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RAHAN EXPERIMENTS ON YB~CWO-SUPERCONDUCTORS" 
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YBaCuO-superconductors ( s i n t e r e d  ceramics, s p u t t e r e d  f i l m s  and s i n g l e  c r y s t a l l i t e s )  prepared 
by d i f f e r e n t  l a b o r a t o r i e s  have been i n v e s t i g a t e d  by Raman spectroscopy. I n  a d d i t i o n  we have 
per formed exper iments  t o  c h a r a c t e r i z e  the superconduct ing  p r o p e r t i e s  o f  t hese  samples. A 
comparisori o f  bo th  methods enab7es us t o  de te rm ine  these c h a r a c t e r i s t i c  l i n e s  which 
r e p r e s e n t  zone c e n t e r  o p t i c a l  phonons o f  t h e  superconduct ing  phase. We a l s o  p resen t  t he  
r e s u l t s  o f  l a t t i c e  dynamics c a l c u l a t i o n s  wh ich reproduce the  Raman l i n e s ,  and g i v e  t he  
normal coo rd ina tes  f o r  t hese  phonons. 

1. INTRODUCTION 
A comparison o f  p u b l i s h e d  Raman spect ra  (1,2) 

on t h e  YBaCuO superconductors  shows common fea-  
t u res ,  b u t  a l s o  d i f f e r e n c e s  i n  d e t a i l s ,  aTthouyh 
the superconduct ing  p r o p e r t i e s  are repo r ted  t o  
be nearTy the same. Our  Raman exper iments on 
va r i ous  samples ( s i n t e r e d  ceramics,  s p u t t e r e d  
f i l m s  and a  s i n g l e  c r y s t a l )  i n  connect ion  w i t h  
magne t i za t i on  measurements shou ld  g i v e  in forma-  
t i o n  about  the v i b r a t i o n a l  e x c i t a t i o n s  i n  the 
superconduct ing  YBaCuO-phase. A d d i t i o n a l  l a t t i c e  
dynamics c a l c u l a t i o n s  g i v e  i d e a s  about i n t e r n a l  
d isp lacements  f o r  t h e  d i f f e r e n t  phonons. 

2 .  EXPERIMENTS 
The s i n t e r e d  samples were produced by s tand-  

a r d  techniques i n  seve ra l  l a b o r a t o r i e s  ( 3 )  and 
reached macroscopic c r i t i c a l  current d e n s i t i e s  
jc%250 ~ / c m Z  ( 4 ) .  The superconduct ing  f i l m s ,  
s p u t t e r e d  on to  va r i ous  s u b s t r a t e s  ( Z r b ,  A1203, 
S r T i 0 3 )  reached Jc1105 ~/ct112 ( 5 ) .  3Qv r  s i n g l e  
c r y s t a l  ,a p l a t e l e t  ( 0 . 5 ~ 0 . 5 ~ 0 . 0 5  mrn ) grown by 
a  f l u x  method ( 6 ) ,  was n o t  superconduct ing a t  
77 K, which i n d i c a t e s  some oxygen d e f ~ c i e n c y .  

The Raman spec t ra  were o b t a i n e d  by a conven- 
t i o n a l  set-up, d e t a i  1  s being descr ibed i n  
Re f .  ( 2 ) .  A l a r g e  l a s e r  f ocus  ( 0 . 0 5 ~ 1  mr?) and 
low laser powe? (40  mW) were used t o  reduce 
h e a t i n g  o f  t he  s c a t t e r i n g  volume. The spec t ra  
f r o m  ceramic  p e l l e t s  were  t aken  both  f o r  as- 
prepared samples and f o r  su r faces  c a r e f u l l y  

I ground by f i n e  emery paper.  The f i l m s  had a 
re1  a t i  v e l y  smooth su r face  and c o r r e s p o ~ i d i n g l y  
l o w  e l a s t i c  background s c a t t e r i n g .  Spectra o f  
t h e  s i n g l e  c r y s t a l  c o u l d  o n l y  be obta ined f rom 
the su r face  pe rpend i cu la r  t o  the c-axes ,  because 
i t  was pressed i n t o  an i nd ium ho lde r  t o  ensure 
good thermal c o n t a c t .  

