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(54)  Solar  cell  device. 
@  A  solar  cell  device  comprises  first  and  second  photoac- 
tive  materials  (1,  2)  deposited  on  opposite  sides  of  a 
transparent  insulating  substrate  (3).  The  first  photoactive 
material  (1)  has  a  larger  energy  bandgap  than  that  of  the 
second  photoactive  material  (2)  and  the  first  photoactive 
material  is  responsive  to  light  of  different  wavelengths  to 
those  of  the  light  to  which  the  second  photoactive  material  is 
responsive.  A  metal  layer  (4)  formed  on  the  second  photoac- 
tive  material  reflects  light  back  through  the  structure  and 
may  extend  around  the  edge  of  the  substrate  to  electrically 
connect  the  solar  cell  on  one  side  of  the  substrate  to  the  solar 
cell  on  the  other  side  of  the  substrate.  A  metallic  grid  (5) 
forms  an  ohmic  contact  to  the  first  photoactive  material.  The 
solar  cells  may  be  of  the  P-N  junction  or  Schottky  barrier 
types. 
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A   solar  cell  device  comprises  first  and  second  photoac- 
tive  materials  (1,  2)  deposited  on  opposite  sides  of  a 
transparent  insulating  substrate  (3).  The  first  photoactive 
material  (1)  has  a  larger  energy  bandgap  than  that  of  the 
second  photoactive  material  (2)  and  the  first  photoactive 
material  is  responsive  to  light  of  different  wavelengths  to 
those  of  the  light  to  which  the  second  photoactive  material  is 
responsive.  A  metal  layer  (4)  formed  on  the  second  photoac- 
tive  material  reflects  light  back  through  the  structure  and 
may  extend  around  the  edge  of  the  substrate  to  electrically 
connect  the  solar  cell  on  one  side  of  the  substrate  to  the  solar 
cell  on  the  other  side  of  the  substrate.  A  metallic  grid  (5) 
forms  an  ohmic  contact  to  the  first  photoactive  material.  The 
solar  cells  may  be  of  the  P-N  junction  or  Schottky  barrier 
types. 



This  i n v e n t i o n   r e l a t e s   to  so l a r   ce l l   dev ices ,   and  more  p a r t i c u l -  

a r ly   to  s o l a r   c e l l   devices  with  a  so la r   ce l l   formed  on  each  side  o f  

an  i n s u l a t i n g   s u b s t r a t e .  

H.  Hovel,  in  "Novel  M a t e r i a l s   and  Devices  for  Sun l igh t   Concen-  

t r a t i n g   Systems",   IBM  J.  Res.  and  Dev.,  22,  112,  (1978),  d e s c r i b e s  

the  advantages   of  " m u l t i c o l o u r "   so la r   c e l l s .   By  using  s eve ra l   m a t e r i a l s  

with  d i f f e r e n t   energy  bandgaps  in  o p t i c a l   s e r i e s ,   the  usual  e n e r g y  

losses   which  l i m i t   so la r   c e l l   e f f i c i e n c i e s   to  less   than  30%  a r e  

overcome.  

U.S.  Pa t en t   4 ,094,704  d e s c r i b e s   a  so la r   ce l l   device  c o m p r i s -  

ing  f i r s t   and  second  p h o t o a c t i v e   m a t e r i a l s   depos i t ed   on  o p p o s i t e  

s ides   of  a  t r a n s p a r e n t   i n s u l a t i n g   s u b s t r a t e .  

The  i n v e n t i o n   seeks  to  provide   an  improved  so la r   c e l l   d e v i c e  

which  can  have  an  e f f i c i e n c y   approaching  or  exceeding  40%. 

A  so l a r   c e l l   device  according   to  the  i nven t ion   comprises  a  

t r a n s p a r e n t   i n s u l a t i n g   s u b s t r a t e   having  a  f i r s t   p h o t o a c t i v e   m a t e r i a l  

depos i t ed   on  one  side  t he reo f   and  a  second  p h o t o a c t i v e   m a t e r i a l  

depos i t ed   on  the  oppos i te   side  t h e r e o f ,   the  second  p h o t o a c t i v e  

m a t e r i a l   being  r e spons ive   to  l i g h t   of  d i f f e r e n t   wavelengths   to  t h o s e  

of  the  l i g h t   to  which  the  f i r s t   p h o t o a c t i v e   m a t e r i a l   is  r e s p o n s i v e  

and  is  c h a r a c t e r i s e d   by  a  r e f l e c t i v e   m e t a l l i c   layer   being  formed  on 

the  second  p h o t o a c t i v e   m a t e r i a l .  



