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SECTION 1 

SUMMA RY 

F u n c t i o n a l  3- inch d iamete r  r e f e r e n c e  c e l l s  were  f a b r i c a t e d  u s i n g  c o n v e n t i o n a l  

p r o c e s s e s  c o n s i s t i n g  o f :  POCL d i f f u s i o n ,  e l e c t r o l e s s  n i c k e l  p l a t i n g ,  s o l d e r  . 
3  

d i p p i n g ,  and evapora ted  SiO AR c o a t i n g .  Both f l a s h  and t e x t u r e - e t c h e d .  s u r -  

f a c e  w a f e r s  were used.  The f l a s h - e t c h e d  c e l l s  y i e l d e d  o u t p u t  e f f i c i e n c i e s  o f  

10.3%, whereas t h e  t e x t u r e - e t c h e d  c e l l s  were c o n s i d e r a b l y  lower.  

Other  f l a s h  and t e x t u r e - e t c h e d  c e l l s  were  p rocessed  by 3 1 ~  i o n  i m p l a n t a t i o n  
2 

25 KeV and 3  x 1015 ions/cm , the rmal  a n n e a l i n g ,  and e l e c t r o l e s s  n i c k e l  p l a t -  

i n g ,  r e s u l t i n g  i n  7% AM1 e f f i c i e n c i e s .  Problems were exper ienced  i n  t h e  

n i c k e l  p l a t i n g  p r o c e s s  which c o n t r i b u t e d  t o  poor ohmic c o n t a c t  adherence  and 

th'e r e s u l t i n g  low e f f i c i e n c i e s .  

' Laser  a n n e a l i n g  was performed by Q u a n t r o n i x  w i t h  a n  Nd:YAG l a s e r  on o u r  t ex -  

t u r e - e t c h e d ,  f  l a sh -e tched ,  and p o l i s h e d  i o n  implanted w a f e r s .  A programmed 

X-Y p o s i t i o n i n g  s t a g e  was used f o r  p r e c i s e  t r a v e r s i n g  a c r o s s  t h e  wafe r  s u r f a c e .  

Bes t  r e s u l t s  o f  7.3% AM1 e f f i c i e n c i e s  were  a t t a i n e d  on .5 x .5 cm s i z e  c e l l s  

w i t h  p o l i s h e d  s u r f a c e s .  These c e l l s  had e v a p o r a t e d  ~ i / A g  c o n t a c t s  b u t  n o t  

s i n t e r e d  n o r  AR coa ted .  Isc o f  t h e s e  s m a l l  c e l l s  was 5  m. This  r e p r e s e n t s  a 
' 2  

27 m / c m  o u t p u t  based on a c t i v e  a r e a  o n l y ,  and compares w i t h  32 m/cm2 f o r  a  

c o n v e n t i o n a l l y  p rocessed  c e l l  o f  11% AM1 e f f i c i e n c y .  

A c o s t  a n a l y s i s  was p repared  which r e f l e c t s  p o t e n t i a l  c o s t  s a v i n g s  o f  l a s e r  

a n n e a l i n g  o v e r  therm3l  a n n e a l i n g  i n  e x c e s s  o f  $35 m i l l i o n .  Th i s  s a v i n g s  i s  

. due t o  a  p r o j e c t e d  c e l l  e f f i c i e n c y  improvement o f  2%, r e s u l t i n g  i n  reduced 

q u a n t i t i e s  o f  c e l l s  f o r  t h e  500 megawatt c a p a b i l i t y .  

Spraying o f  t a n t a l u m  s o l u t i o n s  was performed on 2  x  4 cm space  c e l l s  u s i n g  t h e  

Zicon Autocoa te r .  C e l l s  were e l e c t r i c a l l y  t e s t e d  a t  t h e  o u t s e t  i n  t h e  "as 

r e c e i v e d "  c o n d i t i o n  w i t h  SiO AR c o a t i n g .  Th i s  was fo l lowed  by s t r i p p i n g  o f  t h e  

SiO, r e t e s t i n g ,  Ta s o l u t i o n  sp rayed  and a g a i n  r e t e s t e d .  A f t e r .  sp ray  c o a t e d ,  



= s c  
o u t p u t  comparisons from b a r e  t o  c o a t e d ,  e x h i b i t e d  15% t o  31% i n c r e a s e d  

0 
o u t p u t s .  C ~ a t i n g  t h i c k n e s s  u n i f o r m i t y  on t h e s e  c e l l s  ranged from l l O O A  t o  

0 

1240A, a s  determined w i t h  a  G a e r t n e r  E l l i p s o m e t e r .  



SECTION 2 

INTRODUCTION 

T h i s  is  t h e  3 rd  Q u a r t e r l y  Report  on a  p r o c e s s  development c o n t r a c t  t o  v e r i f y  

t h e  t e c h n o l o g i c a l  r e a d i n e s s  o f  a  s e l e c t e d  p rocess  sequence from t h e  "as-sawn" 

Czochra l sk i  grown s i l i c o n  w a f e r s  t o  t h e  module assembly.  The c o n t r a c t ,  

s t a r t e d  November 1, 1977, i s  o f  a  12 month d u r a t i o n .  Our s e l e c t e d  p r o c e s s  

sequence c o n s i s t s  o f  working w i t h  3 - inch  d iamete r  c e l l s ,  e v a l u a t i n g  t h e  

fo l lowing  s t e p s  : t e x t u r i z i n g ,  i o n  implan t ing ,  l a s e r  a n n e a l i n g ,  s c r e e n  p r i n t -  

i n g  c o n t a c t s ,  sprayed-on AR c o a t i n g  and m d u l e  assembly.  

The p rev ious  two q u a r t e r s '  work addressed  technology and economic e v a l u a t i o n s  

and c r i t i c a l  reviews. Process  v e r i f i c a t i o n s  g o t  underway r e s u l t i n g  i n  t h e  

f a b r i c a t i o n  o f  c e l l s  u s i n g  s t e p s  o f  o u r  s e l e c t e d  p r o c e s s  sequence i n c l u d i n g  

t e x t u r e  e t c h i n g  and . ion  i m p l a n t a t i o n .  Laser  a n n e a l i n g  o f  i o n  implanted c e l l s  

was performed on s m a l l  wafer  a r e a s  y i e l d i n g  good s u r f a c e  a c t i v a t i o n .  Screen 

p r i n t i n g  o f  ohmic c o n t a c t s  was a l s o  performed r e s u l t i n g  i n  good l i n e  d e f i n i -  . . 
t i o n ,  b u t  poor c e l l  response due t o  a  h igh  s e r i e s  r e s i s t a n c e ,  i n d i c a t i v e  o f  

poor c o n t a c t i n g .  B a s e l i n e  f u n c t i o n a l  c e l l s  were f a b r i c a t e d  which were 

t e x t u r e  e t c h e d ,  ion  ' implanted,  thermal  annea led ,  e l e c t r o l e s s  n i c k e l  p l a t e d  

and s o l d e r . c o a t e d .  These c e l l s  e x h i b i t e d  9% AM1 e f f i c i e n c i e s .  ' Also,  d u r i n g  

t h i s  pe r iod  a  high volume. p roduc t ion  p r o c e s s  f o r  t e x t u r e  e t c h i n g  was con- 

c e p t u a l i z e d  f o r  t h e  1986 o b j e c t i v e .  

Th is  r epo r t  d i s c u s s e s  t h e  work performed on a d d i t i o n a l  b a s e l i n e  r e f e r e n c e  

c e l l s ,  a s  w e l i  a s  p rocess  v e r i f i c a t i o n s  o f  our  s e l e c t e d  sequence i n c l u d i n g  

ion  i m p l a n t a t i o n ,  l a s e r  a n n e a l i n g ,  s c r e e n  p r i n t i n g  o f  ohmic c o n t a c t s  and 

spray-on A R  c o a t i n g .  High volume produc t ion  concep t s  a r e  a l s o  addressed  f o r  

t h e  ba lance  o f  our  p r o c e s s  sequence. 