I n  o rde r  t o  c h a r a c t e r i z e  t h e  superconduct ing 

p r o p e r t i e s  o f  o u r  samples we have per formed 
c o n d u c t i v i t y  and m a g n e t i s a t i o n  nleasurements and 
- f o r  ceramic p e l l e t s  - have a l s o  i n v e s t i g a t e d  
macroscopic p e r s i s t e n t  c u r r e n t s  i n  r i n g s  p re -  
pa red  f rom these p e l l e t s  ( 4 ) .  I n  one o f  u r  good 3 samples, a r i n g  c u r r e n t  (j= 2 0 0  A/cm ) was 
observed t o  s t a y  c o n s t a n t  w i t h i n  our  r e s o l u t i o n  
o f  I% over  more than 10 days. 

3.  RESULTS 
Raman spec t ra  of d i f f e r e n t  samples a r e  

c o l l e c t e d  i n  F i g .  1. The mos pronounced peaks 
are i h o r e  a t  334 and 500 cm- I  which appear i n  
a l l  o f  t h e  p o l y c r y s t a l l i n e  samples ( s i n t e r e d  
ceramic ( a )  and s p u t t e r e d  f i l m  ( b  ) .  I n  a d d i t i o n  1 peaks a t  145 ,  434, and 600 cm- are observed 
e s p e c i a l l y  f o r  t h e  s p u t t e r e d  f i l m  ( b ) .  The 
s p e c t r a  o f  a f i l m  on a S r T i 0 3  subs t ra te  ( c )  and 
o f  the  single c r y s t a T  ( d )  d i f f e r  f rom t h e  
s p e c t r a  ( a )  , ( b )  because t h e r e  t e o n l y  p ro -  ? nounced Tin? i s  t he  one a t  334 cn- . Between 400 
and 600 cm- o n l y  a broad i n t e n s i t y  d i s t r i b u t i o n  
i s  seen i n  t he  f i l m .  The s i n g l e  c r y s t a l  d i s p l a y s  
more s t r u c t u r e  e s p e c i a l l y  a t  640 cm-I. Also t h e  
1 i n e  a t  145 cm-1 ca l l  be seen, superimposed on 
the  e l a s t j c  background s c a t t e r i n g  a t  low Raman 
s h i f t .  The s p e c t r a  f r o m  a s i n t e r e d  p e l l e t  
be fo re  and a f t e r  removal  o f  a t h i n  surface l a y e r  
are shown i n  spec t ra  ( e )  and ( f ) ,  r e s p e c t i v e l y .  
A l i n e  a t  640cm-1, i n  a d d i t i o n t o  the l i n e s  
observed i n  t he  o t h e r  p o l y c r y s t a l  l i n e  sanlpTes, 
i s  seen a t  the u n t r e a t e d  surface; i t  vanishes 
a f t e r  g r i n d i n g .  The 1  i n e s  around 800 cm-l  a r e  
due t o  t r aces  f rom t h e  emery paper. 

4.  DISCUSSION 
In p o l y c r y s t a l l i n e  m a t e r i a l s  many 1  ines  a r e  

observed. Th i s  i s  5 0  because the s e l e c t i o n  r u l e s  
f o r  Ramail processes a r e  l e s s  r e s t r i c t e d  i n  
p o l y c r y s t a l l i n e  m a t e r i a l  than i n  s i n g l e  
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FIGURE 1 
Raman spec t ra  05 d i f f e r e n t  YBaCuO samples, ( a )  
p o l y c r y s t a l l i n e  ceramic ,  ( b )  p o l y c r y s t a l l i n e  
f i l m ,  ( c )  o r i e n t e d  f i l m o n  S r T i O  , and ( d )  
s i n g l e  c r y s t a l .  Spect ra  ( e )  and ( f 3  show t h e  
results f o r  a ceramlc sample b e f o r e  and a f t e r  
removing a sur face layer, r e s p e c t i v e l y .  