Semiconductors   grown  upon  f o r e i g n  s u b s t r a t e s   are  g e n e r a l l y  

p o l y c r y s t a l l i n e   in  na ture   unless   s p e c i a l   c o n d i t i o n s   p r e v a i l .   As  an  

example,  l aye r s   of  GaAs,  GaAlAs,  GaAsP,  Si,  Ge  and  o the r s   are  p o l y -  

c r y s t a l l i n e   when  grown  upon  quar tz   w h i c h  i s   a  t r a n s p a r e n t   i n s u l a t i n g  

m a t e r i a l .   Under  s p e c i a l   c o n d i t i o n s   in  which  the  s u b s t r a t e   is  mono- 

c r y s t a l l i n e   and  the  l a t t i c e   pa ramete r s   of  the  semiconductor   a r e  

c lose   to  those  of  the  s u b s t r a t e ,   and  where  the  t e m p e r a t u r e   and  o t h e r  

growth  c o n d i t i o n s   are  c a r e f u l l y   chosen,  a  m o n o c r y s t a l l i n e   e p i t a x i a l  

semiconduc tor   layer   can  be  grown  upon  a  t r a n s p a r e n t   i n s u l a t i n g  

s u b s t r a t e .   P o l y c r y s t a l l i n e   l aye r s   on  t r a n s p a r e n t   i n s u l a t i n g   s u b s t r a t e s  

can  form  the  bas i s   for  low  cos t ,   m o d e r a t e l y  h i g h   e f f i c i e n c y   tandem 

so l a r   c e l l s   while  m o n o c r y s t a l l i n e   l aye r s   on  t r a n s p a r e n t   i n s u l a t i n g  

s u b s t r a t e s   can  form  the  bas i s   for  h igher   e f f i c i e n c y   s t r u c t u r e s   which  

may  be  more  cos t l y   but  which  can  be  used  i n  c o n c e n t r a t i n g   s y s t e m s  

where  e f f i c i e n c y   is  more  impor tan t   than  cost  (see  the  Hovel  a r t i c l e  

mentioned  a b o v e ) .  

The  i n v e n t i o n   w i l l   now  be  exp la ined   by way  of  example,  w i t h  

r e f e r e n c e   to  the  accompanying  drawings  in  which  four  d i f f e r e n t   s o l a r  

c e l l   dev ices   embodying  the  i nven t ion   are  r e p r e s e n t e d   in  F igs .   1  t o  

4,  r e s p e c t i v e l y .  

In  a  f i r s t   embodiment  of  the  i nven t ion   (FIG.  1),  s e m i c o n d u c t o r  

l aye r s   1  and  2  are  depos i t ed   upon  a  t r a n s p a r e n t   i n s u l a t i n g   s u b s t r a t e  

3.  A  r e f l e c t i v e   metal  layer   4  covers  the  bottom  layer   2,  whi le   a  

gr id  of  metal   5  forms ohmic  con tac t   t o  t h e   top  l a y e r   1.  Light  6 

en t e r s   through  the  top  layer   1 which  has  a  l a r g e r   energy  bandgap  

than  l aye r   2.  A  p o r t i o n   of  the  l i g h t   7  whose  pho tons  have   l e s s  

energy  than  the  energy  bandgap  of  l ayer   1  is  t r a n s m i t t e d   through  t h e  

s u b s t r a t e   to  the  s e m i c o n d u c t o r  l a y e r   2.  A  p o r t i o n   of  the  l i g h t   8 

not  absorbed  by  layer   2  on  the  f i r s t   pass  is  r e f l e c t e d   by  the  m e t a l  

l aye r   4  and  can  be  absorbed  on  the  second  pass .   A  metal  l a y e r  9   can  

