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We report  or, the  invest igat ion of infrared ref lec tance  spec t roscopy on BI2Sr2CaCu208 g l a s s  
ceramics  s u p e r c o n d u c t o r  in the t empera tu re  range  20 K to 300 K a n d  be tween the f requency of 
t 0 0  to 20000  cm" i The f requency dependen t  conduct iv i ty  was  ca l cu la t ed  by Kramer-Kron~g 
t r a n s f o r m a t i o n  of the  ref lectance spect ra .  Ana lys i s  by Dr,ade a n d  la t t ice  vibrat ion mode l s  
reveals  the  Drude  p l a s m a  f r equency  and the  re f lec tance  edge, c lose r  to those of a s ingle  
crystal .  All the  predic ted  p h o n o n  modes  are ~oserved in the m e a s u r e d  spectra.  We did not  
find any  apprec iab le  ci lange in the  f requency a n d  osci l lator  s t r eng th  of the p h o n o n s  in the 
present  t e m p e r a t u r e  range. 

1. INTRODUCTION 
While large n u m b e r  of s t u d i e s  have  been  
pe r fo rmed  u s i n g  R a m a n  s p e c t r o s c o p y  of 
B I S C O  s u p e r c o n d u c t o r s  i n f r a r e d  
m e a s u r e m e n t s  a re  scarce  [i]. S tud i e s  of 
M B a 2 C u 3 0  7 c e r a m i c  c o m p o u n d s  [2] have 
shown tha t  a s t rongly  p ronounced  s t ruc tu re  
d u e  to i n f r a r e d  ac t ive  p h o n o n s  are  
s u p e r i m p o s e d  to a broad  b a n d  reflectivity 
c a u s e d  by e l ec t ron i c  conduc t iv i t y .  The 
t e m p e r a t u r e  d e p e n d e n t  stud5; of these  
c o m p o u n d s  s h o w s  e i ther  the  so f ten ing  of 
v ibra t ional  f e a t u r e s  or a s u d d e n  increase  in 
the line wid th  is observed while going from 
the supe rconduc t ing  to the normal  state.  

2. EXPERIIVIENTAL PROCEDURE 
Sta ichiometr ic  a m o u n t s  of Bi203; SrC03; 

CaC03; and  CuO were mixed and  calcined at  
800°C for 10 h in air. The ca lc ined  powders 
were m e l t e d  in a n  a l u m i n a  c ruc ib l e  at  
1250°C for a b o u t  25 m i n u t e s  in an  electric 
f u r ~ o ~ .  The  m e l t  was  p o u r e d  onto a 
s ta in less  steel  p la te  and p ressed  quickly to a 
th ickness  of abou t  2 mm. 

The m e l t - q u e n c h e d  samples  were heated to 
1293K at  a h e a t i n g  rate of 8 K m i n l  and  
annea led  for 230 h in ah'. 

M e a s u r e m e n t s  of T c were performed using 
the convent iona l  four-probe technique ,  

Elec t r ica l  c o n t a c t s  were m a d e  to the  
sample  with conduct,_'ng silver paste,  e ach  
sample  was cooled to abou t  20 K and  t h e n  
slowly warmed upto  room t e m p e r a t u r e .  

Reflect ivt ly  at  n e a r  no rma l  i n c i d e n c e  
was  recorded at v a r i o u s  t e m p e r a t u r e s  in 
the  range  of 100-20 ,000  cm -1 us ing  two 
different in te r fe rometers  . 

3~ RF_~ULTS AND DISCUSSXON 

Fig. 1 shows the t empera tu re  d e p e n d e n t  
r e s i s t a n c e  a n d  a .c .  s u s c e p t i b i l i t y  of 
B i 2 S  r 2 C  a C u 2 0  s g l a s s  c e r a m i c  
s u p e r c o n d u c t o r .  The  r e s i s t ance  of the  
s a m p l e  s t a r t s  d e c r e a s i n g  a s  t h e  
t empera tu re  r educes  to 100 K and  it falls to 
zero  at  80 K, The  a.c. s u s c e p t i b i l i t y  
m e a s u r e m e n t s  pe r fo rmed  on the p o w d e r  
s a m p l e ,  s h o w s  d i a m a g n e t i c  b e h a v i o u r  
below 80 K and  the  suscept ibi l i ty  r e m a i n s  
cons tan t  below 80 down to 20 K, 
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Fig, 1 • Resistance (® o) and susceptibility vs 
temperature, 
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Fig. 2 and Fig. 3 show the reflectance and 
conductivity spectra  at three (300, I00 and 
20 K) temperatures for the IR range. 
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Fig.2 • In f ra red  Reflectance Spec t ra  at 
different temperatures .  

The normal state data of a superconductor  
cannot fit with a simple Drude model alone, 
instead a dielectric function which is sum of 
a lattice vibration and Drude term must  be 
used i.e. 

2 2 
N SJ osj top 

e(0 i=eoo+ zj=  2 2 2 
to j - m  - ito Fj 0~ + i(0/~: 

where the first two t~rms represent  lattice 
behaviour  including sum of oscillators for 
midinfrared and  phonon absorp t ions  with 
~oj (op;and FJ; being the resonant  frequency, 
oscillator s t r eng th  and width of the j th 
Lorenz oscillator respectively. The last term 
is Drude oscil lator described by plasma 
frequency • cop and relaxation time ~ of the 

free carriers, 8oo is the high frequency limit 

of E(t0), it is found from a fit to R(col. 
Attempts to analyse the spect ra  by Drude 
Lorentz  fits to the re f lec tance  us ing 
independent oscillators gave frequency and 
line widths for all modes which are constant 
below the supe rconduc t ing  state ,  on the. 
other hand both frequencies and llne widths 
increasing with temperature above T c. The 
center frequencies for various peaks  at the 
ambient temperature are: 146, 165, 207, 308 
and 505 c r n  t The frequencies of these 
modes agrees well with the published data [I- 
31. 

Fig. 3 r e p r e s e n t s  conductivity of the 
sample at three  t empe ra tu r e s ,  phonon 
modes arc more clear in the conductivity 
spectra, than  that  of reflecti~aty spectra. 

The reflectance spect ra  of Fig. 2 can  be 
separa ted  into two regions. Region I from 
100-600  cm l includes  most  of infrared 
active phonons  involving CuO 2 and Bi-O- 
Cu v i b r a t i o n s  a n d  b e n d i n g  m o d e s  
respec t ive ly .  W h e r e  as  reg ion  two 
ex tend ing  to high f requencies  shows  a 
s t e a d y  drop in reflectivity; and  it h a s  
p lasmone like drop in reflecUvity a round  I 
eV which p resumably  corresponds  to the 
p lasma excitation of the free carrier. 
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Fig.3 : Infrared conductivity spectra 

In s u m m a r y ,  we have  inves t i ga t ed  
electrical and optical propert ies of g lass  
ceramic superconduc tor  Bi2Sr2CaCu20 8. 
The phonon modes observed in our  spectra  
agrees well with the published work for the 
single crystals. We observed increase in 
reflectance below I000  cm l when sample 
is cooled from 300 K to 20 K. This increase 
is due  to an increase in the free carr ier  
s c a t t e r i n g  t ime ~, c o n s i s t e n t  w i th  
tempera ture  dependence of the resistivity. 
We did not observe any major change in the 
p h o n o n  s t r u c t u r e ,  below the cr i t ica l  
temperature.  
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