2.2 2.990 | 0.089 2900 | 0.059 | 300 | 0.06 3.000 | 0.065 | vec
Yo 0.4 0.6z | 0.0 0360 | 0.0 | o162 | 0.8 0160 | 005 | va
Yeo * 45 Ve
READ/WRITE
tyge SCAN 1 500 {161.000 | 8.858 | 165.000 | 8.535 [159.000 | 11.450 | 162.000 | 11.326 | ns
READ/MODIFY/MRITE
tagcr)+ MARCH 500 (166.000 | 9.417 | 169.000 | 9.509 |1e4.000 | 11.780 | 186.000 | 11.689 | ms
L
TABLE C2. AM9130 STATIC LIFE TEST PARAMETER CHARACTERIZATIONS AT 125°C
ML -M-38510/23704 175°C STATIC LIFE 200°C STATIC LIFE
PARAMETER TEST LiNI¥S 0 M 4000 HR o 4000 R wits
W | A SIGA | mEAN siow | rem S1ou | sion
L 0 0.0 | 0.000 | 005 | 0.000 | 0049 | 0.01 0.00 | 0.0 | wMc
IONIN 10 0.048 0.019 0.050 0.000 0.050 0.000 0.050 0.000 whdc
toat 10 0.050 | 0.00 | 0.05 | 0.000 | o0.050 | 0.000 0.00 | 0.000 | yAde
Yecor 125 67800 | 9s.ass [ esa00 | sa | e6.900 | s [ ere00 | ens | waec
Yous2 2.2 300 | oss | 300 | o.0s | 3050 | o0.06 3.040 | o0.088 vac
Yo 0.4 o2 | o020 | o215 | oo [ o215 | o.ms o | o017 vae
'( - 4.5 v
READ/WRITE
I.”. S5CAN 1 500 185.000 16.170 191.000 10.294 184.000 14.070 188,000 1239 [}
READ/MODTFY/WRITE
— 500 [190.000 | t4.800 |196.000 | 10.960 [189.000 | 15.000 | 191.000 | 13.7%8 ns

C3
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TABLE C3. AMS130 DYNAMIC LIFE TEST PARAMETER CHARACTERIZATIONS AT 25 C

NIL-N- MS10/22704 175°C_gvmamic (IFE 200°C_ DYRANIC L IFE
1 SAMETER TEST LINITS Y 100 ™ - s
[T [ ) S1GM [T SIGW A S1GW ) S (G
[ [ 0.050 | 0.000 0.0 | 0.000 0.047 0.027 0.049 0.002 | uhac
o2ty 10 0.047 | 0.02 0.0 | 0.000 0.04% 0.039 0.050 0.000 | uAdc
loa2) © 0.080 | 0.000 0.050 | ©.000 0.047 0.026 0.050 0.000 | uade
Yee2 128 85.100 | 5.1 85.100 | s.e22 | 86100 4.362 85.200 e | mdc
Vonaz 2.2 3.010 | 0.069 3.010 | 0.068 3.020 0.012 3020 | o.0n | vae
Vouss 0.4 0.160 | 0.014 0.150 | g.0m 0.150 0.015 0.158 0.008 | vac
Voo * 4.5 Vde |
READ/WRITE !
tge SCAN 1 500 162,000 {11770 | 165.000 | 11.328 [160.000 [ 11.220 | 1e2.000 | 11.700 [ ns
READ/MODIFY/WRTE
tacceye WA 500 166.000 |12.590 | 168.000 | 12.67¢ [16s.000 | 12.060 |es.000 | w.en | s

TABLE C4. AM9130 DYWAMIC LIFE TEST PARAMETER CHARACTERIZATIONS AT 125 C

NIL-N- 38510723704 175°C DYNANIC LIFE 200°C UYNANIC LIFE
PARNETER TEST LIMITS ™ 4000 om B 4000 W _‘:} LTS
wn e ] wan | stow pﬂgﬁﬂaé_wLJﬁwdﬁva,ww~ﬁﬂ

m 10 .08 o0.018 0.01 | o.08 0.050 | 0.000 0.009 | 0.009 | LA i
w21y 10 0.085 0.0 0.05¢ | 0.032 0.050 | ©.000 0.05 | 0.000 | wAde ,
w21 0 0.0%6 0.045 0.055 0.039 0.050 0.000 0.0%0 0000 vhdc ;
Yecar 128 64.400 4599 [ 64.300 | 4.608 63.900 | 1270 64.500 ( €975 | madc f
o3z 2.2 3.000 0.070 3.030 1} o.0% 2050 | o.012 3040 | 001 vac :
Yo 0.4 0.202 0.06 0.209 | o0.017 0.215 | 0.006 0.208 | o0.017 i |
Yoo * 4.5 Vdo 1y

