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SECTION I

I ABSTRACT

I
Wafer fabrication for sample generation has been completed on all inte—

I grated—circuit types. The critical experiments comp leted to data have resulted

in the unification of the COSMOS and bipolar metallization processes, optimi—

I zation of the gold—interconnect thickness , deve lopment of a suitable COSMOS

silicon nitride—silicon oxide gate dielectric, and optimization of the gold

bond—pad height. The platinum layer thicknesses required for an effective

1 diffusion barrier and platinum su icide formation have been determined.

I ~Preliminary reliability testing has been initiated and data generated on

a 250’t bias—life test. A failure mechanism associated with high temperature

I life tests and epoxy molding compounds has been identified; packaging tech—

niques designed to eliminate this failure mode are being investigated.

A preliminary cost baseline has been established.
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SECTION II

I PURPOSE

I The objective of this program is to investigate alternate approaches

to ttIL—M—385l0 for achieving high reliability integrated circuits at low

I cost. Emphasis is on adapting existing technology to industry mainsiream

prod ucts to achieve semiconductor reliability which will meet military

req uirements without a severe cost penalty.

The approach to achievement of the goals of this program will be th e

integration and application of existing sealed—chip integrated—circuit

processing with automated plastic packaging. The program will be .irri ed out

• in three phases. During Phase I of the program — Sealed—Chip Process Utiliza-

tion — three major tasks will be accomplished :

(a) Process feasibility — in which the required photomasks will be

F generated using existing masks to the maximum exten t possible. Then ,

1- small quantities of each device type will be made to assure that the

- 
masks and processes are available for the production runs of Phase II.

j Also, each device type will be made using a matrix of carefully
varied process parameters to assess their impac t on yields and

reliabili ty.

(b) Process development — In which the processes required to the f a b r i c a t e

the eight integ ra ted—circui t  types ~o be p roduced in Phase II  will
- 

be defined and documented . Silicon nitride passivation and the

I t i tanium—plat inum—gold metal lizat ion system will be used to

achieve chip hermeticity and a corrosion—free metallization

system. In addition , a silicon nitride overcoat layer will be

I
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I
appl ied  for  p ro tec t ion  of the met a l l iz a t i o n . A se r ies  of e x p e r i m e n t s

wi l l  be car r ied  out at  each c r i t i c a l  processing s tep to  i s i - i i i r e
I r e p e a t a b i l i t y .  Rea l—t ime  i n d i c a t o r s  and a c c e l e r a t e d  l i fe  t e s t s  w i l l

he used to assess the e f f e c t s  of process changes on rd l ah i  l i ly  and

to measure progress in ach iev ing  the requi red  f a i l u r e  r a t e .

( c)  Automated assembly — in which  the technology to be used in Phase I i

w i l l  be defined and documented. The effect of assembly process

parame ters on cos t and yield will be assessed. Bonding tapes and

j lead—frames compatible with each of the device types will be designed

and fabricated. A number of devices of each type will then he

assembled using the automated assembly system. Reliability will be

continually monitored by real—time indicators and accelerated life

- tests.

- At the conclusion of Phase I, the photomasks, wafer process , and a s semb l5

process required to fabricate the eight Integrated—circuit types in t h e  low—

cost high—reliability device—fabrication phase will have been defined and

- 
documented and sample devices of each type will have been fabricated.

Add itionally, preliminary reliability data will have been generated to demon-

strate the soundness of the chosen approach.

At this time , the production runs of Phase II will be undertaken.

Phase II — Fabrication

The low—cost high—reliability device fabrication phase of the liri 5 ’ r . t p 1  w i ll

involve s i g n i f i c a n t  quan t i t i e s  of each of the eight selected i n t e g r at e d—

circuit types to be fabricated according to the processes defined lit Phi.isc I.

Both silicon nitride passivated , t i tanium—plat inum—gold me ta l lized  i n t e g ra t e d

t c i r c u i t s  and conventional silicon dioxide , aluminum—metallized Integrati d

circuits will be constructed in both  plast ic and ceramic packages. Th is

~ will permit a detailed comparison to be made of the new and conventional

processes. During these production runs, any significant differences

I between the two process will be defined and documented. The utilizati on

of existing equipment and mask sets will be demonstrated , and the

I
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I
cost impac t of converting to this type of processing will be estimated .

In—process quality controls , real—time indicators, and parameter distri—
I butions at wafe r  probe and final test will be used to monitor the production

run and to assure process reproducibi l i ty .  All devices produced in this phase

of the program will be ut i l ized in Phase III for reliability testing and

delivery to the Navy. Finally, the testing facilities for the Phase ITT

J program will be defined and assembled .

I Phase I I I  — Reliability
1

The re l iab i l i ty  of the devices produced in Phase II will be demonstra ted .

I The conventional aluminum—metal l ized integrated c i rcu i t s, packaged and tested

to mi l i t a ry  h igh—rel iab i l i ty  requirements, will be used as the baseline f rom

which to appraise the new process developed under the program . In addi t ion ,

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

a reliable product for mi l i ta ry  end use will be determined , and the cost

impact of this testing will be analyzed and verified .

1•
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SECTION III

GENERAL FACTUAL DATA

PERSONNEL

NAM1. h OURS

T.R. DeShazo 206

W.N. Lewis 205

T.J. McGrath 8

R . R .  Hassa 203

S.C. Ahrens 220

F .R .  Luberecki 357

T.V.  Sikins 158

A.C.  Rivera 237

B.B.  Levin 236

F.E.  Scheline 178

M.A. Polinsky 195

C.L .  Tollin 199

F. Boryszewski 24

R . K .  Reusch 170

K .J.  Orlowsky 144

T. Kamprath 98

R.D. Baird 135

H. Hichno 252

F.P. Chiovarou 205

M.J .  Tedesco 8

Total 3646
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SECTION IV

1)etajled Factual Data

Technical Discussion

A. In i t i a l  Samp le Generat ion

During  this report ing period , the in i t i a l  wafe r  f ab r i ca t ion  was comple ted

on al l  i n t e g r a t e d — c i r c u i t  types.  The successful  development  of magnet ron

s p u t t e r i n g  for  the deposit ion of t i t an ium and p l a t i n u m  has resul ted in a

common me ta l l u rg i ca l  sys tem for both  COSMOS and bi po la r  c i r c u i t s .  The s t a t u s[ of each c i r c ui t  wi th  regard to the t e s t i n g  programs , samp le c h a r a c t e r i z a t i o n

and h igh—low t empera tu re  t e s t ing  is shown in Table IV— 1.

B. Resul ts  of Electr ical  C h a r a c t e r i z a tio n

A summary of electrical  data taken on types 5420 , 54S20 , 5470 , 5472 and

CD4O12B are shown in Tables IV—2 through IV—6.

C. COSMOS Gate Dielec tric Development

The composite Si0
2
/Si

3
N
4 

gate dielectric required for t r i m e ta l  COSMOS

integrated circuits has be~ n finalized . Circuits were fabricated wi th 200A

and 400A S1
3
N
4 

layers on 900A and 800A S10
2 

layers , respectively, and

subjected to bias—l i fe testing. The results are summarized in t a b l e  J V — 7 .