SECTION 3 

TECHNICAL DISCUSS ION 

3 .1  . PROCESS VERIFICATION 

3.1.1 F u n c t i o n a l  Reference C e l l s  

Two c e l l  r u n s  were  p rocessed  through t h e  f a b r i c a t i o n  c y c l e  by I n t e r n a t i o n a l  

R e c t i f i e r .  y i e l d i n g  c e l l s  w i t h  10% AM1 e t f i c i e n c t e s .  The p r o c c s s  Eequence f n r  

t h e  two r u n s  cons i sLrd  o f :  

S t a r t i n g  M a t e r i a l  - As-sam, 3 i n ,  d iamete r  Cz S ~ . ~ ~ C O R ,  1:0:0 

. . . . 
Run No. 117 . . Run No. 118 .. , 

Flash-Etched S u r f a c e  Prep Texture-Etched (Flash-Etch P r e t r e a t )  

POC'L3 Di f fused  POCL3 Di f fused  

Sand B l a s t  Back Sand B l a s  t Back 

E l e c t r o . l e s s  N i  P l a t e  ( f r o n t  & back)  E l e c t r o l e s s  N i  P l a t e  ( f r o n t  & back)  

S o l d e r  Dip So lder  Dip 

SiO Evapora t ion  (AR) SiO Evaporat ion (AR) 

Qty. Processed:  6 Q t y .  Processed: 4 

One c e l l  from b o t h  r u n s  was hand spray-coated u s i n g  t h e  A l l i e d  Chemical Ta 

s o l u t i o n  i n s t e a d  o f  SiO e v a p o r a t i o n .  The f l a s h - e t c h e d  (from Run 117) sprayed 

c e l l  r e s u l t e d  i n  a n  o u t p u t  e f f i c i e n c y  o f  10.3% which i s  c o n s i s t e n t  w i t h  those  

SiO evapora ted .  The t e x t u r e - e t c h e d  sprayed c e l l  was c o n s i d e r a b l y  lower than 

t h e  r e s p e c t i v e  SiO c o a t e d  c e l l s .  F i g u r e s  I through 4 sllow t h c  I - V  c u r v e s  of: 

c e l l  Run Nos. 117 and 118, a s  w e l l  a s  t h e  3- inch d iamete r  standard c c l l .  

3.1.2 Ion I m p l a n t a t i o n  

C e l l s  were i o n  implanted by I n t e r n a t i o n a l  R e c t i f i e r  and completed through t h e  

f a b r i c a t i o n  c y c l e  by thermal  a n n e a l i n g ,  e l e c t r o l e s s  n i c k e l  p l a t i n g  ohmic con- 

4 
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Figure 3. 1-V Output for Run NO. 118, Cells 1, 2, 3, and A 





t a c t s ,  and evaporating SiO AR coatings.  Both f l a s h  and texture-etched wafers 

were used. E l e c t r i c a l  outputs  were i n  the  7% AM1 e f f i c i ency  range. It i s  

bel ieved t h a t  the  low output  i s  a t t r i b u t e d  t o  the  n icke l  p la ted  contac t  where 

a problem of poor adhesion was reported by production personnel. Ion implant- 
2 

ing  with 3 1 ~  was a t  25 KeV and 3 x 1015 ionslcm . 
Other c e l l  runs have been s t a r t e d  through the  ion implantation process and 

w i l l  be c lose ly  followed through the  process s teps.  

3.1.3 Laser Annealing 

Contacts w e r e  made with Quantronix Corporation, Smithtown, New York, and 

Quantel  In te rna t iona l  Corporation, Sunnyvale, Cal i fornia ,  a s  p a r t  of a survey 

of manufacturers whose l a s e r s  appeared t o  be appl icable  t o  annealing of 

s i l i c o n  wafers .. 

To evaluate  the  manufacturer's product l ine ,  a number of wafers were shipped 

t o  Quantronix f o r  performance of  the  required annealing work. The s'hipment 

contained one flash-etched, two texture-etched, and one polished wafer. The 
2 

wafers were implanted a t  25 KeV with a f luence l e v e l  of 1 x 1015 ionslcm , 
2 2 2 3 x 1015 ibnslcm , 1 x 1015 ionslcm , and 2.5 x 1015 ionslcm , respectively.  

These wafers were annealed with a Model 116 Nd:YAG lase r .  Af ter  annealing, 

the  wafers were subjected t o  e l e c t r i c a l  (four-point probe) evaluation. Good 

readings w e r e  obtained on a number of subjec t  samples. Table I o u m r i z e s  

the  r e s u l t s  of  t h i s  evaluation. 

A t  the  conclusion of e l e c t r i c a l  t e s t ing ,  the  wafers were processed i n t o  

1 x 1 cm c e l l s  f o r  the  f l a s h  and texture-etched samples and i n t o  .5 x .5 cm 

c e l l s  f o r  the  polished specimen. E l e c t r i c a l  outputs  of subjec t  c e l . 1 ~  were 

low with the  exception of the  polished c e l l  which yielded a 7.3% AM1 e f f i -  

ciency, Figure 5. The c e l l  was ne i the r  AR coated nor s in te red ,  cdnsequently, 

increase  i n  the  e f f i c i ency  i s  an t i c ipa ted  following these operations. In 

terms of Isc per u n i t  a rea ,  the  l a s e r  annealed c e l l s  demonstrated f a i r l y  good 



TABLE I 

SUMMARY OF LASER ANKEALING 'WORK AT QUANTEUNIX 

- 

Cen ter-Cen t e r  
Spacing 

(X&YAxes) 
M i  1s 

1.0 

1 , 0 

2,O 

2.0 

2.0 

2.0 

1.5 

Annealed 
Spot 

Diameter 
(Mils) 

2.9 

2.4 

Pulse h r a t i o n /  
R l l s e i e p e t i t i o n  

Fate 

1LO nsec/ 
4 kHz 

! 

Energy 

2 
( ~ / c m  ) 

4.9 

3.9 

Run No. / 
Surface 

109/Flash 
Etched 

V/ I 
1u.p lan t a  t ion 
larameters 

25 KeV 
15 2 

1x10 /cm 

114/Texture 
Etched 

105/Tex ture  
Etched 

102/Pc lished 

Front 

14.8-15.5 

9.1-9.5 

Inc. Annealing 

18.1-19.7 

Unannea led - 
9.0 

8.4 

Back 

25 

19.6 

23 

2 3 

: 
4.3 

! 
I ! I 3.5 

1 2.9 25 KeV 

i 

I 

i 
I 

j 
I 
i 

\It 

15 2 
3x10 /em 

25 KeV 
15 2 

1x10 Icm 

25 KeV 

2 .5~10 '~ /c rn~  

3.9 

3.4 

3.2 

4.0 

2.4 

2.9 

2.4 

2.9 

3.4 



i $ ;  Figure 5. I-y Output for Laeer &mealEd SO& Cell 



responses. The 5 ma Isc for  the  .5 x .5 cm s i z e  c e l l  converts to  a value of 
2 

27 ma/cm based on a c t i w  a r e a  only, discounting the  ohmic contact ing and 

probe masking during test. This compares to  a di f fused junction 11% e f f i -  
2 

c i e n t  cell, Figure 4, wikh an Isc Output 05 32 ma/cm , d i s c o ~ n t i n g  a 7% 

ohmic c o n ~ c t i n g  masking area. High conversion e f f i c iency  was n o t  a n t i c i -  

pated from the flash-etched wafer due to  Low ion implantation f luence l e v e l  
2 -1 x 1015 ionslcm . The low outputs from the texture-etched specimens were 

probably due t o  junction d i so r ien ta t ion .  This was brought about by severe 

melting of the pyramidal surface during the  l a s e r  annealing operation, 

Figure 6. 

In making,,.con t a c  ts with Quante 1 ln ternar i u ~ r a l  Co-rporation, i t  was nopea t o  

evaluite .  a hdgb .energy l a s e r  r a t h e r  than a s c r i b e r  such as used by Quantronix. 

Quantel  IaZarnat5uaal manufactures high energy lasers a s  p a r t  of t h e i r  NGMO 

type product l ine .  -In the past ,  Q-switch g l a s s  lasers of output  energy i n  

the  30-100 joules category were delivered t o  various agencies i n  the  U.S. 

and Europe. Unfortunately, a s  with o the r  manufacturers (Korad, Apollo), 

these lasers were not  a v a i l a b l e  f o r  evaluation. In f a c t ,  only a low energy 

u n i t  (100 mi l l i jou lcs )  Model YG-482 with a second harmonic generator, was 

avai lable .  The low output  energy of t h i s  l a s e r  and lack of required o p t i c s  

precluded performance of meaningful tes'ts. 

The ruby rod f o r  our in-house l a s e r  has been refurbished by Korad/Union 

Carbide, 'When i n s t a l l e d  and f i r e d ,  however, there  was evidence o f  water 

leakage throygh the clamp housing and i n t o  the f r o n t  of the  rod. Not i f ied  

of t h i s  problem, Korad requested the rod back f o r  add i t iona l  servicing. 

To study impurity redistrPbutftrn Iullowing laoar  or- furnace annealink, i t  was 

decided t o  pekform a SIMS (~econdaby Tor1 Mass Spec't~aooopy) analgfii a. It was 

discovered t h a t  Aerospace Corporation, Los Angeles, Ca l i fo rn ia  o ' ffers  S I B  

se rv ice  with an  ARL Ion Microprobe Mass h a l y z e r .  i n i t i a h l y ,  two phosphazws - .  
implanted, f lash-etched .wafers were s e n t  t o  Aernspa~e as p a r t  of  a f e a d i b f ~ f t ~ ~  

study. Figures 7 and 8 show the  depth p r o f i l e s  obtained from t h i s  evaluation. 