READ/WRITE

tyge SCN ) 500 | 1e7.000 13.560 1190000 | 14.033 | 196.000 | 12.3% | 1me.000 | 13 a2 a8

READ/NOOIFY/MRITE

taggye WAACH so0 {191,000 14,500 |193.000 | 14.880 | 19v.000 | 12.870 | 193.000 | 1a.0%0 s




TABLE C5. AM9130 STORAGE LIFE TEST AND TEMPERATURE CYCLING PARAMETER
CHARACTERIZATIONS AT 25°C

NIL-N- 38510/23704 275°C STORAGE LIFE -65/150°C TEWPERATURE CYCLING
PARNETER TEST LINITS [ 2000 W [ 200 CYC [
NIN WX AN SIGM NEM SIGM [T SloW ™ SIGMA j
I 10 o.048 | 0.022 0.080 | 0.000 0.049 0,08 0.00 | 0.000 | mhsc
Tzt 10 0,05 | 0.000 0,050 | 0.000 0.050 0.003 0.0 | 0.03 | w&k
o) 0 0.050 | 0.000 0.050 0.000 0.046 0.024 0.061 0.021 whdc
Yecar 125 85.600 | 4.603 90.600 | 4.63% | %0.100 6.955 89.900 | 6.927 | whdc
Y2 2.2 1.010 | 0.088 3.020 | 0.088 3.00 0.063 2,008 | 0.063 | vae
You 0.4 0.160 | 0.014 0.166 | 0.016 0.164 0.014 0.164 | 0.0 | vée
Voe = 4.5 vdc
READ/WATTE
by, SCAA 1 500 161,000 | 8.0012 ) 161.000 | 7.828 ] 160.000 9.213 | 160,000 | 9.904 | s
READ/MODIFY/WRITE p
tageeye AEH 500 166.000 | 7.88) | 167,000 | 8.092 |165.000 | 10.%0 | 166.000 | 10.550 | s
H
¥
£
%
"
5
i

TABLE C6. AM9130 STORAGE LIFE TEST AND TEMPERATURE CYCLING PARAMETER
CHARACTERIZATIONS AT 125°C

—F

NIL-®- 30510/23704 275°C STORAGE LIFE -65/150°C_TEPERATURE CYCLING {
PANETER TEST LINITS X 2000 R 0 cYe 200 CYC s i
[ WX [T SIGR WM | slow | mem 1M [T SIGMA

" 0 0.009 {o0.015 0.050 | 0.000 0.047 | 0,021 0.050 | 0.000 |uAd :
loutrs 0 0.050 | 0.000 0.050 | 0.000 o.050 | o0.000 0.05 | 0.033 [uhac L
loan 0 0.050 | 0.000 0.045 | 0.032 0.050 | 0.000 0.061 0.021 | unde 5
teenr 12 st.a00 | 3.00 70.200 | 4.892 60,000 | 490 | 67600 | 4960 |mas " 3

Vo2 2.2 3.000 |0.0% 3043 | 0.0%4 3.040 | 0.062 3008 | 0.06) |vec |
L 0.4 0.2 |o.o6 0.217 | 0.6 0.7 | 0. 0.164 0.0 | vac i

Yoo & 4.8 ve |
READ/WRITE i d
g SCMI 1 500 186.000 | 9.376 186.000 {10.257 (184000 (11520 [185.000 | 11.308 | s i1

READ/MODIFY/WRITE i

ta(ce) T 00 191.000 | 8.6%0 193.000 110.569 ] 189.000 [12.380 [190.000 [12.437 |ps ‘

!

i

|

I

i
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TABLE C7. AM9140 STATIC LIFE TEST PARAMETER CHARACTERIZATIONS AT 25°C

