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FOREWORD 

The r e s u l t s  descr ibed  he re in  r ep re sen t  t h e  i n i t i a l  work performed from 

November 1, 1977 t o  January 27, 1978 by the  Manufacturing Research 

Organiza t ion  of Lockheed Miss i l e s  & Space  C u l u p a ~ ~ ~ ,  l i~c . ,  in Sunnyvale, 

Ca l i fo rn i a .  The p r o j e c t  team, headed by Mike Lopez, i s  s t a f f e d  wi th  t h e  

fol lowing key personnel  : 

Dean Housho l d e r ,  Semiconductor and Device Techno logy 

J e r r y  Katzef f ,, Laser Technolow (Annealing) 

Bob Casey, Automation Processes  

Harold Weinstein,  R&D S t a f f ,  Photovol ta ic  Devices, 
International R e c t i f i e r  Corporat ion ' 

Other  p r i n c i p a l  c o n t r i b u t o r s  inc lude  John Knudson, Ion Implantat ion;  

and Cheryl Bostwick, Screen P r i n t i n g  of  Contacts .  

The JPL Cont rac t  Technical  Manager i s  B. D. Gal lagher .  



ABSTRACT 

This  f i r s t  q u a r t e r l y  r e p o r t  on the  Phase 2, Process Development E f f o r t  o f  

t h e  Task I V ,  Low Cost  S i l i c o n  So la r  Array P ro jec t ,  covers  t h e  per iod  o f  

November 1, 1977 through January 28, 1978. Technical  and economic eva lua t ions  

a r e  d iscussed  on the  s e l e c t e d  process  sequence c o n s i s t i n g  o f :  s t a r t i n g  m a t e r i a l  

CZ s i l i c o n  wafers ,  as sawn, 3 inch diameter ;  t e x t u r e  e t c h  wi th  NaOH; ion  

implanta t ion  of  phosphorus f o r  junc t ion  f o r m t i o n ;  l a s e r  annea l ing;  sc reen  

p r i n t i n g  o f  ohmic c o n t a c t s ;  spray-on AR coa t ing ;  module assembly. Process  

v e r i f i c a t i o n s  have commenced on t h e  t e x t u r i z  ing  and ion implant ing processes .  

Argon, Ruby and YAG l a s e r s  were determined t o  be b e s t  s u i t e d  f o r  l a s e r  annea l -  

ing  having wavelengths of  .5 pm, .694 pm and 1.06 pm, r e spec t ive ly .  Arrange- 

ments a r e  being made t o  u t i l i z e  a p p r o p r i a t e  l a s e r s .  
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tcchxio l'6iih'i read&kss o f . ;  i k l e c t e d  pkoceii ' . ' iequence 'frbm the  "as sawn" CZ 

s i l i c o n  wafers  t o  t he  module assembly. This  v e r i f i c a t i o n  work dea'ls p r i n c i -  

p a l l y  wi th  the  fol lowing sequence: (1) s t a r t i n g  m a t e r i a l  o f  3" diameter  "as 

sawn" CZ s i l i c o n  wafers ,  (2)  t e x t u r e  e t ch ing  o f  t he  s u r f a c e s  u s ing  sodium 

hydroxide, (3) ion  implant ing o f  phosphorus f o r  j unc t ion  fornration and boron 

f o r  back su r f ace  f i e l d ,  (4) l a s e r  annea l ing  ion implanted wafers ,  (5) screen  

p r i n t i n g  of  ohmic c o n t a c t s  us ing  Ag loaded inks  and Ag-A1 f o r  back su r f ace  

f i e l d  e f f e c t s  ( f o r  performance and economic comparisons wi th  t h e  ion  implanted 

boron),  (6) spraying  o f  AR coa t ing  and (7)  assembling f a b r i c a t e d  c e l l s  i n t o  

modules. 

L i t e r a t u r e  reviews were conducted a long  w i t h  personal  c o n t a c t s  o f  p r i n c i p a l  

accomplished i n v e s t i g a t o r s  i n  i ndus t ry  t o  r e i n f o r c e  ou r  technology base. 

P a r t i c u l a r  emphasis was placed on ion  implanta t ion  and l a s e r  anneal ing.  

Technology and economic reviews were completed on t e x t u r c  e tch ing ,  ion 

implant ing,  sc reen  p r i n t i n g  and module assembly as planned. 

The Zicon spray-coa ter  was i n s t a l l e d  and hooked up f o r  power, exhaust ,  a i r  

and plumbing. The equipment o p e r a t i o n a l  a s p e c t s  f o r  t h e  AR c o a t i n g  process  

a r e  underway. 

The t ex tu re -e t ch  process  was set up by I n t e r n a t i o n a l  R e c t i f i e r  i n  t h e i r  

f a c i l i t i e s ,  and wafers  processed us ing  t h e  JPL suppl ied  procedure. Accept- 

a b l e  tex ture-e tched  s u r f a c e s  were achieved as v e r i f i e d  by SEM a n a l y s i s .  



Ion implanta t ion  of  3 1 ~  dopant was performed on 1 : O : O  o r i e n t a t i o n ,  .5 ohm-cm 4 

t o  7 ohm-cm, P type wafers  by both LMSC and I R  w i th  a c c e l e r a t i o n  vo l t ages  

ranging from 50 K ~ V  t o  200 KeV and dosage l e v e l s  of 1 x 1015 ions l cc .  Surface 

a c t i v a t i o n  measurements (v/I) were made on thermal ly  annealed wafers  wi th  

r e s u l t i n g  V / I  va lues  of 10.9 t o  19. 

Laser annea l ing  equipment and f a c i l i t i e s  have been reviewed. From t h e  

l i t e r a t u r e ,  i t  i s  apparent  t h a t  YAG, Ruby and Argon l a s e r s  a r e  t h e  most 

s d i t a b l e  f o r  t h i s  a p p l i c a t i o n .  Sources have been loca ted  t o  acconrmodate 

our  experiments 1 work. 



Section 2 

INTRODUCTION 

This con t rac t  i s  a' process'development e f f o r t  t o  v e r i f y  the  technological  

readiness of  a se lec ted  process sequence from the  "as sawn" Czochralski 

grown s i l i c o n  wafers to  the  module assembly. The con t rac t  has an e f f e c t i v i t y  

da te  of 28 October 1977 and i s  of a 12 m n t h  durat ion.  

The process t o  be inves t igated  c o n s i s t s  of  the  following sequence: 

o . S t a r t i n g  mater ia l :  3 inch "as sawn" CZ s i l i c o n  wafers. 

o Texture e tch  s i l i c o n  wafers using sodium hydroxide. 

o Form junction by ion implantation of  phosphorus/boron 

(back surface  f f e l d )  . 
o Laser anneal ion implanted wafers. 

o Screen p r i n t  Ag, Ag-A1 f o r  ohmic contact  and back 

surface  f i e l d .  The Ag-A1 f o r  back surface  f i e l d  i s  

f o r  c o s t  and performance comparison with ion implanted 

boron. 

o Spray ARcOating. 

o Assemble module using the LMSC nodule design, 

developed under the  JPL Contract 954653, a s  basel ine .  

This se lec ted  process sequence w i l l  be evaluated f o r  i t s  technical  p o t e n t i a l  

of achieving the  economic goals  of  the  b w  Cost S i l i c o n  Solar  Array Projec t  

of $.50/watt fo r  500 megwatt/yr production by 1986. 



Spec i f i c  a reas  of inves t iga t ion  under t h i s  con t rac t  c o n s i s t  of the  following: 

o Performance of d e t a i l e d  technical  and economic evaluations of the  

se lec ted  process sequence. 

o Preparat ion of process s t e p s . d e s c r i p t i o n s  d e t a i l i n g  input-output 

requirements and c h a r a c t e r i s t i c s ,  and iden t i fy ing  mater ia ls ,  suppl ies  

and equipment u t i l i z e d .  

o Performance of c r i t i c a l  reviews t o  i d e n t i f y  processing a reas  which 

require  s i g n i f i c a n t  development, o r  proof of  opera t ion t o  reach 

the  Projec t  goals. 

o Performance of process v e r i f i c a t i o n s  of  the  se lec ted  sequence. 

o Demonstration of  the  technological  readiness  of the  se lec ted  

process by fabr ica t ion  of c e l l s  and assembling i n t o  a module. 

Solar  c e l l s  w i l l  be fabr ica ted .and  evaluated f o r  t h e i r  respect ive  e f f i c i e n c i e s  

and throughput. The Samics format w i l l  be u t i l i z e d  i n  the  determination of  

economic considerarions and updated a s  necessary,  a s  technology advancements 

are projected i n  t h e  course of ' t h i s  contrac t .  

In te rna t iona l  R e c t i f i e r ,  E l  Segundo, Cal i fornia ,  w i l l  work j o i n t l y  with us 

t o  s a t i s f y  the  various f a c e t s  of t h e  contrac t .  

Two process s t e p s  of the  spec i f i ed  sequence w i l l  rece ive  g r e a t e r  emphasis i n  

t h i s  con t rac t .  These a re :  l a s e r  annealing and sprayed AR coating. Laser 

annealing o f f e r s  the  p o t e n t i a l  uf reduced energy cunsu~uptiun aurl ilupruvecl 

ef f i c iency  a t  no loss  i n  throughput over conventionally pract iced techniques. 

Automated spray coating of a n t i - r e f l e c t i v e  f i l m  should improve thickness 

con t ro l  and uniformity over large  surface  areac.  The balance of the  s t eps  i n  



c e l l s  processing w i l l  necessa r i ly  be  performed i n  the  production o f  modules. 

It i s  understood t h a t  these  have been, o r  a r e  being, s tudied  i n  g r e a t e r  

d e t a i l  by o t h e r  cont rac tors .  For these  s t eps ,  processing o f  wafers w i l l  

c o n s t i t u t e  v e r i f i c a t i o n  of  t h e i r  r e spec t ive  technologica l  readiness.  

The module assembly work w i l l  b e  l imi ted  t o  t h e  assembly o f  cells f a b r i c a t e d  

pe r  the  s e l e c t e d  process sequence. The module conf igura t ion  w i l l  be  based 

on the  work performed by LMSC f o r  t h e  Jet Propulsion I a b o r a t o r y / ~ a l i f o r n i a  

I n s t i t u t e  o f  Technology under Contract  No. 954653 and documented in t h e  

F ina l  Report e n t i t l e d  "Transparent Supers t r a t e  T e r r e s t r i a l  So la r  C e l l  

Module", da ted  October 1977. Figure 1 shows t h e  module conf igura t ion  

developed under the  aforementioned contrac t .  There a r e  4 1  th ree  (3) inch 

diameter c e l l s  connected in s e r i e s ,  as shown in the  schematic, Figure 2. 

The copper in terconnects  are interconnected as shown i n  Figure 3. Basic 

mate r i a l s  used in t h i s  module design are: 

o 3l' diameter cells, s i l v e r  screened contac ts .  

o 2 oz. copper interconnects .  

o Supers t r a t e  - Sunadex g lass ,  type B, 118" thick.  

o C e l l  t o  g l a s s  bond - Sylgard 184. 

o Back su r face  encapsulant - Dow Corning X1-2577. 

o Aluminum fraw assembly. 

A cross  s e c t i o n  of  the  module showing these  ma te r i a l s  i s  shown in Figure 4. 



Figure 1. Engineering Module - Spectrolab Cell 



(SUN SURFACE REF) 

Figure 2. Module Electrical Schematic 





TYPICAL MODEL SECTION 
FOAM SEAL TAPE 

SIDE RAIL 

Figure 4 .  Typical Section Through Module Siderail  



Sec t ion  3 

TECHNICAL ,DISCUSSION 

3.1 TECHNICAL AND ECONOMIC EVALUATION 

. . 

The fo l lowing  d i s c u s s i o n  i s  a g e n e r a l  eva lua t ion  of t h e  s p e c i f i e d  process  

sequences.  Most of  , the '  .. process  s t e p s  have a l r e a d y  rece ived  e x t e n s i v e  

a n a l y s e s  i n  prev ious  wo'rk performed by t h e  va r ious  p a r t i c i p a n t s  on t h e  Low 

Cost  S i l i c o n  S o l a r  Array P r o j e c t  (LSSA). This eva lua t ion  w i l l  n e c e s s a r i l y  

cover  oome o f  t h e  same. ground. Laser  annea l ing  i s  cons idered  s t a t e -o f - the -  

a r t  i n  terms o f  r educ t ion  t o  p r a c t i c e ,  and w i l l  r e c e i v e  g r e a t e r  emphasis 

du r ing  t h i s  c o n t r a c t .  There i s  no module assembly v e r i f i c a t i o n  work t o  

b e  performed under t h i s  c o n t r a c t ;  however, a n  ex tens ive  d i scuss ion  based on 

p r i o r  LMSC work i s  presented  t o  l ay  the  groundwork f o r  f u t u r e  cons ide ra t ion  

when t h i s  phase of  t h e  p r o j e c t  w i l l  have t o  be addressed.  

3.1.1 Tex tu r i ze  Etching  

Considerable  work was accomplPshed By ocher  concraerors  dur ing  Phase I o f  

t h i s  program i n  e v a l u a t i o n  of  a t ex tu red  sur faced  s o l a r  c e l l .  The over- 

whelming consensus o f  t hese  i n v e s t i g a t o r s  (and LMSC/IR a s  w e l l )  i s  t h a t  i f  

s i n g l e  c r y s t a l  s i l i c o n  i s  t o  be used a s  t he  base  s o l a r  c e l l  m a t e r i a l  then 

a t e x t u r i z e d  s u r f a c e  should be used. Since s i n g l e  c r y s t a l  s i l i c o n  appears  t o  

b e  the  most v i a b l e  cand ida t e  f o r  meeting the  s h o r t  term goals  o f  t h e  program, 

t h e  ques t ion  then r e so lves  t o  a d e f i n i t i o n  of  t h e  t e x t u r i z i n g  process .  

