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r}ITRODUCTION

Recen t l y ,  t ho rough  resea rch  have  been  made  to
s t u d y  t h e  o p t i c a r  p r o p e r t i e s  o f  c d s  a s  t h i n
f i l m s ,  b e c a u s e  i t  i s  f o u n d .  t o  b e  a  g r e a t
t e c h n o l o g i c a l  i n t e r e s t  o w i n g  t o  t h e i r  p o t e n t i a l
a p p l i c a t i o n  i n  p h o t o - c e 1 l s ,  p h o t o _ d e t e c t o r s  a n d
o p t o e l e c t r o n i c  d e v i c e s  t  1 _ 2  I  .

The re  a re  nany  repo r t s  conce rn ins  the  me thods
o f  p repa ra t i on .  The  mos t  common ly  used  me thod .s
a r e  v a c u u n e  e v a p o r a t i o n  [ 3 ] ,  s p u t t e r i n g  t 4 ]  a n d
s p r a y i n g  t  5  I  m e t h o d s .  T h e  f i r s t  t w o  n e t h o d s  c a n
b e  u s e d  t o  p r e p a r e  f i l m s  w i t h  h i g h  t r a n s m i t t a n c e
a n d  I o w  e l e c t r i c a l  r e s i s t i v i t y ,  b u t  w i t h  a  h i g h
c o s t  a n d  i n  a d d i t i o n  a  h i g h  w o r k i n g  t e n p e r a t u r e
i s  n e e d e d .  T h e  t h i r d  o n e  p r o v i d e s  f i l r n s  w i t h
d e s i r e d  p r o p e r t i e s  w i t h  a  l o w  c o s t .

c d s  f i r m s  p r e p a r e d  b y  e v a p o r a t i o n  m e t h o d  a r e
n o t i c e d  t o  b e  j _ n c c n v e n i e n t  f o r  h e t r o j u n c t i o n
f a b r i c a t i o n ,  b u t  i n  g e n e r a l ,  t h e s e  a r e  u s e d  f o r
s o l a r  c e l l s  a n d  p h o t o d e t e c t o r s  a p p l i c a t i o n s  t 3 l .

S e v e r a l  i n v e s t i g a t i o n s  h a v e  b e e n  d o n e  o n  t h e
d e p e n d e n c e  o f  t h e  o p t i c a l  a n d  e l e c t r i c a l
p r o p e r t i e s  o f  C d S  f  i l n s  o n  t h e  f  i l _ r n  t h i c k n e s s ,
t h e  r a t e  o f  d e p o s i t i o n ,  t h e  s u b s t r a t e  t e m p e r a r u r e
and  the  i rnpu r i t y  dop ing  l eve l s  us ing  d i f f e ren t
depos  i t  i on  u ra thods  t  6 -g  I  .
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Das and Saha lzJ have obta ined near ly  same

va lues  o f  ene rgy  band  gap  o f  t he  chemica l

d e p o s i t i o n  C d S  f i l n s  b y  u s i n g  o p t i c a l  a n d

e l e c t r i c a l  m e t h o d s .  T h e y  h a v e  a t t r i b u t e d  t h e

energy  gap  dev ia t i on  f rom the  s tandard  s ing le

c r y s t a l  v a l u e  ( 2 , 4 2  e V )  t o  t h e  s t r a i n s  d e v e l o p e d

in  the  f i lm  du r jng  the  p repa ra t i on ,  p resence  o f

i m p u r i t i e s  a n d  l a t t i c e  d e f e c t .  I n  p r e s e n t  w o r k r

CdS f i l ns  a re  p repa red  us ing  chemica l  sp ray

d e p o s i t i o n  t e c h n i q u e .  T h e  o p t i c a l  p r o p e r t i e s  a r e

s tud ied  i n  more  de ta i l s  t han  those  men t ioned

a b o v e .  T h e s e  p r o p e r t i e s  c o m p r i s e  t h e  r e f r a c t i v e

i n d e x ,  e x t i n c t i o n  c o e f f i c i e n t  a n d  t h e  f u n d e n r a n t a l

a b s o r p t i o n  e d g e  i n  t h e  b a n d - t o - b a n d  t r a n s i t i o n  i n

t e r m s  o f  t h e  i m a g i n a r y  p a r t  o f  t h e  d i e l e c t r i c

-  c o n s t a n t .  M o r e o v e r  t h e  s p e c t i a l - v a r i a t i o n  o f  - t h e

r e a l  a n d  i m a g i n a r y  p a r t s  o f  t h e  d i e l e c t r i c

c o n s t a n t  i s  o b t a i n e d .