be  used  to  wrap-around  the  edges  of  the  s t r u c t u r e   to  o h m i c a l l y  



connect   the  two  so lar   c e l l s .   Region  9-1  may  be  an  ac tua l   p h y s i c a l  

s e p a r a t i o n   between  wrap-around  metal  9  and  the  r eg ions   1,  2  and  3,  

or  i t   may  be  an  i n s u l a t o r  a c t i n g   as  a  s t a n d - o f f   to  s epa ra t e   metal  9 

f rom the   semiconductor   l aye r s   1  and  2.  In  cases  where  metal  9  forms 

a  low  leakage  e l e c t r i c a l   con tac t   to  semiconductor   l aye r s   1  and  2, 

metal   9  may  touch  l ayers   1  and  2' (as  well  as  s u b s t r a t e   3)  and  t h e  

reg ion   shown  as  9-1  wi l l   be  absent .   The  l aye r s   1  and  2  may  be  

p o l y c r y s t a l l i n e   in  genera l ,   but  if  the  s u b s t r a t e   and  s e m i c o n d u c t o r  

l a y e r s   and  growth  c o n d i t i o n s   are  a p p r o p r i a t e l y   chosen,  they  may  b e  

e p i t a x i a l   and  m o n o c r y s t a l l i n e .   Techniques  for  choosing  such  con-  

d i t i o n s   and  m a t e r i a l s   are  well  known  to  c r y s t a l   growth  s p e c i a l i s t s .  

The  necessa ry   devices   made on  l aye r s   1  and  2  can  be  formed  w i t h  

Schot tky   b a r r i e r s ,   p-n  homojunc t ions ,   or  h e t e r o j u n c t i o n s .   FIG.  2 

shows  an  example  of  a  s t r u c t u r e   using  two  Schot tky  b a r r i e r s .   Semi- 

conduc tor   l aye r s   11  and  12  are  depos i t ed   upon  t r a n s p a r e n t   i n s u l a t i n g  

s u b s t r a t e   10.  These  semiconductor   l aye r s   may  be,  for  example,  n -  

type  conduct ing   l aye r s .   Schottky  b a r r i e r s   are  formed  by  m e t a l  

l a y e r s   13  and  14.  Layer  14  is  very  th in ,   60  to  200  Angstroms  t h i c k ,  

so  i t   is  h ighly   t r a n s p a r e n t   to  v i s i b l e   l i g h t .   A  gr id   15  makes 

c o n t a c t   to  the  th in   layer   14.  The  output   e l e c t r o d e s   are  16  and  17 .  

E l e c t r o d e   17  makes  an  ohmic  con tac t   to  semiconductor   12  while  wrap-  

around  metal  18,  shown  connected  to  metal  layer   13  at  18-3,  makes 

ohmic  con tac t   to  semiconductor   layer   11.  Region  18-1  may  be  an 

a c t u a l   phys i ca l   s e p a r a t i o n   between  wrap-around  metal   18  and  t h e  

s u b s t r a t e   10,  and  the  l aye r s   11  and  12  or  i t   may  be  an  i n s u l a t o r  

a c t i n g   as  a  s t a n d - o f f   to  s epa ra t e   metal  18  from  the  s emiconduc to r  

l a y e r s   11  and  12.  Metal  18  touches  and  makes  ohmic  con tac t   to  l a y e r  

11  at  po in t   18-2.  In  cases  where  metal  18  forms  a  low  l e a k a g e  

e l e c t r i c a l   con tac t   to  semiconductor   l ayer   12,  metal  18  may  t o u c h  

l aye r   12  (as  well  as  s u b s t r a t e   10  and  layer   11)  and  the  r e g i o n  s h o w n  

as  18-1  wi l l   be  absent .   Layer  13  is  a  th ick   o p t i c a l l y   r e f l e c t i v e  

metal   l aye r .   An  a n t i - r e f l e c t i o n   layer   19  can  be  used  to  maximize 

the  t r a n s m i t t a n c e   of  l i g h t   through  the  th in   metal  l ayer   14. 



