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A process sequence.for manufacturing s i l i c o n  s o l a r  c e l l  modules ,was chosen 

f o r  deta i led study. Th is  sequence, when automated, i s expected t o  be..capab l e o f  

mass producing modules comb;in,ing' h igh  e f f i c i e n c y ;  I bw'cost;  h igh  re l . iab i  I. i t y ,  

and minimal consumed mate r ia l s  and .waste disposal ; .Speci f ic'.steps:are:.: . 

. . 1 ; P l asma etch ' o f  s i l 

. .. .. ' . . '. . 2. Apply wax e tch  stop (one 's  ide)  . .. : . ..:. . .. ' . .. , : 

. . . . . . . . , . , 3. .Texture etch; remjve 'etch stop . . 

. .. . . . . ' .,. . . .  4 .  S i  I i c o n  n i t r i d e  depos i t ion  (vacuum'.CVD) . . ' 

5 .  - Form metal l i z a t i o n  pa t te rn  i n t  S i,3N4 (contac t  masked p l'asma --etch 1 

, .. . 
6. ' Ion implant back;,surface f ie1.d reg ion '  

. . . : .  . . . : ;- '7. Ion implant P-N' junct ion 

8. Therma'l anneal o f  i'mplant damage 

. . .  . . .  9 ; .  P l a t e  metal ( f r o n t  and'back);. so lder  coat. ' 

. . .  . 0 :  Test c e l  l s; . i n te rconnec t  . 
. . 

' . .  . .  . 1 1 .  Encapsulate . ' . .  . 

A wax wh ic t i  appears t o '  d i  sp:l.ay. a 1 1 ?he"'characte'ri s t i c s .  neces'sar'y ' . fo r  use 

as an e tch  stop has been se.l'ected and ?-es..ted. Pl'a'sma .etching o f  si'l--icon, .and 

contalt-masked p l isma e tch  i nd o f  s i l icon n i t ri.de, have been shown t o  be . f &as i b l e .  

Compatab i I i t y  o f  -simul taneous . f ro ,n t  'and back p la ted  metal I i za t i an  w i f h  t h i s  . 
. 

process sequence' has. been shown .' 'Ion imp l a n t a t  roh s tud ies  have been delayed 

due t o  a i ong'er-than-anti'c i pated equ i pment i ns ta  I I af' ion" t i me. SAMICS':data: a re  . 

. . .  
t .  

. .  . . . ,  
. . .  - . .  

presented ':i n .  a separate report.. . .. 

. . . . . . . .  .;. . . . . 



2.0 l NTRODUCT I  ON 

There i s  a h igh  p r o b a b i l i t y  t h a t  f l a t  p l a t e  s o l a r  photovoltaic~modu' les 

w i  l l become a ma jo rsource  o f  e l e c t r i c 1  t y  generat ion throughout most o f  t he  

world, and t h a t  t h e . s i l i c o n  so la r  c e l l  w i l l  be t h e  .preferred generat ing element. 

In  .order to , .p rov lde  a r e a l i s t i c  framework on whlch t o  b u i l d  an e f f e c t i v e  program 

o f  R8D and demonstration f o r  s i . l i con s o l a r  c e l l  modules, a ser ies  o f  ob jec t ives  

has been .establ ished t o  lead t o  a 1986 goal o f  50C/peak watt .  A t  t h i s  p r i ce ,  

solar-generated e l e c t r i c i t y  w i l l  be ab le  t o  compete w i t h  e l e c t r i c  power generated 

by any o the r  means, provided the  s o l a r  c e l l  modules are  s u f f i c i e n t l y  r e l i a b l e  

(e.g., have a mean l l f e  o f  20 years) .  

To reach t h e  1986 JPL goal w i l l  r equ i re  several advancements: I )  a  cheaper 

I 

source o f  p u r e ' s i l i c o n ,  2) a much more economical way o f  t ransforming the  source 

of s i l i c o n  i n t o  large, t h i n ,  ( e s s e n t i a l l y )  s l n g l e  c r y s t a l  substrates having a 

c o n t r o l  l  ed geometry, 3 )  an economl ca I ,  large module package t h a t  w i l  l pro tec t  

t h e  interconnected s o l a r  c e l l s  I t  conta ins f o r  a t  leas t  20 years from degradation 

caused by exposure t o  t h e  weather, 4 )  an automated process sequence t h a t  produces 

h igh  e f f i c i ency ,  r e l i a b l e ,  cheap s o l a r  c e l l s ,  t e s t s  them, interconnects them, and 

encapsulates them, and 5) a la rge market, o f  t h e  order  of 500 Mw/year. 

When t h e  JPL/ERDA LSSA P r o j e c t  s tar ted ,  t h e  Motorola Solar Energy R8D 

Department p a r t i c i p a t e d  i n  t h e  Phase I  o f  t h e  Automated Array Ass& l y  Task. TI.e 

Phase I  study i d e n t i f i e d  a few p o t e n t i a l l y  powerful process sequences f o r  s l l i c o n  

s o l a r  c e l l  production, and exper imental ly  v e r i f i e d  the  o v e r a l l  consistency o f  t h e  

process sequence. I t  concluded t h a t  no basic technological  innovations were 

necessary f o r  s o l a r  c e l l  f a b r i c a t i o n  o r  encapsulat ion i n  order  t o  meet t h e  long 

range LSSA Pro jec t  goals. Deta i led  economic analyses were performed, based on 

today 's  technologies, and showed t h a t  it should be poss ib le  t o  meet t h e  JPL cost  



pro jec t i ons  f o r  s o l a r  panels. 

The ove ra l l  concluslon o f  t h e  Array Automated Assembly Task, Phase I ,  

was one o f  caut ious optimism.' The present program, f o r  Phase 2, has as, i t s  

o b j e c t i v e  t h e  f u r t h e r  development o f  s p e c i f i c  process steps ( i n  a spec i f ied ,  

powerful process sequence) leading t o  a completely s p e c i f i e d  s o l a r  c e l l  (and 

module) product ion process sequence. Th is  sequence must be capable o f  a h igh  

degree o f  automat ion and c o n t r o l .  A de ta i  led economl c ana 1,ysis i s  a major p a r t  

of t h e  program,to ensure t h a t  t h e  most c o s t - e f f e c t i v e  approach i s  taken. 



3.0 TECHN l  CAL D l SCUSS l ON 

An advanced process sequence f o r  manufactur ing s i l i c o n  s o l a r  c e l l  modules 

I s  being developed. This  process i s  expected tp be capable o f  producing c e l l s  

w i t h  t h e  h lghest  c o s t - e f f e c t i v e  e f f i c i e n c y  poss ib le  from any g i v e n . q u a l i t y  o f  

s t a r t i n g  ma te r ia l .  I t  has been concluded t h a t  maximum cos t -e f fec t iveness  i s  

enhanced when a  mlnlmum o f  ma te r i a l s  i s  consumed I n  t h e  process sequence. As 

a  r e s u l t ,  emphasis I s  placed on t h e  min imiza t ion  o f  consumed m a t e r i a l s  du r ing  

t h e  development o f  t h i s  process sequence. The two fac tors ,  h igh  c e l l  e f f i c i e n c y  

and min lmiza t lon  o f  consumed mater ia ls ,  a r e  cons i s tan t  w i t h  t h e  t h i r d  goal o f  

h igh  process y i e l d s  achieved through wel l -def ined process c o n t r o l s .  

The t r u e  cost  e f fec t i veness  of  anv product i s  r e f l e c t e d  i n  I t s  serv iceable l i f e ,  

no t  j u s t  I n  i t s  i n i t i a l  cost,. Accordingly,  a t t e n t i o n  w i l l  be concentrated. on 

t h e  r e l i a b i l i t y  o f t h e  product manufactured by t h i s  process sequence. The goal 

i s  t o  maximize cos t  e f fec t i veness  through maximizat ion o f  module ope ra t i ng  l i f e .  

3.1 THE PROCESS SEQUENCE 

The speci f i c  process sequence i s  o u t  l i ned be low: 

I .  Etch s t a r t i n g  ma te r ia l  

a. Cz t o  remove saw damage 

b. Sheet, as-grown, t o  remove sur face layer*  

2. Apply e tch  stop - one s ide  

3. Texture e tch  and remove e tch  stop 

4.  Chemical vapor depos i t ion  o f  s i l i c o n  n i t r i d e  

5. Form m e t a l l i z a t i o n  p a t t e r n  i n  s l l i c o n  n i t r i d e  

6. Ion implant back sur face f i e l d  region-  (High-low j u n c t i o n )  

7 .  ion implant f r o n t  p-n j u n c t i o n  



8. A c t i v a t i o n  anneal of implant 
. . .  . . 

9. P l a t e  metal,and so lder  coat  

10. Ce l l  t e s t  an'd so lder  re f l ow  interconnect  

I I .  Encapsulate 

* (Th is  may not  be necessary w i t h  sheet produced by some 
. . 

processes. 1 
, . 

The r a t i o n a l e  and desc r ip t i on  o f  each o f  t h e  process steps and i n t e r a c t i o n s  

w i t h i n  t h e  process sequence are  presented i n  t h l s  sec t lon~.  

3.1.1 STEP ONE: ETCH STARTING MATERIAL 

. . The Input  mater ia l  f o r  t h i s  process sequence i s  assumed t o  be e i t h e r  ' . .. 

I )  s l i c e d  Cz mater ia l ,  obtained I n  t h e  as-sawed cond l t ion ,  o r  2 )  a form o f  
. . 

continuously grown s i l i c o n  sheet ma te r ia l .  I n  e l t h e r  case, t h e  f i r s t  step i n  
. . 

t h e  process sequence w i I I be an etch t o  remove t h e  sur face layer. o f  s i  l  icon. 
' 

For t h e  case o f  t h e  as-sawed Cz mater ia l ,  t h e  sawing operat ion 1eaves.a 
: . 

heav i ly  damaged sur face layer .  Th is  layer  conta ins microscopic cracks and 
. . . .. 

s l  i'pped regions o f  s i l icon as a resu l t of  t h e  saw i ng opcra t  ion. S i  I  icon 
. . . . 

p a r t i c l e s  t o r n  away from one region may be mechanical ly forced i n t o  o ther  
. . 

regions, producing an e f f e c t  s i m i l a r  t o  smearing. Mater ia l  worn from t h e  saw 
. . .  . .. 

i t s e l f ,  s l u r r y  p a r t i c l e s ,  and/or o the r  fo re ign  mater ia l  (e.g., contaminants) 
, . . 

may be fo rce fu l  l y  lodged i n t o  t h e  s i l i c o n  surface. Surface damage can propagate 
. . . . , : . .  , 

deeply i n t o  t h e  s i  l  icon dur i.ng subsequent high temperature processing, degrad.ing 
. . .  
. . 

c r y s t a l l i n e  pe r fec t i on  and reducing m l n o r i t y  c a r r l e r  l i f e t i m e .  Also, contaminants 
. . . . 

t rapped i n  t h e  f i n e  i n t e r s t i c e s  o f  a damaged sur face may d i f f u s e  i n t o  t h e  s i l i c o n  



dur ing  such high temperature processing steps, degrading l i f e t i m e  as w e l l .  

