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Abstract Copper oxide films arc prepared using methanolic solution oficupric chloride (CuCI,.2H,0) by the dip*coating technique at diflerent 
baking temperatures XRD study confirms that the films are of Cu^O phase whci| prepared at baking tcmperuiure of 360"C and CuO phase when prepared 
at lOO'C or more than 400**0 baking temperature. The optical hand gap of the C u p  films calculated from optical absorption measurements is 1.85 eV 
which IS quite comparable with the reported value
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1. Introduction

Copper o x id e , w h ic h  is a  p ro m is in g  s e m ic o n d u c to r  m a te r ia l fo r 

fahncalion o f  p h o to v o l ta ic  d e v ic e s  lik e  s (d a r  c e lls  ( 1  ], h a s  b e e n  

the su b jec t of a  n u m b e r  o f  s tu d ie s  in  th e  p a s t. T h e  in v e s tig a tio n s  

carried o u t c o n c e rn  m a in ly  its  g ro w th  a n d  o p tic a l p ro p e r tie s  

[2 71. R e c e n t ly ,  w i th  t h e  d i s c o v e r y  o f  h ig h  t e m p e r a tu r e  

s u p e r c o n d u c t iv i ty  s t u d y  o f  d e c o m p o s i t i o n  o f  C u O /C u O ^  

employing b o th  m e ta l l ic  a n d  o x id e  s o u rc e  h a s  a s s u m e d  sp e c ia l 

im p o rtan ce  in  th e  p re p a r a t io n  o f  th e  th in  f i lm  h ig h  le m p c ra iu rc  

su p erco n d u c to rs  (H T S C S ) . T h in  f ilm s  o f  c o p p e r  o x id e  h av e  b een  

prepared u s in g  v a r io u s  th in  f ilm  d e p o s i t io n  te c h n iq u e s  su c h  as 

c h e m ic a l v a p o u r  d e p o s i t i o n ,  c l e c t r o - d c p o s i t i o n ,  th e r m a l  

<»xidaiion a n d  s p u t te r i n g  p r o c e s s  [H - 1 1 ]. E le c t r o n  ~  b e a m  

ev ap o ra tio n  te c h n iq u e  a ls o  h a s  b e e n  r e p o r te d  in  th e  li te ra tu re  

<or the g ro w th  o f  C u ^ O  th in  f i lm s  1 2 ' 6 ].

H o w e v e r , in  c o m p a r is o n  w ith  o th e r  th in  f i lm s  o f  o x id e  

‘Sem iconductors s u c h  a s  In 2 0 ^, Z n O  a n d  S n 0 2 , few  d a ta  a rc  

available in  th e  l i te r a tu re  o n  th e  c h a ra c te r iz a t io n  o f  c o p p e r  o x id e
lilms.

In th e  p re s e n t  w o rk , p re p a ra t io n  o f  c o p p e r  o x id e  th in  f ilm  by 

d ip  te c h n iq u e  i in d  th e i r  s t ru c tu r a l  a n d  o p tic a l p ro p e r t ie s  
have b een  s tu d ie d .

2- Experimental details

Ih e  se tu p  u s e d  b y  u s  f o r  th e  d e p o s i t io n  o f  c o p p e r  o x id e  th in  
films by  th e  d ip  te c h n iq u e  is  s h o w n  in  F ig u r e  1. H e re , th e

p re c le a n e d  su b s tra te  in  its  h o ld e r  m o v e s  f re e ly  a t th e  e n d  o f  a 

th re a d . T h e  th re a d  p a s s e s  th ro u g h  a  p u lle y , w h ic h  is d r iv e n  by 

a g e a re d  m o to r  a r ra n g e m e n t. T h e  s u b s tra te  is  im m e rse d  in to  th e  
so lu tio n  in  su c h  a  w a y  th a t th e  h o ld e r  re m a in s  ju s t  o u ts id e  tlie 

liq u id  lev e l. F o r  sm o o th ly  d ra w in g  th e  su b s tra te  o u t o f  th e  liqu id , 

a ir  c u rre n ts  a rc  a v o id e d . T h e  liq u id  is u su a lly  k e p t in s id e  a  lo n g  

c y lin d e r . O f te n  it is fo u n d  th a t  a b ru p t  e x p o s u re  to  a ir  a f te r  
w ith d ra w a l o f  th e  s u b s tra te  le a d s  to  p a tc h y  f ilm s  w ith  c ra c k s . 

T o  a v o id  th is  sh o c k , th e  s u b s tra te  w ith  its  liq u id  film  is k ep t fo r 

a  few  m in u te s  in  an  a tm o s p h e re  o f  th e  so lu tio n  v a p o u r  w ith in  

th e  lo n g  c y lin d e r  b e fo re  its  t r a n s fe r  to  th e  fu rn a c e  fo r  b a k in g .