The LMSC c o n t r a c t  r e q u i r e s  process  v e r i f i c a t i o n  o f  a sodium hydroxide t e x t u r e  

e t c h  process  based on c o n t r a c t  work done previous ly .  (For more d e t a i l  s e e  

Sec t ion  3.2.1). It i s  our  gene ra l  op in ion  t h a t  wh i l e  t h i s  technique f o r  

t c ~ r t u r i z i n g  r e p r e s e n t s  t he  m ~ t  c o s t - e f f e c t i v e  proceEs a v a i l a b l e  a t  p re sen t  



a more c a r e f u l  a n a l y s i s  o f  t h e  many a s s o c i a t e d  a s p e c t s  should be made, i . e . ,  

p r i o r  f l a s h  e t ch ,  r i n s e ,  a c i d  n e u t r a l i z e  r i n s e ,  s o l v e n t  r i n s e ,  chemical' 

t o x i c i t y ,  chemical d i s p o s a l ,  reclamation,  e t c .  Aniso t ropic  plasma e t c h i n g  

of  1:O:O s i l i c o n  has been reported1)  a s  o f f e r i n g  s e v e r a l  advantages over  

"wet" chemical e tch ing .  The most important  o f  t hese  i s  t he  e l imina t ion  of 

chemicals which r e p r e s e n t s  sav ings  i n  both  i n i t i a l  c o s t  and c o s t  of  d i s p o s a l /  

reclamation and one s i d e  e tch ing ,  saving.  s i l i c o n .  The g r e a t e s t  disadvantages,  

a s  e s t a b l i s h e d  by an "in-house" funded r e sea rch  and development program, a r e  

those o f  throughput r a t e  and i n i t i a l  equipment cos t .  Although equipment c o s t s  

a r e  n o t  expected t o  decrease ,  t h e  product ion r a t e  has  s u f f i c i e n t  p o t e n t i a l  

f o r  improvement t o  make plasma e t ch ing  a f u t u r e  a l t e r n a t i v e  t o  wet chemical 

processing.  This  improvement should occur  i n  two a reas .  The f i r s t  o f  t h e s e  

i s  i n  adap ta t ion  of  t h e  equipment t o  automated wafer  handl ing and t h e  second 

i s  i n  t h e  development o f  new e t c h a n t s  t o  achieve  improvements i n  both q u a l i t y  

and c y c l e  time. 

It i s  our  opinion t h a t  a c ' loser  s c ru t iny .  should be made, p a r t i c u l a r l y  f o r  

t h e  pos t  1980 per iod ,  o f  plasma e t c h  technology f o r  t e x t u r i z e d  e t ch ing  o f  

s o l a r  c e l l s .  

3.1.2 Ion Implanta t ion  

A s  p rev ious ly  ind ica t ed  i n  t h e  process  sequence desc r ibed  i n  Sec t ion  2, ion  

implanta t ion  has been chosen a s  t h e  prime candida te  f o r  doping s o l a r  c e l l s .  

The primary d isadvantage  c u r r e n t l y  encountered i s  t h e  formation of  an 

e s s e n t i a l l y  amorphous s u r f a c e  l a y e r  due t o  impuri ty  ion  c o l l i s d o n s  w i t h  t h e  

s i n g l e  c r y s t a l  s i l i c o n  l a t t i c e  dur ing  implanta t ion .  , Present  means f o r  

r e s t o r i n g  c r y s t a l l i n i t y  i n  t h e  s u r f a c e  l a y e r  i s  by thernrally annea l ing  i n  a 

furnace a t  900' t o  1 0 0 0 ' ~  f o r  15 t o  45 minutes.  Although t h i s  technique 

r e s t o r e s  t h e  c r y s t a l  s t r u c t u r e  t o  a n  a c c e p ~ b l e  l e v e l ,  i t  a l s o  w i l l  cause  

exces s ive  impuri ty  d i f f u s i o n  and in t roduce  bulk  d i s l o c a t i o n  loops i n  t h e  . . 
subsur face  s i l i c o n  due t o  t h e  high temperature t h e r m l  cyc l ing .  This  causes  

t r app ing  c e n t e r s  and reduces c e l l  e f f i c i e n c y .  This  i s  t r u e  t o  a c e r t a i n  



degree  .for any doping technique r e q u i r i n g  a thermal  d i f f u s i o n  o r  r e d i s t r i b u -  

t i o n  of  t h e  d e s i r e d  impuri ty .  It i s  a n t i c i p a t e d  t h a t  l a s e r  annea l ing  ( t o  

be d i scussed  l a t e r )  w i l l  o b v i a t e  t h i s  t h e r m l  c y c l e  t o  t h e  bulk  s i l i c o n  by 

h e a t i n g  only  t h e  s u r f a c e  l aye r ,  thus ,  l eav ing  t h e  bulk  s i l i c o n  f r e e  of  

f u r t h e r  thermal ly  induced d i s l o c a t i o n  loops. I f  t h e  l a s e r  annea l ing  proves 

f e a s i b l e  a s  an  annea l ing  technique, then ion  implanta t ion  becomes more 

a t t r a c t i v e  f o r  i t s  many advantages.  

One o f  t he  m r e  important  advantages i.s t h e  more p r e c i s e  c o n t r o l  of  t he  

dopant q u a l i t y ,  q u a n t i t y  and doping p r o f i l e ,  thus  i n s u r i n g  c e l l  uniformity,  

repeatability arld qualiry. 'I'he automation p o t e n t i a l  o f  ion  implant ing i s  . . 
a l s o  ve ry  high,  b e i n g  l i m i t e d  by mechanical c e l l  handl ing and t h e  a b i l i t y  

t o  c o o l  c e l l s  dur ing  implant.  New implanters  a r e  a v a i l a b l e  from Ext r ion ,  
- 3 - 3 and L i n t o t t  w i t h  2 x 10 A and 4 x 10 A beam c u r r e n t s ,  r e s p e c t i v e l y ,  lower- 

ing  implant  t ime pe r  c e l l  t o  seconds. Both o f  t he  above companies have 
- 2 

2 x 10 A equipment on t h e  drawing board. A comparison of  p re sen t  and f u t u r e  

implant  t imes o f  3" diameter  wafers  i s  shown i n  the  fol lowing c a l c u l a t i o n s  : 

coulombs x ion  dose x a r e a  
time = 

beam c u r r e n t  

Examples : 

1. Present :  I R  Extrion-200 (50 pa beam c u r r e n t )  

2. Future:  Ex t r ion  System (10 ma beam cur ten  t) 



Implanters  w i t h  beam c u r r e n t s  of 0.1A a r e  p red ic t ed  f o r  t h e  e a r l y  19801s,  i f  

requi red .  Obviously, wi th  such high power systems c e l l  cool ing  becomes a 

c r i t i c a l  f a c t o r .  This i s  under s tudy  and w i l l  be  t r e a t e d  i n  more depth i n  

a f u t u r e  r epo r t .  Ion implanta t ion  does n o t  r e q u i r e  t h e  backs ide  s i l i c o n  e t c h  

t o  remove t h e  N+ backside junc t ion  formed dur ing  a furnace  f r o n t s i d e  N+ 

junc t ion  formation. In a d d i t i o n ,  t h e  c o s t  o f  ox ide  masking f o r  p l ana r  j unc t ion  

formation o r  t h e  s i l i c o n  edge e t ch  requi red  t o  c lean  the  p e r i p h e r a l  junc t ion  

formed dur ing  N+ f r o n t  and P+ back s u r f a c e  f i e l d  formation i s  s i m p l i f i e d  by 

us ing  a p e r i p h e r a l  metal  mask dur ing  t h e  f r o n t  N+ ion implanta t ion ,  thus  

forming a f ron  t s i d e  p l ana r  junc t ion .  

For purposes o f  t h e  eva lua t ion  (Figure 5 )  o f  t he  ion  implanta t ion  process ,  

gaseous d i f f u s i o n  us ing  phosphorous oxychlor ide  (POC1) and boron t r i c h l o r i d e  

(B C13) and polymer (spin-on) dopant technologies  were used. It should be 

understood t h a t  t h e  advantages o r  disadvantages of  one process  compared t o  

t h e  o t h e r  two does n o t  n e c e s s a r i l y  apply  t o  both  of  t h e  o t h e r s  and when i t  

does they must be  weighed t o  a d i f f e r i n g  degree. Furthermore, t h e  appearance 

of  a - i n  t h e  c h a r t  i n  F igure  5 i s  n o t  intended t o  imply t h a t  t h e  process  i s  

n o t  adequate ,  b u t  r a t h e r  t h a t  ano the r  process  i s  cons idered  s u p e r i o r  f o r  t h a t  

p a r t i c u l a r  func t ion .  

It has been assumed f o r  t h i s  eva lua t ion  t h a t  l a s e r  annea l ing  w i l l  be  u t i l i z e d  

a s  t h e  annea l ing  technique f o r  t he  ion  implanted c e l l s .  Should t h i s  assumption 

grove erroneous i tems 6 through 9 i n  Figure 5 must be  reeva lua ted .  However, 

i f  t h i s  were t o  be the  case ,  ion implanta t ion  s t i l l  appears  t o  be  t h e  b e s t  

choice  a s  a doping technique. 

In o r d e r  t o  ach ieve  the  t echno log ica l  o b j e c t i v e  of t h e  ion  implant- laser  

annea l  program, i t  i s  recognized t h a t  we must overcome t h e  problem t h a t  i s  

a .ssociated w i t h  us ing  a s i n g l e  energy implant  d i r e c t l y  i n t o  s i l i c o n  which 

produces a de t r imen ta l  bucking d r i f t  f i e l d  extending from the  peak ion 

concen t r a t ion  of  t he  ion  implant  reg ion ,  t o  t h e  s i l i c o n  su r f ace .  This  i s  a 
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Figure 5 .  ~ v + l u e t i &  of  ~dv?"t&es and Disadvantages of   unction Formation Techniques 
. .. .. .- 



consequence o f  t h e  inhe ren t  n a t u r e  of  t he  implant imphkity p r o f i l e  done a t  a 

s i n g l e  beam energy. The .approach g e n e r a l l y  proposed d r  taken t o  avoid  t h i s  

undes i r+ le  e f f e c t  i s  t o  implant t h r u  an appro$*iate d i e l e c t r i c  such a s  

s i l i c o n  d iox ide  o r  s i l i c o n  n i t r i d ' e .  ~ h i s ' c k n  produce t h e  d e s i r e d  impuri ty  

p r o f i l e  i n  t h e .  s i l i c o n  wi th  maximum concen t r a t ion  a t  t h e  su r f ace ,  d iminish ing  

toward t h e  reg ion  o f  t h e  junc t ion  and e l i m i n a t i n g  the'bucking f i e l d  o therwise  

present .  
. . 

.. . 

This method though t e c h n i c a l l y  e f f e c t i v e ,  c o s t s  added process  s t e p s  and i s  

energy was t e fu l  i n  t h e  implant process .  A concept has been suggested t h a t  

involves  a d j u s t i n g  implant  beam energy vs.  implant time a t  a mximum cons t an t  
. . . 2 

c u r r e n t  so  as t o  produce a n  optimized impuri ty  p r o f i l e  f o r  t h e  e l imina t ion  
. . .  

o f  t h i s  . d r i f t  f i e l d .  Both mathematical and exper imenta l  implant  programs 

should be: s tud ied  t o  determine -the f e a s i b i l i t y  and v i a b i l i t y  of  t h i s  approach. 
. . 

The ion implanta t ion  pro=ess under cons ide ra t ion  f o r  u se  i n  s o l a r  c e l l  

manufacture has t h e . p o t e n t i a 1  f o r  high r a t e  production. Assuming t h a t  t h e  

b a s i c  process  proves t o  be  acceptab le ,  f o r  t h i s  a p p l i c a t i o n ,  a t  l e a s t  two 

o t h e r  r e l a t e d  problems must be overcome. One of  t hese  i s  t h e  d i s s i p a t i o n  o f  

t h e  h e a t  generated i n  t h e  wafer  by .the high energy ' l e v e l s  t o  be 'employed, 

and t h e  second i s  t o  f i n d  a method o f  p re sen t ing  t h e  wafers  t o  t h e  ion  beam 

i n  a high vacuum a t  a s u i t a b l e  f a s t  throughput r a t e .  

The s tandard  approach f o r  implanta t ion  of  wafers  involves  t h e  us6  o f  a 

c a r r o u s e l  which suppor ts  a number of  c e l l s  on i n d i v i d u a l  s t a t i o n s .  This 

system r e q u i r e s  t h a t  t he  c a r r o u s e l  be  manually loaded and then placed wi th in  

t h e  vacuum chamber which must then be pumped down. The procedure involves  

excess ive  i d l e  t ime and a s  p r e s e n t l y  configured,  t he  c a r r o u s e l  system i s  n o t  

capable  of  achiev ing  a product ion l e v e l  high enough t o  suppor t  t h i s  program. 

It does o f f e r  t he  op t ion  o f  scanning t h e  wafers  i n d i v i d u a l l y ,  indexing through 

each s t a t i o n  i n  sequence; . o r  of  scanning a l l  wafers  a t  once a s  t h e  c a r r o u s e l  

r o t a t e s  a t  a c o n s t a n t  speed. Temperature rise i n  t h e  wafers  i s  minimized i n  

t h e  l a t t e r  mode. 