S l i g h t l y   d i f f e r e n t   c o n f i g u r a t i o n s   for  p r a c t i c e   of  t h i s   i n v e n t i o n  

can  be  u t i l i z e d ,   if  d e s i r e d .   FIG.  3  shows  an  example  of  a  tandem 

s t r u c t u r e   which  u t i l i z e s   oppos i t e   c o n d u c t i v i t y - t y p e   s e m i c o n d u c t o r s  

with  Schot tky  b a r r i e r s .   N-type  semiconductor   21  and  p- type   s emi -  

conduc tor   22  are  d e p o s i t e d   on  oppos i t e   s ides  of  t r a n s p a r e n t   i n s u l a t i n g  

s u b s t r a t e   20.  R e f l e c t i v e   metal   l ayer   23  forms  a  Schot tky   b a r r i e r   t o  

l aye r   22  while  th in   s e m i - t r a n s p a r e n t   metal  layer   24  forms  a  S c h o t t k y  

b a r r i e r   with  layer   21.  A  metal  gr id  25  con tac t s   the  metal  layer   24 

while  e l e c t r o d e s   26  and  27  lead  to  the  e l e c t r i c a l   load.   Wrap-around 

metal   l ayer   28  makes  ohmic  con t ac t   to  both  semiconductor   l ayers   21 

and  22,  and  may  touch  s u b s t r a t e   20.  An  a n t i - r e f l e c t i o n   coa t ing   29 

is  shown  cover ing  layer   24  and  grid  25. 

The  s t r u c t u r e   of  FIG.  3  can  be  made  using  p - type   s i l i c o n   a s  

l aye r   22  and  n- type  GaAlAs  or  GaAsP  as  layer   21.  Metal  layer   23  i s  

Al  and  layer   24  is  Au.  Grid  25  can  be  made  with  Au  and  w r a p - a r o u n d  

metal   28  is  made  with  Ti/Ag.  A n t i - r e f l e c t i n g   l ayer   29  is  made  w i t h  

Ti02.  The  s u b s t r a t e   20  is  A1203" 

An  example  of  a  s t r u c t u r e   u t i l i z i n g   p/n  j u n c t i o n s   is  shown  i n  

FIG.  4.  T ransparen t   i n s u l a t i n g   s u b s t r a t e   30  has  s e m i c o n d u c t o r  

l aye r s   31  and  32,  and  33  and  34  on  r e s p e c t i v e   s ides .   Semiconduc to r  

l aye r s   31  and  32  form  a  p/n  j u n c t i o n   and  semiconductor   l aye r s   33  and 

34  form  another   p/n  j u n c t i o n .   R e f l e c t i v e   metal  35  forms  an  ohmic 

c o n t a c t   with  layer   34  and  a  metal  grid  36  makes  an  ohmic  c o n t a c t  

with  layer   32.  A  wrap-around  con tac t   38  is  used  to  connect  the  two 

p/n  j u n c t i o n s   into  e l e c t r i c a l   s e r i e s .   Region  38-1  may  be  an  a c t u a l  

p h y s i c a l   s e p a r a t i o n   between  wrap-around  metal  38  and  the  reg ions   30, 

31  and  33,  or  i t   may  be  an  i n s u l a t o r   ac t ing   as  a  s t a n d - o f f   to  s e p a r a t e  

metal   38  from  the  semiconductor   l aye r s   31  and  33.  In  cases  where  

metal   38  forms  a  low  leakage  e l e c t r i c a l   con tac t   to  s e m i c o n d u c t o r  

l a y e r s   31  and  33,  metal  38  may  touch  l aye r s   31 and  33  (as  well  as  

s u b s t r a t e   30)  and  the  r eg ion   shown  as  38-1  w i l l   be  absent .   Me ta l  



l ayer   38  may  touch  regions   34  and  32.  An  a n t i - r e f l e c t i o n   layer   37 

covers  the  top  su r f ace .   E l e c t r o d e s   39  and  40  make  ohmic  con tac t   t o  

l a y e r s   31  and  33,  r e s p e c t i v e l y .  