Figure 6.  SEM photos (2000~/60~ T i l t )  o f  the Surface o f  a ~ e x t u r e - ~ t c h e d / ~ o n  
Implanted S i l i con  Wafer before (A) and after Laser Annealing (B) 



F
ig

u
re

 
7.

 
P

r
o

fi
le

 "
of

 t
h

e 
D

is
tr

ib
u

ti
o

n
 o

f 
P

ho
ep

ho
ru

s 
A

to
m

s 
in

 F
la

sh
-E

tc
h

ed
 

*- 
S

i 
S
a
m
p
l
e
 

Im
p

la
n

te
d

 a
t

 W
25

K
eV

 a
nd

 D
-l

x
1

0
~

~
 

io
n

s/
cm

2 



F
ig

u
re

 
8.

 
P

r
o

fi
le

 o
f 

th
e 

D
is

tr
ib

u
ti

o
n

 o
f

 P
h

os
 h

o
ru

s 
A

to
m

s 
in

 
F

la
sh

-E
tc

h
ed

 
2 

Si
 

Im
p

la
n

te
d

 a
t

 E
=

25
K

eV
ea

nd
 D

=
lx

lO
1g

 io
n

s/
cn

 
an

d
 F

u
rn

ac
e 

A
nn

ea
 1

 ed
 a

t
 9

0
0

°c
/3

0
 M

in
u

te
s 



The sharp peak i n  Figure 7 i s  typ ica l  f o r  an ion implanted sample. The 

broader p r o f i l e  i n  Figure 8 ind ica tes  phosphorus red i s t r ibu t ion  brought 

about by furnace annealing a t  900°~ /30  minutes. 

The margin of e r r o r  i n  these p r o f i l e s  becomes g rea te r  a s  the  d is tance  from 

t h e  peak cen te r  point  increases. The l e v e l  where the 31~+ p r o f i l e  appears 

t o  reach a s t a b l e  minimum is probably brought about by contributions from 

3 0 ~ i ~ + .  The presence of t h i s  c o n s t i t u t e s  a l imi t ing fac to r  i n  the equip- 

ment detec t ion s e n s i t i v i t y .  Nevertheless, generated p r o f i l e s  a r e  ind ica t ive  

of e f f e c t s  tha t  annealing has on implanted wafers, 

The i n i t i a l  f e a s i b i l i t y  study was to  be followed by add i t iona l  t e s t s  a t  the  

Aerospace f a c i l i t y .  However, Aerospace Corporation n o t i f i e d  LMSC t h a t  due t o  

pressing i n t e r n a l  projec ts ,  the  ion microprobe would n o t  be ava i l ab le  f o r  

SIMS evaluation i n  the  months o f  July  and August. Ion microprobe manufacturer, 

ARL Laboratories, Sunland, Cal i fornia ,  has a l s o  phased. ou t  t h e i r  QMAS analyzer 

and was not a s  y e t  set up f o r  ion microprobe work. Surface Science Labora- 

t o r i e s ,  Palo Alto, Cali;Eornia, was contacted and supplied with sample wafers 

f o r  SIMS work u t i l i z i n g  t h e i r  ion microprobe made by 3M. Results of t h i s  

study however were negative. Subject equipment d id  not  have the  required 

s e n s i t i v i t y  f o r  p r o f i l i n g  phosphorus i q l a n t o  i n  s i l i c o n ,  In view of t h i s ,  

a d d i t i o n a l  SIMS work has been postponed u n t i l  such time t h a t  Aerospace equip- 

ment becomes a v a i l a b l e  again f o r  outs ide  services.  

To shed some l i g h t  on p o t e n t i a l  savings, an extensive cos t  analys is ,  laser 

annealing vs. furnace annealing, has been prepared i s  ao fallows. 

Cost savings rea l i zed  by appl ica t ion of  l a s e r  annealing f a l l  i n t o  the  follow- 

ing ca tegor ies  s 

1. Increased c e l l  e f f i c i ency  with subsequent decrease i n  the  number 

of c e l l s ,  support s t ruc tu res ,  and associated hardware f o r  500 

megawatt production r a t e  



2 .  Decrease i n  energy consumption rea l ized by using l a s e r  annealing 

techniques a s  opposed t o  furnace annealing 

Savings rea l i zed  from i t e m  1 above a r e  a s  follows: 

2 
o Area of 3-inch diameter c e l l  = 45.6 cm 

o I l lumination In tens i ty  = 100 W/em 
2 

2 2 
o Total  Incident  I r rad ia t ion  = (45.6 cm ) x (100 mW/cm ) = 4.56 watts  

o A 12% conversion e f f i c iency  c e l l  y ie lds  an output of m.55 watts  

o Assuming t h a t  l a s e r  annealing can y i e l d  a 2% conversion ef f ic iency 

increase or  a 14% c e l l ,  the  y ie ld  w i l l  be w.64 watts  

o Projected i n t o  1986, 500 MW/yr production capab i l i ty  i t  $.50/watt, 

the savings represent  

500 MW 500 MW 
5 5  W I C C ~ ~  ) - ( 7 4  w/cell ) I  x .55 -- I $.5/W - $W c e l l  

Savings rea l ized from i t e m  2 a r e  a s  follows: 

Preliminary theore t ica  1 and experintenta 1 d a t a  indicates  t h a t  f o r  a ruby 

o r  frequency doubled g lass  l a se r ,  an energy densi ty  of approximately - 

2 1.5 joules/cm i s  required to  a t t a i n  annealing of ion implanted siliclaa, 
r n  n + _  _ 

wafers. This t r ano la tes  t o  aa energy ot approximately 68 joules f o e ,  '- 2 
s ing le  pulse annealing of a 3-inch d iane te r  wafer. A Q-switched g lass  

l a s e r  capable of operat ing a t  t h i s  energy l eve l  with a pulse repe t i t ion  

r a t e  of 1 ips has a conversion ef f ic iency of approx iwte ly  -5%. This 

system o f f e r s  the following savings: 

o Resistance Furnace Power Requirements* 

1.88 ICW t o  maintain 9 0 0 ° ~  annealing temperature 

xP*Thermo-~rute American Furnace, 4-112 inch O.D. Tube Size  
1 



125 3-inch diameter wafers per run @ 30 minlrun 

1.88 KW x 5 hr = -94 KW hr t o  anneal 125 c e l l s  or  

o Laser Power Requirements 

68 joules required to  anneal a 3-inch diameter wafer 

A t  .5% conversion efficiency , the laser  requires 681.005 = 13,600 

to  supply the 68 joules 

o 7.52/3.78= 2 or  half  a s  mch energy i s  required for  laser  annealing 

a s  compared to  furnace annealing 

Q For 500 MW/yr production capabil i ty 

(50!5F x 7.52 W h r )  - (500 x 3.78 W hr)  = 3.900 MW h r h r  savings 
.64W 

3.1.4 Screen Printed Contacts 

Screen printing using DuPont 7095 Ag paste for  the gr id  pattern shows excel- 

l en t  0.005 to  0.008-inch l i ne  resolution. DuPont 4021 A ~ / B  paste was used 

for  the back. Problems have been encountered in f i r i n g  the 7095 gr id  material. 

Cells ion implanted similar to  a 7% e f f i c i e n t  nickel plated run were e k e e n  

printed and f i r ed  using schedules recoamrended i n  the published reports of 

other project  contractors, namely, 45 seconds a t  650°c. Output I V  curves re- 

fLect a high ser ies  resistance. DuPont technical representatives i n  Wilming- 

ton, Delaware indicated p e r f 6 W g  experirn&fhtal w z h  wf t h  the 7095 a t  a 580' 

to  600°C temperature, 2 to 5 mintire f irlrrg tempcrcrtuse range, with sporadic 

resul ts .  Our work w i l l  continue i n  the use of t h i s  material making only 

s l i g h t  variations from rho manufacturer 'a published data in  attempting veri-  

f i ca t ion  of t h i s  process segment. 

s a para l le l  e f for t ,  evaporated A g l ~ i  contacts w i l l  be formed a s  a control  

f a t  evaluating the screen printed un i t s  and to allow fabrication and eval- 

of laser annealed units.  $@&$ 
'J*, ;- >#:, ; i i . <  n - , " r  

1.c 
A ~ k k d  



A screen was made with a series of .1501' squares and .1501' spacing. This 

pat tern  i s  intended f o r  contact  r e s i s t ance  measurements, adhesion, and 

s o l d e r a b i l i t y  tests. The pa t t e rn  a s  pr in ted  on a 3" diameter wafer is  shown 

i n  Figure 9. 

Figure 9. Test Pattern f o r  Contact Resistance, Adhesion and So lderab i l i ty  Tests 

3.1.5 Sprayed AR Coating 

A l l  accessory pa r t s  were received f o r  the  Zicon Autocoater during t h i s  period 

and the equipment m d e  operational.  