The wayflow production wafer handling system* uses vacuum lock chambers to  

g r a v i t y  feed ind iv idua l  wafers i n t o  the ion implantation chamber and then t o  

receive  t h e  processed wafer f o r  r e tu rn  t o  atmospheric pressure. This system 

i s  character ized by a 3 t o  4 second dead time between implantat ion cycles 

while the  c e l l s  a r e  being t r ans fe r red  i n  and o u t  of  t h e  vacuum lock chambers. 

Conveyor b e l t s  a r e  used t o  t r anspor t  the  components t o  and from the  wayflow 

u n i t .  A maximum throughput of 250 wafers per hour (14.4 seconds per wafer) 

i s  repor ted  f o r  t h i s  system, which is  a l s o  s h o r t  of the  production r a t e  

necessary t o  support  t h e  LSSA program with a reasonable number. uf processing 

u n i t s ,  

Optimized production with the  ion implantatLon psocess .wfl1  depend upon 

maximum u t i l i z a t i o n  of the  beam a t  the  h ighes t  p r a c t i c a l  energy levels .  The 

l i m i t a t i o n s  of the  present ly  a v a i l a b l e  wafer handling systems can be mit igated 

but  some i d l e  beam time w i l l  always be present  i n  these o r  any & s t e m  which 

must wait  upon physica l  movement of the  c e l l s .  One p o s s i b i l i t y  is  t o  a l t e r -  

n a t e l y  d i r e c t  the  beam between e i t h e r  of two wafer handling s t a t i o n s .  This 

might be accomplished by a modification a s  shown i n  Figure 6 of  the  X-Y 

e l e c t r o s t a t i c  scanning system described in Ref *. The add i t ion  of a second 

hor izon ta l  a x i s  scanner, posi t ioned a minimal d i s t ance  down stream from the  

f i z s l :  scauuer and sec up €0 detlectl  the  beam a t  a d i f f c r c n t  angle,  could al luw 

rap id  switching from one wafer s t a t i o n  tn the other.  T h i ~  would al low a 

loading time a t  the  i d l e  s t a t i o n  approximately equal  t o  the  implantation 

processing time a t  the  a c t i v e  s t a t i o n .  Two wayflow wafer handling systems, 

each with a 3 t o  4 second dead time should then be more than adequate to  

support  a nea r  100% u t i l i z a t i o n  of the  beam a t  the  f a s t e s t  implantation r a t e  

which can be envisioned. 

Temperature c o n t r o l  of the wafer under the  suggested system would present  a 

problem. The conf igura t ion of  the  wayflow system suggests t h a t  it would be 

poss ib le  t o  c i r c u l a t e  cooling water o r  a l i q u i f i e d  gas through passages i n  

the  housing and i n  the  wafer holder. 

*Ryding, Wittkower and Rose - Features of a High Current Implanter and a 
Medium Current Implanter, J. Vac. Sc. Technology, Vol. 13, No. 5, sept/Oct 1976. 
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Figure  6 .  Schematic of  t h e  Medium Cur ren t  Implan te r  as Descr ibed 
i n  R e f e r e w e e a n d  With Suggested Modi f ica t ions  



One suggested approach has been descr ibed .  A t  l e a s t  t h r e e  o t h e r s  can be 

v i s u a l i z e d .  These inc lude :  

1. A n  Expansion of  t h e  c a r r o u s e l  system us ing  t h r e e  vacuum 

chambers on a l a r g e  indexing t ab l e .  One chamber would be 

a t  a load/unload s t a t i o n ,  one a t  a pump down s t a t i o n  and 

t h e  t h i r d  would be  a t  t h e  working s t a t i o n .  A smal l  volume 

lock  would be  used a t  t he  i n t e r f a c e  of t h e  chamber and 

t h e  ion  beam tube a t  t h e  working s t a t i n n .  

2. A system in which c e l l s  a r e  nes t ed  i n  f l a t  t r a y s  and he ld  

i n  p o s i t i o n  by a Inask which covers  t h e  per imeter  f a c e  o f  

each c e l l .  Trays a r e  then processed through t h e  vacuum 

chambers i n  much t h e  same manner as f o r  t h e  previous  

method, w i th  a mechanical scanning dev ice  t o  p o s i t i o n  t h e  

c e l l s  t o  t h e  beam. This  method would be u s e f u l  i f  t r a y s  

were used f o r  c e l l  handl ing  i n  p r i o r  and/or  subsequent 

ope ra t ions .  

3.  A t h r e e  chamber system f o r  processing o f  i n d i v i d u a l  c e l l s  

had been de f ined  a t  LMSC. This i s  s i m i l a r  i n  princip1.e 

t o  t h e  wayflow system descr ibed  e a r l i e r  b u t  d i f f e r s  i n  

t h a t  wafers  pas s  through f i v e  i n t e r l o c k  and t h r e e  main 

chambers i n  t h e i r  p rogress  through the  system. Three 

, l e v e l s  01 vacuum are used and mechanical complexity i s  

reduced by t r a n s f e r  of  t h e  wafers  on t u r r e t s  w i t h i n  t h e  

chambers. This  system promises a h ighe r  throughput r a t e  

than  t h e  wayflow system and would bc  u s e f u l  i n  Llle evenr: 

t h a t  swi tch ing  o f  t h e  beam as desc r ibed  e a r l i e r  proves t o  

b e  imprac t i ca l ;  o r  i f  t h e  implanta t ion  process  time could 

be  reduced t o  a two o r  t h r e e  second cyc le .  



We conclude t h a t  the  decis ion t o  use ion implantation can be made on the  

b a s i s  of the  q u a l i t y  and speed o f :  the  bas ic  process, and t h a t  the  associa ted  

problems of c e l l  handling and cooling can be resolved to  achieve an automated 

process. 

3.1.3 Laser Annealing 

Evaluation of l i t e r a t u r e  2-9) concerning l a s e r  annealing has revealed t h a t  

with t h i s  process severa l  technical  advantages can be a t t a i n e d  over the  

present ly  u t i l i z e d  furnace annealing technique. The advantages a r e :  

. ? ' I ,  . . .. 
1. Relat ive immobility of the  jitnction a s  compared t o  furnace 

. , 
annea 1 ing . 

2. Reduction by one t o  two orders  'of nragnitude of bulk " 

s i l i c o n  d i s loca t ions  introduced by present  furnace 

anneal  o r  d i f fus ion  processes. 

3. More complete regrowth of the  impl.anted surface  r e & l t i n g  ' 

in fewer d i s loca t ion  loops and s tacking f a u l t s  associa ted  

with higher pulsed anneal temperatures than is  p r a c t i c a l  
. . 

with furnace annealing. 

. . 
4. Precision con t ro l  of annealing depth by choice of l a s e r  

type can be accomplished s ince  most of the energy expended 

w i l l  be d i s s ipa ted  near the  s i l i c o n  surface  and w i l l  depend 

on the  wavelength of the. p a r t i c u l a r  l a s e r  chosen and i t s  

absorption c o e f f i c i e n t  i n  s i l i c o n .  

Based on the referenced l i t e r a t u r e  and preliminary ca lcu la t ions  i t  appears 

t h a t  the  guiding c r i t e r i a  i n  s e l e c t i n g  a l a s e r  system f o r  s o l a r  c e l l  annealing 

app l i ca t ions  should be a s  follows: 



1. The l a s e r  must be  capable  of  provid ing  s u f f i c i e n t  power and 

energy t o  a l l o w  t h e  r equ i r ed  annea l ing  process  t o  t ake  place.  

2. The l a s e r  must be o f  s u i t a b l e  wavelength t o  miriimize t h e  

depth  o f  beam p e n e t r a t i o n  i n t o  t h e  s i l i c o n .  

3. The l a s e r  must be capable  of  annea l ing  t h e  c e l l s  a t  

e n e r g i e s  and speeds which would make t h e  system c o s t  

compatible  w i t h i n  t h e  r equ i r ed  c o n t r a c t u a l  goals. 

Since  t h e  l i g h t  abso rp t ion  c o e f f i c i e n t  (Figure 7)  o f  s i l i c o n  and consequent ly 

t h e  mean a b s o r p t i o n  length  increase cons iderably  w i t h  increase iu Lhe wave- 

l eng th  of  t h e  i n c i d e n t  beam, it  i s  concluded t h a t  no l a s e r  exceeding the wave- 

l eng th  of  a YAG l a s e r  should be considered.  The t h r e e  l a s e r s  which appear  

t o  be the  b e s t  cand ida t e s  f o r  t h i s  eva lua t ion  a r e  Argon, Ruby, and YAG wi th  

wavelengths o f  .5 pm, . 6 9 4 p ,  and 1.06 pm, r e s p e c t i v e l y .  The Argon l a s e r  i s  

a cont inuous wave l a s e r ,  whereas t h e  Ruby and Yag a r e  pulsed type systems. 

Two types  o f  p u l s i n g  techniques  a r e  u t i l i z e d  f o r  t h e  above l a s e r s ,  namely, 

"Q-switch" and "Conventional mode". The Q-switched systems TEMoo modc ohould 

be  capable o f  d i scha rg ing  a minimum 15 jou le s  o f  energy i n t o  a 10-50 nsec  

pulse .  Conventional  mode systems due t o  t h e i r  longer  pu l se  du ra t ion  should 

provide  ene rg i e s  i n  excess  o f  15 jou le s .  TJ t i l i za t ion  o f  ~ u c h  high power 

l a s e r s  i s  i n t e n t i o n a l .  With t h e s e  ene rg i e s  and wi th  proper  uni formi ty  t h e  

beam can be homogenized t o  a t t a i n  f u l l ,  uniform i l l u m i n a t i o n  o f  t h e  e n t i r e  

c e l l  s u r f a c e  w i t h  r e s u l t a n t  s i n g l e  pu l se  anneal ing.  

It i s  a n t i c i p a t e d  t h a t  t h e  energy requirements  and t h e r e f o r e  o p e r a t i o n a l  c o s t s  

o f  l a s e r  annea l ing  would be lower than furnace annea l ing .  However, a c o s t  

a n a l y s i s  i s  d e f e r r e d  t o  t he  n e x t  q u a r t e r l y  r e p o r t .  A t  t h a t  time s t u d i e s  w i l l  

b e  completed and d a t a  w i l l  be  a v a i l a b l e  t o  i n d i c a t e  which l a s e r  system should 

be u t i l i z e d  t o  a t t a i n  t h e  requi red  annea l ing  of  t h e  s o l a r  c e l l  wafers .  This  

is  important  s i n c e  t h e  energy requiremcnto of a Q-swi tc l~ed  system d l f f e r  
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Figure 7 .  Absorption Coefficient o< of  S i l i con  As 
A Function o f  Wavelength 



s u b s t a n t i a l l y  from a convent iona l  mode system. F i n a l  s e l e c t i o n  of  a  l a s e r  

w i l l  be nude based upon t e c h n i c a l  cons. iderat ions and c o s t  a n a l y s i s .  

3.1.4 Screen P r in t ed  Contacts  

The m e r i t s  of  sc reen  p r i n t e d  c o n t a c t s  f o r  t e r r e s t r i a l  s o l a r  c e l l s  have, i n  

gene ra l ,  rece ived  u n i v e r s a l  acceptance from t h e  s t andpo in t  of  low c o s t  

manufacturing. Equipment i s  claimed t o  be a v a i l a b l e  today which can process  
0) i n  excess  of 5,000 p a r t s / h &  . A t  t h e s e  r a t e s ,  i t  i s  apparent  t h a t  t he  

P r o j e c t ' s  high throughput  o b j e c t i v e s  can be  s a t i s f i e d .  

P a r t i c i p a n t s  i n  t h i s  LSSA P r o j e c t  d e s c r i b e  achiev ing  f i n e  l i n e  wid ths  o f  

5 m i l s  a s  rou t ine ,  u s ing  a  320 mesh screen.  This i s  c o n s i s t e n t  w i th  our  

work performed on Hybrid Mic roc i r cu i t s  where l i n e  widths o f  5  mi ls  were 

a l s o  demonstrated With t h i s  demonstrated, f i n e  l i n e  p r i n t i n g  cap- 

a b i l i t y ,  t h e  pho toac t ive  a r e a  on t h e  top  s u r f a c e  can be  maximized t o  achieve  

a r e a s  g r e a t e r  than 90%. The ques t ion  then,  i s  how repea tab le  i s  t h e  screen  

p r i n t i n g  process?  Process  r e p e a t a b i l i t y  i s  dependent upon many f a c t o r s  

inc luding ,  p a s t e  cons i s t ency  (ba tch- to-ba tch) ,  squeegee and screen  nrainte- 

nance and d u r a b i l i t y ,  squeegee p re s su re  and speed, and c e l l  f l a t n e s s .  These 

and o t h e r  a r e a s  s t i l l  r e q u i r e  v e r i f i c a t i o n  and f u r t h e r  refinement.  

S i l v e r  p a s t e s  a r e ,  a t  p re sen t ,  prime cand ida t e s  f o r  ohmic c o n t a c t i n g  due t o  

t h e i r  e x c e l l e n t  c o n d u c t i v i t y  p r o p e r t i e s .  They have been i n  wide u s e  a s  

conductors  i n  t h i c k  f i l m  c i r c u i t r y  due t o  t h e i r  ea se  o f  a p p l i c a t i o n  and 

e l e c t r i c a l  s t a b i l i t y  i n  vary ing  environments. Of t h e  nob le  meta ls  i n  common 

u s e  f o r  conductors  ( t h e  o t h e r s  being gold ,  p la t inum and pal ladium),  s i l v e r  

i s  t h e  lowest i n  c o s t .  

