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PREPARATION OF Ce-DOPED T H I N  FIMS OF Ln-Cu-0 SYSTE'MS 
BY SPUlTERING 

MAMORU YOSHIMOTO, KOU TA~EUCHI , TOSHIAKI ASAKAWA*, AKIHIRO 
TAKANO, TADASHI SHIRAISHI , A N D  HIDEOMI KOINUMA 
Res. Lab.  of Eng. Mat., Tokyo I n s t i t u t e  of Techno logy ,  
N a g a t s i i t a  4 2 5 9 ,  Midor i -ku  Yokohama, 227,  J a p a n  
D e p a r t m e n t  o f  Communica t ions ,  F a c u l t y  of Eng.,  T o k a i  Univ. ,  
K i t akaname  1 1 1 7 ,  H i r a t s u k a ,  259-12, J a p a n  

Q 

A b s t r a c t  A 50Hz ac  s p u t t e r i n g  m e t h o d  was a p p l i e d  t o  
t h e  p r e p a r a t i o n  o f  t h i n  f i l m s  o f  n - t y p e  Nd-Ce-Cu-0 
s u p e r c o n d u c t o r .  F i l m s  were d e p o s i t e d  on S r T i 0 3 ( 1 0 0 )  a t  a 
t e m p e r a t u r e  o f  60& i n  Ar g a s .  An a s - s p u t t e r e d  f i l m  w i t h  a 
c o m p o s i t i o n  of Nd 0 had  T'  c rys ta l  s t r u c t u r e  
w i t h  s t r o n g  (11d)8f~~.f~~\.06 o r i e n t a t i o n s  x a f t e r  i t  w a s  
a n n e a l e d  a t  loo& for  4h.  It showed t h e  o n s e t  and  
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 s  a t  17K a n d  1 2 K ,  
r e s p e c t i v e l y .  F i l m s  o f  Eu-La-Ce-Cu-0 s u p e r c o n d u c t o r  were 
a l s o  p r e p a r e d  b y  t h e  same m e t h o d  t o  g i v e  a n  X-ray 
d i f f r a c t i o n  p a t t e r n s  p r i m a r i l y  composed of T '  s t r u c t u r e .  

INTRODUCTION 

The n - t y p e  s u p e r c o n d u c t o r s  o f  Ln-Ce-Cu-0 d i s c o v e r e d  by T o k u r a  e t  a l .  

h a v e  T '  crystal  s t r u c t u r e ' .  T I - s t r u c t u r e  i s  d i s t i n g u i s h e d  f r o m  T a n d  

T - s t r u c t u r e s ,  w h i c h  a r e  k n o w n  f o r  p - t y p e  s u p e r c o n d u c t o r s  o f  

(Nd,Ce,Sr)2Cu04 and  ( L a , S r ) 2 C ~ i 0 4 ,  r e s p e c t i v e l y ,  w i t h  r e s p e c t  t o  t h e  

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

systems is a n  i n t e r e s t i n g  r e s e a r c h  s u b j e c t  s i n c e  t h i n  f i l m s  a re  b a s i c  

material  f o r  t h e  d e v i c e  f a b r i c a t i o n  as w e l l  as u s e f u l  s p e c i m e n s  f o r  

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

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

our o r i g i n a l  ac s p u t t e r i n g  s y ~ t e m . ~ - ~  C o r r e s p o n d i n g  t o  t h e  d i f f e r e n c e  

i n  t h e  p r e p a r a t i o n  c o n d i t i o n s  of b u l k  s u p e r c o n d u c t o r s ,  t h e  p r e p a r a t i o n  

c o n d i t i o n s  o f  n - t y p e  s u p e r c o n d u c t i n g  Nd-Ce-Cu-0 t h i n  f i l m s  were 

r e p o r t e d  t o  b e  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e s e  o f  p - type  La-Sr-Cu-0 

f i 1 m s  .5 9 6 

?% 

Tn t h i s  p a p e r ,  w e  r e p o r t  on  t h e  s u p e r c o n d u c t i n g  Nd-Ce-Cu-0 f i l m s  

w i t h  a f o c u s  p l a c e d  on t h e  o p t i m i z a t i o n  o f  p r e p a r a t i o n  c o n d i t i o n s .  
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A l s o  r e p o r t e d  h e r e  are o u r  p r e l i m i n a r y  r e s u l t s  o f  f i l m  p r e p a r a t i o n  o f  

Eu-La-Ce-Cu-0 system which  w e  b e l i e v e  i s  a new n-type s u p e r c o n d u c t o r .  