The All ied Chemical Tantalum source mater ia ls  developed f o r  t h i s  work were 

a l s o  received. The materials  of i n t e r e s t  a r e  a s  follows: 

o Solution No. 482 - A l l  Ta, developed f o r  Spin-On Applications 

o Solution No. 201 - A l l  Ta, developed f o r  Spray-On Applications 

o Solution No. 702 - ~ a / ~ i ,  developed f o r  Spray-On Applications 

19 



. ,  

The above materials a r e  a l l  low viscot3ity and low so l ids  systems. They a r e  

supposed to  yie ld  films t h a t  when deposited and cured, w i l l  be essen t ia l ly  . 

a l l  Ta205. When applied to  s i l i con  waf4rs by spinning a t  2000 rpm and 

followed by baking a t  175'~, a f i lm with thicknesses of 500 to  1000 i( resul ts .  

Spraying of the Allied &I mica1 Ta solutidds was performed on polished,wafer 

F" surfaces using the Zicon utocoater. I nS t i a l  thicknesg measurements made 

I! u o i n g  a Ga-ertaer Ellipsq ter s h o d  c b d i n g s  on the 3-inch diameter wafers 

-&ng from 500; t o  1200~.  Latter w r k  t e k l t e d  i n  improved uniformity on 
I - a 3Aw wWZA band of 1100; t b  .. 1246;. 

.. 8 

A test plan was devised f o l l w  by explerin&tat&on t o  determine the adeqvacy 

of materials and processing. Space celds  2 x 4 cm in  s i e e  with chem polished 

surfaces were used, The cells used, as-received, have an SiO coating. 

Eaeasureaents were made i n  the as-recieived condition, followed by s t r ipping of 

the SiO with buffered HF, retested,  coated with the tantalum solutions, and 

again retested.  ' Coating with the tantalum solution was performed by both 

spinning and spraying. Spinning is  a proven process and over t h i s  small 

area,  good thickness uniformity was assured for  comparison with the spray-on 

process. Tables I1 and I11 show the r e su l t s  of t h i s  experimentation for  

spin-on and spray-on, respectively. 

Reasonably good uniformity was a t ta ined on the sprayed specimens a s  evidenced 

by the l i gh t  blue coloring across the c e l l  a.rea. The as-sprayed values a s  

s h  2n Table 1x1 ranged from 1 t o  6% lower than the as-reeeived SiO. Thi$ 

8 ~ u k ?  be a i t r i bu tab le  t o  the index of refract ion differences between SiO and , 

, Some spray work was performed by Internat ional  Rect i f ier  using metallo-organic 

res inates  supplied by Englehart, A tantalum #7522 base material  (8.2% Ta) 

was applied on blank texture-etched s i l i con  wafers and f i r e d  in a i r  a t  5 0 0 ' ~  

f o r  5' minutes. Relative r l e c t i v i t y  measurements were made using the  re* tf 
f lectance t ee t e r  described in QuarterLy Report No. 1. Table I V  shows these 

1 

preliminary t e s u l t s .  Data wps norrpalized t o  a f l a t  black paint  surface. 

I 
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TABLE I1 

SPUN-ON Ta, SOLUTIONS 

Specimen: 2 x 4 cm 'space C e l l s  wi th  SiO Coat, Chem Pol ished 

Process  Parameters : 2000 rpm/lO s e c  

TABLE I11 

SPRAY-ON Ta SOLUTIONS 

Specimen 
No. 

A R 1  . 

AR 2 
AR 10 
AR 13 

Specimen: 2 x 4 cm Space Cells wi th  SiO Coat, Chem Pol ished 

Ta 
Solu t ion  

201 
20 1 
482 
482 

ou tpu t  ~ ~ ~ ( ~ e )  

" a P rocess  Parameters: Zicon Autocoater ,  1 pass ,  22 fnches l s ec  1 I, 

t r a v e l ,  4.25 inches  nozz le  H I ,  9 . m i l  o r i f i c e . ,  . . 

2 p s i  source,  40 pso nozz l e  (both N2), baked 
1 7 5 ~ ~ 1 2  min 

. . 

A f t e r  Coated 

245 
265 
265 
236. 

As-Received 

273 
267 
270 
269 

A f t e r  SiO S t r i p  

2 12 
207 
2 13 
199 

% '  Inc rease  
From Bare 

C e  11 

27 
15 
2 1 
17 
17 . 
23 
2 5 
29 
30 
3 1 
24 

Specimen 
No. 

SPY 1 ' 
SPY 2 
SPY 3 
SPY 4 
SPY 5 
'SPY 6 
SPY 7 
SPY 8 
SPY 9 
SPY 10 
SPY 11 

Ta 
Solu t ion  

482 
482 
482 
482 
4 82 
201 
201 
20 1 
20 1 
20 1 
20 1 

Output Isc $+) 
A f t e r  Coated 

2 74 
25 7 
25 8 
259 
262 

-266 
274 
268 
2 87 
292 
27 1 

As-Received 

286 
273 , 
275 
272 
2 80 
283 

- 283 
277 
290 
295 
278 

A f t e r  SiO S t r i p  

2 15 
223 
2 14 
221 
224 
2 16 
219 
207 
220 
222 
2 19 



TABLE IV 

REIATIVE REFLECTIVITY MEASUREMENTS 

. , 

The r e l a t i v e  r e f l e c t i v i t y  numbers shown i n d i c a t e  a measure of  come p o t e n t i a l .  

More work i s  necessary  in t h i s  a r e a  us ing  t h e  metal lo-organic r e s i n a t e s .  

3.2 HIGH VOLUME PRODUCT ION 

1 

Condition 

Ta Resinate  (Modified t o  
Spraying Consistency) 

3.2.1 Ion Implantat ion 

Ion implanta t ion  of  s i l i c o n  wafers has been proven p r a c t i c a l  i n  equipmefits 

which a r e  no t  c o n f i g u r e d . f o r  high q u a n t i t y  product ion r a t e s .  It has been 

determined t h a t  an ion  implanter  wi th  a 18 mA beam current w i l l  bc  able t o  

scan a s i n g l e  wafer. i n  approximately one second. I f  we accept  t h i s  scan 

r a t e  a s  r e a l i s t i c ,  then the  t a s k  of  achiev ing  1986 s o l a r  c e l l  production 

r a t e s  c e n t e r s  on the  p re sen ta t ion  of  wafers  t o  t he  beam with a minimum of 1 4  

Ta Res ina te  - #650 Glass  
Resin Mixture 

Ta Resinate  + Acry l i c  Coat 

R e f l e c t i v i t y  

i n t e r r u p t i o n  t o  i t s  continuous product ive operat ion.  Ion beams a t  t h e  pro-' 

posed . cu r ren t  l e v e l s  do n o t  respond t o  e l e c t r o s t a t i c  scanning methods and i t  

i s  t h e r e f o r e  necessary  t o  'plan f o r  a , f i x e d  p o s i t i o n  beam used i n  conJunction 

wi th  mechanical scanning equipment. 

In a d d i t i o n - * t o  maximum beam u t i l i z a t i o n ,  t h e  o t h e r  major problem i n  high ' , !'; I * 8  

, I p roduct ion ion  implanta t ion  is  the p re sen ta t ion  of wafers  t o  t h e  beamain a ' 
0 ,  

As Coated 

.9 

F l a t  Black Surface 
( r e f  > 

1.0 

1.3 I 
I 

<.6 1 

A s  Text-Etch 

2.4 

1.0 

1.0 

2 .3  

2.4 



high vacuum environment. Two b a s i c  approaches a r e  a v a i l a b l e .  One of  t hese  

feeds  the  wafers  i nd iv idua l ly  through a s e r i e s  o f  gated chamhers o f  progres- 

s i v e l y  higher  vacuum t o  a c e n t r a l  chamber f o r  implantat ion.  They .are. then 

c a r r i e d  o u t  of  t he  system i n  a s i m i l a r  manner. This method p re sen t s  some 

problems i n  t he  n e c e s s i t y  f o r  high frequency cyc l ing  of t he  g a t e  valves.  The 

o t h e r  op t ion  is  an  ex tens ion  of t he  convent ional  method where a number of 

wafers  a r e  mounted i n  one o r  more ca rouse l s  and placed i n  a chamber w h i c h . i s  

then evacuated. Provision i s  made t o  e i t h e r  scan the  wafers  i nd iv idua l ly  i n  

r e l a t i o n  t o  t h e  ion  beam, indexing t h e  carouse l ,  o r  t o  r o t a t e  t he  carouse l ,  

scanning a l l  o f ,  the  wafers  i n  a ba tch  mode. 

