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Paraconductivify and dimensionality along two different directions in a plane of a thin

film of YBaCuQO with c-axis in it
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Thin films of YBaCuO have been grown with the c-axis aligned in the plane of films. Fluctuation
conductivity has been measured along the c-axis direction on this plane and along a direction
perpendicular to c-axis, that is in the a-b plane. Two different dimensionalities are inferred for this two

configurations.

1. INTRODUCTION

An important feature of the high
temperature  superconductors is the large
fluctuation effects observable near the transition
temperature T,  which influence  their

conductivity. These effects have as result an
increase of conductivity or an excess conductivity
in this temperature region. The theoretical model
to explain this effect is that of Aslamasov-Larkin
[1] but also that of Maki-Thompson [2] and
Lawrence-Doniach [3]. From the elaboration of
the fluctuation conductivity data in relation to
the above models the dimensionality of the
system can be concluded.

2.THE SAMPLE

The YBaCuO thin film was homoepitaxially
grown on PrBa,Cu;0;_, template [4,5]. The
thickness of the film is about 200nm and the
c-axis is on the plane (as confirmed by x-ray
measurements) and parallel to one edge of the
film (indicated also from the higher resistivity
compared to that of the other edge). Four gold
dots were sputtered on it in a tetragonal
arrangement parallel to the edges of the
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substrate.DC  technique was used for the
conductivity measurements [6].

3.EXPERIMENTAL RESULTS

The analysis of the results follows a specific
procedure [7]. Instead of Ao, AR is used and the
dependence of d(AR)/dT on (T-T,)/T. is
examined on a log-log plot.

For the current flow parallel to the short
edge of the film and hence along the c-direction
we have the following results. Fig.1 displays the
resistance dependence on temperature from
where the transition temperature is also inferred
from dR/dT. Fig.2 shows a representative data
analysis in a logd(AR)/dT vs. log((T-T.)/T.).
From the plot we conclude the critical exponent
A equal to 2 which according to the relation
D=4-2i gives a curious dimension equal to 0.
Although such a dimensionality is consistent to
the physics of fluctuations.

Along c-direction  the ‘transverse’
component of fluctuation conductivity is
modified [8,9,10]. If coherence length £ is
smaller than the space between the layers we may
speak for fluctunation of zero dimensionality since
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superconductivity clectrons have difficulty to
jump from plane to planc.

For the current flowing along the long edge
of the film, in a direction vertical to ¢ and hence
in a-b plane we have the fluctuation data from
the elaboration of which we take the plot of
Fig.3. From this plot in a more extensive region
of In((T-T,)/T.) an expoment equal to 1 is

dominant. Such an exponent is characteristic of a
dimensionality equal to 2. Such a dimensionality
and in such a clear 2D behavior (without the
presence at all of 3D) is not often observed in
YBaCuO material and may be caused from the
geometry of the sample e.g. the a-b planes are
grown vertically to the plane of the film.

REFERENCES

1. L.G. Aslamasov and A.l. Larkin, Sov. Phys.
Solid State 10 (1968) 875

2. K. Maki, Prog. Theor. Phys. 39 (1968) 897; 40
(1968) 193; R.S. Thompson, Phys. Rev. B. |
(1970) 327

3. W.E. Lawrence and S. Doniach in: Proc. Int.
Conf. on Low Temperature Physics, Kyoto,
Japan 1970 ed. E. Kanda (Kecigaku, Tokyo
1971) p. 361

4. G. Wagner, R.E. Someck and J.E. Evetts,
‘Applied Superconductivity’, ed. D. Dew-
Hughes 148 (1995) 5855

5. A. Iman, C. Royers, R. Ramesh, K.
Remsching, L. Farrow, D. Hart and T.
Venkatesan, Appl. Phys. Lett. 57 (1990) 2484

6. M. Ausloos, S.K. Patapis and P. Clippe in:
‘Physics and Materials Science of High
Temperature Superconductors II', eds. R.
Kossowsky, B. Raveau, D. Wohlleben and
S.K. Patapis (Kluwer, Dordrecht, 1992)
p.755; S.K. Patapis, D. Yarmis, A. Kantas, A.
Karaiskos, N. Adamopoulos, G. Wagner, R.
Herzog, S.P. Kruchinin, to be published in J.
of L. Temp. Physics

7. S.K. Patapis, E.C. Jones, Julia M. Phillips,
D.P. Norton and D.H. Lowndes, Physica C,
224 (1995) 198

8. G. Balestino, E. Milani and A.A. Varlamov,
Physica C 210 (1993) 386

9. L.B. Ioffe, A.L. Larkin, A.A. Varlamov and L.
Yu, Phys. Rev. B 47 (1993) 8936

10.L.B. Ioffe, A.IL. Larkin, A.A. Varlamov and L.
Yu, Physica C 235-240 (1994) 1963

350
300
250 b
200 :
.

100 |-

R (Ohms)

50 p

1 a L i 1 . ' s i
80 100 120 140 160

T (Kalvin)

Fig.1 Resistance with temperature along c-axis
direction
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Fig.2 In[d(AR/T)] vs. In((T-T)/T) for the

c-axis direction from where critical
cxponent 2 emerges

—
=
2
*r g
L =
£
s
8 1 )
-5 -4 2

In((T-Tc)/Tc)

Fig.3 The same as above (Fig.2) but with the
conductivity along a direction
perpendicular to c-axis