Figure 1. Experimental setup of dip technique for deposition of thin 
films.

M e th a n o lic  so lu tio n  o f  c u p ric  c h lo r id e  (C U CI2 .2 H 2O ) is tak en  

a s  a  s ta r tin g  s o lu tio n  fo r  th e  d e p o s i t io n  o f  c o p p e r  o x id e  th in
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f i lm s  in  th is  te c h n iq u e . T h e  so lu tio n  w a s  p re p a re d  u s in g  0 .2 5  k g  

c u p r ic  c h lo r id e  in  o n e  li tr e  m e th a n o l .  A  c le a n  s u b s tra te  w a s  

th e n  d ip p e d  in to  th e  s ta r t in g  s o lu tio n  a n d  w ith d ra w n  v e r t ic a l ly  

a t  a  c o n t r o l l e d  s p e e d  ( 1 . 3 3  m m /s e c ) ,  u n d e r  a tm o s p h e r i c  

c o n d i t io n s  u s in g  th is  s e tu p . A f te r  w ith d r a w a l ,  th e  s u b s tra te  

w ith  its  l iq u id  f i lm  a d h e r in g  to  it is  b a k e d  a t 360*^C -  500% ^ f o r  

f iv e  m in u te s . C u p r ic  c h lo r id e  (C U C I2 .2 H 2O ) h y d ro ly s e d  a n d  

r e a c te d  o n  th e  h e a te d  s u b s t r a te  in s id e  th e  fu r n a c e  a t  h ig h  

te m p e ra tu re  in  o p e n  a i r  a n d  fo rm e d  th in  so l id  f i lm s  a c c o rd in g  

th e  fo l lo w in g  re a c t io n

4CUCI2 + ^ ^ 2® = 2CU2O -h 8 HCI + 2H2O + O 2 . ( 1 )

In  th is  re a c t io n , H C l a n d  O 2 re le a se  w h e re a s  H 2O  v a p o rise  a t 

h ig h e r  tem p>erature a n d  th in  so lid  la y e r  o f  c o p p e r  o x id e  d e p o s ite d  

o n  th e  su b s tra te . T h e  c h a ra c te r iz a t io n  w a s  m o s tly  d o n e  o n  th o se  

d e p o s i te d  o n  g la s s  s u b s tra te .  T h e  f i lm s  w e re  d e p o s i te d  a t th re e  

b a k in g  te m p e ra tu re  o f  3 6 0 °  C , 4 0 0 ° C  a n d  5 0 0 °C . F ilm s  w e re  

u n ifo rm  a n d  b la c k  in  co lo u r . F ilm s  w h ic h  w ere  c h a ra c te r iz e d  h ad  

a  th ic k n e s s  o f  th e  o rd e r  o f  o n e  m ic ro m e te r  a n d  it is  m e a s u re d  by  

th e  s ty lu s  m e th o d  u s in g  a  s te e p .

3. Results and discussion

3.1 X-ray diffractometric study:

X -ra y  d i f f r a c to m e t r ic  s tu d ie s  w e re  c a r r ie d  o u t  b y  P H IL IP S  
d if f ra c to m e te r  (m o d e l P W  1 3 9 0 ) w ith  C u K ^  ra d ia tio n  (N i- fil te r )
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Figure 2. X-ray diffractogram of copper oxide thin films deposited on 
glass substrate at three different temperature [(a) Cu,0, 360C ; (b) CuO, 
40(K: and (c) OiO. SOOrCl

a t 1 .5 4  A . A n a ly s is  o f  d if f r a c t io n  s p e c t r a  in d ic a te s  th a t th e  peak 

p o s i t io n s  c o r r e s p o n d  to  C U 2O  p h a s e  w h e n  p re p a re d  a t  3 6 0 '’ c 
a n d  s h o w n  (1 1 1 )  a n d  (2(K)) p la n e s .  It w a s  a ls o  o b s e rv e d  that 

w h e n  b a k in g  te m p e ra tu re  is  h ig h e r  (4 0 0 °  C  o r  m o r e )  th e  C u , 0  

f ilm s  c o n v e n e d  in to  C u O  p h a se . T h e  X -ra y  d if f ra c t io n  spectrum  

o f  th e  c o p p e r  o x id e  f i lm s  p re p a r e d  a t d i f f e re n t  te m p e ra tu re  is 

s h o w n  in  F ig u re  2. T h e  r e le v a n t  d if f ra c t io n  p la n e s  a rc  ind ica ted  

in th e  s p e c tra . R e s u lts  o f  p e a k  p o s i t io n  o b s e rv e d  fo r  th e  film s 
p re p a re d  a t th re e  d if fe re n t  te m p e ra tu re s  a n d  th e ir , co m p ariso n  

w ith  th e  A S T M  d a ta  v a lu e s  ( f i le  N o . 5 -6 6 1 )  a re  g iv e n  b e lo w  m 

th e  T a b le  1 .