Below t h e  heav i l y  damaged sur face layer  i s  found a  more l i g h t l y  damaged layer, 

conta in ing  s l i p  and s t r a i n ,  whlch can con t r l bu te  t o  t h e  formation o f  d i s loca t ions  

and d i s l o c a t i o n  networks upon heating. Such damage s i t e s  may ac t  as recombinatlon 

centers and a l so  have an adverse e f f e c t  upon m i n o r i t y  c a r r i e r  l i f e t i m e s .  Further,  

such damage may be i n t e r a c t i v e  w i t h  processing steps o f  j unc t i on  formation i n  a  

non-uniform and unconl-rot l a b l e  manner. Accordingly,major damage from sawing must 

be removed i n  order  t o  achieve s a t i s f a c t o r y  process con t ro l ,  and y i e l d  o f  s o l a r  

c e l l s  w i t h  uniform c e l l  e f f i c i e n c y .  

Continuously grown s i l i c o n  sheet mater ia l ,  such as i s  grown by t h e  edge- 

def lned f l lm- fed growth (EFG) technique o r  by t h e  r ibbon-to-r ibbon (RTR) technique, 

may a l s o  requ i re  sur face etching.  Reports, both formal and informal ,  by several 

companies w i t h  major programs i n  t h i s  area, have ind ica ted t h a t  improved so la r  

d e l l  e f f i c i e n c i e s  were obta ined on EFG mater ia l  which had been sur face etched 

r a t h e r  than u t i l i z e d  i n  t h e  as-grown condit- ion. The improvement o f  s o l a r  ce i  l  

e f f i c i e n c y  u t i l i z i n g  EFG r ibbon fo l l ow lng  removal o f  t h e  sur face layer  has been 

postu la ted t o  be a  r e s u l t  o f  p lac lng  t h e  p-n j u n c t i o n  i n  a  region conta in ing  a  

d ramat i ca l l y  lower concentrat ion o f  e i t h e r  oxygen o r  carbon ( o r  both) than e x i s t s  

i n  t h e  as-grown sur face layer. I f  t h e  cause i s ,  i n  fac t ,  removal o f  an oxygen-rich 

layer  from t h e  surface, any as-grown sheet mater ia l  may be improved by surface 

etching.  Although evidence from EFG technology ind ica tes  t h a t  a  surface-etching 

step i s  des i rab le  f o r  as-grown s i l i c o n  sheet mater ia l ,  it I s  no t  known whether a l l  

( o r  indeed any) o f  t h e  s i l i c o n  sheet-growth techniques under i nves t i ga t i on  need t o  

have such a sur face layer  remova I .  I  f s i  l icon sheet w 1 t h  good surfaces i s  ach i eved 

i n  t h e  fu ture ,  then t h i s  f i r s t  step can be e l im inated from t h e  process sequence. 



A smooth sur face on t h e  s i l l c o n  mater ia l  a f t e r  e tch ing i s  d e s i r e d . f o r  a l l  

I mater ia l  i n  order  t h a t  t h e  back sur face o f  a s o l a r  c e l l  be f l a t  and thus a l low 

u t  i l i z a t  ion o f  back sur face t o t a l  i nterna l r e f  l e c t i  on. 

I Surface etching o f  s l l i c o n  can be achieved by wet chemical techniques. Wet 

I chemistry e tch ing i s  a proven techno1 ogy t h a t  1 s w i de l  y  u t  i I  i zed i n t h e  semi - 

conductor industry.  Wet chemistry, however, consumes volumes o f  ma te r ia l s  such 

I as acids and delonized ( D l )  water, and thus I s  lnherent ly  l i m i t e d  i n  cost  t o  t h e  

I p r i c e  o f  these consumed mater ia ls .  Further., a  disposal problem e x i s t s  f o r  waste 

I acl'ds, adding t o  t h e  cos t  o f  wet chemlstry etching.  

I An a l t e r n a t i v e  t o  wet chemical e tch ing I s  plasma e tch ing o f  t h e  s i  l  icon 

I surface. I n  plasma e tch ing technology, t h e  s i l i c o n  i s  placed i n  a reduced 

pressure chamber f i l l e d  w i t h  low p a r t i a l  pressures o f  gases such as CF4 and 

02. The CF and 0 are  ionized w l t h  an RF f i e l d ,  forming a n e n e r g e t i c  plasma 4 2 

o f  ionized f l u o r i n e  and. oxygen which w i l  l  a t t a c k  and etch s i l i c o n .  Reaction 
I 
I products f o l l o w  t h e  gas stream and are  swept from t h e  reac t i on  chamber, a l lowing 

continuous e tch ing t o  occur. Consumed mate r ia l s  costs, and waste disposal 

I problems, are  minimal compared t o  wet chemistry etching.  The plasma e tch ing 

process has demonstrated proven feasi  b i  I  i t y  a t  Motor.01 a, bu t  requi  res f u r t h e r  

development f o r  large scale product ion.  

The f i r s t  step i n  t h e  s o l a r  c e l l  process sequence under development by 

~ o t o r o l a ,  thus, w i  l l incorporate p lasma technology. f o r  e tch ing t h e  s t a r t i n g  s i l  icon 

mate r ia l .  I f  a  technique f o r  growln'g s i l i c o n  r ibbon w i t h  h igh  surface q u a l i t y  i s  

developed, t h i s  step may be e l imlnated.  

3.1.2 STEP TWO: APPLY ETCH STOP 

Fol lowing t h e  formation o f  smooth surf.aces from t h e  f i r s t  step ( s i l i c o n  

etching) ,  one s ide o f  t h e  s i l l c o n  I s  t e x t u r e  etched wh i le  mainta in ing t h e  smooth 



surface on%e opposite s ide  o f  t he  substrate.  In  order  t o  achieve t h i s ,  one 

s lde o f  t he  s i l i c o n  must be masked against  t h e  t e x t u r e  etchant .  A sprayed wax 

r e s i s t  i s  under study f o r  t h i s  process step. 

Masking of one s ide  o f  a  s i l i c o n  sheet can be accomplished by a  v a r i e t y  ~f 

ways, inc lud ing a p p l i c a t i o n  o f  tape; pho to res i s t  sp inning o r  spraying; and 

spinning o r  spraying o the r  types o f  r e s i s t s .  Since masking o f  one s ide  fo r  

t e x t u r e  &chi ng requ 1 res  on l y  b lanket  coverage, a  very simple sur face cover i ng 

technique may be used. Such a  masking opera t lon  could r e s u l t  i n  consumption o f  

ma te r ia l s  t h a t  do not  appear i n  t h e  f i n a l  s o l a r  c e l l ;  t o  minimize costs o f  

mater ia ls ,  energy usage, and waste disposal,  it would be des i rab le  t o  u t i l i z e  

a  recyc lab le  masking mater ia l .  As a  r e s u l t ,  Motorola i s  s tudying t h e  use o f  a 

sprayed wax r e s i s t .  The wax would be d issolved i n  a  solvent ,  sprayed upon one 

s lde  o f  t he  s i l i c o n ,  and the  solvent  evaporated from t h e  wax, leaving a  wax 

c o a t i  ng upon one s  i de o f  t h e  s i  l i con. The evaporated sol vent wou l  d  be rec la  i med, 

a t  leas t  i n  par t ,  by condensation. The wax could then be subsequently removed 

i n  t h e  solvent .  Both t h e  wax and so lvent  can, thus, be c o n t i n u a l l y  recycled, 

reducing consumed mater ia ls  t o ' a  very samll l eve l .  

3:l . 3  STEP THREE: TEXTURE ETCH AND REMOVE ETCH STOP 

The s i l i c o n  i s  now t e x t u r e  etched on one side. Textur ing  i s  an an iso t rop ic  

etching, process, which.has been developed t o t h e  p o i n t  where i t  I s  now a  simple, 

well-developed, and c o n t i a l l a b l e  step. The process incorporates a  simple bath- 

e tch ing technique which requ i res  min'irnal c a p i t a l  investment. 

Texture e tch ing o f  (100) Cz wafers i s a p r o v e n  technology and has been 

incorporated i n  product ion process sequences a t  ,Motorola t o  produce high 

e f f i c i e n c y  s o l a r  c e l l s .  



As-grown.s i l icon sheet mater ia l  may be o r i en ted  w i t h  surfaces o the r  than 
, . . . > .  

. .  . . 

(100) .  I f  t he  s i l i c o n  sheet i s  . ( l a rge  g r a i n )  p o l y c r y s t a l l i n e ,  several 
. . . . 

c r y s t a l l o g r a p h i c  o r i e n t a t i o n s  w i l l  .be present.  'Accord ingly  t e x t u r e  e t ch ing  
. . . 5 

I w i l  l produce d i f f e r e n t  r e s u l t s  on these d i f f e r e n t  o r i e n t a t i o n s .  I f  as-grown 
. . . " ' .  

I sheet can be seeded t o  grow (100) surfaces, processing should be i d e n t i f i e d  t o  

t h a t  developed f o r  (100) Cz wafers. Some as-grown sheet has been shown t o  have 

I a s t r u c t u r e  o f  (100) sur faces and <112> a x i a l  o r i e n t a t i o n ;  f e x t u r i n g  o f  such 
. . . .  . 

I sur faces has been repor ted.  

I Over the  nex t  several years, each promis ing s i l i c o n  sheet .growth technique 

w i l l  be inves t iga ted  w i t h  respect  t o  i t s  c a p a b i l i t i e s  f o r  producing mate r ia l  w i t h  
, . ,  

a s p e c i f i c  sur face o r i e n t a t i o n .  I t  i s  assumed here t h a t  s u f f i c i e n t  o r i e n t a t i o n  

I c o n t r o l  w i l l  be obta ined so t h a t  some t e x t u r e  e t ch ing  can be performed e f f e c t i v e l y .  
. . . . 

I f  t h i s  proves no t  t o  be t h e  case, then e i t h e r  sheet-grown s i l i c o n  w i l l  s u f f e r  

an inherent  disadvantage, o r  e f f e c t i v e  t e x t u r i n g  techniques must be found f o r  
. . . , ,  

t he  g r a i n  o r  l e n t a t  ions found on sheet-grown s i  l  icon surfaces. 
. . 

