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The complex AC conductivity of YBaZ(Cu, -,Zn,),O, thin films has been investigated in the frequency range 10 Hz< U <  109 Hz 
and for temperatures 10 K g  T g  300 K .  The influence of the substrate material on the complex conductivity is studied in detail. 
In the normal conducting state no intrinsic frequency dependence of the real part of the conductivity a' could be detected, a 
finding which excludes a doping-induced localization of the charge carriers in this System. Below T„ a ' (T)  reveals a coherence- 
like peak which has been predicted in the framework of the BCS theory. However, we propose that, in the doped superconductors, 
it is due to a distribution of T, values. Finally, from the temperature dependence of the imaginary part of the conductivity we 
deterrnine the T-dependence of the gap. 

1. Introduction 

Doping the superconducting cuprates with defects 
has proven to be a powerful tool to gain further in- 
sight into the unusual properties of these exotic ma- 
terial~. In particular, the sübstitütion of the Cu-ions 
in YBa2Cu,0, by different transition metals (e.g. Co, 
Fe, Ni, Zn) has been studied in great detail [ 1 1. Here 
we focus on Zn as dopant in the 1 : 2 :  3 supercon- 
ductors. A preferential occupation of the Cu(2) plane 
sites by Zn has been reported by most authors [2].  
However, this issue is still controversial. Doping with 
Zn leads to a substantial decrease of Tc ( - 10.5 K 
per 1% Zn [ 3 ]  ), and yields significant deviations 
from the linear "metal-like" temperature depen- 
dence of the resistivity p, commonly found for un- 
doped samples. The mechanisms that lead to this be- 
havior are still not completely understood. One 
possible explanation is that Zn doping promotes lo- 
calization of the charge carriers [4,5]. Electrical 
transport in localized Systems is due to hopping 
mechanisms [6  1. Hopping conductivity is charac- 
tenzed by a power law behavior of the conductivity, 
namely 0'- V", with s~ 1. Thus, measurements of the 
frequency dependence of the conductivity are an ideal 

tool to verify localization phenomena. Using this 
method, hopping conduction in high quality samples 
of YBa,Cu,O, has been excluded [ 7  1. However, 
hopping is an important feature in the conductivity 
of the semiconducting "parent" compounds of high- 
Tc superconductors [ 8 ] and has also been observed 
in low quality samples of Y B ~ , C U ~ O , - ~  [9 ] .  

In addition, at temperatures T< T, measurements 
of the complex AC conductivity can give some clues 
about the mechanisms that lead to superconductiv- 
ity in the cuprates. In BCS-type superconductors a 
so-called "coherence peak" is expected in the real part 
of the conductivity for frequencies well below the gap 
and for T< Tc [ 101. While some experiments on the 
complex conductivity below Tc have been conducted 
at microwave frequencies [ 1 1 1, data at audio and 
radio frequencies, especially of the frequency depen- 
dence of the peak, are still missing. 

Here we report the frequency and temperature de- 
pendence of the complex conductivity a= a' + ia" 
[ 121 of YBa2(Cul -,yZnn,),O, thin films. Above Tc, 
even at the highest Zn concentration examined, we 
find no evidence for a frequency dependence of G' up 
to 1 GHz excluding hopping as a dominant mecha- 
nism for charge transport. Belsw T, a peak in D'( T) 
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