FILM PREPARATION

CdS th in  f i l ns  w i th  a  th i ckness  a round  1  un

have  been  depos i ted  us ing  sp ray  py ra l ys i s

techn ique .  The  expe r imen ta l  a r rangemen t  i s

s i m i l a r  t o  t h a t  d e s c r i b e d  p r e v i o u s l y  [ 9 , 1 0 ] .  A n

a q u e o u s  s o l u t i o n  o f  o n e  p a r t  o f  O , 2  M  o f  C d C l t
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m i x e d  w i t h  t h r e e  p a r t s  o f  O . 2  M  o f  ( N H Z ) , r C S  k n o w n

a s  1 C 3 T ,  f o r m  a  s o l u b l e  c o m p l e x  C d C I t  ( N H r ) 2 C S  a r e

s p r a y e d  o n  a  h e a t e d  g l a s s  s u b s t r a t e .  E a c h

s p r a y i n g  p e r i o d  t a d e s  a b o u t  1 0  s e c .  f o l l o w e d  b y

4 m i n .  w a i t i n g  t o  a v o i d  t h e  e x c e s s i v e  c o o l i n g  o f

t h e  h c t  s u b s t r a t e  d u e  t o  s p r a y i n g .  T h i s

c o m p o s i t i o n  w a s  . _ f o u n d  t o  s h o w  a  g o o d

c r - w s t a l l  i n i t f '  a n d  m a x i n u m  p h o t o s e n s i t i v i t y  t  1 1  I  .

T h e  s p r a - v i n g  p r o c e s s  w a s  d o n e  u n d e r  t h e  n o r m a l

a t m o s p h e r i c  c o n d i t i o n  w i t h  p r o p e r  s p r a y i n g  r a t e

w h i c h  g i . . . ' e s  a  c h a r a c t e r i s t i c a l l y  y e l l o w  a n d

a d h e r e n t  f i l m s  a c c o r d i n g  t o  t h e  f o l l o w i n q

c h e m i c a l  r e a c t i o n  l t Z 1 ,

C d c 1 , , ( N H ? ) r c S  +  2 H , O  - +  C d S f  +  2 H 4 C 1  f  +  C o r

T h e  p r e p e r a t i o n  p a r a m e t e r s  s u c h  a s  d i s t a n c e

b e t w e e n  t h e  s p r a y e r  a n d  t h e  s u b s t r a t e ,  s p r a y i n g

r a t e  a n d  t h e  s u b s t r a t e  t e m p e r a t u r s  s h o u l d  b e  k e p t

c o n s t a n ' -  o n  L h e  v a l u e s  3 0  c r r r  r  5  m i l  .  / r n i n .  a n c

4 O O C C  r e s p e c t i v e l y  d u r i n g  t h e  p r e p a r a t i o n

p r o c e s s .  I t  i s  f o u n d  t h a t  a  c h a n g e  i n  t h e

s p r a y i n g  r a t e  w i l ]  c a u s e  d e f e c t s  s u c h  a s  s t a c k i n g

f a u l t s  a n d  v a c a n c i e s  i n  t h e  f i l m  w h i c h  m a , v

i n c r e a s e  t h e  i n t e r n a r  s t r e s s  a n d  a r s o  t h e  e f f e c t

o f  p h a s e  t r a n s f o r n a t i o n  t  1 3  I  .
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The  abso rp t i on  o f  t he  f i lms  conce rned  was

measured  by  e rap loy ing  a  techn ique  wh ich  i s  '

d . i f f e ren t  f rom the  ra t i o  reco rd ing  techn ique  '

t h a t  i s  b a s e d  o t , d i r e c t  m e a s u r m e n t  o f  t h e  r a t i o

t r a n s m i s s i o n  o f  f  i l r n s  w i t h  d i f  f e r e n t  t h i c k n e s s . e s . ' ' "

:  -  R e f l e c * - i o n  c o r r e c t i o n  t o  t h e  a b s o r b a n c e  d a t a  w a s

'  
e p p l . l e d  l n  o r d e r ' t o  e l i m i n a t e  t h e  r e f l e c t i o n

'  
l o s s e s  i n  t h e  A  h i g h  r e g i o n '

RESULT AND DISCUSSION

T h e  t r a n s n i t t a n c e  o f  t h e  n o r m a l  i n c i d e n c e  f o r

r * e a k l y  a b s o r b i n g  c o a t i n g  d e p o s i t i o n s  o n  a

t r a n s p e r e n t  s u b s t r a t e  a r e  g i v e n  b y  [ 1 4 ]  '

