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EVALUAT ION

This study in support of TPO5, C 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 LSI 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 4000 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



errors which occur during the life test between the electrical test measurement

titnes. \% ith so tew hard failures occurring in a 4,000 hour accelerated life test,

sucII an approach is expected to yield a great deal of additional useful reliability

informatioi.

The A'Il.91l40 is alreac!y inl use in F-16 and F-13 systenns an! the AN/ITPA-

)A,\ lIF eOuip'nent. Ti, stu;]t should lit uvi(,e ,ssurunce that p:irts procured to th;e

rc'quir, nenlts of ,IL.- -3.519/?37, (C'Ijss .will perfort, rliablv in thcsc anu othcr

SystC'iiso

CARMINE J. SALVO
Project Engineer
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1.0 INTRODUCTION

Air Force systems are currently being designed with 4096-bit static NMOS

Random 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

NMUS RAM technology. Particular attention was given to determining the suit-

a bility of high temperature operating life tests with static excitation and to

co;'ipare the relative effectiveness of static versus dynamic excitation acceler-

d&ed life tests.

tk pfriliary objective of this program was to evaluate and characterize the

rl iab ility and f dilure modes of 4096-bit LSI Memories procured to the specifi-

c,i1ti, 1 ck:ir.eitnts of MIL-M-38510/237. The secondary objective was to evaluate

the t'ritiny effectiveness of the detail specifications and to make recomnmen-

d,1 ion. for improving the screening effectiveness as a result of life testing.

ITis report provides a general description of the overall program' and
pretsl s the reswlts of all tests and evaluations conducted throughout. the

proir,;I. The results of failure analysis and data analysis are also included

i his report.

..$
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2.0 PROGRAM DESCRIPTION

2.1 TEST PPOGRAM

The program for characteri zinrg the failuore modes of 4090-b it 1I, l I emries.

is ill ustrated in F igure 2-1. The work flow of the test prograr) was sobdiv .d(d

into three phases which inctided: (a) initilal inspections and hermetic I ty

test ing, (b) electrical, physical and reliability characterizations, aind (c) i

mat rix of temperatuore cycli1ng and hi gh tempera 't tire Oplerdt inki ad noe

life tests. Upon receipt of dev ices at MDAC-St . Louis, the ttest devices were

subjected to vi sual inspect ion and hermetic i ty tests. All1 dev ices t hat p o

the Phase I inspections and tests were electrically tested to the apjr iaL~T~tt'

MIt -M- 383 Ii) slIash sheet . Ilihe el ectI.r ical eha rIc t erzat i(ons were per to ri~ied onl I
1001, basis to the Groulp A dc andi funictional tests of the appropriit cM!-M3'

slIash sheet . Foll1owi ng the in it i l exam illrti ill and elect ri cal test'.' acce't -

able devi ces were al located by Ser1ialtinuber. to0 od(iVi dul] tes t (irulyjS. I hit,

dev ice a l Ioca t ion f or each pa rt typet is, Shown1 in I i qitre 2-1.

Phy i cal chlaralcter i za I i oils wyere perf-ormied b y hot h MDAC-St. Itoms and RAOt'

anallyses Were us~ed to (lett erili n lstIrouct ion0 leAthodk N.;.anufaLe I r inijg'~o a~p ffv cicsofec eoytp.FeIr ep pca ess

tVch11ir (id v , ale ilI dev i ce( sC heladt i CS, dand i nit er naI ga s amb ie n t. These resul ts

were used to predict poterltial reliability problems, to identit y anly phYsicail

limitations wh i ch may i nfluwence thi' Sdect. ion Of life test eiirtorsdild to

provide a baseline for faiil ore anailyses act iviti. es.

Reli ab ili ty c ha rac trcr a t loris we re perforwed on a samipl1e of tenl (tvcvy (itC'

each meuiory type as prereqiqoIsit es to dcl.erm i n i rli) the ac cel erat ed litt t*Iest

cond itiloris. These stu tdies i nclu tded the eva 1 ot ion of bot h st at ic and dyo a' ei

exc itd lion hi as c ircu its and I hermna resistanice mecas oreme its for comptut inrq t he

devi ce JunctIion toriperatures at the ant ic ipat ed life test termperatuores. Pr ior

to sel ect ing the stat ic oxci tat ion b~jis circuit,, considerat ions were given to

the dvvices' operat ional mofth's, address input. sel ection arnd (ot ut load. I or

t he (Iyna:;ie exc it at ion bi os c ireui ts thle cornsiderot. ions mecl tided th li,1ev ices'
t'ra~t lill ~ d'; Ii~ , ,I t V10 , ! i optil, 1 rig frequiency , anrd out pot l oad.

LOW,,
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The results of the Phase II characterizations were used to select the

operating life test conditions for Phase III evaluations. In addition to the

operating life tests, high temiperature 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 hours at an ambient

temperature of 275°C. The temperature cycling tests consisted of ten devices

of each part type subjected to -65°C to 150C 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 teriperatures of the test cells at

2000C and 175'C. Interim electrical performance ,easurements were perforled 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 subgroups 9, 10, and 11 are the functional tests at ?5°C,

1?Y'C, and -55"C of the detail specification and are defined in Appendix B.

All devices thdt failed an interim test at 25%G were removed from the life test

and subjected to failure analysis. In addition, shmoo plots were initially

generated for access time as a funct ion of supply voltage for 25°C, 125"C and

-55"C with two devices of each part type. One device of each type was assigned

to the 200"C dynamic excitation test cell and shmioo plots were generated at the

4000 hour ri easurei:ient point.

A cortrol sample of five devices of each meemory type was subjected to

electrical performance measurements prior to the start of each interim test

meastirevi:ent period. The purpose of the control sample was to verify the long

teri stability of the automated test equipment.

4

9-A



1ABLE ?-I. HIGH TEMPERATURE OPERATING LIFE TEST INTERIM ELECTRICAL MEASUREMENT
SCHEDULE

M438510/237, TABLE III
CUMKJLAI]VE HOURS SUBGROUPS I & 9 SUBGROUPS 2. 3, 10 & 11 _____________

0 x Xx

168 x

504 x x

1000 x x

1500 x
2000 x x

4000 x x x

lAil ?-2. HIGH TEMPERATURE NON-OPERATING LIFE TEST INTERIM ELECTRICAL MEASUREMENT
SCHEDULE

[ M38510/237, TABLE I
CUA~RM'E OUR SUGROPS &9 SUBGROUPS 2. 3, 10 A 11

0 x x
168

504. x
1000 x

200x x

CUMUA1IV CYC ESM38510/237, TABLE III
SUBGROUPS 1 & 9 UBGROUIPS 2, 3. 1loi

0 x x
10 x50 x



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 total 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

Table 2-4.

6



TABE 2-4. r.EMORY TYPES

MIL-M-38510 PART IYPL MANUFACTURER MANUFACTURER PART NUMBER
RE FER CE ..C. .

/23704BWC 1024 x 4 BIT NMOS ADVANCED MICRO AM913OADM-B
STATIC RAM DEVICES
2? PIN CERAMIC DIP

/2371?BWC 4096 x I BIT NMOS ADVANCED MICRO AM9140ADM-B
STATIC RAM DEVICES
2? PIN CERAMIC DIP

NOTES:
1. AL.I MEMORIES SCREENED TO MIL-STD-883, CLASS B WITH 168 HOUR, 125°C

STATIC BURN-1N.
2. NOT QPL-38510 DEVICES.

I- *
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3.0 RESULTS OF PHASE I INSPECTIONS AND TESTS

3.1 EXTERNAL VISUAL EXAMINATIONS AND HERMETICITY TESTS

All 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 lOX magnification for evidence of damage to package, package

seals, and leads per MIL-STD-883, Method 2009.1. Nine AM9130 and seven AMQl40

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 visual examinations, all devices were subje(ted

to hernieticit) testing to MIL-STD-883, Method 1014.1, Conditions Al and C?. A

single AM9140 device failed both fine and gros\ 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 3-1. A summary of the visual inspections and hermeticit)

tests is presented in Table 3-1.

8!
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FIGURE 3-1. REPLACEMENT AM9140 DEVICE IN NON ANTI-SrAY'IC MATERIAL

9



TABLE 3-1. INITIAL INSPECTION AND HERMETICITY TEST RESULTS

PRNUBR TOTAL VISUAL INSPECTION HE R METICITY TESTS ~ TOTAL~
TESTED PASSED 1FAILED FINE LEAK GROSS LEAK FIE

_____ \ I _____ ASSED iFILED PASSED F I

AM9130 120 120 0 1120 0 1120 0 0

AM9140 120 120 0 119 1 119 11

NOTES:

A\ COSMETIC DEFECTS NOTED BUT DID NOT AFFECT SUBSEQUENT TESTS.
ASAME DEVICE FAILED BOTH FINE AND GROSS LEAK TESTS BUT DID NOT HAVE CHIPPED CORNERS.

10



j4. *j 1 Y .If IS Mn 11116 1 1 APAU I R I /A II il',P

4.1 1 1; 1 (ICAI - CHARMI lHIi 1/A IION

Phaso It ac iv itie'; were ini jated with electrical mircerj/tOf.'
PO0 do, ice'i of (!odm flart type. Th is coracteri zat ion co0iie j ~ u

,1101 )7 b I II1 of Lhe inmi tial dr-ift MIL-M-38b10/231pci cd ~'e
Lri' i1 -rt mr.tArnf tes-ts t.t ?b"C, 1?50 C and -55'C. In add it io(n, fuOr j '.,;i;.

U~ 1.1,4 1eV iCeP, o f 0,1Ch paJrt type, shioo p Iots were generated fuor 0it I) (-not, It
1 r 11s- dS 1e as a fuimct ( Of SUPply voltagje and tenlperdture.

Lhe el:'.r cl 1 ' :orldi t. ons, test I fi.0ts, waveforvis, al rj)ri t' r

Is~ Vo 1) $1s 11!e Inrc I ded in A ppendi x B . All1 electricil !w,"

'Ar..0 ;n I;,ta'~ Ule Ill ; L il draift of MIL-M-38510/237 wi tit the( to I

i t s n hi jh volt age (V Ol) and output low volt age (V~) il .
touts4i~i~ .et. .ar'ii~)cij.' ,al iccess time (t a(CE) me paul-~ou L

ii tot ,.ioao ", tst , f a I , I .s of V oland V W. bI t tsts were
A:Ir Ilet hiy hI; llt,) he reqtoU r-d output current and 1110,1SUr i n the uuitptt

uo I ip .ihe s1 1sh o j ei roi int s spec ify an output cur rentItawr(z'r

I, W,,'II t. I spe~ci f i ed volI t age . To s s ro t.1 liH I>). r

I' o -icc-s 1'irid ant e plit, otnah l on delady ( tco) paraw eto r Wre

1h1 1 it ii "It 1 "1io 1 1 L'; he deviCe2 output buffer m-ust be tre of t C)r o

Iii t ilt2 of . r llr by chanJi ug the timing of the out put mmhble

hr( t * r !J) ;)e co i cidolnl. wii lthe chi p onable pul se, a miore accurate t ,t-)
''I Ph t,ir~ior.m cannot- be guaranteed wi th this u-0iear'lmel it,

t)- 0, 1) 'I'ild hl'.od on pmrevious experience that the chiip euth le

'2 i uld IO hol ;!Y* or d ic:ator of device aginrg.

.1i.- hJO(. ,U I, Po. ;"!A 'I ity Evaluat ion and Electrical Characteri za!.it

* P rug r~r ('. n i. -,t I 30)602.-77-C -0003) , incl1uded the AM9 140 device

- 7 I ~ ~ o ('410 Y,~l iV irc 'I. (;llaracteri zati ons . The results of this prograw

0r 1;. 11'd it. "hrt ,I 144 iflhorved pattern sensitivity for the AM9140
hev ,'IM9l 10 l~ ~ Ut tl iliontical oxide and di ffu.sion- wasks ais the

1I:l) o1d0 41n j in i f' n. ly ii. iote inal metfl li zation step. In-hou-se studie's at

o'0l. riulill 'iu04 i, li hre -vias also no pattern sonsi tivflty for the AM9130

v; fh2 w, E t t io e arl eor electrical character'iLiOl programil id ~uded:
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GALPAT, GALWRT, WALKING, ROWPAT, MARCH, ADDCOMP and SHIFTING DIAGONAL. A

description of these algorithms is provided in Appendix B. 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 100. 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.) AM9130 and five (4,2") AM9140 failed to meet the require-

ments of the slash sheets. AMD replaced all the failed devices and tile replace-

Treet, passcd ,ilt subsequent electrical tests. The devices that failed initial

electrical tests were not subjected to failure analysis. However, a review of

the failure data showed various V V 1 C and functional test failures.
H' OL' 1111 CC

It is not known how these devices passed the manufacturer's final electrical

test prior to shipinont, and AM'D coUld/would n1ot Jprov idr an Cxpl a nation of the

reject rate of the s,-reend devices. However, it is believed that the 5.'S

combined reject rate is e\ce-sive for devices screened to a MIL-M-3i510 equiva-

lent speification.

4,1.1 AMIl 30 .I c t[,e a 1 Chay<Lc teeiza t ion Resul t s

4.1 . .1 C)f Tests - lh test dato for both part types are summarized for the

test celli, i.t., dtic e, allocated to teIperature cycling tests, etc. These

data summa rieN i ncI ude both parameter mean and standa1rd devi atin values.

