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On l e a v e  from U n i v e r s i t y  o f  Tokyo, On l e a v e  from Toyo Univer- 
s i t y  

CU-0 SUPERCONDUCTOR 
** ** 

A b s t r a c t  A s  a low t e m p e r a t u r e  p r e p a r a t i o n  method o f  B i ,  S r ,  Ca, 
and Cu o x i d e  and f l u o r i d e  f i l m s ,  microwave plasma of A r  and O2 
g a s e s  was a p p l i e d  t o  decompose Bi(C H5)3 and metal B-diketone 
complexes. As-deposi ted c r y s t a l l i n e  Ifi203, CuO, S r F  , and CaF2 
f i l m s  were o b t a i n e d  a t  a s u b s t r a t e  t e m p e r a t u r e  o f  400'6 and below. 
The f i l m  t h i c k n e s s  was n e a r l y  p r o p o r t i o n a l  t o  t h e  d e p o s i t i o n  t i m e  
f o r  e a c h  f i l m .  These B i  03,  SrF2,  CuO, and CaF2 c r y s t a l l i n e  f i l m s  
d e s i g n e d  t o  have  a 2000i  t h i c k n e s s  e a c h  were s t a c k e d  and a n n e a l e d  
a t  850'C f o r  30min t o  show a s u p e r c o n d u c t i v i t y  w i t h  Tconset a t  
65K. 

I n t r o d u c t i o n  

Low t e m p e r a t u r e  p r e p a r a t i o n  o f  metal o x i d e  f i l m s  is r e q u i r e d  f o r  t h e  

c o n s t r u c t i o n  o f  a r t i f i c i a l l y  d e s i g n e d  c rys ta l  s t r u c t u r e  i n c l u d i n g  

high-Tc s u p e r c o n d u c t o r  r e l a t e d  compounds. A s  low t e m p e r a t u r e  pro- 

cesses f o r  f a b r i c a t i n g  high-Tc s u p e r c o n d u c t i n g  f i l m s ,  v a r i o u s  methods 

s u c h  as a c t i v a t e d  r e a c t i v e  e v a p o r a t i o n  , plasma a s s i s t e d  laser evapo- 

r a t i o n 2  and l i g h t  i r r a d i a t i o n  d u r i n g  s p u t t e r i n g 3  have been r e p o r t e d .  

B e s i d e s  t h e s e  p h y s i c a l  vapor  d e p o s i t i o n  (PVD), chemica l  vapor  depo- 

s i t i o n  (CVD) c a n  a l s o  be  a low t e m p e r a t u r e  p r o c e s s  under  modera te ly  

h i g h  oxygen p a r t i a l  p r e s s u r e .  However, r e p o r t e d  CVDs were most ly  t h e r -  

mal C V D s  and s u b s t r a t e  t e m p e r a t u r e s  r e q u i r e d  t o  a c h i e v e  t h e  super -  

c o n d u c t i v i t y  of t h e  f i l m s  were above 700°C.4 A s  a fundamenta l  s t u d y  

toward t h e  a r t i f i c i a l  c o n s t r u c t i o n  of l a y e r e d  s t r u c t u r e ,  w e  examined 

t h e  l o w  t e m p e r a t u r e  s y n t h e s i s  o f  metal o x i d e  f i l m s  a s s i s t e d  by t h e  rf 

or microwave p l a ~ m a . ~ , ~  T h i s  paper  r e p o r t s  t h e  as-grown s y n t h e s i s  o f  

B i 2 0 3 ,  SrF2 ,  CaF2, and CuO f i l m s  by u s i n g  microwave plasma CVD appa- 

r a t u s .  P r e l i m i n a r y  d a t a  f o r  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  f i l m  by 

a c c u m u l a t i n g  CVD layers  are a l s o  p r e s e n t e d .  

1 

Exper imenta l  

207 

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:
28

 1
9 

Fe
br

ua
ry

 2
01

3 



208 T.HASHIMOT0, T. KOSAKA, Y .  YOSHIDA and H. KOINUMA 

The CVD s o u r c e s  used  were Bi(C6H5)3, Sr(PPM)2, Ca(PPM)2, and  CU(HFA)~,  

where PPM and HFA r e p r e s e n t  C2F5COCHCOC(CH3)3 and CF3COCHCOCF3, res- 

p e c t i v e l y .  These s o u r c e s  s u p p l i e d  from Tri-Chemical  Co., L td .  were 

s e p a r a t e l y  h e a t e d  i n  o i l  b a t h s  and c a r r i e d  i n t o  t h e  r e a c t i o n  chamber 

w i t h  he l ium a t  a t o t a l  p r e s s u r e  of 100Torr. The e v a p o r a t i o n  temper- 

