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High Frequency Resistivity in YBa,Cu,0,_, (3~0) Thin Films

P. Lunkenheimer and A. Loidl, Institut fiir Physik,
Johannes Gutenberg Universitidt, 6500 Mainz
C. Tome-Rosa and H. Adrian, Institut fiir Festkdrperphysik,
Technische Hochschule, 6100 Darmstadt

The discovery of high-temperature superconductivity in the
cuprates La,_,Sr,CuO, and YBa,Cu,0,_; (2:1:4 and 1:2:3 compounds,
respectively) has generated great interest in the electrical transport
properties in the superconducting (x%0.2; 3%0) and in the semicon-
ducting "parent” compounds (xx0; 8~1). The appearance of supercon-
ductivity in these electronically highly correlated materials
supported speculations that the charge carriers are polarons or
bipolarons and that the superconductivity could be of bipolaronic
type.}
been found in a large number of superconducting cuprates? and in
semiconducting B'\"Sr:,CasCu‘Ox3 {(which becomes superconducting
when properly annealed). Hopping conduction has also been reported
in La,Cu0,* and in YBa,Cu,0,.% In the present paper we report the
frequency dependence of the conductivity in 1:2:3 compounds with
3%0. Measurements of olw) are an ideal tool to identify hopping
conduction. At the same time these measurements provide a direct
and powerful test of the quality of films and contacts.

Thin films of YBa,Cu;0, were prepared by dc-sputtering on

And indeed, experimental evidence for polaron hopping has

SrTiO, substrates.® Here we report measurements of the a.c.-con-
ductivity for frequencies 10°Hz<v<10°Hz and for temperatures above
the superconducting phase transition temperature. The data were
recorded using an HP 4191A impedance analyzer connected to a re-
frigerator system (CTI Cryogenics) via an air line.” From a variety
of samples investigated we present here two representative results:
sample 5123 was characterized by a superconducting transition tem-
perature of T.=85K and a temperature dependence of the low-fre-
quency conductivity o(T) which pointed towards a large residual re-
sistivity. o{(T) in sample s194 (T=87K) was almost "ideal”, with a
linear temperature dependence extrapolating to zero for T>0K. Fig.
1 shows the conductivity G vs. the logarithm of the measuring fre-

quency f for sample s123 at different temperatures. Using network
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analysis the frequency dependence of the conductivity can well be
described by a leaky capacitor (R,[IC) In series with an ohmic resis-
tor (R;) and an inductance (L). The leaky capacitor can be assigned
to grain boundaries and/or complex contacts which behave like
metal-to-semiconductor junctions in the normal-conducting state.
The sample resistance R, can only be fitted including an a.c.

conduction term A*w® which indicates hopping conductivity for s<1,
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Fig.1: Conductivity G vs. the logarithm of the measuring frequency
{log;o(f)] at different temperatures. The solid lir?es are calculated
using the equivalent circuit indicated. The inset shows t:he
temperature dependence of the frequency exponent s. The solid line
was calculated using a model of overlapping large polarons.
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In Fig. 1 the first increase of G(w) at approximately 10MHz is due to
the barrier, the increase at 100MHz due to hopping conduction. The
temperature dependence of the frequency exponent s is shown as
inset in Fig. 1. The solid line represents results of a fit using a
model of carrier transport via large overlapping polarons.®

As can be seen from Fig. 2, sample s194 behaves totally different.
The results can be described using an ohmic resistor and an inductance
in parallel with a second ohmic resistor R,. At low frequencies the con-
ductivity is determined by G=1/R,;+1/R,. At high frequencies G=1/R,,
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Fig. 2: G vs. log,o{f) at different temperatures. The solid lines are
calculated using the equivalent circuit indicated.
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where R, is almost one order of magnitude larger than R,. This
frequency dependence of G indicates pure metallic behavior, with no
signs of hopping conduction and no signs of barriers. However, the
fitted circuit diagram provides direct evidence that two paths lead
independently through the thin film, both of which percolate.

The interpretation of these results is straightforward: Sample
5123 reveals signs of polaron hopping at high frequencies. At fre-
quencies f<IMHz the conductivity is dominated by the leakage of
the barrier (R, in Fig.1), which originates from grain boundaries and
metal-to-semiconductor contacts. Sample s194 behaves metallic for
f<IGHz. For the semiconducting 1:2:3 compounds with §s1, pure
hopping conduction has been reported.’ Thus, the polaron transport
in s123 is the remainder of semiconducting behavior, which has to-
tally vanished in s194. Here G(T,w) can be described by pure metal-
lic conductivity. From these results we conclude that polaron trans-
port is not an important feature in high-quality samples of the

doped cuprates.
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