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A b s t r a c t  - R e c e n t  s t u d i e s  on  h i g h  T c  s u p e r c o n d u c t i n g  o x i d e  f i l m s  a r e  
r e v i e w e d  w i t h  s p e c i a l  e m p h a s i s  o n  t h e  p r e p a r a t i o n  by s p u t t e r i n g .  
Comparison and a n a l y s i s  are made on v a r i o u s  p r e p a r a t i o n  methods  t o  p o i n t  
o u t  key f a c t o r s  and p r o b l e m s  which  must  be t a k e n  i n t o  a c c o u n t  f o r  t h e  f i l m  
s y n t h e s i s .  Some e x p e r i m e n t a l  d e t a i l s  a n d  r e s u l t s  a r e  p r e s e n t e d  w i t h  
r e s p e c t  t o  t h e  p r e p a r a t i o n  of La-Sr-Cu-0 and Yb-Ba-Cu-0 f i l m s  by 50 Hz ac 
s p u t t e r i n g  i n  which w e  observed  some f e a t u r e s  c h a r a c t e r i s t i c  t o  t h e  f i l m  
p r e p a r a t i o n  on c e r a m i c  s u b s t r a t e s .  E p i t a x i a l  g r o w t h  of  s i n g l e  c r y s t a l  Y- 
Ba-Cu-O f i l m s  i s  a l s o  n o t e d ,  s i n c e  t h e  a n i s o t r o p i c  a n d  h i g h  c r i t i c a l  
c u r r e n t  d e n s i t y  o f  t h e  f i l m s  i s  q u i t e  i m p o r t a n t  n o t  o n l y  f o r  t h e  
a p p l i c a t i o n  t o  e l e c t r o n i c  d e v i c e s  b u t  a l s o  f o r  t h e  m e c h a n i s t i c  s t u d i e s  of  
su percond tic t i v i  t y . 

INTRODUCTION 

Recent  d i s c o v e r i e s  of h i g h  Tc s u p e r c o n d u c t i n g  o x i d e s  s u c h  a s  La-Ba-Cu-0 ( r e f ,  l ) ,  La-Sr-Cu-0 
( r e f .  2) ,  and Y-Ba-Cu-0 ( r e f .  3), t r i g g e r e d  t h e  e x t e n s i v e  s t u d i e s  on t h e  p r e p a r a t i o n  of  t h i n  
f i l m s  of  t h e s e  o x i d e s ,  s i n c e  e l e c t r o n i c  d e v i c e s  u s i n g  t h e s e  s u p e r c o n d u c t o r s  c a n  be  p r a c t i c a l -  
l y  v e r y  i m p o r t a n t  i n  t h e  n e a r  f u t u r e  and most  of  them w i l l  be  f a b r i c a t e d  by c u m u l a t i n g  t h i n  
f i l m s  on i n s u l a t i n g  s u b s t r a t e s .  Among v a r i o u s  methods  so f a r  r e p o r t e d  f o r  t h e  s y n t h e s i s  of  
s u p e r c o n d u c t i n g  o x i d e  f i l m s ,  t h e r e  a r e  t w o  methods which i n c l u d e  p lasma p r o c e s s e s  : s p u t -  
t e r i n g  a n d  p l a s m a  s p r a y .  The  f o r m e r  u s e s  l o w  t e m p e r a t u r e  p l a s m a ,  w h i l e  t h e  l a t t e r  h i g h  
t e m p e r a t u r e  plasma.  S i n c e  t h e  s p u t t e r i n g  was a l r e a d y  proved t o  be  u s e f u l  f o r  d e p o s i t i n g  f i l m s  
of  v a r i o u s  c e r a m i c s  i n c l u d i n g  Ba(Pb,Bi)O a p r e v i o u s l y  known p e r o v s k i t e  t y p e  s u p e r c o n d u c t o r  
( r e f .  4 ) ,  i t  i s  c o n s i d e r e d  t o  be one  of  txe most  p r o m i s i n g  t e c h n i q u e s  f o r  t h e  f i l m  d e p o s i t i o n  
of h i g h  Tc s u p e r c o n d u c t i n g  o x i d e s  which a l s o  have p e r o v s k i t e - l i k e  s t r u c t u r e s .  