NIL-N- 3851072312 179°C STATIC LIFE 200°C STATIC LIFE
PARNETER TEST LINITS 0 R 4000 X 000 MR -mirs
[0 WX AN Stam WM S1aW AN SIMA m S1om

Y W 0.05) 0.008 0.080 0.000 0.081 0.007 0.008 9.000 | uAsc
lonzte 10 0.050 | 0.000 0.060 | 0.000 0.070 0.0% 0.000 | 0.000 ) .Adc
tmn [ 0.050 | 0.000 0.080 | 0.000 0.080 0.000 0.000 | 0.000 | .as
leenr 2 77.800 | 4.589 .92 | 4.4 78.200 5.628 %.21 $.07 | whdc
Yo 2.2 2.950 | 0.08¢ 298¢ | o0.000 2.950 0.10) 2984 | 0.008 | wac
Youm 0.4 0.153 0.008 0.149 0.000 0. 0.03 0.1 0.00) | v
Voo © 4.5 Vo

READ/WRITE

Gegr SO Y 500 [ 191.000 |[22.110 |190.000 | 22.849 |i83.000 | 2t.Mm0 15.000 | 10.780 | as

READ/MODTFY/MRITE

tagce)’ MARCH $00 176.000 {20.430 {V72.000 | 20.890 168.000 18.860 170850 | 18.548 | as

TABLE C8. AM9140 STAVIC LIFE TeEST PARAMETER CHARACTERIZAVIONS AT 125°C

NIL-N- 9610/23712 175°C STATIC LIFE 200°C_STATIC LIFE
PANETER TEST LINITS e — 1 4000 MR 0 M 4000 W TS
1) WX 1) S1eM [T SIGMA [T SIO [ 1] siom
' 10 0.051 | o.013 0.050 | o.000 0.0 0.01) 0.080 | 0,000 | aa
[ - w 0.0%0 | 0.000 0.0%0 | p.000 0.050 0.000 0.080 | 0.000 | Ak
loun »w 0.050 | 0.000 0.050 | o.000 0.050 0.000 0.000 | 0.000 | .aa
leear 2 63,300 | 3664 | ar.984 | s.026 60.400 §.012 61387 | 3885 | maa
Yonsz 2.2 2.9% | 0.0 200 | o.om 2.9%0 0.103 2.9 | 0.0% | vac
Yoz 0.4 0.1 | 0.0z o | oo.on 0.19% 0.007 0 | 0.017 | ve
Voo = 4.5 vk
AL/ W)TE
tyge SCAN 1 800 | 206,000 |26.210 |200.000 |26.769 |213.000 | 23.060 70000 | 2.7 | s
READ/MODIFY/WRITE
tatce)e SN 500 (19,000 |22.220 J200.000 |28.37 187000 | 22.300 202.000 | 20.047 | o8
P
C6
]
\ {

g

t
!




TABLE €9. AM9140 DYNAMIC LIFE TEST PARAMETER CHARACTERIZATIONS AT 25°C
RIL-N- B510/23712 175°C DYMAMIC LIFE 200°C DYMANIC LIFE
PANNETER TEST LIMITS [ 4000 WA (X 4000 W wItS
NIN A AN Siaw [ 1] T AN B [T] SIGM

™ 10 0.05) 0.000 | 0.050 0.000 0.051 0.007 0.050 0.000 { wAdc
Towzts 10 0.050 0.000 | 0.050 0.000 0.050 0.000 0.050 0.000 | A
Lowz21 10 0.050 0.000 | 0.050 0.000 0.080 0.000 0.0 0.000 | wAk
lecar s 79.400 4.7 | 76.833 a8 | 78100 . 74.000 3.00) | mAdc
Voua2 2.2 2.960 0.075 | 2.962 0.07¢ 2.960 0.166 .90 0.168 | vac
Yo 0.4 0.147 0.00 | 0.1%0 0.008 0.146 0.016 0.1% 0.015 | véc
Voo v 45 Vi

READ/WRITE

thgs SOAN 1 500  {180.000 | 17.370 {184.000 | 17.393 [187.000 21,030 191.000 | 20.822 | aS

READ/MODIFY/WRITE

tace)s MRCH 500 [166.000 | 15.300 [171.006 | 1e.932 [173.000 |18.070 178.000 | 18.389 | S