a t u r e s  were de termined  i n  view of  t h e  TG d a t a  o f  t h e  s o u r c e s  measured 

under  Ar lOOTorr a tmosphere  u s i n g  a Sinku-Riko model TGD-7000RH. To 

a v o i d  t h e  c o n d e n s a t i o n  o f  s o u r c e  materials,  t h e  g a s  l i n e s  were h e a t e d  

a t  a t e m p e r a t u r e  o f  a b o u t  250°C. The c o n f i g u r a t i o n  of  t h e  microwave 

plasma CVD a p p a r a t u s  i s  shown i n  F i g .  1. A 2.45GHz microwave w a s  appl -  

i e d  a t  t h e  d o u b l e  q u a r t z  t u b i n g ,  i n n e r  f o r  i n t r o d u c t i o n  of A r  and 

o u t e r  f o r  02, t o  g e n e r a t e  e x c i t e d  a r g o n  and  oxygen f o r  decomposing 

s o u r c e  materials e f f i c i e n t l y .  An MgO( 100) s u b s t r a t e  was p l a c e d  i n  t h e  

q u a r t z  f l a s k  and h e a t e d  a t  a t e m p e r a t u r e  between 200°C and 400°C by a 

f o c u s e d  I R  lamp. I n  t h e  d e p o s i t i o n  of CaF2 f i l m s ,  S i ( l O O ) ,  S i ( l l l ) ,  

and GaAs(100) s u b s t r a t e s  were a l s o  used .  The f i l m  t h i c k n e s s  was mea- 

s u r e d  by t h e  s t y l u s  method u s i n g  a Taylor-Hobson T a l y s t e p .  The c rys ta l  

s t r u c t u r e s  o f  t h e  f i l m s  were a n a l y z e d  by X-ray d i f f r a c t i o n  measurement 

(XRD: MAC S c i e n c e  MXP3). X-ray p h o t o e l e c t r o n  s p e c t r o s c o p y  (XPS: JEOL 

JPS-80) was measured on some o f  t h e  f i l m s  t o  d e t e r m i n e  t h e  e l e m e n t a l  

composi t ion .  

R e s u l t s  and D i s c u s s i o n  

P r e p a r a t i o n  of  CuO f i l m  from CU(HFA)~ 

Powderly CU(HFA)~ was h e a t e d  a t  80°C and t h e  e v a p o r a t e d  vapor  w a s  

c a r r i e d  i n  a stream o f  80sccm hel ium.  The r e a c t i o n  p r e s s u r e  and micro- 

wave power were 1.5Torr  and 9OW, r e s p e c t i v e l y .  With t h e  a i d  o f  micro- 

wave plasma g e n e r a t e d  a t  v a r i o u s  02/Ar r a t i o s ,  f i l m s  were p r e p a r e d  on 

MgO(100) s u b s t r a t e  h e a t e d  a t  a t e m p e r a t u r e  of  400°C. The X-ray d i f f r a -  

c t i o n  p a t t e r n s  o f  p r e p a r e d  f i l m s  a re  shown i n  F i g .  2. The f i l m  was 

amorphous when p r e p a r e d  a t  a n  02/Ar r a t io  o f  5/50. Peaks  of  b o t h  CuF2 

and CuO were d e t e c t e d  i n  t h e  f i l m  p r e p a r e d  by i n c r e a s i n g  t h e  02/Ar 

r a t i o  t o  10/50. F u r t h e r  i n c r e a s e  of t h e  02/Ar r a t i o  up t o  15/50 i n -  

c r e a s e d  t h e  i n t e n s i t y  of CuO peaks  and d e c r e a s e d  t h a t  o f  CuF2. 

P r e p a r a t i o n  o f  B i 2 0 3  f i l m  from Bi(C6H5)3 

Bi(C6H5)3 was e v a p o r a t e d  by b e i n g  h e a t e d  a t  120°C and c a r r i e d  i n  a 
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stream of 80sccm hel ium. The r e a c t i o n  p r e s s u r e  and 02/Ar r a t i o  were 

1 .5Torr  and 5/50, r e s p e c t i v e l y .  F i g u r e  3 shows t h e  X-ray d i f f r a c t i o n  

p a t t e r n  of  t h e  f i l m  p r e p a r e d  from Bi(C6H5)3 on MgO (100) s u b s t r a t e  a t  

a t e m p e r a t u r e  o f  200°C. The microwave plasma power was 60W o r  9OW. 

When 60W microwave power was a p p l i e d ,  t h e  o b t a i n e d  f i l m  was amorphous. 