Here,  I would l i k e  f i r s t  t o  summer ize  t h e  r e c e n t  p r o g r e s s  i n  t h e  s u p e r c o n d u c t i n g  f i l m  pre-  
p a r a t i o n  and t h e n  t o  s p e c i f y  t h e  f a c t o r s  c r u c i a l l y  i m p o r t a n t  f o r  t h e  r e a l i z a t i o n  of  s u p e r -  
c o n d u c t i v i t y  i n  t h e  s p u t t e r - d e p o s i t e d  f i l m s .  E x p e r i m e n t a l  e v i d e n c e s  are p r i m a r i l y  c i t e d  f rom 
o u r  r e s u l t s  o n  t h e  p r e p a r a t i o n  o f  La-Sr-Cu-0 ( r e f .  5 - 7 )  a n d  Yb-Ba-Cu-0 ( r e f .  8 & 9)  f i l m s  
by u s i n g  a s i m p l e  ac s p u t t e r i n g  a p p a r a t u s .  Also d e s c r i b e d  are t h e  s p u t t e r i n g  c o n d i t i o n s  and 
p r o p e r t i e s  of f i l m s  r e p o r t e d  by o t h e r  r e s e a r c h  groups.  I n c l u d e d  is t h e  e p i t a x i a l  g r o w t h  of  
s i n g l e  c r y s t a l  f i l m s  o n  s i n g l e  c r y s t a l  S r T i 0 3  s u b s t r a t e s  ( r e f .  10). D i s c u s s i o n  w i l l  b e  
ex tended  t o  p r e l i m i n a r y  r e s u l t s  of t h e  d e v i c e  a p p l i c a t i o n  and m i c r o p r o c e s s i n g  of  supercon-  
d u c t i n g  t h i n  f i l m s .  

FILM PREPARATION METHODS AND PROBLEMS 

T a b l e  1 shows t h e  methods  and p r o b l e m s  which c o u l d  be g e n e r a l l y  a p p l i e d  t o  t h e  f i l m  s y n t h e s i s  
o f  m u l t i - c o m p o n e n t s  c o m p o u n d s  o n  s u b s t r a t e s .  T h i n  f i l m s  o f  b o t h  K2NiF4 t y p e  40K c l a s s  a n d  
o x y g e n - d e f i c i e n t  p e r o v s k i t e  t y p e  90K c l a s s  s u p e r c o n d u c t i n g  o x i d e s  h a v e  b e e n  p r e p a r e d  by 
vacuum e v a p o r a t i o n  and s p u t t e r i n g .  E l e c t r o n  beam e v a p o r a t i o n  was used  by two g r o u p s  i n  USA 
t o  produce t h i n  f i l m s  e x h i b i t i n g  z e r o  r e s i s t i v i t y  t e m p e r a t u r e ( T c )  and c r i t i c a l  c u r r e n t  (Jc) 
v a l u e s  i n  e x c e s s  o f  80K a n d  105Acm-* a t  77K, r e s p e c t i v e l y  ( r e f .  11 & 12) .  A s  w i l l  b e  
d e s c r i b e d  i n  more d e t a i l  la ter ,  s p u t t e r i n g  h a s  been c o n f i r m e d  by s e v e r a l  r e s e a r c h  g r o u p s  i n  
Japan ,  China ,  Europe and USA t o  be  a n  e q u a l l y  good o r  even  b e t t e r  method f o r  t h e  p r e p a r a t i o n  
of h i g h  Tc o x i d e  f i l m s .  The f i l m s  a s - d e p o s i t e d  i n  t h e s e  vacuum t e c h n i q u e s  a r e  u s u a l l y  semi- 
c o n d u c t i n g  and p o s t  a n n e a l i n g  i n  oxygen o r  i n  a i r  a t  e l e v a t e d  t e m p e r a t u r e s  i s  n e c e s s a r y  f o r  
making t h e  f i l m s  s u p e r c o n d u c t i n g .  

A l t h o u g h  c h e m i c a l  v a p o r  d e p o s i t i o n  (CVD) i s  c o n s i d e r e d  t o  b e  a good m e t h o d  b e c a u s e  o f  i t s  
p r o b a b l e  h i g h  p r o d u c t i v i t y ,  s o u r c e  g a s e s ,  e s p e c i a l l y  of  a l k a l i n e  e a r t h  m e t a l  component ,  are 
o b v i o u s l y  t h e  weak p o i n t  o f  t h e  m e t h o d  a t  p r e s e n t .  S p r a y  p y r o l y s i s  ( r e f .  13) a n d  o t h e r  
t e c h n i q u e s  s u c h  as s c r e e n  p r i n t i n g  ( r e f .  1 4  & 15) and p l a s m a  s p r a y  were s u c c e s s f u l l y  a p p l i e d  
t o  p r e p a r e  f i l m s  r e l a t i v e l y  t h i c k e r  t h a n  t h o s e  d e p o s i t e d  i n  vacuum chambers .  
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T a b l e  1 Methods and  problems of t h e  p r e p a r a t i o n  of s u p e r c o n d u c t i n g  o x i d e  f i l m s .  