Conductive p a s t e s  have been d iscussed  and analyzed under t h e  Phase 1, 

Automated Array Assembly Task o f  t h e  LSSA P r o j e c t ,  (e.g., RCA Quar t e r ly  

Reports 2  and 3 of  JPL Cont rac t  954352). There i s  no p o i n t  i n  e n t e r i n g  i n t o  



an e x t e n s i v e  eva lua t ion  on t h i s  . s u b j e c t  except  t o  s t a t e  t h a t  t h e r e  . i s  g e n e r a i  

accord i n . . t h e  r e l a t i v e  high mater.iaL c o s t / w a t t  o f  s i l v e r  . bea r ing  pas t e s .  

Our pre l iminary  e s t i m a t e s  on 0.5 m i l  . t h i c k  back c o n t a c t i n g  with: 100% 

coverage showed g r e a t e r  than $ . l5jwa t t. co.s t . . ,  . 

. . 

Other  candida te  meta l  f i l l e d  p a s t e s  such a s  copper,  n i c k e l  and a,luminum, 

a l though perhaps lower i n  m a t e r i a l  c o s t ,  have o t h e r  shortcomings which would 

prec lude  t h e i r  g e n e r a l  acceptance  f o r  t h i s  a p p l i c a t i o n  wi thout  e x t e n s i v e  

experimentat ion and t e s t i n g .  

Reduction o f  t h e  amount o f  s i l v e r  :screened on t h e  backs followed by .  s o l d e r  

d ipp ing  might lower costs. .  P a t t e r n  s c r een ing  i s  ano the r  a l t e r n a t i v e ;  

however, t h i s  would a l s o  have t o  be  s u b s t a n t i a t e d  through experimentat ion.  

Whereas, h igh  throughput  o f  s c r een  p r i n t e d  p a r t s  i s  ach ievable ,  performance 

and l o n g - l i f e  .of p r i n t e d  hardware i s  ano the r  mat te r .  Such f a c t o r s  a s  t h e  

e x t e n t  o f  conductor  m a t e r i a l  p e n e t r a t i o n  i n t o  t h e  reg ion  o f  t h e  j unc t ion  
. . 

a f t e r  f i r i n g ,  c o n t a c t  adhesion and r e s i s t i v i t y ,  p a r t i c u l a r l y  i n  a mois ture  

environment, and s o l d e r a b i l i t y ,  s t i l l  pose s e r i o u s  concerns and need f u r t h e r  

i n v e s t i g a t i o n  and t e s t i n g  f o r  l i f e  c y c l e  performance. 
. . . . 

It i s  appa ren t  t h a t  t h e  c o n t a c t i n g  process  a s  known, war ran t s  f u r t h e r  

i n v e s t i g a t i o n  i n t o  a l t e r n a t e  m t e r i a l s  and/or  processes .  

3.1.5 Sprayed Anti-Ref l e c t i v e  Coat ings 

A s  has  been g e n e r a l l y  r epo r t ed  by p a r t i c i p a n t s  i n . t h e  LSSA P r o j e c t  
13-15) 

9 

t h e  spray-on techniques  f o r  AR c o a t i n g s  o f f e r  t h e  b e s t  chances f o r  high 

throughput  and a c c e p t a b l e  c o a t i n g  th i cknes s  and un i fo rmi ty  on l a r g e  a r e a  

su r f aces .  Spray-on a p p l i c a t i o n s  have p a r t i c u l a r  appea l  on c e l l s  w i t h  

i r r e g u l a r  shapes and s i z e s ,  and having rough s u r f a c e s ,  such a s  t hose  t e x t u r e -  

e tched.  Throughput i n  excess  o f  3000-three inch wafers  pe r  hour a r e  



cons idered  a t t a i n a b l e  based on our  e x i s t i n g  Zicon 10,000 i n - l i n e  au tocoa te r ,  
16) and RCA's Process  Parameter Descr ip t ion  on AR spray  c o a t  . Our u n i t  

i s  equipped wi th  au tomat ic  overhead spray  t r a v e r s e  (front-back)  w i t h  up t o  

a 17 inch s t r o k e .  Traverse speed i s  0 t o  20 inches l sec ,  cont inuous ly  

a d j u s t a b l e .  Work p i eces  a r e  incrementa l ly  indexed'  under t h e  gun pe rmi t t i ng  

in -  l i n e  process ing .  

The two impor tan t  a p p l i c a t i o n  concerns,  o f  course ,  a r e  i n  t h i ckness  c o n t r o l  

and uniformity.  The v a p o r - c a r r i e r  system forms t h e  h e a r t  o f  t h e  Zicon 

.equipment, and i s  r epu ted ly  capable  of  achiev ing  p r e c i s e  c o n t r o l  of  coa t ing  

th i ckness  and uni formi ty .  These a s p e c t s  w i l l  be  i n v e s t i g a t e d  i n  t h e  course  

o f  t h i s  c o n t r a c t .  

3.1.6 Module Assembly 

Much of  t h e  fo l lowing  d e t a i l e d  t e c h n i c a l  d i scuss ion  on module assembly 

r e f l e c t s  i n f o r m t i o n  de r ived  from in-house funded a c t i v i t i e s  and i s  o f f e red  

t o  provide ou r  r e f e r e n c e  technology base i n  t h i s  a r e a .  

The LMSC Module Design de f ined  i n  Sec t ion  2 and documented in t h e  f i n a l  

r e p o r t  on Module ~ e v e l o ~ m e n t ' ~ )  i s  s p e c i f i e d  a s  t h e  b a s e l i n e  f o r  assembly 

planning.  The f i r s t  cons ide ra t ion  i n  t h i s  regard i s  t h e  de te rmina t ion  o f  

t h e  r equ i r ed  product ion r a t e .  An approximation w i l l  s e rve  ou r  p re sen t  

purpose by provid ing  a pe r spec t ive  o f  t h e  g e n e r a l  assembly equipment r equ i r e -  

ments. 

Each i n d i v i d u a l  c e l l  must be handled and processed i n  product ion o f  a module, 

r e g a r d l e s s  of  t he  method o f  assembly. We assume t h a t  t h e  c y c l e  time p e r  c e l l  

w i l l  be  four  seconds, t h a t  c e l l s  w i l l  be  processed s e q u e n t i a l l y  and t h a t  t he  

module l e v e l  ope ra t ions  can be  accomplished concur ren t ly  w i t h i n  t h e  time 

span represented  by the  process ing  o f  t he  for ty-one c e l l s  i n  o u r  module. The 

assembly t ime pe r  module is  then 4 seconds x 4 1  c e l l s  = 164 seconds, o r  



2 . 7  minutes.  On t h i s  b a s i s  t h e  product ion r a t e  f o r  each assembly l i n e  w i l l  

be  22 modules per  hour, w i t h  t he  number o f  p a r a l l e l  assembly l i n e s  r equ i r ed  

t o  meet t h e  scheduled f a c t o r y  output  shown i n  F igure  8. Viewed i n  t h i s  

pe r spec t ive ,  we b e l i e v e  t h a t  t he  q u a n t i t y  of  p a r a l l e l  assembly l i n e s  shown 

i s  a reasonable  number through 1984. The t h i r t y - s i x  l i n e s  shown f o r  1986 

can be expected t o  be reduced i n  numbers by process  improvements and f a s t e r  

throughputs.  There i s  a l s o  t h e  ever -present  p o s s i b i l i t y  o f  e a r l y  obsoles -  

cence through a t echno log ica l  breakthrough. 

These approximations lead u s  t o  conclude t h a t  a minimm,assembly l i n e  

product ion r a t e  of  22 modules per  hour i s  accep tab le  f o r  a t  l e a s t  t h e  f i r s t  

few assembly systems. Since t h i s  r a t e  i s  der ived  from t h e  process ing  time 

per  c e l l ,  t h e  throughput can a l s o  be measured i n  wat t s /hour  o r  2 of  

modules/hr, which a r e  n o t  r e l a t e d  t o  module s i z e .  

The n e x t  important  cons ide ra t ion  i s  t h e  s e l e c t i o n  of  a method o f  assembly . 
capable  of  meeting the  d e s i r e d  product ion r a t e .  Two b a s i c  approaches t o  

module assembly a r e  known. One involves  t h e  d i r e c t  assembly of  c e l l s  i n  

a m d u l e  l e v e l  f i x t u r e  and t h e  o t h e r  employs t h e  in t e rmed ia t e  s t e p  of  sub- 

assembly of c e l l s  i n t o  s e r i e s  connected s t r i n g s  followed by arrangement o f  

t h e  s t r i n g s  i n t o  t h e  module con f igu ra t ion .  A pre l iminary  assessment o f  t h e  

r e l a t i v e  mer i t s  o f  t h e  two approaches i s  shown i n  Figure 9. Both methods 

have m e r i t  and i t  i s  probable t h a t  e i t h e r  could be developed t o  t h e  p o i n t  

of  s a t i s f y i n g  t h e  product ion requirements of  t h i s  program. There i s  a l s o  

the  p o s s i b i l i t y  o f  c o d i n i n g  the  two methods by a t t a c h i n g  in t e rconnec t s  t o  

i nd iv idua l  c e l l s  and then pos i t i on ing  these  subassemblies i n  a module l e v e l  

f i x t u r e .  Other v a r i a t i o n s  m y  a l s o  be considered,  b u t  i t  i s  s impler  t o  d e a l  

w i th  t h e  b a s i c  methods f i r s t .  Both o f  t h e s e  w i l l  be  d iscussed .  

P r i o r  LMSC s t u d i e s  i n  t h i s  a r e a  and ou r  c u r r e n t  assessment o f  t he  r equ i r e -  

ments o f  t he  automated assembly t a s k  lead  us  t o  t h e  conclusion t h a t  t h e  c e l l  

s t r i n g  sub-assembly method i s  b e s t  s u i t e d  t o  ou r  purpose. There a r e  a 

number o f  reasons f o r  t h i s  s e l e c t i o n .  
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Figure 9. Comparison of Candidate Module Assembly Methods 

AS SEMI3 LY 
METHOD 
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of  C e l l s  a t  
Module Level 

Sub-Assembly 
of  C e l l s  i n t o  

of  s t r i n g i  i n t o  
m d u l e  

C 

ADVANTAGES 

- Allows in te rconnect  p a t t e r n  t o  be 
c u t  from one p i ece  

- Allows nuss so lde r ing  technique t o  
be used 

- Reduced number of  opera t ions  

- Many simultaneous opera t ions  
(higher  production r a t e )  

- Indiv idua l  spot  a p p l i c a t i o n  of 
h e a t  t o  make so lde r  j o i n t s  (lower 
energy consurnpt ion)  

- Greater  modularity of  assembly 
e q ~ i p m e n t  - downtime reduced by 
quick replacement of  modular 
u n i t s .  Lower investment i n  
standby equipment 

- Eas ie r  t o  modify i n  accommodation 
o f  process  and/or design change 

DISADVANTAGES 
- High waste of  in te rconnect  m a t e r i a l  

- Probable high energy consumption 
f o r  m s s  so lde r ing  ' 

- Operat ions a r e  mostly s e q u e n t i a l  
(lower product ion r a t e )  

- Requires quan t i t y  of  complex f i x t u r e s  
i n  c i r c u l a t i o n  through most of  
assembly opera t ions  

- Greater  number of ope ra t ions  the re -  
f o r e  more process  parameters t o  be 
c o n t r o l l e d  

- Probable higher  equipment investment 



o The LMSC Module Design has t h e  c e l l s  s e r i e s  connected 

i n  s t r a i g h t  l i n e  s t r i n g s  f o r  which t h i s  method i s  

p a r t i c u l a r l y  w e l l  s u i t e d .  

o The process  appears  e a s i e r  t o  modify i n  accommodation 

o f  t h e  changes a n t i c i p a t e d  i n  t h e  n e x t  s e v e r a l  yea r s .  

o The process ing  equipment i s  e a s i e r  t o  conf igure  i n  

s e p a r a t e  modular u n i t s  t o  permit  quick replacement 

t o  minimize downtime f o r  maintenance and r e p a i r .  

o The c e l l  s t r i n g  sub-assembly method appears  t o  have 

a h igher  product ion  r a t e  p o t e n t i a l .  

Assembly a t  t h e  Module Level 

The d i r e c t  assembly o f  c e l l s  a t  t h e  module l e v e l  i s  of  i n t e r e s t  because of  

t h e  sma l l e r  number of  process ing  s t e p s  involved and because o f  t h e  p o t e n t i a l  

f o r  making most o r  a l l  o f  t h e  re f low s o l d e r  connect ions a t  one time. Three 

process  op t ions  f o r  t h i s  s o l d e r i n g  s t e p  were considered.  They were conven- 

t i o n a l  oven hea t ing ,  i nduc t ion  hea t ing  and vapor phase hea t ing .  The l a t t e r  

merhod i s  p o t e n t i a l l y  a t t r a c t i v e  because i t  m y  a l low t h e  e l i e n a t i o n  o f  

s o l d e r  f l ux .  This  has  n o t  been t e s t e d  f o r  s o l a r  a r r a y  assembl ies ,  b u t  

s u c c e s s f u l  re f low s o l d e r i n g  o f  c i r c u i t  boards u s ing  s o l d e r  preforms wi thout  

f l u x  has been r epor t ed  by ano the r  h c k h e e d  f a c i l i t y .  

The d i r e c t  module assembly process  sequence used i n  our  eva lua t ion  i s  a s  

f  0 1 lows : 

1. Etch in t e rconnec t  p a t t e r n  f o r  e n t i r e  module, l eav ing  t i e s  t o  a s t r i p -  

o u t  p a t t e r n  which i s  used f o r  l oca t ion .  



2. Place t h e  in t e rconnec t  p a t t e r n  i n  a  f i x t u r e ,  l o c a t i n g  on index ho le s  

i n  t h e  s t r i p - o u t  p a t t e r n .  