Based on these data,a dielec tric of 900A of Sb
2 

and 200A of Si
3
N
4 
was chosen

for the COSMOS circuits.

The integrity of the S1
3
N4 

film was tested by two techniques , capacitor

fabrication and radioactive sodium penetration. The capacitor fabrication

test was conducted as follows:

I
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Table IV - 1 — Device Status Review

100-Unit
Test Sample Hi-Low Temp.

TA ~ Description Program Characterization Characterization

1. TA1O151 “5420” Dual 4-Input NAND Gate C C C
2. TA10152 “54S20” Schottky Dual 4-Input C C C

NAND Gate
3. TA10153 “5470” Edge-Triggered J-K C C C

Flip-Flop

4. TA10154 “5472” Master Slave J-I( C 11/15 12/15
Flip-Flop

5. TA10155 “ CD4O12B” COS/MOS DuaI C C 11/15
4-Input NAND Gate

6. TA10156 “CD4027B” COS/MOS Dual J-K C 11/15 11/30
Flip-Flop

7. TA10219 “ CD4O14A” COS/MOS 8-Stage C 11/15 12/30
Shift Register

8, TA10158 “ CA741” Operational Amplifier C 12/1 12/30

C = Complete

1

II
IV—2
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Table IV - 2 — TA1O151 “5420” Dual 4-Input Gate

Electrical Characteristics

Typica l
Measured Spec. Limit

—55°C 25°C 125°C M m .  Max. Units

VOH 2.70 278 2.8 2.4 V
VOL 0.23 0.26 0.34 0.4 V
V IC — LOS —1.5 V
1 1H 1 3 17 28.8 40 pA
1 lH2 12.8 26 41.6 100 pA

~lL 
—112 —1.2 —1.08 —0.7 —1.6 mA

l~~~ —33.4 —33.3 —28.6 —20 —55 mA
1CCH 2.4 2.5 2.26 33 mA
1 CCL 7.24 7.6 7.0 10 mA
t pHL 10.2 7.6 6.8 3 24 ns

tPLH 9.4 14.8 25 3 27 ns

t I
I
I 
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Table IV - 3 — TA10152 “54S20” Schottky Dual 4-Input Gate

Electrical Characteristics

Typ ical
Measu red Spec. Limit

- 55 C 25 C 125 C M m .  Max. Units

VOH 266 2.98 3.15 2.5 V

V01 
0.51* 0.450 0.415 0 2  0.5 V

V IC °-~~~~ ° —1.2  V

1 CEX 0 2 850* 250 p A

0.1 0.1 2.0 50 pA

1 lH2 0.0001 0.0001 0.003 1 mA

‘I L —1 .70 —1.8 —1.62 --1 —2 mA

l~~~ —67 — 73 —68 —40 —100 mA

1 CCH 6.08 6.4 5.86 8 mA

1CCL 12.7 14.0 13.3 18 mA

tpHL 7.2 6.7 6.8 2 ns

t pLH 6.9 6.7 7.8 2 9

Out of Spec.

I
I
1
I
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I Table I V . 4 — TA 10153 “5470” Edge-Triggered J -K Flip-Flop

1 Electrical Characteristics

I Typical

I Measured Spec. Limit

i —55°C 25°C 125°C M m .  Max. Units

VOH 2.67 2.99 3.4 2.4 V

I VOL 0.29 0.277 0.324 0.4 V
1 V IC —1.09 —1.5 V

I 1 111 —1.07 —1.15 —0.99 —0.7 —1.6 mA

I 1 lH l  12 22.7 338 40 pA

I 1 lH2 16.7 32 48 100 pA

I 1 lH3 18.2 35 48.8 80 pA

1 lH4 24.6 48 67.8 200 pA

1os —21.9 —25.5 —22.3 —20 —57 mA

1CC 14 14 13 30 mA

tmax 15 18 16 7.5 MHZ

tpLH (Clea r to Output) 19 23 29 5 62 ns

I t pHL (Clear to Output) 20 15 17 5 62

tpLH (Clock to Output) 32 30 36 5 62 ns

I tpHL (Clock to Output) 29 23 24 5 62 ns

I
1
I
I
I
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Table IV - 5 — TA10154 “5472” Master Slave J-K Flip-Flop

Electrica l Characteristics

Typical
Measured Spec. Limit

—55°C 25°C 125°C M m .  Max. Units

VOH 2.64 2.95 3.34 2.4 V

VOL 0.257 0.276 0.349 0.4 V

V I C —0.98 —1.5 V

t lL l  —1 .120 — 1.132 —1.009 —0.7 —1.6 mA

1 IL2 —2.00 —2.06 —1.88 — 1 4  —3.2 mA

1 lL3 —1 . 118 — 1. 116 —1.016 —0.7 —3.2 mA

1 lH l  1 .88 3.38 7.6 40 pA

11H2 0.1 0.1 0.1 mo pA

1 lH3 16.4 27.2 44 p A

1 lH4 16.8 28.0 45.6 200 pA

—339 —376 —368 -.500 —~~~~ pA

l OS —27 —26.7 —23 .2 —20 —5 ’ mA

1CC 12.8 13 11.8 20 mA

I ~max 41 40 32 5 MHZ

tpLH (Clear to Output) 6 8 12 5 39 ns

I tpHL (Clear to Output) 17 16 17 5 50 ns

tpLH (Clock to Output) 7 9 13 5 39 ns

I tpHL (Clock to Output) 17 16 17 5 50 ns

I
I
I
I
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Table IV - 6 — TA10155 “CD4O12B” Dual 4-Inpu t NAND Gate

I Electrical Characterist ics
Typical

I Measu red Spec . Limit
—55°C 25°C 125°C M m .  Max. Units

r V IC (Pos) 0.78 1.5 V

U V,~~(Neg ) —0.71 —6 V

—0.56 —579 —750 nA

VOH1 4.87 4.85 4.83 4.2 V

VOH2 5.01 5.01 5.00 4.95 V

VOH3 12.13 12.11 12.09 11.25 V

i - V011 0.058 0.06 0.064 0.5 V

VOL2 0.001 0.001 0.004 0.05 V

VOL3 0.072 0.24 0.624 1.25 V

1IH1 0.4 8 nA

1lLl —0.2 —8 nA

1IL2 —0.02 —5.75 —45 nA

C1 8.5 12 pF

tPHL 70 15 290

I- tPLH 55 15 290

tTHL 115 40 575 ns

tTLH 102 35 810 ns

i-i
I

Iy— 7
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Table IV - 7 — COS/MOS Gate Dielectric

I Si3N4 Thick ness Evaluation

Basic Structure Under Evaluation

Si

200-400  A METAL

L
I I I: 

_ _

[ 
‘
\

\___

I
Operating Life Data for Negative Gate Bias

I. 
_____________

Conditions 1~VTN IWTP Hours

Silicon Nitride 200 A 400 A 200 A 400 A
Thickness

1 150°C, 12 V +0.1 +0.26 —0.12 —0.22 168
I 125°C 12V +0.12 — —0.12 — 1000

+0.13 — —0.14 — 2000

I 
Operating-Life Data for Positive Gate Bias Show No Chang e

Conclusions

1 1. Stable Trime tal COS/MOS Devices can be Fabricated.

