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SECTION I

ABSTRACT

Wafer fabrication is nearly completed. COS/MOS circuits have

I been successfully fabricated utilizing sputter etch technology for

platinum definition.

Trimetallization technology with silicon nitride overcoat

passivation, copper beam-tape automated assembly, and silicone molding

f compound has proven to be the best system for fabrication of high

reliability low cost integrated circuits.
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SECTION II

PURPOSE

I
The objective of this program is to investigate alternate approaches[ to MIL—M—38510 f o r  ach iev ing  high reliabilit~r integrated circuits at ~ow

cost. Emphasis is on adapting existing technology to industry mainstream

products to achieve semiconductor reliability which will meet military

requirements without a severe cost penalty.

I The approach to achievement of the goals of this program is the

integration and application of existing sealed—chip integrated—circuit

I processing with automated plastic packaging . The program is being carried

out in three phases.

Phase I — Completed

(a) Process Feasibility — The required pltotornasks were generated

r using ex i s t ing  masks to t h e  max imum ex ten t  possible. Then ,

I. small qu a n t i t i e s  of each device t~rpe were f .sbr icat ed to  assure

tha t  the masks and processes were available for  the p roduct ion

I runs of Phase II. Also , each device typ e was fabr ica ted  us ing

matr ix  of ca re fu l ly  varied process parameters  to assess t h e i r

I impact on y ie lds  and r e l i ab i l i ty.

f (b)  Process Developineat— The processes required to f ab r i ca te

the eig ht i n t e g r a t e d — c i r c u i t  types  to be produced in Phase II

I were de f ined  and documented . Silicon n i t r i de  passivation and

the t i t a n i u m — p l a t i n u m — g o l d  met a ll i za tion  system were used

to achieve chip hertuet ici ty and a corrosion— f ree tne ta ll i za t ion

f sys tem.  In add i t i on , a s i l icon  n i t r ide  overcoat layer was

app l ied for  p ro tec t ion  of the inetal l ization.  A series of

1’ exper imen t s  was comp leted It each c r i ti c al  process ing ste lt  to

I Il-I
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assure repeatability . Real—time ind icators and accelerated

l i f e  t e s t s  were used to assess the effects of process changes

on r el i a b i l i t y  and to measure progress in achieving the required

failure rate.

(c) Automated Assembly— The technology being used in Phase II was

defined and documented . The effect of assembly process parameters

on cost and yield was assessed. Bonding tapes and lead—frames

compatible with each of the device types were designed and fabri-

cated . A number of devices of each type were assembled u sing the

automated assembly system. Reliability was monitored continually

by means of accelerated life tests.

The photortasks , wafer process , and assembly process required to

fabr icate the eigh t integrated—circuit types in the low—cost high—reliability

device—fabrication phase have been defined and documented and sample

dev ices of each type were fabricated . Additionally, preliminary reliability

d a t a  have been generated to demonstra te  the soundness of the chosen approach.

At t h i s  t ime , the p roduc t ion  r ims of Phase II have begun.

Phase I I  — F a b r i c a t i o n

The low— cos t  h i gh — r e l iab i l i t y  device f a b r i c a t i o n  phase of the p r i l g r / L m

involveu siqn i~ ic .snt  quanti t ies  of each of the eight uülou ted i I I t o jr a t e l—