~~ 

Method Problem 

Vacuum d e p o s i t i o n  C o m p o s i t i o n a l  d e v i a t i o n  
CVD 
S p u t t e r i n g  
S p r a y  p y r o l y s i s  
S c r e e n  p r i n t i n g  
Plasma s p r a y  

Raw m a t e r i a l  
C r y s t a l  s t r u c t u r e  
I n t e r a c t i o n  w i t h  s u b s t r a t e  

R e a c t i o n  
L a t t i c e  matching  
Thermal  e x p a n s i o n  

The p r i m a r y  r e q u i r e m e n t  f o r  g e t t i n g  s u p e r c o n d u c t i n g  f i l m s  i s  t h e  c o m p o s i t i o n a l  a d j u s t m e n t ;  
f i l m  c o m p o s i t i o n  must  be a l m o s t  t h e  same a s  t h e  opt imum c o m p o s i t i o n  o f  b u l k  s u p e r c o n d u c t o r .  
S i n c e  t h e  c o m p o s i t i o n a l  d e v i a t i o n  f rom e v a p o r a t i o n  s o u r c e  o r  s p u t t e r i n g  t a r g e t  i s  f r e q u e n t r y  
o b s e r v e d  i n  e v a p o r a t i o n  or s p u t t e r i n g  of  a l l o y s  or  c o m p o s i t e s ,  t h e  m e t a l l i c  c o m p o s i t i o n  o f  
f i l m s  d e p o s i t e d  by t h e s e  m e t h o d s  s h o u l d  b e  a n a l y z e d  by s u c h  a m e t h o d  a s  ICP ( i n d u c t i v e l y  
c o u p l e d  p l a s m a )  e m i s s i o n  a n a l y s i s  o r  EPMA ( e l e c t r o n  p r o b e  m i c r o  a n a l y s i s ) .  The  o p t i m u m  
d e p o s i t i o n  c o n d i t i o n s  and t h e  a p p r o p r i a t e  s o u r c e  o r  t a r g e t  c o m p o s i t i o n  c o u l d  be  e s t i m a t e d  by 
a c c u m u l a t i n g  a n a l y t i c a l  d a t a  o n  n u m e r o u s  s a m p l e s .  The  o x y g e n  c o m p o s i t i o n ,  i .e. t h e  
n o n s t o i c h i o m e t r y  6 i n  (Lal- Srx)2Cu04- 6 a n d  YBa2Cu 07- 6 ,  w h i c h  i s  f o u n d  t o  b e  c r u c i a l l y  
i m p o r t a n t  f o r  t h e  s u p e r c o n d ( u c t i v i t y ,  is c o n t r o l l e d  z y  t h e  a n n e a l i n g  and quenching  c o n d i t i o n s  
( r e f .  16) .  

The second r e q u i r e m e n t  is  t h e  c o n t r o l  of  crystal  s t r u c t u r e .  The s u b s t r a t e  t e m p e r a t u r e  a t  t h e  
f i l m  d e p o s i t i o n  as well a s  t h e  a n n e a l i n g  c o n d i t i o n  giiieS dominent  e f f e c t  on  t h i s  problem. 

The t h i r d  and most  s u b s t a n t i a l  problem i n  t h e  f i l m  p r e p a r a t i o n  i s  t h e  i n t e r a c t i o n  of  o x i d e  
f i l m  w i t h  s u b s t r a t e .  Chemica l  r e a c t i o n s  d u r i n g  t h e  d e p o s i t i o n  a n d / o r  a n n e a l i n g ,  t h e  l a t t i c e  
m a t c h i n g ,  a n d  t h e  d i f f e r e n c e  i n  t h e r m a l  e x p a n s i o n  c o e f f i c i e n t  b e t w e e n  t h e  f i l m s  a n d  
s u b s t r a t e s  s h o u l d  c o n s i s t  of  t h i s  probrem. 