2. Stability Improves with Thinner Si3N4 Layers .

3. The Mechanism for Instability is Consistent with Electron Condu ction
Through the S13N4 Resulting in Interface Charging .

- I
I
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p 1
I 1. Si 3N 4 deposition , t

4 2 .  5 minute , 25°C etch in buffe red hydrofluoric acid

I 3. Al metallization to form 160 mu 2 capaci to rs

4. Eiectric,d test

The capacitor yield was approximately 95 percent.

I A radioactive—tracer evaluation t. determine the effeotiveness of the
0

200A , deposited s i l icon n i t r i d e  f i l m  as an a l k a l i n e  b a r r i e r  was p e r f o r m ed  on

I a test wafer coated with a 200A layer of S13N 4 over a 3000A l aye r  of Sift , .

A 0 . 2 — m i !  s o l u tio n  co i i t a ~ n i n g  1.31 x 10 atoms Na and 4 mlcrocurles

was used to  coat a n i c k e l  e lec t rode , w h i c h  was th ou  d r ied  under  a heat lamj ) .
The w a f e r  was coated w i t h  t h i s  t racer  element b y e v a p o r a t i o n  at a pressure

of 10 6 t o r r  and subsequent ly  annealed at 600° C fo r  22 hours .  At t h i s  p o i n t ,

the  su r f ace  r a d i o a c t i v i t y  (R)  of Na 22 was determined. The test wafer was

then  etched to remove a p p r o x i m a t e l y  1OA of S13N 4 ,  and the  s u r f , i o e  radio-

activity of the fresh surface was determined.

r The test wafer was etched three additional times to remove first a total

L of 30A, then 50A, and then 65A of S1
3
N
4
. The residual radioactivity as a

percentage of R was determined after each etch. The resulls of t h i s ov a l—

I uation for samples of silicon nitride from th e system used for COSMOS—IC

fahri (:ation are shown in Fig. IV—l.

I). Gold Interconnect Thickness Evaluation

Scanning electron microscope evaluation of 1.5—micron—thick gold

¶ 
metallization runs has shown acceptable coverage of oxide steps. The reduction

in thickness from the previously used 2.5—micron layers results in reduced

mushrooming d u r i n g  p l a t i n g ,  improved p ro tec t ive  layer cov erage , and increased

I wafe r th rough pu t .  As a r e su l t , the gold in te rconnec t  thickness has been

standardized at 1.4 to 2.0 microns.

I
I
I
I
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I 
________ ____ ________ ________ ________ ________

I
I

COS/MOS Gate Dielectric Na22
Penetration Characteristic

-S

1~~ 

0.1 - 

- Limit

® Samp leA_ 200 R

t ~~~ SampleB-200 R

1 0.01 
________ ________ ________- ________ I

0 10 20 30 40 50 60 70

1 Etch Depth — A
92 C S - 2 8602

I Fig. I V— 1 — CflS/?IOS gate dielectric Na22 penetration characteristic.
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I
E. Bond—Pad Hei ght Eval  oat ion

Variations in bond—hump heights between 0.0005—inch and 0.0015—inch have

been invest igated for optimization in terms of cost , ease of f a h r i c a t  ion , an d

reliability considerations. An eventual decision was made to s t a n d a r d i ze

the 0.001—inch bump height for the following reasons:

— The 0.0005—inch bump hei ght is equivalent to the thickness of the

beam—tape polymidi- support film . The undesirable possibility exists

t h a t  t h e  polyimid e thickness may prevent adequate hu mp d e f o r m a t i o n

d u r i n E  t h e  i n n e r  lead therinocompress ion bonding .

— The 0.001—inch bump height precludes the eventuality described

above . Addi tionally , as shown in the accompanying m c t a h h i g r a p l i i c
cross—sections , it provides a safety margin , derived from its

increased eleva tion , against the 1)oSsibilitY of shorts to t h e  edEe

of the chi p or L i  the internal metallization.

(H Fig. IV—2 illustrates a normally aligned inner lead bond to a 0.001—

inch—high bond hump . It will be noted tha t  t he  de fo rma t ion  accom-

pany ing  bonding causes the beam to lift away from the edge of the

c h i p  — at  t h e  left ed ge of the photomicrograph. Converse ly in

Fig. IV— 3 , a beam—to—bump bond is illustrated in which an overlong

and misal igned f i n g e r extends inboard with respect to the bump .

A i t h o u g h i  t her e  is no edge—shor t  hazard , it is apparent  t h a t  t h e  ove r—

hanging beam has  been depressed close to the  dev ice  m et a l l i z a t i o n .

The 0.001—inch—high hump provides an additional marg in of s a f e t y

in t h i s  a rea .

1’ — The bumps are p la ted  Into  a pa t te rned , d r y — f i l m  p h o t o r e s i s t  m a t e r ia l

r equ i r ing  exposure - m d  development . This ma te r i a l  becomes more

* 
d i f f i c u l t  to process as i ts th ickness  increases , and t he r e fo r e  th i e

use of the 0 .0015—inch—thick  p h o t o r esi s t  requi red  for  s t r a i g h t — s i d e d

0.0015—inch—high bumps is considerably less desirable than  a t h i n n e r

r e s i s t  f i l m .

I
‘v— li

‘
I 

_ _  _ _ _  

____- - 7 r

~

. - - - --—-..~~~~~~~~~~~ .- -~~~~~~ - - - - - --.- - - - -—-—-——

Is _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



I

~~~~~~~~~~ :~

__

~~

.T

~~~~~~~ 

_

F i g .  1’ . — — ~u r l  1 i n n e r — l ’ - . u I  bond , 400X .

-
. . .  -~

.
. .

, 

.

I 

b

- - Fi~~ ’ . IV— 3 — Misaligned inner—lead bond , 4 00X.

