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Oxygen Control and Carrier Property in Bi2Sr2CalCuZOX 
Superconducting Thin Films 

Kou TAKEUCHI, Masashi KAWASAKI, Mamoru YOSHIMOTO, 
Y a s u t o s h i  SAITO, and Hideomi KOINUMA 

Research  L a b o r a t o r y  of E n g i n e e r i n g  Materials, Tokyo I n s t i t u t e  
o f  Technology,  N a g a t s u t a  4259, Midori-ku, Yokohama 227, J a p a n  

Abstract V a r i o u s l y  a c t i v a t e d  oxygens were used t o  c o n t r o l  
t h e  oxygen s t o i c h i o m e t r y  i n  Bi2Sr2CalCu20X s u p e r c o n d u c t i n g  
t h i n  f i l m s  a t  400°C. The t r e a t m e n t  w i t h  a n  oxygen plasma o r  
ozone d e c r e a s e d  t h e  TC o n s e t  of t h e  f i l m  by a s  much as 20K. 
UV l i g h t  i r r a d i a t i o n  of f i l m  i n  a t m o s p h e r i c  oxygen r e s u l t e d  
s i m i l a r l y .  On t h e  o t h e r  h a n d ,  f i l m s  e x p o s e d  t o  U V  l i g h t  
i r r a d i a t i o n  i n  t h e  p r e s e n c e  of N 0 ( 4 0 0 T o r r )  i n c r e a s e d  t h e i r  
TC o n s e t  by a b o u t  20K. T h e s e  '(c c h a n g e s  a c c o m p a n i e d  t h e  
change  i n  t h e  c - a x i s  l a t t i c e  c o n s t a n t ,  s u g g e s t i n g  a change 
i n  t h e  o x y g e n  c o n t e n t  i n  t h e  f i l m .  H a l l  c o e f f i c i e n t  
m e a s u r e m e n t s  v e r i f i e d  t h a t  t h e  o x y g e n  c o n t e n t  o r  h o l e  
c o n c e n t r a t i o n  i n  Bi2Sr2CalCu20X f i l m s  c o u l d  be  c o n t r o l l e d  by 
t h e s e  a c t i v a t e d  o x y g e n  t r e a t m e n t s  a t  a r e l a t i v e l y  low 
t e m p e r a t u r e .  

TNTRODUCTI ON 

It is w e l l  known t h a t  t h e  TC of  p e r o v s k i t e  r e l a t e d  s u p e r c o n d u c t o r s  

s u c h  as  La-Sr-Cu-0 o r  Y-Ba-Cu-0 is s t r o n g l y  dependent  on t h e i r  h o l e  

c o n c e n t r a t i o n '  f '1. T h e  h o l e  c o n c e n t r a t i o n  c a n  b e  c o n t r o l l e d  by 

r e g u l a t i n g  t h e  oxygen n o n s t o i c h i o m e t r y .  I n  t h i s  l e t t e r ,  w e  g e n e r a t e d  

v a r i o u s l y  a c t i v a t e d  o x y g e n s  t o  c o n t r o l  t h e  o x y g e n  c o n t e n t  i n  

B i 2 S r 2 C a l C u 2 0 X  f i l m s  a n d  e x a m i n e d  t h e i r  e f f e c t  o n  t h e  h o l e  

c o n c e n t r a t i o n  and s u p e r c o n d u c t i v i t y .  

An ac s p u t t e r i n g  a p p a r a t u s  o f  o u r  o r i g i n a l  d e s i g n  was used  f o r  b o t h  

f i l m  s y n t h e s i s  a n d  o x y g e n  t r e a t m e n t 3 ) .  T h e  r e a c t i o n  c h a m b e r  i s  a 

q u a r t z  c y l i n d e r  t o  which t w o  copper  r o d s  are i n s e r t e d  from t h e  both  
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e n d s .  A p a i r  o f  d i s c  Bi2Sr2Ca2Cu30y t a r g e t s  mounted o n  t h e  r o d s  were 
p l a c e d  f ' acc  Lo f a c e  a t  a d i s t a n c e  u l  3 .5  c m .  T h e  t a r g e t s  were 

s p u t t e r e d  by t h e  a p p l i c a t i o n  of  50 Hz ac h i g h  v o l t a g e  t o  d e p o s i t  t h i n  

f i l m s  of a b o u t  0 . 8 ~ ~  o n  2 . 5 %  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) 

sii b s  t ra t e  s3 ) . 
A s - d e p o s i t e d  f i l m s  were a n n e a l e d  a t  850°C f o r  30 min  K O  show XRD 