FILM PREPARATION BY AC SPUTTERING 

Although t h e  p r e p a r a t i o n  of  b u l k  s a m p l e s  of h i g h  Tc s u p e r c o n d u c t i n g  o x i d e s  i s  no l o n g e r  so  
d i f f i c u l t ,  t h e r e  h a v e  a p p e a r e d  s t i l l  l i m i t e d  n u m b e r s  o f  s u c c e s s f u l  s t u d i e s  o f  t h i n  f i l m  
d e p o s i t i o n .  Main d i f f i c u l t i e s  a r e  presumed t o  come f rom t h e  p r o b l e m s  d e s c r i b e d  above. We have  
f o u n d  s o m e  t y p i c a l  e x a m p l e s  c l e a r l y  i n d i c a t i n g  t h e s e  p r o b l e m s  t h r o u g h  o u r  s t u d i e s  o n  t h e  
p r e p a r a t i o n  of  s u p e r c o n d u c t i n g  La-Sr-Cu-0 and Yb-Ba-Cu-0 f i l m s .  The f i l m s  were f i r s t  p r e p a r e d  
i n  F e b r u a r y  and March of  t h i s  y e a r ,  r e s p e c t i v e l y .  

Experimental 
Among v a r i o u s  t y p e s  of s p u t t e r i n g  a p p r a t u s ,  w e  employed a v e r y  s i m p l e  ac s p u t t e r i n g  system, 
w h i c h  w e  d e s i g n e d  o u r s e l v e s ,  p r i m a r i l y  b e c a u s e  o f  t h e  e x p e r i m e n t a l  c o n v e n i e n c e .  F i g u r e  1 
r e p r e s e n t s  s c h e m a t i c a l l y  t h e  50 Hz a c  s p u t t e r i n g  and h e a t i n g  s y s t e m  we used  f o r  t h e  d e p o s i -  
t i o n  o f  f i l m s .  I n  t h e  r e a c t e r  o f  q u a r t z  c y l i n d e r  (5cm @ x  50cm) ,  a p a i r  o f  d i s k t a r g e t s  
( Z c m @ x  3 m m  e a c h )  a r e  m o u n t e d  on  t h e  c o p p e r  r o d s  i n s e r t e d  h o r i z o n t a l l y  a n d  t h e y  a r e  u s e d  
s i m u l t a n e o u s l y  a s  e l e c t r o d e s .  The t a r g e t s  a r e  s p u t t e r e d  by t h e  a p p l i c a t i o n  o f  50Hz ac h i g h  
v o l t a g e  ( %6kV). The  f i l m  i s  d e p o s i t e d  on  a s u b s t r a t e  p l a c e d  a t  t h e  b o t t o m  o f  t h e  r e a c t o r .  
The  s u b s t r a t e  t e m p e r a t u r e  ((700 %)and t h e  t o t a l  p r e s s u r e  o f  t h e  system ( 1 0 - 1 7 0 m T o r r )  a r e  
r e g u l a t e d  t o  be c o n s t a n t  t h r o u g h o u t  t h e  s p u t t e r i n g  by i n t r o d u c i n g  a n  a p p r o p r i a t e  amount  o f  
s p u t t e r i n g  g a s .  

The La-Sr-Cu-0 and Yb-Ba-Cu-0 s u p e r c o n d u c t i n g  powders  are p r e p a r e d  by t h e  powder mixing  and 
c a l c i n i n g  method. The c a l c i n e d  powder i s  p r e s s e d  i n t o  t h e  d i s k s .  Corning  #7059 g l a s s ,  q u a r t z ,  
a l u m i n a ,  s a p p h i r e ,  and y t t r i a  s t a b i l i z e d  z i r c o n i a  (YSZ) a r e  used  a s  s u b s t r a t e s .  R e s i s t i v i t i e s  
of t h e  f i l m s  d e p o s i t e d  on t h e s e  s u b s t r a t e s  a r e  measured by t h e  d c  f o u r  p r o b e  methods.  Metal 
c o m p o s i t i o n  a n d  c r y s t a l  s t r u c t u r e s  o f  t h e  f i l m s  a r e  a n a l y z e d  by a n  ICP e m i s s i o n  a n a l y z e r  
( J a r r e l  Ash Atom Comp M K  1 1 )  and X-ray d i f f r a c t o m e t e r  (Rigakudenki  RAD-ZC), r e s p e c t i v e l y .  The 
s u r f a c e  a n d  c r o s s  s e c t i o n  o f  t h e  f i l m s  a r e  o b s e r v e d  by a s c a n n i n g  e l e c t r o n  m i c r o s c o p e  
( I l i t a c h i  S-800). 
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F i g .  1 S c h e m a t i c  r e p r e s e n t a t i o n  of  
a c  s p u t t e r i n g  a p p a r a t u s .  