The r'K uIt ot the AM' 13J cle trical Lhal)' I it'r "t ion Jh test- for a

typical tesT cell , i . . , non-operat in 1 ;10 It ,ith ttll kit'\d c l -, ,t-, shLwn in1

Tale , - .4 The i noit 'tout.pit I ,akale uett'Arron t t :11" i 'ture( tol o he au t tlel t d t ("',t

sys t .Il dt, t 1t to 4 . nl ,t. 1 , a a ill i mu val tit,, I here fore, for I hoe ph o roi to' ,

whose act' uil volu n ' VOID't, w n I ' nA (, the nt*u , ekd ae (I . 50 nAdt') and
si qma -' 0) s hown n the" tai les a: nlot eLtresn~t/ ye of the actual me10an and

si qma. 7h( meatrc.tl p.raliieter values are wel I within tle limits contained in

the initial dt oft t MI -M- 0 .,' I

:-. .... :
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TABLE 4-:'. AM9130 INITIAL IL.I[C.RICAL CIIARAClHI R/Al 10', )(. 1I

IM I IRNO/ .44 .140/21047 - ?VCI - ?,(T - YPARANER L-- - . . UN I

MIN MAX MLAN SIGMA MIAN ,1MA MIAN I GMA

* 1410 , 0.044 0.0"". 0.04'9 0(OP 0 1, 14. 0,11A
44*44 i 0.04;0 0.00, 0.(4 0 000 II (.O4,* 4 I

1oH(44,' 0.050 0.400 0.4(10 0 000 0. 4H 1) I.''1~H,, 0. mil 0,000 0ow(Jron 0 Ot .)4to o) oK'

0.050 0.0(0 0.050 0.0 11 00 10
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, S, 1 60 4.601 i4.4(4 4144 , 444.' 00h0 6 4It .%4d

4 1. N 41,. WO 1IA, 4 .' , 41t1 4.1101 4, 41t 4 ,
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i

4 14.070 ., 1) t ,' , h,. o 1 ,'I .1 ,4 l011 11 IllioAd ,
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PA4RAMI 444 .. It| LIU II UlNIT",
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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 life 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 test 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 plots for the MARCH pattern at 25°C, 125°C, and -550C are illustrated in

Figure 4-1. Additional shmoo plots generated at 1250C 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 AM9140 electrical characterization dc tests

for a typical test cell, i.e., non-operating life 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 AM9130. 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 (Icc27)

test parameter could be 
tightened.

4.1.2.2 Functional Tests - The results 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 250C, 125 0C, and -550C.
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TABLE 4-4. AIM9140 INITIAL ELECTRICAL CHARACTERIZATIONS - DC TESIP

MIL- T
4ARAi?" TET t1 , A *25% A * 125% A A -55*C -

MINj MAX. MEAN SI1MA4MEAN SIGMA SI h

l|H O1 0,051 0.010 0.051 0.008 0.050 0.000 it
"H,19 0.050 0.000 0.050 0.000 0.090 0.097

0.050 0.000 0,050 10.000 0.090 0.097
IOH:1I 0.050 0.000 0.050 0.000 0.095 O.q

|OH:?6 0.050 0.000 0.050 0.000 O.OR5 0 044

0.050 0,016 0.075 0.026 1 0.055 0 016
10,?.1 0.050 0.000 0.060 0.021 0.055 {0. o b

Ih' *.4 0.050 0.000 0.075 0.026 0.060 0.021

1)1 10 0.050 0,000OO 0.080 0.0?6 0.055 0.016 .Adt

125 79.200 6.889 63.900 4.110 06.300 7 049 8 Adc
1's 74. (00 6.841 59.600 4.074 80.00 6.4P,

I *CCq  89 55.800 4.878 44.q00 '.91 61 .000 4,.91
64 42.200 4.021 36.100 5)8 46 200 4.43(b nade

Vonl . 4.160 0,145 4.1110 0.13S 4. Ib( 0.1411 ,.

VO.I2 2. 2.950 0.127 2.9 O 0.125 2.910 0.119
vo0.4 0125 0006 0.160 0.014 0 )11

VOL.4 0.4 }0.147 (1.00
(  0.1 0.011

)  
0 13.' o 004 V

t

NOTE:
DATA FOR NON-OPERAIING LIFE lEST CELL WITH 10 DEVICES.

TABLU 4-5. AMIl4O INITIAL ELLCTRICAL CHARACILRIZATIONS - FLINCIIOI HA II l

PARAMETER ILSI MI -
1A- A I . .I..

MN MAX MEAN . SIGMA MEAN SIGMA MEAN SIGMA

SREAD/WRI T| (

tA(Ci), 4.5 V
MARCH 5(0 167.000 17.420 18,000 I 7. 8 0 161000 1 14 ,

CHECKERBOARD 16b.000 7.31,10 188.000 1.580 "54 000 I'
CHECKERBOARD NOI 166.000 17.320 1811.000 17.60 154 000 It,.16
MEMORY SIAIUS 500 177.000 17.Q70 "00.000 20.020 (62 000 11..

tA(CE)' VC ' 5.5 V
MARCH 5(00 155.000 13.960 1771,(0 I5.,10 14.43 (01 0 0 (0

CHI CKI R8OARO A 154.000 14.820 116,000 15.,10 142.000 I,

CRICRIRHOARPI NOT 1 54,000 14.820 176.100 15.210 142 0011 l,' 7l
MEMORY STATOl, 500 166.0(10 16.480 190.000 l.730 154.1100 : I" 100

READ/MO/1iVY/WRI11

lAIr-| ),  VC( 4.5 V
MARC( So(1 165.00 16.470 (R6.000 17.61( 1s.010 7 17 .'91)

tA(Cl vi N I, V
AW11500on 154.000 14.360 174.000 15.,40 141.000( 11 001 n I

DAIA TO' R N OP)A1]N , Lift IT .,I CELL WIIH 10 DEVICES,
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Additional shmoo plots for, various test patterns generated at 125"C are included

1n FitlUre 4-4 anid showed no pattern related variations. The AM9140 can be

Operated at thle ma1101imum1 rated 'SUpply vol tage anid max Puamt spec if ied temperature.

4.1.3 Analysis of El ectrical 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 Pissilia-tion - The results of power dit,sipation calculation', for

all test. cells tor '.5 0 C , 12 50 C and -55 0 C are shown in Tabl e 4-6. The average

vdluVS Of thlt 11IimumIL1 power dissi pation at each templjerature were obtai ned from

the produc ts of avera'cge Valuies of device supply current anid the max imum valute

of device, suppl v vol tale . Thle worst. Cas' v1l teS shown in Table 4-6 were, cal(Lu-
* la ted as, thle produki t of thet averagke p)lus thlO r' -.i gind (3') vdll tes. Of thle d~i

suppi )1 (UV Cren t 011d Wlax ini ap ',1 ~lV vol tdoge (V -5. Vd.) Thet wors t ta epower

(Ii' i pat ion valm- uc oe ',homn 1Or echli amb11iVent t empera',t tire for thet lt i esCent
t> tte. Tthe niox iiumi) power d i s Il pt i (n vol tie aIre wi th11in t he 1 ii it (P 1 .?5 14)

*W spe t tied by t hel 111o1fa o' t amer . The res.,ulIti, of t hese c 01i ( ulI a t ions, i nd icat v

O~~~eiWL'te t'' t -

4 .1 .3.C2 DC Tes ts-, The test resul ts indicated that thle distribut ions of' all

parameter-. were wi thini the 111ru t or turer' I 1 iit s and t i( yhtened l imits for the

supply current ( I )could be incorporat ed in the rel eased version of the

MIL-M-38510/237 specLif ications.

4 .1I.3 ..3 1 uLinc*tJ oinalI Tests - Thet MARCH pa t tern wa s t he mo "t ef fet t i ve ( 1 (1

pattern in dete t i nt all thle init ial functionaIles fail ales 1 he GA( PIA (indt

01[ CKERB0ARD pat tern'; detei t ud 56 to 67 Of thet fun1ctionadl tailtore . These

results are in agreemen I wi th a plrey ions 1y conuti ted electri( a1 1 hma tenza t ionl

progIram [1 1. The MARCH pat tern was, the only common pa ttern for beth test pro-

graills . However, both test programs snowed no N' or N pat tern related variations

anid an N 2 patt-rn for these, 4K RAMs is probably unnecessary. In addition, AM[)

due,, not i t1c IUdP' the G'AI HA pattern for- functional tes;t of its CommerVI', (iadv i'.
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IABLL 4-6. DEVICE POWER DISSIPAIION
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,A Rt -t" l'Ll 4qt) 3,'4 5M.,
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Plots of the worst case values of chip enable access time for a typi,,jl

test cell as a function of temperature, as shown in Figures 4-5 and 4-6,

illustrated the temperature dependence of this parameter.

4.2 PHYSICAL CHARACTERIZATIONS

Physical characterizations of two devices of each part type were perforwr:d

to determine the construction methods, manufacturing process technique,,

materials and detail device schematics. The devices were subjected to detaild

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 AM9130 and AM9140 are shown in Table 4-7. The detailed 'em t'>

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 AM9140 with only

different metallization masks to achieve the required memory organization,

c) no material used in the manufacturing process that would limit life test

tempnratures, d) the observed test probe marks do not compromise the devico's

bond strength, and e) the detail circuit schematics are in agreement with the

initial draft of the MIL-M-38510/237 logic diagrams.

rhe coverage in the eutectic for one AM9130 was approximately eighty-five

percent (85') but within the specified requirement of fifty percent (50"Y) 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.

23
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TABLE 4-7. MAJOR CONSTRUCTION DETAILS

P -- -- AM9130 AM9140

PART UMBER MIL-M-3S51023704 MIL-M-385102/3/12

DESCRIPIION lkx4 NYA2S SIATIC RAM 4Kxl NMOS SlAIIC RAM

MANUFACTURER ADVANCE,) MICRO DEVICES ADVANCED M:CRO DiVICES7 -------
PACKAGE TPE 22 PIN CERAM . DIP 22 PIN CEPAM:C 3 IP

LID SEAL SOLDER SOLDER

LEAD 'MTrRIALS
EXIERNAL GOLD PLA~t, C'.AR GOLD PLAlEl KVAR
FRAME REFRAC CRY 'AL REFRACT Ry ME AL AL

NIC-EL PLATtl NICKEL PL T -

DIE

ATTACH GOi-D,,l;It [t',N ,  1, C ,  
0 L

METALL I AT I ON ALL M 1I '1 'i AL' 'I INLM
SCRIBE ME CHAN: CAL MECHAN iCAL

WIRE BONDS

MATERIAL ALUMINUM ALUMINLM
CHIP ULTRASONIC ULTRASONIC
FRAME ULTRASONIC LTRASONIC

MEMORY CELL 6 TRANSISTOR CELL 6 TRANSISTOR .ELL
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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. All bonds passed the

MIL-STD-883, Method 2011.2 bond pull requiremient of 1.7 grams for a 1.1 mil

alurinuim wire. No bond wire lifted from the bond pad.

RADC perfoniied Gas Mass Spectometer (GMS) analysis of four devices to

deteniine the package atmosphere. The percentage of all constituents identi-

fied in GMS analysis are presented in Appendix A, Table A4.

4.3 Ri IABII IlY CARAC1 RI ZAT IONS

Rliaility chiractevizal.ions of each device type were perforied to

({l i lie 1, l t.' ricfl ]nd environmental conditions to be used in subsequent

sIies,. L he selected te!,t conditions must provide adequate stressing of
,; c ,,,I t il;n-ce mh'inisms without inducing failure modes that are not

Yi;6' ulr n1.1r operaiting conditions. For this study both static and
,/>, ,i; xci~Ilions were used to stress the memory devices. The failure

::(,c.i ,:ss for the A,1 ,!30 and AM9140 were expected to be similar to other NMOS

1',1 di-vicf., such as surface instability and dielectric breakdown. Therefore,

Iho- chir(c rtigration rechanisms would be accelerated by the static excitation

wi'. I' .,i ar -d mechanical rlechanisos such as dielectric breakdown in the
* r:'r0 cl iaLrix wo)uld be accelerated by the dynamic excitation bias circuits.

' r1v .I t ylf, of failure mechanis ;is were expected, the requirements for the

1;rrjy, i vv, inr luded both static and dynamic excitations.

.I l(:ction of Static Ixcitation Test Conditions - The effectiveness of

h,. r1 tibiI ity chiracterization is based primarily upon the choice of accele-

rI, , ",.rei,se',. A miajur part of this program was devoted to the selection of

t.;i, covihi ration:, of electrical and thermal stresses for the accelerated

I i',ti ,riq. The major considerations in defining the static excitation bias

27

rl



C i I'CUits 5Were: d) device operational modes, b) input address selection, and

C) Output load conditions. In addition, the candidate static bias circuits

were required to meet the fol lowi ng criteria:

d ) Midiltdill malXimu~m rated Voltage across the device to pruv ide n1diaiImo1:!

accelerationl Of SUrface effect failure iiechdrliSiiS,

b) iaintain the device current at. a control led low level to minimize

fail ores due to themidl runadway anld el ectrowiiyration, and

c) maiotami a conSssent set O ol utpot volt. aiji' CondIit ions over the

TO "1liA d~ I at) I i t ',(' on'fei~ cii o rn'i m femlory i' (0101it or. it

is necessary to clock Illhe daita a11d cotrol Si (JIWalS ilto the teSt de.viCe.

Hlowevrr, t.his (iliprOacA Woul [l~ 1rot pro id do avalid coilipa r SOoil ofst atic and

dyloa11i~ir xc tat J tuniis. iherore,~U "hilly Stat it coollk uradtJlrS WeIe used t or

tis proir.110' M id raIndo:i di Laf was sto red o l thie detv cemreory e,1ch t i :it power.

was mit i atly aplplick to the de(vice.

A st iny of t he devcv e lot it di ayramis anld SChVe:1dtJC I cs imovIdd he p1ossible

Opcrxt Ii Olial I odes,i .i'ti a I. I hese inctided the: j) read miode , b ) write

rnode, C) hikili oiutpuit 1.ij'edtarIL mode, arid (i) precitaryc 11ode11. The trth~ tables

or the AM11 I31) and AM91411 t o p lace the 1)111 inoto each of these operational

n-odes are shown in) lab les, 4-1,N and 4-1), respect ively. Ie read, write and( hiill

outifput Iiirlicda ri(: odes, were the onl y (ipera t i'll m odes inclu ded for st at ic

cxci tatio it )ias circuits. I te tirechartic mode wais riot. conlsidt'red becauseV the

rultiput% were ill Il i ridetelCiliiite stae, i .0e , t1 h' prey ions stt Of the dat a

ou plit or thre hiiqh firupedanice state.

The dc'vi ci address input s 111i1Y be selCA( ected I r'ti Onof 1024 corcib r nat tens

for the /\M9 1 3 anrd one of 40()0 c (mibi tati oni for t he AM91 40. S ice the dat ~i
stored inrto the DOT1 memory i! rantdoi and iiiip1rcdict able, Iinpiut addresses wi tb1

both ii osit ye and Zero vol t., appl ied to the kqah t*V lr CCept able. It, is

expec tedu t hat thre pos iti ye volt .ril across I iii' qa tt, oxide" WoulId at c'l Ixte thci

fl-chariorl tran ist or tail tir'es duei to cat ion coot a11mi nat i iii the qait r ox ide.