W e  propose a concept based on the  more convent ional  method. This i s  repre-  

sen ted  schemat ica l ly  i n  Figure 10. In t h i s  approach, t he  f ixed  beam e n t e r s  

an  implanta t ion  chamber through the  bottom and a t  an  angle  of 7 degrees from 
, . 

t he  v e r t i c a l .  Four c y l i n d r i c a l  chambers a r e  arranged i n  a r ec t angu la r  pa t -  + -. 
t e r n  and secured t o  gated f langes  on the  implantat ion chamber. Two of  these  

con ta in  wafers  awai t ing  processing and two a r e  used t o  s t o r e  implanted wafers. 

The c y l i n d r i c a l  chambers a r e  a l s o  ga ted  a t  t he  s epa ra t ion  f l ange  so  t h a t  they 

may be i n d i v i d u a l l y  removed f o r  loading,  unloading, and evacuation. A f i f t h  

chamber i s  provided so t h a t  t hese  ope ra t ions  may be accomplished whi le  t h e  

o t h e r  four  a r e  i n  opera t ion .  These c y l i n d r i c a l  u n i t s  a r e  f i t t e d  wi th  a i r  

cushion p a l l e t s  a t  t h e  base t o  f a c i l i t a t e  guided movement t o  and from t h e  . 

load/unload/evacuation s t a t i o n .  I n t e r n a l ,  e l e c t r i c a l l y  operated e l e v a t o r  

and t r a n s f e r  devices  a r e  requi red  t o  feed o r  rece,ive f l a t  t r a y s ,  each con-. 

t a i n i n g  50, 3-inch diameter wafers ,  t o  and from t h e  implantat ion chamber. 

The LMSC process  s p e c i f i e s  t h a t  t he  wafers  be edge masked f o r  ion implantat ion.  

This permits  t he  use  of  counterbored wafer pockets i n  f l a t  ring-shaped t r ays ,  

wi th  t he  ion  beam pos i t ioned  a t  an ang le  t o  preclude channeling. The wafers  

m y  be au toma t i ca l ly  t r a n s f e r r e d  t o  t he  t r a y s  from the  c a s s e t t e s  used i n  the  

t e x t u r e  e t ch ing  opera t ion  and m y  e i t h e r  be l e f t  i n  t h e  t r a y s  f o r  t h e  nex t  

ope ra t ion  of  l a s e r  annea l ing  o r  t r a n s f e r r e d  t o  a conveyor b e l t  f o r  t h a t  

opera t ion .  
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The sequence o f  p r o c e s s i n g  s t e p s  w i t h i n  t h e  ion  i m p l a n t a t i o n  chamSer i s  rep-  

r e s e n t e d ,  i n  p a r t ,  i n  t h e  schemat ic  d iagram a f  F igure  11. Diagram& shows 
' / 

one processed t r a y  b e i n g  moved t o  a s t o r a g e  chamber, one t ray; ,scanning over  
\ t h e  beam and a t h i r d  t r a y  be ing  moved o u t  o'f t h e  supply chamber. The scan- 

n i n g  o f  t r a y  No. 2 i s  accomplished by r o t a t i o n  o f  t h e .  t r a y  w h i l e  i t s  axis i s  

moving l a t e r a l l y .  The r e s u l t i n g  beam p a t h  i s  a f l a t  s p i r a l  which impinges on 

t h e  exposed u n d e r s i d e  o f  a l l  wafe rs  i n  t h e  t r a y .  Diagram,g shows t r a y  No. 3 

i n  a w a i t i n g  p o s i t i o n  above t r a y  No. 2. A r i s e  and f a l l  m ~ c h a n i s m  i s  inc luded  , 

i n  t h e  t r a y  h a n d l i n g  system f o r  t h i s  purpose.  A s  t r a y  No. 2 i s  complet ing 

i t s  scan w i t h  t h e  beam a t  i t s  o u t e r  p e r i p h e r y ,  t r a y  No. 3 beg ins  r o t a t i o n  and 

l a t e r a l  movement. When t r a y  No. 2 ,is p rocessed ,  i t  i s  immediately withdrawn 

and t r a y  No. 3 i s  t h e n  scanning over  t h e  beam. I n  Diagram C, t r a y  No. 3 i s  

shown s t i l l  scanning.  During t h i s  p e r i o d ,  i t  i s  lowered t o  t h e  level o r i g i n -  

a l l y  occupied by t r a y  No. 2. The d i s t a n c e  o f  v e r t i c a l  t r a v e l  i s  small and 

should n o t  a f f e c t  t h e  c h a r a c t e r i s t i c s  o f  t h e  i o n  i m p l a n t a t i o n  p rocess .  Tray 

No. 2 i n  t h i s  d iagram i s  i n .  p o s i t i o n  a t  t h e  end o f  t h e  c e n t r a l  chamber where 

a r i n g  o f  50 s m a l l  p l a t e n s  a r e  b rought  i n t o  c o n t a c t  w i t h  t h e  u n d e r s i d e ' o f  

t h e  i n d i v i d u a l  w a f e r s ,  r a i s i n g  them s l i g h t l y .  These may be  opposed by a d d i -  

t i o n a l  l i g h t l y  weighted pads which a r e  f r e e  t o  r o t a t e  a s  they  c o n t a c t  t h e  

top  s i d e s  o f  t h e  wafer's. .The lower p l a t e n s  a r e  r o t a t e d  90° caus ing  t h e  wafe rs  

t o  be  r e p o s i t i o n e d  wi thou t  l e a v i n g  t h e i r  r e s p e c t i v e  pockets .  The p l a t e n s  and 

opposing pads a r e  r e t r a c t e d  and t r a y  No. 2 i s  m v e d ' b a c k  i n t o  t h e  r a i s e d  

w a i t i n g  p o s i t i o n  as shcwn i n  Diagram g. Upon complet ion o f  t h e  scan o f  t r a y  

No. 3 ,  i t  moves t o  t h e  o t h e r  end o f  t h e  c e n t r a l  chamber f o r  wafer  index ing  

w h i l e  t r a y  No. 2 i s  scanning and b e i n g  lowered. Th is  i s  r e p r e s e n t e d  i n  

Diagram E. This  p r o c e s s  i s  con t inued  u n t i l  each t r a y  h a s  been scanned f o u r  

times t o  expose t h e  beam t o  a l l  f l a n k s  o f  t h e  pyramidal  s u r f a c e s  o f  t h e  

e t c h e d  wafe rs .  Upon complet ion o f  t h e  p r o c e s s i n g  o f  a t r a y ,  i t  i s  r e p l a c e d  

by a new t r a y ,  a s  i n  Diagram A, w i t h i n  t h e  t ime p e r i o d  o f  one t r a y  scan.  No 

i n t e r r u p t i o n  o f  beam u t i l i z a t i o n  should occur .  

The t r a y  hand l ing  system i s  n e c e s s a r i l y  complex t o  a c c o m d a t e  t h e  p r o c e s s i n g  

requ i rements .  I t  does ,  however, r e p r e s e n t  a c o n v e n t i o n a l  t a s k  i n  e l e c t r o -  

mechanical  d e s i g n  and i t s  c o n f i g u r a t i o n  may b e  r e a d i l y  env i s ioned .    ore over, 



Figure ;11 



t h e  sys tem i s  c y c l e d  a t  a  c o n s i d e r a b l y  lower f requency than would be r e q u i r e d  

f o r i n d i v i d u a l l y  p rocessed  c e l l s .  

A micro computer c o n t r o l  sys tem shou ld  be i n c o r p o r a t e d .  This  w i l l  alkow 

f l e x i b i l i t y  i n  programming o f  t h e  v a r i o u s  e lements  o f  t h e  p r o c e s s  t o  maximize 

t h e  throughput .  

The p r o d u c t i o n  r a t e  o f  t h e  sys tem d e s c r i b e d  i s  p r e d i c a t e d  on a n  ion  imp,lanta- 

t i o n  t ime  p e r  wafe r  o f  1.048 seconds ,  o r  52.4 seconds  f o r  a . t r a y  of  50 wafe r s .  

A n  edge- to-edge s p a c i n g  between w a f e r s  i n  a t r a y  i s  assumed a t  1 /2- inch and 

t h e r e f o r e  we a l l o w  60 seconds  o f  p r o c e s s i n g  t ime p e r  t r a y .  Th i s  i s  d i v i d e d  

i n t o  4  s c a n s  o f  15 seconds  each,  which '  a l s o  i s  t h e  t ime a v a i l a b l e  f o r  wzifer 

index ing  and /o r  t r a y  exchange. Los t  t ime w i t h i n  t h e  c y c l e  i s  l i m i t e d  t o  t h e  

p e r i o d  n e c e s s a r y  t o  wi thdraw a  t r a y  from t h e  beam a r e a  on complet ion o f  a  

scan .  Th i s  i s  assumed t o  be  v e r y  small and shou ld  be  a c c o m d a t e d  w i t h i n  

t h e  a l l o t t e d  15 second scan  p e r i o d .  
\ 

A t r a y  ho ld ing  50 c e l l s  a t  1 /2 - inch  edge s p a c i n g  w i l l  be a b o u t  60 i n c h e s  i n  

d i a m e t e r .  One-eighth  inch  a l lowance  i s  nude f o r  t r a y  t h i c k n e s s ,  b u t  1/16 i n c h  

shou ld  be  adequa te .  