3.  Place t h e  open s t r u c t u r e d  f i x t u r e  on a sub base  w i t h  p r o j e c t i o n s  

nea r  each c e l l  l o c a t i a n  which l i f t  each N c o n t a c t  of  t h e  i n t e r -  

connect  p a t t e r n  t o  a l low c l ea rance  f o r  placement of  t h e  c e l l s .  

4. Unload c e l l s  from c a r t r i d g e  and "clock" us ing  a  "Pick and Place" 

arm with a  vacuum chuck, a  t u r n t a b l e ,  and a  photodetec t ion  device.  

NOTE : Requires micro computer, programnable c o n t r o l l e r ,  o r  
s i m i l i a r  u n i t  t o  count c e l l s  and d i r e c t  t h e  o r i e n t a t i o n  
o f  those  t o  be placed a t  t h e  end of  rows where they 
must connect  t o  a d j a c e n t  rows. 

5 .  Place c e l l s  i n  f i x t u r e .  Requires a  second "pick and place" arm 

t o  t r a n s f e r  "clocked" c e l l s  from ope ra t ion  4 and p l ace  them i n  

t h e  f i x t u r e ,  which i s  indexed t o  r e c e i v e  the  c e l l s  by an  NC 

c o n t r o l l e d  t a b l e .  (An a l t e r n a t i v e  would be t o  use  a programmed 

robot  arm wi th  s u f f i c i e n t  reach t o  p o s i t i o n  a l l  t h e  c e l l s  wh i l e  

t he  f i x t u r e  remains f ixed) .  

6 .  Pos i t i on  frames on both  upper and lower f aces  of  t h e  f i x t u r e  t o  

clamp the  in t e rconnec t  c o n t a c t s  t o  t h e i r  proper  l o c a t i o n s  on 

t h e  f r o n t  and back f aces  of t h e  c e l l s .  

7. Place t h e  loaded f i x t u r e  i n  t h e  s o l d e r i n g  u n i t  u n t i l  ref low 

so lde r ing  i s  completed. (NOTE: It i s  assumed t h a t  t he  i n t e r -  

connects ,  t h e  c e l l s ,  o r  both, have been pre- t inned) .  

8. Remve t h e  f i x t u r e  from t h e  s o l d e r i n g  u n i t ,  remove t h e  clamp 

f r a~ues ,  a d  p ick  up L l ~ e  enLire c e l l  i n t e r connec t  asselulsly 

wi th  a  m u l t i p l e  chuck vacuum pick-up device  and t r a n s f e r  t o  

t he  n e x t  opera t ion .  



9. Cleaning, i f '  necessary ,  and f i n a l .  assembly. . i s  a'ssumed t o  be : ' the  

same a s  f o r  t he  c e l l  s t r i n g  sub-assembly 'm2thod. ' 

. . 
C e l l  S t r i n g  SubLAssembly . . .  . . . 

.' . . . 

The c e ' l l  s t r i n g  a s s e d l y  a.pproach has been examined i n  g r e a t e r  d e t a i l .  A 

number of cand ida t e  processes  have been i d e n t i f i e d  a s  p o t e n t i a l l y  a p p l i c a b l e  

t o  t h e  Lockheed des ign  and t h e s e  a r e : p r e s e n t e d . i n  t he  c h a r t s  of  .Figures  10 

and .11. I t ' w i l l  be noted t h a t  t h e  ope ra t ions  a r e  d iv ided  i n t o  ' s e v e r a l  ba.sic 

groups. These r e p r e s e n t  l o g i c a l  d i v i s i o n s  of  t h e  work i n  t e r m s  n f  a.ssem.hLy 

sequences, equipment, and f a c t o r y  arrangement.  The s p e c i f i c s  o f  the  va r ious  

ope ra t ions  w i l l  b e  d iscussed  l a t e r .  , ,  . 

The f i r s t  group, e n t i t l e d  "Prepare C e l l s  f o r  Assembly", i s  included on t h e  

assumption t h a t  , in t h e  e a r l y  product ion of t hese  a r r a y s  i t  w i l l . b e  necessary  

t o  c l ean  and r e t e s t  c e . 1 1 ~  p r i o r  t o  t h e  assembly ope ra t ions  a t  t h e  assembly 

p l a n t .  A t  some l a t e r  da t e ,  i t  i s  assum2d t h a t  t hese  c e l l s  w i l l  be  rece ived ,  

c leaned ,  t e s t e d ,  and s o r t e d  by power ou tpu t  l e v e l s  . i n  p repa ra t ion  f o r  d i r e c t  

assembly. . . .  

The second group of  ope ra t ions ,  " ~ r c p a r a t i o n  of Interconnects", o f f e r s  a 

cons ide rab le  number of  v a r i a t i o n s  i n  method. From the  p o i n t  of  view of c o s t  

a lone ,  i t  may be assumed t h a t  p rog res s ive  d i e  s tamsing of  t h e s e  in t e rconnec t s  

i n  s t r i p  form i s  t h e  most a t t r a c t i v e  method. However, u n t i l  t h e  a n a l y s i s  i s  

completed, t he  o t h e r  techniques cannot  be d iscarded  and must be  considered.  

A number o f  commercial f i rms  a l s o  o f f e r  e tched p a t t e r n s  i n  s t r i p  form, 

e i t h e r  on a s u b s t r a t e  o r  unsupported. It may a l s o  be d e s i r a b l e  t o  p l a t e  

and/or  to  s o l d e r  c o a t  t h e  in t e rconnec t s  a s  p a r t  o f  t h e  same continuo1.1~ 

prooocc coqucncc. Nonc of t h c  opcra t iono  o f  Croup I1 in t roduce  new a r t ;  

they a r e  a l l  merely a d a p t a t i o n s  of  e x i s t i n g  technology app l i ed  t o  our  

p a r t i c u l a r  des ign  requirements .  One ope ra t ion  of  s p e c i a l  i n t e r e s t  i n  

Group I1 i s  ope ra t ion  80 where i t  m y  be necessary  t o  c u t  acces s  ho le s  i n  
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Figure 10. Preparation of  Components for String Assembly 
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nonconductive c a r r i e r  t ape  t o  expose the  msta l  i n t e r connec t  f o r  t h e  jo in ing  

ope ra t ion .  E i t h e r  of two methods can be used f o r  this-one is  t o  prepunch 

the  tape  and then j o i n  t h e  tape  t o  t h e  meta l  s t r i p  i n  r e g i s t e r ,  t h e  o t h e r  i s  

t o  u s e  a  l a s e r  t o  r e m v e  the  unwanted c a r r i e r  f i lm.  This i s  be ing  success-  

f u l l y  used by L~ckheed  on a  product ion b a s i s  w i th  a  CO l a s e r ,  scanning 2 
through a  meta l  mask. It i s  obvious, o f  course,  t h a t  a l l  Group I1 ope ra t ions  

a r e  f o r  t he  s t r i n g  type in t e rconnec t  and a r e  a p p l i c a b l e  t o  t h e  c e l l  s t r i n g  

assembly process .  

The Group I11 opera t ions  a r e  those  where the  c e l l  s t r i n g  asserthly is  

a c t u a l l y  made, and these  have been t h e  s u b j e c t  of  t h e  g r e a t e s t  LMSC a t t e n t i o n .  

It i s  i n  t h i s  group of  candida te  ope ra t ions  where t h e  advantages t o  be 

der ived  from t h e  use  of  modular e q u i p m ~ n t  a r e  t he  most obvious. The b a s i c  

s t r u c t u r e  of t h i s  s e r i e s  of  equipmants i s  t h e  walking beam, which i s  used t o  

t r a n s f e r  t he  in t e rconnec t s  and t h e  c e l l s  through t h e  sequence of  ope ra t ions ,  

a l l  o f  which a r e  performed s i m ~ l t a n e o u s l y  a s  t h e  p a r t s  a r e  indexed through 

the  va r ious  s t a t i o n s .  (The term "walking beam" i s  used he re  t o  mean any o f  

s e v e r a l  methods f o r  indexing c e l l s  through the  work s t a t i o n s ) .  

The walking beam c i t e d  i n  Figure 11 and t y p i c a l  modular equipment i tems a r e  

shown p i c t o r i a l l y  i n  Figure 12. A schematic diagram of t h i s  process  i s  shown 

i n  Figure 13 a s  i t  would be s e t  up f o r  process  "C" o f  Group I11 opera t ions .  

A p a r t i a l  d e f i n i t i o n  o f  t h e  o p e r a t i o n a l  func t ions  of  the  modular u n i t s  is  

a l s o  noted,  a s  a r e  t h e  loca t ions  of  t h e  vacuum chucks used t o  t r a n s p o r t  c e l l s  

through t h e  system. It w i l l  be  ev iden t  t h a t  c a p a b i l i t y  f o r  rearrangement t o  

accommodate any of  - t he  processes  can be incorpora ted  i n  t h e  system design.  

Operat ions 10 through 110 descr ibed  i n  Group I11 a r e  a l l  capable  of  being 

configured a s  ind iv idua  1 plug-in equipment m d u l e s  . Reference t o  t h e  

candida te  processes  a s  shown on t h e  c h a r t  w i l l  i n d i c a t e  t h a t  n o t  a l l  o f  t h e  

modules need be developed. S imi l a r ly ,  a d d i t i o n a l  m d u l e s  may be r equ i r ed  

a s  f u r t h e r  eva lua t ion  i s  conducted. 
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In . the f i r s t  ope ra t ion ,  Number 10, t he  t i e s  t h a t  hold the  in t e rconnec t s  i n  

t h e  body of t h e  s t r i n g  a r e  separa ted  by a  punch and d i e  mounted i n  a  minia ture  

p re s s .  This i s  a  s tandard  ope ra t ion  except  f o r  i t s  smal l  s i z e  and conf igu ra t ion  

t o  'suit the  walking beam assembly. 

The equipment module of Operat ion 20, which would be used t o  joggle  t h e  N 

c o n t a c t s  on t h e  in t e rconnec t s ,  i s  e s s e n t i a l l y  t h e  same module a s  i n  Operat ion 

10, d i f f e r i n g  only  i n  t h e  d i e  con f igu ra t ion .  This ope ra t ion  would be used 

only i n  the  event  t h a t  t h e  in t e rconnec t  mn te r i a l  was th i ck ,  s t i f f ,  o r  very 

c l o s e l y  coupled between a d j a c e n t  c e l l s .  

The module f o r  Opera t i o n  30 would u t i l i z e  s tandard  commercial equipment wi th  

m ~ l t i p l e  d ispens ing  t i p s  t o  meet s p e c i f i c  q u a n t i t i e s  of  a  p a s t e  m a t e r i a l  a t  

a p p r o p r i a t e  l o c a t i o n s  on t h e  in t e rconnec t s  o r  on the  c e l l s .  This  m a t e r i a l  

would most l i k e l y  b e  s o l d e r  f l u x  o r  conduct ive p a s t e  a s  r equ i r ed  by t h e  

ope ra t ion .  In the  s i n g l e  s t r i n g  assembly four  d ispens ing  u n i t s  would be 

used s imultaneously.  Lockheed has been us ing  a s  many a s  e i g h t  t i p s  

s i m ~ l t a n e o u s  l y  i n  a  s i m i l a r  product ion opera t ion .  

Opera t ions  40, 50, and 60 a r e  a l l  concerned wi th  the  at tachment  of  t he  i n t e r -  

connect  t o  t h e  c e l l  su r f aces .  This  is, of  course,  t h e  most important  

o p e r a t i o n  of t h e  assembly sequence. In  t h e  d i f f e r e n t  ope ra t ions ,  w e  a r e  

concerned only wi th  t h e  sequence of  t h e  at tachmznt  s t e p s .  A number of  

cand ida t e  m t h o d s  were considered f o r  t h e s e  processes .  It i s  a n t i c i p a t e d  

t h a t  ref low s o l d e r  w i l l  be  t h e  technique used f o r  t he  t e r r e s t r i a l  c e l l s  of  

t h i s  program and s e v e r a l  cand ida t e  methods a r e  a v a i l a b l e .  But any of  t h e  

o t h e r  b a s i c  a t tachment  m2thods a r e  capable  o f  being mounted t o  t he  module 

and incorpora ted  i n t o  the  automatic  system. 

Operat ion 70, removing the  meta l  t ape  c a r r i e r  s t r i p ,  i s  e s s e n t i a l l y  t h e  same 

a s  Operation 10, t h e  d i f f e r e n c e  being only t h a t  i t  occurs  a t  a  d i f f e r e n t  

p o i n t  i n  the  ope ra t ion  sequence. 



Operat ion 80 i s  included only  i n  t he  event  t h a t  a  t ack  adhes ive  c a r r i e r  t ape  

i s  used t o  t r a n s p o r t  t h e  in t e rconnec t s .  This  i s  an  u n l i k e l y  ope ra t ion ,  

because of i t s  e x t r a  c o s t .  The equipment involved i s  p r imar i ly  a  take-up 

r e e l  with a t ens ion  c l u t c h .  

Operat ion 90 i s  used when a  c e l l  s t r i n g  assembly of  a p p r o p r i a t e  length  has 

been completed. The c o n t r o l l i n g  program has counted t h e  c e l l s  t h a t  have been 

processed through the  equipment and has skipped a  c e l l  a t  t he  p o i n t  o f  s t r i n g  

completion. This leaves  a n  opening where a  min ia tu re  p re s s  wi th  punch and d i e  

i s  f r e e  t o  make t h e  sepa ra t ion  and r e l e a s e  the  s t r i n g  from t h e  o t h e r  elements 

t h a t  a r e  s t i l l  remaining i n  the  walking beam assembly. 