TABLE 4-8. AM9130 TRUTH TABLE

Inputs Outputs

Operation R/W ADD CE OE OD 1/01 - 1/04

1. Chip Not Selected X H X H . X HIZ

2. Write "L" in Cell A I L A H L X L (externally
(or X H) driven)

3. Write "H' in Cell Axy L L Axy H L X H (externally(or X H) driven)

4. Read Data in Cell A H L Axy H H L Data in Cell AXy

C X r r L Previous DO ifC[ Low-Chip Precharge X OE and
0O L or

.~ els HIZ

NOTIS:
1. Data-oot is the same as the original data-in.
2. CF 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. AXy denotes proper address logic to addes% cell Axy.

TABLE 4-9. At.19140 TRL(II TABLE.

" . i ......... ... .... ,

Operation RIW 1 IAS ADD CE of 0 !0

I. Chip Not Selected X X H X H X X

2. /rite "C" in Cell A C I A H X L ,A:

Irite 'I' in Cell A A i .

4. ead ata in Cell AXy H X A , { I Xi.. ,, : ',

5. CE Low-Chip Precharge X X X X pvc,,,, i'

(NOTI: 4)til10 ''

1. Dati-oa t is the arne as the orilidl da.i-mii.
2. UC is a clockinq pulse and the "'i" rn;'n,'i'ts the I ti r, t o i h1' I.'

andl 'L' IPP-I'seiit V I V Si.Ciii' 11,t1t IiiWJ c E11
3. i's are "Don't Cares".
4, When H! L, the (10 is ii in d(tiv , 'tat. tilt''.'. ill 1 0i

2-A,



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 AM9130 uses a single Input/Output (1/0)

pin for writing and reading data. During a static excitation write mode, the

I/O 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 considerations

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 1250C through 2500 C indicated no appre( iable

3(1
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difference among the three configurations. The device Vcc voltage during

these tests was maintained at 7.0 Vdc. A typical plot of device I current

as a function of ambient temperature for the read mode is shown in Figure 4-8.

For all three circuit configurations there was less than 2 mAdc difference

between the I values in each circuit over the evaluation temperature

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 225C, the outputs that were

monitored either had changed state or were on the verge of changing state. At

i 250°C, all outputs had switched to a complementary state. Therefore, the

MadXIIIIIul temperature at which the device could be properly operated for all

configurations was 2000C. The read mode circuit was selected for further

step-stress testing because with the devices outputs enabled, it perits

monitoring of the output pins for ChdI1gCs in internal operating states.

The AM914) device static excitation bias circuits are shown in Figure 4-9.

These circuits are similar to the AM9130 configurdtions which included read,

write and high output impedaInce ciodes 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

fro:t 12b'C through 250"C with the device V.c voltage maintained at 7.0 Vdc.

Figure 4-10 shows a typical plot of device current as a function of ambient

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

than 3 n:tAdc difterence between the I C values in each circuit over the
evaluation tLinperature rante l This miniiial difference was not considered

important in the selection of the step-stress circuit. For all configurations

the monitored outputs had changed states or were on the verge of changing

states at 225)"C. At 250C. the output had switched to a complementary state.

Therefore, the test device could be properly operated at a Mitax imum tet3tperature

uf 200"L. The red, Circluit wAs selected for step-stress testing. The advan-

tage ot this clrcu lt is that with the output enabled the device can be moni -

tored t r chan 1t" in inmttl 'ral operat in states.

3
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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

V of 7.0 Vdc for the AM9130 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 excita-

tion bids 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 maximumll

acceleration of surface effect failure mechanisms,

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

failures due to thernal runaway and electroimigration, and

c) maintain d consistent set of internal memory stress conditions over

the temperature range.

The three different dynamic operating modesare the read, write and

read/modify/write (R/M/W) modes. The device timing diagrams for these modes

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 effect!. 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 dnd N type data patterns were considered for high tempera-

ture device operations. Proper pattern selection is necessary in establishing

the worst case stress on the test device. However, to accelerate the random

defect failures it was necessary for the data pattern to write the salle data

in each nie iory location. With this approach the identical stress levels are

placed on each active elerent every tine data is written/read froml, the OUT

iemory. If these stresses cause the charges on a particular transistor to

move toward the Si-Sij interface ,uhsequelt cycles reinforce this effect.

Hene, using this groundrule both ' anld , 3 2 patterns were not implemen-

ted. Many N type patterns n:iet this criteria !),it the patterns were limited to:

a) all "I's" iri the entire m !em:ory, b) all "O's" in the entire iuemory and c) an

field of alternating "I's" and T's" (CII.CKROARD). Other data patterns with

both "1's" and "O's" coltbinations are available but the checkerboard pattern

is the only pattern that provided the effects of complementary data in adjacent

cell loca tiolm. I1 is also essential that "topogicaly pure" patterns based on

the corret bit. m-ap and proptc' rWadWeSS ssequence be used for dynamic b ias
eva I nations.

For dynan ic excitation test c(onditions a suitable output device load

is necessary to siknulat.1e part usage in systen applications. lypical applica-

tions show the data OuLtputs of a mI:mory cleVice driving the data bus of a

microprocessor. Since the output load of the AM9 130 and M1i40 is MOS, a

capacitive lo d is satist,.ttc ry tot char 'ctirizations and stress testlinn. The
out put load used for dynaiic ias Jovaluatin, was a 30 pI- load.

3!,



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 life test.

The tIJAC-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 1250C to

230 0C with a CHECKERBOARD pattern. Initially, the device supply voltage was

5.5 Vdc, but between 212C 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 AM9130 device was functional at 211C but nonfunctional at

225 0C 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 250C, 2000C and 2300C for the R/M/W, continuous read and contin-

uous write modes, are shown in Figure 4-14. The waveforms show that the I/O

signals are stable at 200 0C for all modes, but were unstable and non-

functional at 2300C. Based on preliminary evaluations all dynamic bias
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circuits perforied satisfactorily. The R/M/W configuration was selected for

step stress testing because it exercises all functions of the devices and best

simulates device usaye in system applications.

The AM9140 circuit and timing diagrams for the read/modify/write cycle

are shown in I iqlure 4-15. The timing is similar to the AM9130. The two

other dyuiaric iides included the continuous read and continuous write modes

ind art cowrrolled by the WE signal. The AM9140 dynamic bias circuits were

oI(iated fioi , 1?, to 230C with a checkerboard pattern. The device supply

vwo',!i ; his; was varied from 5.5 Vdc to 7.0 Vdc. Figure 4-16 shows a typical

pot ti{ , IU current as a function of ambient temperature. The change in

(evcc, (itvreul 'ur the three bias configurations was negligible and the

re,,;Its ;,( also ,.omparable to the static bias evaluations. The AM9140

S1 'J,] vltov;1,,s 0t elevated temperature for the R/M/W, continuous read and

cuomt f! lJoks wtite modes are shown in figure 4-17. The Data Out signals were

uLhItdh( h , 'C and the device was non functional at 230'C. All three

dy,,,,' ij -, 
( i, Orcuit , were acceptable for step-stress testing, however, the

P/M,'W ,midc Hds circuit was selected because the device exercises all

funv .[i', ard best 0imulates usage conditions.

4.'3.! _Step-Stress lests - Step-stross tests were perfo.rmed to validate the

results of s5tat ic 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

ex.itation and four devices with dynamic excitation. The test devices were

ow(t'o(d in the static and dynamic bias configurations at 125% for 16 hours.

D:.tirg step-stress testing, the device current and output voltage were monitored

prior to the start and end of each step. Following cool down with bias, the

dev i(e(- were electrically tested and surviving devices were returned to test.

The test temperature was then increased by 25C and the sequence was repeated.

lhc rmax im;um temperature for both step-stress tests was detennined by the

criteria established in Sections 4.3.1 and 4.3.3. The AM9130 and AMq140 were

operated to a maximum temperature of 2?5'C. Summaries of the AM9130 and

AM9140 static and dynamic step-stress tests are presented in Tables 4-I0 and

4 -- I, respect i vely. The static step-stress tests showed that all device
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outputs switched or were on the verge of switching at 225%L. The d(yl.lWIC

step-stress tests indicated that the devices were nonfunctional or un,,thIt..j,

225°C. There were no step-stress test failures. A review of the dc ,md

functional test data for both part types indicated negligibly parametur

degradation. The dc parameters which were expected to degrade were the supply

currents and output voltages. The ac parameter used to observe device deirj-

tion was the chip enable access times.

4.3.6 Junction Temperature Determinations - After completion of the bias,

circuit eval uat ions and step-stress tests, the maxi1u ,junct ion t e:Iper'atures

during life testing were detertnined for both part types. The temiperature

dependence of a substrate diode forward voltage was used to dete nuin I thre

device junction temperatures. A MDAC-St. Louis themial resistance tester was

used to make the substrate diode forward voltage neasureeInts. The tester i,

designed to establish the UT life test conditions for 99.9'', of the t ime and

forward biases the substrate diode for 1 msec. The 1artlest di fterence betweei

the junction and ambient temperatures for both part types wais 1. C.

4.3.7 Device Current Denisitv - Current density deler'rin,t ions wer'e requlred

to assure that device currents were not excessive lor life test condit iol.

At the Maxi muI;r bias evaluation temperature the cal CUlated current densitit
24

were 3.2 X 104 A/cm for the AM9130 and 2.3 X 104 A/ cu for the AMII4O.

At room temperature, the device current density was 3.6 X 104 A/cm'.

based on Black's data L3j, no metal migration failures were expected in 40i0

hours of life testing at 200C for the AM9130 and AMQ140.

4.3.8 Rationale for Life Test Conditions - The three static bias circuits lot

both device types evaluated were equally suitable for static bias life testing

based on their perfomance at elevated temperatures. The read riode ias

circuits, shown in Figures 4-7 and 4-9, with the out puts enabled, pur,it

lionitoring of the output pins for changes in internal device olperating state
and were selected for the life tests. The other two circuits do not periot
monitoring of the output data for the address selected. Siw;uilarly. the three

dynam ic bias circuits for both device types were suitable for life t est nq.
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rhe read/modify/write mode was selected for life testin g het.,,j'A. 0, (,/,r..'

all functions of the devices and simulates usage conditions. A chu.l.,,

data pattern was selected because it would stress half the cell', in thce hirjh

state and half in the low state with adjacent cells in compler e;ntriry ",.,.,..

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

The temperatures selected for the operating life tests were 2)0" trid

175°C. During the static bias circuit evaluations and step-stress t;t!',

the outputs of both device types were in a high state and stable d imbi(-ft.

temperatures up to 200 0C. However, at 225C the outputs were either ',witi,,

or on the verge of switching to a low state. The supply currents worie cilso

increasing with temperature in this temperature range (2000 C to 2"251) " ,t

were not excessive. Simiilarly, both device types remained functional in !hII

dynamiic bias evaluations and step-stress tests at 200C but were uns!.tablte ujnd

erratic at 225*C. Therefore, the maximum life test temperature of 20'C was
established for both static and dynamic excitations.

lhe supply voltage selected for both the static and dynamic lif te Sts

was 6.5 Vdc. During bias circuit evaluations both device types were olrated

at 1.0 Vdc in both the static and dynamic configurations at 200'C. OurmI n, Lht.:

subsequlent life tests, with the individual DUT VCC voltage variations,

an average of b.5 Vdc on the devices ensured that no devices would exced

1.0 Vdc, the absolute maxivium device rating.
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5.0 RESULTS OF PHASE III STRESS TESTS

The Phase IIl 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-

tiles are shown in the previous Tables 2-1 through 2-3.

5.1 TEMPLRATURE CYCLING TI Si RI SULTS

The temperature cycling tests were performed to the requirements of

MIL-STD-i..883, Method 1010.'. Condition C (-65'C to +150%) for 200 cycles. Ithe

teviiper rt ure cyc Ii i n t.ets for bot h dev ice types were pert Ooid in1 a non1-

operat in nmode to reveal potent iolI pack aye and bond weA ness as well as

corrosion mechan isirs,- due to l);Atist O in the dev ice pic kage. A S urw ary oft the

*teopra or WlU c CVL 1 i I) k test re I i s ire presen ted in lab Ic 5- 1. rThere were

nofl tem1pertore~-( CyC 1 ie !t ta 1 Iuros for the, 'P,11311 and the AM11140. I ol Iow tilt

eomper oreWL Cv (111. n11 1etsi de\ .It LWere subjec ted to onllext ernal vi suol

excvin01at ion aIrid herl~mtiit Iy tes C. Ihec resul ts of these inspect ions and tests,

,ire stiriri .ed in 1,abl e -. 'A dark Still i-, sobServd onl the inide~ Of the

Ir'ds a dte W~' material ad show in) igu11re 5-1. SIM e~damilnat ion Of the

Sta in Si e disclomed t h,1 tit h' ol d p1 ti inq had1 beenl flicked by ai shot-p edlge aIs

shown ir tiore. d.ig a Speysi ve x-rayv analysis of the dark material

surro md inq tht beii c K tI io'-ed that it was com;posed of a) copper, sil1ver, i nd

~mol ybdermi (leav~d hra/e) ) nike 1 and cobal It ( 1ead base metal s) c )gol d

pl at i ng) d ) dl Is WI 11111 bd bakirtlum ) and te) clhIi or- i tie ( a corit aicmi rra'it )as, shown

in T igur 5-3. 1h)is indicit ed that. the materO ilil wais srp r or di'i s I roim

the nick. I he source of the, cliorilne is unik nown , bolt prollrabl1y c al;e f rom a

contamirnant chemical residue. S11c rc h11oril ne is coirrosivye it pr'obohly caused

the sc rap ings to detoispost O v i i it tilt' hi~~'Kt laai. S reti'

chl orine couild corrodte thr 1 eajbi sItt aIj CXJi osed( by tht IrMnCks a potoen..i al

prOb 10111 OX i S s IIt om it,) d'i Ic C r -I o e tit I .'d uci t retd 111)r r i he

t erirper'r t ine. cyt I nr ?),. c



TABLE 5-1. SUMMARY OF TEMPERATURE CYCLING TEST RESULTS

CUMULATIVE NUMBER OF FAILURES AT CYCLES OF TEST
PART TYPE QTY

0 io0 504 100 150 200

AM9130 10 0 00 0 0 0

AM9140 10 0 00 0 0 0

TABLE 5-2. POST TEMPERATURE CYCLING INSPECTION AND TESTS

EXTERNAL VISUAL HEWflETICITY TESTS

PART TYPE QTY Marking Sea/ FINE LEAK GROSS LEAK

____Pass FailPass rail Pass Fall Pass Fail

AM9130 10 10 0 10 0 10 0 10 0

AM9140 10 10 0 10 0 10 0 10 0

NOTE:

LJ.BLACK COMPOUJND AT BRAZE OF PACKAGE LEADS.
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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 0C for 4000 hours, and b) 1750C for 4000 hours. A summary of the test

devices' life test conditions is presented in Table 5-3.

