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An influence of disorder originated from the substrate/layer interface
on electrical properties of CdTe:In layers was investigated by means of the
Hall effect and magnetoresistance measurements at low temperatures. An
estimation of a scattering rate due to interface-induced disorder is given.
Characteristic features of a magnetic field dependence of magnetoresistance
are explained by an influence of quantum interference of scattered electron
waves both in the hopping and the free electron conductivity regimes.

PACS numbers: 73.61.Ga, 73.50.Jt

Electrical properties of thin layers are strongly influenced by a substrate/layer
interface. The interface is a source of disorder and provides traps for free carriers,
which leads to a reduction of the layer's conductivity. In particular, this may hap-
pen due to dislocations which appear as a result of a substrate/layer mismatch.
In this paper we investigated electrical properties of a doped layer whose distance
to the interface was a control parameter.

Investigated structures were MBE grown and consisted of a  semi-insulating
SI-GaAs substrate on which 3 monolayers of ZnTe, a buffer of nominally undoped
CdTe and a•doped layer were subsequently grown [1]. Samples with a buffer of the
thickness (d, the control parameter mentioned above) of 0, 0.5, 3 and 7 μm and
a layer of the thickness of 0.5 μm or 1 μm were prepared. The nominal doping of
all the layers was technologically kept constant and equal to about 5 x 10 16 cm-3 .

(911)



912 J. Łusakowski et al.

The measurements were performed after cooling a sample in the dark and were
repeated after subsequent illumination and switching off the band-toband light.
The measurements with no illumination were possible only for samples with d
equal to 7 or 3 μm (hereafter referred to as the samples A and B, respectively)
since the resistance of other samples cooled in the dark to helium temperatures
was higher than 10 12 Ω. The resistance of these samples, even after illumination,
was still too high to carry out the Hall effect measurements and in such cases
only magnetoresistance data was obtained. In the following we are focused on
measurements on the samples A and B with no illumination.

The Hall effect data obtained after cooling a sample in the dark was fitted by
a model assuming doping with shallow donors (the concentration Nd) and conduc-
tivity by free electrons only. Scattering processes taken into account in calculating
the mobility included scattering by ionised and neutral donors, ionised acceptors
and optical and acoustical phonons (deformation potential and piezoelectric mech-
anisms in the latter case) [2].

Conductivity measurements for the samples A and B as a function of tem-
perature (T) show the hopping conductivity for Τ < Τ0≈ 15 Κ and free electrons
conductivity for higher Τ. Within the above model, for T > Τ0 , one can reproduce
the Hall concentration data for the sample Α taking Nd = (5.0 ± 0.4) x 10 16 cm-3

and the compensation K = 0.15 ± 0.1. The electron mobility of this sample cal-
culated for the lower (upper) limits of Nd and K is about twice (50%) higher
than the measured one, but in both cases the shape of the calculated curve differs
from that of the measured dependence. Bearing in mind an identical doping of the
samples A and B one gets K = 0.80 ± 0.1 for the sample B.
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Results of the Hall mobility μ measurements are shown in Fig. 1 as the
scattering rate VA,B = μ-1A,Be/m,whereeand m are the electron charge and mass,
respectively. The measured difference, Δv = νB — ν ι, between the scattering rate
for the samples A and Β (the upper solid line in Fig. 1) is not reproduced by the
model described above (the lower solid line in Fig. 1). The reason of such a large
discrepancy is a poor agreement of the model and the experimental data for the
sample B. In this case the calculated mobility differs by an order of magnitude
from the measured one. This shows that the model lacks a scattering mechanism
of an effectiveness which is dominant for the sample Β but is comparable with
an effectiveness of impurity scattering (dominant in the model calculations in the
considered range of T) for the sample A. We propose that the lacking scattering
is due to interface-induced defects and long-range fluctuations of the electrostatic
potential. The source of the fluctuations is a random distribution of charged centres
at the interface, in the buffer and the layer itself. Moving the doped layer apart the
interface reduces essentially an effectiveness of this scattering which explains why
the mobility for the sample A is higher than that for the sample B. It is interesting
to note that decreasing d by 4 μm increases the scattering rate by 10 times and
the measured v for the sample Β (open symbols in Fig. 1) is in fact due to the
interface-induced disorder scattering.

For Τ < Τ0 the temperature dependence of the resistance follows the Mott
law of the variable range hopping [3] as was deduced from the temperature depen-
dence of conductivity. An estimate of the electron localization length, ξ and the
optimal hopping distance, Rh op , gives for both samples about 50 Α and 200 A,
respectively. The low-field magnetoresistance shows a minimum at Bm i n (see the
inset in Fig. 1) whose position is constant for Τ < Τ0 and is equal to (1.3 ± 0.1) T
and (0.9 ± 0.1) Τ for the sample A and B, respectively. For higher temperatures
Bm in grows with Τ. For Β > 3 Τ a strong increase in the resistance is observed
which is due to a shrinkage of the wave function of electrons hopping between
donors [4]. For the sample A, the resistance follows exp(αB 2 ) dependence, while
for the sample Β an increase in the resistance is slower than that (Fig. 2). The
magnetoresistance is identical for Β perpendicular and parallel to the current, in
agreement with the theory of hopping conductivity.

The minimum of the magnetoresistance in the hopping regime is often ex-
plained as a result of a quantum interference of partial waves of a tunnelling
electron which is scattered by ionised centres situated near the tunnelling path [5].
On the other hand, for temperatures corresponding to the conduction by free
electrons the minimum originates from weak localization [6], a result of the in-
terference of partial waves of a free electron. The major difference between these
two interference phenomena is that in the case of hopping the scattering involved
is forward directed and in the case of the weak localization is the backward one.
This in turn is a consequence of the exponentially decreasing wave function of a
hopping electron which makes negligibly small a contribution of return paths to
the interference pattern.

A slower than exp(αΒ 2 ) dependence of the magnetoresistance for the sample
Β can be explained by a reduction of the magnetic barrier by the scattering events
occurring during an electron hop [7]. There is no evidence of such a reduction for
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the sample A. This is consistent with a plausible assumption that since Rhop is
comparable for both samples an electron during a hop undergoes more scattering
events in the sample B than in A, just because of a stronger disorder in the latter.
It follows then that the stronger sub-barrier scattering, the smaller B m i n . Thus, in
the case of the results shown above, Bmin can be used as a measure of disorder.
More data on samples with different thicknesses of the buffer (d) is needed to make
this conclusion a general one.
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