TABLE C10. AM49140 DYNAMIC LIFE TEST PARAMETER CHARACTERIZATIONS AT 125°C
WIL-M-38510/23712 175°C DYRAMIC LIFE 200°C DYNAMIC LIFE
PARNE TER TEST LINITS X 4000 WX oM 4000 W wits
[ [ A SIG M SIGA [T SIW (1] Siow

[ 0 0.050 | 0.006 | 0.080 0.022 0.050 | 0.003 0.050 | 0.000 | wAa
Sourrs 10 0.050 0.000 0.080 0.008 0.050 0.000 0.050 0.000 | uAdc
Toz21 ‘o 0.050 | 0.000 | 0.083 0.013 0.050 | 0.000 0.080 | 0.000 | wAd
Yecar 128 67.000 | s.600 | g0.700 ERD) 62.000 | 3.7%0 0.3 | 2950 | sAk
Yousz 2.2 2980 | cors | 2002 | 0.006 2.980 | 0.168 291 | 0.9 | vac
Voure 0.4 0182 | 0.007 | 0.9 0.003 0.187 | 0.022 0.193 [ 0.023 | vec
Voo * 4.5 Ve

READ/WRITE

tygs SCAN 1 500 1183.000 |17.8%0 (221,000 | 21.774 [207.000 |24.0% 273.000 | 22,009 | ns

READ/MODIFY/WRITE

tarce)s MRCH 500 | 170.000 |15.570 |206.000 | 1s.302 | 193.000 |21.020 200,000 [ 2023 | ns




AM9140 STORAGE LIFE TEST AND TEMPERATURE CYCLING PARAMETER

TABLE C11.
CHARACTERIZATIONS AT 25°C
WIL-#- 38610723002 2WS°C STORMGE LIFE ~65/150°C TEWRRATURE CYCLING ]
f— TEST LINITS 0 R 2000 M 0 Cve 200 CVC | wirs
) AL A SIGN [T SIGM [0 slem T SigH |
l“ 10 0.050 0.0 0.050 0.000 0.051 0.007 0.050 0.000 whdc ]
loas 0 0.050 | 0.000 0.0 | 0.000 0.050 | 6.000 0.050 [ 0.000 | ude
Tzt 0 0.050 | 0.000 0.050 | 6.000 0.050 | 8.000 0.950 | 0.000 | wAoc |
tecar 125 79.200 | 6.889 83.400 | 6.646 M.600 | 8.883 7n.050 | 8.905 | mAa
Yourz 2.2 2.9% | 0.7 2.960 | 0.127 2.930 | 0.0 2.93 | 0.3 | vec
v““ 0.4 0.1¢7 0.009 g.153 .00 0.152 0.01¢ 0.152 0.0} J vao ‘
Yeo * 4.8 Vde ]
READ/WRITE
l“. SCAN 1 300 177.000 17.910 177.000 | 18.330 201.000 21.1%0 199.000 27,098 n$ t
READ/MODLFY /WRITE
t‘(c”. HARCH $00 165.000 16.470 166,000 | 16.800 184.000 .10 184 000 23.640 ns

AM9140 STORAGE LIFE TEST AND TEMPERATURE CYCLING PARAMETER

TABLE C12.
CHARACTERIZATIONS AT 125"C
WIL-M- 18510/23012 213°C_STORAGE LIFE. -§8/150°C TENPERALURE CYCUING
MANETER TEST LINITS R 2000 W ooy 200 cvc | wars
[ [ WA | Stow WA ] SIGW | A SIGNA < siow ||

Vi Y .00 | o0.008 0.050 { .00 | 005 | 0.0t 0.050 | 0000 | whs
lounts ) 0.050 | 0.000 0.050 | 0.000 | 0.05 | 0.000 0.00 | 0.000 | uhd
louzt 1] noso | 2.000 0.0 | 0000 | 0.050 | 0.000 0.050 | 0.000 | whd
‘tc', 12 $3.900 410 nasoe $.570 $7.100 1.081 55.400 6 A4S whdc
Youst 2.2 297 | 0.2 2.900 | o080 | 290 [ o010 295 | o.et | va
Yo 0.4 o.m | 0.0 0% | o.0u [ 0w | .02 o205 | o.008 | vec
Ve = 4.8 VK