I
I
I

- —- ~~~ —.—-----i-— — — -‘ - .— — 
~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~

,.. 
~~~~~~~~~~~~~~~~~~~~~~~~~ -



I
L 

— The factor of Au costs favors the  lowest f e a s i b l e  hump he ight

compa t ib l e  wi th  dev ice  re 1 iabi  i i  t v .  The 0. 001—inch—hig h  bump

- r ep r e s e n t s  an opt ima l  c h o ice  in t h i s  area .

F • P 1 at ilium Thu i c kne ss Eva liia t j~ n — S i l i c I d e  Format ion

CA74 1 wafers have been f a b r i c a t e d  w i t h  p l a t i n u m  l a y e r s  ot  501) , 800,

and 1400A depos i ted  p r i o r  to  su icide fo rma t ion . W a f e r  e l e c t r i c a l  Le~~t in g

i n d i ca t e s  tha t  y i e lds  are adversely a f f e c t e d  by increased t h i cknes se s  oh

p l a t i n u m .  The 500A p l a t i n u m  thickness  has been chosen as t h e  s tan d a r d .

C. P l a t i n u m  Barr ie r—Laye r Thickness Eva lua t ion

Wafers  of CA74 1 with 1500A , 2500A , and 3500A of Pt for  the  barrier

laye r were evaluated w i t h  respect to tempera ture . The lowest t em p e rat u r e  at

which darkening of the gold was observed on any sample was 400°C. Time

concl usion drawn from this experiment is that 1500A of Pt is adequate as a

barrier between the titanium and gold layers.

H. Magnetron Sputtering

Trimetal MOS devices have , In the past , been f a b r i c a t e d  by means of  t h e

titanium palladium gold system. The reasons for this difference is tim e

sensitivity of MOS devices to sputter damage during the Ti Pt deposition

process and the high boiling point of platinum , which precludes its m ine in

an evapora t ion  system. I t  has been found tha t  palladium has tu e following

) two major disadvantages as a constituent of a t riinetal system , as compared

to platinum.

1. Etchability — Processes that successfully etch pallad i um have also

been found to a t tack  palladium su icide; the result is p itted

contac t regions.

I
I
I 
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1 2. Barrier Layer Effectiveness — The purpose of the Pt or Pd l a y e r

Interposed between the Ti and Au layers is to prevent Ti diffusion

I to the Au and formation of a r e l a t i ve ly  hi g h — r e s i s t i v i t y  i n t e r —

m e t a l l i c  c ompound . Pt is superior  to Pd as a d i f f u s i o n  b a r r i e r .

I Fur thermore , t i n ’  successful  appl ica t ion  of the  Ti—Pt—Au metal  system to MOS

devices would result  in a s ingle  m e t a l l u r g i c a l  system for  all  devices  in

I m a n u f a c t u r i n g ,  t he reby  reducing process p ro l i f e r a t i on  and minimizing

cap i tal  inves tment .

Iiagnetron spu t t e r ing  has been investigated as a t echn i que fo r  t i m e

I depos i t ion  of Ti and Pt layers  wi thout  the damage normally associated with

conventional dc or rf sputtering processes. A model 901 Materials Research
Corporation Planar Magnetron Sputtering System was used for this work.

The results of capacitance—voltage bias temperature (CVBT) testing of a

magnetron—sputtered Ti film , as dep osi ted , are shown in Fig. IV—4 . These

curves show an abnormal slope as well as a negative—bias temperature—stress

i n s t a b i l i t y .  A f t e r  a 320 °C forming  gas (90% N2 , 10/ H2) anneal , howe ver ,

the spu t te r—induced  damage was el iminated , as shown in Fig. IV—S .

Samples of the CD4O12B have been fabrica ted wi th bo th magnetron and rf

s p u t t e r i n g .  CVBT plots  comparing the two systems are shown in Fig. IV— 6 .

The h igh  level of built—in charge and negative—bias temperature instability

induced by r f  spu t t e r ing  is apparent  in these plots , while t i m e  m a g n e t r o n —

spu t t e r ed  samp le showed normal oxide change and no i n s t a b i l i t y .

The threshold vol tages  of both p— and n—channel  MOS devices f a b r i c a t e d
— by sputtering have been measured. These data are shown in Table IV—8.

Sputtering of the Ti—Pt in the rf system resulted in high p—channel t h i r e s—

t hold voltages and depletion—type n—channel MOS devices; this condition

I 
i nd i ca t e s  a high level of induced positive charge in the MOS gate d ie l ec t r i c .

?-IOS transistor parameters for the magnetron—sputtered samples were no rmal.

E l e c t r i c a l  t e s t i n g  of trimetal COSMOS wafers fabricated with the magnetron—

I spu t t e r ed  Ti—Pt wa fe r s  has provided yield equivalent to those obtained with

I
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Table IV -8 -- lb,cu ” .hotcl -- Voltage Compar ison

Ti/Pt RF Sputtered T i/Pt DC Magnetron Sputteted

V~~p V TN V TP V TN

(Volts ) (Volts) (Volts ) (Volts)

406 Depletion 1.58 1.60

4.5 1 .52 168

4.1 1 .36 1.66
4.0 1.32 1 .56

I
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con von t I onal al uminum me tall i zed wa f m r n .

An a ren i It of this e val ut  ion t i m e  ( ( ) I c i r i i  ts  now m i t  i i i  it t i n

Ti—I t — A tm m e t a l ]  u i a t i n n  sy s t e m , and a s i n g l e  m e t a l  I i z . m t i o n  p ro ces s  has ‘ c m

I St  . I 1 h m r f  i ’ m ’ ! t o m  a l l  of t hi&- i n tu c r a t e d  c i r  i i  Ls f a b r i c a t e ! u n d er  t h i ~.

con t r - m : t

I 
__________

1. (
~~L i m i z a t i o n  of M et a l  ( b v c r v  n i t  ~ t r m m t - t i m r e

As r i - p o r t e d  in the  Second Q u a r t e r !  v R ep o r t  , sp ut  t t .’r cd si l i c o r m  n i  t r i I

I i i Ins we r€ t i m e d  to i m p r o v e  the  , i d l m e r e m m t - of ( V! ) PSC to  go ld  m e t - m i  l i z & d

c i r c t u i  ts by p r o t e c t i n g  t h e  I’SG f r o m  t i m e  h e I t - t e r i o u s  e f i m - m i s  of t ’>jn . i m r ’
room a tn i on p i me r e  . h!owc vm r , a f t e r  p r ’  I n n t ~ed t ’ : - : p o s m m re to mois t  a m b i c u u t s , a

