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Abstract:

The com plex ac conductiv ity  o*=o'-io" has been measured in thin film s of 
YBa2Cu3O 7 and Bi2S r 2 CaCu2 O8 a t frequencies Ik H z ^ lG H z  and tem pera tures 
IOK^TSBOOK. In b o th  com pounds, ju st a t Tc, a peak shows up in the  T -de- 
pendence o f  th e  real p a rt o f the conductivity. The origin o f th is  peak is in­
terp re ted  in te rm s o f  fluctuation  e ffec ts which are weak in YBa2Cu3 O7 bu t 
strong in Bi2S r2CaCu2 O8 . No coherence-like phenomena were detected .

1) Introduction

M easurem ents o f  th e  dynamic response in superconductors a t  TsTc  have 
provided im p o rtan t in fo rm ations on the nature  o f the superconducting s ta te . 
In the fram ew ork o f the  BCS theory a maximum below Tc , the so -ca lled  
coherence peak", has been predicted to occur in the tem perature dependen­

ce o f the  nuclear m agnetic  relaxation ra te  and a lso of o (T) fo r  frequencies 
well below  th e  gap / I / . For "normal" superconductors th is peak has been 
found in NMR and m icrowave m easurem ents /2 , 3 /.
Recently, a peak below  Tc  has been found in superconducting Bi2Sr2 CaCu2 O8 
/ 4 /  and YBa2 Cu3 O 7 / 5 /  single crystals in microwave experim ents conducted  
a t  60GHz and in superconducting YBa2 Cu3 O7 thin film s using coheren t 
tim e-dom ain te ra h e rtz  spectroscopy /6 / .  In co n trast, no peak in the  NMR
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relaxation ra te  cou ld  be detected  in these  m ateria ls / 7 , 8 /.
These findings have stim ulated  a num ber o f theoretical and experim en tal 
investigations (see Ref. 7 9 / and references therein). A lthough th e  experi­
mental situation  and its  in terpreta tion  710/ is confusing, it  becam e quite 
clear th a t the microwave resu lts  are strong ly  sample dependent and it  
appears th a t th e  occurence of a peak ju s t below  the su perconducting  
transition  tem p era tu re  is driven by a d istribu tion  of T c 's  ra th e r th an  by co­
herence e ffec ts . However, it has been pointed ou t by Horbach e t  a l. 7117, 
following earlier w ork by Schmidt 7127, th a t fluctuation  e ffec ts  can play an 
im portant role.
Here we rep o rt m easurem ents of the com plex ac conductivity in th in  film s 
of superconducting  cuprates for frequencies IkH z^vslG H z and tem p era tu res  
10K^TS 300K. We presen t data for Bi2Sr2 CaCu2 O8 as well as for YBa2 Cu3 O7 . 
It is well known th a t fluctuation e ffec ts are much more p ronounced in the 
form er compound.

2) Experimental Details

Thin films of YBa2 Cu3 O7 and Bi2Sr2 CaCu2Oa  were prepared by d c -sp u tte rin g  
from single ta rg e ts  /13 /. Silver contacts were evaporated on to  the film s and 
were subsequently  annealed in O3 atm osphere 713/. SrTiOa, MgO, ZrO2 and 
LaAlO3 su b s tra te s  have been used.
The h igh-frequency data (IMHzsv^ 1GHz) were recorded using an HP 4191A 
impedance analyzer connected to a re frigera to r system  via an air line /147. 
This reflec tom etric  m ethod requires tw o -p o in t contact configu ra tions. The 
audio-frequency m easurem ents were perform ed using fully au to m a te d  au to ­
balance-bridges which allow the use of fo u r-po in t con tact geom etry.

3) Results and discussion

Figure 1 shows the real (left row) and imaginary part (right row) o f the 
complex adm ittance G* = G'-iG" in Bi2Sr2 CaCu2 O8 measured a t 1, 27.5 and 
83.2MHz. With decreasing tem peratures, the  real part of the  conductiv ity  
reveals a continuous increase with a sharp peak close to  Tc and a rapid 
drop a t TsTc- The height of the peak decreases as v- 1 . The tem p era tu re  of 
the maximum conductivity is alm ost independent of frequency. For frequen­
cies v^lOOMHz the peak becomes suppressed  and G'(T) reveals a steplike  
drop a t Tc only. These resu lts  reveal the characteristic  features o f tw o -d i­
mensional fluc tu a tio n  e ffec ts 711/. G” is sm all in the norm al conducting 
s ta te  and increases rapidly below Tc . W ithin the fram ework o f th e  BCS 
theory, from the  tem perature  dependence o f the imaginary p a rt o f  th e  con­
ductivity the T -dependence o f the energy gap A(T) can be calcu la ted . We



689

found th a t △(T) rem ains co n stan t below Tc and drops a lm ost d iscon tinuo­
usly to zero a t  Tc  in accordance w ith experim ental observations /1 5 /  and 
theoretical p red ic tions /1 6 /.

50 150 50 150
T M T (KJ

Fig. 1: Real G’ ( le ft row) and imaginary p a rt G" (right row ) of the 
com plex ad m ittan ce  in Bi2Sr2CaCu2Os vs tem perature a t d ifferen t 
m easuring frequencies as indicated.

In Fig. 2 the  real p a rt o f the  conductivity o'(T) in Bi2$r2CaCu2Og is com pa­
red to  the re su l ts  ob ta ined  in superconducting YBa2Cu3O7 thin film s. Here 
o was calcu la ted  from  G' using the sam ple dimensions. In bo th  com pounds 
the conductivities behave ra th e r similar. However, in YBa2Cu3O7 the high 
tem perature wing o f  th e  peak is much less pronounced indicating th a t the 
tw o-dim ensional f lu c tu a tio n  effec ts are significantly weaker in th is com po­
und. Fig. 2 reveals th a t  in bo th  compounds th e  fluctuation  e ffe c ts  below  Tc 
are strongly  suppressed . We in terpret th is e f fe c t as being due to  the  d is­
continuous increase o f the superconducting energy gap at Tc.
In conclusion, the  peaks in the tem perature dependence of the  real p a r t o f 
the conductivity in Bi2 Sr2 CaCu2 O8 and YBa2 Cu3 O7 reveal the signa tu re  of 
tw o-dim ensional f lu c tu a tio n  effec ts and no coherence e ffec ts  show  up in 
° (T) in bo th  com pounds in accordance w ith the  NMR resu lts  /7 , 8 /.
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Fig. 2: Real part of the conductivity o' vs the reduced tem peratu­
re in Bi2Sr2CaCu2Oa and in YBa2Cu3O7 as measured a t 27.5MHz
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