p a t t e r n s  a l m o s t  i d e n t i c a l  t o  t h a t  o f  c - a x i s  o r i e n t e d  Bi2Sr2CalCu2OX 

p h a s e  ( a b b r e v i a t e d  a s  2212  p h a s e  h e r e a f t e r ) .  The  f i l m  s p e c i m e n s  t h u s  

p r e p a r e d  h a v e  TC o n s e t  o f  a b o u t  80K. Oxygen, ozone a n d  n i t r o u s  o x i d e  

w i t h  o r  w i t h o u t  UV l i g h t  i r r a d i a t i o n  a n d  oxygen  p l a s m a  were employed 

f o r  oxygen  t r e a t m e n t s .  The  oxygen  p l a s m a  was g e n e r a t e d  a t  0.4 T o r r  o f  

O2 by t h e  a p p l i c a t i o n  of ac 3.6 kV be tween  a p a i r  o f  s t a i n l e s s - s t e e l  

e l e c t r o d e s ,  w i t h  w h i c h  t h e  t a r g e t s  were r e p l a c e d  a f t e r  t h e  f i l m  

d e p o s i t i o n ,  f a c i n g  e a c h  o t h e r  6 cm a p a r t 4 ) .  Ozone g a s  was g e n e r a t e d  by  

u s i n g  a micro o z o n i z e r  ( E r s t a t  L a b o r a t o r y  AOC-05) a n d  i n t r o d u c e d  i n  

t h e  a p p a r a t u s .  E v e r y  a c t i v a t e d  o x y g e n  t r e a t m e n t  o f  t h e  f i l m  w a s  

c a r r i e d  o u t  a t  400°C f o r  30 min and a t  d e c r e a s i n g  t e m p e r a t u r e s  t o  

a b o u t  50°C f o r  a d d i t i o n a l  30 min. Some of t h e  s p e c i m e n s  were r e t r e a t e d  

i n  d i f f e r e n t l y  a c t i v a t e d  oxygens .  

The r e s i s t i v i t y  of t h e  f i l m s  was measured  by  t h e  d c  f o u r  p r o b e  

me thod .  The  c rys t a l  s t r u c t u r e  o f  t h e  f i l m s  was a n a l y z e d  u s i n g  a n  X-ray 

d i f f r a c t o m e t e r  ( X R D ,  Mac S c i e n c e  MXP-3, CuK ).  
Q 

Hall c o e f f i c i e n t s  o f  t h e  f i l m s  were measured  by s t a n d a r d  v a n  d e r  

Pauw t e c h n i q u e  a t  room t e m p e r a t u r e  u n d e r  a m a g n e t i c  f i e l d  o f  1 T. The 
f i l m  s p e c i m e n s  f o r  t h i s  measu remen t  were p r e p a r e d  on MgO s u b s t r a t e s  

u s i n g  Bi2.5Sr2CalCu2.40y t a r g e t s  a n d  a n n e a l e d  a t  9 0 0 ° C  f o r  30 min.  

C o n t a c t s  were c o n f i r m e d  t o  b e  Ohmic f r o m  I - V  c h a r a c t e r i s t i c s .  

RESULTS & DTSC(JSST0N 

F i g u r e  1 shows t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  r e s i s t i v i t y  f o r  some o f  

t h e  s p e c i m e n s  a f t e r  a c t i v a t e d  oxygen  t r e a t m e n t s .  The  a p p l i c a t i o n  of 

o z o n e  (C)  or oxygen  p l a s m a  (D) d e c r e a s e d  t h e  TC o n s e t  of t h e  f i l m  from 

80K t o  a b o u t  60K. A c t i v a t e d  o x y g e n  t r e a t m e n t s  d i d  n o t  p r o d u c e  a new 

XRD p e a k  b u t  g a v e  small  s h i f t s  t o w a r d s  h i g h e r  d i f f r a c t i o n  a n g l e s  i n  

t h e  c l a t t i c e  c o n s t a n t s .  The TC v a l u e s  o f  t h e s e  f i l m s  r e t u r n e d  t o  
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OXYGEN CONTROL IN Bi2Sr2CaiCu2Ox THIN FILMS 149 

a b o u t  80K when t h e  f i l m s  were s u b j e c t e d  t o  f u r t h e r  h e a t  t r e a t m e n t  i n  

a t m o s p h e r i c  o x y g e n  w i t h o u t  t h e  l i g h t  i r r a d i a t i o n .  A l l  these r e s u l t s  

were e s s e n t i a l l y  t h e  same a s  i n  t h e  case o f  U V  l i g h t  i r r a d i a t i o n  i n  

t h e  p r e s e n c e  o f  a t m o s p h e r i c  oxygen  ( R )  and  p rompted  us t o  c o n s i d e r  

t h a t  t h e s e  a c t i v a t e d  oxygen  t r e a t m e n t s  s h o u l d  i n c r e a s e  t h e  oxygen  

