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A B S T R A C T  

T e m p e r a t u r e  d e p e n d e n t  t h e r m o e l e c t r i c  p o w e r  of t he  h i g h  Tc s u p e r c o n d u c t o r  

Y Ba Cu O wi th  v a r i o u s  c o m b i n a t i o n s  of x : y : z  a re  s t u d i e d  to i n v e s t i g a t e  
x y z 

the  e l e c t r o n i c  s t r u c t u r e .  The  r e s u l t s  a r e  v e r y  s e n s i t i v e  to t he  compos i t ion  

r a t i o s  a n d  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 Y - B a - C u - O  e v e n  if t he  s u p e r c o n d u c t i n g  

t r a n s i t i o n  t e m p e r a t u r e s  a re  more  or  l e s s  i den t i ca l  (Tc = 90K) .  A s y s t e m a t i c  

a p p r o a c h  to u n d e r s t a n d  t he  e v o l u t i o n  of t he  b a n d  s t r u c t u r e  u p o n  d i f f e r e n t  

c o m p o s i t i o n s  of Y - B a - C u - O  is  p r e s e n t e d .  

INTRODUCTION 

The  h i g h  Tc s u p e r c o n d u c t o r  Y - B a - C u - O  h a s  be e n  s t u d i e d  e x t e n s i v e l y  

s i n ce  l a s t  two y e a r s .  Many i m p o r t a n t  p h y s i c a l  p r o p e r t i e s  h a v e  b e e n  r e p o r t e d  

to u n d e r s t a n d  t he  m e c h a n i s m  of t he  s u p e r c o n d u c t i v i t y  for  t h e s e  h i g h  Tc 

s u p e r c o n d u c t o r s .  H o w e v e r ,  r e l a t i v e l y  small  n u m b e r  of  t h e r m o e l e c t r i c  pow e r  

m e a s u r e m e n t s  were  done  on t h e s e  c o m p o u n d s  a n d  the  da t a  of e a c h  g r o u p  

do not  a g r e e . [ 1 - 6 ]  He re ,  we p r e s e n t  t he  t h e r m o e l e c t r i c  p o w e r  d a t a  of  

a s e r i e s  of t h e  Y -Ba  - C u  -O s a m p l e s  with d i f f e r e n t  r a t i o s  of  x : y : z  as  
x y z 

a f u n c t i o n  of t e m p e r a t u r e .  

EXPERIMENT 

Samples  were  f a b r i c a t e d  b y  mix ing  t he  i n d i v i d u a l  raw m a t e r i a l s  of Y203 ,  

BaCO 3 a n d  CuO d i r e c t l y .  F i g u r e  1 s h o w s  t he  t e r n a r y  p h a s e  d i a g r a m  of 

Y 2 0 3 - B a C O 3 - C u O  s y s t e m .  The  s t r u c t u r e  of t he  sample  A(645) is l ike ly  

to be  t h e  K 2 N i F 4 - t y p e  wh ich  is f o u n d  to be a s u p e r c o n d u c t o r  in ( L a l _ x B a x ) 2 C u O 4  

s y s t e m .  Samples  B to F a re  t he  A B O y - t y p e ,  i . e . ,  t yp i c a l  p e r o v s k i t e - t y p e  
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c r y s t a l  s t r u c t u r e .  A f t e r  m i x e d ,  c a l c ined  a n d  p u l v e r i z e d  few t i m e s ,  t he  

p r o d u c t s  were  c o l d - p r e s s e d  in l cm d i a m e t e r  wi th  p r e s s u r e  of 1 t o n / c m  2. 

F ina l ly  t h e  ce ramic  s a m p l e s  were  o b t a i n e d  by  s i n t e r i n g  in t he  a i r .  As t he  

r a t io  of BaCO 3 to Y203 is i n c r e a s e d ,  t he  color  of s a m p l e s  c h a n g e s  from 

d a r k  g r e e n  to b l ack  a n d  t he  m a s s  d e n s i t y  be c ome s  l a r g e r .  Detail  of t he  

s ample  p r e p a r a t i o n  is p u b l i s h e d  e l s e w h e r e [ 7 ] .  The  s i l v e r  pa in t  c o n t a c t  was 

u s e d  a n d  t h e  t e c h n i q u e  for  t h e  t h e r m o e l e c t r i c  pow e r  m e a s u r e m e n t  was t he  

same as  t h e  one  p u b l i s h e d  e a r l i e r [ 8 ] .  

