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H igh F req u en cy  R e s is tiv ity  in YBa2 C u3 O 7 _s  (S^O) T hin F ilm s

P. L u n k en h e im er and A. Loidl, I n s t i tu t  f iir  Physik , 
Jo h an n es  G u te n b e rg  U n iv e rs ita t ,  6500 M ainz

C. T o m e-R o sa  and H. A drian , I n s t i tu t  f i ir  F e s tk o rp e rp h y s ik , 
T ech n isch e  H o ch sch u le , 6100 D a rm s ta d t

T he d isc o v ery  o f h ig h - te m p e ra tu re  s u p e rc o n d u c tiv i ty  in the  
c u p ra te s  L a2 _x S rx C uO 4 and  YBa2 C u3 O 7 _5 (2:1:4 and 1:2:3 co m p o u n d s , 
re sp e c tiv e ly )  has g e n e ra te d  g re a t in te r e s t  in th e  e le c t r ic a l  t r a n s p o r t  
p ro p e r t ie s  in  th e  su p e rco n d u c tin g  (x^0 .2 ; 8**0) and  in th e  sem ico n ­
d u c tin g  ’’p a r e n t” co m p o u n d s (x^O; 8M ). The a p p ea ran c e  o f  su p e rc o n ­
d u c tiv ity  in th e s e  e le c tro n ic a l ly  h ig h ly  c o r re la te d  m a te ria ls  
su p p o r te d  sp e c u la tio n s  th a t  th e  ch arg e  c a r r ie r s  a re  p o la ro n s  o r 
b ip o la ro n s  and th a t  th e  su p e rco n d u c tiv ity  c o u ld  be o f  b ip o la ro n ic  
ty p e .1 And indeed , e x p e rim e n ta l ev idence  fo r  p o la ro n  h o p p in g  has 
been fo u n d  in a la rg e  n u m b er o f su p e rc o n d u c tin g  c u p r a te s 2 and in 
se m ic o n d u c tin g  Bi4 Sr3 C a3 C u4 O x

3 (w hich b eco m es su p e rc o n d u c tin g  
w hen  p ro p e rly  an n ea led ). H opping co n d u c tio n  has a lso  b een  re p o rte d  
in  La2 C uO 4

4 and in YBa2 Cu3 O 6 . 5 In th e  p re s e n t  p a p e r  we r e p o r t  th e  
freq u en cy  dependence o f th e  c o n d u c tiv ity  in  1:2:3 c o m p o u n d s w ith 
8^0. M easu rem en ts  o f a((j) are an ideal to o l  to  id e n tify  hopping 
co n d u c tio n . At th e  sam e tim e th e s e  m ea su re m e n ts  p ro v id e  a d irec t 
and p o w e rfu l t e s t  o f  th e  q u a lity  o f  f ilm s and  c o n ta c ts .

T hin f ilm s o f YBa2 C u3 O7  w ere p re p a re d  by d c - s p u t te r in g  on 
SrT iO 3 s u b s t r a te s .6 H ere we re p o rt  m ea su re m e n ts  o f  th e  a .c .- c o n ­
d u c tiv ity  fo r  f req u en c ie s  106 HZ^V^109 HZ and  fo r  te m p e ra tu re s  above 
th e  su p e rco n d u c tin g  p h ase  tra n s it io n  te m p e ra tu re .  The d a ta  w ere 
re co rd e d  u sing  an HP 4191A im pedance a n a ly ze r  c o n n e c te d  to  a r e ­
f r ig e ra to r  sy s te m  (CTI C ryogenics) via an a ir  l in e .7 F rom  a v a rie ty  
o f  sam p le s  in v es tig a te d  we p re se n t h ere  tw o  r e p re se n ta t iv e  r e s u l ts :  
sam ple  s!23 was c h a ra c te riz e d  by a su p e rc o n d u c tin g  t r a n s i t io n  te m ­
p e ra tu re  o f  Tc s85K and a te m p e ra tu re  d ep en d en ce  o f  th e  lo w - f re ­
quency c o n d u c tiv ity  p(T) w hich p o in te d  to w a rd s  a la rg e  re s id u a l  re ­
s is t iv ity . p(T) in sam p le  sl94  (TC=87K) w as a lm o s t " id e a l”, w ith  a 
lin ea r te m p e ra tu re  depen d en ce  e x tra p o la t in g  to  zero  fo r  T-*0K . Fig. 
1 show s th e  c o n d u c tiv ity  G vs. th e  lo g a r ith m  o f th e  m e a su r in g  f r e ­
quency f fo r  sam ple  sl23  a t  d if fe re n t  te m p e ra tu re s .  U sing  n e tw o rk

pabsteve

pabsteve

pabsteve

pabsteve



89

a n a ly s is  th e  freq u en cy  dependence  o f th e  co n d u ctiv ity  can  w ell be 
d e sc rib e d  by a leaky c a p a c ito r  (R2 ||C) In se r ie s  w ith  an ohm ic r e s is ­
t o r  (Rj) and an in d u c tan ce  (L). The leaky c ap a c ito r  can be assig n ed  
to  g ra in  b o u n d a rie s  a n d /o r  com plex c o n ta c ts  which behave like 
m e ta l - to - s e m ic o n d u c to r  ju n c tio n s  in th e  n o rm a l-c o n d u c tin g  s ta te .  
The sa m p le  re s is ta n c e  R; can only be f i t te d  including an a.c. 
c o n d u c tio n  te rm  A *0S w hich ind ica tes hopping co n d u ctiv ity  fo r  s<l.