Fo.l lowlng t e x t u r e  etching,  t h e  wax r e s i s t  i s  removed . by . d i s s o l u t i o n  - .  i n  t h e  

or ig ' l .nal  so lvent  c a r r i e r  as discussed i n  Sect ion 3.1.2. . . 

,To ensure t h a t  a l l  wax and so lvent  res idue are removed from t h e  si l i con  . -. . 

surfaces, t he  s i l i c o n  must be cleaned f u r t h e r .  Two choices a re  poss ib le :  , I )  wsr 
. . 

. . 

chemistry c lean lng  o r  2 )  plasma c leaning.  Again, plasma c lean ing  i s  p re fer red .  
. . . . .. . , 

Th is  c leaning.  i s  performed i n  an oxygen-r ich plasma ( a i r  i s  adequate) and i s  
, . .... . , 

i d e n t i c a l  t o  a process widely  u t  i l  i zed throughout t h e  semiconductor indus t ry  t o  
. . . . 

remove pho to res i s t .  (The accepTed terminology. f o r  an oxygen plasma removal o f  

f i lms which a re  p r imar i  l y  o rgan ic  i s  llashing". 1 
. . . . 



3.1.4 STEPFOUR: CHEMICAL VAPOR DEPOSITION (CVD) OF SILICON NI'TR-!_O_I, 

A layer  o f  s i l i c o n  n i t r i d e  I s  deposited on both sides o f  t h e  s i l l c o n  sheet 

simultaneously. Th ls  I s  accomplished In  an isothermal chamber a t  a pressure o f  

l ess than one atmosphere, and c o n s t i t u t e s  ..a we l I  -deve loped process. F 1 l  m parameters, 

such as th ickness and index o f  r e f r a c t i o n ,  are h lgh l y  reproducib le and . read i l y  

cont'ro I led. 

The s l l i c o n  n i t r l d e  layer  i s  an exce l l en t  example o f  process synergism, 

serv ing  several func t ions  i n  t h e  process sequence and i n  t h e  f i n a l  c e l l .  The 

s i  l l c o n  n i t r i d e  layer  ac ts  as a p a r t i a l  Ion implantal.ion mask t o  t a i l o r  

concentrat ion p r o f l l e s ,  and, being amorphous, sca t te rs  t h e - i o n  beam t o  reduce 

ion channe l l ing  e f f e c t s .  The s i l i c o n  n l t r i d e  servos as a p l a t i n g  mask dur ing 

metallization, and ac ts  as a passlvant  over t h e  p-n junc t ion .  The s l l i c o n  

n i t r i d e  layer  cover ing t h e  back sur face serves as a convenient means f o r  p rov id ing  

' a  r e f l e c t i n g . b a c k  sur face by masking metal deposi t ion.  As has been shown 

experimental ly, palladium s l l i c i d e ,  n i cke l  s l l i c i d e ,  and perhaps o the r  contacts,  

i f  they  form ohmic contac t  t o  s l l l c o n ,  a re  l l g h t  absorbing. Masking t h e  back 

from metal deposi t lon,  thus, leaves a we l l  def ined s i l i c o n  sur face f o r  r e f l e c t i o n .  

Tota l  l n t e r n a l  r e f l e c t i o n  w i l l  occur due t o  the  large angle o f  incidence a t  t he  

back sur face r e s u l t l n g  from r e f r a c t i o n  a t  t h e  tex tu red  f r o n t  surface. F i n a l l y ,  

and most important, a f t e r  serv ing  i t s  p rocess . - fac i l i t a t i ng  ro le ,  t h e  s i l i c o n  

n i t r i d e  layer  on t h e  f r o n t  sur face ac ts  as t h e  a n t i  r e f l e c t i o n  coat ing  over t h e  

completed c e l l  surface. 

S i l i c o n  n i t r l d e  has an index.o f  r e f r a c t i o n  near 2.0. While t h i s  value i s  

lower than optimum f o r  plane f r o n t  sur face c e l l s ,  i t  performs as an exce l l en t  

a n t i r e f l e c t i o n  coat ing  on tex tu red  surfaces. Fur ther ,  s i l i c o n  ' n i t r i d e  i.s t h e  

best  known p-n j unc t l on  passlvant  i n  the  semiconductor indust ry  and as a r e s u l t  



i s  widely used I n  s i l i c o n  device and in tegra ted c i r c u i t  production. S i l i c o n  

n l t r i d e  has proven p a r t i c u l a r l y . b e n e f i c i a l  as a  pass iva t ing  layer  f o r  s i l i c o n  

devices and in tegra ted c l r c u i t s  t h a t  are encapsulated i n  non-hermetic (e.g., 

p l a s t i c )  packages; i n  such cases the  s l l i c o n  component i s  i n  a  package environ- 

ment t h a t  approximates t h e  one i n  which s i l i c o n  s o l a r  c e l l s  appear. 

3. 1.5 STEP FIVE: FORMATION OF - METALLIZATION PATERN IN SILICON NITRIDE 

The next  step i n  t h e  proposed process sequence I s  t o  pa t te rn  t h e  s i l i c o n  

. n l t r l d e  layers on both f r o n t  and back surfaces o f  t h e  s i l i c o n  subst ra te  w i t h  

t h e  desi red m e t a l l i z a t i o n  pat te rn .  While t h i s  process step may be performed 

by photolithographic techniques, a  novel plasma technique i s  proposed. 

Photo l i thograph ic  techniques and equipment are  now a v a i l a b l e  f o r  sequentiall;. 

coat ing  pho to res i s t  on both sides o f  a  s i l i c o n  sheet, simultaneously exoosing a 

pa t te rn  on both s ides o f  t h e  sheet, and developing these pat te rns  t o  a l low 

s e l e c t i v e  e tch ing o f  t h e  n i t r i d e .  Photores is t  i s ,  however, an expensive consurc- 

able mater ia l  whlch requ l res  n o t  o n l y  t h e  steps mentioned above, b u t  a l so  the  

steps o f  removing t h e  hard r e s l s t  and c lean ing t h e  s i l i c o n  a f t e r  t h e  d i e l e c t r i c  

pa t te rn  has been etched. 

Plasma e tch ing  can be u t i l i z e d  t o  e tch  s i l i c o n  n i t r i d e .  Masking t o  achieve 

s e l e c t i v e  pa t te rn  e tch ing can be done through t h e  use o f  photores is t ,  bu t  t h e  

undesirable features di.scussed above a re  s t i l l  f u l l y  app l icab le .  

Gases used i n  p  l asma e tch ing o f  s  i l icon n  i tri de do n o t  a t t a c k  some metal s, 

such as aluminum. Further, aluminum I n  contac t  w i th ,  o r  i n  c lose p rox im i t y  t o ,  

a s i l l c o n  wafer w i l l  mask plasma e tch ing  behind it. An aluminum mask, conta in ing  ' 

t h e  desi red c e l l  m e t a l l i z a t i o n  pat te rn ,  thus, may be mechanically pl.aced over t h e  
- 

wafer, and the  desi red pa t te rn  formed i n  t h e  s i l i c o n  n l t r i d e  by exposure t o  t h e  



appropr la te  plasma. The wafer can, i n  fac t ,  be placed between two such masks, 

and pa t te rns  simultaneously formed i n  t h e  s i l i c o n  n i t r i d e  by plasma e tch ing  on 

both s ides o f  the  wafer. Only the  etchant  gas I s  consumed, a  tremendous advantage 

i n  ma te r ia l s  usage over photo l i thography.  

3.1.6 STEPS SIX AND SEVEN: ION IMPLANTATION OF FRONT AND BACK JUNCTIONS 

~ o ~ a n t s  f o r  forming t h e  metal l u r g l c a l  p-n j u n c t i o n  i n  t h e  tex tured f r o n t  

sur face and t h e  back sur face f i e l d  high-low j u n c t i o n  i n  t h e  smooth back sur face 

are ion implanted i n t o  t h e  s l l i c o n  f o l l o w i n g  s i l l c o n  n i t r i d e  pa t te rn ing .  There 

I s  broad i n d u s t r i a l  agreement t h a t  j unc t i on  formation i n  ' f u t u r e  s o l a r  ce l I s  w i  l l 

be done by ion implantat ion,  assuming t h a t  advanced r e l i a b l e  ion implantat ion 

equipment w i l l  be developed t o  supply sufficiently high Ion beam cur rents  t o  

a l low increased throughput over  today 's  e x i s t i n g  equipment. Such advanced 

equipment appears completely feas ib le ,  based on p ro jec t l ons  o f  ion  implanter 

manufacturers. 

I n  t h i s  process sequence, t h e  f r o n t  sur face dopant used t o  form t h e  p-n 

j u n c t i o n  i s  implanted through the  s i l l . con  n i t r i d e  under cond i t ions  such t h a t  t h e  

peak as-implanted dopant .concentrat lon i s  very near the  d i e l e c t r i c - s i  l i c o n  i n t e r -  

face. (The stopping powers o f  s i l i c o n  n i t r i d e  and s l l i c o n  are  s i m i l a r ,  b u t  no t  

equal.)  The d i s t r i b u t i o n  o f  as-implanted ions i n t o  any given mater ia l  i s  

approximately Gaussian i n  nature. I f  t h e  peak concentrat lon o f  t h e  d i s t r i b u t i o n  

occurs a t  t h e  d i e l e c t r i c - s i l i c o n  in te r face ,  approximately one-half o f  t h e  dopant 

i s  s l t u a t e d  i n  t h e  s i l i c o n  and t h e  o the r  one-half i s  i n  t h e  d i e l e c t r i c .  Having 

t h e  peak dopant concentrat ion a t  t h e  s l  l icon sur face i s  desi rab l e  i n  t h a t  t h e  

doping decreases m6notonical ly towards t h e  p-n junc t ion ,  c r e a t i n g  an e l e c t r i c  

fie1.d away from t h e  surface and thus a i d i n g  i n  c a r r i e r  c o l l e c t i o n  a t  t he  p-n 

junc t ion .  



Ions implanted a long the  m a j o r ~ c r y s t a l l o g r a p h i c  d i rec- t ions  i n  a  . .  

c r y s t a l l i n e  mater ia l  w i l l  penetrate much f u r t h e r  than those, imp lan ted-  i n  

o the r  c r y s t a l  lographic d l  rec t lons ,  .s ince t h e  major d l  r e c t  ions are  more open $0 ' 

ions, i .e . ,  present  channels f o r  t h e  ions. T h e . r e s u I t i n g  deeper penet,rat ior!  

i s  c a l l e d  channe l l ing .  The s i l l c o n  n i t r i d e  sur face layer ,  being amorphous, 

ac ts  as a  moderator and s c a t t e r i n g  medium f o r  imp.lant ing. ions, min,imizing 

channe l l ing  e f f e c t s  and main ta in ing  a  un i fo rm shal lower j u n c t i o n  p r o f i l e .  