RESULTS AND DISCUSSION. 

Figure 2(a) and (b) show the temperature dependent thermoelectric power 

of the samples labeled in figure i. All the samples shown have more or 

less the same superconducting transition temperature Tc ~- 90K in the dc 

conductivity measurement. First of all, the sign of the thermoelectric power 

is positive for all samples indicating that the major carrier is hole-like. 

But the temperature dependences are different. The samples D(235), E(123) 

and F(145) show the temperature independent thermoelectric powers for 150K 

<T < 300K and then increase sharply upon cooling until Tc becoming zero 

for T < Tc. For samples A(645) and B(415), the linear temperature dependences 

are observed in 150K < T < 300K region. Below 150K, the thermoelectric 

power increases until T reaches to Tc and then it drops to zero abruptly 

for T < Tc. The temperature dependence of the two C(248) samples are 

somewhat peculiar. One sample shows the temperature independent region 

at T > 150K and the other is linearly in T at the same temperature range. 

The preparation condition of these two samples is identical and they are 

the two different portions of the same compressed pallet. This suggests 

that the microscopic scattering mechanism could vary very sensitively from 

sample to sample. The A(645) samples show another differences. One 

is linear temperature dependent showing the superconducting transition at 

Tc = 90K which is the same as the one measured by the dc donductivity 

of the same sample. But the other sample does not show any superconducting 

transition and it rather looks like the thermoelectric power of copper itself. 

Therefore, clearly the thermoelectric power data are very semsitive to the 

sample conditions. 

The temperature independent thermoelectric power for 150K < T < 300K 

observed in samples D(235), E(123) and F(145) suggests thai the Coulomb 

correlation is important in these samples. Whereas, the linear temperature 

dependence shown in samples A(645) and B(415) indicates that they are 

the independent particle like metals at this temperature range. The sample 

C(248) is somewhere in border line, since one sample shows the temperature 

independent region while the other sample shows the linear temperature 
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d e p e n d e n c e .  If we Consider  the  fact  tha t  the  (123) compound  is known 

to h a v e  the  b e s t  s u p e r c o n d u c t i n g  p r o p e r t i e s ,  the  Coulomb co r re l a t i on  is 

v e r y  impor t an t  for  the  compounds  a r o u n d  (123).  But as the  composi t ion 

ra t io  becomes  f a r t h e r  a p a r t  from the  (123) r e g i o n ,  the  i n d e p e n d e n t  pa r t i c l e  

like b e h a v i o r  b e g i n s  to a p p e a r .  

One th ing  u n i v e r s a l l y  a p p e a r e d  in ou r  t he rmoe lec t r i c  power  da ta  is the  

rap id  i n c r e a s i n g  b e h a v i o r  for  Tc < T < 150K. This  e n h a n c e m e n t  could 

be r e l a t ed  to the  phonon  d r a g  e f f ec t  shown in normal meta ls .  If it is indeed  

due to the  p h o n a n  d r a g  e f fec t  in o u r  s amples ,  the  pa i r ing  in s u p e r c o n d u c t i n g  

s t a t e  could be media ted  by  the  e x t r a  p h o n o n s  c r e a t e d  r i g h t  above  Tc. 

However ,  t he  e n h a n c e m e n t  could be o r i g i n a t e d  from some o t h e r  e x t r a  s c a t t e r i n g  

c o n t r i b u t i o n s  such  as e x c i t o n s ,  p l a smons ,  e t c .  T h e r e f o r e ,  it is not c lear  

which mechanism is r e s p o n s i b l e  for  the  pa i r ing  at th i s  moment .  
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