c i r - I l i t  types  f ab r i ca t ed  accord ing  to the processes def ined  in T ’ h u s e  I.

~~~ st 1 Icon n i t r i d e  pass ivated , t i t a n i u m — p l a t i n u m— g o l d  me t a l l i ze d  i n t egr at e d

circuits and conventiona l silicon dioxide , alun’~Inutm—metallIzed integrated ¶
ci rcu i t s  are heinq constructed in both plastic il / I cux unic packages. This

wI 11 permI t a l e ta  f l e d  coinpar I son to 110 made of the new and conventional

processes .  D u r in g  these p r o d u c t i o n  runs , cs” signif i ,iiit d i f f e r e n c e s

between the two ~/r /c sses sr i beinq defined md documented . T his  u t i l i z a t i on

of existing equij *nent and mask sets is 1/ej fl ( ! demonstrated , and the cost
I m p a c t  of c o n v e r t i n g  to th i s  type of pro cessI n~’, will 1)0 estimated . In—

h r / l ess quality I I)ntrols , ru’ s i—time indicators , and parameter d Istribut ions

11—2 1
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I
at wafer probe and final test are being used to monitor the production
run and to assure pro :ess reproducib i l i ty .  All devices produced in th is

J phase of the program will he utilized in Phase III for reliability testing

and del ivery to the Navy . Finally , the testing facilities for the Phase I I I

program will be defined and asembled .

Phase III — Reliabili ty

The reliability of the devices produced in Phase II will be demonstrated.

The conventional aluminuin—metallized integrated circ lits , packa ged and tested

to military high—reliability requirements , will be used as the baseline from

which to appraise the new process developed under the program. In addition ,

the level of testing required over and above conrnercial screening to assure

a reliable prod uct for mil itary end use will be determined , and the cost

impact of this testing will be analyzed and verified .

I

1~

I
I
1 11—3
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SECTION III

Ph ASE II PROC1~A!1

Phase II , the low—cost high—reliability device—fabrication phase of

the program , involves significant quantities of each of the eight
• selected Integrated—circ uit types to  be fabricated according to the

processes defined in Phase I. Both silicon nitride passivated , titanium—

~1at~inum_gold metallized integrated circuits and conventional silicon

dioxide , aluminuxn—metallized integrated circuits are being constructed in

both plas t ic and ceramic packages. This plan permits a detailed

comparison to be made of the new and conventiona l processes . !)urIn~ these

production runs , significant differences between the two processes are

being defined and documented . The utilization of existing equipment and

mask sets is being demonstrated , and the cost impact of converting to

th is type of processing is bein~c estimated . In—process quality controls ,

real—time indicators , and parameter distributions at wafer probe and final

st are being used to monitor the production run and to assure process

reproducibility. Devices produced in this phase of the program will be

i t i l i z e d  in Phase III for reliability testing and delivery to the Navy.

- 
F i n s l i w , t he  t e s t i n g  f a c i l i t i e s  for  the Phase III program will be defined

and assembled . The milestone chart for Phase II is shown in ?ig. I l l — i .

As shown in Fig. 111—2, the minimum quantity of units required for

delivery to the Navy and for the Phase III test plan is ‘l65 devices per

type. Reliability testing during Phase II will require additional units ,

- and other needs will surface during the course of the contract. It is

I 
anticipated , therefore, that approximately 10,000 units of each type will

be f a b r i c a t e d  d u r i n g  Phase II.

I In add i t ion  to  i n i t i a t i n g  the long—term 125° C l i f e  tests during

Phase IT , a program of accelerated life testing is planned for two circuits ,

I
I Ill-i
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1977 1978 .1

Feb. Mar . Apr May June July Aug. Sept . Oct. Nov Dec Jan

Devuc. Fabtication
Obtain Mask s
Obtain Crys tal

Wat er Fab

Si3N4 Psotect
Assembl y — — —
Tes t
Burn un — —
Final Tes t

lt.l iabi lity
Design Lu t e Test
Sockets
Construct Lute Test
Sockets
Reliability Testing