T h i s  s y s t e m  was d e s i g n e d  unde r  t h e  a s s u m p t i o n  t h a t  Nd i n  (Nd,Ce)2Cu04 

c o u l d  b e  r e p l a c e d  by a m i x t u r e  of Eu and  La, s i n c e  i ts a v e r a g e  i o n i c  

r a d i u s  c o u l d  b e  a d j u s t e d  t o  b e  e q u a l  t o  t h e  i o n i c  r a d i u s  o f  Nd. The 

bii lk m a t e r i a l  of t h i s  s y s t e m  was c o n f i r m e d  t o  h a v e  T I - s t r u c t u r e  and 

n e g a t i v e  Hall c o e f f i c i e n t .  

EXPERIMENTAL 

(Nd-Ce-Cu-O FILM) 
T h e  50112 ac  s p u t t e r i n g  a p p a r a t u s  u s e d  i n  t h e  p r e s e n t  s t u d y  i s  

e s s e n t i a l l y  t h e  same as t h e  o n e  used  i n  t h e  p r e v i o u s  I t  

c o n s i s t s  o f  a q u a r t z  c y l i n d e r  (50mm@,50cm l o n g )  t o  which two c o p p e r  

rods  a re  i n s e r t e d  from t h e  b o t h  e n d s ,  a vacuum pump, and  a neon s i g n  

t r a n s f o r m e r  (50112, 9kV) .  On t o p  o f  t h e  c o p p e r  r o d s ,  a p a i r  o f  

s i n t e r e d  t a r g e t s  w i t h  a 20mm d i a m e t e r  a r e  f i x e d  by  Ag p a s t e .  T h e  

s u b s t r a t e  c a n  b e  h e a t e d  up t o  6 0 8 C  by a f o c u s e d  I R  lamp (Thermo R I K I  

IR-1000) p l a c e d  unde r  t h e  c y l i n d e r .  

The c o n p o s i t i o n  o f  b o t h  t a r g e t s  u s e d  f o r  Nd-Ce-Cu-0 f i l m s  w a s  

Nd~.82-1.86Ceo,1~-0.18~~1~.20x. T h e s e  t a r g e t s  were p r e p a r e d  f r o m  a 

m i x t u r e  of  Nd2O3(99.9%), Ce02 (99.9%), a n d  cuo(99.9%).  The m i x t u r e  was 

c a l c i n e d  a t  1000°C f o r  1 0 h  i n  a i r  a n d  p r e s s e d  i n t o  p e l l e t s .  T h e  

p e l l e t s  were t h e n  s i n t e r e d  a t  1000°C f o r  10h  i n  a i r .  

S p u t t e r i n g  was c a r r i e d  o u t  unde r  lOOmTorr A r  by a p p l y i n g  a 7.2kV 

ac 50Hz v o l t a g e  between t h e  t a r g e t s .  The S rT i03(100)  s u b s t r a t e  was 

h e a t e d  a t  6 0 O o C .  After t h e  d e p o s i t i o n ,  f i l m s  were a n n e a l e d  a t  800- 

1050°C f o r  0.5- 18h  i n  A r .  The f i l m  t h i c k n e s s  was measured by t h e  

s t y l u s  method u s i n g  a Hobson's  T a l y s t e p .  The c o m p o s i t i o n  and  c rys ta l  

s t r u c t u r e  of t h e  f i l m s  were d e t e r m i n e d  by i n d u c t i v e l y  c o u p l e d  plasma 

c h e m i c a l  a n a l y s i s  ( I C P ,  S e i k o  SPS-1200) a n d  X-ray d i f f r a c t o m e t r y  

( X R D ,  MAC S c i e n c e  model MXP3 w i t h  monochrometer) ,  r e s p e c t i v e l y ,  The 

s u r f a c e  morphology o f  t h e  a n n e a l e d  f i l m s  was 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  microscope(SEM, H i t a c h i  model S450) .  The f i l m  r e s i s t i v i t y  was 

measured by t h e  s t a n d a r d  f o u r  p r o b e  method w i t h  a c u r r e n t  r a n g e  of  

25pA. 
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(Eu-La-Ce-Cu-0 FIIM) 
(Eii,La)l,85Ce0.1SC~i1.200~ (Eu/La=1/2)  s i n t e r e d  targets  were p r e p a r e d  

f r o m  a m i x t u r e  o f  E u 2 0 3 ( 9 9 . 9 % ) ,  L a 2 0 3 ( 9 9 . 9 % ) ,  C e O 2 ( 9 9 . 9 % ) ,  a n d  

CuO(99.9%). The  m i x t u r e  c a l c i n e d  a t  1000°C f o r  10h  i n  a i r  was p r e s s e d  

i n t o  p e l l e t s  a n d  s i n t e r e d  a t  1000°C f o r  10h  i n  a i r .  The  s p u t t e r i n g  

c o n d i t i o n s  were t h e  same a s  t h o s e  i n  t h e  Nd-Ce-Cu-0 f i l m  p r e p a r a t i o n  

e x c e p t  f o r  t h e  a p p l i c a t i o n  of 9kV ac v o l t a g e .  The  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  1076t: f o r  1-2h i n  a i r  and  t h e n  a t  9S& f o r  l m i n  t o  60min 

i n  Ar. 