c r y s t a l s  o r  o r i e n t e d  f i l m  We conclude t h a t  t he  
l i n e r  a t  145 and 331 cm-"are modes o f  Ag( a,J 
symmetry. The o t h e r  modes observed i n  p o l y -  
c r y s t a l l  i n e  samples may be of A 'a ) , B o r  
~3~ s y m e t r y  The l i n e  a t  640 c R L l ' i e n  i g 4  the  
spectrunl  of  the s i n g l e  c r y s t a l  i s  p robab l y  due 
t o  t h e  BaCuO? f l u x .  Its appearance i n  t h e  
spec t ra  f r o m  the  su r face  o f  p o l y c r y s t a J l i n e  
samples may i n d i c a t e  some c o r r o s i o n  ( Z ) ,  because 
it dissappeared a f t e r  g r i n d i n g .  A comparison o f  
p e r s i s t e n t  c u r r e n t  d a t a  f o r  t he  r i n g  b e f o r e  and 
a f t e r  g r i n d i n g  gave no i n d i c a t i o n  t h a t  t h e  su r -  
face l a y e r  showing the  640 c m - I  l i n e  y i e l d s  
enhanced supe rconduc t i v i t y .  

5 .  THEORY 
t The l a t t i c e  dynamic c a l c u l a t i o n s  a r e  based on 

a Born -von  Karnan model. S t a r t i n g  va lues f o r  t h e  
f o r c e  cons tan ts  are  t aken  f rom Ref. 7, c o r r e c t e d  
t o  account f o r  t h e  d i f f e r e n t  bond l e n g t h s .  The 
f o r c e  cons tan ts  have been s l i g h t l y  m o d i f i e d  t o  
f i t  the  energy o f  most o f  t h e  o b s e r v e d  phonons. 
The r e s u l t s  f o r  the Raman a c t i v e  phonons a r e  
summarized i n  Table 1. The c a l c u l a t e d  normal 
coo rd ina tes  ( n c )  show t h a t  f o r  a l l  A phonons 
t h e  mot ion  o f  t he  'ons i s  a long  t h e  c - & i s .  The 
phonon a t  139 c m - I  describer t h e  mot ion  o f  Ba- 
ions ,  f o r  t he  nc a t  220 c m - I  t h e  Cu2 i ons  move, 
t he  nc a t  496 and 507 cm-'reveal 02/03 i o n  
mot ions ,  i n  phase and o u t  o f  phas respec-  
t i v e l y  The nc c a l c u l a t e d  a t  602 cm-y d i s p l a y s  

TABLE 1 
Cornparision o f  c a l c u l a t e d  phonon Tines and ex-  
per rmenta l  r e s u l t s .  The ene rg ies  a r e  g i v e n  i n  
crn- l -  The symmetry o f  t he  normal coo rd ina tes  a r e  
i n d i c a t e d  above the rows. 

an 01 v i b r a t i o n  between the  CulJCu2 ions.  The 
B j g  mode a t  4 2 4  cnl-1 g i v e s  an ant isymmetr ic  
mo t i on  o f  t he  01 i o n s  along t h e  x - a x i s .  These 
c a l c u l a t e d  modes g i v e  a  p o s s i b l e  i n t e r p r e t a t i o n  
o f  the exper imenta l  l i n e s ,  a l though  t h e r e  are 
d isc repanc ies  i n  t h e  energy and the  s e l e c t i o n  
r u l e s  o f  some modes. A complete d i scuss ion  o f  
these r e s u l t s  w i l l  be g i ven  I n  Ref.  8. 

6. SUMMARY 
We have shown the  Raman r e s u l t s  o f  va r i ous  

samples. Additional measurements o f  t he  super-  
conduc t i ng  p r o p e r t i e s  of  t h e  samples he lped t o  
i d e n t i f y  the l i n e s  which most p robab l y  d i s p l a y  
phonons o f  t he  superconductrng phase. The l a t -  
t i c e  dynanbical ca l cuFa t i ons  can descrrbe the 
exper imenta l  r p s v l t s .  The d i sc repanc ies  between 
theo ry  and exper iment may d i s p l a y  the s i m p l i f i -  
c a t i o n s  o f  t h e  model. 
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