Testing
Write Dynamic Progfams
Debug Programs

Dashed line indicates revised schedule.

Fig. 111—1 — Phase II Milestone Quart

Type CD4012B CD4O14A CD4027B CA741 5420 54S20 5470 5472

Technology COS/MOS COS/MOS COS/MOS Bipolar A u-T 21 Schot t ky Au -T 2L Au -T 2L
Linear

Wafer Lot Size 25 25 25 25 25 25 25 25

Net Units Required
In t er nal

AI DIP 115
AI DIC 145 -~~~

Trimetal DIC 155

Trime tal DIC 25
(Unencapsul I
Trum et al DIP 725

To Be Delivered 4000

Total 5155 — - —________________

Fig. 111—2 — Phase II Device Fabrication Plan .

111—2 1

____________________ _______________________



t h e  t A 7 4 l  and the CD 4 O 12 B .  This  program w i l l  v e r i f y  the reliability goals ,

compare encapsulation techni ques , compare the results achieved with devi ts

in dual—in—line ceramic packages, tnt establish the activa tion enerc~y to

he used for extrapolati ng the results of iccelerat i. I tests. rhe planned

t e s t  n s l t r  i ce s  Ire shown I n  t b .  111— 3 .

Life Tests Encapsulation Technique

Epoxy Novolac Non-Hermetic
Silicone Epoxy Novo lac With Junction Coat DIC DIC

I Bias

150 C 20 20 20 15 15
175 C 20 20 20 15 15
200 C 20 20 20 15 15
225 C 20 20 20 15 15
250 C 20 20 20 15 15

- 

Storage
150- C 15 15 15 10 10
175C 15 15 15 10 10
200 C 15 15 15 10 10
225 C 15 15 15 10 10
250 C 15 15 15 10 10

Step Stress

t 150~C 20 20 20 15 15
Types : CD4O12B. CA741

I

FIg. 111—3 — Phase II Test Plan .

- i  
~~

- -
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SECTION IV

DETA ILED FACTUAL DATA

TECHN ICAL DISCUSSIOU

Product Generation

Processing of all integrated circuit wafers will be completed by

December 31. Assembly has been delayed pending accumulation of

data from the step—stress tests.  The status of the eight integrated

ci r cu i t  types is shown in Fig . IV—l.  Sputter etching of the C O b ~ ,b

circuits for platinum definition has proven to be a useful technology

for closely spaced metal lines.

- 
Reliability Testing

Copper Migration

After 4000 hours of testing at T. = 155°C , 4/37 devices failed due to

copper dissolution and redeposition in the epoxy molding compound . This

precludes the use of epoxy novolac xuolding compound with coi l-er bi am tapes.

The reliability of the silicone molding compound has been excellent with

ri s~.ect to temperature , electrical parameters , sequential salt atnost h~ ri;

and moisture testing . The Phase II final samoles will be assembled using

the silicone molding c~ npound.I.
bt atu s  of L i f e  Test Sockets

- All of the necessary life test sockets for Phase II of the program

I have been received with the exception of the 2~ 0°C bi as life sockets for

40l2B. These were not satisfactory as received and ~~ ll be .-orr tel .

I ~~~~ U f l :r_ Test  bc’mma r~~

The suxmltary of results to l a t e  for si~~~.i i n t  ia l  t e s tln q  of CA741G devices

J with silicon nitrid e r hii Iic tric ov~ r r a t i r 1 1 a n t  s i li c o n - mo1di~~ com pouni is

u pd at e l  i t t  F ig .  I V — 2 .
(1

~ I

_ _ _ _ _ _ _ _ _  
_ _ __ __
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j
TA Nfl. DESCRIPTION ALUMINUM TRIMETAL

1. TA1i15 l 5420 DUAL 4~~INPU HAND GATES BEADY FOR ASSEMBLY AT CIR CUIT  PROBE

lA ln1~~ 54s 20 SCIIOTTKY DUAL 4—I N PUT READY Fbi-: 1~~NL M N L Y  AT Si 4 OVERCOAT
lAN D GAT E ~ -~

3. TA 10153 5470 EDGE-TRIGGERED 3—K FLIP—FLOP READY FOR ASSEMBLY AT Si N OVERCOAT3 4

1. TA 1 ‘U ~4 5472 MASTER SLAVE 3—K FLIP—FLOP RF.ADY FOR ASSEMBLY AT Si
3
N
4 
‘)VERCOAT

5. ~Al  155 CD4O12B COS/MOS DUAL 4—INPUT READY FOR ASSEMBLY 1/3 READY EfiR
NAN D GATE ASSEMBLY

1/3 AT Si I: OVERCOA T
1/3 AT SP~~T~ ER ETCH

6. TAI 1 51 CD4027B C( f l / Nf l S  DUAL AT CIRCUIT P1~~BE 1/3 AT CIRCUIT PROBE
i—b FL~ 1’ —I’ l.  1 1/3 AT 51 N JVERC )AT

1/3 AT NP~ T~’ER ETCH

7. TA102 19 bl )-1014A COS/MOS s-STAGE AT CIRCUIT P~~~13E 1/3 AT CIRCUIT PROBE
s~i r t’~ Rns r srE ~ 1/3 Ii ’S Si N OVERCOA T

1/3 AT HP~T~ER ETCH

TA 1Ol5~ CA741 Oi Lt~~TI ONA L AMPLIFIER AT CKT PROBE AT GOLD BUMPING

Fig. IV—l — ~ ai r fabrication status.

IV- 2
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- tt~~n~ Matrix CA741 and CD4O12D

The i n C - t~~ i1 i sults of reliability testing for Phase II are

summarized in ‘Sables I through VII and the data tabulated in Tables VIII