I egra da t  ion in aWe n i c e  h a s  h e c i m  obse rved .  This d e g r a dat i o n  i s caused by t i m e

n o r m — c o n f o r m i t y  of  the Si .3~(4 film ove r the CVI ) PSG film m t  t h e  e d m~&’c of

m e t a l l i z e d  ,Ir e as , an effect c on f ir m e d  by s r m b j i ’ c t i u i g s po t  t e r e l Si~~~, ,  CVP I~~(~

ove rcoat ed  wa f e r s  to  a chemical  e t c h  and ob s e r v i n g  a t t a c k  ou t t h e  et l~’cs of t i m e

r i d  m e t a l l i z e d  .- ir e~1s.

I n it i a l  t e s t s  of r f —p l a sm a — d e p o s i  ted s i l i c o n  i m i t  r ide  i n d i c a te  t h at  t h m e c t ’

L films arc con formal  ove r CVI ) PSC coated gold m e t a l l i z e d  c i r c u i t s .  A v m . m t r i x

- 
of e x p e r i r 4 ’ r t n  to  d e t e r r ’ i n e  t h e  o p t i m u m  o v e r c o a t  s t r u c t u re  has been m i t  i

1. Plat inum ~~utter Etch Evaluat i on

Sput  te r e t c h i n g  of p l a t  i u m m n n  t i n  in~ gold as an e t ch r i , u n k  has t lie h 1 l ow ing

p o t e n t  L a l  a d v a n t . m g u r s  ov er  t im e  s tan d ar d  p r o c t ss

I i. h r -ens  s impi  i f i - ; i t  ion and cost r e d u c t i o n .

7. Improved a b i l i t y  t I  d e f i n e  m a r t  ow meta l  l ines .  A comparison ( i f

I 
t I m e p r o c e s s i n g  ~~ 1~~ for the st  10 1 11 ( 1 and s p u t t e r  m t (  I m p roce s s es

is shown in ‘1 ab I c  I V— 0

I
I
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I Table IV . 9 — Chemical-Spu tte r Pt Etching Comparison

I Chem ical Etching Sputter Etchi fl g

1. Sputter Ti/Pt 1. Sputter Ti/Pt
2. Pt Photores ist (Shipley ) 2. Au 1 Photoresist

1 3. Pt Etch 3. Au 1 Plate (Interconnects)
4. Photo Removal 4. Au 2 Photoresist (R;ston )

I 5. Au 1 Photores ist 5. Au 2 Plat e (Bumps )
I 6. Au 1 Plate (Interconnects ) 6. Photo Removal

7. Au 2 Photores ist (Riston ) 7. Sputter Etch Pt

1 8. Au 2 Plate (Bumps ) 8. Ti Etch
9. Photo Removal

10. Ti Etch

I
I
I

IV—20
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I
l i t  I t  i i i  S Put  t o  r~~~ t c i t i n g  e x p e r i m e n t s  in an a rgon  p 1 asma h a v e  r esui l  ted i n

I in  tu mp let m ’ remova l of t i r e  p1 - i t  i mini  a t  ox ide s teps.  O t h e r  rm ppr oa c l i e s  , s u c h  m

as Ill asm m et e l m  I ng and r e a c t i v e  spot t t - r ~~’tc hm in g  are u n d er  i n v e s ti g a t i o n .

J K. Plasma Si I ; t c h m  1 v :m I u a t ion

I Plasma do f in i t i on  of t ime  t VI ) S13N 4 l a yer  r e s u l t s  in process  s impi l  f i c , ’u t lo n
and cost  re h i u c  t i on .  A compar i son  of t im e  s t a n d a r d  and p lasma  pr  cessen  in

shown in ‘ I . m h le I V — l O .

W i  I cr  l o t s  have been ~ r ecessed u s i n g  t i m e  p l a s m a — et c h  t e c l m r i i ( l u i ( ’  . liii tial

r e s u l t s  arc s i t  is f a r  t r y ;  h i o w e v e  r , comp lete ov ;mluat i on  of p a r a met er s  and y i e l d
- is r e q u i r e d  be fo re  t h i s  process i s  standardized .

I.. Au toma ted  Assembly

I nn e r  lead bond lug to the b ipolar  types  has c o n s i s t e n t l y  p rov ided  In! ]  1—

st r e n g t h s  at t i me 50—gran t level with beam breaks as the p r c d o m i n ;m n t  I i i  l u r e

mode. I n i t i a l  r e su l t s  of time CMOS inner—lead—bond  pu l l—s t r e n gt h  t e c t s  h ave

not been as h igh  or as co n s i s t e n t , and a previously u n det e c t e d  f a i l u r e  mode

was observed . This f;mi lui re ’ mode involved occasional detac hment of  t i m e  bond

1(um[) f r o m  the device at  low imul l s t r e n g t h s  as a result of c r a c k i n g  of  t i m e
V s i l i con  u n d e r l y i n g  the  bond—pad a r e a .

Th i s  t y p e  of h r e ak i~~& ’ is shown in Fig. IV—7 , which shows t h at  small aru ms

of  s i i i  norm have been de tached  f rom the device u n d e r  om It’ bump as a ri-sul t

t h m e  p u l l  t e s t s .  The f ra c t u re d  su r face  of th i e  Si is conchoidal  in n a t u r e ,

m d  i cat  lu g  t h a t  sha rp  tens ion s t r e s s e s  have been app lied l o c a l ly .  The sour ce

~if  these ‘~t resses  is h e ]  loved to be related to  time Ti—Pd—Au m e t a l l i z a t  ion

I applied t the  CMOS devices in c o n t r a s t  to  t ime Ti—Pt—Au m et a l l i zat i o n  used

f o r  the b i p o l a r  d e v i c e s .

Data have been ob ta ined  on CMO S devices wi th  m a g n e t r o n — s p u t t e r e d

T i — P t — A u  m e ta l l i z e d  c i r c u i t ry .  Apparen t ly ,  the incidence of c r a c k e d  Si h a s

I
TV— .,”
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I
I Table IV . 10 — Chemical-Sputter Etching Si3N4 Comp arisons

Standard Etch Plasma Etch1 1. Deposit Si02 1. Apply Photoresist
2. Apply Photoresist 2. Etch Si3N4

I 3. Etch 3. Etch Si02
4. Remove Photoresist 4. Remove Photores ist

i 
5. Etch Si3N4

I 6. Etch Top Layer Si02
and Contacts

I
I
I
I
I
I
I
I
I
I
I
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I
been co m p l e t e ly  e l i m i n m t t - d , and uni  forml y h igh  bond s t r e n g t b m n  p r e v a i l .  A

ty p i c a l  b on d—beam break on the  CI)4 012R is shown in Fig .  1V 8.

F
N . Ri~ I i ab i l . i tv I e stj ~~~

- -  
A summary  of  250 ° C b i a s — i  lie  t e s t  d a t , m  on types  C1)4 012B and i 42 ( )  is

‘ howl!  I I I  1.11)10 !V ll

- Additional life tests comparing epoxy molding compounds ,wi tbm and without

j u n c t i o n  coat , to silicone molding compounds on types CD4O12B , CA741 and
I 2 ( )  have been initiated.

N .  Molding Compound E v a l u a t i o n

The r e l i a b i l i t y  goals of t h i s  program , which involve a t t a i n m e n t  of a

1 f a i l u r e  r a t e  of 0.0057/ 1000 h ours , make i t  essential  t h a t  ac ce l er a t e d  sirens—