Openings I n  the  s i l i c o n  n i t r i d e  r e s u l t i n g  from t h e  (p rev ious)  metal 

contac t  p a t t e r n i n g  step a re  ion . lmp lan ted under d i f f e r e n t  cond i t i ons  than t h e  

areas under the  s i  l  icon n i t r i d e .  F i rs t . ,  s ince there  i s  no s i  I  icon n i t r i d e  t o  

absorb ions, dopant concent ra t ion  i n  t he  exposed s i l i c o n  i s  approximately twice 

t h a t  i n  t he  d ie lec t r i c - cove red  regions, and t h e  peak concent ra t ion  i,s deeper 

than i n  t he  d ie lec t r i c - cove red  regions. Second, s i n c e . t h e r e  i s  no d i e l e c t r i c  

layer  t o  cause sca t te r i ng ,  some f u r t h e r  penet ra t ion  due t o  channe l l ing  can be 

expected. Fol lowing implant  a c t i v a t i o n  (discussed i n  the  nex t  sec t i on )  t he  9-n 

j u n c t i o n  beneath the  openings i n  t he  s i l i c o n  n t i r i d e  i s  deeper than t h e  p-n 

j u n c t i o n  under t h e s i  l  icon n i t r l d e .    his add i t i ona l  j u n c t i o n  depth under the  

metal contac t  i s  desi rab l e  t o  a  l low format ion o f  s t r o n g l y  adherent. contacts .by  

reac t i on  w i  t h  t h e  s i  l icon w i thou t  penet ra t ion  t o  (and thus degradation o f  the  

p-n j u n c t i o n  by t h e  metal.  

Ion Implantat ion,  being a  d i r e c t i o n a l  doping process (as compared t o  iso-  

t r o p i c  doping from a  d i f f u s i o n  source) has a  unique advantage when a ~ p l i e d  t o  

tex tu red  surfaces. I f  t h e  ion  beam i s  normal t o  t he  plane of  t h e  wafer, t h e  

beam w i l l  be a t  a  la rge  angle t o  t h e  sur faces o f  t h e  (mi.croscopic) t ex tu red  

pyramids. The range o f  an ion i n t o  s i l i c o n  i s  de f ined as t h e  (.average). l i n e a r  

th ickness o f  s i l i c o n  through which it passes before  coming t o  r e s t .  Since t h e  

ion  beam enters  a  tex tu red  s i l i c o n  sur face a t  an angle t o  t h e  planes o f  t h e  . 



pyramid surfaces it stays cIose.r t o  t h e  actual  s i l i c o n  surf.ace than i t s  

penet fa t  ion depth, even a l  lowing f o r  t he  s c a t t e r i n g  e f f e c t s .  o f  t h e  s l  l  icon 

n i t r i d e -  layer.  The r e s u l t i n g  j unc t i on  depth, as measured perpendicular t o  

the  facgs o f  t he  pyramids compr is ing- the  tex tu red  surface, i s  less than would 

be' seen f o r  imp lanta t ion  i n t o  a  plane surface. 

Ion implantat ion i n t o  the  back sur face o f  a  s o l a r  c e l l  t o  form t h e  back 

sur face f i e l d  has features s i m i l a r  t o  those charac te r i z ing  implantat ion i n t o  

the  f r o n t  surface. I n  t h i s .  case, however, the,surface i s  smooth. Implantat ion 

i s  performed a t . a  d i f f e r e n t  acce lera t ion  vo l tage s ince a  d i f f e r e n t  doping 

species i s  being,used and since.4-he implant beam incidence i s  normal t o  the  

smooth s i , l i con n i t r i d e  surface, r a t h e r  than a t  a  large angle such as f o r  

t ex tu red '  pyraml ds. 

I t  i s  n o t  known a t  t h i s  t lme i f  t he re  I s  any s t rong preference as t o  which 

Implant, the f r o n t  sur face o r  t h e  back surface,.should be performed f i r s t .  While 

t h i s  can be empirical l y  determined; it has no e f f e c t  on t h e  fundamental process 

sequence. presented here. 

The ion implanta t ion  process can be r e a d i l y  used t o  g i ve  e i t h e r  a  p lanar 

o r  a  passi vated. p-n junc t ion .  The ion beam can be mechan i c a l  l y  masked on the 

f i r s t  Implant t o  g i v e  a  p lanar  p-n junc t ion .  I f  t h e  edges o f  t he  s i l i c o n  are 

pro tec ted du r ing  t h e  preceding s i l i c o n  n i t r i d e  pa t te rn ing  step such t h a t  s i l i c o n  

n i t r i d e  remains around t h e  per iphery o f  t h e  s i l i c o n  wafer, a  passivated p-n 

j u n c t i o n  can be achieved even by implant ing completely t o  .the edge o f  t + e  s i  l  icsf i  

(i..e., no physical  masking.). Since t h e  i,on beam i s  col l imated,  it i s  v i r t u a l l y ,  . 

impossi-ble to. ob ta in  a  region implanted from both t h e  f r o n t  and back d i r e c t i o n s  

such t h a t . a n  n+ - p+ junc t i on  could be formed. Ion implantat ion,  thus, can 

a l low u t i l i z a t l . o n  o f , . t he  e n t i r e  s i  l i c o n  f r o n t  sur face f o r  t h e  s o l a r  c e l l  p-n 

junc t ion ,  whi.1.e s t i l l  ach1eving.a s i l i c o n  n l t r l d e  passivated p-n j unc t i on .  



3.1.7 STEP E IGHT: ACT l VAT l  ON ANNEAL OF IMPLANT 

Fol lowing ion implantat ions, t h e  s i l i c o n  l a t t l c e  I s  heav i l y  damaged and 

t h e  implanted dopant ions are, f o r  t h e  most pa r t ,  e l e c t r i c a l  I ' ~  i nac t i ve .  An 

annealing step must be performed i n  order  t o  both r e p a i r  t he  s l l i c o n  damage 

and t o  electrically a c t i v a t e  the  dopant ions. Annealing can be performed i n  a 

standard resistance-heated furnace. Th is  technique i s  a proven technology 

u t i l i z e d  e f f e c t i v e l y  throughout the  semiconductor indust ry .  I t  has been u t i l i z e d  

i n  s o l a r  cel,l f ab r i ca t i on .  

3.1.8 STEP NINE: PLATE METAL AND SOLDER COAT 

Under cont rac t  DOE/JPL/954689 t h e  use o f  a p l a t e d  m e t a l l i z a t i o n  system i n  

which pal ladium s i  l ic ide,  Pd2Si, i s  t he  electrical and mechanical contact  t o  t h e  

s i l i c o n , i s  being developed.. The pal ladlum s i l i c i d e  i s  then covered w i t h  e l e c t r o -  

. less n i cke l  t o  form a solderable surface which, a t  t h e  same tlme, i s  s t rong ly  

adherent t o  the  pal ladium s i . l i c i d e .  F i n a l l y ,  t h e  n l cke l  layer  i s  solder  coated 

t o  achieve both the  desl red m e t a l l i z a t i o n  conduc t l v l t y  and a soldered surface 

f o r  subsequent re f low dur ing  lnterconnect lon.  Developments under the  p a r a l l e l  

cor~.l.r.act w l  l l be incorporated' i n t o  t h  l s program. 

This meta l l I za t  ion system has proven feas i b i l i t y  and i s c u r r e n t l y  being 

u t l l l z e d  as m e t a l l l z a t l o n  on c e l l s  i n  commercially a v a i l a b l e  modules. 

I t . i s  expected t h a t  t h i s  m e t a l l l z a t i o n  system w i l l  prove t o  be extremely 

r e l i a b l e  I n  t e r r e s t r i a l  service. Pal ladium s i l i c i d e  has been used i n  p lace o f  

p lat inum s i l l c i d e  as p a r t  o f  t h e  s i l i c o n  Integrated c i r c u i t  (and device) beam- 

lead meta l l . i za t ion  system i n  order  t o  s i m p l i f y  processlng f o r  t h a t  system. (The 

beam-lead m e t a l l l z a t i o n  system I s  considered the  most r e l l a b l e  of a l l  f o r  h i - re1  

system app l ica t ions . )  Pal ladium s i l l c i d e  contacts are, by themselves, moisture 



r e s i s t a n t .  For  example, t he re  I s  no observable change i n  any proper ty  a f t e r  

a long b o i l  i n  deionized water. The resistance o f  these contacts t o  cor ros ive  

ambients and electrochemical reac t ions  I n  serv ice,  ( i . e . ,  w i t h  n i cke l  cap and 

so lder  overcoat),, wh i le  n o t  y e t  thoroughly tested,  appears very o p t i m i s t i c .  

Palladium and n i cke l  m e t a l l i z a t i o n  layers are deposited from p l a t i n g  baths. 

A f i r s t  , a n . e x t r e e l y  t h i n  layer  o f  pal ladium ' is  p la ted from an immersion bath, 

covering-exposed s l l i c o n  surfaces only; p l a t i n g  does no t  occur on the  s i l  Icon 

n i t r i d e .  The pal ladium layer  i s  heat t rea ted  t o . f o r m  a very t h i n  layer  o f  

Pd Si,.whlch may not  be completely continuous. This t h i n  Pd2Si layer ,  formed 
2 

by heat treatment of t h e  .immersion p l a t i n g ,  serves t o  a c t i v a t e  t h e  p la ted  areas 

so t h a t  the  subsequent p l a t i n g  w i t  l occur i n  a uniform and c o n t r o l l a b l e  manner. 

A second p l a t i n g  o f  pal ladium from an e l e c t r o l e s s  pal ladium bath i s  then formed 

over t h e  Pd2S1. Th is  layer  i s  t h i c k e r  than t h a t  deposlted from t h e  immersion 

bath. The new layer  i s  now reacted t o  form a continuous layer  o f  Pd2Si i n  t h e  

desi red contact  areas. 

several features o f  t h e  Pd2Si layer  must be noted a t  t h i s  t ime. F i r s t ,  when 

Pd2Si i s  formed, it i s  produced p r i m a r i l y  by t h e  s o l i d  s t a t e  d i f f u s i o n  o f  s i l i c o n  

i n t o  t h e  pal ladium layer, w i th  l l t t l e  o r  no pal ladium d i f f u s i n g  i n t o  s i l i c o n  ahead 

o f  t h e  Pd2SI - S i  in te r face.  M e t a l l i c  pal ladium ions, thus, are. l i m i t e d  t o  

approximately the  region o f  t h e  Pd2Si. This a l lows t h e  formation o f  Pd2Si over 

very shal low p-n j unc t l ons  w i thout  degradation o f  t h e  p-n j unc t i on  c h a r a c t e r i s t i c s .  