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

c r i t i c a l  t e m p e r a t u r e .  The d e c r e a s e  o f  c l a t t i c e  c o n s t a n t  i n d u c e d  by 

t h e  oxygen  i n c o r p o r a t i o n  i n t o  t h e  l a t t i c e  was r e p o r t e d  f o r  Y-Ba-Cu- 

02) .  

F i g u r e  1 a l s o  shows t h e  t e m p e r a t u r e  d e p e n d e n c e  of r e s i s t i v i t y  f o r  

a f i l m  a f t e r  400 T o r r  N 2 0  t r e a t m e n t  w i t h  U V  l i g h t  i r r a d i a t i o n  (E) .  
T h i s  t r e a t m e n t  i n c r e a s e d  t h e  TC o n s e t  f r o m  80K t o  a b o u t  1OOK. T h e  XRD 
p e a k s  showing  (OOc)  s h i f t e d  t o w a r d s  lower d i f f r a c t i o n  a n g l e s .  T h i s  

t e n d e n c y  was c o n t r a r y  t o  t h e  t e n d e n c y  r e s u l t e d  f r o m  t h e  a b o v e  cases. 

When t h e  N20 p r e s s u r e  was r e d u c e d  t o  4 T o r r ,  t h e  TC o n s e t  o f  t h e  f i l m  

i n c r e a s e d  a g a i n  t o  100 K .  A t  a n  N20 p r e s s u r e  be low 0.4 T o r r ,  t h e  f i l m s  

t u r n e d  t o  b e  s e m i c o n d u c t i v e  w i t h o u t  s h o w i n g  a c lear  TC o n s e t .  T h i s  

s e m i c o n d u c t i v e  f i l m  r e c o v e r e d  t h e  TC o n s e t  o f  a b o u t  60K a f t e r  t h e  

t r e a t m e n t  o f  a t m o s p h e r i c  oxygen  w i t h  U V  l i g h t  i r r a d i a t i o n .  A l l  t h e s e  

TC c h a n g e s  were r e v e r s i b l e ,  wh ich  means t h e  TC c h a n g e s  were i n d u c e d  

o n l y  by t h e  c h a n g e  o f  oxygen c o n t e n t  i n  t h e  f i l m .  A l t h o u g h  t h e  o t h e r  

o x y g e n  t r e a t m e n t s  a c t i v a t e d  b y  U V  l i g h t  a n d  p l a s m a  w o r k e d  t o  

i n c o r p o r a t e  t h e  oxygen i n t o  t h e  f i l m s ,  N20 t r e a t m e n t  w i t h  UV l i g h t  

i r r a d i a t i o n  a p p a r e n t l y  worked t o  r e d u c e  t h e  oxygen  c o n t e n t  i n  t h e  

f i l m .  T h i s  e f f e c t  o f  N 2 0 / U V  t r e a t m e n t  was r a t h e r  c o n t r a r y  t o  o u r  

e x p e c t a t i o n ,  s i n c e  atomic oxygen  s h o u l d  a l s o  b e  fo rmed  from N 2 0  by t h e  

UV l i g h t  i r r a d i a t i o n 5 ) .  A n n e a l i n g  t h e  f i l m  i n  vacuum (<lov3 T o r r )  a t  
4OO0C made t h e  f i l m  s e m i c o n d u c t i v e  w i t h  a b r o a d  TC o n s e t  r e m a i n e d  a t  

a b o u t  80K. 

F i g u r e  2 s u m m a r i z e s  t h e  r e l a t i o n s h i p  b e t w e e n  TC o n s e t  a n d  c 

l a t t i c e  c o n s t a n t  c a l c u l a t e d  f r o m  t h e  ( 0 0 s )  peak  of 2212  p h a s e  f o r  t h e  

f i l m  s p e c i m e n s  s u b j e c t e d  t o  v a r i o u s  oxygen  t r e a t m e n t s  a t  400 C. The TC 

o n s e t  a n d  c l a t t i c e  c o n s t a n t  a r e  l i n e a r l y  c o r r e l a t e d  u p  t o  c < 
3.072 nm. However,  f i l m s  w i t h  too l o n g e r  c p a r a m e t e r  (>  3.075 nm) 

became s e m i c o n d u c t i v e  a s  shown i n  # 1  a n d  #2  i n  F i g . 2 .  The  a c t i v a t e d  

oxygen t r e a t m e n t s  a t  room t e m p e r a t u r e  g a v e  almost n o  c h a n g e  i n  TC. 