t e s t i n g  procedures  i nvo lv ing  exposure of DIP devices to t e m p e r a t ur e s  up to

r 250 °c fo r  p r o longed  pe r iods  be appl ied.  At th m ese  e levated  t em p er a t u r e s ,

I changes in t i m e  e l e c t r i c a l  and chemical  c h a r a c t e r i s t i c s  of t h e  t ’p oxv m o l d i n g

compound h ave been noted to have , m d e g r a d i n g  e f f e c t  upon the  dev ice  e l t n - t  r i c ; m l

I 
cimaracteristics.

‘I’he d a t a  in Table  IV— 12 i l l u s t r a t e  the  magni tude  and c h a r a c t e r i s t ic s  of

t h e  problem arising with exposure of epoxy molded DIP’s to e l e vat e d

temperatures. From these data i t  wi l l  be seen tha t :

— Cons iderab le  evidence ex i s t s  to demons t ra te  the c a p a b i l i t y  of

epoxy—molded devices to w i th s t and  exposure to ambient t em p e rat u r e s

- 
below 175 ° C w i t i m o u t  f a i l u r e . Fai lures are f i r s t  observed w imen t ime

I device  t cml) er a tu re  reaches 200° C d u r i n g  the 150 °C o p e r a t i n g — l i f e

t e s t  i ng .  The failures are primarily time result of electrical

l e a k a ge  and shor t  c i r c u i t s  ( t es t  No. 1508).

1
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Table IV .  11 — 250°C Bias Life Summary

CD4O12B

Epoxy Silicone Epoxy with Junction Coat

Time (Hrs. ) Wire Bond Auto DIP Wire Bond Auto DIP Auto DIP

48 1/6 1/7 1/6 317 —

170 1/6 5/7 1/6 3/7 —

• 357 6/6 — 1/6 3/7 —

5420

48 0/6 1/6 0/6 0/6 —

170 0/6 5/6 0/6 0/6 —

357 5/6 — 0/6 0/6 —

~ 
I
~— IV—25
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Table IV - 12 — Dip — Automated Assembly
Elevated Temperature Life Test Data

Device Beam Tape Test Hours Res ’q lts
(Test No.) Molding Comp ound Construction Conditions Exposure Fail/Total % Fail

CA3047 Epoxy 3M, Cu on 125°C Operating Life 1000 0/19 0
(1508) Polyimide 150°C Operating Life 1000 5/40 13

Tj = 200°C
150°C Storage 1000 0/20 0
175°C Storage 1000 0/35 0

CA3046 Epoxy 3M, Cu on 150°C Operating Life 48 14/15 95
(1600) Polyimide Tj = 200°C
CA3046 Epoxy 3M, Gold Plated 150°C Operating Life 48 12/15 85
(1602) Cu on Polyimide T = 200°C
CA3046 Epoxy Bare Cu 150°C Operating Life 168 18/20 90
(1562) No Polyimide = 200°C
CA304-6 Silicone 3M, Cu on 150°C Operating Life 600 0/ 10 0
( 1604) Polyimide TJ 200°C
CA3046 Epoxy with Silicone 3M, Cu on 150°C Operating Life 660 0/20 0
(1619) Resin Overcoat Polyimide T1 = 200°C

~ 
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I
— r i m e  d at  a f r o m  h m ’ s t ~ 1h02 and I 562 in d i c a t e  t b m a t  the  150 ° C (T 1 200 °C)

( Ire  r a t  i ng  l i fe  f t  i l i t r e s  a l s o  occur  w i t h  the use of b a n ’ Cu hean u tapes

w i t h o u t  the po ly imide  f i lm  and w i t h  A u / N i — p l a t e d  Cu beams on p o l v i m n i d e .

— No f a i l u r e s  have been noted wi th )  beam—ta p e  bonded d e v i c e s  en c a p s u l  at t ’d

w i t h  s i l i cone  molding compounds (Test No.  1604).

— No f : t  i h u r t ’s have been noted (Tes t No . 1619) wi  t im b e a m — t a p e  bonded

devices ove r coated  w i t h  a s i l i cone  res in  l ay e r  p r i o r  to  m o I d i i m ~’ in t o

ti le convent  iona 1 epox y  compound.

I’:x a m i u i , i t  ion of  a c o n s i d e r a b l e  number  of f a i l e d  u n i t s  h i . m s  d i s c l ose d  t h at

t i m e  f a i  l i t r e s  I r e  :m r e su l t  i f  I l i i-  d ep o s i t  Lo l l  of  Cu upon s t-r u e t u r a l  s t i r  I i - i - n

s uch  as the  h -v I c or t i me  jn ly im i d e  f i l m  adj  acent  to Lime dev ice .  Ex am i n ~.t i i i

of t i le  Cu beam t ap e  after failure discloses an e t ched  a p p t ’ m r m i m  m- suc h :15 t h m , m t

wh ich  r e s u l t s  f rom a corros ive  a t t a c k ;  i t  is apparent that a l e n i n - i l

r e act  ion has taken p lace  be tween the Cu and the  e poxv m o l d  lug  i i  n i p  r u m !  m l  t It o

200 °C device  t e m p e r a t u r e .

The epoxy compounds used for  semiconduc to r  e n - - ! ] s u l a t  on a r e  . ‘x t  ~e i i t - 1 v

-omplex combina t ions  of resin , h ardener , a c c e l e r a to r , f i l  I c r , r e l t - , m s e  s ’ t - m m L

and spec i f i c  f i r e  r e ta rdan t  additives . The c o m p ou n dm ~ have  h i - i n  I em r u i mu l  a t  ~‘d

to ob ta in  opt  im;t l  char — i c ten st i -:s withi respec t  to t h er m a l  t ’ xpans i  on , gl o s s —

t r a n s i t  ion t e m p e r a t u r e , r e s idua l  chemica l  imp im r i tv  c o i l  I e m i t  , m i i i  “ t o

;m bso rp t i o n  ari d t rans rn i ss i on , and a h o s t  o f  o t h e r  p ar ~m m e t t - r s  t i m : i t  p et — m i

l a r g e — s i t I c  f a b n i  cat  l otI of m o l d e d  DIP ’s . Fhi e  de ve l opment  f t he se  p r —

p er t i e s  has  a c t  d i r e c t e d  toward devices t h a t  ope r5 l t  c in t h e  125 °C md

150° C range ; t h e re is only minima l i n f o r m a t i o n  a v a i l a b l e  c o n c e r n i n g

opera t ion  at t empera tu res  In eX c e s S  of 200° C.

Tile c or r o s i v e  a t t a c k  om i Cu i t  these Lem I ) er a tu r & ’s  r e s u l t s  f r o m  . t

( chemica l  chmange in the  m o l d i n g  compound , whic h  provides a source

for  th i s  a t t a c k .  Tile precise n a t u r e  of t h i s  source h a s  not as ye t  been

c lear ly  de f ined , hut  it may be postulated that Cl2 , 1~r 2 , NH )~ SI) and other

I
I - . .
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mold  log  compound ci i i lst  I t im e t l i s  t n t ’  l i ber a t e d  to a t t a c k  and d i s s o l v e  Cu , r i nd

s t m l ) s e q l m e l m t  I V L i PC m i t  i t s  r e t i ep o s i  t ion , w hm 1 d m  lead s to dt ’gr ad a t  ion of L h i

do v  h -c  m( ’t , l  11 i 7 : m t  i o n .  l i m e  m e c im a n i c  :ml b a r r i e r  p rov ided  b y t i le  s i l  1(0110 —

