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TEMPERATURE DEPENDENCE OF THE UPPER CRITICAL FIELD
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It is shown that the anomalous temperature dependence of the orbital part of the upper critical field Hc2

observed for epitaxially grown films of high-temperature superconductor Bi − Sr −Cu −O (in wide temperature
interval) can be satisfactorily explained by the influence of localization effects in two-dimensional (quasi-two-
dimensional) case.

In a recent paper Osofsky et al. [1] presented
the unique data on the temperature dependence
of the upper critical field of high-temperature
superconductor Bi2Sr2CuOy in wide tempera-
ture interval from Tc ≈ 19K to T ≈ 0.005Tc,
which has shown rather anomalous dependence
with negative curvature at any temperature. It
is sharply different from the standard behavior of
BCS-model, as well as from that predicted by the
model of compact charged Bosons (bipolarons)
[2]. The aim of the present work is to demon-
strate that the observed dependence of Hc2(T )
can be satisfactorily explained by localization ef-
fects in two-dimensional (quasi-two-dimensional)
model in the limit of sufficiently strong disorder
[3], which can be guessed from rather wide super-
conducting transition in films studied in Ref.[1].

Below we shall limit ourselves by description
of purely two-dimensional case because the ap-
propriate dependences for quasi-two-dimensional
system differ only very slightly for the relevant
values of parameters of the model [3]. The general
approach to Hc2-behavior in strongly disordered
systems was given in Ref. [4].

We shall be interested only in the case of mag-
netic field perpendicular to the highly conducting
planes. From the standard approach to supercon-
ducting transition in external magnetic field [5]

∗The research described in this publication was made pos-

sible in part by the Grant N
o RGL000 from the Inter-

national Science Foundation as well as by the Grant N
o

93-02-2066 from the Russian Foundation for Fundamental

Research.

we obtain the following equation for temperature
dependence of Hc2(T ):
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where Φ0 = πc
e —is magnetic flux quantum, Tc—

is BCS transition temperature in the absence of
magnetic field, D2(2|εn|)—the generalized diffu-
sion coefficient in Cooper channel, εn = (2n +
1)πT is Fermionic Matsubara’s frequency.

It is seen from Eq.(1) that the anomalies in be-
havior of the upper critical field are related to
the frequency dependence of diffusion coefficient
which becomes non-trivial close to the Anderson
metal-insulator transition. Within the approach
based upon self-consistent theory of localization
[6,7] the coupled system of equations for gener-
alized diffusion coefficients in magnetic field for
the two-dimensional case was proposed in Ref.[8].
The dimensionless disorder parameter which gov-
erns its solutions is the usual λ = 1

2πEτ , where E

is the Fermi energy and τ is the mean free time
between scattering events.

It is easy to see that the anomalies of the upper
critical field due to the frequency dependence of
diffusion coefficient will appear only for temper-

atures T � e−1/λ

τ [3]. For higher temperatures
we obtain the usual behavior of ”dirty” super-
conductors. Superconductivity survive in a sys-
tem with finite localization length if the follow-
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Figure 1. Fig.1 Temperature dependence of the
upper critical field: Theoretical curve (1) is given

for the case of e−1/λ

Tcτ = 2, λ = 0.18, while the

curve (2) is for e−1/λ

Tcτ = 20, λ = 0.032. Cyclotron
mass m is assumed to be equal to that of the free
electron. Squares—experimental data of Ref. [1].

ing inequality holds Tc � λ e−1/λ

τ [3], which is
equivalent to the well known criteria [9] of the
smallness of Cooper pair size compared with lo-
calization length. The most interesting (for our
aims) limit of relatively strong disorder is de-

fined by Tc � e−1/λ

τ , so that in fact we are
dealing with pretty narrow region of λ’s when

λ e−1/λ

τ � Tc � e−1/λ

τ . In this case the upper crit-
ical field is defined by the equation (γ = 1.781)[3]:
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from which we can directly obtain the T (Hc2)—
dependence. The appropriate behavior of the
upper critical field for two sets of parameters is
shown in Fig.1.

The dependence of Hc2(T ) demonstrates nega-
tive curvature and Hc2 diverges for T → 0. This
weak (logarithmic) divergence is connected with
our neglect of the magnetic field influence upon
diffusion and can be suppressed taking it into ac-
count [3], though this effect is important only for

very low temperatures.
In Fig.1 we also show the experimental data

for Hc2 from Ref.[1]. Unfortunately, the values of

the ratio e−1/λ

Tcτ for the second curve, while corre-
sponding to quite reasonable values of λ, lead to
unrealistic (too small) values of Tcτ . For the first
curve situation is much better though the size of
electron damping on the scale of Tc is still very
large which corresponds to strong disorder. The
detailed discussion of these parameters is actual-
ly impossible without the knowledge of additional
characteristics of the films studied in Ref. [1].

These results demonstrate the relatively good
agreement between our theory and experiments of
Ref.[1] and apparently further illustrate the im-
portance of localization effects for the physics of
high- temperature superconductors [10].
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