~~~- i- ~h X I V . 5hr’ ce  t i b i  en l~ru’,’i b~ the cnit nwnber of verified fiilures

tmt the cumulative failures at down periods for the units. Comments

conccrninq specific unit failures in the tabulated data (Tables V I I I

th rough  XIV )  tr ~ provided with each table. J

An analysis suxmnary of the storage life data is presented in

Tables I through VII. There was no significant difference among levels

of main effects at this tine in plastic devices. Preliminary failure

analysis of the catastrophic (opens and shorts) units in the unlidded

(open) ceramic package have shown handling damage (mainly) which is not

unexpected where pellet and hondwires are exposed.

An analysis summary of the bias life data is presented in Tables

VIII through XIV. While it is too early in the evaluation to draw

conclusions , the number of failures was not considered eX C e S S IV e  for

unscreened devices tested to the tight MIL—M—3R510 detail sheet.

More hours on testing are required to determine if these failures are

screenable. There was no significant difference among levels of main

c t f . jc t s  at thi s time in thai plastic devices.

j
The data , , ,~ ; expected , show lower failures for storage hi r e

than comparable }ia ~; lit ’ for the CD4O12 device.

‘is - l i n e Costs for C~~nim r ’ - i i l  ~Ti gh P e lia b i  l it - i  Plast ic Product

1. flow c},jr t 1 .-f in m y  -u i-u ’ . - r- i i  I i i  gi i i  i -iL i I i  t’1’ DIP integrated

~i re-n t’; at I-IA is shown in Fig. 1V I. A normalized c~~;t  m a t r i x  for  t h i s

!~,‘le o~ rul u ;t , ; ‘;t-r’ihded ‘ff—s}-’.er,’ , t r i l ‘lot:~.. e-;tica1ly is ;newn j - . - l o w :

t i  - ( ,z t r i - C C 1 d I

DII iii Rel DII’

( j f t s i i r . r . -  1.0 1. 45
T 1—

I . ‘ 7  1. ‘5’.

I



I. TABLE I
ST R ESS TEST DATA S U M M A R Y

TEST: ~ t~~r~gD I ~~

TEMPERATURE: 150°C

DURATION: 1~~~Hoii rc

TYPE CA7 4 1

1 PLASTIC C ERAMIC

S I L I C O N E  2930 
~

3c0 SEAL ED OPEN

0/15 0/15 0/15

0/15 0/15 0/15 0/15 0/15
I -

x,v 1 X NUM BE R OF V E R I F I E D  F A I L U R ES
V = TOTAL DEVICES ON TEST

“4

— 

II

t

_  

-



-e TABLE II
ST R E S S  T F S T  DM A  S U M M A R Y

T EST : Stora ge Life -

TEMPERATURE: 175°C

DURATION: - 168 Hours .1

TYPE : CA741

PLAST I C C E R A M I C

SILICONE 2930 
~
j3

~
0 SEAL E D OPE N 

— -

-(
w -
0. 