RESULTS AND DISCUSSION 

(Nd-Ce-Cu-O FILM) 
0 

T h e  t y p i c a l  f i l m  t h i c k n e s s  a s - d e p o s i t e d  i n  0 . S h  w a s  2000A. T h e  

c o m p o s i t i o n  of t h e  f i l m  w a s  Nd1~85Ceo.15Cu1,060x. F i g u r e  1 shows  t h e  

XRD p a t t e r n  of  t h e  f i l m  t h a t  was a n n e a l e d  a t  1000°C €or  2h i n  Ar a n d  

c o o l e d  i n  t h e  f u r n a c e .  The  o b t a i n e d  f i l m  shows s t r o n g  (110) a n d  (001) 

o r i e n t a t i o n .  An SEM image of t h e  a n n e a l e d  f i l m  i s  shown i n  F i g .  2. 

N e e d l e - l i k e  c r y s t a l s  are o b s e r v e d .  F i g u r e  3 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  t h e  f i l m s  s u b j e c t e d  t o  two d i f f e r e n t  

h e a t  t r e a t m e n t s .  After b e i n g  a n n e a l e d  a t  1000°C f o r  2 h  i n  Ar, 
Sample(A) w a s  c o o l e d  s l o w l y  i n  t h e  f u r n a c e ,  w h e r e a s  Sample(B) was 

o b t a i n e d  by a n n e a l i n g  Sample(A) a t  loo& f o r  a n o t h e r  2h i n  Ar a n d  

c o o l e d  r a p i d l y .  The  sample (A)  was s e m i c o n d u c t i v e ,  b u t  t h e  sample( l3)  

s h o w e d  t h e  o n s e t  o f  s u p e r c o n d u c t i v i t y  a n d  z e r o - r e s i s t i v i t y  a t  

t e m p e r a t u r e s  o f  1 7 K  a n d  1 2 K ,  r e s p e c t i v e l y .  H e n c e ,  t h e  

s u p e r c o n d u c t i v i t y  s h o u l d  b e  q u i t e  s e n s i t i v e  t o  oxygen c o n t e n t .  

(Eu-La-Ce4u-O FIIM) 

(Eu,La)l~85Ce0.1SC~~1.000x (Eu/La=1/2)  b u l k  s a m p l e  was s i n t e r e d  a t  

1076C f o r  8 h  i n  A r  a n d  quenched  t o  show t h e  s u p e r c o n d u c t i v i t y  w i t h  i ts 

o n s e t  a n d  z e r o - r e s i s t i v i t y  a t  t e m p e r a t u r e s  o f  19K a n d  9K, 
r e s p e c t i v e l y .  

U s i n g  t h i s  b u l k  s a m p l e  a s  t h e  t a r g e t s ,  s e v e r a l  f i l m s  were 

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

(Eu,La)/Ce/Cu=1.85/0.15/1.00 (Eu/La=1/2) and  a t h i c k n e s s  of ZOOOX. The 

f i l m  was a n n e a l e d  a t  1078C f o r  l h  i n  a i r  and f u r t h e r  a t  988C f o r  l h  i n  

A r  t o  g i v e  t h e  X R D  p a t t e r n  s h o w n  i n  F i g . 4 .  T h e  a n n e a l i n g  a t  
t e m p e r a t u r e s  h i g h e r  t h a n  103& w a s  e f f e c t i v e  t o  make T ' - s t r u c t u r e .  A 

r e s i s t i v i t y  d r o p  s u g g e s t i n g  t h e  s u p e r c o n d u c t i n g ,  however ,  h a s  n o t  been 

o b t a i n e d  y e t .  T - s t r u c t u r e ,  w h i c h  i s  c o n s i d e r e d  t o  b e  La2Cu04 ,  

c o e x i s t e d  w i t h  t h e  T ' - s t r u c t u r e  i n  t h e  f i l m s  a n n e a l e d  a t  t e m p e r a t u r e s  

l o w e r  t h a n  1038C. 
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20 30 40 50 6 0  70 8 0  

Cu Ka 28/deg. 

FIGURE 1 X-ray diffraction pttern FIGURE 2 An SEM i m a g e  o f  
of the Nd-C&A film annealed at ~.l,cU,.90x film annealed at 
looooc for  2h i n  Ar and cooled in the 
f m c e  . ?& for  4h m r. 

20 30  4 0  5 0  6 0  70 
Cu Ka 28/deg. 

Temperature (K) 

199 

I 
0 

FLCXIRE 3 Resistivity vs. temperature FIW 4 X-ray diffraction p t t e r n  
relationships for the annealed films. of the &rIa-€4i-O film annealed at 
( S a m p l e ( A ) : s l o w  cooling, 1O7O0C for lh  i n  air and further at 
Sample(B) :rapid cooling) W C  for  l h  in A r .  
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