2Rr i  Rr '  Cos V + R?,1 Rl 'g
"-at 

* 
"a[

( 1 )

I rhere

Rrf

Rto

B

( n i  -  1 ) ( n ,  +  1 ) - 1 ,

( n r - n g ) ( n i + n g ) ' 1 ,

=  1G nX t  no  (ng  +  t1 -2  (n1  +  n r ) -? ,

, t - &'t lL l,
r P -  -
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R a i  r  R f g  a r e  a i r - c o a t i n g ,  c o a t i n g  s u b s t r a t e  r e f r e c t i o n s ,
and  ng  ,  ng  coa t i ng  and  subs t ra te  re f rac t i ve  i ndex
r e s p e c t i v i l y ,  <  i s  t h e  a b s o r p t i o n  c o e f f i c i e n t ,  t  i s  t h e
t h i c k n e s s .  T h e  c o s i n e  t e r m  i s  d u e  t o  t h e  i n t e r f e r e n c q
c f f o a f

The  abso rbance  o f  t he  f i lms  conce rned .  i s  measured .  by
e m p l g  y i n g  z  t e c h n i q u e  w h i c h  g i v e s  s i m ' l a r  r e s u r - - s  a s
g i v e n  b y  u s i n g  t h e  r " t i o  r e c o r d i n g  t e c h n i q u e .

r n  t h e  r e g i o n  o f  t h e  b a n d  t o  b a n d  t r a n s i t i o n  t h e
a b s o r p t i o n  s o  I a r g e  t h a t  m a d e  e x p (  o < t )
( t )  a n d  t h e  i n t e r f e r a n c e  t e r m  i s  v e r y  s m a r r ,  t h e r e f o r e
e q u .  (  I  )  c a n  b e  w r i t t e n  a s

a n A

at

Where

T . n  P

A  . : ^
n  I 5

=  2 . 3 O 3  A

t h e  a b s o r b a n c e ;  A  =

A  c o r r e c t i - o n  t e r r n  i o  t h e  a b s o r b a n c e  d a t a  i s  u s e d  t o
e l i m i n a t e  t h e  r e f l e c t i o n  L o s s e s  (  b a c k g r o u n d  a b s o r p t i o n )
i n  t h e  h i g h  r e g i o n  o f  l

T h i s  r n e t h o d  i  s  s  i m i l a r  t o  t h a t  u s e d  b y  M o s e r  e t  a I
[ 1 5 ] ,  w h i c h  i s  s u m m e r i z e d  b y  s u b s t r a c t i n g  t h e  s t r a i g h t
l i n e  p o r t i o n  o f  t h e  a b s o r p t i o n  s p e c t r u m  t a i l  e x t r a p o r a t e d
t o  t h e  s h o r t  1  s i d e .  T h e  a b s o r p t i o n  c o e f f i c i e n t  i s
r e l a t e d  t o  t h e  a b s o r b a n c e  A  b y  o ( =  ( A . 3 O 3 / t )  A ,  a n d  i l

t L7
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i s  u s e d  t o  c a r c u l a t e :  K : t h e  e x t i n c t i o n  c o e f f i c i e n t  f r o m ,
K  =  ( 4 1  )  /  ( 4 n ) ,  t h e  r e f l e c t a n c e  R  a t  a n  a b s o r b i n g
ned ium in  a i r  f o r  no rma l  i nc idence  i s  re ra ted  to  the
o p t i c a l  i n d i c e s  n , k  b y : -

( n - r t l  * K z
R =

( n  +  t ) l  +  K f

h 'he re  n  i s  t he  re f  rec t i ve  i ndex .

F igu re  (  1  )  shows  tha t  t he  re f rac t i ve  i ndex  o f  t he
f i rns  i s  a  pho ton  ene rgy  dependen t  i n  wh ich  the  peak  tha t
i s  a p p e a r e d  a L  1 c m  e n e r g y  i s  m a i n l y  r e r a t e d  t o  t h e
n a x i m u m  r e f l e c t a n c e .  T h e  s p e c t r a l  v a r i a t i o n  o f  t h e
r e f r a c t i v e  i n d e x  s h o w s  q u a l i t a t i v e  s i m i l a r i t y  t o  t h a t  o f
t h e  s i n g l e  c r y s t a l  i 1 6 1 .  I n  t h e  s a m e  f i g u r e ,  a  s h a r p
i n c r e a s e  i n  t h e  e x t i n c t i o n  c o e f f i c i e n t  c a n  b e  o b s e r v e d .
T h i s  i n c r e a s e  i s  r e f e r i n g  t o  t h e  p o s i t i o n  o f  d i r € c t  b a n d
g a p .