H i 1 1  I c o e f f i c i e n t  i i ieLisuremc,nts were c a r r i e d  o u t  f o r  t h e  
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specimens treated under three typical activated oxygen treatments 

listed in Tab. 1. The signs of the RH were positive, suggesting the 
charge carriers are holes. Table 1 also shows the relationship between 
hcle concentration (l/eRH) and Tc. The hole concentration is clearly 
indicated to have a strong correlation with the oxygen content in the 

films as well as with the change in the TC of the film. 

CONCLUSION 

The TC of  Bi2Sr2Ca1Cu2Ox superconducting thin films were changed by 

variously activated oxygen treatments at 4 0 O o C .  The treatments 

accompanied systematic changes in c-lattice constant and hole 
concentration, providing a new method for controlling the oxygen 

content in superconducting oxide films at a relatively low 

temperature. N20 behaved substantially different from O2 when the 

films were exposed to UV light in their presence. By this procedure, 
we can control the hole concentration and TC without changing a 
metallic composition. 

Acknowledgments 

The authors express their thanks to Mr. Naoki Ohashi and Prof. Osamu 

Fukunaga (Tokyo Inst. of Tech.) and Dr. Junzo Tanaka (National Inst. 
f o r  Res. in Inorg. Mat.) for the Hall coefficient measurements. This 

work was partly supported by a Grant-in Aid for Scientific Research on 

Chemistry of New Superconductors from Ministry of Education, Science 

and Culture. 

REFERENCES 

1) H. Takagi, S. Uchida, H. Eisaki, S. Tanaka, K. Kishio, K. 

2 )  R. J. Cava, B. Batlogg, C. H. Chen, E. A. Rietman, S. M. Zahurak, 

3) M. Kawasaki, S. Nagata, K. Takeuchi and H. Koinuma: Jpn. J. Appl. 

4 )  H.Koinuma, M.Kawasaki, K.Masubuchi and K.Fueki: J. Ceram. SOC. 

5 )  e.g. K.F.Preston and R.F.Barr :J. Chem. Phys. 54 (1971) 3347 

Kitazawa and K. Fueki: J. Appl. Phys. 63 (1987) 4009. 

and D. Werder: Phys. Rev. B36 (1987) 5719. 

Phys. 27 (1988) L2227. 

Japan. 95 (1987) 569 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
30

 1
9 

Fe
br

ua
ry

 2
01

3 



OXYGEN CONTROL IN Bi2Sr2Ca1Cu2Ox THIN FILMS 151 

6 

5 

E 4  

I 
0) 

0 

r 

T 3  

- 2  
a 

r 

1 

0 
0 20 40 60 80 100 120 140 

T / K  

FIGURE 1 Tempera ture  dependence of r e s i s t i v i t y  f o r  B i 2 S r 2 C a l C u 2 0 ~  
f i l m s  t r e a t e d  by some a c t i v a t e d  oxygens.  

( A )  O2 1 atm, (B) 0 
( D )  Oxygen plasma,  t E )  N20 400 T o r r  / d V  

1 a t m  / U V ,  (C) 0 latm, 

110 I I 

0 
9 -  
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90 - 
I 

- 

I I 
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3.05 3.06 

Lattice Constant c (m)  

FIGURE 2 TConset v s .  l a t t i c e  c o n s t a n t  c of t h e  f i l m s  s u b j e c t e d  t o  
v a r i o u s  a c t i v a t e d  oxygen t r e a t m e n t s  a t  400°C. 

( 1 ) 0 2  latm / U V ,  (2)02 latm / U V  i n d i r e c t ,  
(3)02 latm / UV w i t h  q u a r t z  f i l t e r ,  (4)O latm, 
( 5 ) a i r  latm, (6)02 latm / U V  w i t h  g l a s s  Zil ter,  
(7)N20 4 T o r r  / U V ,  (8)N 0 4OOTorr / U V ,  
(9)vacuum ( < l m T o r r ) ,  (16)N20 0.4Torr  / U V ;  no TC 

T a b l e  1. A c t i v a t e d  oxygen t r e a t m e n t  c o n d i t i o n s ,  TC o n s e t ,  
Hall  c o e f f i c i e n t s  and carr ier  c o n c e n t r a t i o n s .  
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