"EAD/RITE

e SO S00 (200000 20020 | 193.000 | 19.693 B23.000 |3 260 (222000 | M08 | ms

READ/HCOLFY/MRITE

ta(cr)- N 500 106000 {17.680 | 180.000 | 1e.283 pos.coo [27.060  |209.000
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a)

b)

FAILURE ANALYSIS

1.0 PROCEDURE

A1l parts that failed an electrical test during the program were analyzed to
determine their failure mode, failure mechanism, and probable cause of failure.
The general analysis procedure was as follows:

Each failure was confirmed via a separate bench test set-ups, a curve
tracer test, or a retest on the automated test system.

Each failed part was examined using suitable diagnostic equipment such as
a curve tracer to isolate the degradation to a specific element or
junction to the extent possible via external measurements. If it was
possible to isolate the degradation externally, the part was leak tested,
delidded and the degraded component investigated to determine its failure
mode and mechanism. If the degradation could not be isclated externally,
the part was subjected to an unpowered bake and retested. Any part that
recovered after baking was classified as a surface related failure and
was leak tested, delidded, and examined, but no further attempt was nade
to identify the exact failure mode or mechanism, If the part did not
recover after baking, it was leak tested, then delidded for trouble-
shooting to isolate the failed component(s) for analysis.

2.0 SUMMARY
A summary of the analysis findings is presented in Table Di. The table

contains a description of the failure symptoms and the analysis findings for

each type of failure. In addition, it lists the quantity of failures, failure

times, test conditions for each type of failure and a paragraph number refcrence

to the related analysis report.
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2.1 AM9140 1,, FAILURE

IH

An AM9140, S/N 79, failed IIH at pin 3 (ADDRESS 8) and at pin 9 (OUTPUT
DISABLE) after 504 hours of static excitation life tests at 175°C. The part
passed the 504 hour, 25°C parametric tests, failed IIH at +125°C and -55°C,
and then failed IIH when retested at 25°C as shown in Table D2.

A curve tracer bench test of S/N 79 disclosed that I
at the specified VINH of 5.5 volts. The complete 1

1y at pin 3 was 31uA
IH characteristic is

shown in Figure Dl. 1, at pin 9 was 2200 pA at 5.5 volts and the complete
IIH characteristic is shown in Figure D2. The part was delidded for failure
analysis. A photograph of the pin 9 input network is shown in Figure D3 and
its electrical schematic is shown in Figure D4, For further clarification, a
photograph of the pin 9 network of a sample part, after removal of the alumi-
num metallization to expose the diffused components, is presented in Figure
D5. The aluminum interconnect between R2 and the input transistor of the
output disable stage was severed open and IIH of pin 9 was remeasured.

IIH (9) was unchanged indicating that the leakage was located in the protec-
tion network. No further isolation was possible because of the structure of
the protection network, but the leakage was probably caused by degradation of
the junction between the substrate and the n-type diffusion (N1) that composes
R1, RZ2, the drain of Ql, and the drain of Dl. The input network of pin 3,
shown in Figure D6, was the same as that of pin 9 except that the pin 3
network contained a polysilicon gate capacitor (Cl) between pin 3 and VSS

and that R2 was connected to the input transistor of the address stage via a
polysilicon interconnect rather than an aluminum interconnect. Because the R?
diffusion was butted directly to the polysilicon interconnect, the address
stage was not severed from the input protection network. C1 could be
discnnnected and was, but this did not change the leakage. Although it could
not be definitely estahlished, the failure mode of pin 3 was probably the sane
as that of pin 9.

S/t 79 was baked for 16 hours at 200°C and exposed to ultraviolet (U.V.)
Vight for 15 minutes after which IIH at pins 3 and 9 had completely recovered

vy

- 1

Ty




- 3
B T 3 3 3 ¥ 7 PRI A 4

=

TABLE D2. 1 H MEASUREMENTS AT 504 HOUR MEASUREMENT POINT

I
- . S 1
TEST MEASURED VALUE SPECIFICATION
PARAMETER |  1pmpgRATURE PIN 3 PIN 9 LIMIT
Iy +25°C <50 nA <50 nA 10 uA
Iy +125°C 42 yA >102 uA 10 wA
1y -55°C 23 A >102 A 10 uA
Iy +25°C RETEST 42 wA >102 uh 10 uA
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cé