Oper-ation 100 i s  the  l a s t  ope ra t ion  a s s o c i a t e d  w i t h  t h e  walking beam. A s  

t he  s t r i n g  assembly has been processed through previous  o p e r a t i o n s  i t  

p rog res s ive ly  m v e s  through vacuum chucks o f  t h e  assembly p ick-of f  device  

( r e f e r  t o  t h e  s c h e m t i c  of  t he  walking beam assembly, Figure 13) .  When t h e  

a p p r o p r i a t e  number of c e l l s  has  been mved  i n t o  t h e  assembly p ick-of f  device  

and the  s t r i n g  has been c u t  o f f  from t h e  r e m i n d e r  of  t h e  work p i eces ,  t h i s  

c e l l  s t r i n g  assembly i s  then ready f o r  removal t o  t h e  n e x t  opera t ion .  A s  

p r e s e n t l y  envisioned,  t he  top  s i d e  chucks hold ing  t h i s  assembly w i l l  r i s e  

a  s u f f i c i e n t  d i s t a n c e  t o  permit  t h e  chuck assembly t o  be r o t a t e d  180 deg., 

p r e sen t ing  t h i s  assembly w i t h  i t s  bottom s i d e  up f o r  t r a n s f e r  t o  t h e  n e x t  

ope ra t ion  by a  second and s i m i l a r  chuck assembly. 

Before proceeding t o  the module assembly l e v e l ,  i t  should be noted t h a t  i n  

a ser ies -connected  module, t h e  in t e rconnec t s  a t  t h e  ends o f  t h e  s t r i n g s  w i l l  

n e c e s s a r i l y  c r o s s  over  t o  j o in  wi th  t h e  end c e l l  o f  t h e  a d j a c e n t  s t r i n g s .  

In  t h e  Lockheed t e r r e s t r i a l  m d u l e ,  t he  s tandard  in t e rconnec t  i s  used and i s  

s e t  a t  a n  a n g l e  t o  nuke t h i s  c r o s s  connection. In accommodation of  t h i s  

requirement,  one a d d i t i o n a l  process  madule i s  requi red  t h a t  i s  no t  shown i n  

t t ~ e  sequeoct! of  the  Group I11 opera t ions .  It has been assumed i n  t he  previous 

d i scuss ion  t h a t  t he  c e l l s  have come t o  t h e  assembly ope ra t ion  a l r e a d y  o r i e n t e d  



o r  "clocked" so  t h a t .  t he  N c o n t a c t s  a r e  i n  p o s i t i o n  fox attachiiient t o '  t h e  

i n t e rconnec t s .  In  t h a t  event ,  our  a d d i t i o n a l  module would be brought  i n t o  

p lay  only when t h e  c o n t r o l l i n g  program had counted the  app ropr i a t e '  nxmber of  . 

c e l l s  and s igna led  t h a t  the  c e l l  then i n  t h e  m d u l e  s t a t i o r i  would-need t o  be 

r o t a t e d  t o  some ang le  o t h e r  than t h e  s tandard  s e t t i n g .  A t  t h a t  p o i n t  t h e  

t u r n t a b l e  l i f t s  t h e  c e l l  a  s u f f i c i e n t  d i s t a n c e  t o  c l e a r  3 t s  normal r e s t  

p o i n t s  and begins r o t a t i o n .  A p h o t o - r e f l e c t i v e  sensor  i s i ' b s e d  t o  'de' tect a n  

a p p r o p r i a t e  p o i n t  on t h e  g r i d  p a t t e r n  on t h e  upper s u r f a c e  .of t h e  c e l l .  This  

s i g n a l  i s  used a s  a  r e f e rence  p o i n t  t o  proper ly  p o s i t i o n  t h e q c e l l  so t h a t  

when i t  i s  a t t a c h e d  t o  t h e  second- l a s t  c e l l  i n  t h e  s t r i n g  i t s  i ,nterconnect  i s  

p roper ly  o r i e n t e d  f o r  rmting wi th  the  a d j a c e n t  s t r i n g .  ."In t he  event  t h a t  

none o f  t h e  c e l l s  have been proper ly  o r i e n t e d  p r i o r  t o  p re sen ta t fnn  f o r  

Group I11 ope ra t ions ,  a  s i m i l a r  c locking  device  i s  used a t ' t h e ' b e ' g i n n i n g  o f  

t h e  sequence t o  process  a l l  of t he  c e l l s  t h a t  pass  down t h i s  assembly l i n e .  

The f i n a l  o p e r a t i o n  i n  t h e  group i s  performed by equipment a t t a c h e d  t o  t he  

end of  the  walking beam, bu t  ope ra t ing  independent ly of  i t .  A number of  

s t r i n g  pick-off  chucks equal  t o  t h e  number of  c e l l  s t r i n g s  i n  t h e  assembly 

a r e  m u n t e d  i n  a n  overhead frame where. t h e i r  motion w y . b e  contro ' l led both 

i n  l a t e r a l  t r a v e l  and i n  r o t a t i o n  abou t  t h e  chuck v e r t i c a l  c e n t e r  l i n e .  This  

frame i s  pos i t i oned  ovcr  t he  chuck on S t a t i o n  100 of t h e  walking b'eam assembly 

and i s  capable o f  p re sen t ing  each of  t he  s e v e r a l  p ick-of f  chucks i n  sequence 

t o  t h e  t r a n s f e r  chuck o f  S t a t i o n  100. Since, i n  a  se r ies -connected  assembly, 

each a l t e r n a t e  c e l l  s t r i n g  assembly i s  reversed  i n  d i r e c t i o n ,  t h e  a p p r o p r i a t e  

p ick-of f  chucks a r e  a l s o  programned t o  r e v e r s e  ' t h e i r  p o s i t i o n  accord ingly .  

When a l l  t h e  chucks o f  S t a t i o n  110 have been f i l l e d , a n d  assembled a t  t h e  

end o f  t h e i r  c a r r i e r  frame, a l l  of  t h e  c e l l s  and t h e  i n t e r c o n n e c t s  of  t h e  

m d u l e  a r e  loca ted  p r e c i s e l y  i n  t he  assembly p o s i t i o n  ready f o r  c leaning ,  i f  

necessary,  o r  f o r  f i n a l  assembly. In t h i s  type  o f  assembly ope ra t ion ,  t he  

f i n a l  connect ion between c e l l  s t r i n g s  t o  cbTIIplete t h i s  s e r i e s  s t r i n g  c i r c u i t  

i s  nude a s  p a r t  o f  t h e  f i n a l  assembly process .  



The Group I V  o p e r a t i o n s  r e p r e s e n t  t h e  f i n a l  s t e p s  i n  t h e  comple t ion  o f  a  

module.. The g l a s s  f a c e  i s  assumed t o  be r e c e i v e d  from t h e  vendor ,  c u t  t o  

f i n a l  s i z e  and ready  f o r  assem5ly,  e x c e p t  f o r  f i n a l  c l e a n i n g .  S tandard  

equipment t o  wash, s c r u b  and d r y  g l a s s  p a n e l s  i s  a v a i l a b l e  and w i l l  be  

employed f o r  t h i s  o p e r a t i o n .  

A s  t h e  g l a s s  . l e a v e s  t h e  c l e a n i n g  o p e r a t i o n  0 n . a  conveyor i t  is  ready  f o r  

assembly t o  t h e  s o l a r  c e l l  m ~ ~ d u l e .  Adhesive may be  a p p l i e d  t o  t h e  g l a s s  a s  

shown on t h e .  c h a r t  o r ,  a l t e r n a t i v e l y ,  i t  m y  be  a p p l i e d  t o  t h e  i n d i v i d u a l  

s o l a r  c e l l s  by. i n d i v i d u a l  m z t e r i n g  d e v i c e s .  Th i s  second p r o c e s s  i s  p r e s e n t l y  

used an t h e  b a c k s i d e  o f  c e l l s  i n  c u r r e n t  LMSC m d u l e  assem1,ly. The mat ing 

o p e r a t i o n  .of m d u l e  c e l l s  t o  t h e  g l a s s  p a n e l  r e q u i r e s  ' p r e c i s e .  p o s i t i o n i n g  o f  

t h e  .g . lass  re.lat.i .ve t o  the ,  cel .1 .chucks and i n v o l v e s  a  . d e g a s s i n g  o p e r a t i o n  t o  

e l i m z n a f e  . . any bubb.1.e~ from t h e  g l a s s  c , e l l  i n t e r f a c e  upon bonding.  A s p e c i a l  

toq ' l  t o  *per.fo.r,m t h i s  operat , ion.  was d e v i s e d  by LMS.2 f o r  u s e  on t h e  t e r r e s t r i a l  . . .  

. wds,le ,progya.m: and a m a d i f i e a t i o n  o f  t h i s  p r o c e s s  c o u l d  b e  a p p l i c a b l e  i n  t h e  . . 
, p r o d u c t i o n  .o f , . th , i s .module  a.ssem5ly.';'; ' -  . ; .  . 

. .  : , , . : . *  . .  . 
. a ,  . '  : * . . . .  , 1 

This d i s c u s s i o n  o f  m d u l e  assembly msthods has  been.. de . l ibe , ra te ly  b r o a d ,  i n  

, scdpe .  . C < r t a i n  . g e n e r a l  d i r e c t i o n s  have been.  e s t a b l i s h e d !  and w i t h i n  t h i s  . .; 
, fram+work , a ,  lumber  . o f  . o p t i o n s  . a r e  i d e n t i f i e d . " . .  .The i n t e n s i t y  :of the .  c u r r e n t  

. ' .  researeh. .and, .  .developmgn t .  a c t , i v i t y  - i n  t , e r r e s  t r i a l  p h o t o v o l t a i c ,  a r r a y s  a r g u e s  
, ~. . \ 

s t r o n @ y  .. .. . ,, ;dor. :an. ,assep>l,y . :method which o f f e r s :  t h e  . g r e a t e s t  f l e x i b i l i t y  i n  

accomnodation o f  changing d e s i g n .  We c o n s i d e r  t h i s  a  n e c e s s a r y  a t t r i b u t e  
' i n  ;eclucdrkg.. the.  r i s k  of  prenutuve,  ~ o b s o ~ e s c e n c e  arid t h e r e f o r e  i t  assumes 

. . economic '~ impsr tance  a s  w e l l .  

. , L  . . . . 
' , .  .:. 

It has  g e n e r a l l y  been e s  tablishedb t ' h a t  : t h e  s i l i c o n  n u t e r i a l  and.  , t h e  c e l l  
I .  

p r o c e s s i n g  a r e  t h e  p r i n c i p a l  c o n t r i b u t o r s  t o  t h e . , c o s t  o f  a  nwdule . ,  The p r e s e n t  

emphasls . , .  :oa  de,veloprnental . . wark :,in . , t h e s e  a r e a s  f s we11 j u s t i f i e d .  C o r o l l a r y  

szasun ing  ,would  t end  8 to . 'del-a$,  comnitment t o  a  s p e c i f i c  assembly.  p r o c e s s  a s  
, '  

, l o n i  .?$ :po.s'sible. Th i s  p o s i t i o n  i s  r e i n f o r c e d  .by t h e  g e n e r a l l y  e x p r e s s e d  . . 



c o n f i d e n c e  o f  JPL c o n t r a c t o r s  t h a t  automated assemSly o f  t h e s e  a r r a y s  p r e s e n t s  

r e l a t i v e l y  minor problems and  t h a t  when automated,  t h i s  assem5ly t a s k  r e p r e s e n t s  

a  sml l  p o r t i o n  o f  t h e  o v e r a l l  c o s t .  While t h i s  i s  t r u e  when compared w i t h  

t h e  magnitude o f  t h e  problems i n h e r e n t  i n  r e d u c i n g  t h e  p r i n c i p a l  c o s t  i t e m s ,  

t h e  development o f  assemSly equipmznt i s  s t i l l  a major t a s k .  

P r e l i m i n a r y  c o s t  p r o j e c t i o n s  a s  o u t l i n e d  i n  t h e  m d u l e  development work 17 

r e f l e c t  a  h igh m d u l e  m t e r i a l  c o s t / w a t t  a t  t h e  1 megawatt l e v e l  ($ .45/wat t )  

assembly m a t e r i a l  e x c l f i s i v e  o f  c e l l s ) .  Though c o s t  p r o j e c t i o n s  i n t o  t h e  500 

mega,wa,tt r ange  would show f u r t h e r  m a t e r i a l  c o s t  r e d u c t i o n s ,  w2 do n o t  f e e l ,  

a t  t h i s  t ime, t h a t  t h e  r e d u c t i o n  would b e  s u f f i c i e n t l y  s i g n i f i c a n t  to m2et 

t h e  P r o j e c t  c o s t  g o a l s .  I n d i c a t i o n s  a r e  t h a t  major b r e a k t h r o u g h s  must y e t  

o c c u r  i n  t h e  assembly m t e r i a l  c a t e g o r i e s  ( e x c l u s i v e  o f  c e l l s )  f o r  g o a l  r e a l i z a -  

t i o n ,  p a r t i c u l a r l y  i n  t h e  a r e a s  o f  t h e  g l a s s  s u p e r s t r a t e  and aluminum framing.  

3.2 PROCESS VERIFICATION 

P r o g r e s s  on t h e  p r o c e s s  v e r i f i c a t i o n  phase  o f  t h e  work i s  d e l i n e a t e d  i n  t h e  

f o l l o w i n g  s u b s e c t i o n s  by p r o c e s s  sequence.  

3.2.1 S u r f a c e  T e x t u r i z i n g  Process  (This  work was performed a t  I n t e r n a t i o n a l  
K e c t i t i ~ r  hy ~ ~ ~ o l d  Welnstei~!) 