Second, Pd2Si has low contac t  res is tance and exce l l en t  mechanical adherence t o  

s i l i c o n .  I n  add i t ion ,  t h e  Pd2Si layer  should a c t  as a physical  b a r r i e r  t o  t h e  

migra t ion  o f  o ther  m e t a l l i c  Impur i t i es  i n t o  the  p-n j unc t i on  area. Since a n i c k e l  

layer I s  u t i l i z e d  f o r  soldering, t h l s  b a r r l e r  fea ture  i s  h ighly '  important f o r  t he  

very shallow p-n j unc t i ons  t h a t  are u t l  l i z e d  i n  h igh e f f i c i e n c y  s o l a r  c e l l s .  



,Fo[ lowing t h e  second s i n t e r  t o  form Pd2Si, t he  c e l l  m e t a l l i z a t i o n  areas are 

p la ted w i t h  e l e c t r o l e s s  n i c k e l .  'This layer  has exce l l en t  adherence t o  Pd S I  
2 

and i s  e a s i l y  solderable. The e n t i r e  s o l a r  c e l l  i s  then solder  dipped t o  coat 

a1 I  m e t a l l i z a t i o n  areas 'wi th a t h i c k  layer  o f  so lder .  

The m e t a l l i z a t l o n  process u t i l i z e s  on ly  chemical hoods and p l a t i n g  baths 

f o r  t he  formation o f  metal contacts on both s ides  o f  the  wafer simultaneously. 

The bu lk  o f  t h e  metal conductors I s  composed o f  solder,  whlch i s  r e l a t i v e l y  

inexpensive compared t o  o the r  conductor metals f o r  s o l a r  ce l  Is .  

3.1.9 STEP TEN: CELL TEST AND SOLDER.REFLOW INTERCONNECT 

Fol lowing so lder  coat ing, t h e  s o l a r  ce l l ' s  a re  tes ted and interconnected. 

Motorola has developed a f l e x i b l e  c i r c u i t  in terconnect ion scheme u t i l i z i n g  a 

laminated conductor and i n s u l a t i n g  d i e l e c t r i c  sheet; p resent ly  u t i l i z e d  are 

laminated copper and kapton. The copper can be pat terned t o  incorporate any 

series, p a r a l l e l ,  o r  se r ies -pa ra l l e l  c e l l  in terconnect ion scheme desired. Tabs 

are c u t  i n  t h e  laminate f o r  contac t  t o  t h e  top  sur face o f  t h e  s o l a r  c e l l  i n  such 

a manner as t o  ob ta in  m u l t i p l e  contacts t o  each c e l l  and t o  insure minimum 
. . 

s t ress  upon 141e interconnect ion.  The back ce I  I  contact  i s  a d i  r e c t  so lder  

contact  from the  c e l l  back sur face metal l i z a t i o n  t o . t h e  copper layer .  A l l  

contacts are made sim~j. l taneously by so lder  ref low, min imiz ing labor content i n  

Interconnect ion. 

STEP ELEVEN: ENCAPSULATION 3.1.10 
. . 

Encapsu l a t  ion i s necessary t o  support and p r o t e c t  t h e  i nterconnected s o l a r  

c e l l s  Accordingly, it w i l l  p lay  a very important r o l e  i n  module r e l i a b i l i t y  as 

wel l  as I n  t h e  performance o f  t h e  interconnected c e l l s .  



Major fa I l ure '  modes fo'r modu les  are expected t o  bo re1 ated t o  .the: .;o lar. , 
I 

c e l l  Interconnect lons. I t  i s  probable tha t ,  u n t i l  t he re  i s  s u f f i c i e n t  evldence 

t h a t  an interconnected group o f  c e l  Is  can meet a greater  than 20 year MTBF 

r e l i a b i l l t y  criterion wi thout  any encapsulation, t h e  c e l l s  must be encapsulated 

i n  such a way as t o  o f f e r  a conslderab l e  degree o f  p ro tec t i on  from t h e  envi ron- 

ment i f 20 year MTBF I s  t o  be ach ieved. ( Indeed, t h e  degree o f  re1 i ab i l i t y  

requ i red  . f o r  low cos t  per  watt-hour modules I s  so h igh  t h a t  i-t w i  l l probably be 

best  accompllshed by incorporation o f  h igh  r e l l a b i l i t y  concepts i n  both metal l  iza- 

ti on/ l nterconnect and encapsu I a t  ion. 1 Such overa l l p r o t e c t  1 on requ l res  both f r o n t  

and back p ro tec t i on  f o r  t h e  c e l l s  w i t h  a mater ia l  impervious t o  moisture and other  

contaminants, and, most Important, a h] i ~ h  qua l i t y  edge gasket having excel lent 

seal i ng  proper t ies .  The f rant, p r o t e c t  ion must be t ransparent  and have proven 

t e r r e s t r i a l  environment r e l i a b i l i t y .  The back p l a t e  may o r  may not  be transparent,  

must have good thema, ,  conduction, and a l so  have proven t e r r e s t r i a l  r e l l a b i l i t y .  

Together, t h e  two must provide s t r u c t u r a l  support f o r  module handl ing and 

environmental mechanical s t ress  such as wind loading. Glass meets a l l  requirements 

f o r  b o t h . f r o n t  and back, except f o r  good thermal conduc t i v i t y  f o r  t h e  back. 

However, suf f  l c  i ent  g l ass t h  tckness t o  prov ide  s t r u c t u r a l  support i s heavy, cos t  1 y, 

and thermal l y  i n e f f i c i e n t ,  unnecessarl l y  Increasing t h e  operat ing temperature o f  

t he  c e l l s  w i t h i n  t h e  module. A glass f r o n t  cover and a s tee l  back p l a t e  i s  the  

bas is  o f  t h e  encapsulat ion scheme u t i l i z e d  i n  t h i s  study. 

Wi th in  t h e  p r o t e c t i n g  g lass cover and s tee l  back p la te ,  t he  s o l a r  c e l l s  must 

be e f f e c t i v e l y c o u p l e d o p t i c a l l y  through t h e  f r o n t  sur face and e f f i c i e n t l y  connected 

thermal ly  t o  t h e  back p la te .  (Thermal connection t o  t h e  f r o n t  surface i s  a l so  

necessary i n  order  t o  minimize c e l l  opera t ing  temperatures.) The volume 

surrounding t h e  l nterconnected c e l  I s  i s ,  thus.f I l led w i t h  a s i l icone gel vh i ch I s 

o p t i c a l l y  c lear ,  coup l lng  t h e  c e l l s  t o  t h e  f ront  sur face both o p t i c a l l y  and 



therma 1 l y, wh 1 l e i d  i ng a good therma l path from t h e  ce l  l i hterconnect ion  

t o  t h e  s tee l  back. The s l l l c o n e  a l s o  ac ts  as a secondary b a r r i e r  t o  molsture and 

contamination ingression. 

Additiona'l s t r u c t u r a l  strength, as we1 l as a seat f o r  l oca t lon  o f  t h e  pr imary 

ingression b a r r i e r ,  i s  provided by a s tee l  bezel which over laps both f h e  s tee l  

.back p l a t e  and t h e  g lass cover. The regions o f  over lap prov ide  t h e  prlrnary seal 

f o r  t h e  module ,u t i l i z ing  a formed-in-place gasket. 

The' encabsulation, thus, i s  provided by a g lass cover, a s tee l  back and'bezel,  

a s i l i c o n e  gel surrounding t h e  interconnected c e l l s ,  and a formed-in-place gasket 

a t  t h e  module perimeter.  ~ h ~ s i c a l ' l ~ ,  t h e  encapsu 1 a t  ion step s t a r t s  w i t h  assembly 

o f  t h e  g lass cover, c e l l  Interconnect,  and s tee l  back. This assembly i s  then 

back- f l l led ,  under vacuum, w i t h  s i l i c o n e  ge l ,  and t h e  gel !s cured t o  a p l i a b l e  

consistency., The bezel i s  then at tached w i t h  t h e  formed-in-place gasket ing being 

app l ied  around t h e  per iphery o f  ' the g lass cover and s tee l  back p la te .  The gasket, 

he ld  i n  p lace by t h e  bezel, i s  then cured t o  i t s  f l n a l  cond i t ion .  

Thls process i s  more e x ~ e n s i v e  ( I n  t h a t  it u t i l i z e s  more mater i 'a ls)  than a 

s ing  l e  s i  ded encapsulat ion system. However; w i t h  today 's  l i m i  t e d  re1 i a b i  1 i t y  

experience, t h i s  added expense I s  probably necessary t o  ensure a 20 year l i f e  f o r  
. . 

so la r  c e l l  modules. Further,  t h i s  proposed process step i s  conservat ive i n  t h a t ,  

i f  it i s  proven t o  be excessively wasteful  o f  ma te r ia l s  i n  t h e  future,  a less 

soph i s t  i cated encapsu I an t  scheme i s  ,eas i 1 y subst i tu ted .  Present imp 1 ementat i on of 

a simpl'er encapsulat ion technique w i l  1 . ~ 4 i t h e r  he lp  ensure fu tu re  re1 i a b i  1 i t y  

nor  e s t a b l l s h  t h e  necessary manufacturing experience f o r  f u t u r e  r e l i a b l e  

encapsulat ion technology. I t  should be emphasized t h a t  such a soph is t ica ted 



encapsu la t ion  system i s  s t i l l  capable o f  meet ing t h e  1985 LSSA P r o j e c t  p r i c e  

goal  o f  50a/watt f o r  complete modules. P ro jec ted  p r i c e s  f o r  encapsu la t ion  

m a t e r i a l s  t o t a l  less than  $ 2 / f t Z ,  and, w i t h  automated assembly o f  15% s o l a r  

modules, t h e  encapsu la t ion  cos t s  w i l l  s t i l l  be o n l y  about 1/3 o f  t h e  t o t a l .  

3.1.11 PROCESS SEQUENCE RATIONALE AND INTERRELATIONS BETWEEN PROCESS STEPS 

The i n d i v i d u a l  process s teps o f  t h e  process sequence have now been presented. 

Each i n d i v i d u a l  s tep i s  i n t e r a c t i v e  i n  a  p o s i t i v e  manner w i t h  t h e  o t h e r  s teps  t o  

p rov ide  an o p t i m a l l y  e f f i c i e n t ,  c o s t  e f f e c t i v e  s o l a r  c e l l  and'module. The process 

sequence has been chosen from processes w i t h  proven t e c h n i c a l  f e a s i b i l i t y ,  wh.ich 

have, a t  ?.he same t ime,  t h e  p o t e n t i a l  o f  meet ing t h e  long range c o s t  goa l s .  