The f i l m  p r e p a r e d  a t  a microwave power of 9OW showed X-ray d i f f r a c t i o n  

peaks  a l l  o f  which could  be  i d e n t i f i e d  t o  be  B-Bi2O3. I n c r e a s e  i n  t h e  

amount o f  e x c i t e d  oxygen s p e c i e s  i s  c o n s i d e r e d  t o  work e f f e c t i v e l y  f o r  

t h e  f o r m a t i o n  of  c r y s t a l l i n e  o x i d e  f i l m .  The d e p o s i t i o n  rate w a s  con- 

s t a n t  a t  a b o u t  0.56A/s t h r o u g h o u t  t h e  r e a c t i o n  t i m e  o f  60min t o  g i v e  a 

f i l m  of 2000A t h i c k .  Carbon c o n t a m i n a t i o n  i n  t h e  f i l m  was n o t  observed  

by XPS measurement. 

S y n t h e s i s  o f  o r i e n t e d  CaF2 and SrF2 f i l m s  

From t h e  TG a n a l y s i s ,  t h e  e v a p o r a t i o n  t e m p e r a t u r e s  of SI-(PPM)~ and 

Ca(PPM)2 were de termined  t o  b e  24OOC and 2OO0C, r e s p e c t i v e l y .  The f l o w  

rates o f  He, A r ,  and 02 g a s e s  were 80, 50, and lOsccm, r e s p e c t i v e l y .  

F i lms  were d e p o s i t e d  a t  a p r e s s u r e  of  1 .5Torr  under  a microwave power 

of  9OW. The s u b s t r a t e  t e m p e r a t u r e  w a s  400°C. F i g u r e  4 shows X-ray 

d i f f r a c t i o n  p a t t e r n s  of  t h e  f i l m s  p r e p a r e d  on MgO(100) s u b s t r a t e .  The 

CaF2 and SrF2 f i l m s  s t r o n g l y  o r i e n t e d  t o  ( 0 0 1 )  d i r e c t i o n  were p r e p a r e d  

from Ca(PPM)* and Sr(PPM)2, r e s p e c t i v e l y .  The o r i e n t a t i o n  of CaF2 f i l m  

c o u l d  be c o n t r o l l e d  by t h e  s u b s t r a t e .  F i l m s  o r i e n t e d  t o  ( 0 0 1 )  were 

o b t a i n e d  on S i ( 1 0 0 )  and GaAs(100) s u b s t r a t e ,  w h i l e  (111) o r i e n t e d  f i l m  

w a s  on Si(ll1) s u b s t r a t e .  XPS measurement i n d i c a t e d  t h a t  t h e  r a t i o  o f  

Ca/F came between 0.4 and 0.5. A l i t t l e  c o n t a m i n a t i o n  of  c a r b o n  and 

oxygen i n  t h e  f i l m  was a l s o  observed .  

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

A l a y e r e d  f i l m  was prepared  by s u c c e s s i v e  d e p o s i t i o n  of  B i 2 0 3 ,  S r F 2 ,  
CaF2, and CuO f i l m s  of a b o u t  2000A each .  Anneal ing t h e  f i l m  a t  850°C 

f o r  30min i n  a i r  y i e l d e d  a Tconset a t  65K as shown i n  F i g .  5. However, 

z e r o  r e s i s t i v i t y  was n o t  a c h i e v e d .  The i n t e r d i f f u s i o n  r e q u i r e d  f o r  t h e  

c o n s t r u c t i o n  o f  s u p e r c o n d u c t i n g  phase  should  be  d i f f i c u l t  between such  

t h i c k  layers.  Accumulation o f  t h i n n e r  l a y e r s  would f a c i l i t a t e  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  f i l m s  a t  a low t e m p e r a t u r e .  
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Conclusion 
As-grown Bi203, SrF2, CaF2, and CuO films were obtained at 4OOOC o r  

below by using a microwave plasma CVD apparatus. Superconducting film 
with TConset of 65K was prepared by annealing a film accumulating four 
layers of Bi203, SrF2, CaF2, and CuO at 850°C for 30min in air. 
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F i g .  3 X-ray d i f f r a c t i o n  p a t t e r n  F i g .  4 X-ray d i f f r a c t i o n  p a t t e r n s  
o f  t h e  f i l m  p r e p a r e d  f r o m  of t h e  f i l m s  on MgO (100) p r e p a r e d  
B i ( C  H ) a t  m i c r o w a v e  power  o f  a t  400°C f r o m  ( a ) S r ( P P M ) *  a n d  
(a)6& 5a,3d (b)90W. The s u b s t r a t e  (b)Ca(PPM)2* 
t e m p e r a t u r e  w a s  200°C. 
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n. r i g .  5 T e m p e r a t u r e  dependence  of r e s i s t i v i t y  of 
t h e  l a y e r e d  f i l m  af ter  b e i n g  a n n e a l e d  a t  850°C f o r  
30mi n . 
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