The AM9130 life test results for cumulative 250C failures are shown in

Table 5-4. Table 5-5 presents the number of -550C/125 0C 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 l11. Tahle 5-6 shows the AM9140 life test results with cumulative

failures at 250C. Table 5-7 shows the number of AM9140 -550C/1250C failures

at each measurement point. The total percentage of life test (operating and

non-operati nq) tailure, for 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 000 C storage life t.e't. 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-operating life tests were conducted at 275°C. Tables 5-4 and

5-6 present a sunmmary of the AM9130 and AM9140 life test results. There were

no storage life test failures.
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A13F ~-3. SUMMARY OF LIFE TEST CONDITIONS

A4B IENT DEVICE DEVICE POWER JUNCTION
~'N 'I' EL TEMPERATURE VOLTAGE CURRENT DISSIPATION rEMPERATURE

ris TA VC TC

A;,13 fATIC 200 6.48 58.00 375.84 211

SfrIC 175 6.56 55.00 360.80 186

DYNAMIC 200 6.51 59.68 388.52 212

OYNAMIC 1/5 6.51 59.60 388.00 '8/

AN9140 SfATIC 200 6.49 49.50 321.26 210

SrAFIC 175 6.50 51.00 331.50 185

DYNAMIC 200 6.49 57.16 370.97 211
DYAI 175 6.51 56.48 367.68 186
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6.0 FAILURE ANALYSIS

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

subjected to failure analysis. The failed devices were analyzed to determine

failure mode, failure mechanism a nd probable cause of failure. Table 6-1

presents a suninary of the failure analysis results for the AM9130 and NV19140

for 25*C, 125'C and -55'C electrical measurement failures. Detailed discus-

sions of the failure analysis results are contained in Appendix D.
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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 summarie, which included parameter

mean and standard deviations tabulations for 0 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 leakages and supply current wnr t

case values are at maximum VC voltage (5.5 Vdc) but worst case output voltage

cccand access times occur at the minimum V cc voltage (4.5 Vdc). All test data

was reviewed and the device parameters exhibited excellent stabilities during

the 40)0 hour life test. No trend was observed and an increase of 6 mAdc for

s uppI y currelt wa noted at. the 504 hour electrical measurement point. Th i s

was attributed to a re(libration of the automatic test system and was verified

by an identical shift ill data for the control sample. The shift in dc para-

metric data for all AM013( 4000 hour life tests was ne(Iligible. 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 175"C life te,,t cells

were plot ted as a function of the electrical measurement time and are shown in

Figures 7-1 and 7-2. This worst case values of access time were the Computed

mean plus 3 siqma values for a MARCH R/M/W pattern at V 4.5 Vdc and 125"C.

The graphs indicated neqliqible access time degradation. With no data trend

the interpolated time to failure (taC . 500 nS) could not be estimated. In'I(CL
addition, the static and dynamic exciLations and life test temperature and

overvolta(e stress conditions had a negligible effect on device operation. The

data did not allow extrapolation of times to failures for any AM9130 static and
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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 250C 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 life 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 AM9140 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

PART TYPE OF FAILED N' N
DEVICES . . . . . . .. .

GALDIA MARCH CHECKERBOARD CHECKERBOARD
STOP POWERDOWN

AM9130 9 56 100 67 67

A149140 3 67 100 67 67

LIFE TEST FAILURES

TOTAL NUMBER PRCENT Or FAILED DEVICES DETECTED BY PATTERN

PART TYPE OF FAILED N N
DEV ICES ..... .... ... . . ... . ...

GALDIA MARCH CHECKERBOARD CHECKERBOARD
STOP POWERDOWN

AM9130 1 100 100 100 100

AM9140 10 90 90 10 60

64



tA(CE) MAX LIMIT

500

tA(CE)

V = 4.5 VOLTS

MARCH R/M/W PATTERN

u4

z

300
t STTI (2°°°c)

STATIC (175'C)

200 I (
0 1000 2000 3000 4000

TEST TIME - HRS

FIGURE 7-4. AM9140 WORST CASE CHIP ENABLE ACCESS TIME VERSUS TEST TIME FOR STATIC
EXCITATION TEST CELL

tA(CE) MAX LIMIT
500

tA(CE )

VCC = 4.5 VOLTS

MARCH R/MI/W PATTERN
Ln

w

300

DYNAMIC (200'C)

0 1000 2000 3000 4600

TEST TIME - HRS

FIGURE 7-5. AM9140 WORST CASE CHIP ENABLE ACCESS TIME VERSUS TEST TIME FOR DYNAMIC
EXCITATION TEST CELL

65



The worst case values are the computed mean plus 3 sigma values for d MARCH

R/M/W pattern at V c 4.5 Vdc and 125'C. The static test cell data showed

limited access time change with an interpolated time to failure (ta(CE),500 n K)

of approximately 42,000 hours at 2000C for the 2000C test cell and 57,000 hours

at 175°C for the 1750C test cell 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 250C 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 reliability

potential.

Table 7-1 presents a sunuiary of the percentage of pre-stress test and

life test functional failures detected by the GALDIA (N2 ), 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 100 of the life test. failures, these results are misleading since

the power down test was not performed with the GALDIA and MARCH patterns.

The results of this test proqrami and the Reliability Evaluation and Electrical

Characterization of Memories proqram both indicate that the N2 pattern is not

necessary in the MIL-t--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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k'.O CONCLUSIONS AND RECOMMENDATIONS

This rel'ahility program to evaluate the 4K static RAMs procured to the

MIL-M-3051{O/237 specification included both electrical and environmental

stresses. These devices were evaluated as a function of voltage, temperature

and static and dynamic excitations. Although the AM.9130 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

memories life tests (1K NVOS static RAMs) conducted at MPAC-St. Louis

were operated at higher temperatures ( ?50°C) and accelerated a larger number

of failures. The sall number of At'9130 and A9140 failures ray be due to the

reduced life test maxirur terqem'ature of 200'C and irmproved 1:manufacturin(

process since the IK N.OS static RA.s were introduced. In addition, the

el inination of pattern related desiun deficiencies naY have contributed to the

increased reliability of those 4K static RAFs. It is believed that hi eb

reliability nlilitary systei's cari be desi (ned with devices procurred to the

rVIL-M-3F51(I/237 specificat inn.

Static excitation hids circuits were expecled to be more effective than

dynam'ic circuits in acceleratin(: charge i:iigration failtore nechanis:;is, while

dynaric excitation bias circuits were expected to be more effective in accele-

rating rechanical r'ec!I'.nisins such as dielectric breakdown in the memory cell

matrix. The failuire amilysis results show predon i nantly surface instabili'ty

(bake recoverable) failures for hoth the static and dynamlic test cells. Based

on the limited test cell size and sr'iall nuber of failures, these results are

not conclusive. The controversy whther a static or dynamic excitation

circuit is rore effective for burn-in/life conditions ren ains unresolved.

Therefore, it is recoir'ended that uiore extensive evaluations he perfori ed for

static excitation versus dynamic excitationl of [SI memories. These should

incl1ude larger test cel sizes and inil Itiple wafer lots.

The MIL -M-385 10/237 spec i f i cat ion requ i res a dynai: i c burn- i n/li ie ci rc uit

that operdtes the test dev ices in a wri Lte only colif i 9urat ion at less thanm

rated cycle tii;es. Purin reliability characterizations a siii 1lar circuit

(cont inuous write circuit at. raled cyr1v tinle and l1a xilU1111 rut 'd \o ltak:e)
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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 (taCE)) test

limits could be tightened based on the electrical characterization and life

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 Charactrcization of Memories Program.

69



9.0 RLFERLNCES

[1] A. T. Sasaki, "Reliability [valuation and Electrical Characterization of

Memories," Final Technical Report, RADC Contract F30602-77-C-0003,

October 1978.

[2] B. Euzent, "Hot Electron Injection Efficiency in IGFET Structures," 15th

Annual Proceedings, Reliability Physics Symposium, April 1977.

[3] J. R Black, "Electromigration - A Brief Summary and Some Recent Results,"

JELL Transactions on Electron Device, April 1969.

9.1 REFERENCED MILITARY DOCUMENTS

MIL-M-38510, Military Specification; Microcircuits, General Specification

for.

MIL-M-38510/237, Military Specification; Microcircuits, Digital, MOS,

4096 Bit Static Random Access Mc;-nry (RAM), Monolithic, Silicon.

MIL-STO-883, M4ilitary Standard; Test Methods and Procedures for Micro-

electronics.



APPENDIX A

PHYSICAL CHARACTERIZATIONS

Al



TABLE OF CONTENTS

PARAGRAPH PAGE

1.0 INTRODUCTION. .. .. ..... ....... ....... A6

2.0 PHYSICAL DESCRIPTION. .. ..... ....... .... A8

2.1 PACKAGE ANALYSIS .. ..... ....... .... A8

2.2 DIE ANALYSIS...... ... . ... .. .. .. .. . . ...

2.3 WIRE INTERCONNECTS. ... ....... ....... AB3

2.4 SUMMARY .. .. ....... ....... ...... A13

3.0 DEVICE TECHNOLOGY .. ..... ....... ....... A20

4.0 ELECTRICAL CHARACTERIZATION. ... ....... .... A23

4.1 DEVICE ORGANIZATION .. .. ....... ....... A23

4.2 CIRCUIT DESCRIPTION. .. ..... ....... .. A23

5.0 CONCLUSIONS. .. ........ ....... ...... A51

A2



LIST OF FIGURES

FIGURE PAGE

Al 22 PIN SIDED BRAZED PACKAGE .............. A9

A2 PACKAGE PHOTOGRAPHS ....... ................... AlO

A3 ENERGY EMISSION ANALYSIS OF DIE BOND MATERIAL ... ...... All

A4 X-RAY PHOTOGRAPH OF DEVICES EXAMINED ..... .......... Al2

A5 X-RAY PHOTOGRAPH OF EUTECTIC VOIDS-AM9130 S/N 6 ....... .Al2

A6 SEM PHOTOGRAPH OF AN Al-Al BOND AT A DIE PAD ... ...... A14

A7 SEM PHOTOGRAPH OF AN Al-Au BOND AT THE LEAD FRAME . . .. A14

A8 SEM PHOTOGRAPH OF A TEST PROBE MARK-PAD 1 AM9130 S/N 6 . A15

A9 SEM PHOTOGRAPH OF A TEST PROBE MARK-PAD 8 AM9130 S/N 6 . Al5

A1O SEM PHOTOGRAPH OF LEAD DISPLACEMENT-PAD 4 AM9130 S/N 6 . Al7

All BURIED CONTACT ..... ... ..................... A21

A12 MEMORY CELL CLOSE UP ..... .. .................. A22

A13 MEMORY CELL TRANSISTOR STRUCTURE .... ............ .. A22

A14 DIE PHOTOGRAPH INDICATING THE FUNCTIONAL BLOCKS OF THE

AM9130 ..... ..... ......................... A24

A15 DIE PHOTOGRAPH INDICATING THE FUNCTIONAL BLOCKS OF THE

AM9140 ..... ..... ......................... A25

A16 PINOUT FOR THE AM9130 ....... .................. A26

A17 PINOUT FOR THE AM9140 ....... .................. A26

A18 BIT MAP FOR THE AM9130 ..... .. ................. A27

A19 BIT MAP FOR THE AM9140 ..... .. ................. A28 V
A20 STATIC CHARGE PROTECTION CIRCUIT .... ............ .. A29

A21 ADDRESS INPUT LATCH ...... ................... .. A31

A22 FA SIGNAL GENERATOR ..... .. .................. A32

A23 CHIP SELECT INPUT LATCH ..... ................. . A33

A24 ROW DECODER ....... ....................... .. A34

A25 COLUMN DECODER-AM9130 ....... .................. A35

A26 CHIP ENABLE TIMING CONTROL ..... ................ .. A36

A27 CHIP ENABLE TIMING CONTROL ..... .............. .. A37

A28 CHIP ENABLE TIMING CONTROL (4L Generator) . ....... .. A38

A29 I/O CONTROL CIRCUITS .................. A39

A30 INPUT CIRCUIT-AM9130 ...... .................. A40

A3



LIST OF FIGURES (CONTINUEr

FIGURE PAGE

A31 OUTPUT BUFFER-AM913O ....... . .. . . .. . . A41

A32 I/O 1 PAD AND UNUSED STATIC CHARGE PROTECTION

CIRCUITS ON THE AM9130 .. .. . . . . . . . ...... A42

A33 AlO AND All ADDRESS PADS ON THE AM'9140 . ........ A42

A34 MEMORY CELL .... ..................... . A44

A35 BIT AND DATA LINE ORGANIZATION . . . ........ .. A45

A36 BIT LINE LATCH ..... ... ..................... A46

A37 SENSE AND WRITE AMPLIFIER ..... ................ .. A47

A38 MEMORY STATUS CIRCUIT .... ................. .. A48

A39 MEMORY STATUS OUTPUT BUFFFR ...... ............... A49

A40 MEMORY STATUS CAPACITOR NETWORK ... ............. ... A50

A4

" . . . . . . . . ... .. . ' .. . .. . . .. .. ... r 
x

.. . ... .. . " i .. ... . ... . . .. ... . r "L . .. . .. . . . .. ... .. .. .A • ..