Processes have been chosen such t h a t  consumed m a t e r i a l s  a r e  minimized and, 

i n  a d d i t i o n ,  a r e  a d d i t i v e  i n  nature,  t h a t  i s ,  u t i l l z e d  t o  b u i l d  upon t h e  c e l l  

s t r u c t u r e  (and performance) r a t h e r  than  be ing  p a r t i a l  ly removed and d l  scarded as 

waste ma te r i a l s .  Where f e a s i b l e ,  consumed m a t e r i a l s  a r e  recyc led  w i t h i n  t h e  

process. Waste d isposa l  i s  a l s o  minimized through t h e  use o f  d r y  pl'asrna process- 

i ng  where b rac t i cab le ,  leav ing  t e x t u r e  e t ch  i n g  as t h e  o n l y  wet chemical s tep  

(which r e q u i r e s  waste d i s p o s a l )  i n  t h e  e n t i r e  process sequence. 

The process sequence I s  i n i t i a t e d  w i t h  a  d r y  plasma e f c h l n g  o f  t h e  s t a r t i n s  

m a t e r i a l  sur faces.  Th i s  ensures a  smooth su r f ace  f o r  t h e  back o f  t h e  c e l l $  and 

a l s o  t h a t  any poor q u a l i t y  s i l i c o n  a t  t h e  s u r f a c e . o f  a  wafer  o r  r ibbon ,  caused 

e l t h e r  by contaminat ion o r  damage, i s  removed. The smooth back sur face,  i n  

conju 'nct  ion  w i t h  a  t e x t u r e d  f r o n t  sur face,  a  l lows t o t a  l  i n te rna  l r e f  l e c t  ion  o f  

l i g h t .  Th'is r e f l e c t i o n ,  i n  t u r n ,  reduces t h e  s i l i c o n  t h i ckness  necessary t o  

assure e f f i c i e n t  l i g h t  absorp t ion  w i t h i n  t h e  c e l l  necessary f o r  h i gh  s o l a r  c e l l  

convers ion e f f i c i e n c y .  L i g h t  r e f l e c t i n g  back t o  t h e  f r o n t  su r f ace  w i  l I ,  f o r  t h e  

most p a r t ,  be t r a n s m i t t e d  o u t  o f  t h e  c e l l .  Longer i n f r a r e d  wavelengths, t o  which 



I s  i l icon i s  t ransparent ,  w i  l l  thus  pass out '  o f  t h e  ce l  l w i thout  bei ng absorbed, 

I 

I reducing the  c e l l  opera t ing  temperature compared w i t h  absorbing back surfaces o f  

c u r r e n t l y  produced s o l a r  ce l  l s t ruc tu res .  

I n  o rder  t o  mainta ln t h e  smooth back sur face du r ing  t e x t u r e  e t ch ing  o f  t h e  
i 

f r o n t  surface, a  wax r e s i s t  i s  appl ied.  This  i s  done by f i r s t  dissolving the  

wax i n  a  solvent ,  spray ing t h e  wax s o l u t i o n  on t h e  wafer, and evaporat ing and. 

rec la iming t h e  solvent .  Fo l lowing t e x t u r e  e tch ing  t h i s  wax r e s i s t  i s  redissolved 

i n  t h e  rec'laimed so lvent  t o  be recycled. Ne i ther  t h e  rec la iming o f  t he  so lvent  

nor  t h e  wax w i l l  be lOO%.e f f i c i en t ,  o f  course, b u t  t h e  cos ts  o f  consumed mater ia ls  

a re  minimized and waste d isposal  v i r t u a l l y  e l im ina ted  by t h i s  process sequence. 

The t e x t u r e  e tch ing  I s  a  wet chemistry step. Th i s  e t ch ing  i s  performed i n  

an a l k a l i n e  solution, w i t h  most o f  t h e  chemicals~consumed before bath replacement. 

The b e n e f i t s  galned from t e x t u r e  etched surfaces make t h i s  wet chemistry step 

extremely cos t  e f f e c t i v e .  

The t e x ~ u r e d  surface, I n  a d d i t i o n  t o  exped i t i ng  t h e  back sur face r e f l e c t i o n  

e f f e c t s  a l ready discussed, has o the r  profound e f f e c t s  on c e l l  operat ion and on 

processing. Very shal low p-n j unc t i ons  are  achievable by ion imp lan ta t ion .  The 

general I l g h t - t r a p p i n g  nature  o f  a  tex tu red  sur face can increase efficiency 

appreciably. The tex tu red  sur face a l s o  a l lows u t i l i z a t i o n  o f  an a n t i r e f l e c t i o n  

1 coa t i ng  w i t h  a  somewhat lower index o f  r e f r a c t i o n  than would be optimum f o r  a  
I 
I 

1 
smooth f r o n t  surface. Th l s  f ea tu re  permi ts  t h e  use o f  s i l i c o n  n i t r i d e  w i t h  an 

index o f  r e f r a c t i o n  near 2.0 as the  a n t l r e f l e c t l o n  coat ing.  

S i l i c o n  n i t r l d e  serves many func t ions  i n  a d d i t i o n  t o  i t s  e f f e c t i v e  use as an 

a n t i r e f l e c t i o n  coat lng .  I t  ac t s  as a  sur face and p-n j u n c t l o n  passivant ,  as an 



I n  t h e  contact  areas dur ing  implantat ion a l lows deeper j unc t i ons  under t t lc 

m e t a l l i z a t i o n .  The s l l l c o n  n i t r i d e  a l s o  serves as a  p l a t i n g  mask, f o r  both 

f r o n t  and back surfaces, a1 lowing minimum metal consumption f o r  metal l l z i n g  

both surfaces w h i l e  a l l ow ing  back sur face r e f l e c t i o n .  

. The combination o f  a  tex tu red  f r o n t  surface, and a  smooth back surface w i t h  

r e f l e c t i o n  occu r r i ng  from i t s  unmetal l ized areas, a l lows the  u t i l i z a t i o n  of 

t h i n n e r  s i l i c o n  ma te r ia l  than cou ld  otherwise be achieved. I f ,  f o r  example, 

e f f i c i e n t  r e f l e c t i o n  o f  l i g h t  can be achieved from t h e  back surface, and 

account; ng f o r  t h e  1 n'creased path length o f  l  i ght  i n  the  s  i l  icon from r e f r a c t  Ion 

a t  t h e  f r o n t  t ex tu red  surface, less than one-half o f  t h e  s i l i c o n  thickness i s  

requ i red  t o  absorb the  same arnount o f  l l g h t  as i s  needed f o r  a  s o l a r  c e l l  w i t h  

a  smooth f r o n t  sur face and having no back r e f l e c t i o n .  This  f a c t o r  w i l l  obviously  

reduce t h e  cos t  o f  input  s i l i c o n  by p e r m i t t i n g  use o f  t h inne r  substrates t o  make 

h igh  e f f i c i e n c y  c e l l s .  

Pa t te rn ing  o f  t he  s i l i c o n  n i t r i d e  d i e l e c t r i c  layer  i s  accomplished w i thout  

t h e  use o f  pho to res i s t  chemicals and solvents.  Fur ther ,  no pho to res i s t  removal 

s tep  i s  required, f u r t h e r  e l l m l n a t i n g  ma te r ia l  consumption wh i l e  ga in inq  2rocess 

simp1 i c i t y .  The dry  plasma e tch ing  technique u t i  l  i z i n g  mechanical masking a l s c  

prov ides edge p ro tec t i on ,  i f  desired, a l l ow ing  t o t a l  a rea l  usage o f  t he  s i l i c o r  

sheet wh i l e  main ta ln ing  a passivated p-n j unc t i on .  The masked plasma e tch ing  

a l lows simultaneous f r o n t  and back pa t te rn ing  o f  t he  s i l i c o n  sheet, f u r t h e r  

s i m p l i f y i n g  t h e  process sequence wh i l e  op t im iz ing  s o l a r  c e l l  e f f i c i e n c y  and 

min imiz ing consumed mater ia ls .  

Ion implantat ion,  i n  a d d i t i o n  t o  p rov id ing  p-n j unc t i on  advantages a l ready 

discussed, ensures t h a t  on l y  t h e  desi red dopant species are pu t  i n t o  the  s i l i c o n ,  

e l  im-inating poss ib le  incorpora t ion  o f '  undesl rab l e  impur i t i es  i n t o  t h e  area o f  the  

I 1 luminated p-n j unc t i on .  This  aspect, as we l l  as o the r  inherent  con t ro l  features 



of ion Implantat ion,  should r e s u l t  i n  a process w i t h  as excel l e n t  a d i s t r i b u t l - o n  

o f  s o l a r  c e l l ~ o u t p u t s  as the  q u a l i t y  o f  t h e  i npu t  ma te r i a l  i s - capab le  o f  

p rov id lng .  

The on l y  h igh  temperature step i n  t h e  process sequence i s  t h e  a c t i v a t i o n  

anneal, and both t h e  f r o n t  sur face p-n j u n c t i o n  and t h e  back sur face high-low 

1 j u n c t i o n  a r e  a c t i v a t e d  simultaneously. (The s i l i c o n  n i t r i d e  step i s  considered 

0 
a moderate temperature step, belng performed near 725 C . )  

I 
M e t a l l i z a t i o n  by p l a t i n g  i s  an a d d l t i v e  process i n  t h a t  metal i s  deposited 

on l y  where It i s  u l t ima te ' l y  u t i  l ized. The metal l  i z a t i o n  system of  pal  ladium 
! 

s l l l c i d e - n i c k e l - s o l d e r  a l s o  has the  p o t e n t i a l  o f  being an extremely r e l i a b l e  

I 
I m e t a l l i z a t i o n  system, a l l ow ing  the  20 year r e l l a b i l i t y  goal t o  be met o r  surpassed. 

Wh i l e t h i s  i s  p resent ly  unproven, t h  i s meta l  l i z a t i  on system may a l  low reduced 

encapsulat ion requirements and, thus, reduced encapsulat ion costs.  

The in te rconnect ion  scheme i s  v e r s a t i l e  w i t h  respect  t o . s o l a r  c e l l  s i z e  a n d  

shape as we l l  as method o f  c e l l  in te rconnect ion  ( se r ies ,  s e r i e s - p a r a l l e l ,  o r  

para l  l e l ) .  Fur ther ,  It has mul t . lp le  contac t  and low e l e c t r i c a l  loss capabi l  i t y ,  

w h i l e  a l so  being o f  low labor content  now and capable o f  f u l l  automation i n  t h e  

fu tu re .  