Dower source I 

F of a.c. 50Hz,100V transformer 

Results and discussion 
F i g u r e  2 s h o w s  t h e  s p u t t e r i n g  g a s  d e p e n d e n c e  o f  t h e  a n a l y s e d  metal   composition,^ a n d  y i n  

a n d  t y p i c a l  t h i c k n e s s  o f  t i e  o t t a i n e d  Films was 0.5 U r n .  T h e  metal  c o m p o s i t i o n  w a s  q u i t e  
s e n s i t i v e  t o  t h e  s p u t t e r i n g  g a s  r a t i o  (02/ (Ar t02) ) ;  t h e  f i l m  c o m p o s i t i o n s  t u r n e d  o u t  t o  be  
n e a r l y  t h e  optimum Yb/Ba/Cu = 1 / 2 / 3  r a t i o  a t  t h e  g a s  r a t i o s  r a n g i n g  f rom 0.1 t o  0.3. The f i l m  
c o m p o s i t i o n  was a l s o  a f f e c t e d  by t h e  s u b s t r a t e  t e m p e r a t u r e  t o  some e x t e n t .  As shown i n  F ig .  
3, a t  t e m p e r a t u r e s  h i g h e r  t h a n  500°C,the f i l m  c o m p o s i t i o n  d e v i a t e d  f rom t a r g e t  c o m p o s i t i o n ,  
p robably  due t o  t h e  e v a p o r a t i o n  of  cuo. 

6 ,  o f  t h e  f i l m s  p r e p a r e d  by t h e  s p u t t e r i n g  o f  a p a i r  o f  t a r g e t s  h a v i n g  a 
of  Ybo, 5Ba 75C1~03- . S p u t t e r i n g  time f o r  a l l  t h e  f i l m s  was a b o u t  5h 

0 
0 0 . 2  0 . 4  0.6 0.8 1.0 

o2 1 ( Ar + O2 

F i g .  2 The d e p e n d e n c e s  o f  t h e  f i l m  
c o m p o s i t i o n s  on t h e  s p u t t e r i n g  g a s  
mixing  r a t i o  (02/Ar t02) .  The dashed  
l i n e s  i n d i c a t e  t a r g e t  c o m p o s i t i o n s .  
The optimum Yb/Ba/Cu=1/2/3 r a t i o  cor -  
responds  t o  x=0.67 and y=1.0 

Target Composition 
( Yb:Ba:Cu ) 

A 1: 2: 3 
0 1: 2: 3.6 

I I I I I I I 

f 
A 
6 " 

I I I I I I I 

200 400  600 
Substrate Temperature ("C) 

F i g .  3 The  d e p e n d e n c e  o f  t h e  f i l m s  
c o m p o s i t i o n  ( ( Y b t B a ) / C u )  o n  t h e  
s u b s t r a t e  tempera t tire. 
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Fig.  4 X-ray (Cu-Kcr ) d i f f r a c t i o n  
p a t t e r n s  of  Yb-Ba-Cu-0 as-deposi ted 
f i l m s  on YSZ s u b s t r a t e s  a t  v a r i o u s  
s u b s t r a t e  t e m p e r a t u r e s  (Ts). (a): 
t h e  p a t t e r n  o f  YbBa Cu 07-6. 
powder ,  (b): 580(T (648 '3, ( c ) .  
640<T&650 'C, ( d ) :  850<TS(660 'C. 
The p e a k s  o f  s u b s t r a t e  a t  2 8  =29- 
31: 49-51: and 59-61"are omi t t ed  
from t h e  o r i g i n a l  p a t t e r n .  

10vm 
Fig.  5 S c a n n i n g  e l e c t r o n  micro- 
g raphs  of La-Sr-Cu-0 f i l m  prepared 
by ac 50Hz s p u t t e r i n g  and annealed 
a t  5 9 0 ° C  f o r  15h .  ( s u b s t r a t e :  
Corning #7059 g l a s s )  