Table I. Comparison of observed value and ASTM data value of Cu,0 aiul 
CuO thin niins deposited by dip technique.

Observed value ASTM data value h k l

20 d(A) (l/l„) 28 d<A)

T' B = 360* C (C up)

35.7 2.51 78 35.6 2.52 100 m

38 9 2.3 J 100 38.9 2.31 30 200

T* H = 4(X>'C and -  5(K)"C (CuO)

35 3 2 56 78 35 4 2 53 49 0 0 :

38.3 2 35 iOO 38 7 2 32 96 1 t 1

3.2 Optical properties :

T h e  o p tic a l a b s o r p tio n  o f  th e  c u p r o u s  o x id e  th in  f i lm s  was 

m e a s u r e d  u s i n g  S H I M A D Z U  IJ V  - 2 4 0  d o u b l e  b eam  

s p e c tro p h o to m e te r  in  th e  ra n g e  2(X>“ 8(X) nm . A  ty p ic a l recording 

fo r  th e  o p tic a l a b so rp tio n  o f  c o p p e r  o x id e  f i lm  is sh o w n  in F iguu

3. T o  a n a ly s e  th e s e  re s u lts ,  (ahv)^ is  p lo t te d  a g a in s t  hv [Figure 

4 ] a n d  f ro m  th e  in te rc e p t  o f  th e  s t r a ig h t  lin e  o n  th e  hv ax is  the

Figure 3. Optical absorption spectra o f  Cu^O thin films deposited  on
glass substrate at 360C.
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band gap is estim ated. The band gap value thus obtained is 
about 1.85 eV, which is in good agreement with the value 1.80 eV
obtained by M iller e f f l / [8].

Vt̂ urT 4. Plots of ( a / n )" aj;ainst hv curves toi C u,0 films deposited (>n 
l,iss Mibsirale at 36(V’C

4. Conclusion

li luis ix 'en  d c m o n s tr a lc d  th a t  th e  d i |v c o a tm g  te c h n iq u e  c a n  b e  

used to d e p o s it c o p p e r  o x id e  f i lm s  in  a  s im p le  m a n n e r  u s in g  

Miciallic c h lo r id e s  (C u C I^ .2 H ^ O ) as  a s ta r tin g  m a te r ia l.

D ip  te c h n iq u e  is  a  v e ry  s im p le  a n d  lo w -c o s t m e th o d , w h ic h  

r e q u i r e s  n o  s o p h is t ic a te d  s p e c ia l iz e d  s e tu p . C o a tin g  o f  th e  

su b s tra te  o f  a  la rg e  s u r fa c e  a re a  c a n  be  e a s ily  o b ta in e d  by  th is  

te c h n iq u e  c o m p a r e d  to  th a t  in  s p u t te r in g ,  v a c u u m  v a p o u r  

d e p o s i t io n  an d  sp ra y  p y ro ly s is . A n o th e r  a d v a n ta g e  o f  th e  d ip  

te c h n iq u e  is th a t it is  v e ry  e a s y  to  c o a t  b o th  s id e s  o f  (he  

s u b s t r a t e  i n s t e a d  o f  o n ly  o n e  a n d  to  d e p o s i t  o th e r w i s e  

in a c c e s s ib le  su r fa c e s . 'F h is m e th o d  is w e ll su i te d  fo r  a p p ly in g  

c o a tin g  o n  th e  in n e r  a n d  o u te r  s u r fa c e s  o f  lu b e s  o f  v a r io u s  

d ia t i ie tc r s  a n d  sh a p e s . 'F hc m a m  a d v a n ta g e  o l th e  d ip  c o a lin g  

m e th o d  lie s  in fa c t th a t it is p o s s ib le  to  d e p o s i t  a  v a r ie ty  o f  

la y q rs  h a v in g  g o o d  h o m o g e n e i ty  an d  m e c h a n ic a l an d  c h e m ic a l 

s l a l i l i ly  w ith  a v e ry  s im p le  s e tu p  M u lt i - la y c r  th in  f i lm s  o l 

d i f f ^ e n t  m e ta l o x id e  la y e rs  o n e  a f te r  a n o th e r  c a n  be  d e p o s ite d  

c a s i |y  b y  th is  te c h n iq u e .
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