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ABSTRACT
i s n a i - e  m a B n u x m i i

The h ig h  o p t i c a l  t ra n s p a re n c y  and h ig h  e l e c t r i c a l  

c o n d u c t i v i t y  o f  ind ium t i n  o x id e  se m ico n d u c to r  have 

s t i m u la t e d  g r e a t  dea l  o f  i n t e r e s t  i n  d i s p l a y  te c h n o lo g y ,  

e l e c t r o n i c s  and s o l a r  t h e r m a l / p h o t o v o l t a i c  energy c o n v e rs io n .  

The o x id e  sem iconduc to rs  which t r a n s m i t  s o la r  r a d i a t i o n s  

bu t  r e f l e c t  th e rm a l  r a d i a t i o n s  are  coated on the i n n e r  s i d e  

o f  the  c o v e r p l a t e  o f t h e  f l a t  p l a t e  c o l l e c t o r .  The 

r a d i a t i o n  lo sse s  from th e  f l a t  p l a t e  c o l l e c t o r  thus can be 

reduced and th e  e f f i c i e n c y  o f  the c o l l e c t o r  can be enhanced.

The concept  o f  a h e t e r o j u n c t i o n  s o l a r  c e l l ,  comprised 

o f  a c o n d u c t in g  t r a n s p a r e n t  window m a t e r i a l  on an a c t i v e  

sem iconduc to r  s u b s t r a t e ,  o f f e r s  the  p o s s i b i l i t y  o f  m anufac tu re  

a t  low c o s t  o f  s o la r  c e l l s  w i t h  pe r fo rm ance  c h a r a c t e r i s t i c s  

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

p r i n c i p l e  th e  window t r a n s m i t s  the  s o l a r  r a d i a t i o n  d i r e c t l y  

to  the  a c t i v e  s u b s t r a t e  w i t h  l i t t l e  o r  no a t t e n u a t i o n ,  and 

the  d i f f e r e n c e  in  th e  work f u n c t i o n s  o f  the d i f f e r e n t  

m a t e r i a l s  p ro v id e s  the  bending o f  the  energy bands a t  the  

i n t e r f a c e ,  necessary f o r  th e  p r o d u c t i o n  o f  p h o t o c u r r e n t .

In  a d d i t i o n  the window can se rve  s im u l t a n e o u s ly  as the  

f r o n t  c o n ta c t  and as an a n t i r e f l e c t i o n  c o a t in g  o f  the 

a c t i v e  s u b s t r a t e .



In  th e  work re p o r te d  i n  the t h e s i s ,  the  p r e p a r a t i o n  o f 

ind ium t i n  o x id e  ( I T 0) by a p y r o l y t i c  d e com pos i t ion  method 

has been d e s c r ib e d ,  273 .3  gms of I n C l^ .S t ^ O  was d i s s o l v e d  

i n  a l i t r e  o f  b u t y l  a c e t a t e .  Th is  s o l u t i o n  was sprayed 

th ro u g h  a p re h e a t in g  fu rn a c e  on to  a heated g la s s  s u b s t r a t e .

A s u i t a b l e  doub le  no zz le  s p r a y e r  hav ing a spray r a t e  o f  30 ml 

pe r  m inu te  was used. The s u b s t r a t e  te m p e ra tu re ,  the 

p re h e a t in g  te m p e ra tu re ,  the  spray r a t e ,  the  d i s t a n c e  between 

the  s p ra y e r  and the  s u b s t r a t e  and SnSln. r a t i o  (dop ing  was 

done by add ing  SnCl^ s o l u t i o n  i n  the spray m ix tu r e )  and the  

t h i c k n e s s  o f  ITu was o p t im is e d  f o r  minimum sheet  

r e s i s t a n c e ,  maximum o p t i c a l  t r a n s m is s io n  and maximum i n f r a r e d  

