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Using an emproved Hartree-Fock approximation on the Landau Ginzburg equation we compute the extra conduc-
tivity for quasi-superconducting thin films near the phase transition in the non linear region.

A large part of our theoretical understanding of superconducitivity is due to the fact that the linearized Landau
Ginzburg theory holds also very near to the phase transition [1]. However the situation in thin superconductiving
films is dramatically different: because of the onset of very important fluctuations, heavy deviations from this
simple minded theory are already seen at 7— T, ~ 10~2°K [2].

Marcelia [3] has shown that the insertion of the fluctuation term in the Hartree-Fock approximation is suffi-
cient to explain the measurement of the zero current extra conductivity within the Landau Ginzburg theory. A
critical test of the validity of this approximation may be done in the high current region where non linear effects
show up [4, 5]. Deviations from linearity in the IV plot at fixed temperature may be computed by use of Mar-
celia’s approximation on the time dependent Landau Ginzburg equation, treating it then exactly, without resort-
ing to external field perturbation expansion.

The final formulae do not show a very simple analytic form, but some qualitative properties are easily detected:
at low electric fields the extra conductivity 0o(7) is independent from the field and proportional to
exp {(T¢ — T)/T}. If the current exceeds some critical value IC(T)cc[oO(T)]l/2 the extraconductivity decreases by
increasing field. The range of the linear approximation may be very small,

We start from a generalized Langevin equation for the order parameter [5]
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where f(x, ) is a random force with stochastic autocorrelation.

We introduce an electric field using a time dependent vector potential. Looking for quasi stationary solutions,
one finds that the order parameter correlation function G(X, M, E) = {y*(x) ¥(0)) satisfies asymptotically a sim-
ple differential equation [5], whose solutions depend on the electric field £ and on the paramenter M =a(T—T¥) +
+b(|Y|?). The self consistency condition M = a(T—-T¥ + bG(0, M, E), which M must satisfy, allows us to compute
it as function of the electric field and of the temperature. One thus obtains the following explicit results:
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where d is the film thickness and Q is a small parameter of the dimension of length, which forbids an unphysical
increasing of the correlation function at very small distances and avoids the appearance of spurious ultraviolet

* This research has been partially sponsored by GNR-GNSM;

233



Volume 42A, number 3 PHYSICS LETTERS 4 December 1972

divergences.

Letting the solution of the first equation into the second we find the current as function of the temperature
and of the external electric field, The old results by Marcelia are recovered by taking only the first term in £, For
sufficient high T— T* the BUYI%) term is negligeable in the self consistency condition and the expression for the
current becomes the one previously found by Schmid. [5].

These formulae do not predict the appearance of persistent currents [6]: therefore they cannot be valid below
the transition. One expects different mechanisms to operate in this region. However their validity, at least in the
region where the zero current resistivity theory by Marcelia works, is sound.

The author is grateful to Professor M. Cerdonio and to Drs. G. Lucano, G.L. Romani and S. Pace for useful
discussions; acknowledgements are also due to Dr. L. Peliti for critical suggestions.
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