-

1/15 0/15 0/15 

1

0 . 4

w 0/15 0/15 0/15 0/15 0/15

.1

x,v1 X NUMBER OF VERIFIED FAILURES
V — TOTAL DEVICES ON TEST -

.

IV-6

n — --— _ _ ~~_ _ _ ___ —J
_ ‘V— 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— — - - - -— — - — —  — - —- — ——— - __________



I
TABLE I I I

STRESS TEST DATA SUMMARY

- Stora ge Life

) TEMPERATURE: 150°C

DURATION: 24 Hours

TYPE: CD4012

PLAST IC C E R A M I C

S I L I C O N E  2930 S E A L E D  OP EN

0/15 0/15 0/15

0/15 0/15 0/15 0/15 1/15

I 
___________ _____________________ _____________________ ____________________ _____________________ ______________________

xiv X = NUMBER OF VERIFIED FAILURES] V = TOTAL DEVICES ON TEST

1’

F[



TABLE IV
STRESS TEST DATA S U M M A R Y

TEST: Storage Life

TEMPERATURE: 175°C

DURATION: 24 Hours

TYPE: CD4012

PLA STIC 11 C E R A M I C

SILICO :~E 2930 SEALED OPEN

0/15 0/15 0/15

2

0/15 0/15 1/15 0/15 0/15

Hi X NU M8 ER ~~~~~ VER ~~~~~~~ F A I L U R E S



I
P 1 TABLE V

STRESS TEST DATA S U M M A R Y

TEST: - Storaae Life

I TEMPERATURE: 200°C

DURATION: 16 Hours

TYPE: CD4012

PLASTIC CERAMIC

SILICON E 2930 
- 

S E A L E D  OPEN

3 
0/15 0/15 0/15

0/15 0/15 1/15 1/15 3/15

H 
_ _  

_ __ _  _ __ _

I x,v X = NUMBER OF VERIFIED FAILURES
V = TOTAL DEVICES ON TEST

I

I
IV—9 

- —



TABLE V I
STRESS TEST DATA SUMMARY

TEST: Bi as Life

T EMPERATURE: 150°C

DURATiON: 26 Hours

TYPE : CD4012

PLASTIC CERAMIC

SILICONE 2930 
~
9
J
3
C° SEALED OPEN 

—

1/20 4/20 1/20

2/20 “~~2/20 3/20 3/10 1/10
S
.

XIY X = N U M B E R O F VER IF IED FA ILURES
V = TOTAL DEVICES ON TEST
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TABLE VI I

STRESS TEST DATA SUMMARY

TEST: Bias Life

TEMPERATURE: 175 °C

DURATION: 24 Hours

TYPE: ~~D4012

PLASTIC C E R A M I C

SILICONE 2930 SEALED OPEN

0/14 1/14 4/14

1/14 3/14 0/14 1/10 2/10

LU

X = NUMBER OF VERIFIED FAILURES
V — TOTAL DEV I C E S  ON TES T
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SECTION V

TECHN ICAL PRE SENTATIONS RELATED TO HRLC TECHNOLOGY

Oct 4 , 1977, U.S. Army Electronics Command , Fort Monmouth, N.J.
A.S. Rose.

Oct. 14, 1977 , Lockheed Missile & Space Corporation , Sunnyvale,

California , A.S. Rose.
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SECTION VI

CONCLUSIONS

1. Wafer fabrication for Phase II is nearing completion.

2. Reliability o~ the copper beam—epoxy molding compo und

system has proven unsatisfactory.