r e f l e c t i o n .  -

The e f f e c t s  of add ing  up t o  50 mole % o f  t i n  to  

p y r o l y t i c  I r ^O ^  c o a t in g s  ue re  i n v e s t i g a t e d .  Up to  10$ 

doping the  r e s i s t i v i t y  i s  found to  decrease w i t h  the  

co r resp o n d in g  in c re a s e  o f  c a r r i e r  c o n c e n t r a t i o n .  F u r t h e r  

a d d i t i o n s  in c re a s e  th e  r e s i s t i v i t y  and decrease th e  c a r r i e r  

c o n c e n t r a t i o n .  X-ray  d i f f r a c t i o n  and e l e c t r o n  mic roscope 

o b s e rv a t io n s  i n d i c a t e d  t h a t  (400  ) i s  the s t r o n g e s t  peak.

The f i l m s  w i t h  low r e s i s t i v i t i e s  had ve ry  low a c t i v a t i o n  

energ ies  f o r  e l e c t r i c a l  c o n d u c t io n .



Because o f  th e  h ig h  t r a n s m is s io n  in  th e  v i s i b l e ,  and

h ig h  i n f r a r e d  r e f l e c t i v i t y  ( y, 78$) t h e  ITO f i l m s  u i l l

f i n d  im p o r ta n t  a p p l i c a t i o n s  i n  the  s o l a r  energy c o n v e rs io n ,

Uhen a p p l i e d  to  the  cover of the  f l a t  p l a t e  c o l l e c t o r ,

the  f i l m s  u i l l  r e f l e c t  the  the rm a l  i n f r a r e d  back to  th e

c o l l e c t o r ,  w h i l e  the v i s i b l e  p a r t  u i l l  be a lm os t  c o m p le te ly

t r a n s m i t t e d .  In  o rder  to  assess the  s u i t a b i l i t y  o f

these conduc to rs  f o r  p h o to th e rm a l  c o n v e rs io n ,  the e f f e c t i v e

a b s o r p t i v i t y ,  d  epp and th e  e f f e c t i v e  e m i s s i v i t y , £ epp '

have been e v a lu a te d ,  &( 0 ,8 0 )  and ef f  ( "u  0 ,14 )

are comparable to  b la ck  c o a t i n g s ,  
o

The 5000 A ITU f i l m s  u i t h  sheet  r e s i s t i v i t y  o f  50 ohms 

per square  and 90$ t r a n s m is s io n  were d e p o s i te d  onto n and p 

type  s i l i c o n  wafers (0 .1  to  10 ohm cm) a t  550 C, In  n - S i  

wafers  (1 -1 0  ohm cm) 10-12 m i l  t h i c k ,  the  V was 210 m\i,
0  Li

I  was 9 ,4  mA/cm2 ,' f i l l  f a c t o r  o f  0,65 and q u a l i t y  f a c t o r  
sc '

2 .3  were o b ta in e d .  The n i c k e l  was d e p o s i te d  on the  back o f  the  

wafer  by e l e c t r o l e s s  method and c o n ta c t  was taken by making 

a g r i d  on ITO, For n - S i  wafers  w i t h  r e s i s t i v i t y  0 ,1 -1  ohm cm 

an e f f i c i e n c y  o f  10,4$ was ob ta in e d  w i t h  V = 445 ml/ ,
u  L

I  ^  18,0  mA/cm2 and FF = 0 ,65 .  U i t h  p - S i ,  ve ry  poor  
s c  o

e f f i c i e n c i e s .were o b ta in e d ,  A 5000 A t h i c k  ITO f i l m  was

d e p o s i te d  onto  5 ,6  ohm cm, 500 m i l  t h i c k  n-GaAs wafers  a t

450°C, A f t e r  l a p p in g  th e  back o f  the wafe r  Au-12$ Ge was

a l l o y e d  f o r  t a k in g  th e  back c o n t a c t .  The s o l a r  c e l l s  w i t h

e f f i c i e n c i e s  o f  ^ 1 0 , 7 $  were f a b r i c a t e d .
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