r o s i n  ove r — o iL h i s  t h e  of  t e n t  o f  s im i o l d i n g  t i me  Cu f rom the  corrndant m m te r i a l

and , t i m e r e  f o re , no d e g r a d a t i o n  has  been noted when t ime overcoat  is pre senL.

F ur t h e r  i n v e s t i g a t i o n  is con t i nu ing  in t h is area to i d e n t i f y  t ime

offending component  in  the  epoxy and subsequentl y to ex c l u d e  it or i t s

c ou n te r p a r t s  from t ime molding compound.

0. R e l a t i v e — C o s t  Comparison

( o u m s  i d e r a t  ion of a l l  of the appi  i cab l e  cost and r e l i a b i l i t y  fac tors  i S

c~~s i ’ i i t  ial  to t i m e  v a l i d a t i o n  of  the  goals of th i s  p rog r am.  In o r d e r  to

‘ ‘ x m l tue t I m , - l i lt u r r u l a t  l o n s h m i p  between t h ese f m c t o r s , a bas ic  view ( i f

duv  i ce  p n t ’ c t ’ssing i s  r equ i r ed , followed by an in a ly s  is of those moth f i c , m t i o n s

imposed to a t t a i n  the necessary r e l i ab i l i t y  levels. It is obvious t h a t  t h e

cost of t~~ese process changes  cannot exceed the program ’s r e s t r i c t i o n s  of

2 0 — p e r c en t  ove r c ommerc ia l  hi g h — r e l i a b i l i t y  types .  Discussions w i t h  time

program management  have c lear l y es tabl i shed the d e s i r a b i l i t y  of [i i i  f i l l i n g

time o p t i m a l  cons ide ra t ion  for  the a t t a i n men t  of c om m e r c i a l — t y p e  low—cost

w i t h  r e q u i s i t e  m i l i t a r y — t y p e  h igh  r e l i a b i l i t y .

Table I V— l 3 presents  re la t ive—cos t  da ta  fo r  the domestic p r o d u c t i o n  of

p l a s t i c —  and ceramic—package d in tegra ted  c i r c u i t s .  Thme costs are r e l a t e d  to

y i e l d s  and cover m a t e r i a l  and labor.  Tile CA74 1 14—lead dev ice  .~,-is c h o s e n  t o

p r o v i d e  t ime base l ine  da ta  fo r  the comparison;  costs for  p roduc t ion  l e v e l s  of

15 x io 6 u n i t s  per year  were u t i l i zed . In the System I t a b u l a t i o n , both ml

l l d d e d — a l u m i n ;m , whi te—ceramic  and a two—piece ceramic , f r i t — s e a le d  h t : m  k ,mg t -

i re  descr ibed . Analys is  of t h i s  t abu la t i on  es tabl ishes  the  f o l l o w i n g  s a l i e n t

points:

— Wafer processing costs are identical through t he  d i f f u s i o n  : m u m d

passivation levels.

IV—2 8
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Table IV - 13 — Relative Cost Comparison

System Number I ii Ill

System Passivaiion Si02 Si02 S13N4
Processes

Metalhzati on Al? Al? Trim etal

Dielectric CVD PSG CVD PSG Si3N4
Overcoat

Device Bonding Wire Wire Beam Tape

Assembly Manual Manual Automated

Packaging Hermetic Ceramic Plastic Plastic

Relative Wafer Process
Cost Through 15 15 15
Factors Passivation

Metal lization 2 2 6

Dielectric 
2 2 2

Overcoat

Separation 11 11 5

White Frit Seal 
-

Assembiy 250 65 48 22

Encapsulation
and Test 38 30 22 22

Total Relative 318 125 100 72
Cost 
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I
— M e t a ll i zat  ion -o . st s  f o r  t r i m e t al  c i r c u m i t r y  and g o l d  bumps m i r e  t h r e e

4 t i m e s those fo r  conven t iona l  a l m m m i i i u m m  m e ta l l i z a t  ion , b u t t  r ep re sen t

a smal l  p ;lrt  of the t o t a l  cost .

— Die h i ’ct r ic  o v e r  - o t t  i ng  costs , w h e t h e r  CVI) PSC or p h a s m a — r e a c t o r —

dep t i s  i t . , ’ ! Si .3 N 1 , i r e  i ( IOIm t  h’ ;iI

— Co n v en t i o n ,m l  w a f e r  scp ;m r at i o n  by s c r i b i n g  and b r e d-- i rm g i n t n i d i m  c’s
y i e ld losses not  expe r i enced  in t i m e  m o u n t e d — w a f e r  s a w i n g  p r o  e d u r . ’s

used for  au tomated  assembly and , t h e r e f o r e , y i e l d  losses ; m f t i - r

s c r i b ing  and b reak ing  are approx imate ly  twice  those a f t e r  s ;mwin c .

— Assembly costs includ e t h -  se for  the  p ackage  m a t e n i - m l s .  I I ~~- h i g h

cos ts  fo r  the  w h i t e— c e r a m i c  package domina te  th i s  i r o n , but . ~m rt-

diminished for the frit—sealed unit. Manual wire bonding is con—

s i d e r- -t h l v  more cos t ly  t h u a n  au tomate d  a s sembly,  and t i l l s  IS t i m e

p r i n c i p a l  f a c t o r  in  the  cost di f fe r en t i a l  between t h e  Sys tem I I

- t u i d  Sys t em L i i  d a t i .

— Both h e r m e t i c  packages r e q u i re  e a l i n g  and inspec t ion  not  app l i c : m b I e

to  p l a s t i c — e n c a p s u l a t e d  packages;  these add i t iona l  s teps  r e f l ec te d

in the  hi gher  cost f o r  i~vs t em I e u i t ” a p su l n i t  ion and t e s t .

— The cost d a t a  for  System I I  were f a c t o r e d  to t o t a l  100 . Time dat a

for  the  o thers  were then  compared to these t abu l a t e d  in d m ’ s e c u i d i m m g

o rde r .

— Cost for r e l i a b i l i t y  v a l i d a t i o n  are o m i t t e d  and w i l l  ha ’ r e v i i ’w m - d

later.

Ana lys i s  shows t h a t  the  lowest p rOd u c t i o l l  Costs  are t h u o s t  assc - F i led

with the automated—assembly System III , and t h a t  i t s  cost r , m t i u ’  t o  t i m , m t  i~~

Sy s t e m  II is 0.72. Since these data are for a relatively low—cost d c v h - u .

f m m r t h i c ’ r  in f o r m a t i on  Is presented in Tables IV— 14 and IV— 15 fo r  mo re cost  Iv

devices .

I
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Table lV~ 14 — Comparision of Yield-Related Device Costs — 14 Lead

Basic CA7 41 Double Device Quadruple
Cost Device Cost Cost CA741 Device Cost

Factors System System System System System System
______________________ 

I I  I l l  II  I l l  I I  I I I

Wafe r Process 15 