LIST OF TABLES

TABLE PAGE

Al TEST DEVICES EXAMINED ......... . .. .. .. A7

A2 BOND PULL TEST SUMARY... .. .. .. .. . . .. .. .. A16

A3 SUMMARY OF PHYSICAL CHARACTERISTICS .. .. .. .. ..... A18

A4 SUMMARY OF GAS MASS SPECTROMETER ANALYSIS RESULTS . . . A19

A;)1



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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TABLE Al. TEST DEVICES EXAMINED

MIL-M-38510 MANUFACTURER PART DESCRIPTION DATE CODE ASSIGNED
REFERENCE & SERIAL NUMBER

PART NUMBER

/23704 8WC ADVANCED MICRO 1024 X I STATIC R/W 7803 GP 6
DEVICES RAM 7
AM9130 ADM-B

/23712 BWC ADVANCED MICRO 4096 X 1 STATIC R/W 7803 HP 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 minifmlum

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 AZ

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 lid 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 lid seal was provided by

the manufacturer. The lid seal appeared uniform and hermeticity tests con-

firmed the integrity of the seal. lhe 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 I

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 nn), 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 examiniation"

disclosed an uneven eutectic coverage beneath the die of all the d, e ,

examined as illustrated in Figure A4. This uneven coverage was moltr, po,-

nounced in the AM9130 with an approximate coverage of eighty-ive p,'-cen

(85%), as shown in Figure A5.

N,' I
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.431 (10.95)

.422 (10.2

.41287 .21 .274 .335 .348 3.88

_____________________192_(4.75) 
1(5.49)(6.96)(8.51)(8.84)(9.86)

254)043 
(.0\(91

.086
(2.18)

.145
.02 (68)

NOTES:

1. ALL DIMENSIONS ARE SPECIFIED IN INCHES (MILLIMETERS).

2. ALL MEASUREMENTS *.004 (.102).

FIGURE Al. 22 PIN SIDE BRAZED PACKAGE
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AM9130 S/N 6 AM9130 S/N 7

AM9140 S/N 6 AM9140 S/N 7

FIGURE A2. PACKAGE PHOTOGRAPHS
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FIGURE A3. ENERGY EMISSION ANALYSIS OF DIE BOND MATERIAL
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2. 3 WIRE. INFLRCONNECTS

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

photoyrdphs 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 gn) 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 AIO.

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.

A13
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TABLE A2. BOND PULL TEST SUMMARY

SERIAL FORCE REQUIRED TO BREAK BOND I/ NIL- STD-83
PART TYPE NO. MIN GRAMS MA -IM MAX GRAMS MIETHODL 2011 .2

2/ GRAMS ET ,Ej

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/ TWENTY-FOUR (24) BOND WIRES OF EACH PART TYPE PULLED. BOTH TWENTY-TWO (22) Pl

DEVICE TYPES HAVE TWO (2) V cc AND TWO (2) V 5s BOND WIRES TO THE DIE.

Al16
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FIGURE A10. SEM PHOTOGRAPH OF LLAD DISPLACEMENT-

PAD 4 AM9130 S/N 6
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TABLE A3. SUMMARY OF PHYSICAL CHARACTERISTICS

PACKAGE

Type 22-pin side brazed. cofired ceramic

Size 1.076 x .412 in (27.33 x 10.46 mm)

Mass 2.437 gm

Die Cavity .00212 cu in (34.72 cu mm)

DIE

Size - scribe line to scribe line 187 x 192 mils (4.75 x 4.88 nmm)

Area 35904 sq mils (23.18 sq mm)

Scribe Method Mechanical - Diamond saw

Attachment Gold/Silicon Eutectic

BOND PAD

Area of smallest pad 18.9 sq mils (.012 sq ram)

WIRE

Material Aluminum

Size (diareter) 1.1 mil (.028 mm)

Average measured bond pull strength 5.4 gm of force

Bonding Method Ultrasonic

INTERCONNECTS

Aluminum

Narrowest stripe measured .139 mils (.0035 mi)

Closest line spacing .305 mils (.00775 mm)

Nominal Thickness 6000 A

VCC Stripe Cross Sectional Area 3.4 x 10-7 sq in (2.2 x 10-6 sq cm)

Polysilicon

Narrowest stripe measured .194 mils (.0049 mm)

Closest line spacing .417 mils (.0106 mm)

Al8



TABLE A4. SUMMARY OF GAS MASS SPECTROMETER ANALYSIS RESULTS

CONCENTRATION (% V/V)P R T Y ES E R I A L -.. . .. . . ... ... .... .... .... ... ... .I

PART TYPE NU14BER N2 H2 K 1 C02  H20

AM9130 8 98.8 0.8 0.2 0.2

9 98.7 1.0 - 0.2 0.2

AM9140 8 98.8 0.5 0.5 0.2 -

9 99.3 0.5 - 0.2 -

NOTE:
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 O.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 A12. The corresponding section and transistor

structure is presented in Figure A13.
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I
4.0 ELECTRICAL CHARACILRIZA1ION

Die photographs indicating the functional blocks for the AM9130 and

M%9140 are presented in Figures A14 and A15, respectively. The piriouts of th,

corresponding devices are presented in Figures A16 and A17 with associated bit

naps in Figures A18 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

The AM9130 is organized as 1024 words with four bits per word. A single

ftur bit word is accessed through ten address lines (AO through A9). Addrcssis !

AO 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

out fron the cells through four input/output (I/O) pads. Bits 1, 2, 3 and 4

correspond to I/O 1, 2, 3 and 4, respectively.

The AM9140 is organized as 4096 words with one bit per word. A one

bit word is accessed through twelve (12) address lines (AO 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

All 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

oth positive and negative transients in the 200 volt range.

The address input registers of both memory types are implemented using a

lat.hing network which operates as an address register. This latching register

dllows the memory to ignore the address lines until the next Chip Enable (CE)

A?3
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ADDRESS 6 1 22 Vcc

ADDRESS 7 2 21 ADDRESS 0

ADDRESS 8 3 20 ADDRESS 1

ADDRESS 9 4 19 ADDRESS 2

DATA I/O 1 5 18 ADDRESS 3

DATA 1/0 2 6 17 ADDRESS 4

DATA 1/0 3 7 16 ADDRESS S

DATA I/O 4 8 15 jWRTETENABLE

OUTPUT DISABLE 9 14

MEMORY STATUS 10 13 OUTPUT ENABLE

(GND) Vss 11 12 CHIP ENABLE

FIGURE A16. PINOUT FOR THE AM9130

ADDRESS 6 1 22 Vcc

ADDRESS 7 2 21 ADDRESS 0

ADDRESS 8 3 20 ADDRESS 1

ADDRESS 9 4 19 ADDRESS 2

ADDRESS 10 5 18 ADDRESS 3

ADDRESS 11 6 17 ADDRESS 4

DATA IN 7 16 ADDRESS S

DATA OUT 3 15 WR TE EAET

OUTPUT DISABLE 9 14 nf

MEMORY STATUS 10 13 OUTPUT ENABLE

(GND) Vss 11 12 CHIP ENABLE

FIGURE A17. PINOUT FOR THE AM9140
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FIGURE A20. STATIC CHARGE PROTECTION CIRCUIT
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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 'A signal.

The address input register is presented in Figure A21 and the 4A signal

generator in Figure A22. The Chip Select (CiS) 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 Colu:in

decoders for the two device types differ for addresses A1O and All. Although

both addresses A1O and All are present, they are inaccessible to the user on

the /"9130 device. The gates of decoder transistors Q2 and Q3 are connected

to ground for the /M9130, as shown in Figure A25.

All of the AM9130 and AM9140 functions operate from an internal tim,)ing

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 Enable controlled signals, with the Output Enable (OE), Output Disable

(O)) and Write I. nable (IWI) are used in the input-output control circuits which

(ire presented in I iqure A"'().

In the [40130, the Iriput. circuit and Output Buffer circuit are accessed

thro uh I co,i011 lnpd tor each word bit. The AM9130) Input circuit nrid Out pot
IP ffOr circuit. (ire j, oen ted in f i gure A30 and Figure A31 respectively.

The Wltllo Ini'ut circuit is accessed through the Data In pad arid the

Output Buffer circuit is accessed through the Data Out. pad. The Input circuits

and Output Buffer circuits of word bits I and ? of the /M9130 exist on the

N19140 but are inaccessible. The I/O 3 pad of the AIg130 serves as the oat a

In pad of the AM1l40 and the 1/0 4 pad of the NM9130 serves as the Data Out

pad of the AM9l40. The 1/0 2 pad of the AM9130 is not used on the AM9140.

The I/O 1 pad of the AM9130 serves as the All pad of the PM9140. Conversely,

the A1) pad of the AM0140 is not used on the /9130. Presented in rigure A32

is the 1/0 1 pad and unused static cnarge protection circuits ot

addresses AIO and All of the AM9130. figure A33 illustrates how addresses AIO

and All are implemented on the AM9140.

A30
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The Memory Cell consi,*ts of a bistable latch for the static storing of

data. The cell is accessed through the row select line 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 Output 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 M9130 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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I
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 isolated the bond from the active input protection circuitry near the f.
bond pad.

The circuit schematics of the AM9130 and AN9140 are in agreement with the

MIL-M-38510 logic diagrams. For the internal timing control network, several

clock signals are simulataneously generated in response to the Chip Enable

signal. These signals ((', 4)", etc.) are not all identified in the initial

draft of the MIL-M-38510/237 logic diagrams for both part types.
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APPENDIX B

This appendix is included to supply various details for the electriciJl

test conditions of the A'M0130 and AM9140 devices. Presented in Figures BI, I,?

and F3 are the timing requiref:ients of the A9130 for the read, write and

read!,odify/write cycles, respectively. Similarly, presented in Fi(jures [34,

1'5 and Bo are the tiwinti requirements of the AM9140 for the read, write and

read/modify/write cycles. Switching time test circuits for the AM9130 drid

AM0140 are presented in Fioures B7 and B8. Tables [1 and [32 show the Croup A

inspection electrical tests for the AM9130 and AM9140 devices per the initidi

draft of II-M-3,,.,10/237. Table B3 provides a list of the symbol s and their

d efinitions that are appl icable for these devices. Table B4 lists the func-

t~on el ,l(l orithilis provided by the m; anufacturer for the initial draft of

Mu 4-38510/237. Table S5 lists the functional algorithms used in the Relia-

b d it I a !tion and [lectrical Characterization of Meiiories Program for the

,'fl40 device. The functional algorithn of an additional pattern used during

failure analysis is presented in Table B6.
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bead cycle test conditions over operating range (notes 7, S. and 9).

Parameter Description MinW Ma Unit

tC(rd) Read Cycle Time (Note 5) 770 ns
Access Timre (Note 3) 50 ntAC) (CE to Output Valid Delay) 50 n

t, (CEH) Chip Enable HIGH Time (%ote 14) 500n

t-fEL Lli roj 6 Time ('ote 14) 253 -is
LiDP Lnd.bie to iP selec' -rold ime

-fi) , -pz e t o Ac et - op T e ote4 ns

-0 --ss to ALqp 'Iaole 5-2t-uo ii.r.e S
-a to C nip -_nazO1e Set-Up Tiie 0s

Cni zrabooe to RP2ao Hola Time
C-iio E1eto Output OFF Delay ('ote 3) '0I
'or 03' t .tu OF elay '*ote 11) 23 -

Jr r -3 Out, " 7," L L-ll T-.? 11

,, u 0ut-t Eraolc to CE LO :StEp'- cte 12 04
t ~ au '.a u- to -ero ry St! tis De iay n

t nternal Preset interval ('iote 14) t1

Read cycle timing definitions.

-tC (rdI

CHIP -(E' (E)-2.0 V
ENABLE tSUod)4- 

Vhad-

t Su(--ho)-j-2.0 V

ADDRESS 8 M II--0.8 
V

tSwcs)- I--t h% I
CHIP -2.0 V

SE-LECT- .e

tSU~rd h~r)- -2.0 V

OUTPUT --.

ENSABLE - -0.8 V

h- tOH -t-tco I .tCF- - -- VON

STATUS ", - - VOL

FIGURE B1. READ CYCLE WAVEFORMS AND TEST CONDITIONS FOR AM9130
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Write cyCle test condit ions ovcer opprating range (note% 7, S, ind '41.

Parameter Descriotion _F - ax -ni

tWrite Cycle Time (Note 5) 773 '

t F-e Wotes - 7s

t dli:S t-bl d.'-rs~ V I,_j T-

tZ hp i Sel eCt -o 'L 1 t -; pT me .7-"-t eJ' 4

t W ri p t E n a u 1 e ~t _ i- h ( S 1t 1 ) - - - . - -

tW(wr) wrt I~e1J t~Nf f1

t SLid) r ~ a 1r:p t ph' _ T e 133 -

h(dd) jr r;-t R l '- 'I e

a-M F pnr Saus 7lae'y -

111e-nan Pr set

- - - - -- t tC~ r) ---

CHIP 7'_ C
ENABLE- 8

tSu(ad) - - th(od) 2 O

ADDRESS CS

tS(C) rt~~------------------------------------- J .

~ 7Ws/-t~. 1"' A'tw(wr)- 2C

ENAB8 LE 6L5~ A AJI ~ X 0,8- v-- - - - - - - ~

OUTPUT 7r~p7T;, 7t:.0> 7 '' A J - - -\P 2v
ENABLE 0j7f./ ~A.t,/H/fN.-- - 8V

MEMORY (NOTES F --- --. v

A~~~ j_)_4TW.N

DAT I/ 
SIB



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

araie Cer -Ns-6 pffo-n ax~ ~
t C( 4 ) RIMIW Cycle lime (Notes 5, 16) 1,170 ns

ta(E-- Access Timne RT1-o Uutp t Valid 5ekayT- ns

tv CEH) _'iP Tnbe HI-GHT ime -fNotis 14 1V f5 -6ns
t Chi -p Enabl e- LOW T e7o~i 14,es' 1T-5T- - 25F

t Chip Enable to Chip Select-Hold Time- -- 200 - ns

thj ad, Ch ElaEitoJdesodTie20s
t SU(M3 Chip See-t EStUpTm ~t4 5ns--

t - - - --. Addri s-s t hp-rbeStU ~e
tSUrJ --- Readto C hip Ena-ble Set-Up l-ime 0-*---- ns

tON dl Chiip 504e -OtptO~F2ly- -s

t-,d) Data IptHl i~~t 0

t SU(da) Td'Ota ThpuifS~ lt--T~iaeT-N6te T0Y 2 .- n

twWr) W iiPd~~O --

CF zooE~tpT~~y7~~T

tCO __1 or 00 to Output ON Delay (Note 11) 20 ns

tDita-Valid after Write -Delay--- 10

d Read Mode Hold Time cA

t rD Da ta Outf -toMemo ry stat 6s - - --.-

______ W(CEL n,

Read/ modify/ write cycle timing definitions.