F igu re  4 shows X-ray d i f f r a c t i o n  p a t t e r n s  of  Yb-Ba-Cu-0 f i l m s  prepared under v a r i o u s  t h e r m a l  
c o n d i t i o n s .  I n  Fig.  4 ,  t h e  peak a t  2 8 -7.6' (d=11.7A) is a s s i g n a b l e  t o  (001) i n  t r i p l e d  c e l l  
o f  YbBa2Cu307-6 a s  i t  is  i n  t h e  b u l k  s u p e r c o n d u c t i n g  YBa2Cu307- 6 ( r e f .  17). The c r y s t a l  
s t r u c t u r e  is s t r o n g l y  dependent on t h e  s u b s t r a t e  and annea l ing  temperature .  I n  t h e  r e l a t i v e -  
l y  low t empera tu re  range (58O<T&64O0C), t h e  f i l m  d i d  n o t  g i v e  a d i f f r a c t i o n  peak a t  7.6'as 
e x e m p l i f i e d  i n  F i g .  4(b). T e m p e r a t u r e s  o f  t h i s  r a n g e  are  p resumed  t o  b e  h i g h  enough  t o  
c r y s t a l l i z e  t h e  d e p o s i t i n g  f i l m s  i n t o  p o l y c r y s t a l l i n e  p e r o v s k i t e  phase,  b u t  n o t  h igh  enough 
t o  induce t h e  o r d e r i n g  of A s i t e  i o n s  i n t o  t h e  Ba-Yb-Ba t r i p l e d  cel l  s t r u c t u r e .  I n  t h e  f i l m s  
prepared a t  t empera tu res  of t h e  i n t e r m e d i a t e  range (640<T&550%), t h e  peak a t  7.6'came t o  
be  s e e n  (F ig .  4(c)).  Thus,  t h e  c r y s t a l  s t r u c t u r e  o f  f i l m  r e s e m b l e  t o  t h a t  o f  b u l k  s p e c i m e n  
shown i n  Fig. 4(a). A s  d e s c r i b e  l a t e r , t h e  f i l m s  prepared a t  t e m p e r a t u r e s  of t h i s  range have 
t h e  h i g h e s t  TEero among t h e  f i l m s  so f a r  p r e p a r e d .  I n  t h e  t e m p e r a t u r e  r a n g e  h i g h e r  t h a n  
65O0C,the f i l m s  depos i t ed  are e s t i m a t e d  t o  be h igh ly  o r i e n t a t e d  t o  t h e  (001) d i r e c t i o n  (Fig. 
4(d)) and t h e  A s i t e  i o n s  should have t h e  per iodic?\  s i r u c t u r e  o f  t h e  t r i p l e d  cell. Although 
t h e  f i l m s  had low r e s i s t i v i t i e s  i n  t h e  o r d e r  of  10 S- cm when t h e  measurements were c a r r i e d  
o u t  soon a f t e r  t h e  f i l m  p repa ra t ion ,  t hey  were n o t  so s t a b l e  i n  a i r  and f r e q u e n t l y  changed t o  
be  hazy  i n  a f e w  h o u r s .  T h e s e  hazy  f i l m s  were i n s u l a t o r s  h a v i n g  no s h a r p  peak  i n  t h e i r  XRD 
pa t t e rns .  The f i l m s  might have r e a c t e d  w i t h  moi s tu re  t o  form amorphous oxyhydrates.  

A r e a c t i o n  b e t w e e n  t h e  f i l m  and  s u b s t r a t e  was o b s e r v e d  c lear ly  when a n  La-Sr-Cu-0 f i l m  
depos i t ed  on q u a r t z  s u b s t r a t e  w a s  hea t ed  up t o  1000°C. The b l ack  conduc t ive  f i l m  t u rned  t o  be  
g r a y i s h  green i n s u l a t o r  by t h e  heat ing.  No s u c c e s s  has  been r e p o r t e d  so f a r  on t h e  prepara-  
t i o n  of high Tc superconduct ing ox ide  f i l m s  on such s u b s t r a t e s  as s i l i c o n  w a f e r s  and s i l i ca  
g l a s s .  

The mismatch of t he rma l  expansion was an  unexpectedly b i g  problem ; f i n e  c r a c k s  were formed 
i n  t h e  whole area of La-Sr-Cu-0 f i l m  depos i t ed  on g l a s s  s u b s t r a t e  and annealed a t  59OoC, as 
is shown i n  Fig. 5. Crack fo rma t ion  was a lso observed on La-Sr-Cu-0 f i l m  on alumina s u b s t r a t e  
by q u e n c h i n g  t h e  f i l m  a f t e r  h e a t i n g  up  t o  1000°C, a l t h o u g h  h i g h  T c  Y-Ba-Cu-0 f i l m s  were 
repor t ed  by o t h e r  groups t o  be prepared on alumina and s a p p h i r e  s u b s t r a t e s ( s e e  Tab. 2). 

The the rma l  expansion behavior  of  bulk (La,Sr)2Cu04-6 and YBa2Cu307-6 were measured. F i g u r e  
de i c t s  t h e  la t ter  data .  Not on ly  t h e  l i n e a r  t he rma l  expansion c o e f f i c i e n t  (ca. 1.4 x 10- 
K-') a v e r a g e d  o v e r  t h e  t e m p e r a t u r e  r a n g e  o f  30-900'C is a p p r e c i a b l y  g r e a t e r  t h a n  t h e  

measured f o r  o r d i n a r y  used ceramic s u b s t r a t e s ,  b u t  also t h e  c o e f f i c i e n t s  f o r  tempera- va lues  
phase t r a n s i t i o n  between or thorhombic and t e t r a g o n a l  are ex t r eme ly  h igh  
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F i g .  6 The  t e m p e r a t u r e  d e p e n d e n c e  
o f  l i n e a r  t h e r m a l  c o e f f i c i e n t  f o r  
YbBa2Cu307- i n  air .  