The module encapsulat ion approach I s  conservat ive f o r  t he  sake o f  r e l i a b i l i t y .  

Future developments may ease t h e  requirements f o r  encapsulat ion, s i m p l i f y i n g  t h i s  

technique a t  t h a t  t ime. Being t h e  l a s t  step, it i s  t h e  l eas t  i n t e f a c t i v e  w i t h  o ther  

steps i n  t h e  process sequence, and w i l l  move on l y  i n  t h e  d i r e c t i o n  o f  s i m p l i f i c a t i o n ,  

no? increased complexity.  

Each step o f  t h e  process sequence, thus,  con t r i bu tes  t o  t h e  c e l l  and module 

i n  several ways. Consumed ma te r ia l s  a re  intentionally kept  low, s u b s t i t u t i n g  

advanced technologies f o r  t r a d i t o n a l l y  more expenslve, (though t e c h n i c a l l y  

f e a s i b l e )  steps. Further,  t he  process i s  capable o f  u t i l i z i n g  as-grown s i l i c o n  

sheet ma te r i a l  w i t h  no pena l ty  compared t o  s l i c e d  Cz ma te r ia l .  



3.2 WAX RESIST TECHNOLOGY FOR TEXTURE ETCHING 

T h i s  s tep  - i s  designed t o  pe rm i t  t e x t u r e  e t c h  i ng o f  o n l y  t h e  f r o n t  su r f ace  

o f  t h e  s i l i c o n  subs t ra te .  Whi le t e x t u r e  e t c h i n g  per  se i s  n o t  p a r t  o f  t h e  

techno1 og i ca l  advancement p o r t  ion  o f  t h i s  con t rac t ,  t h e  maski ng o f  t e x t u r e  

e t c h i n g  on t h e  s i l i c o n  subs t ra te  i s  one o f  t h e  technology advancement s t u d i e s .  

Manufacturers o f  waxes have been con tac ted  t o  i d e n t i f y  s u i t a b l e  waxes. 

S ince t e x t u r e  e t c h i n g  i s  ,performed i n  a  heated . . a l k a l i n e  bath, t h e  foremost 

requirement on t h e  wax i s  i t s  r es i s tance  t o  saponification. Th i s  g r e a t l y  l i m i t s  

t h e  l i s t  o f  p o t e n t i a l l y  s u i t a b l e  choices.  

One wax which appears s u i t a b l e  f o r  masking one s i d e  o f  a  s i  l icon subs t ra te  

w h i l e  t h e  oppos i te  s i d e  i s  be ing  t e x t u r e  etched.has been i d e n t i f i e d .  The wax 

i s  Mu l t iwax  195-M, manufactured by Wi tco Chemical Company, New York. Mu l t iwax  

195-M i s  a  m i c r o c r y s t a l l i n e  wax which has p r o p e r t i e s  s u i t a b l e  f o r  t h i s  appl i c a t i o n .  

The m e l t i n g  p o i n t  o f  t h e  wax i s  1 9 5 ~ ~  ( 9 0 . 6 ~ ~ 1 ,  which i s  above t h e  temperature 

u t  i l  i zed  f o r  t h e  t e x t u r e  e t c h i n g  so l  u t i o n .  The wax has a  ( h i g h )  f l a s h  p o i n t  

o f  5 5 0 ' ~  ( ~ 8 7 . 8 ~ ~ )  which i n d i c a t e s  a  low f l a m m a b i l i t y .  I t  has a  very  low 

vapor pressure, hav ing n o o d o r s  o r . fumes.  I t . h a s  a  d e n s i t y  o f  0.78 g/cm 3 

( a t  1 1 5 " ~ ) .  The wax has shown good adhesion t o  wafers and has exh i b  i t e d  good 

p r o t e c t i o n  from t h e  t e x t u r e  e t c h i n g  s o l u t i o n .  The wax does n o t  saponify. P r i c e s  

have been quoted a t  $0.69/lb. i n  smal l  q u a n t i t i e s  and $0.57/1b. i n  q u a n t i t i e s  

ove r  500 Ibs.  I n i t i a l  t e s t s  were performed u t i l i z i n g  t ou lene  as a  so l ven t  f o r  

convenience, b u t  s i nce  to luene  i s  e c o l o g i c a l l y  u n s a t i s f a c t o r y ,  f u r t h e r  s t u d i e s  

o f  so l  ven ts  a r e  underway. 

3.3 PLASMA ETCHING OF SILICON AND SILICON NITRIDE 

Process ing o f  s o l a r  c e l l s  can i nvo l ve  a  l a r g e  numberand v a r i e t y  o f . w e t  

chemis t ry  steps. These s teps  i nc l ude  such items as i s o t r o p i c  s i l i c o n  e t c h i n g  



t o  remove saw damage o r  sur face layers, t e x t u r e  (an iso.krop i c )  e t ch ing  o f  s i I  icon, 

d i e l e c t r i c  etching,  metal etching,.and metal p l a t i n g .  . Wet chemical steps rnay 

be the  on l y  v i a b l e  means f o r  ach iev ing  t h e  desi red r e s u l t  f o r  some cases, such as 
\ 

t e x t u r e  e tch in< and meta l p l a t i n g .  In  o the r  cases, however, a l t e r n a t i v e s  have 

been i d e n t i f i e d  which may achieve t h e  desi red r e s u l t  whi l e  min imiz ing consumed 

mate.r ials and waste disposal requirements. Two such a l t e r n a t i v e s  a r e  the  

plasma e tch ing  o f  s i l i c o n  t o  remove sawing damage ( o r  o t h e r  undesi rable sur face 

layers) ,  and the  plasma e tch ing  o f  pa t te rns  i n  s i l i c o n  n i t r i d e  w i thout  u t i l i z i n g  

pho to res i s t .  

1 Plasma processing u t i l i z e s  an appropr ia te  gas ( o r  gas m ix tu re )  a t  a  reduced 

i pres,sure, ion ized i n  an RF f i e l d .  The ions e x i s t  a t  low physical  temperatures, 

bu t  a re  h i g h l y  energet ic ,  representa t ive  o f  much h igher  e f f e c t i v e  temperatures. 

Surface processes which would normal l y  r e q u i r e  h igh temperatures can, thus, 

be performed a t  o r  near room temperature. 

E tch ing  o f  s i l i c o n  i n  a  plasma can be accomplished w i t h  a  mix ture  o f  CF4 

and 02. The plasma conta ins  ion ized f l u o r i n e  and oxygen which a t t a c k  and e tch  

s i t  icon, producing v o l a t i l e  reac t i on  products which .can be swept from t h e  plasma 

chamber, a l l ow ing  cont inuous etching.  Plasma e tch ing  o f  s i l i c o n  i s  f i r s t  being 

inves t iga ted  i n  a  para1 l e l  p l a t e  plasma chamber. Work on t h i s  i s  c u r r e n t l % j  

underway. 

Pa t te rn ing  o f  s i l i c o n  n i t r i d e  i s  a l so  being s tud ied  u t i l i z i n g  plasma. In 

t h i s  case, o n l y  CF4 i s  introduced i n t o  t h e  plasma chamber. Plasma e tch ing  o f  

s i l i c o n  n i t r i d e  has been demonstrated u t i l i z i n g  pho to res i s t  masking. Photo- 

r e s i s t  processing, however, u t i l i z e s  many consumable mater ia ls ,  making i t  

des i rab le  t o  f i n d  an a l t e r n a t i v e .  A new technology has been proposed f o r  

development i n  t h i s  study which replaces pho to res i s t  w i t h  a  mechanicel mask. 
I 

I The mechanical mask would be e x a c t l y  analogous t o  a  shadow m e t a l l i z a t i o n  mask 



f o r  evapo ra t i on  o f  metal con tac t s .  The opening s i z e s  and p r o x i m i t y  o f  t h c  rnar,k 

t o  t h e  s o l a r  c e l  I su r f ace  d u r i n g  e t c h i n g  a r e  key parameters.  

I n i t i a l  exper iments  have been performed t o  p a t t e r n  s i l i c o n  n i t r i d e  by 

plasma e t c h i n g  th rough  a  mechanical mask; t h e i r  success con f i rms  t h e  f e a s i b i l i t y  

o f  t h i s  technology.  

The i n i t i a l  exper iments  u t i l i z e d  a  CF plasma i n  a  p a r a l l e l  p l a t e  r e a c t o r .  
4 

A t h i n  metal mask o f  molybdenum, sometimes used as an evapo ra t i on  mask f o r  

m e t a l l i z a t i o n ,  was p laced  a g a i n s t  a  p o l i s h e d  s i l i c o n  wafer  coated w i t h  s i l i c o n  

I n i t r i d e .  The p a t t e r n  on t h e  mask was reproduced i n  t h e  n i t r i d e ,  b u t  t h e  n i t r i d e  

I p a t t e r n  was s l i g h t l y  l a r g e r  than  t h a t  on t h e  mask. T h i s  i s  a t t r i b u t e d  t o  t h e  

f a c t  t h a t  t h e  metal  mask was warped, and good c o n t a c t  t o  t h e  wafer d i d  no t  occur .  

F u r t h e r  exper iments  w i t h . b o t h  aluminum and s t a i n l e s s  s t e e l  masks a r e  scheduled 

t o  be performed. 

I A concern, n o t  y e t  founded i n  f a c t ,  however, has a r i s e n  f o r  t h e  p a t t e r n i n g  

o f  s i  l i con  n i t r i d e  on t e x t u r e d  subs t ra tes .  For an accu ra te  p a t t e r n  rep1 i c a t  ion 

f rom t h e  mask t o  t h e  s u b s t r a t e  sur face,  reasonably c l o s e  c o n t a c t  must be made. 
. . 

I t  i s  known +hat  t h e  peaks on a  t e x t u r e d  su r f ace  a r e  f r a g i  l e .  Concern has 

I a r i s e n ,  thus, t h a t  peaks may be broken th rough  c o n t a c t  w i t h  t h e  metal mask. Th i s  

may be e s p e c i a l l y  t r u e  i f  t h e  peak h e i g h t  on the '  t e x t u r e d  su r f ace  i s  non-uniform. 