T h e  e l e c + , r o . ' i c  t r a n s i t i o n  i s  d i s c u s s e d  b y  r e r . a t i n g  t h e
d i e l e c t r i c  c o n s t a n t  t o  t h e  o p t i c a r  p r o p e r t i e s  a c c o r d i n g
t o  M a x w e l l ' s  e g u a t i o n ,

€ l = " 2 - k ?

'? = Znk
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h r  ( e v  )

R e f r a c t i v e  i n d e x  a n d  e x t i n c t i o n  c o e f f i c i e n t  o f  C d Sr  r  t  ns  versus  photon  energ ] . .
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F i g u r e  (  2  )  s h o w s  t h a t  t h e  r e a l  a n d  i m a g i n a r y  p a r t s  o f

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

T h e  v a r i a t i o n  o f  e 2  w i t h  t h e  , p h o t o n  e n e r g y  f o r  t h e
d i r e c t  a l l o w e d  b a n d  t o  b a n d  t r a n s i t i o n  a c c o r d i n g  t o  t 1 ? l
i s  g i v e n  b y ,

l 4
( h y ) ' € 2 "  =  c  ( h . y  - a E )

€ 2  =  Q

h r  l 6 E

h. r  <  4E

W h e r e  c  i s  a  c o n s t " r r t  n e a l l y  i n d e p e n d e n t  o f  p h o t o n

e n e r g y .  T h e  p l o t e  o f  ( h y ) l  g Z l  v e r s u s  p h o t o n  e n e r g , v  i s

s h o w n  i n  F i g u r e  ( 3 )  g i v i n g  a  s t r a i g h t  I i n e  a t  h i g h  e n e r g y
w h i c h  s h o w s  a  g o o d  f i t  t o  t h e  a b o v e  e q u a t i o n .

E x t r a p o l a t i o n  o f  t l r e  s t r a i g h t  I i n e  t o  ( h y ) {  € 2 2  =  O  g i r . e s

a  b a n d  g a p  o  f  2 ,  +  e \ ' .

T h i s  v a r u e  i s  i n  a  g o o d  a g r e e m e n t  w i t h  t h a t  o b t a i n e d
b y  G u p t a  I 1 8 l  b y  p l o t t i n g  ( o h v ) ?  v e r s u s  p h o t o n  e n e r g ] , .
H o w e v e r  t h e  v a l u e  o f  t h e  a b s o r p t i o n  c o e f f i c i e n t  i n  c d s
f i l m s  a s  s h o w n  i n  F i g u r e  ( 1 )  r e f e r e s  o n r y  t o  t h e  d i r e c t
t r a n s i t i o n .  T h i s  i ' e s u 1 t  i s  d r r e  s o r e l y  t o  t h e  c r 1 ' s t a 1
s t r l r c t u r e  o f  c d s  a s  a  d i r e c t  b a n d  g a p  s e m i c o n d u c t e r s .
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1

F igu re  (2 ) :

h v ( e v )

l:11 tno. inaginarv parts ofversus photon energy of CdS
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CONCLUSION

T h e  o p t i c a l  p a r a m e t e r s  o f  s p r a y e d  C d S  f i l m s  h a v e  b e e n

c a l c u l a t e d  a t  r o o m  t e m p e r a t u r e  b y  d e p e n d i n g  o n

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

o f  c o r r e c t i o n  w a s  e m p l o y e d  t o  e l - i m i n a t e  t h e  r e f l e c t i o n

I o s s e s  f  r o m  t h e  a b s o r b a ; : c e  d a + - a .  F i n a l l y  t h e  e l e c t r o n i c

t r a n s i t i o n  i s  a  d i r e c t  a l l o r , ' e d  o n e  w h i c h  i s  a p p e a r e d  a t

2 . 4 e V  a n d  i t  i s  r e c o g n i z e d  b l -  d e a l  i n g  w i t h  t h e  i _ m a g i n a r - v
p a r t  o f  t h e  d i e l e c t r i c  c o n s i a n t .

REFERENCES

l -  \ e s h e v a ,  B .  a n d  V a t e v a ,  E .  ,  (  1 9 8 7  )  .  J o u r n a l  o f  N o n -

c r - v s t a l  l  i n e  S o l  i d s  ,  9 0  ,  6 1 3  -  6 1 0  .