A t  50  w a f e r s  p e r . m i n u t e ,  t h e  th roughput  r a t e  i s  3000 p e r . h o u r ,  o r  24,000 p e r  

s h i f t .  Th i s  r e p r e s e n t s  480 t r a y s .  On t h e  assumpt ion t h a t  sone im?rovement 

i n  r a t e  m y  b e  p o s s i b l e ,  we w ~ u l d  s u g g e s t  t h a t  p r o v i s i o n  be nude f o r  600 

t r a y s  p e r  s h i f t .  To minimize t h e  downtime f o r  replacement  o f  c y l i n d r i c a l  

chai ihers  i n  t h e  sysgem, we s u g g e s t  t h a t  t h i s  be  p lanned f o r  one o c c u r r e n c e  

p e r  s h i f t .  With t h e  d u a l  g a t e s  p rov ided  a t  t h e  s e p a r a t i o n  f l a n g e s ,  and w i t h  

t h e  t a n k s  pumped down i n  advance,  changeover  shou ld  be  accomplished i n  min- 

u t e s .  

Two chambers a r e  a lways  i n  u s e  s u p p l y i n g  f r e s h  t r a y s ;  t h e r e f o r e ,  i f  each ho lds  

t h e  e q u i v a l e n t  o f  one s h i f t ' s  p r o d u c t i o n ,  i t  w i l l  b e  empt ied  i n  16 hours .  The 

empty chamber i s  l e f t  i n  p l a c e  t o  r e c e i v e  p rocessed  t r a y s  by r e v e r s i n g  t h e i r  



d i r e c t i o n  o f  travel and t h e  f u l l  chamber i s  r e p l a c e d .  Using a  s t a g g e r e d  

s c h e d u l e ,  one chamber i s  r e p l a c e d  e v e r y  8 hours .  I f  t h e  schedu le  i s  n o t  

s t a g g e r e d  and t h e i r  c a p a c i t y  i s  ha lved ,  then b o t h  f u l l  chambers a r e  r e p l a c e d  

e v e r y  8 . h o u r s .  We w i l l  assume t h e  f i r s t  c o n d i t i o n ,  and c o n f i g u r e  t h e  chambers 

t o  ho ld  600 t r a y s .  At  .125" . th ickness  p e r  t r s y ,  t h i s  r e p r e s e n t s  a  s t a c k  

h e i g h t  o f  75 inches .  Allowing room f o r  t h e  i n t e r n a l  hand l ing  d e v i c e s ,  t h e  

chamber w i l l  be  a b o u t  84 i n c h e s  i n  h e i g h t  and abou t  66 i n c h e s  i n  d iamete r .  

Th i s  i s  a  c o n s i d e r a b l e  mass, b u t  can be  moved r e a d i l y  w i t h  an  a i r  cush ion  

d e v i c e  and g u i d e  t ra . cks  . 

I n  summary, t h e  proposed sys tem p r e s e n t s  a  r i s k  t o  t h e  JPL prograril o b j e c t i v e s  

o n l y  i n  t h e  s c a l e  up o f  t h e  i o n  beam c u r r e n t  l e v e l s .  The ba lance  o f  t h e  sys -  

t e m  employs c u r r e n t  technology.  M u l t i p l e  systems w i l l  o f  c o u r s e  be  necessa ry  

t o  a c h i e v e  t h e  target produc t ion  r a t e .  To some e x t e n t ,  t h i s  i s  a  d e s i r a b l e  

c o n d i t i o n  t o  s a f e g u a r d  a g a i n s t  t o t a l  p roduc t ion  s toppage  i n  t h e  e v e n t  o f  u n i t  

shutdown. Downtime n e c e s s a r y  f o r  t h e  s e r v i c i n g  o f  t h e  i o n  beam has n o t  been 

addressed ,  a l t h o u g h  t h i s  f a c t o r  mu.st b e  cons idered  i n  a  f i n a l  assessment  o f  

p r o d u c t i o n  c a p a b i l i t y .  

'< 
3.2.2 Laser  Annea l ing  

Laser a n n e a l i n g  has  been demonstra ted t o  be a p r a c ~ i c a l  a l t e r n a t e  f o r  f u r n a c e  

a n n e a l i n g .  T h i s  p r o c e s s  o f f e r s  d e f i n i t e  advan tages  f o r  h igh voLume productfuu 

, o f  s o l a r  c e l l s .  These a r e :  reduced energy consumption, o p e r a t i o n  i n  n o r m 1  
. . 

atmosphere  and f a s t  throughput .  The s p e c i f i c s  o f  t h e  laser equipment recom- 

mended f o r  t h i s  p r o c e s s  have 'been d i s c u s s e d  e lsewl~ei-e  i n  t h i o  r e p o r t .  Fnr the 

purpose  o f  t h i s  p r o j e c e f o n ,  il: Is sufficient t o  n o t e  t h a t  t h e  1,aser w i l l  

e m i t  a uniform, 3 - inch  d iamete r  p u l s e  w i t h  a p u l s e  d u r a t i o n  o f  less than 100 

nannseconds a t  a r e p e t i t i o n  r a t e  o f  60 p u l s e s  p e r  minute. Given t h e s e  premises ,  

t h e  a d a p t a t i o n  t o  p roduc t ion  c a p a b i l i t y  r e q u i r e s  on ly  t h e  t r a n s p o r t  o f  wafe rs  

t o  and from t h e  w o r k s t a t i o n  under  t h e  l a s e r  beam. 



The p r e v i o u s  o p e r a t i o n  i n  o u r  p r o c e s s  sequence i s  i o n . i m p l a n t a t i o n .  A t  t h e  

complet ion o f  t h a t  p r o c e s s ,  t h e  w a f e r s  a r e  n e s t e d  i n  p o c k e t s  n e a r  t h e  

p e r i p h e r y  o f  c i r c u l a r  t r a y s .  A q u a n t i t y  o f  t h e s e  t r a y s  w i l l  c o n s t i t u t e  a  

s t o c k  f l o a t  t o  supp ly  t h e  a n n e a l i n g  The f i r s t  s t e p  i n  wafe r  hand- 

l i n g  w i l l  be  t o  t r a n s f e r  t h e  w a f e r s  from t h e  t r a y s  t o  s i m i l a r  s t a t i o n s  on a  

t u r n t a b l e .  A t r a y  h a n d l i n g  mechanism s i m i l a r  t o  t h a t  d e s c r i b e d  f o r  u s e  

w i t h i n  t h e  i o n  implan t  chamber w i l l  b e  used t o  p r e s e n t  i n d i v i d u a l  w a f e r s  i n  

r a p i d  sequence t o  a "pick and p l a c e "  arm f i t t e d  w i t h  a  vacuum chuck. The 

wafe r s  w i l l  b e  p o s i t i o n e d  on e l e v a t e d  p l a t f o r m  work s t a t i o n s  a r r a n g e d  i n  a  

c i r c l e  on t h e  t u r n t a b l e .  They w i l l  b e  i n i t i a l l y  h e l d  i n  p l a c e  by l i g h t  

vacuum p r e s s u r e  u n t i l  they  a r e  p r e c i s e l y  c e n t e r e d  on t h e  s t a t i o n  a t  t h e  

f i r s t  index o f  t h e  t a b l e .  The vacuum w i l l  then b e  i n c r e a s e d  t o  maximum ho ld -  

i n g  power. A t  t h e  n e x t  index ,  t h e  w a f e r s  w i l l  b e  p o s i t i o n e d  under  t h e  l a s e r  

and t h e  beam w i l l  b e  t r i g g e r e d .  The w a f e r s  w i l l  b e  a l lowed  t o  c o o l  through 

s e v e r a l  indexes  o f  t h e  t a b l e  and then a  V/I r e a d i n g  w i l l  be  taken by c o n t a c t s  

which a r e  b rough t  t o  t h e  top  s u r f a c e  o f  t h e  wafer .  A microcomputer w i l l  r e -  

c e i v e  t h e  r e a d i n g s  and s i g n a l  ad jus tment  o r  shutdown o f  t h e  o p e r a t i o n  a s  

a p p r o p r i a t e .  It w i l l  a l s o  t r i g g e r  removal o f  t h e  wafe r  from t h e  l i n e  a t  a  

subsequent  s t a t i o n .  The f i n a l  s t e p  i n  t h i s  o p e r a t i o n  w i l l  u t i l i z e  a second 

"pick and p lace"  d e v i c e  t o  p l a c e  t h e  w a f e r s  on a conveyor b e l t  which f e e d s  

t h e  £01 lowing s c r e e n  p r i n t i n g  opera  t i o n .  A 12- i n c h  d i a m e t e r  t u r n t a b l e ,  hold-  

i n g  8 wafe r s  and index ing  a t  1 c y c l e  p e r  second w i l l  b e  adequa te  f o r  t h i s  

o p e r a t i o n .  ' The t a k e - o f f  conveyor b e l t  w i l l  t r a v e l  a t  16 f e e t  p e r  minute.  