The c o n t r a c t  c e l l  p r o c e s s i n g  v e r i f i c a t i o n  phase  r e q u i r e s  t h e  u s e  and e v a l u a t i o n  

o f  a  t e x t u r i z i n g  p r o c e s s  u s i n g  sodium hydrox ide  based upon p r e l i m i n a r y  

c o n t r a c t  work performsd by a n o t h e r  c o n t r a c t o r .  The p r o c e s s  was s u p p l i e d  by 

JPL. 

The p r o c e s s  c a l l e d  f o r  a  " f l a s h "  e t c h  and  r i n s e ,  fo l lowed by s e q u e n t i a l  f i v e  

minu te  c l e a n i n g s  i n  h o t  t r i c h l o r o e t h a n e  and methanol,  r e s p e c t i v e l y .  T h i s  

p o r t i o n  a p p a r e n t l y  h a s  n o t  been i n c l u d e d  i n  t h e  i n i t i a l  SAMICS e v a l u a t i o n .  

A f t e r ,  some i n i t i a l  s e t  up problems, some m d i f i c a t i o n s  were  made on t h e  s e t  

up and p r o c e d u r a l  s t e p s .  The smll q u a n t i t i e s  o f  w a f e r s  p rocessed  t o  d a t e  

a p p e a r  a c c e p t a b l e .  



It  i s  a p p a r e n t  from t h i s  t e x t u r i z i n g  work, however, t h a t  t h e  p r o c e s s  as 

o u t l i n e d  i s  h i g h l y  dependent  upon t h e  wafe r  load ing .  Large b a t c h  q u a n t i t i e s  

v s .  small q u a n t i t i e s  a f f e c t  t h e  e t c h  r a t e  due t o  i n c r e a s e d  h e a t i n g  o f  t h e  

NaOH s o l u t i o n  caused by t h e  i n c r e a s e d  chemica l  r e a c t i o n  o f  t h e  l a r g e r  b a t c h  

s i z e s .  It would a p p e a r  t h a t  t h i s  c h a r a c t e r i s t i c  shou ld  be  b e t t e r  d e f i n e d  t o  

o b t a i n  c o n s i s t e n t  r e s u l t s .  

It i s  f e l t  t h a t  t h e  f l a s h  e t c h  s t e p  cou ld  be  e l i m i n a t e d ,  o r  a t  l e a s t  shou ld  

b e  mDre c l o s e l y  r e l a t e d  t o  t h e  method o f  i n g o t  sawing, which a f f e c t s  t h e  d a m g e d  

layeq-s and amount o f  s i l i c o n  t o  be  r e m v e d .  ~ e l e v a n ' t  c o s t  f a c t o r s  a s s o c i a t e d  

w i t h  f l a s h  e t c h i n g  cou ld  b e  s i g n i f i c a n t  i n  t h e  o v e r a l l  economies. It i s  o u r  

g e n e r a l  o p i n i o n  t h a t  it i s  d e s i r a b l e  t o  f u r t h e r  improve t h e  t o t a l  t e x t u r i z i n g  

p r o c e s s  ( " f l a s h "  e t c h  i n c l u d e d )  t o  deve lop  a  m r e  c o s t  and performance 

e f f e c t i v e  . p r o c e s s .  

Due t o  t h e  t ime and c o s t  invo lved  i n  r e p e a t e d  p r o c e s s  checks  by SEM a n a l y s i s ,  

r e q u i r e d  f o r  c o n t r o l  o f  t h i s  p r o c e s s ,  an  o n - l i n e  t e s t e r  has  been c o n s t r u c t e d .  

Th is  i n s t r u m e n t  was c o n s t r u c t e d  a s  a q u i c k  r e f e r e n c e  t o  check t h e  r e f l e c t a n c e  

o f  t h e  t e x t u r i z e d  s u r f a c e s  b e i n g  produced, and i s  expec ted  t o  b e  u s e f u l  

r e g a r d l e s s  o f  t h e  t e x t u r i z i n g  p r o c e s s  used.  It c o n s i s t s  o f  d i r e c t i n g  l i g h t  

from a l i g h t  tower through a  h o l e  i n  a b l a c k  box, a t  normal  i n c i d e n c e ,  t o  t h e  

s u r f a c e  o f  t h e  s i l i c o n  wafe r  b e i n g  m12asured. L i g h t  from t h e  i r r a d i a t e d  

s u r f a c e  i s  r e f l e c t e d  t o  s i l i c o n  p h o t o c e l l s  m u n t e d  on t h e  under  s u r f a c e  o f  t h e  

"black box" top ,  a d j a c e n t  t o  t h e  l i g h t  e n t r a n c e  h o l e .  S h o r t  c i r c u i t  c u r r e n t  

measurements n f  t h e s e  p h o t o d c t c c t o r s  g i v e  r e l a t i v e  r e f l e c t a n c e  v a l u e s .  A 

semi-po l i shed  c h e m i c a l l y  e t c h e d  wafe r  s u r f a c e  e x h i b i t e d  approx imate ly  4 t imes  

t h e  r e f l e c t a n c e  o f  t h e  NaOH e t c h e d  g roups .  Time has  n o t  p e r m i t t e d  extended 

t e s t s ;  however, i t  i s  planned t o  make t h i s  k i n d  o f  i n - p r o c e s s  t e s t i n g  

( r e f l e c t a n c e )  a  r e g u l a r  f e a t u r e  f o r  Q. A .  c o n t r o l  o f  t e x t u r e  e t c h e d  s u r f a c e s  

and  t o  s e r v e  a s  an  a d j u n c t  t o  o t h e r  g e n e r a l l y  employed c r i t e r i a  such  as SEM 

ans l .ys i s .  In a d d i t i o n  i t  i s  a n t i c i p a t e d  t h a t  t h i s  r e f l e c t a n c e  measurement 

mzy later b e  u t i l i z e d  a s  a  mzans f o r  s c r e e n i n g / c a t e g o r i z i n g  c e l l s  f o r  l a s e r  

a n n e a l ,  where t h e  r e f l e c t a n c e  may i n f l u e n c e  power s e t t i n g s  on t h e  l a s e r .  



3.2,2 Ion Implantat ion 

The LMSC c o n t r a c t  requirement  f o r  ion implanta t ion  i s  l imi t ed  t o  process  

v e r i f i c a t i o n  of  t h e  technology which has been developed by o t h e r  c o n t r a c t o r s ,  

w i th  such m ~ d i f i c a t i o n s  a s  a r e  requi red  t o  implement t h e  process  and determine 

f e a s i b i l i t y  of  the  subsequent process  o f  l a s e r  annea l ing  of  implant  damage. 

One of t he  g r e a t e s t  dev ia t ions  from the  accepted "standard" s o l a r  c e l l  

implant  i s  t h e  i n i t i a l  implanta t ion  range. Since i t  i s  a n t i c i p a t e d  t h a t  very 

l i t t l e ,  i f  any, junc t ion  m~vement ) ( d i f f u s i o n / r e d i s  t r i b u t i o n )  w i l l  occur 

dur ing  l a s e r  annea l ,  r e l a t i v e l y  h igher  a c c e l e r a t i o n  vo l t ages  were used (LOO- 

150 KeV a t  LMSC, and 50-75 KeV a t  I K )  than i s  commn (20-50 KeV) f o r  s o l a r  

c e l l  implanta t ion .  The reason f o r  t a rge t ing18)  f o r  t he  deeper implant of  

0 . 8 ~  t o  . 2 3 ~  i s  t o  minimize junc t ion  s h o r t i n g  due  t o  s i n t e r i n g  of  t h e  mc ta l l i za -  

t i o n  g r i d  f o r  t h e  i n i t i a l  c e l l  eva lua t ion .  Fur ther  work w i l l  be done i n  t h e  

f u t u r e  t o  opt imize  (reduce)  t he  junc t ion  depth vs.  m e t a l l i z a t i o n  s i n t e r i n g  

t o  enhance t h e  c e l l  s h o r t  wavelength response. Control  wafers  u s ing  the  

s tandard  lower a c c e l e r a t i o n  vo l t ages  f o r  ion  implanta t ion  a r e  be ing  processed 

t o  a c t  a s  c o n t r o l s  f o r  eva lua t ion  of t he  l a s e r  annea l  samples. Pre-anneal  

and pos t -annea l  j unc t ion  depth w i l l  be  v e r i f i e d  by SIMS a n a l y s i s .  None of the  

t e s t  samples were implanted wi th  boron on the  back s i n c e  a l l  w i l l  be destroyed 

during junc t ion  eva lua t ion .  Resul t s  from these  t e s t s  w i l l  be  a v a i l a b l e  i n  

the  next r e p o r t i n g  per iod  a lvng  wi th  r e l a t i v e  junc t ion  mvement d a t a .  

1. 

Prototype meta l  masks f o r  edge shadowing dur ing  ion implanta t ion  i n  t h e  LMSC 

Accelera t ion  MP-400 have been f a b r i c a t e d  t o  form p lana r  j unc t ions ,  and removes 

t h e  need t o r  subsequene edge e t ch .  

Runs a r e  p r e s e n t l y  i n  progress  a t  I R  u s ing  the  Entrion-200 t o  implant  3 1 ~  

a t  50 and 75 KeV a t  a  f l uence  of  1 x 1015 ions l cc .  These a r e  t o  b e  used f o r  

l a s e r  annea l ing  and c e l l  processing.  LSS Range S t a t i s t i c s  i n d i c a t e  a  

p ro j ec t ed  range f o r  50 KeV 3 1 ~  implants  of  .079Sp. In view of  t he  r e l a t i v e  

absence of app rec i ab le  impuri ty  r e - d i s t r i b u t i o n  of  l a s e r  annealed implants ,  



t h i s  doping impuri ty  pene t r a t ion  has been considered minimal f o r  t h i s  

i n v e s t i g a t i o n ,  a s  compared t o  normal implanta t ion  process ing  of  25 KeV 

accompanied by furnace annea l ing .  Paramzters recorded t o  d a t e  a r e  shown i n  

Table 1. 

Table 1 

Parameters of Ion Implanted Wafer Runs 

PARAMETE RS 

Species  

15 
Ion Fluence ( 1  x 10 ) 

I Voltage (KeV) 

I Beam Current  (pa) 

V / I  ( annea l )  

Held f o r  l a s e r  an 

A furnace annea l  i n  n i t rogen  was performed a t  9 0 0 ' ~  f o r  15 minutes on samples 

I R - 1  and IR-4 and a t  1 0 0 0 ' ~  f o r  30 minutes on samples IR-2 and IR-5. The 

9 0 0 ' ~  - 15 min. annea l  i s  considered comparable, a l though s l i g h t l y  high, t o  

a  normal ' s o l a r  c e l l  d i f fu s ion - t ime  cyc le .  The 1 0 0 0 ° ~  - 30 min. annea l  i s  

RUNS (IR) 

considered a  gene ra l ly  e f f e c e i v e  process  f o r  100% ion a c t i v a t i o n  f o r  (100) 

o r i e n t e d  s i l i c o n .  

Surface r e s i s t i v i t y  (v/I) measurements were made on the  furnace annealed 

I R - 1  

3 1 ~  

1. 

50. 

50. 

15.5 

t e s t  wafers  and compared t o  a  s tandard  d i f fused  s o l a r  c e l l  (~ /1=12) .  As 

shown i n  Table 1, the  t e s t  wafer readings  ranged from 10.9 t o  19.0 comparing 

ea 1 

IR-2 

3 1 ~  

1. 

50. 

50. 

17.0 

favorably  wi th  t h e  s tandard  s o l a r  c e l l .  A l l  measurements were made us ing  a 

s tandard  4  po in t  probe. 

IR-3 

3 1 ~  

1. 

50. 

50. 

(1) 

IR-5 

3 1 ~  

1. 

75. 

50. 

19. 

' IR-4 

3 1 ~  

1. 

75. 

50. 

10.9 

IR-6 

l P  

1. 

75. 

50. 

(1) 



Laser Annealing 

I n i t i a l  work was conducted i n  t h e  de te rmina t ion  of s u i t a b l e  l a s e r s  t o  per form 

t h i s  ope ra t ion .  As r epor t ed  i n  Sec t ion  3.1.3, t he  m s t  promising candida tes  

c o n s i s t  o f  Argon, Ruby o r  YAG l a s e r s  w i th  wavelengths of  .5 pm, -694 pm and 

1.06 pm, r e s p e c t i v e l y .  Q-switched ruby l a s e r s  capable  o f  d e l i v e r i n g  approx- 

i m t e l y  15 jou le s  of  energy a r e  manufadtured by Apollo Lasers ,  Los Angeles, 

CA, Hadron, Inc.,  Korad Div is ion ,  Santa Monica, CA, and Holobeam Laser,  Inc.,  

Orlando, F lo r ida .  These companies were contac ted  and. program requirements  

reviewed. Cpnsiderable  i n t e r e s t ,  wi th  firomise uL  i u l l  cobpera t ion ,  f o r  t h i s  

s tudy  was given by Korad M a n a g e m ? n t / ~ n ~ i n e , e r i n ~  personnel .  Korad has twu 

ruby l a s e r s ,  t h e  K2 and K1500, which appear  t o  be w e l l  s u i t e d  f o r  t h e  

p a r t i c u l a r  requirements  of  l a s e r  anneal ing.  These l a s e r s  w i l l  be a v a i l a b l e  

t o  L-"ISC/IR f o r  eva lua t ion  a t  t he  Korad a p p l i c a t i o n  labora tory .  In  a d d i t i o n ,  

t h e  f a c i l i t i e s  o f  HDE Systems, Inc.,  Mountain View, CA w i l l  be u t i l i z e d  t o  

eva lua t e  15 .and '50 jou le  Sylvania  and Raytheon YAG las 'ers,  r e s p e c t i v e l y .  