(< 50 nA). This indicated that the degradation was the result of a sirface
instability mechanism. During life test, pins 3 and 6 had been covnected to
VSS' Thus, no bias had been applied across the input protection networks of
pin 3 and pin 6. This plus the fact that 1y was nominal at 25°C when first
tested after 504 hours indicated that the instability was not induced by the
life test. Apparently, the pin 3 and pin 9 input networks were degraded

either by static charge generated during handling of the part between the é
first 25°C test and the +125°C test or by an electrical transient generated '
during the parametric tests. For reasons unknown the damage was not permanent
and could be reversed.
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2.2 AMI130 VOL’ VOH’ ta(@ﬁ) FAILURE

One AM9130, S/N 62, failed V0H32 at pin 5(output 1) and at pin 6
{output 2) and V0L34 at pin 6 at 25°C after 2000 hours of 200°C dynamic life
test. The part also failed ta(CE) during all of the various MARCH, GALDIA,
and CHECKERBOARD pattern tests at supply voltages of 4.5V and 5.5V. Also, the
part failed all 16 V0L and VOH tests and all ta(CE) pattern tests at +125°C.

A curve tracer bench test verified the VOL failure at pin 6 and the VOH
failure at pin 5. The output of pin 5 was low ("0") when it should have
been high ("1") and the output of pin 6 was high ("1") when it should have
been low (“0"). The output at pin 5 could be made to go high and the output
at pin 6 could be made to go low by selecting an appropriate address other
than that used for the V0L and VOH tests. This indicated that the problem was
the result of improper logic delivered to the output stage rather than any
degradation in the output transistors. The VOH failure at pin 6 could not
be confirmed and this indicated that the part had recovered partially.

A bench tester for the AM9130 and AM9140 devices was constructed in order
to investigate voltage and pattern sensitivities and to create failed-bit
maps. The bench tester utilizes a 6800 microprocessor-based computer to input
signals and data to the device under test. Control signals also drive an
address sequencer capable of automatic, external, or manual triggering. Test
programs are stored via magnetic tape and all output, control, and address
signals are monitored via both a logic analyzer and an oscilloscope. This
test setup is shown in a block diagram in Figure D7.

Using a Read/Modify/Write pattern of alternating columns of "1's" and
"0's", each address was analyzed and a failed-bit map created for the four
outputs at the nominal supply voltage of 5.0 volts. This disclosed failures
occurring at numerous addresses. For example, Figure D8 shows the four
outputs at address 17008 during a sequence of output enable pulses. Note

that after writing a "0" to output Z, a "1" incorrectly appears at output 2
and that after writing a "1" to output 4, a "0" incorrectly appears at

D13
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output 4. A complete bit map showing the physical location (die location) of
all the failed bits at 5.0 volts is presented in Figure D9. The part exhibited
a critical supply voltage (VCRIT)‘above which the part functioned properly

and below which the part exhibited an increasing number of failed bits (the

! lower the supply voltage, the greater the number of failed bits). The critical
[ voltage is illustrated in Figure D10. Figure D10 is a composite oscilloscope

' trace showing output 2 (address 17778 operating properly at 4.66 volts and
failing at 4.65 volts. The critical voltage was pattern or address sensitive
as illustrated in Figure D11 through D14 which are shmoo plots generated on
the automated test systemi. The critical voltage also varied (drifted) with
time of applied power. For example, at one point during the bench testing, at
address 17778, VCRIT was 5.70 volts. After 15 minutes of testing VCRIT
increased to 6.38 volts. The part was then turned off for 30 minutes and when
retested VCRIT was 5.83 volts. Critical voltages as high as 6.72 volts

(after 20 minutes of operation) and as low as 5.40 volts (after one week of
storage) were observed for this part. The drift phenomenon was observed at
most of the failed bits and may be the reason for the pattern sensitivity
indicated by the shmoo plots.