3.2.3 Screen P r i n t i n g  o f  Ohmic Contac t s  

The s c r e e n  p r i n t i n g  o f  conduc t ive  p a s t e s  o f  t h e  f r o n t  a n d .  back s u r f a c e s  o f  

t h e  wafe r  can be  accomplished a t  a n  a c c e p t a b l y  h i g h  r a t e  of speed on p r e s e n t l y  

a v a i l a b l e  equipment. The U n i v e r s a l  ~ n s t r u m e n t s  Corpora t ion  Autofeed 4000 

Thick F i l m  System i s  c a p a b l e  o f  1500 c y c l e s  p e r  hour.  T h i s  equipment,  a s  

p r e s e n t l y  s i z e d ,  can s c r e e n  p r i n t  six 3- inch d i a m e t e r  w a f e r s  p e r  c y c l e  f o r  a .  

throughput  r a t e  o f  9000 wafe r s  p e r  hour.  The sys tem i s  e n t i r e l y  a u t o m t e d  

and i n c l u d e s  t h e  c a p a b i l i t y  t o  unload w a f e r s  from c a s s e t t e s  and r e l o a d  t h e s e  



c a s s e t t e s  upon complet ion o f  t h e  o p e r a t i o n .  A s  a n  a l t e r n a t i v e ,  wafe r s  cou ld  

be  t r a n s f e r r e d  d i r e c t l y  t o  t h e  s c r e e n  p r i n t e r  from t h e  t a k e - o f f  conveyor 

b e l t s  o f  t h e  p r e c e d i n g  l a s e r  a n n e a l  o p e r a t i o n .  A minimal p e n a l t y  o c c u r s  i n  

s toppage  o f  a u t o m a t i c  l a s e r  o p e r a t i o n .  S i n c e  s e v e r a l  l a s e r s  w i l l  be  pro-  

dxc ing  ,annealed wafe r s  t o  f e e d  s e v e r a l  s c r e e n  p r i n t e r s  and t h e s e  workpieces  

can  b e  ' c ross - fed  from any l a s e r  t o  any p r i n t e r ,  i t  seems more r e a s o n a b l e  t o  

p l a n  on: t h i s  b a s i s .  The n e c e s s i t y  o f  l o a d i n g  and un load ing  c a s s e t t e s  between 

t h e s e  o p e r a t i o n s  can b e  e l i m i n a t e d .  Shutdown o f  any one machine i n  e i t h e r  

o p c r a t i o n  w i l l  n o t  have s e r i o u s  impac.t nn t h e  p r o d u c t i o n  flow. 

Two a u t o m a t i c  s c r e e n i n g  machines a r e  con templa ted ,  each w i t h  a n  i n t e g r a l  

dryiag oven. A f i r i n g  ovcn t o  f u s e  t h e  c o n d u r t i v ~  p a s t e  wi 11 complete  t h e  

s y s  tem. Wafers w i l l  b e  p rocessed  a u t o m a t i c a l l y  through a l l  t h r e e  u n i t s  i n  

l i n e .  

The p r o c e s s  sequence e n v i s i o n e d  f o r  s c r k e n  p r i n  t i n g  o f  conduc t ive  p a s t e s  on 

boJh f & n t  and back f a c e s  o f  t h e  wafe r s  f o r  1986 p roduc t ion  i s  a s  f o l l o w s :  

1. wafers! r e c e i v e d  from l a s e r  a n n e a l  on a  conveyor b e l t  w i l l  p a s s  

through a  t u r n o v e r  d e v i c e  t o  p o s i t i o n  them b a ~ k ~ f a c e  up. 

2. 3 h  wafers ,  i'n 2 row0 o f  3 w a f s r ~  each,  are p o s i t i c r n ~ d  nn vaclliim 

chucks and s c r e e n  p r i n t e d .  
$! 

3.1 The w a f e r s  a r e ' t r a n s f e r r e d  i n  rows o f  3 t o  a  conveyor b e l t  and 

. passed through an.  i n f r a - r e d  d r y i n g  oven. A t  1500 s c r e e n i n g  c y c l e s  

p e r  hour ,  t h e  conveyor b e l t  speed must b e  12.5 f e e t  p e r  minute.  

A t  30 seconds  d r y i n g  t ime, t h e  oven l e n g t h  w i l l  b e  approx imate ly  7 

f e e t .  Oven t empera tu re  i s  expec ted  t o  be  a t  1 5 0 ' ~ .  

4 .  The w a f e r s  a r e  then passed through a  second t u r n o v e r  d e v i c e  t o  

p l a c e  them f r o n t  s i d e  up. 

5. The f r o n t  s i d e  o f  t h e  w a f e r s  i s  s c r e e n  p r i n t e d  a s  before w i t h  t h e  

r e q u i r e d  g r i d  p a t t e r n .  



6.  The wafe r s  a r e  then passed through t h e  second d r y i n g  oven a . t  t h e  . , 

same speed and t empera tu re .  

7. The f i n a l  o p e r a t i o n  i s  t h e  f u s i o n  o f  t h e  c o n d u c t i v e  p a s t e s .  For . ' 

t h i s  s t e p ,  t h e  w a f e r s  a r e  t r a n s f e r r e d  t o  a n o t h e r  conveyor b e l t  i n  

l i n e  and a r e  passed  through,  a n o t h e r  oven a t  650'~ f o r  45 seconds .  

Oven l e n g t h  f o r  t h i s  exposure  i s  approx imate ly  10 f e e t .  

Th i s  s c r e e n  p r i n t i n g  o p e r a t i o n  has  been d e f i n e d  i n  terms o f ,  c u r r e n t l y  a v a i l -  

a b l e  equipment,  and t h e r e f o r e  r e p r e s e n t s  no requ i rement  f o r  new technology.  

The conduc t ive  p a s t e s  a r e  s i m i l a r l y  a v a i l a b l e .  S i l v e r / ~ l u m  P a s t e  h a s  been 

s p e c i f i e d  f o r  t h e  back s u r f a c e  o f  t h e  wafe r  and DuPont S i l v e r  P a s t e  #7095 

i s  planned f o r  t h e  f r o n t  f a c e  g r i d  p a t t e r n .  These s e l e c t i o n s  a r e  based on 

developmental  work by LMSC and by o t h e r  JPL c o n t r a c t o r s .  The r i s k  i n  t h e  

s i l k  s c r e e n i n g  o p e r a t i o n  d e f i n e d  i s  i n  t h e  f a c t  t h a t  no p r o v i s i o n  i s  made 

f o r  c o n d i t i o n i n g  o f  t h e  w a f e r s  b e f o r e  they  e n t e r  t h i s  s t e p  i n  t h e  p r o c e s s .  

A d i l u t e  HF a c i d  wash has  been used at' t h i s  p o i n t  i n  t h e  c u r r e n t  developme'ntal  

work, b u t  i t  i s  assumed tha . t  t h i s  w i l l  n o t  b e  r e q u i r e d  i n  a  s t p i g h t  l i n e  

con t inuous  p roduc t ion  set up. 

3.2.4 Product ion Spray o f  A n t i - R e f l e c t i v e  Coa t ing  

The l a b o r a t o r y  development of  a  p r o c e s s  f o r  s p r a y  c o a t i n g  o f  a n t i - r e f l e c t i v e  

m a t e r i a l  on 3- inch d iamete r  s o l a r  c e l l s  h a s  been e x t r a p o l a t e d  t o  a  p r e l i m i n a r y  

p l a n  f o r  h igh p roduc t ion  o p e r a t i o n s .  The a n t i c i p a t e d  p r o d u c t i o n  p r o c e s s  and 

equipment a r e  d e s c r i b e d  i n  t h e  fo l lowing .  

The p r o c e s s  sequence under s t u d y  by LMSC s p e c i f i e s  t h a t  t h e  two o p e r a t i o n s  

immediately p reced ing  s p r a y  c o a t i n g  a r e  l a s e r  a n n e a l i n g  and s c r e e n  p r i n t i n g .  