— 

15 30 30 6Cm 60

Meta ilization
+ Overcoat 15 13 15 13 15 13
+ Separation 

_______ _______ _______ _______- —______ __________

Assembly + 
70 44 70 44 70 44Encapsulation

Total 100 72 115 87 145 117

Rati o 0.72 0.76 0.81

I
I
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Table IV - 15 — Comparision of Assembly-Related Device Costs — 28 Lead

Basic Double Quadruple
Cost Device Cost Device Cost Device Cost

Factors System System System System System System
_ _ _ _  

II  lU II U ! Il  I l l
Wafe r Process 15 15 30 30 60 60

Metallization
+ Overcoat
+ Separation 37 35 37 35 37 35
+_EncapsuIatio’~ ________ _______ _______ ________

Assem bl y 96 22 96 22 96 22
Total 148 72 163 87 193 117

Ratio 0.49 0.53 0.60

I
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I
The h : m s i c  m m s s i m m p t i o n  f o r  the  d e vic e s  u s e ! f o r  r ev iew in ‘l’ah le l\’— 14  i s

t h m a t  t i m e  d e v i - emm m r ,  i n t e n d e d  f o r  l 4 — l e m m d  p a c k a g e s , and L i m i t  t h e  i m m e r e ise l cost

i - I i t e i l  ~~i,  e u - h y i e l d  fa c  L o r e  as cimi p size , c i r c u m i  t c o m p l e x i t y ,  m m u m d

‘ h t - ~- t r i c a l  u e q m m i r - n i ~- n s . ‘l’hi e , I , m L , m  i n d i - ,-m t u t h a t , mis Lime ’  cost of t i m e

i n c r - ; m s e s  , w i t h u  o t h m e r  i -e e l s  re~~l in i n g  s t a t ic , t ime co st  m m i l v ; m u i t , m g e s  m c i - r i  1 1 m g  t o

m u t t  o m a t m u d  mm sse mi i i  v dec me lee in compa ri son to those f ~i r m a n u a l  w i r ’ b o n d i n g .

An a ( l d it  ional  v i t a l  f a c t o r  to be considered in e v a l u at i n g devi  m e  u: m t s

t h a t  r e la t e d  to  assembly . Table IV— 15 p r e sen t s  d a t a  fo r  t i m e  bas ic , d o u b l e ,

eel ( l u a d r u m p l e  v h e l d — r e l a t e d  device  c o s t s  as they  are a f f e c t e d  hv m m l i  i u m c  r e- ised

n u m i u e r  of bond iu i g  s F t c ’s .  For a 28—lead DII ’ , time m a n u a l  vi re— h ) ond m i m s e m b l y

costs w i l l  be doubled  compared  to those fo r  t h e  14—lead D I P  cons idered  m m h i o v t ’ .

h w i - v c r , s ince  - i l l  bonds m ire made s i m u l t a n e o u s ly  in - m u u t o r n i t e d  assemb l y ,

t h e r e  m m r -  no a d d i t i o n a l  cost s  f o r  t i l ls  p r u u c e d u u r e .

A n a l y s i s  of Table IV—l6 , w h i c h  sunnnar izes  I m i t m m  f r o m  h o t h m  of t ime  pr~ c u - d i  i t ’

t a b l e s , shows t h m m i t :

— Automated  a s s e m b l y  of , i bas ic , 14—lead , low—cost  device o f f e r s  a

cost  ad v a n t a g e  r a t i o  of 0 . 7 2 .

— Automa ted  assembly  of y i e l d — r e l a t e d , cost  11cr devices d i m i n i  s im u s

I I e e L  advan  t i  t ie

— Aumt  u mate , !  assc mh)  1 y of m m s s e m u i m h i v —  mel  sLed  , c o s t li er  devi ce c ’ n i m n m  i i  es

mm i s  u ( u l ; t  i d v n m r m t a g e

1,.
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Table IV - 16 — Cost Data Summary
Double Quadruple

Number Basic Device Cost Device Cost Device
of System System System System System System

Leads II I l l  I I I  II I I I
14 100 72 115 87 145 117

28 148 72 163 87 193 117

System Ill/System II Ratio Summary

Number
of Basic Device Double Cost Device Quadruple Cost Device

Leads
14 0.72 0.76 0.81
28 0.49 0.53 0.60

I
IV— 34
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I SE CT I ~~N V

CONCLU S IONS

0 0

I,. A ga te  d i e l e c t r i c  composed of 900A SiO and 200A Si N r e s u]t s  j i m s t a b l e

COSMOS t r i m e t m I  i n t e g r a t e d  c i rc ui  t s.

I . Bond pads 1 . ( )  n i l  in lie i g u t  m i r e  opt imum in  te rm s ol C ( u ’ ; t  , ( c m l , t  t u l
— f , m h r i  : mt i o i i , mmii , !  r i  li - t b h i l l y .

0
- . A p l i t  m i ~t m m I , m v i ’ r  o f  1 500A provides - mu m ; i d eq u m mte  h a r r i e r  to ‘l i—Au d i f f u s i o n

u p to  400° C .

4 .  M ag n e t r o n  s p u t t e r i n g  p r o v i d e s  a t e c hn i q u e  fo r  t i m e  f a b r i c a t i o n  of t r i me t a l

Mi l S  dev ices  us ing  the t i t a n i u m — p l a t i n u m — g o l d  met m i l  izat  m u m  sy s t e m .

3 5. S p u t t e r e d  SL~N
4 

l a y e r s  (h o not provide  c o n f o r m a l  coverage ( I f  meta l  l i u m e s .

6. ‘the t i t a n i u m — p l a t i n u m  gold me t al l i z a t i on  sys tem e l i m in a t e s  t i m e  low bond

I) 1111 5t r e n g t h m  p rob lem observed on COSMOS devices  f m m b r i c a t e u l  vi Li i  I i t a n i u m n u —

pal lad ium~gold.

7. A c c e l e r a t e d , h m i g h l — t e m p e r a t u u r e  (>2 00° C) l i f e  t e s t s  ( aUse changes  J u m  t i me

1 e l e c t r i c a l  and chemica l  c h a r a c t e r i s t i c s  of epoxy m o l d i n g  compounds;  t i u e s u

change s have m m d e g r a d i n g  e f f e c t  upon device c i m a r a c t e r i s t i i - s .

Ii
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SECTION VI

PROCRAN FOR THE NEXT INTERVAL

I . i)ovclop t i m e  p roce s s  r t ’q i m ir e d  for time plasma deposit ioim of Si
3~ , ove r—

1 c omi t  I :mv crS .

2 .  Comp le te  t i m e  elec t n eal c i m ;m r a c t e r i z a t i o n  of all  types.

3. Continue e v a l ua t i o n  of platinum sputter etching.

4 4. Complete t ime eva lua t ion  of plasma S1
3N 4 p rocess ing .

5. Generat ion ( i f  o p t i m i z e d  sam p les.

6 .  Reliability testiimg of p r e l i m i n a r y  and o pt iml iiu ’ul sa m p l e s .

7. Document m a t e r i a l s , masks , and processes fo r  Ph im ise I I  dev ice  f m m b r i c , ’tt ion .

M .  Ref  lime the cost base ! inc to  i n c l u d e  r e l i .m b i l  i t v  t e s t i u u t

)
1.
Ii
I
1
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