- W(CEN)- t(E)
CHIP 4--------.- C-----0

ENABLE F / .
tSu(ad)- ---- 1 th - -

ADDRESS

SELECT ~8~',

R/W WIEl~\~\'

ENABLE -08v

IABL ___8_

-1V__ 2 0 0V

ENABLE

DATAPUT . D0DT

VA STABL VOL-
I- o(E)----j tSU(da)--f-- - -1.- th~da)

tD)M-4- 1: p1

STATUS (NOTES 6,15) -.

FIGURE B3. READ/MODIFY/WRITE CYCLE WAVEFORMS A14D TEST CONDM1ONS FOR AM9130



Read cycle test conditions over operating range knotes 8* , and 9).

Parameter Description MinW Ma Unit

t.C ' Read Cycle Time (Note S) 770 n

HE C to 3
Lutput -Ii 10 Pel ay 500 ns

wj riible LNW Timse (Note 141 - n

KE%$V T 15e~tTefil6Li Time _iOO0 -

h~ inp Fr'able to AdJress Hold Tinte 200 n

Cl~lp 'elect -t6 r gef.11p 7 me rT~oe 4) 5n

t, L d I- Ad~ress to Ch iP rnabhe _ et -Up Time ns

iW %)__ __'ed to Chip rflable et-tVp Timen
hi$sp riri'lo t,, Ped iiolJ Time s

Ii 01) to "\utput 0f1 Pelyv "Note ii) - 0 n

to 'A ''t t ' l %t' 1 ) t

CNIP t IN (CEN) ['-tW (CELl -2O

ENABLE ___

tSu(adl - th (a d) -
ADDRESS __ _ _ _ _ _ 2.0 V

tSU(ECS) - tj h- t(a) -
CHIP ~--O

SELECT ___0_ 8_____

h tSU(rd( t~d)- 0
R/W WRIE ;,7 2 _ _ _ _

6IBL -tSU(0E)- M M M ________________

ENABLE N ____________ -eV

OUTPUT -0 V

DISABLE

DATA OUT_ _ _ _N- I OUTPUT VALID O

MEOR
STATUS (OE6

______ - -VOL

F [(;tRF R4.1 !R AD) CYCI. ! AI/1 I ORMS AND) TI S] CON[) I I ONS I OR AMq 140



Write cycle test conditions over operating range (notes 7, 8, and 9).

Parameter Description - Min Ma u~

tWrite Cycle lime (Note 5) 770 nsC(wr)_
---Ac' - sf{'__ ffto Output ON~ela'

77-E -'_'Chiji tCabe 0CHWTime (Nfotes 1'4, 15J
W
t~ ~ Chip Enable LOW Time (Notes 14,-15T 250Mn

1t(d Address to Chip Enable Set-Up Tie s

tha Chi .p-nable to -Address Hold lime - 200 nsi

--u~ Chip Select ao IE Set-U' Time (Note 4)_ -5
th(C5) Chip Enable to -Chip Select Hold Time P UO n

tWw) write Pulse 'Width (Note-10)1 2P00--

h (da) Nata nput Mdt- m BiiiiEt 10 20n

tat Inte~lPt~ Nlnime (Nt li--------- - -----

liTrP Pet nriT-W(CEL)

Write cycle timing definitions.

tC(wr)- -

CHP ----- tW(CEH--- -___ -Ir

ENABLE tha.- . BV
tSU(od_ _i th(d)-4..-- 2. O~V

ADDRESS jLJ.. _E.

FH7Ptswc)-H h (S)- -2.OV

SELECT ______0.8

7,7 - __2.O0V

ENABLE

I NPUT 
- 2.0V

DATA WRITE DATA OUT V OL

*MEMORYtm VO
* .STArUS (NOTES 6, 15)

-OL

rIGrLu w,". WRITI. CYCL[ WAVEFORMS AND TEST CONDITIONS FOR AM9140



Read/ mrdifyl write cycle test conditions over operating range (notes 7, 9, ana 1

Parameter __ Description Mi a j

tC(4~ RIM/U Cycle Time (Notes 5, 16) 97C
C (M)- Val --eay -- -

a(CE 'Achip Enabe HICr tim Oute i4 I d

W( E ) Ch I C nb e O i'1 HT i me- Notes -14 1T~ +

tn(CEL) _-ip p~niablCe~i n F~{ eVC Y4,/e 2)2)
tht -- t~ia ~ oDa !_.e -S_ I -tW1( _1_

tsu(n) Chip Select to CE Set-up lime (Nt 4)-

tAddress to- Chi Evadblt S-et-:Ut 'Ile

SU ReadRetdChip Enable Set-p time

t Ord Chip Fnat~le to Ct~ e y4 - '

t Aa) Wa ri~t 5ol'V tlie % ct 1:-i

W (wr ) it 0  o~it co II

tc OFol 16 -lutput ()7 lely ('Idle Ill

t Con or , T) to '1.'j~ (i pu ~ GN 'f ! ot e U)

Ta I d Id fo r~

thrl Redd Mode mold Ti;io t

t bmDat Oui.t to M ld"Y )t1t&"

tIn ternal 1 'reset I 'rval f nI

Re a (Imodify /. ri te I Ic IP mliv i io~n

ENABLEtiam *(-. tCL-jI ~

CHIP__ _ 2.0 v

ENALE 0_8_

-DES -F -- YA-tINV~ -' 2 0 v
ENABLE

-~ I N 2.0~r V R~ ~ 1-
V~t(r t ( rd)-- -1 IN thldr?

-* . ......... . . . . \V

VO



NWTES FOP FIGURES BI THROUGH B6

1. 1y; ical oeratinc, supIly current values are 11. The output data bjffer can be OI1 and ou*put.
specified for norinel processlnq parameters, data valid only w"r, Cuttut Enable is high
norinal supply voltage and the specific and Output Fn..atle is lou. 0:" aric; 0. per-
amient ternperature shown. forr, the sarie function with opposite control

polarity.
2. Ty;'ical power-down su iy current values

are specified for norinal processing 12. The output data bLffer should be enabled
paraneters, the specific supply voltage before the falling edge of CE in order to
shown and the specific aribient tenperature read output infori;ation. When the output
shown. is disabled and CE is low, the output oata

3. At any operating temperature the minimur reister is cleared.

access tine, ta(CE ( min .), will be oreater 13. Input and output data are the sane polarity.
than the id~xiniur, CE to output OFF delay
tHp(max.). 14. The Chip Enable waveforri requirer.ients may

be defined by the Memory Status output
4. "he negative value shown indicates that the waveform. For a read cycle, the basic CE

Chir Select inpu: may becocre valid as late requirement is that tw(CEIH) . ta( C) and
as 5.0 ns followinq the start of the Chip tw(CEL) tp:
Enable rising edge.

S. The worst-case cycle times are the sunm of CE
rise tire, tw(CEH CL fall time and tw(CEL). MS
T h e c y c l e t i c e v a l u e s s h o w n i n c l u d e t h e n s PN . ..... ..

worst-case tr(C[H) and tw(jEL) requirements
and assume CE transition f mes of 10 ins. CE

6. The Memory Status signal is a two-state
output and is not affected by the Output 15. The Memory Status output functions as if all
Disable or Output Enable signals. If the operations are read cycles. If a write
output data buffers are turned off, Memory cycle begins with WE low and Data in is stable
Status will continue to reflect the internal at the tine CE goes high, the rising edge
status of the remory. of MS may be used as an indication that the

write is complete and CE may be brought
7. Output loading is assumed to be one standard low. In a cycle where WE goes loi at some

TTL gate plus 50 pF of capacitance. See point within the CE High time, the rising
load at lower right, edge of MS should be ignored as an indica-

tion of write status. The falling edge of
8. Timing reference levels for both input and MS is always valid independent of the type

output signals are O.aV and 2.OV. of operation being performed.

9. CE and WE transition times are assumed to 16. For the R/M/W cycle tw(CE1)(min.) is dfined
be < 10 ns. as th(rd)(min.) + twwr). Note ,. defines

10. The internal write time of the memory is M dbut it may ao be viewied as tc(rd) *
eine t e of(wr )  Modify times are assunnd to be

defined by the overlap of CE high and W zero. For systems with Data In end Pate
low. Both signals must be present on a Out tied together R/M/W timing should iake
selected chip to initiate a write. Either allowance for tCF time so that no bus
signal can terminate a write. The tw(wr), conflict occurs.
tsu(da) and th(da) specifications shou d
all be referenced to the end of the write
time. The Write Cycle timing diagram shows VCC
termrinat ion by the falling edge of CE. If
terwination is defined by bringing WE high
while CE is high, the following timing 4K
applies:

CE A -7
-tV .. . > tw(w .rl -- -- -

STABL OUIl 'tEl I PAfr

iW

~B9

I.i

- mm



VCC

22 OUTPUT

TRI -STATE

INPUT 
BUFFER

CE 12 PULSE

P OS E GENERATOR

INPUTPULSE

GENERNERATOR

PU S ,/ I/oI

GEEAO+5V

SYNC ADDRESS

INPUTS

A D 2 1 1 /0 2
A? 60 LOAD CIRCUIT
A2. 19 1/03

1024 
A3

- A is 1/04 SAME AS ABOVE

SIT 1 7

A5S

BI NARY TA6 I

COUNTER T -
IAS

IA9
MSP - 4

NOIES:A. C L  
=

5o pF min inum. includinq probe and .iiq capacitance. :

B. R 1 4 K.

C. Address wavefor-'s must be coherent to within t5 ns of CE.

D. All tTLH and tTH L - 20 ns.

E. All generator output impedance , 50a.
F. All diodes are 1N914 or equivalent.

FIGURE B7. SWITCHING TIME TEST CIRCUIT FOR AM9130

BlO



vCC

INPUT

22
PULSE ECS

GENERATOR + 5 V

I NPUT
RI

PULSE CE 12

=~INPUT

'ULSE R/W oUTU
[GENERATOR B __ C)_; S INPUT [-C
GE N RA TO F

ADDRESS
SYNC INPUTS

LSB I l20
I A 19

4096 A A3

BIT "--- 17
A 5

-T16
BINARY A6I

COUNTER -S2

-3
1 A9

MSEI I AID

I All

NOTE S:
A . C1 L S0 pF minimum, including probe and jig caparitance.
B. R1 =4K: .

C. Address waveforms must be coherent to within t5 hs of CE.
V.All t LH and t THL 20 s

E. All generators output impedance t 50Q.
F.All diodes are 1;4914 or equivalent.

FIGURE B8. SWITCHIN4G TIME TEST CIRCUIT FOR AM9140
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TABLE B3. SYMBOLS AND DEFINITIONS

SSMSJ. L NTQ

-0 . . . . . . . . . . . . . Suvply ,oltage

O- - -Out;.t enable, input

- ..-......... . r- - able. in p

- - -, -- -, ' -.. . . - a t a n , t ' ; "

-, -.-.-.-.-.-. -. o le es In t o t g

--.--- - - - - rb e .np,

: 041 . . . . . . . . . . ,Ia*. yc *.. "

--- 
- - - -se let ,

.. d L

- ---- --------- -
---- - - J 3r - --

- - - - - - - L e 0o4 ,

- - - -- - - - - - Fl vel'.ZCCC5t i f*,dj

V : . .. -l - - - -- 'e -S

Ks~ ~~~~; -~e -o --. -. ---- S t

da . . . . . . . .-iat a --

r- .-ea d u v --

-uh.. . .l.. . . . . . . cetaue

tha d - . . . . .-h -- ! -c -d r s ,- - - - - r- D t

tsu : S - . . . . .- " see- -t -,- -; -q ~ -e - - - - et

t ,c !  . . . . . . . . . . .- - - - , h : e . .' e o 'yc ,'1 h , :'e

t su{a ) - -,. - - -.. . . . Aore,: !c c -en:'l sea t u t ' , e

t hkad) - . . . . .- h, ec ,b e t c a r e , h , c -', r v

to . .. . . . . Ch r en bl *, v u u c I F e e s saIe)

-t -1 7 t5C ', eh

-wwr:... .. .. drt us h t

.. Ait rna I t ttnrea: r c

tw th 0 ..... ...... -- -- C h,;r enabl e to 
u

t t Fdee a

t E--) .....-.-.--------- - L--t eInble t i o e

tCL--------------------------o'-t' t aey tts ea

t(da 
)  a - - -te , time

'sad- - - - - - ------ A uls to c- rt s

-'1- - --- - - - - O JV t: O ' e, oc n

I
t
sCP- -- -------- -- -- --e t cr p en Nt' eutt 0-

hi------ --- - -- -- -- -- -bIternalPest rnear h, t'r

t- . t -- ena tle to o t e de lay

B16----------- C i n a t, Ie m

lsu IE -- -- - - -- - -Okt t inut lol ItinCE lws tm

tw (wr) - s rt pule tme

t " ----- - at ai a-tr wrnte dla y

IB1



TABLE B4. MIL-M-38510/237 FUNCTIONAL ALGORITHMS

t I a 191l It hls a"' t'st P ! ern whi.ch define the evact sequence of te t uSed tu vet I ly prpoer
opera Os ol a 1411,4' Ac , ilkr ,,,y (K4,M). IaCh al 9ori thri serve. a spei. if i. purpose for the test ing
of the dev ce.

AL GOR I Y HlM DE SCk RI ( I1I0N

AM9 130

GA DIA A. W,'Ite 'T I to il ol of th memory.
N B. sta'It I at locaIol 0 write I to that loat Ior, ( I.

