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We show that conducting edge channels are formed in free standing
wires of PbSe/BaF, and PbTe/Bal; as temperature is lowered. The effect
results from spatially inhomogeneous strain caused by a difference between
the thermal expansion coeflicients of the epilayer and the substrate. The pres-
ence of the edge channels can explain anomalous mesoscopic eflects observed
previously in these wires.

PACS numbers: 71.55.Jv

Recent works [1,2] have shown that the magnetoconductance of Hall bridges
patterned from epitaxial films of PbSe and PbTe grown on a BaF; substrate ex-
hibits a number of novel features. In particular, the aperiodic conductance fluctu-
ations which occur at low temperatures cannot be described within the framework
of theory of universal conductance fluctuations (UCF) [3]. In particular, the fluc-
tuation amplitude is about 10 times greater than that predicted by the theory, and
the correlation function of the fluctuations gives the size of the coherence regions
smaller than the mean free path for elastic scattering [1].

In order to shed some light on this phenomenon, we have undertaken new
systematic studies of conductance phenomena in microstructures of both PbSe
and PbTe. PbSe films with (111) orientation and thickness of about 1.7 ym were
deposited by MBE directly onto the BaFo substrate. The microstructures were
fabricated by photolithography and Ar ion milling. PbTe: Bi films with (111) ori-
entation and thickness of 0.5 pm were grown by MBE onto BaF, substrate with
Pby g4Eug.gsTe buffer layer (see inset to Fig. 2). Microstructures in the form of
six-terminal Hall bridges were fabricated by electron beam lithography followed
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by either Ar ion milling or wet etching. The initial materials were n-type with
electron concentrations in the range 1 x 10*¢ to 6 x 107 cm™2 and Iall mobili-
ties 1.2 x 10® em?/(V s) to 2 x 10%° ecm?/(V s). The widths of the wires are in the
range 0.5 to 100 ym. The transport measurements were performed for various con-
tact configurations R;; k1 (where ¢j and k! denote the current and voltage probes,
respectively), as a function of temperature in the range of 30 mK - 300 K.

The temperature dependence of the resistance in one of our PbSe microstruc-
tures is shown in Fig. 1 for two different probe configurations. R334 represents
local resistance. Its nearly linear increase with 7" at 7 > 100 K is due to the
electron-phonon scattering. Surprisingly, when the temperature is lowered below
T = 50 K, Rj2 34 exhibits an unusual increase. At temperatures below 200 K, the
pronounced nonlocal resistance, Ras 46, is observed. It should be noted that for the
uniform conductors the nonlocal resistance should be smaller than the local one
by the factor exp(—wL/W). For the considered PbSe microstructure (see Fig. 1,
inset) this formula predicts Rss 46 to be smaller by many orders of magnitude than
that observed at 7' < 200 K. This indicates that the cooling process leads to the
occurrence of inhomogeneities within the wire.

We suggest that strain caused by a difference of thermal contraction coef-
ficients of the wire and of the substrate material is the origin of this effect. It is
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Fig. 1. Local and nonlocal resistances as a function of temperature for the n-PbSe
quantum wire on BaF; substrate (n = 6 x 10%® cm™3, p = 0.12 m?/(V s)). Dashed line
indicates the difference between thermal compression coefficients of the layer and the
substrate materials. The inset represents the wire geometry.
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known that PbTe and PbSe epitaxial films deposited on BaFs; become elastically
strained at low temperatures [4]. The difference of thermal contraction coeflicients
has been calculated using the data from Ref. [5] and is represented in Fig. 1 by
the dashed line. Inside the layer, far from its edges, the tensile strain is uniformly
biaxial and lifts the fourfold degeneracy of the L states in the conduction band. In
particular, the [111] valley which has its main axis oriented parallel to the growth
direction is shifted downward in energy with respect to the three remaining valleys
oriented with their main axes obliquely to the growth direction [6, 7]. In the n-type
material, this shift leads to modification of the carrier distribution between the
valleys. Moreover, in the close vicinity of the edges one can expect considerable
variations of the strain magnitude [8]. To explain our data, we assume that these
variations lead finally to the local increase in electron concentration at the wire
edges. This produces edge channels with the enhanced conductance, which give
rise to the observed nonlocal effects. »

The presence of edge channels is documented further by transport studies as
a function of the wire width. As shown in Fig. 2, the ratio between the nonlocal
and local resistances increases strongly with the decreasing wire width. Probably,
in our narrowest wires, conductance is totally dominated by the edge channels.
In agreement with the model, the edge effects are significantly stronger for PbSe,
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Fig. 2. The ratio between nonlocal and local resistances as a function of width for
series of PbSe and PbTe wires. For W < 10 um, the PbTe and PbSe wire lengths L are
5.5 pm and 24 pm, respectively. The insets represent cross-sections of the wires.
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which is directly deposited on BaFs, than in the case of PbTe/PbEuTe, where the
conducting layer is separated from the substrate by the buffer layer.

Presumably, the conducting edge channels give rise to the anomalously large
aperiodic magnetoconductance fluctuations observed in these wires. If the channel
width is sufficiently small, it can be regarded as a one-dimensional quantum wire
even if the geometrical width of the sample is much larger. This explains the obser-
vations of UCFs even in macroscopic samples with W = 100 pum [1]. Additionally,
the electron scattering rate in a vicinity of the wire edge could be much larger than
inside, possibly due to surface defects. Thus, the corresponding mean free path for
electrons in the channels is much smaller than in the bulk layer. In such a case,
the diffusive interfering trajectories of small size exist. This can explain unusually
small coherence areas deduced from the correlation function of UCFs observed in
both PbTe and PbSe wires.
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