From a l l  t h e s e  and some o t h e r  r e s u l t s ,  s u c h  c o n d i t i o n s  as  t h e  f o l l o w i n g  were e x p e c t e d  t o  be  
d e s i r a b l e  f o r  t h e  p r e p a r a t i o n  of  h i g h  Tc s u p e r c o n d u c t i n g  Yb-Ba-Cu-0 and r e l a t e d  o x i d e  f i l m s  
w i t h o u t  p o s t a n n e a l i n g  t h e  f i l m s  a t  t e m p e r a t u r e s  h i g h e r  t h a n  t h e  d e p o s i t i o n  t e m p e r a t u r e .  
1) T a r g e t  c o n t a i n i n g  Cu i n  e x e s  ( ' ~ 2 0 % )  
2 )  S u b s t r a t e  h e a t i n g  a t  a b o u t  65OoC 
3) Anneal ing  a t  t e m p e r a t u r e s  o f  60O-65O0C i n  oxygen a tmosphere  
4 )  C h e m i c a l l y  i n e r t  s u b s t r a t e  h a v i n g  r e l a t i v e l y  l a r g e  t h e r m a l  e x p a n s i o n  c o e f f i c i e n t  

Although t h e  optimum p r e p a r a t i o n  c o n d i t i o n s  s h o u l d  change  f rom a reacter t o  a n o t h e r ,  t h e  most  
s i g n i f i c a n t  p o i n t  i s  f r e q u e n t  c h e c k  o f  f i l m  c o m p o s i t i o n  a n d  c r y s t a l  s t r u c t u r e  s o  t h a t  t h e  
p r e p a r a t i o n  p a r a m e t e r s  c o u l d  be  c o r r e l a t e d  w i t h  t h e  s t r u c t u r e .  

F i g u r e  7 is  
p r e p a r e d  by a c  s p u t t e r i n g  on YSZ 

examples  of  resistivitity-temperature r e l a t i o n s h i p  measured  f o r  Yb-Ba-Cu-0 f i l m  
s u b s t r a t e s .  

PRESENT STATUS AND FUTURE PROSPECT OF THIN FILM RESEARCH 

T a b l e  2 s u m m a r i z e s  t h e  r e p o r t e d  p r e p a r a t i o n  o f  h i g h  Tc s u p e r c o n d u c t i n g  o x i d e  f i l m s  by s p u t -  
t e r i n g  ( r e f .  18 - 2 4 ) .  Although no f i l m  h a s  Tc v a l u e s  e x c e e d i n g  95K, i.e. t h e  h i g h e s t  s t a b l e  
Tc r e p o r t e d  f o r  b u l k  s u p e r c o n d u c t o r s ,  most  of  t h e  f i l m s  h a v e  c r i t i c a l  c u r r e n t  (Jc) v a l u e s  f a r  
g r e a t e r  t h a n  t h e  v a l u e s  d e t e r m i n e d  f o r  b u l k  s a m p l e s .  E s p e c i a l l y ,  E n o m o t o  a n d  c o w o r k e r s  
r e c e n t l y  announced t h a t  t h e  s i n g l e  c r y s t a l  Ba2YCu307-6 t h i n  f i l m  was grown e p i t a x i a l l y  on  a 
s i n g l e  c r y s t a l  S r T i 0 3  (110) s u b s t r a t e  by m a g n e t r o n  s p u t t e r i n g  a n d  t h a t  i t  h a d  h i g h  a n d  

Table 2 Preparat ion of high Tc superconducting oxide f i l m s  b y  sput te r ing .  

Sput te r ing  Compound Conditions Anneal Tc Research Ref ,  
mode Subs t ra te  Temp.('C) Press . (Pa)  ('C,h) (K) group 

450 7 
650 23 
680 <7 

725,15 17 
600,0.5 66 

27 - 

Tokyo U. 5 
8 

ETL 18 

ac(50Hz) La-Sr-Cu-0 
11 Yb-Ba-Cu-0 

rf(13.56MHz) La-Sr-Cu-0 

YSZ 
Y sz 
Alumina 

Sapphire 
MgO 

dc-magnetron La-Sr-Cu-0 800. 10 1nst.Phys. 19 
C h i n a  
Cambridge U. 20 
NTT 21 

no 
heat ing 

- 

1050 4 
- - 

I, Y-Ba-Cu-0 
rf-magnetron La-Sr-Cu-0 

Sapphier 
SrTi03 

(100) 
SrTi03 
(110) 

Sapphier 
(1102) 
SrTi03 

(100) 
YS2,MgO 
SrTi03 
MI30 

500,O.l 36 
800,8 15 

1, Y-Ba-Cu-0 700 11 920,2 84 10 

Matsushita 22 
Elec, 

200 0.4 900.1 70 

900,2 85 Hitachi  23 no 
heat ing 

- 

<700 - Sumitomo 24 
Elec.  