Data has been obta ined  from D r .  J. I?. Gibbons, Professor ,  S tanford  E l e c t r o n i c s  

, Lab., r e l a t i v e  t o  h i s  u t i l i z a t i o n  of a  Spec t ra  physics  Argon L3ser f o r  

annea l ing  of  100 KeV a r s e n i c  implants  i n  s i l i c o n .  Add i t iona l  i n f o r m t i o n  on 

h igh  powered Argon l a s e r s  from Spect ra  Physics a n d , C o h e r e n t . k d i a t i o n  i s  

f o r  tkcoming . 
I 

3.2.4 Screen P r i n t i n g  

A c t i v i t y  dur ing  t h i s  r e p o r t i n g  per iod  was l i m i t e d  t o  t h e  making of  s c reens  

us ing  a  320 mes.h f o r  2  and 3 inch  d iameter  c e l l s .  The f r o n t  c o n t a c t  , p a t t e r n  

s e l e c t e d  i s  s i m i l a r  t o  t h a t  of  c e l l s  used by Lockheed i n  prev ious  f a b r i c a t i o n  

o f  panels .  The p a t t e r n  was so  s e l e c t e d  t o  conform t o  t h e  e x i s t i n g  Lockheed 

Module Assembly System. These sc reens  a r e  now on hand. Other work i s  under- 

way in  t h e  redes ign  of  t he  f r o n t  c o n t a c t  p a t t e r n  t o  i n c r e a s e  t h e  a c t i v e  

photo a r e a  t o  g r e a t e r  than 90%. 



S i l v e r  pas tes  t o  be used i n  the  fabr ica t ion  of c e l l s  f o r  our inves t iga t ion  

c o n s i s t  o f :  DuPont 7095 and 4021, Ag and Ag-A1 paste,  respect ively;  Owens- 

I l l i n o i s  6105, 6109 and 6150, Ag, Ag-A1 and A l ,  respect ively .  

3.2.5 AR Spray Coating 

The Zicon Autocoater has been i n s t a l l e d  i n  the  Manufacturing Research 

Elect ronics  Technology Lab wi th  exhaust, e l e c t r i c a l  and plumbing hook-ups 

completed. Only t h e  spray booth module was f u l l y  hooked up, and should be 

adequate t o  f u l f i l l  the  requirements of  t h i s  contrac t .  Figure 14 shows the  

u n i t  a s  i n s t a l l e d .  The spray gun i s  mounted overhead wi th in  the  spray 

chamber, with the  spray d i rec ted  v e r i t i c a l l y .  The spray gun can be automati- 

c a l l y  t raversed over a pa t t e rn  of approximately 17" x 22", with a t r averse  

speed of  -20 inches per second, continuously adjus table .  

Contacts by I R  with Dow Coming, Midland, Michigan, has revealed the  a v a i l -  

a b i l i t y  of a new coat ing mate r i a l  known a s  ARC, which perhaps can be used as 

a c a r r i e r  and binder f o r  Ta 0 coatings.  Dow developed the  ARC coat ing f o r  2 5 
i t s  high abras ion res i s t ance  p roper t i e s  and when cured, forms a SiOp matrix 

s t r u c t u r e  which can be appl ied  by t h e  Zicon Spray Goater. Samples of s i l i c o n  

photocells  (supplied by I.R.) have been coated by Dow Corning wi th  the  ARC 
2 - 

f i l m  (without Ta205) and a r e  t o  a r r i v e  in the  e a r l y  p a r t  of February f o r  

evaluation.  
8 

It has been considered t h a t  wi'th a , ~ u p e r i o r  and r e l i a b l y  reproducible 

textur ized surface,  a r e l a t i v e l y  thfck,  c l e a r  d i e l e c t r i c  f i h ,  i f  cos t -  

e f fec t ive ,  might be s u i t a b l e  as a t o t a l  system, It is wi th  .this i n  mind, 

t h a t  the  inves t iga t ion  with the  DDW Corning ARC tnrrterfal becomes doubly 

in te res t ing .  The presence o f  small  amounts of  sodium (as a s i l i c a t e )  i n  t h i s  

mater ia l ,  though it is  i n  a s t a b i l i z e d  chemical s t r u c t u r e ,  m y  become a 

p o t e n t i a l  problem. This w i l l  be considered and h v e s t i g q t e d .  Dow Coming 

has s t a t e d  t h a t  the  bas ic  chemistry of  t h i s  system can be modified t o  

e l iminate  the  sodium, i f  it becomes necessa,ry. 





Contacts  have been nude wi th  Emulsitone Company and A l l i e d  Chemical regard ing  

supplying t h e  d e s i r e d  Ta205 coa t ing  m a t e r i a l  i n  l i q u i d  form. 

A one pound q u a n t i t y  of  Ta 0 o p t i c a l  g rade  powder was ordered from Atomergic 
2 5 

Chemicals Corporat ion.  This  w i l l  be  eva lua ted  f o r  a p p l i c a t i o n  i n  the  spray  

c o a t i n g  . 



Sect ion  4 

CONCLUS IONS 

4 .1  Texture e t c h i n g  u t i l i z i n g  a  " f lash-e tch"  s t e p  t o  r e m v e  saw 

damage, followed by a  10% NaOH s o l u t i o n  produces accep tab ly  

etched wafers .  However, t he  c o s t - e f f e c t i v i t y  of t he  f l a s h  

e t ch ing  s t e p  i s  i n  ques t ion .  

4.2 Candidate methods f o r  improving ion  implanta t ion  throughput,  a s  an 

ad junc t  t o  increased  beam c u r r e n t  implant machine des ign ,  inc lude :  

dua l  beam d e f l e c t i o n ,  expanded c a r r o u s e l  system us ing  m u l t i p l e  

vacuum chambers, and increased  i n t e r l o c k  s t a t i o n s  and vacuum 

chambers used i n  conjunct ion  wi th  the  Varian-Extr ion Wayflow 

Sys tem. 

4.3 Lasers  m s t  s u i t a b l e  f o r  l a s e r  annea l ing  a r e  Argon, Ruby and YAG 

wi th  wavelengths of .5 pm, .694 pm and 1.06 pm, r e spec t ive ly .  

4.4 S i i v e r  p a s t e  m t e r i a l  c o s t s  f o r  sc reen  p r i n t e d  c o n t a c t s  w i l l  n o t  

m?et t he  p r o j e c t  c o s t  o b j e c t i v e s  un le s s  techniques a r e  developed 

which reduce t h e  amounts u t i l i z e d .  A l t e r n a t e  n u t e r i a l s  and 

processes  could c o n t r i b u t e  s i g n i f i c a n t l y .  

4.5 Module assemSly m t e r i a l  c o s t s  based on high t ransmiss ion  g l a s s  

supers  t r a  t e s  and aluminum framing must be reduced s i g n i f i c a n t l y  

i n  nrdrr t n  meet t he  P r o j e c t  c o s t  s b j e e t i v a c .  



REFERENCES 

1. "Anisotropic Etching of S i l i c o n  by Gas Plas,mz", H. Kinoshi ta  and 

K O  J inno,  Toshika R&D Center ,  Tokyo Shibaura E l e c t r o n i c s ,  LTD, 

Applied Physics Notes, November 1976. 

2. "A Laser Scanning Apparatus f o r  Annealing of Ion Implantat ion Damage 

i n  Semiconductors", A. G a t ,  J. F. Gibbons. 

3 .  "Physical and E l e c t r i c a l  P rope r t i e s  of  Laser-Annealed Ion-Implanted 

Si l icon",  A. Gat, J. F. Gibbons, T. J. Magee, J. Peng, V. R. Del ine,  

P. Williams, C. A, Evans, Jr. 

4. "Di s t r ibu t ion  of an  Implanted Impurity i n  S i l i c o n  Af t e r  Lsser  

Annealing", A. Kh. Antonenko, N. N. ,  Gerasimenko, A. V. Dvurechenskii ,  

L. S. Smirnov, G. M. T s e i t l i n - I n s t i t u t e  of  Semiconductor Physics,  

S ibe r i an  Branch, Academy of  Sciences of  t he  U.S.S.R, Novosibirsk. 

5. "Laser Annealing of  Implanted S i l icon" ,  D. G. Kutukova, L. N. S t r e l t s o v ,  

I. V. Kurchato-J I n s t i t u t e  of Atomic Energy Moscow. 

6. "Laser Annealing of Defects  Responsible f o r  Add i t iona l  O p t i c a l  

Absorption i n  Ion - I r r ad ia t ed  Gall im Arsenide", V. V. Bolotov, 

N. B. Pr idachin ,  Lo S. Smirnov, I n s t i t u t e  of Semiconductor Physics ,  

S ibe r i an  Branch, Academy of Sciences o f  t he  U; S . S .R., Novosibirsk. 

7. "Annealing of Implanted Layers by a Scanning Laser Beam", G. A. Kachurin, 

E. V. Nidaev, A. V. Knodyachikh, L. A. Kovaleva, I n s t i t u t e  of  Semi- 

conductor Physics,  S ibe r i an  Branch, Academy of  Sciences of t he  U.S.S.R., 

Novosibirsk. 



REFERENCES (Cont . ) 

8. "Annealing o f  R a d i a t i o n  D e f e c t s  by Laser  R a d i a t i o n  Pulses" ,  G.. A. 

Kachurin,  N. B. P r i d a c h i n ,  L. S. Smirnov, I n s t i t u t e  o f  Semiconductor 

Phys ics ,  S i b e r i a n  Branch, Academy of S c i e n c e s  o f  t h e  U.S.S.R., 

Novos ib i r sk .  

9. "Local Lase r  Anneal ing o f  I m p l a n t a t i o n  Doped S e m i c o n d ~ ~ c t o r  Layers",  

E. K. Shtyrkov,  I. B, K h a i b u l l i n ,  M. M. Zar ipov ,  M. F. Galyatudinov,  

K. M. Bayazl CUV-Kazan P h y s l o t e c h n l c a f  Inseicuee. 

10, E l e c t r o n i c  Packaging and  P r o d u c t i o n ,  Sep t .  1977, "Thick-Film 

s c r e e n  P r i n t i n g  Equipnkn t Survey", by Donald Ramey . 

11. Thick Fi lm Technology, LWC P u b l i c a t i o n  No. #462946, Dec. 1975, 

by L. J. Boccia  and  W. W. Weintz,  Jr. 

12. F l i p  Chip At tachment  and M u l t i l a y e r  Thick F i l m  Techniques,  LMSC 

~ u b l i c a t i o n  No. D056429, Dec. 1974, by L. 'J. Boccia.  

13. Motorola ,  Inc .  Annual Repor t ,  PH 1, Automated Array As'sembl'y Task, 

JPL C o n t r a c t  954363, Feb. 1977. 

14. RCA Annual Report ,  PH 1, Automated Array  Assembly Task , .  JPL 

C o n t r a c t  954352. 

15.  T e x a s ' I n s t r u m e n t s  Annual Report ,  Automated Array  ~ s s e m b l ~  Task, 

PH 1, JPL C o n t r a c t  954405, March 1977. 

16. RCA Quarrerfy ~ e p s r r  S', ' A u e o m t e d  Array Assembly, J$L C o n t r a c t  

'954352, Oc tober  1977. 



REFERENCES (CONT) 

17. LYSC F i n a l  Report ,  "Transparent  S u p e r s t r a t e  T e r r e s t r i a l  S o l a r  C e l l  

Module", JPL C o n t r a c t  954603, Oc tober  1977. 

18. LSS Range S t a t i s t i c s  f o r  Phosphorus i n  S i l i c o n  



PROZR4M PLiN STATUS 

. . .  . .  - :. . . , . . . .  ....... : . .  . . .  . , I '  
-. .r ' . ; 

.: :- i :.. . . . . . . . . . .  - .  3 

. . . . .  .... . . .  . '  ! - ,i ,, , : 

Progress  t o  d a t e  i s  shown '.in 'the' fof iowing Prbgram ~ ' l a n  Chart. 



PRIGRAM PLAN Page 1 o f  3 
M O D E L  

ISSUE NO. 

P R E P A R E D  B Y :  

M. Lopez 
A P P R O V E D  B Y :  

D A T E  

12-6-77 
D A T E  

P L A N  

R E F E R E N C E  

CDRL I t em 2 (a) 

T I T L E  

PH 2 ,  AUTOMATED ARRAY ASSEMBLY - C o n t r a c t  954898 



PROGRAM PLAN Page 2 of 3 

1978 

Cn 
.P 

MODEL 

ISSUE NO. 

conmatibi litv 

5.0 VERIFICATION PERERMANCE 
-- 

a. Fab cells usicz processes 
verified/de~el3~ed 

b. Fab 2 - 41 cell modules 
( N C  design) 

I 

PREPARED B Y :  

M. Lopez 
A P P R O V E D  B Y :  

D A T E  

12-6-77 
D A T E  

P L I N  

REFERENCE 

CDRL I ~ e m  2(a) 

v 

T I - L E  

PH 2, AUTOMATED ARRAY ASSEMBLY - Contract 954898 

I 

, 

I - 
1 

I 

1 I I 



PROGRAM PLAN 
P a g e  3 of  3 - 

MODEL 

ISSUE NO. 

P L A N  

REFERENCE 

CDRL I t e m 2  (a) 

T I T L E  

PH 2,  AU'IDMATED ARRAY ASSEMBLY - C o n t r a c t  954898 

P R E P A R E D  B Y :  

M. L o p e z  
A P P R O V E 0  B Y :  

D A T E  

12-6-77 
D A T E  