F ig .l: C o n d u c tiv ity  G vs. th e  lo g arith m  o f  th e  m easuring  frequency  
( lo g l o (f)] a t d if fe re n t  te m p e ra tu re s . The so lid  lines are c a lc u la te d  
u sin g  th e  e q u iv a len t c irc u it  Ind ica ted . The in se t show s the  
te m p e ra tu re  depen d en ce  o f  th e  frequency  ex p o n en t s. The so lid  line 
w as c a lc u la te d  u sin g  a m odel o f overlapp ing  la rg e  po laro n s .
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In  F ig . 1 th e  f i r s t  in c re a se  o f  G(w) a t  a p p ro x im a te ly  10MHz is due to 
th e  b a r r ie r ,  th e  in c re ase  a t  100MHz due to  hop p in g  c o n d u c tio n . The 
te m p e ra tu re  d ep en d en ce  o f  th e  freq u en cy  e x p o n e n t s is show n as 
in s e t  in Fig. 1. The so lid  line  re p re se n ts  r e s u l t s  o f  a f i t  u sing  a 
m o d e l o f  c a r r ie r  t r a n s p o r t  via la rg e  o v e rlap p in g  p o la r o n s .8

As can  be seen  from  Fig. 2, sam ple  sl94  b ehaves t o ta l ly  d iffe re n t. 
T he r e s u l t s  c an  be d e sc rib e d  u sin g  an ohm ic r e s i s to r  and  an in d u ctan ce  
in p a ra l le l  w ith  a seco n d  ohm ic r e s i s to r  R2 . A t low  f re q u e n c ie s  th e  co n ­
d u c tiv i ty  is d e te rm in e d  by G = l/R 1+1/R 2 . A t h igh  f re q u e n c ie s  G = l/R 2 ,

log l o (f [Hz])
Fig. 2: G vs. lo g l o (f) a t d i f fe re n t  te m p e ra tu re s .  The so lid  lin e s  are 
c a lc u la te d  u sin g  th e  eq u iv a len t c irc u it  in d ic a te d .
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w h e re  R2 is  a lm o s t  o n e  o rd e r  o f  m a g n itu d e  la r g e r  th a n  R r  T h is  
f r e q u e n c y  d e p e n d e n c e  o f  G in d ic a te s  p u re  m e ta l l ic  b e h a v io r , w i th  no 
s ig n s  o f  h o p p in g  c o n d u c t io n  an d  no  s ig n s  o f  b a r r i e r s .  H o w e v e r, th e  
f i t t e d  c i r c u i t  d ia g ra m  p ro v id e s  d i r e c t  e v id e n c e  t h a t  tw o  p a th s  le a d  
in d e p e n d e n t ly  th r o u g h  th e  th in  f i lm , b o th  o f  w h ich  p e rc o la te .

T h e  i n t e r p r e t a t i o n  o f  th e s e  r e s u l t s  is  s t r a ig h t f o r w a r d :  S am p le  
s l2 3  r e v e a ls  s ig n s  o f  p o la ro n  h o p p in g  a t  h ig h  f re q u e n c ie s . A t f r e ­
q u e n c ie s  f< lM H z th e  c o n d u c t iv i ty  is d o m in a te d  by th e  le a k a g e  o f  
th e  b a r r i e r  (R2  in F ig .l) , w h ich  o r ig in a te s  f ro m  g ra in  b o u n d a r ie s  and  
m e ta l - to - s e m ic o n d u c to r  c o n t a c t s .  S am ple  s l9 4  b eh av es  m e ta l l ic  fo r  
f< lG H z. F o r  t h e  s e m ic o n d u c tin g  1:2:3 c o m p o u n d s  w ith  5^1, p u re  
h o p p in g  c o n d u c t io n  h a s  b e e n  r e p o r t e d .3 T h u s , th e  p o la ro n  t r a n s p o r t  
in  s l2 3  is  th e  r e m a in d e r  o f  se m ic o n d u c tin g  b e h a v io r , w h ich  h a s  t o ­
t a l l y  v a n is h e d  in  s !9 4 . H ere  G (T ,u ) c a n  be  d e s c r ib e d  by p u re  m e ta l ­
lic  c o n d u c t iv i ty .  F ro m  th e s e  r e s u l t s  we c o n c lu d e  t h a t  p o la ro n  t r a n s ­
p o r t  is  n o t  a n  im p o r ta n t  f e a tu r e  in h ig h -q u a l i ty  s a m p le s  o f  th e  
d o p e d  c u p r a t e s .
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