<950, 85 I ,  I 1  
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a n i s o t r o p i c  s u p e r c o n  u c t i v  t y .  T h e  c r i t i c a l  c u r r e n t  d e n s i t y  a l o n g  t h e  b a s a l  p l a n e  o f  t h e  
c r y s t a l  reached  1.8x1p‘ Acm-’ a t  77K ( re f . lO) ,  w h i l e  t h e  Jc p e r p e n d i c u l a r  t o  t h e  p l a n e  was i n  
t h e  o r d e r  of 104Acm- . T h i s  r e s u l t  p r o v i d e s  a c o n v i n c i n g  s u p p o r t  f o r  a q u a s i  t w o - d i m e n s i o n a l  
e l e c t r o n i c  s t r i c t u r e  i n  t h i s  s u p e r c o n d u c t o r .  Even a p o l y c r y s t a l l i n e  f i l m  was r e p o r t e d  t o  have  
a J c  o f  3 . 2 ~ 1 0  A c m - ’  a t  77K ( r e f .  24). T h e  M e i s s n e r  e f f e c t  was o b s e r v e d  by H o t t a  e t .  a l .  i n  
Y-Ba-Cu-0 f i l m s  ( r e f .  25). We a l s o  d e t e c t e d  d i a m a g n e t i s m  i n  a s p u t t e r e d  La-Sr-Cu-0 s u p e r -  
c o n d u c t i n g  f i l m  by t h e  measurement  of  dc s u s c e p t i b i l i t y  u s i n g  SQUID. 

D i f f e r e n t  f rom b u l k  s u p e r c o n d u c t o r s ,  p r o p e r t i e s  of  t h i n  f i l m s  h a v e  been a p p r o a c h i n g  p r a c t i c a l  
l e v e l ,  For  d e v i c e  a p p l i c a t i o n ,  l o w e r  d e p o s i t i o n  t e m p e r a t u r e  and a s - d e p o s i t e d  superconduc-  
t i v i t y  s h o u l d  be s t r o n g l y  p r e f e r r e d .  P r o b l e m s  t o  be s o l v e d  w i l l  i n c l u d e  f u r t h e r  o p t i m i z a t i o n  
of  p r e p a r a t i o n  c o n d i t i o n s  t o  i n c r e a s e  Tc and Jc, t h e  a c c e l e r a t i o n  o f  oxygen i n c o r p o r a t i o n  i n  
t h e  f i l m ,  and t h e  d e p o s i t i o n  of  i n s u l a t i n g  f i l m  which h a s  good c o m p a t i b i l i t y  w i t h  supercon-  
d u c t o r s .  F u r t h e r m o r e ,  m i c r o p r o c e s s i n g  o f  s u p e r c o n d u c t i n g  f i l m s  is r e q u i r e d  f o r  d e v i c e  f a b r i -  
c a t i o n .  Oxygen i o n  i m p l a n t a t i o n  i n t o  YBCO f i l m  was a l r e a d y  used  t o  make a p a r t  of  t h e  f i l m  
i n s u l a t i n g  by L a i b o w i t z  e t .  a l .  ( r e f .  1 1 ) .  By c o m b i n i n g  a p a i r  o f  w e a k - l i n k  t y p e  J o s e p h s o n  
J u n c t i o n s ,  t h e y  f a b r i c a t e d  a SQUID which  c o u l d  be o p e r a t e d  a t  t e m p e r a t u r e s  up t o  68K. P l a s m a ,  
l a s e r ,  a n d  i o n  p r o c e s s e s  on  s u p e r c o n d u c t i n g  o x i d e  f i l m s  w i l l  a t t r a c t  much i n t e r e s t  i , n  t h e  
n e a r  f u t u r e .  P r e l i m i n a r y  s t u d i e s  on t h e  r e a c t i o n  of  o x i d e  s u p e r c o n d u c t o r s  w i t h  laser beams 
have a l r e a d y  s t a r t e d  ( r e f .  26). 
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