Both o f  ' t h e s e  a r e  cons ide red  h i g h l y  r e l i a b l e ,  , c o n t i n u o u s  pro 'cesses  and a r e  

u n l i k e l y  t o  be  s u b j e c t  t o  f r e q u e n t  l i n e  s toppage.  In a d d i t i o n ,  b o t h  opera-  

t i o n s  a r e  capab le  o f  a c c e p t i n g  ' i n t e r r u p t i o n s  t o .  t h e i r  con t inuous  f u n c t i o n  

w i t h o u t  p e n a l t y .  We t h e r e f o r e  propose  t h a t  t h e  l a s e r  a n n e a l ,  s c r e e n  p r i n t i n g  

and s p r a y  c o a t i n g  o p e r a t i o n s  shou ld  b e  s e t  up w i t h  c o n n e c t i n g  conveyors and 



without .  a s tock  f l o a t  between process  s t eps .  This w i l l  e l imina te  cons iderable  

handl ing of  t h e  wafers  and a t t e n d a n t  cos t s .  

It is  i = a c t i c a ' l  t o . e s t a b l i s h  the  conveyor' speed of  the  spray coa t ing  opera- 

t i o n  a t  approximately 114 t h a t  o f  t h e  pteceding screen  p r i n t i n g  equipment. 

Therefore,  wi th  the  a d d i t i o n  of a  c r o s s  conveyor t r a n s f e r  u n i t ,  i t  w i l l  be  

p o s s i b l e  t o  match the2r  "throughput r a t e s  and s e t  up d u p l i c a t e  s e t s  -of t hese  

equipments a s  product ion requirements a r e  increased.  
, . . ,  . . .  

Wafers are received from t h e  screen  p r i n t i n g  opera t ion  a t  a  r a t e  of  150 per  

minute (9000 pe r  hour) arranged i n  rows o f  3 on a  10-inch wide conveyor b e l t ,  

t r a v e l i n g  a t  13 'feet per  minute. A t c a a s f e r  devicc,  f i t t e d  wi th  12 vacuum 

chucks i n l i n e ,  w i l l  be  used t o  pick up 3 c e l l s  from t h e  conveyor i n  each of  

4  index pos i t i ons .  The vacuuin chucks should n o t  exceed 2 inches i n  diameter 

and a r e  t o  be mounted on small  mbtor s h a f t s .  The g r i d  p a t t e r n  on t h e  top 

s u r f a c e  bf t h e  c e l l s  w i l l  . be  v i s i b l e  t o  photo-ref  l e c t i v e '  sens ing  devices  

&uhted.' ad j acen t  t o  t he  vacuum chucks. The chucks w i l l  be r o t a t e d  u n t i l  t he  

"NN" c o n t a c t  a r e a  of  t he  g r i d  p a t t e r n s  i s  proper ly  a 1 i g n e d . a ~  sensed by t h e  

photoce l l .  When a l l  12 c e l l s  a r e  r a d i a l l y  a l igned ,  t he  t r a n s f e r .  device  w i l l  

move l a t e r a l l y  t o  a  f i f t h  index p o s i t i o n  over  a n  inc l ined  40-inch wide conveyor 

b e l t ,  The 12 c e l l s  w i l l  then be  depos i ted  i n  a row on t h i s  b e l t  which i s  

f i t t e d  wi ih  o f f s e t  p r o j e c t i n g  t abs  t o  s e rve  as' spray masks , fo r  t he  "NN" con- 

t a c t  a r e a s  of  t he  c e l l  g r i d  pa t t e rn .  Motion o f  t h e  t r a n s f e r  device  w i l l  be 

coordinated wi th  the  t r a v e l  of  t he  b e l t .  I n c l i n a t i o n  of  t he  b e l t  w i l l  a s s u r e  

t h a t  c e i l i  r e m i n  nes ted  i n  t h e i r  l o c a t o r s  and under t he  masking t abs  whi le  

pass ing  through- the  spray. Speed of  t h e  b e l t  w i l l  'be a t  about  4 fee t '  per  

minute, s l i g h t l y  f a s t e r  than requi red ,  t o  provide 1-inch space between rows 

and e l imina te  t h e  chance f o r  spray  over lap  on success ive  passes  of  t he  spray  

head. A s  defined, t h e  spray  process r equ i r e3  t h a t  ckc nprny nozzle 

o r i f i c e s  a r e  .009" diameter ,  a r e  pos i t ioned  4 inches 'away from the  workpieces 

and t h a t  the heads t r a v e r s e  a t  4  inches pe r  second. A fan-shaped spray i s  

used and a s i n g l e  pass l a  made. The r e s u l t a n t  coa t ing  i s  700 angstroms i n  
thickness .  



A number o f  s p r a y  n o z z l e s  a r e  t o  b e  gixed i n  r e l a t i v e  p o s i t i o n  on a  t r a v e r s -  

i n g  head. The t o t a l  wid th  o f  t h e  . s p r a y  p a t t e r n  should ' be  12 i n c h e s  and t h e  

t r a v e r s e  pa tch  a c r o s s  t h e  wid th  o f  t h e  40- inch b e l t  should  be ang led  s o  t h a t  

t h e  sp ray  pa . t t e rn  fo l lows  a c r o s s  t h e  same 3 rows o f  c e l l s  as they p r o g r e s s  
. . 

forward on t h e  conveyor b e l t .  A t  4  inches  p e r  second, t h e  head w i l l  make a  

s i n g l e  pass  i n  10 seconds.  S ince  1 f o o t  o f  b e l t  t r a v e l  a t  4  f e e t  pe r  minute 

w i l l  t a k e  15 seconds,  t h e  remaining 5  seconds a r e  a v a i l a b l e  f o r  r a p i d  r e t u r n  

o f  t h e  head t o  t h e  s t a r t i n g  p o s i t i o n  f o r  t h e  n e x t ,  pass .  

A f t e r  l e a v i n g  t h e  s p r a y  chamber, t h e  c o a t e d  c e l l s  a r e  t r a n s f e r r e d  t o  a n o t h e r  

conveyor b e l t  on which they  a r e  c a r r i e d  through a  baking oven t o  polymerize  

t h e  coa t ing .  The p r e s e n t  p rocess  s p e c i f i e s  a 20 minute exposure  a t  175OC 

which would r e q u i r e  a n  oven 80 f e e t  i n  l eng th .  It i s  expected t h a t  a  s i g n i f -  

i c a n t  r e d u c t i o n  i n  bake t i m e  can b e  ach ieved  by r e f o r m u l a t i o n  o f  t h e  c o a t i n g  

m a t e r i a l .  For t h e  purpose  o f  t h i s  e x e r c i s e ,  we assume a n  oven l eng th  o f  30 

f e e t .  

In summary, t h e  b a s i c  c o a t i n g  a p p l i c a t i o n  method i s  c o n s i d e r e d  t o  have been 

demonstra ted a t  t h e  l a b o r a t o r y  l e v e l .  The a p p l i c a t i o n  o f  t h e  p r o c e s s  i n  h igh  

p roduc t ion  equipment u t i l i z e s  e x i s t i n g  technology. Although some re f inements  

i n  p r o c e s s  d e t a i l  w i l l  b e  r e q u i r e d ,  t h e s e  can  r e a d i l y  be  accommodated a t  

minimum p e n a l t y  i n  p i l o t  p roduc t ion  equipment. The p r i n c i p a l  a r e a  o f  r i s k  

exposure  i s  i n  t h e ' a s s ~ r n ~ t i o n  o f  a reduced bak ing  time. 

3 . 3  SAMICS 

SAMICS Fornut  A's based on t h e  high volume produc t ion  p r o j e c t i o n  f o r  1986 

were completed and submi t t ed  t o  JPL on t h e  f o l l o w i n g  p r o c e s s e s  i 

o Tex ture  Etching 

o  Ion I m p l a n t a t i o n  

o  Laser  Anneal ing 

o  Screen P r i n t e d  Contac t s  



SECTION 4  

CONCLUSIONS 

i 

4 . 1  Lase r '  a n n e a l i n g  was d e m o n s t r a t e d  t o  p roduce  c e l l s  w i t h  r e a s o n a b l e  

o u t p u t  pe r fo rmances  based  on t h e s e  i n i t i a l  e f f o r t s .  

4 .2  L a s e r  a n n e a l i n g  can  s i g n i f i c a n t l y  r e d u c e  c o s t s  o f  s o l a r  a r r a y s  due  

t o  a  r e d u c t i o n  o f  c e l l  q u a n t i t i e s  b a s e d  on c e l l  e f f i c i e n c y  i n c r e a s e s  

o v e r  t h e r m a l  a n n e a l  p r o c e s s i n g .  

4 . 3  S p r a y i n g  o f  r e a s o n a b l y  u n i f o r m  t h i c k n e s s  ( 1 1 0 0 i  - 1 2 4 0 i ) ,  low 

v i s c o s i t y ,  A R  c o a t i n g s  was d e m o n s t r a t e d  t o  b e  e f f e c t i v e  o v e r  314 - inch  

w i d t h  p a t t e r n s  u s i n g  o u r  e x i s t i n g  a u t o c o a t e r .  However, some n o z z l e  

and  s p r e a d e r  r e d e s i g n  w i l l  b e  n e c e s s a r y  t o  accommodate l a r g e r  w i d t h  

p a t t e r n s .  
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