C. keal ii a tht' baakoqupnd location I *3; and then read I at the test word location i.
Ii. ke.,it Ste; t d ia;o, lI mrrI et'os;rh I he b( k uckround lot Ion by 31 every time).
L. write 0 to th e t w rd O(l:41loi' I an1d read (i tv check it.
F . A R .ro : S e,' :, -1 t h r o o i h a l l loc a t io n s .

GAL DIA "I" i, thse as GALO!IA "0" with opposite data.

MARCH A. Write a backyroutij patiern of "0o" thri u yhojt memory.
(N) B. In leoetIn., from address 0 tvi address 10.'3. read a "l" and write a "I" into each cell.

C. Incr,,ent lni fro address 1023 to addrt'ss 0. read a "I" and write a "0" into each cell.
V. epeat Steps B and C with a background lattern of "Is" throughout memory.

C8 A. Write 0 and I alternately in the first or even row.
(N) 61. Write I and 0 alternately in the second or, odd row.

C,. Repeal SteNs A and Li through all rows.
[D. Reao 0 and I alternately in the first or even row,
t. Re.aid I and V' alternately it) the second or odd row.
F. Rep'at Steps D and L through all row, .
ii. kepeat Steps A through l with coimiplenent data.

SCAN 1 A. Write I hickirou,Id of "Is" throuyhout nie-nory.
(N) V,. Arid a "I' fr, ea1 h lo at ion In the mleIlory st art my at address 0 to address 1023.

AM9140

GA DIA A. wrilte "0i" into dl I of the miliory.

i. St rt lki at lc.lt Itln 0 write I to that Iocalion 1i).
C, Read l .1 tht jlatkyroklnd lo(ation 1 t3 anid theml read I at the teoi word location I.
VI. Repeat tep C dla~qlil ly (lncrement mg thie hlu.,nd loca l n 0y (3 every time).
1. Write" 0 to the test word locatloll I and read 0 to check it.
F. Repeoit Sr ' B-L thl ulgh all locations.

SiAtlIA "*" is the samde As GAL IlA "0" with opposiIte data.

MARCH A. Write a tlC kr-luid pattern of "Os'" throujhout memory.
(N) B. tllcv'rIti'll il oill address i i' t dress 40i)'. read . "0" an1d write a "I" Into each cell.

C. Inkro,,estily fromI adldiess 4005 to addI'ess 0, read a '" and write a "0" intu each cell.
P. Repat Stl'i' B and C with a hockground pattein of "IS" th' lhlut ILmemory.

C8 A. Wr Ii' 0 o, I I ,ltrirnately in the firt or even row.
(N) B. Write I ad1 0 altr'llately in the ie(oml'd or odd row.

V. kR,1',,'t Sll u s A ,d 1l thtroiu h all rows,
0. Rad 0i and I alte. lately in th' first or rv'il row.

I. Rh'oal I .1dI C . l l'ately inhll , d t oild row.
r. Reipr.o ( ,tYep [ and flI hro~llh a I rows.

G. R..'...it " ,' I hr' lh F wi l h lol Lo'1 1 t 1_ta.

SCAN I A. W, It' .1 i,,1. f i ll , " l" ih lll. .....hou l IorV.

(N) l1 Roadd a "I" f' ', v.,11h 1 ,llO in the -y %tirtin/ it ,hhd,., 0 Io ,.1div, MN5.

LL



TABLE B5. FUNCTIONAL ALGORITHMS FOR TIE RELIABILITY EVALUATION

AND ELECTRICAL CHARACTERIZATION OF MEMORIES PROGRAM

ALUR I THM N' S, K P" ]

(N
2

) I, 'li, ,, '7' 4,'' ', a 4., .
4.4...* ' . ,, ':' ' '. -." '4 L 1 , ,' r' . 4('4", S 4, ' ; 't. ' '2 ,K,4" '' 4. rea.! Ies!

Nr .. . . , . ' , ' ,& "l" ' ., I'4, 1' , A t .+e '4.

t'KNG . WM. . ,, ,.,14,',4. . 5, 44, ,, .'" "44,'' 44 4,, , 4h .44 1',ry

4 4 ,. , ,,,I t : '. ,,s . . 4 , " . l ,h, w, 4 . , '' [ n 44 ,,'- '44 4''' . 4,.'I h

4O h . W' . , I", it.,4444,44,4 ,'. . 4 " " ''. Ih. tl.'. ,! 44.
G A.4T 4. W " ! ,", - '' ' '' ' ' , '

(N .i .l" i .' ,"j - .'Y .I d ' , I 
,  

i t lit, 'i's 44l4 ,e l I 4.

t ''I,' tv l%' ,'l 

' 

itI 'l Ik 

" 
! 1,1 1 (I', 1 ' 1 t 13, aS W ' I -I I . (l

4', I"' 11!, 444 t44 .,4,1 0104Ill

.44Kl , 4 4. 4.' ", t I .4! 4 I "j , 1 '' 4,4I 1 . %,4t444 '14' .4 " 4 1 " .'h ( 444.44 l, ', I llo I

ti t I4' %44 '4,424 o. ,t t a il

,444444~ ~ Ilel r.44tl 4 4.'4.5 4! 4!414 444

k 4 , 4'i 1 ' !r 4' k2, .
, 
I ) o ,t. '. ', ,' . , 4,1,, I -W4 t.1 I''' 4.4l - I d " lt 4 4 34 44II Ivi.!

h-/ 4 4 , ,' .i 'I % t'h. A6 .h, k ' ,44 p sof h It ll4w h t veor

KAR 4N A. 6 k, 4, 4., ... "1
DI(N. I I 1,,1.' l. a 0 It v a I t t 4 ,, h , .' , 44', 44i44.h 4e.

44 . ' .2,',, ' ,.,,'.' I'' 4. '.r' . h 4.I'. , l, W I,'I'l l V, "'.1d! a4 a s .,'II t v a .I 4n k 1 ' c h

AOD 4 A .4 4 44 , '" ',4',., 4' i Ij41 .41 ....... 
1

', 4 5144"l 4445 th.'lor+.4 s emory.

SA C 44. h1,4!,+, f,,+, 4 4,.4t ,4 I 1) a4 , ,h '' ',, . .! m, I ", I r -I rof "IN,

(N k . 4- '1 1 1I'

,'.W,,,. ,~ v , 1, ttm,44 .'t h '1 k, , w,,ith 4 ' . I," A' 4 "t, ' 44 O ' 0'.

44OM . .1tv,~''4 , it e ' "t 44 i4 4'. ' "... , 44444 'A ''4 Cl I 4vlr .'''4''' 44
4

4~y

(N) v4,b 444 l4 4 4 ' , , h) ''I ?I 4444'.,ii, AA'v .a~rt,%

,44,44v, I I, it, or,



TABLE B6. FUNCTIONAL ALGORITHM USED DURING FAILURE ANALYSIS

COSWRT A. Write a background pattern of "Os" throughout the memory.
(N/2) B. Set the address to zero. This becomes the first test bit.

C. Write a "I" into the test bit.
D. Read a "I" *rom the test bit.
E. Write a "0" into the background cells of the test bit's colunmn 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 all the cells in the column have been the test bit.
H. Increment the column address by one and repeat steps C through G.

B

g19



APPENDIX C

PARAMETER CHARACTERIZATIONS
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APPENDIX C

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 250C and 1250C was summarized in

groups of devices defined by the various stress tests. These summaries are

provided in Tables Cl 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

computed mean (x < 50 i.Adc) and sigma (a = 0) shown in the tables are not

representative of the actual mean and sigma. No important parametric shifts

indicating parameter degradation were observed from the initial data to the

final data.

C2



TABLE Cl. AM9130 STATIC LIFE TEST PARAMETER CHARACTERIZATIONS AT 250C

01I1.4-311510/2310
4  

1 ?sjjjTTIC LIFE ................. jlc STATIC LIFE

PARAMETER TEST LIMITS aoo MR400 R R 0MNo UNT

1119 to o.OSO 4.009 0.048 0.021 0.041 0.02S 0.049 0.011 ,Adc
1 CMZ19 10 0.048 0.019 0.010 0.000 0 050 0.000 0.000 0.000 AO6c
021 70 0.0s0 0.000 0.060 0. 000 0 050 0400 01048 0.079 .Adc

ICC27 12S 87.800 7.882 88000 0.112 69100o 7.029 .9S00 .03 06do

VOH32 0.2 2.m9 0.019 2.M0 0.0S 2.020 0.065 3.00 0.-06S Vdc
VOL34 0.4 0.162 0 .014 0 .160 01014 0.162 0.0166 0.160 0,0s VOc
Vcc "~ 4. 5va

REA0/48 ITE

tN, CAN 1 S00 161.000 0.8 765.000 8.535 110-000 11.410 162.000 11.324 .5
REMO00FY/WRITE

'A(CE)' MARCH Soo 166.000 9.417 169.000 9.500 164.000 11.760 166.000 11.609 as

TABLE C2. AM9130 STATIC LIFE TEST PARAMETER CHARACTERIZATIONS AT 125"~C

PARIESRT LITS 0 4R 4000 MR 0 494040 MR UNIT1S

"IN_______ MAX MEAN I(0 57046 N SIGMIA KAN8 SIGMA KAN SIGNIA

714 70 0.010 0.000 0.050 0.009 G.049 0.013 0.049 0.012 046c

04119 10 0.040 0.019 0.050 o.ooo 0.050 0.000 0.050 0.000 Ad,6
040Z21 0 0' 0M 0-' 000 00 0.00 000 00 -.5 0.0 .Adc

IcLOO 721 61 000 1.96 0 .400 s.814 4690 1.044 61.400 4.20 48k
If032 2.2 3 010 0.016 1,'0:0 0.019 3.060 0,065 3.,0 0.041 Id4

vL40.4 0.271 0.020 0.07 0.076 0.2,7I 0.01 0.27 0017 946
8
c 4.1 946

400/48I TI

tSCAN I 000 195.000 74.770 191.000 10.294 704.0D0 14.070 19". 000 13.399 as

IN (C,). PAR9CHM 1 0000 4. Am 194.000 10.960 769.000 71 000 791.000 13.796 as
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TABLE C3. AN9130 DYNAMIC LIFE TEST PARAMETER CHARACTERIZATIONS AT 25 C

II.311II.. 00 14370 1S*C iDOWIC LIFE 200% DYNMIC LIFE
V9AMETER TEST LIMITS 0 MR 00 40M1 MR UNITS 07

MIM______ )010 I0 Pam SIGMA EM SIGM KAN $111010, WAN SIGMA ___

am10 0.060 0.000 0.000 0-00n 0.047 0.027 0.040 0012 .Ak
1
04fl0 to 0.047 0.024 0.00 0.000lo 0.00S 0.039 0,000 0.000 ~Adc
10142z to 0.010 0.0010 0.050 0.000 0.04? 0.026 0.00 0000,D .04&

Iz?12S 96.100 0.071 115.100 6.0,2 00,100 4.342 81.700 4.331 -44c

V0032 2.2 3.010 0.060 3.010 0.040 3,020 0.072 3.020 0.074 04c

VOL.00 0.4 0,160 0.014 0.10 0.014 0.159 0.010 0.108 0.014 040

t,, UAN I Sol0 162.000 11.710 165.000 11.3?9 160.000 11-170 161.000 11.100 .51

I, C (C,00KSo 104.000 10.000 10.000 12 010 16S.000 12.040 100 040 W. 611 A

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

l2L.-3-85104.704 175% DYNAMIC LIFE ______ 200C UYNANOC LIFE
PVE10 TEST 11011T$ 00MR 4000 NWE 0 4001 UNITS71

"I020MAN SIGM MEAN5 S(4 Ij,_ SEAR _ilwi -,5 ,jjQSA ---

Ilk t0 0.1,S 0.010 0.001 0.010 0.014 0.000 0.049 0.009 40
III~l10 0.000 0.030 0.004 0.032 0.050 0.000 0.050 0.00 Ad,4

I 0N0221 10 0.000 0.040 0.000 0.039 0,000 0. 000 0ls 00 00 Adc4

Icc?7 120 64.400 4.009 64.300 4.000 63.000 13270 04000O 407 VS W

00430 2.2 3.040 0.070 3,030 0.070 3.0s0 0 072 3 040 707 oy 04d

V0134 0.4 0.71? 0.010 0.09 0.017 0.270 0.016 0.204 0.071 I 04

vcc 4.0 040

090. uCm I 000 147.000 MS.4 190.000 14.033 186.000 12.190 10.000 13 Vi7 S

184CM- 000ma o 101.000 14.000 103.000 14.000 101.000 11.1170 103.000 14.00 *
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TABLE C5. AM9130 STORAGE LIFE TEST AND TEMPERATURE CYCLING PARAMETER
CHARACTERIZATIONS AT 250C

MIL-N6-US1012)?O4 275% STKOGE LIFE .OSIIWC TENWERAIVR CYCLING
PAIMUIR TEST LIMIT'S 0 0 00D MRc a zoo cYc UNITS

"N I VAX WAN0 SIMe NEAR SIGMA N~E SlG KAN0 slum0 ___

I
t  

to 0.00 Mott! 0.00 0.00 0.049 01015 010 00 .4OD k
IONOY, 10 0,050 0.000 0.000 0.000 0.010 0.013 0.04 0.034 .Odc

10M10 0.060 0.000 0.0M 0.000 0044u 0.024 0.0Ob 0.021 AOk
Icuy 125 951600 4.103 go. 60D 4.030 90.100 0.950 00000 0.027 "&k
004N32 0.4 3.010 0005S 3.020 0.0SS 3.010 0000 0.006 0.003 SOC

VO40.4 0.100 0.010 0. 100 0010 0.114 0.010 0.114 0.014 SOC

READ/WRITE

LNG. SCAN 1 500 1 1. OD0 1.012 1111.000 7.023 1600000 9.7 010 ID) 2 .00 .,S

%(C0'90" S00 16".000 7.811 111.000 0.092 101000O 100060 166.000 10500O as

TABLE C6. AM9130 STORAGE LIFE TEST AND TEMPERATURE CYCLING PARAMETER

CHARACTERIZATIONS AT 125 0C

OIL-*-30510Z3704 275% STORAG0E LIFE -6S/110Ct TEMERTURE CYCLING
PARAMETER TEST L INI10 0 00 2000 00 0 Cyc 20 CI 00115UIT

_______ IN I A 90u NEAR 0 SIGA EA SIGPA IRAN SI00A KAN0 SIGMA ___
1

j9 10 0.004 0.016 0.050 0.00 0.047 0,021 0.050 0.000 -Odc
I109019 10 0.050 0.000 0.050 0.000 0.000 0.00 0.050 0.033 Adc
109221 10 0.000 0.000 0.000 0.032 0.000 0.000 0,001 0.021 Adc.