3. The reliability of the silicone molding compound has been excellent

with respect to electrical parameters , sequential salt atmosphere

and moisture testing. This compound has met the requirements

for high reliability low—cost integrated circuits and will be

used in the assembly of final Phase II product.
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SECT ION VI I

I PLANS FOR TIlE NE~(T INTERVAL

1. Complete assembly and test of the required circuits.

2. Continue reliability testing.

3. Delivery of final samples of all integrated circuit types .

I

I

El
I

I
11

VII.-’ 
—

-- _.___‘V - - --‘V —- -—-- —-—--———- . ---
~~~~

- . ———~~~~~~~~~~~~~~~~~ ———-——--
—-



Distr ibution List for Quarterly and Fin-al Report
N00039—76—C-0240

Naval Elec tronic Systems Command 2
Code 30421 — R. A. Wade
Washing ton , i. C. 20360

Naval Research Laboratory 1
Code 5210 — J. Davey
Washington, D. C. 20375

Naval Resea r ch Labora tory 1
Code 5261 — D. Patterson
Washington , D. C. 20375

Naval Electronics Laboratory Center 1
Code 4300 — C. E. I~~11and
San Diego , CA. 92152

Naval Elec tronics Labcra tory Center 1.
Code 4800 — D. McKee
San Diego , Californi~t 92152

Naval Electronics Laboratory Center I
Code 743 — E. Urban

r 
San Diego , CA. 92152

DCASD , Springfield 1
240 Route 22
Springfield , N. J. 07081

Naval Weapons Support Center 1
Code 7024 — R. Freeman
Crane , Indi ana 47522

U. S. Army Electronics Command 1
Code AMS~1-TL-IR - E. Uakiin
Pt . Monmouth, N. J.

Rome Air Deve lopment Center 1
Code RADC/RBR - J. Ba r t
Griffiss Air Force Base , NY 13441

Naval Surfac e Weapons Center 1
Code WA33 — A. Auerbach
Silver Spring , MD. 20910

Defense Documenta tion Center I
Cameron Station

I? Alexandria , VA. 22314

Advisory Group on Electron Devices 1
201 Varick Street , 9th Floor
New York , N. Y. 10014

ii Dire ctor , Army Production Equipment Agency 1
A tt : DRXPE-NT (M cBurney)
Rock Island , 111. 61201

AFAPL,’TEC (C. E. Ryan) 1

Wright Patterson Air Force Base

‘V —--—-—-—---. 
-‘V - - V -- - —  — --- _ _ _ _ _-- - *



D i s t r i b u t i o n  List for  Quar te r ly and Final Report (Con t ’d)
N00039 — 76—C —0 24 0

McDonnell A i r c r a f t  Comp any 1
Box 516 — N. Sti tch
St. Louis, MO. 63166

Fairchild Semiconductor 1
464 Ellis Street
Mountain View , CA. 94040

Intel Corporation 1
3065 Bowers Avenue
Santa Clara , CA. 95051
Att : G.E. Moore

ITT Semiconductors ~~, 1
3301 Elec t ronics Way
East Palm Beach , Fla. 33407

Motorola , Incorpora ted  1
Semiconductor Products Division
Integra ted Circ ui ts Cen ter
P.O .  Box 20906
Ph oenix , Ariz. 8503G

Nat ional Semiconductor Corporation 1
2900 Semiconductor Drive
Santa Clara , CA. 95051

Dr. John L. Prince 1
Dept .  of E lec t r ica l  & Computer Engineering
Clemson University, Riggs hall
Clemson , S. Carolina 29631

Signet ics  Corporation 1
811 East Arques Avenue
Sunnyvale , CA. 94086

Texas Instruments , Incorporated 1
P .O. Box 5012
Dallas Texas 75222

Research Triangle Institute 1 D.R. Stiefbold

P.O. Box 12194 Elec tronic Technology
Research Tr iangle  Park Lockheed Missiles & Space Co., Inc.

North Carolina 27709 1111 Lockheed Way

A t t :  R. A lbe r t s  Sunnyvale , CA. 94088

Engineering Experiment Station 1
Georg ia Institute of Technology
Atlanta , GA. 30332 Mr. Brian Park

Att: J. Heckman U .S. Army
SLAt —

Jac k S. Kilby 1 HQDA
5924 Royal Lane DAEN
Suite 150 ASR
Dallas , Texas 75230 ‘Washing ton , D.C. 20314 - 

-

_ _ _ _ _  -~ —‘V - - . --—--—— - .---_ _-V - -