I n  o r d e r  t o  s tudy  t h i s  p o t e n t i a l  problem, a  s o f t  c o a t i n g  m a t e r i a l  f o r  

a p p l i c a t i o n  t o  t h e  metal  mask i s  b e i n g  cons idered.  Such a  m a t e r i a l  i s  intended 

t o  a c t  as  a  cush ion  between t h e  t e x t u r e d  su r f ace  and t h e  metal '  mask. A t  t h e  

same t ime,  such a  c o a t i n g  may a l s o  produce a  b e t t e r  c o n t a c t  between t h e  mask 

and subs t ra te ,  r educ ing  u n d e r c u t t i n g  e f f e c t s  d u r i n g  e t ch i ng .  M a t e r i a l s  c u r r e n t l y  

be ing  cons idered a r e  polymer s i l i c o n e s  which can be a p p l i e d  t o  t h e  mask by 
. . 

screen i ng. 



. 
3.4 ION IMPLANTATION 

Junc t i on  format ion, bo th  t h e  f r o n t  P-N j u n c t i o n  and t h e  back high- low 

j unc t i on ,  w i  I l be formed by ion  imp lan ta t i on  and anneal ing. An E x t r i o n  h i g h  

beam c u r r e n t  ion  imp lan te r  has been purchased f o r  development 'o f  t h i s  technology.  

T h i s  machine has j u s t  f i n i s h e d  be ing  comple te ly  i n s t a l l e d .  T h i s  w i l l  cause a  

smal l  de lay  i n  t h e  exper imental  work f o r  i o n  imp lan ta t i on .  Th i s  de lay w i l l  

be compensated f o r  l a t e r  i n  t h e  program w i t h  acce le ra ted  e f f o r t s '  i n  t h i s  area. 

3.5 INCORPORATION OF METALLIZATION ADVANCEMENTS 

Choice o f  t h e  m e t a l l i z a t i o n  process f o r  s o l a r  c e l l s  has a  major  impact 

upon t h e  r e s t  o f  t h e  process sequence. The impact i s  g r e a t e s t  when comparing 

p l a t i n g  and e s s e n t i a l l y  a l l  o t h e r  metal  a p p l i c a t i o n  processes. P l a t i n g ,  a  

s e l e c t i v e  process o f  necess i t y ,  r equ i res  i n t i m a t e  masking o f  t h e  subs t ra te  

where no metal i s  des i red .  The masking must be i n  p l ace  and t h e  metal  p a t t e r n  

de f i ned  p r i o r  t o  p la t ing. '  For  o t h e r  m e t a l l i z a t i o n  methods, i n c l u d i n g  evapora t ion  

and s i l k  screening, t h e  s i l i c o n  su r f ace  i s  t o t a l l y  bare  and t h e  masking i s  

p rov ided  mechanical l y  by a  metal o r  screening mask. 

For maximum c e l l  e f f i c i e n c y ,  even on t e x t u r e d  sur faces,  an a n t i r e f l e c t i o n  

c o a t i n g  i s  necessary. For such m e t a l l i z a t i o n  methods as evapora t ion  o r  s i l k  

screening, t h e  a n t i r e f l e c t i o n  c o a t i n g  i s  a p p l i e d  f o l l o w i n g  m e t a l l i z a t i o n .  The 

a n t i r e f l e c t i o n  coat ing, .  i n  t h i s  case, must be a p p l i e d  a t  a  s u f f i c i e n t l y  

low temperature t o  avo id  c e l l  degradat ion th rough excess ive m e t a l l i z a t i o n  hea t ing .  

The a n t i r e f l e c t i o n  coa t ing ,  i n  a d d i t i o n ,  may cover  t h e  m e t a l l i z a t i o n  and i n  ,such 
, . . 

- a  case must be s e l e c t i v e l y  removed ,a t  t h e  p o i n t s  o f  c e l l  i n t e r connec t i on  t o  

assure r e l i a b l e  i n te r connec t i on  j o i n t s .  

~onve rse l . y ,  t h e  a n t i  r e f l e c t i o n  c o a t i n g  i t s e l  f  can be u t i  l i zed as t h e  

p l a t i n g  mask f o r  a  p l a t e d  m e t a l l i z a t i o n .  Since no metal  i s  on t h e  c e l l  su r face  

2 7 



a t  t he  t ime  o f  t h e  formation o f  t h e  a n t i  r e f l e c t i o n  coat ing, t he  l  i m i t a t i o n s  

on depos i t ion  temperature seen f o r  evaporated o r  screened metal are eased 

considerably.  This permi ts  t h e  u t i l i z a t i o n  o f  s i l i c o n  n i t r i d e  f o r  t h i s  purpose. 

The s i l i c o n  n i t r i d e  a l s o  serves as a  p-n j u n c t i o n  passivant .  The process 

sequence chosen f o r  development, thus, incorporates a s  i l  icon n i t r i d e  layer  

which serves as a  p-n j u n c t i o n  passivat ion,  a n t i r e f l e c t i o n  coat ing, and as 

t h e  p l a t i n g  mask. 

The m e t a l l i z a t i o n  system i s  t h e  PdZSi - (Pd) - Ni - so lder  system and 

i s  being developed on con t rac t  ~ 0 ~ / ~ ~ ~ / 9 5 4 6 8 9 .  S i nce t h  i s  process sequence 

i s  so heav i ly  dependent upon t h e  p l a t i n g  con t rac t  work, it w i l l ,  from t ime 

t o  time, be repor ted on t h i s  con t rac t .  I n te rac t i ons  between t h e  m e t a l l i z a t i o n  

process step and t h e  o v e r a l l  process sequence w i l l  be c l o s e l y  monitored and ' 

reported. 

3.6 PROCESS SEQUENCE ENHANCEMENT 

The process sequence under deve l opment here .conta i ns many i nnovat i ve process 

steps. I t  i s  an t i c i pa ted  t h a t  some modi f  i c a t  ions t o  i nd i v idua l  process steps 

w i l l  have i n t e r a c t i v e  e f f e c t s  throughout t h e  process sequence. This  study i s  

designed t o  present a  means o f  ident  i f y i  ng and r e p o r t i n g  such modi f i c a t  ions when 
. . 

they occur. No such mod i f i ca t i ons  have been performed dur ing  t h i s  f i r s t  
. , 

q u a r t e r l y  repo r t  period. 

3.7 VERIFICATION OF PERFORMANCE 

The process sequence studied i n  t h i s  con t rac t  i s  comprised o f  a  number 

o f  c r i t i c a l  i nd i v idua l  steps. tach step must be ope ra t i ng  s a t i s f a c t o r i l y  

i n  o rde r  f o r  t he  en t  i r e  sequence t o  perform successful  l  y. ~ c c o r d  i'ng 1 y, con t ro l  



p o i n t s  must. be i d e n t i f i e d , a t  each process s tep  t o  v e r i f y  . tha t  t h e  p a r t . i c u l a r  

s t e p  i s  work ing  p rope r l y .  These i n-process measurement p o i n t s  a r e  .pre,sent l  y  

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

3.8 ECONOMIC ANALYSIS 

An economic a n a l y s i s  o f  t h e  process sequence be ing  developed i s  be ing  

performed by two p a r a l l e l  methods. The f i r s t  method i s  t o  u t i l i z e  t h e  JPL 

So la r  Ar ray  Manufac tu r ing  I n d u s t r y  Cos t i ng  Standards (SAMICS). Accord ing ly ,  

Format A da ta  sheets have been supp l ' i ed  t o  JPL. T h i s  w i  l I ,  o f  course, be 

updated as new i n fo rma t i on  i s  a v a i l a b l e .  The second method i s  t o  per form 

a d e t a i l e d  process s t e p  and process sequence a n a l y s i s  i n  t h e  same format  as 
9 

Motoro la  presented i n  i t s  c o s t  a n a l y s i s  s tudy f o r  Phase 1 o f  t h e  Automated 

Ar ray  Assembl y  Task c o n t r a c t .  ( 1 )  

Some o f  t h e  i n d i v i d u a l  process s teps  i nco rpo ra ted  i n t o  t h e  Phase I I  process 

sequence were s p e c i f i e d  i n  t h e  Phase I s tudy .  The da ta  and assumptions generated 

i n  t h e  Phase I s tudy a r e  be ing  u t i l i z e d  as t h e  b a s i s  f o r  t h e  p resen t  c o s t  

a n a l y s i s .  The Phase I  I  process sequence c o n t a i n s  severa l  i nnova t i ve  process 

s teps  which were n o t  analyzed i n  Phase I .  These new process s teps a r e  enumerated 

below: 

1. Plasma S i l i c o n  E tch  

2. Wax R e s i s t  Apply 

3. Wax kes i s t  Remove 

4. Mechan i ca l l y Masked Plasma P a t t e r n  i ng o f  S i 3N4 

( 1 )  L. A. Grenon and M. G. Coleman, Phase I o f  t h e  Automated Ar ray  Assembly 

Task o f  t h e  Low Cost S i l i c o n  So la r  Array P r o j e c t ,  Technica l  Q u a r t e r l y  

Repor t  No. 6, DOE/JPL/954363-7, October, 1977. 



Assumptions f o r  these  process steps, alo,ng w i t h  mod i f i c a t  ion o f  p r e v i o u s l y  

de f i ned  process steps, a r e  be ing  spec i  f  i e d  i n  t h e  same format  as p r e v i o u s l y  

u t i  l i zed i n  t h e  Phase I c o s t  anal ys  i s .  Resu l t s  o f  t h e  Moto ro la  format  c o s t  

a n a l y s i s  w i l l  be presented i n  l a t e r  r e p o r t s .  



4.0 CONCLUS l  ONS 

Due t o  t h e  e a r l y  s tage  o f  t h e  c o n t r a c t ,  few conc lus ions  may be drawn 

I t  does appear, however, t h a t  a  wax s u i t a b l e  f o r  masking t e x t u r e  e t c h i n g  

has been i d e n t i f i e d .  

5.0 RECOMMENDATIONS 

No spec i f  i c  recommendat ions can be made a t  t h i s  t ime .  

6.0 CURRENT PROBLEMS 
'. 

No s p e c i f i c  problems have occured d u r i n g  t h i s  r e p o r t  pe r i od .  

7 .O WORK PLAN STATUS 

The work p l an  i s  on schedule w i t h  t h e  excep t i on  o f  t h e  exper imenta l  

p o r t i o n  o f  t h e  ion i m p l a n t a t i o n  s t u d i e s  which, because o f  i t s  i n t e r a c t i o n  

w i t h  o t h e r  planned work, has r e s u l t e d  i n  t h e  expend i t u re  o f  fewer hours than  

p  l  anned. 

8.0 ' - LIST OF ACTION ITEMS 

No i tems r c q u i r i n g  unusual a c t i o n  have come t o  l i g h t ' d u r i n g  t h i s  r e p o r t  

pe r i od .  

? " '  
MILESTONES 9.0 

Sta tus  o f  t h e  program i s  shown i n  t h e  M i  l es tone Chart ,  F i g u r e  1 .  
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