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Magnetoresistance measurements of photolithographically patterned
PbSe and Pb1-y Mnx Se microstructures were performed. Reproducible mag-
netoconductance fluctuations with the amplitude increasing with decreasing
temperature were observed. Unexpectedly, these fluctuations contain a com-
ponent periodic in the magnetic field, and their magnitude is greater than
that expected from the current theory of the universal conductance fluctua-
tions. Possible explanations are discussed.
PACS numbers: 71.55.Jv

It is generally accepted by now that because of Aharonov—Bohm interfer-
ence of scattered waves, the conductance of any disordered conductor should ex-
hibit aperiodic fluctuations as a function of the magnetic field. The mean am-
plitude of these fluctuations increases with decreasing length L of the sample
and starts to be universal, i.e., independent of the material that the sample is
made of, AG N 0.5e 2 /h, once L becomes smaller than the phase breaking length
Lϕ(T) [1, 2]. Accordingly, the phenomenon is known under the name of universal
conductance fluctuations (UCF). Indeed, a series of beautiful millikelvin experi-
ments with nanostructures of nonmagnetic metals has fully confirmed the theo-
retical predictions [3]. In the case of semiconductors, however, the situation is less
clear. In particular, the presence of a component periodic in the magnetic field
has been detected in microstructures of n+ GaAs [4], Hg 1-x-yCdyMnTe bicrys-
tals [5], GaAs/AlGaAs heterostructures [6]. Besides, recent studies of magnetic
metallic [7] and Hg1- x- y Cdy Mnx Te microstructures [8] have contradicted those
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theoretical suggestions [9] which concern the time dependence of the fluctuation
pattern in the spin-glass phase. We performed magnetotransport measurements of
photolithographically patterned microstructures of Pb 1-xMnx Se (0 < x < 2%).
The starting material consisted of 2=3 pm thick n-type epilayers grown by molec-
ular beam epitaxy on a BaF2 substrate. Microstructures in the form of Hall bars
with the linewidth 2-100 pm and different geometrical factors, L/W = 0.33=6,
were prepared by photolithography and Ar ion milling [10]. The measurements
were performed in the magnetic field range up to 120 kOe, at temperatures be-
tween 50 mK and 40 K. To ensure the linear response, the current was kept at the
level of 300 nA.

Characterization of the structures by measurements of the conductivity and
the weak-field Hall effect at 2 K shows that the samples are n-type with the
electron concentration (1-2)x 10 17 cm- 3 , and the mobility summarized in Table.
Inspection of this table points to certain degradation of the carrier mobility when
decreasing the linewidth, suggesting the formation of etching-induced defects. In
particular, a change of sign of the Hall resistance in high magnetic fields, which
we observed in some microstructures, indicates that the ion bombardment creates
acceptor centers. Furthermore, we noticed a gradual decrease in the resistivity, up
to the factor of four between 1 K and 50 mK. We assign this phenomenon to the
presence of some superconducting Pb inclusions, and a long penetration length of
the Cooper pairs in our high mobility material at low temperatures. The critical
field for this superconductivity is as low as 50 Oe.

The most surprising result of our study is the detection of unusual repro-
ducible conductance fluctuations as a function of the magnetic field in PbSe and

Pb1-xMnxSe. The magnitude of these fluctuations attains about 0.1% of the re-
Sistance values which, in turn, increase by one order of magnitude when the
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magnetic field increases up to 120 kOe. As shown in Figs. 1 and 2, where the mag-
netoresistance and its Fourier transform for three structures of PbSe are presented,
the fluctuations are quasi-periodic in the magnetic field. Moreover, the magnitude
of the fluctuations is greater than 0.5e 2 /h, independently of the size of the struc-
tures. Furthermore, they are rather insensitive to the temperature changes — they
start to decrease above 1 K, but they are still visible at 30 K. Similar fluctuations
but, as depicted in Table, of a little smaller amplitude, were found in Pb1- xMnxSe.

We propose two different mechanisms which may account for the repro-
ducible fluctuations that are quasi-periodic in the magnetic field:

(i) These fluctuations may originate from the field-induced shift of electric
subbands. Indeed, such dimensional quantization of the electron spectrum could
occur in our epilayers as their thickness is comparable to the mean free path of
the electrons. An attempt is underway to detect similar fluctuations in epilayers
from other materials with comparable mobility.

(ii) Quasi-periodic fluctuations in singly connected geometry could be caused
by Aharonov–Bohm interference of self-intersecting trajectories provided that the
scattering potential contains a component periodic in space. The period of 10 kOe
that we observe would then correspond to the radius of the Aharonov–Bohm loops
of 100 A. We suggest that misfit dislocations or space-correlated resonant donors
might result in quasi-periodic network of electron trajectories. This hypothesis
merits further experiments in systems where space correlation between scattering
centers can be affected by external perturbations.
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