The  two  p/n  j u n c t i o n s   in  FIG.  4  formed  by  l ayers   31/32  and 

33/34  may  be  p/n  homojunct ions   or  p/n  h e t e r o j u n c t i o n s   or  one  o f  

each.  For  example,  l aye r s   33  and  34  may  be  of  the  same  s e m i c o n d u c t o r  

m a t e r i a l   to  form  a  homojunct ion  while  l aye r s   31  and  32  may  be  o f  

d i f f e r e n t   semiconductor   m a t e r i a l s   to  form  a  h e t e r o j u n c t i o n .   Both 

m a t e r i a l s   31  and  32  must  then  have  l a r g e r   bandgaps  than  the  m a t e r i a l  

compris ing  layers   33  and  34. 

One  embodiment  of  the  s t r u c t u r e   of  FIG.  4  would  s t a r t   with  a 

s u b s t r a t e   30  of  A1203  upon  which  there   is  depos i t ed   by  vapour  g rowth  

a  region  33  of  p- type  Ge  and  a  region  34  of  n- type  Ge.  On  t h e  

oppos i t e   face  of  the  A1203  a  l aye r   31  of  n- type  GaAs  and  a  layer   32 

of  p - type   GaAlAs  would  be  d e p o s i t e d .   Layers  35,  36,  38,  39  and  40 

can  a l l   be  made  with  Ti/Pd/Ag,  which  makes  an  ohmic  con tac t   to  each  

semiconductor   l ayer .   A n t i - r e f l e c t i n g   layer   37  is  made  with  T iO  .  

Each  of  the  FIGS.  1  to  4  has  shown  a  wrap-around  con tac t   which  

e l e c t r i c a l l y   connects  the  two  so la r   c e l l s .   This  wrap-around  c o n n e c t o r  

can  be  l e f t   off  if  des i r ed   and  the  two  so la r   c e l l s   opera ted   i n  

s e p a r a t e   c i r c u i t s .   The  use  of  an  i n s u l a t i n g   t r a n s p a r e n t   s u b s t r a t e  

ensures   tha t   complete  e l e c t r i c a l   i s o l a t i o n   can  be  achieved.   If  t h e  

two  so la r   c e l l s   are  opera ted   in  s epa ra t e   c i r c u i t s ,   each  so lar   c e l l  

must  have  two  e l e c t r o d e s .  

S u i t a b l e   t r a n s p a r e n t   s u b s t r a t e   m a t e r i a l s   inc lude  sp ine l ,   q u a r t z ,  

beryl ium  oxide,  zinc  s u l f i d e ,   s apph i re ,   alumina,  and  g l a s s .   S u i t a b l e  

semiconductor   m a t e r i a l s   inc lude   Ge,  c r y s t a l l i n e   Si,  GaSb,  InP,  GaAs, 

GaInAs,  GaAsP,  GaAlAs,  CdS,  CdSe,  CdTe,  amorphous  Si  and  GaP. 



Each  of  the  s t r u c t u r e s   of  FIGS.  1-4  can  be  made  with  e i t h e r  

p o l y c r y s t a l l i n e   or  m o n o c r y s t a l l i n e   semiconduc tor   l aye r s .   For  h i g h e s t  

e f f i c i e n c y   of  convers ion   of  so la r   energy  to  e l e c t r i c a l   e n e r g y ,  

s ing le   c r y s t a l   l aye r s   are  des i red   with  e l e c t r i c a l   p r o p e r t i e s   a s  

close  to  bulk  p r o p e r t i e s   as  p o s s i b l e .   A  c r y s t a l   p e r f e c t i o n   accom- 

modation  r eg ion   may  then  be  d e s i r a b l e   between  the  s u b s t r a t e   and  t h e  

ac t i ve   semiconduc tor   l ayer .   C rys t a l   p e r f e c t i o n   accommodation  r e g i o n s  

are  d e s c r i b e d   in  U.S.  Pa tent   4 ,202 ,704 .   The  c r y s t a l   p e r f e c t i o n  

accommodation  region  may  be  a  wide  bandgap  semiconductor   which  

"grades"  the  l a t t i c e   p r o p e r t i e s   of  the  s u b s t r a t e   towards  those  o f  

the  a c t i v e   semiconductor   layer   and  t h e r e f o r e   reduces  the  d e f e c t  

dens i ty   t h a t   would  occur  in  the  a c t i v e   l a y e r .  