After curve tracer pin-pin tests disclosed no sign of degradation at any
input or output component, the part was baked for 16 hours at 200°C. A retest
of the part on the automated test system after baking disclosed that it had
completely recovered. Thus, the failure of this part was the result of a
surface related mechanism probably caused by ionic contamination in or on a
passivation layer.
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2.3 AMS140 t FAILURES

a(Ct)

Eight AM9140 dévices failed ta(CE) during various MARCH, GALLOP and CHLCHLR-
BOARD tests at one or both of the supply voltage test conditions. Six parts
only failed at -55°C and/or +125°C. Two parts, S/Ns 88 and 92, failed at 25°(
(S/N 92 also failed at -55°C and +125°C). In each case the failed value of
ta(CE) was greater than 950 ndnoseconds, the upper limit setting of the
measurenient system (the specified maximum limit is 500nS).

The two parts that exhibited 25°C failures were bench tested using the
microprocessor controlled test set-up described in paragraph 2.2. S/N 88 had
failed ta(CE) during MARCH, MARCH RMW, GALDIA RMW, MS, CB POWLR DOWN, and
CBN POWER DUWN, all at VCC=5.5 volts, during the parametric tests. S/N 92
had failed ta(CE) MARCH, MARCH RMW, GALDIA RMW, and MS, all at both 4.5V and
5.5V, during the parametric tests. However, during the bench test no anomalous
patterns or failed conditions were detected over the supply voltage range of
3.0 to 7.0 volts. Therefore, shwoo plots of MARCH RMW and GALDIA RMW of both
parts were generated on the automated test system. S/N 92 passed both shmoo
tests, therefore a complete parametric retest was performed. S$/N 92 passed
all tests indicating that it had completely recovered while awaiting analysis.
S/H 88 failed the MARCH RMW shmoo test as shown in Figure D15, but passed the
GALDIA RMW as shown in Figure D16. Since the shmoo test results indicated
that ta(CL) during GALDIA RMW had recovered, a complete parametric retest of
S/N 88 was performed. S/N 88 passed the GALDIA RMW test, but still failed the
other five tests that it had originally failed. These findings indicated that
the failure had partially recovered and therefore S/N 88 possibly was a surface
related failure. After curve tracer pin-pin checks disclosed no sign of degra-
dation at any input or output component, S/N 88 was baked for 16 hours at 200°C.
A retest of iLoe part after baking disclosed that it had completely recovered.

In view of the results of the investigation of the 25°C failures, the six
parts that failed only at high or low temperature were baked prior to any bench
testing. After a 72 hour, 200°C bake, all six parts completely recovered. Thus,
the failure of all eight AM9140 devices which exhibited excessive ta(CL) Was
attributed to a surface related mechanism probably caused by ionic contamination
in or on a passivation layer.
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2.4 AM9140 t CB AND CBN POWER DOWN FAILURE

a(Ct)

One AM9140, S/N 63, failed the 25°C and the -55°C ta(CE) CHECKERBGARD
(CB) and CHECKERBOARD NOT (CBN) POWER DOWN tests after 4000 hours of 200°C
dynamic life test. The power down test consists of writing a CB or CBN
pattern into the memory at VCC = 5,5 volts, reducing VCC to 1.5 volts for
one second, raising VCc back to 5.5 volts and then_perfonning a CB or CBN
read and compare test.

The microprocessor controlled bench test set described in paragraph 2.2
was not equipped to perform the powerdown checkerboard patterns, and time did
not permit reprogramming it to do so because the part failed so late in the
program. Therefore, S/N 63 was retested on the automated test system. The
part still failed the CBN test but now passed the CB test indicating that it
had partially recovered. After curve tracer pin-pin tests disclosed no sign
of degradation at any input or output component, the part was delidded, baked,
and exposed to U.V. light. When retested the part was again failing both the
CB and the CBN tests. Additional diagnostic testing of the part on the auto-
mated test system established that the failures occuring during the checker-
board tests were located at four adjacent memory cells: 31368. 31378, 32368,
and 32378. Optical examination of these four cells revealed no obvious
anomaly, consequently the glassivation layer was removed chemically for re-
examination and further analysis. Examination of the four cells again
revealed no anomaly. A retest of the part on the automated test system at

this point prior to any further analysis, disclosed that it now was failing all
functional tests. The failures were permanent and could not be reversed by baking.
Apparently, the part had been damaged irreversibly by the glassivation removal,
but the nature of the damage could not be established. As a result, no further
analysis of the original CB/CHB failures could be perforied and the failure

mode and mechanism of this part could not be established.
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