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A logarithmic increase of the resistance of thin Bi films resulting from a decrease
in temperature, as well as a logarithmic dependence of the magnetoresistance on
the magnetic field have been observed. The obtained results are in agreement

with theory, in which the quantum corrections for the conductivity, with

allowance for the interelectronic interaction, are examined.

PACS numbers: 73.60.Dt

Theoretical studies, in which the quantum corrections for the resistance of thin
metallic films are analyzed, have been published in recent years.!™ It was shown in
Refs. 1 and 2 that electron-wave interference due to scattering by impurities leads to
an anomalous increase of the resistance with decreasing temperature (“localization™
theory). An anlogous result has been obtained in an alternative theory? (“interact
tion” theory), in which the interaction between electrons due to scattering by im-
purities was taken into account.

Both theories yield the same logarithmic law for the increase of resistance in
films with decreasing temperature T
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where R is the resistance of a square-shaped film.

In the localization theory the parameter a~ 1, and the parameter p, which is
determined by the inelastic-scattering mechanism (73, ~7P), is in the range 2-3.
In the interaction theory ap ~ 1 and can be less than unity if there is a strong shield-
ing: kp/u<<1 (kg is the wave number of electrons, and u is the reciprocal-shielding
length).
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The effect of magnetic field on quantum corrections for the conductivity was
analyzed in Ref. 4, in which the difference between the theories mentioned above
was shown in a plot of the anomalous magnetoresistance vs the magpetic field: Ex-
cept for certain specific cases, it is negative in the localization theory and positive in
the interaction theory.

A logarithmic increase of the resistance of thin metallic films with decreasing
temperature T has been reported in several experimental studies (Ref. 5, for exam-
ple); this increase was attributed by the authors of these studies to electron localiza-
tion. This explanation has been confirmed by the detection of a negative magneto-
resistance.® The dominant role of interelectronic interaction in metallic films was
mentioned in Ref. 6.

Our goal in this letter is to investigate the effect of quantum corrections on the
resistance of thin bismuth films. It would be useful to analyze the indicated effects
in a semimetal with specific characteristics (two types of current carriers, low Fermi
energy, strong spin-orbit interaction, large dielectric constant). Low current-carrier
density (large R ), moreover, implies that the effects are large.

The bismuth films were produced by thermal sputtering on a mica substrate in
a low vacuum (1073 Torr) at room temperature. The distance between the potential
leads was 10 mm, the film width was 0.5 mm, and the film thickness was 50-500 A.
The resistance of the samples was measured by using the compensation method with
a 20-Hz alternating current, which provided a sensitivity of 10~ : The resistance of
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FIG. 1. Temperature dependence of the resistance of a bismuth film (R =148 £ at T=4.2 K).
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the sample was ~1 mV.

The films whose resistance range was 100-5000 2 were measured. The resis-
tance of all the samples increased with decreasing temperature in the temperature
range T=1.7-8 K. (An increase of the resistance in bismuth films at low tempera-
tures was reported in Ref. 7.) The increase in resistance observed by us can be ap-
proximated by the logarithmic law (Fig. 1). Note that the resistance minimum has
been observed in films of thickness d<{400 A. The logarithmic dependence is re-
placed by a stronger dependence in thicker samples when the temperature is raised.
The specific characteristics of bismuth films, which have a complex R(T) dependence
in the region 7> 8 K, presumably manifest themselves in this case.”

The anomalous increase of the resistance AR of films in the region 7=1.7-6 K
turned out to be proportional to the square of the film resistance R% within the en-
tire investigated range of R4 values. This fact does not make it possible to explain
the increase in resistance in terms of the condo effect. The parameter ap, which was
determined from a comparison of experimental dependences with expression (1), is
equal to 0.6 70.15.

The magnetoresistance of films in a magnetic field / perpendicular to the film
plane has a positive sign. The AR (H) curve has a logarithmic part for thin (~ 100 A)
films in small fields H. (Because of the increase of the mobility of current carriers,
the usual magnetoresistance AR ~H? is dominant in thicker films within the entire
range of fields.) A comparison of experimental curves with the theoretical curves for
the case of interacting electrons® showed a good agreement between them (Fig. 2).
In the comparison we used the expression

FIG. 2. Variation of the resistance of a bismuth
- film in a magnetic fieid perpendicular to the
film surface (Rpy=1.27 k& at 7=1.8 K).
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FIG. 3. Variation of the resistance of a bismuth film (R =174 £ at 4.2 K) in a parallel magne-
tic field (1-1.74 K, 2—4.2 K).
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with two adjustable parameters: g(7) is the electron-electron interaction constant,
and D is the diffusion coefficient. The calculated valuesg ~0.2 and D ~ 10? cm? « sec™!
are reasonable for the films under investigation.

A paper,® in which the effect of the magnetic field /, parallel to the plane of the
film, on the quantum corrections was analyzed, was published recently. A measure-
ment of AR (H) dependences for H || and H L1 (I is the direction of current) re-
vealed anomalous logarithmic sections (Fig. 3) which were predicted theoretically .
The magnitude of the effect is the same for both field directions with respect to the
current. The value of A, in the vicinity of which a transition from a logarithmic de-
pendence to a stronger dependence is observed, is determined by the film thickness
and corresponds to the condition d=~ Ly (L is the magnetic length). The men-
tioned peculiarities of the AR (H) curves correspond to those predicted theoretically.®

A quantitative comparison (Fig. 3) of the experimental curves with the expres-
sion
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o= 81/ ks 5735 “(12 kT o7
for the case of interacting electrons?® yields the values 0.2-0.3 for the g(T) para-
meter. These values correlate well with the value of g for the field perpendicular to

the film. The values of D in this case turn out to be too high. This result requires
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additional explanation.

In summary, we can assume that the effects observed in this study are attribut-
able to the predominant influence of interelectronic interaction.

The authors are grateful to V. A. Volkov and D. E. Khmel'nitski for a useful dis-
cussion of the problems under consideration.
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