1.  A  so la r   c e l l   device  compris ing  a  t r a n s p a r e n t   i n s u l a t i n g   s u b s t r a t e  

(3)  having  a  f i r s t   p h o t o a c t i v e   m a t e r i a l   (1)  depos i t ed   on  one  s i d e  

t h e r e o f   and  a  second  p h o t o a c t i v e   m a t e r i a l   (2)  depos i t ed   on  t h e  

oppos i t e   side  t h e r e o f ,   the  second  p h o t o a c t i v e   m a t e r i a l   being  r e s p o n s i v e  

to  l i g h t   of  d i f f e r e n t   wavelengths   t o  t h o s e   of  the  l i g h t   to  w h i c h  t h e  

f i r s t   p h o t o a c t i v e   m a t e r i a l   is  r e s p o n s i v e ,   the  so la r   ce l l   d e v i c e  

being  c h a r a c t e r i s e d   by  a  r e f l e c t i v e   m e t a l l i c   l ayer   (4)  being  fo rmed  

on  the  second  p h o t o a c t i v e   m a t e r i a l .  

2.  A  so la r   c e l l   device  as  claimed  in  claim  1,  in  which  the  f i r s t  

p h o t o a c t i v e   m a t e r i a l   has  a  l a rge r   energy  bandgap  than  tha t   of  t h e  

second  p h o t o a c t i v e   m a t e r i a l .  

3.  A  so la r   c e l l   device  as  claimed  in  claim  1  or  claim  2,  in  which  

the  r e f l e c t i v e   m e t a l l i c   layer   extends  around  the  edge  of  the  s u b s t r a t e  

and  makes  con tac t   with  a  p o r t i o n   of  the  f i r s t   p h o t o a c t i v e   m a t e r i a l  

so  t ha t   the  so la r   c e l l  o n   one  side  of  the  i n s u l a t i n g   s u b s t r a t e   i s  

e l e c t r i c a l l y   connected  to  the  so la r   c e l l  o n   the  o ther   side  of  t h e  

s u b s t r a t e .  

4.  A  so la r   c e l l   device  as  claimed  in  any  of  the  p reced ing   c l a i m s ,  

in  which  a  t r a n s p a r e n t   m e t a l l i c   layer   is  formed  on  the  f i r s t   p h o t o -  

ac t ive   m a t e r i a l   so  as  to  form  a  so la r   ce l l   having  a  Schottky  b a r r i e r .  

5.  A  so la r   ce l l   device  as  claimed  in  claim  4,  in  which  the  r e f l e c t i v e  

m e t a l l i c   layer   forms  a  Schottky  b a r r i e r   with  the  second  p h o t o a c t i v e  

m a t e r i a l .  

6.  A  so la r   ce l l   device  as  claimed  in  claim  3,  in  which  P-N  j u n c t i o n s  

are  formed  in  each  of  the  f i r s t   and  second  p h o t o a c t i v e   m a t e r i a l s .  



7.  A  so l a r   c e l l   as  claimed  in  any  p reced ing   c la im,   in  which  t h e  

t r a n s p a r e n t   i n s u l a t i n g   s u b s t r a t e   is  of  m a t e r i a l   s e l e c t e d   from Al2O3, 

Sp ine l ,   Quartz,   BeO,  Glasses   a n d  A l u m i n a s .  

8.  A  so la r   c e l l   as  claimed  in  any  p reced ing   c l a i m ,  i n   which  t h e  

f i r s t   p h o t o a c t i v e   m a t e r i a l   is  s e l e c t e d   from  GaAs,  GaAlAs,  GaP, 

amorphous  Si,  GaAsP,  CdS,  CdSe and CdTe.  

9.  A  so la r   ce l l   as  claimed  in  any  p reced ing   claim,  in  which  t h e  

second  p h o t o a c t i v e   m a t e r i a l   is  s e l e c t e d - f r o m - c r y s t a l l i n e  S i ,  G e ,  

GaSb,  GaInAs,  and  I n P .  
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