ce?125 04.400 3.100 70.200 4.092 60.000 0.910 07.600 4.960 900c
00932 0.0 3.040 0.054 3.003 0.054 3.040 0.062 3.000 0.003 Sdc

0,k3 .0 0.213 0.016 0.217 0.010 0.417 0.010 0.114 0.010 ldc
9
cc 0.04

O", CANI 1o 000 dd.000 9.376 896.0010 10.001 10.000D 11.520 185.000 11. 300 as

A EAD/110IFY/WRITE1
0(C)' MAC 000 )91.000 11.699 193.0010 10.109 1111.01 12.360 1000 12.431 .5
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TABLE C7. A149140 STATIC LIFE TEST PARAMETER CHARACTERIZATIONS AT 250C

NIL-6301231 IISC STATIC LIFE 240c STATIC LIVE
PARMETER TEST IMITS'l , 40011,M 00MR 4000110M VIT$

Nis W______ I1 MEAN S10 t5W 110 STOMA MEAN6 SIUIO OM0 IE ____A

I34 1t 0.051 0.60 0.010 0.000 0.61 0.001 11.0641 11.411 w.8
1
06121 to 0.060 0.000 4.060 0.000 0.070 0.004 0.60 0.010 mme

1011111 10 0.050 0.600 0.000 0.000 0.0110 0.000 0.0510 0.0110 Aft
ICC?? 12% 77.500 4. SIM 1.1111 4.420 Is.0 0" .426 76.601 c.07 MAdE
v (03 2.2 2.060 0.064 t.m0 0.0110 2.960 0.101 N.004 9.0105 vdc

10 40.0 0.102 0.000 0.140 0.001 0.104 0.013 41.1m0 0.013 0*c
v .4.5 0*c

I.SCAN I 00 101.0001 21.110 106.000 22.449 183.00N 21.110 WOOD I$.m0 as

RA001SIIWITE

TAKE), MICHSa 170.000 20.430 110.00 00. 110 t06.000 18.400 170.060 I8.0M as

TABLE C8. AM9140 STATIC LIFE TEST PARAMETER CHARACTERIZATIONS AT 1250C

IL-II-31I/23712 171*C STATIC LIFE 200% STATIC LIFE
uoucIMAI T151 LIMITS 0.4j 4m 06 0 104000 111 0611IT

"IN_______ "All RAN10 SimS KAN I S 10 01006 WA _160Ara SIGBS
it" 10 0.101 0.013 0.0010 0.000 0.051 0.012 0.00 0.010 .A&
I 06019 10 A.00 0.06 9.0910 0.00, 0.050, 0.000 0.06 0.060 A&*

IM110 0.000 0.0010 0.010 0.000 0.000 0.000 0.060 0.000 ~Ad
1
cC2 it1 03.300 3.04G 61.14 4.016 60.400 4,02 41.217 3.814 &A*c

V0S 2.2 2.920 0.01 11.1413 0. OWN 1.970 0.103 1.1" 0.06 odc
OL 0.4 0.106 0.012 6.106 0.014 0.106 0.017 0.300 0.017 9*t

v c 4.1, Od

IN,. SUN 1 NO0 M00000 14.610 M.00S 06.70M 113.0110 23.600 00.00011 1.724 .3
K11110i1IlSI

50= we t.0001 60.270 11.00 X0.578 197. 730000 11.41111 10.147 as0
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TABLE C9. Ar19140 DYNAIMIC LiFE TE5T PARAMETER CHARACTERIZATIONS AT 250C

KIL.N-NSI01037
1
2 IIS'C OTUMIC LIFE 000C DINAMC LIFE

PARAMETER TEST LIMITS 0 - 0 4000m M 0 MR 400 iM UNITS
"______ INI M69 EMN S1iam MEAN Sim MEAN SIWA EM 5396 ____

Ilm To 0.OT 0.009 0.060 0.000 0.051 0.007 0.00 0.000 wAd
10119 10 010 0.000 0.060 0.0 0.1 0.0 000 0.0 Od
I00021 10 0.050 0.000 0.000 0.000 0.10 000 .000 0.0DID 0.00 m A

ICC27 120 70.400 4.730 76.433 4.630 70.100 4.033 74.00 3.1111 Adc
00932 2.2 2.060 0.076 2.962 0.070 2.904 0.104 S.431 0.1611 Mdc

V14r 0.4 0.147 0.0TO 0.150 0.000 0.144 0.016 0.134 0.015 Sdc

VIcC 4.5 Okc
REWWRMITE

II.SCAN 1 Soo 180.000 17.370 104.000 17.303 187.000 2T.030 191.10111 20.80 s

9500/MDDIFY/VOITE
1
AICE)' MARC" 000 160.000 15.300 171.000 14.931 173.000 16.070 178.000 1s. 39 s

TABLE CIO. AM9140 DYNAMIIC LIFE TEST PARAMETER CHARACTERIZATIONS AT 125"C

NIL-M-365 023712 175*C DYNAMIC LIFE 200% sommlC LIFE
PARMETER TEST LIMIS 010 4400MR 010R 400010 UNITS

MIN MAI KN _SIGA EMA SIGA EMR 01690 MEAN I 10 __

IH10 0 050 0.00 0.060 0.002 0.040 0.00D3 0.0s0 0.0010 cEI
l00110 10 0.00 0.000 0.OMO 0.0111 000 0.0 00D~ 0.0"0 0.0010 Adc
100121 10 0 000 0.000 0.063 0.013 0.054) 0.000 0.094 0.000 c
1
ccT 125 67.000 5.60 0.00 3.741 62.0 3.700 60.333 3.366 .Adc

VON32 2.2 2.9810 0 070 2.112 0.074 2. " 0.16S 0.915 0.163 9kc
'O9.34 0.4 0.102 0.017 0.199 0.013 0. 107 0.022 0.193 0.023 vdc

IC -4.5 VO
READ/WRITE

t,.Scm I 000 103 000 17.890 0211.39 21.774 207.000 24.030 n009 22.99 0

*EA0/MIF/l0ITS

tA 'MARCH S00 170.000 15.570 0000 It. JI 193.000 21.020 01.m6 20.136 s

C7



TABLE Cil. AM9140 STORAGE LIFE TEST AND TEMPERATURE CYCLING PARAMETER

CHARACTERIZATIONS AT 250C

l4IL4.201IllsO1 STOW Lift04 7.1FC 00/1C TCEPEATURE CYCLING
TtST LfIIS 0 ON 200A66 OCYC 2 00 Cyc UN0ITS

ill RU mm I us" MEAN SIGIN WoAN SIVA0 vim0 5206 WA

1g3410 9.06 0.000 0.000 0.000 0.000 0.007 0.050 0.000 Ak0

(,1910 .01 01 0000 0 .000 0s0o 0.007 0.050 0.000 ,00ot
I30U ) 0.060 0.000 0.000 0.000 0.000 0.000 0.20 0.000 Adc~

cc, 20 70000 a00 03.400 6.640 77.000 0.963 77.050 8.905 A0

0.32 Z, .90 . 2.960 0.127 Z.930 0.743 2.936 0.743 900

IOL434 0.4 0.147 0.004 0.703 0 070 0.75' 0.079 0.752 0 01?7 V

va-4.5 0o0

%,S0 SAISo 777.000 17,1170 177.000 78-330 20.000 27.7s0 70".0 go09 n

'A(- 46,If/67 00 M00,00 10o7 100.000 7047 16 000 70' So 1.000 24770 64 000 23 640 j

TABLE C12. AM9140 STORAGE LIFE TEST AND TEMPERATURE CYCLING PARAMETER

CHARACTERIZATIONS AT 125"C

M1L-N-34010123712 27S STRG iIFE......... .... 5Lis .I00h r -
7057h TEST IMIT 0 90 2000 HR 0 VIC 200 £50 UNITS

020 M~ ME4 AN0 SIGM 014 SI0GMA 0103 AN G 0140l3G

I0 0l0t 00 0.000 0.000 0s)5 0.01S 0.050 0 0o0 Adc

19? IQ 0.050 0.000 0.000 0.000 0.000 0.000 0.0s0 0.000 .040

ItcC2 125 $3.900 4.770 77.100 0 570 07.700 7,017 00.400 6 111 004o

040N32 2. 9 .70 0.700 2.980 0.080 00 0.743 2.s54 0.744 v40

VOi. 0. 079 07 .194 0.014 0.111 004 014S0 0.02S 940

t.4. "C I SOO 00.0O0 20000 193.060 30.090 03.000 37 260 ?27.000: 31.D29 00

100E) IMC o 116.900 177040 140.000 70303) 04 000 V0.060 ?900 26 15 9 S
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FAILURE ANALYSIS

1.0 PROCEDURE

All 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:

a) Each failure was confirmed via a separate bench test set-ups, a curve

tracer test, or a retest on the automated test system.

b) 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 isolated 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 made

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 referenct,

to the related analysis report.
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2.1 AM9140 IIF FAILURE

An AM9140, S/N 79, failed IIH at pin 3 (ADDRESS 8) and at pin 9 (OUTPUI

DISABLE) after 504 hours of static excitation life tests at 175 0C. 7he port

passed the 504 hour, 25*C parametric tests, failed IIH at +125C and -55°C,

and then failed I when retested at 25*C as shown in Table D2.

A curve tracer bench test of S/N 79 disclosed that IIH at pin 3 was 3]MA

at the specified VINH of 5.5 volts. The complete IIH characteristic is

shown in Figure DI. IIH at pin 9 was 22001AA at 5.5 volts and the complete

II 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 aluni-

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 (Ni) that composes

Ri, R2, the drain of Qi, and the drain of DI. The input network of pi n 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 V

and that R2 was connected to the input transistor of the address stage via a

polysilicon interconnect rather than an aluminum interconnect. Because the I2

diffusion was butted directly to the polysilicon interconnect, the address

stage was not severed from the input protection network. Cl could be

dscnnnected and was, but this did not change the leakage. Although it could

not be definitely established, the failure mode of pin 3 was probably the same

as that of pin 9.

S/N 79 was baked for 16 hours at 200C and exposed to ultraviolet (U.V.)

ligjht for 15 minutes after which IIH at pins 3 and 9 had completely recovered

D7



TABLE D2. I MEASUREMENTS AT 504 HOUR MEASUREMENT POINT

PRMTR TEST MEASURED VALUE SPECIFICATION
PAAETR TEMPERATURE PIN 3 PIN 9 LIMIT

IH+250C <5O nA <50 nA 10 iA

IIH +1250C 42 PA >102 uA 10 PA

I IH -55*C 23 viA >102 uA 10 UA

IH +250C RETEST 42 PA >102 uiA 10 PA

D8
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FIGURE Dl. CHARACTERISTIC OF PIN 3 (AM) OF S/N 79

'IH

VIH 0.5 VOLT/DIV.

FIGURE D2. 1111 CHARACTERISTIC OF PIN 9 (OUTPUT DISABLE) OF S/N 79
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PTIPE SUBSTRATE I--------------------
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FIGURE D4. ELECTRICAL SCHEMATIC/LAYOUT DIAGRAM OF THE PIN 9 INPUT NEl WORK
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FIGURE D5. PIN 9 INPUT PROTECTION NETWORK OF SAMPLE PART AFTER ALUMINUM REMOVAL

40O

FIGURE D6. PIN 3 INPUT PROlECTION NETWORK OF AM9140 S/N 79
(P.S.I. =POLYSILICON INTERCONNECT)
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(< 50 nA). This indicated that the degradation was the result of a sirface

instability mechanism. During life test, pins 3 and 6 had been connected to

VSS. Thus, no bias had been applied across the input protection networks of

pin 3 and pin 6. This plus the fact that IIH 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

first 250C test and the +125 0C test or by an electrical transient generated

during the parametric tests. For reasons unknown the damage was not permanent

and could be reversed.

D12
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2.2 AM9130 VOL. VOH, ta(CE) FAILURE

One AM9130, S/N 62, failed V0132 at pin 5(output 1) and at pin 6

(output 2) and VOL34 at pin 6 at 25
0C 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 VOL and VOH tests and all ta(CE) pattern tests at +1250 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 ("I") 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 VOL 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 "I's" and

"O'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 2, 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 D1O. 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 system. 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

i;iost 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 2000C. 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 AiN9140 ta(CL) FAILURES

Eight AM9140 devices failed talC[ during various MARCH, GALLOP and CHLCKLR-

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'.C

(S/N 92 also failed at -55°C and +125°C). In each case the failed value of

ta(CE) was greater than 950 nanoseconds, the upper limit setting of the

measurement system (the specified maximum li, it 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 talC l during MARCH, MARCIH RMW, GALDIA RMW, MS, CB POWER I)OWN, and

CBN POWER DOWN, all at V C 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, shiwoo 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 coplete parametric retest was performed. S/N 92 passed

all tests indicating that it had completely recovered while awaiting analysis.

S/N 88 failed the MARCH RMW shmoo test as shown in Figure D15, but passed the

GALDIA RMW as shown in Figure D16. Since the shim1oo test results indicated

that ta(CE ) 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 sitrfoce

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 O C.

A retest of -..ie part after baking disclosed that it had completely recover-ed.

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%G bake, all six parts completely recovered. Thus,

the failure of all eight AM9140 devices which exhibited excessive t a(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 taCE) CB AND CBN POWER DOWN FAILURE

One AM9140, S/N 63, failed the 25'C and the -550C ta(CE) CHECKERBOARD

(CB) and CHECKERBOARD NOT (CBN) POWER DOWN tests after 4000 hours of 200C

dynamic life test. The power down test consists of writing a CB or CBN

pattern into the memory at V c 5.5 volts, reducing Vcc to 1.5 volts for

one second, raising Vcc back to 5.5 volts and then performing 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, 313789 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/CNB failures could be performed and the failure

mode and mechanism of this part could not be established.
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