2 - D a s ,  B .  N .  a n d  S a h u ,  S . ,  ( 1 9 8 8 ) .  J o u r n a l  o f  M a t e r i a l -

S c i e n c e  l e t t e r s ,  7 ,  1 5 1  -  1 5 2 .

3 - R a y ,  S . ,  B a n e r j e e ,  B .  a n d  B a r u a ,  A .  K . ,  ( 1 g B O ) .  J p n .

J .  . A p p l . , 1 9  1 8 8 9 .
'  

{ - T a l < e u c h i ,  M , ,  S a k a g a w a = ,  Y .  a n d  N a g a s a k a ,  H . ,  ( 1 g ? 6 ) .
-  T h i n  S o l i d  f i l  m s ,  3 3 ,  ' 8 9 .

5 - K w a k ,  H .  a n d  S i u ,  W .  C . ,  ( 1 9 7 9 ) .  T h i n  S o ] i d  F i l n s ,  6 1 ,

2 4 9 - 2 5 7  ,

6 -  G a r c i a - C u e n c a ,  Y .  V .  ,  M o r e n z a ,

( 1 9 8 4 ) .  J .  A p p I . P h r - s . ,  5 6 ( 6 )  1

? -  P a r t a i n ,  L .  O .  ,  S u 1 l i v a n ,  G .  i .
(  1 9 ? 9  )  .  J . A p p I .  P h ; ' s .  ,  5 0 ( 1 )  5 5

1 t l

J .  L .  a n d  E s t e v e ,  J ,

r  J t J  .

a n d  B r i c h e n a l l ,  C .  E .  ,
1

i
L



W, A, Abdul-Ghafar and K. S, Majdi

8 - B e r t r a n ,  E . ,  M o r e n z a ,  J .  L .  a n d  E s t e v e r  J . ,  ( 1 g g s
T h i n  S o l i d  F i l m s  ,  1 2 3 , Z g T ,

9 - A b d u 1 - G h a f a r ,  W .  A .  S . ,  ( 1 g g 6 ) .  M .  S c .  T h e s i s ,  C o l l e
o f  S c i e n c e r  : U n i v e r s i t y  o f  B a s r a h .

1 O - A g n i h o t r i ,  O .  p . ,  M o h a m m a d ,  M .  T . ,  A b a s s ,  A .  K .  a
A r s h a k ,  (  1 g g 3  )  .  S o l r d  S t a t e  C o m m u n .  ,  4 7  ,  1 g S .

L 1 -  G u p t a ,  B .  K , ;  A g n i h o t r i ,  O .  p .  a n d  R a z a ,  A .  ( 1 g Z g
" T h i n  s o l i d  f  i l r n s  "  4 g  ,  1 5  3  .

1 2 -  K i m ,  y .  T .  a n d  p a r k ,  S .  C .  ( 1 g g Z ) .  M a t .  R e s . S o
S y m p .  p r o c . ,  7 7 ,  3 1 1 _ 3 i g .

1 3 - l l a ,  Y .  A .  a n d  B u b s ,  R .  H . ,  ( 1 g ? Z ) ,
S o c .  ,  I Z 4 ,  1 4 3 0 .

J .  E l _ e c t r o c h e

( 1 9 5 5 ) ,  J .  o p
l l - L I o l ' l  r  rr r a r 4 ,  v  .  . c  . a n d  F e r g u s o n ,  W . E . F . C . ,

S o c .  A m e r .  ,  4 5 ,  7 1 4 ,
1 5 - M o s e r ,  F .  a n d  U r b a c h ,  F . ,

1 5 1 9 .
( 1 9 5 6 ) .  p h y s .  R e v . ,  I O z

1 6 - C z - v a k ,  S .  J . ,  ( 1 g S Z ) .  J .  O p t .  S o c .  A m e r . ,  4 7 ,
1 7 - . { b e I e s ,  F . ,  ( L g 7 Z ) ,  O p t i c a l  p r o p e r t _ e s  o f

N o r t h  H o l l a n d  p u b I ,  C o , ,  A m e s t e r d a i n .
1  8 -  G u p t a ,  B .  K .  a n d  A g n i h o t r i  ,  O .  p .  ,  ( L g T  7  )  ,S t a t e  C o m r n u n .  ,  2 3  ,  2 g 5 _ 3 O O .

1 ? 5

)i

2 4 0 .

So l  i ds

S o l  i


