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V.A. Kulbachinski*, A. de Visser®, V.I. Kadushkin®, V.G. Kytin* and E.L. Shangina*

"Department of Low Temperature Physics, Moscow State University, 119899, Moscow, Russia.
*Van der Waals-Zeeman Laboratory, University of Amsterdam, 1018 XE Amsterdam, The Netherlands.

We report on an investigation of the galvanomagnetic properties of GaAs-GaAlAs superlattices. The results
can be explained in terms of interface roughness scattering of electrons in quantum wells.

GaAs-Ga, ,AlLAs superlattices and multiple
quantum well (MQW) structures attract much
attention because of their high sensitivity in the
infrared spectral range 8-14 ym. The interesting
physical properties of these semiconducting artificial
superlattices are primarily determined by electron
scattering processes. In order to investigate the
relevant scattering mechanisms we have studied the
galvanomagnetic properties by means of conductivity
(0) and magnetoresistivity (p,) (B< 6T
measurements in the temperature range
4.2K < T < 100 K. Furthermore, the quantum
Hall effect was investigated in very high magnetic
fieldsupto 38 T at T= 4.2 K.

Samples with multiple quantum wells were grown
by molecular beam epitaxy. Fifty periodic layers of
GaAs (width L= 33-66 A) and Ga, Al As
(x=0.03, width 254 A) were prepared. The
quantum wells were doped with Si up to a
concentration of 2x10'® cm®. The structure was
separated from a GaAs(Cr) substrate by an i-
Ga, Al As buffer (width 1 pm}. All structures were

covered by a contact layer of n-GaAs (width
200 A). Double Hall bridges (channel width
150 um) were prepared for measurements in a
magnetic field.

Sampies with different well widths (L,) were
investigated. In Table 1 we have listed some typical
parameters of the investigated samples (labeled N1,
N2 and N3). Note that the electron concentration (n)
is given per quantum well. The conductivity of all
samples decreases with decreasing temperature. For
T< 20K o(T) =« InT. The electron mobility (u)
increases when L, increases. The transverse
magnetoresistance {p,.) is negative at low
temperatures (B< 6 T). It has the following
characteristics: i) p,,oc B> up to ~1 T, &i) the field
range of the B? dependence is reduced by decreasing
the temperature, and iii) for B2 2 T p, o InB. For
all samples the Hall effect measurements showed
that the electron concentration is independent of
temperature. This implies that o(T) is dominated by
u(T). In spite of the low mobilities of our samples
we observed the QHE, albeit in very high magnetic

Table 1. Well width (L,), Fermi energy (E;), electron concentration per well (n), coefficient of
diffusion (D), mobility (u), semiwidth of the fotoluminiscence peak (SE) and fluctuation energy

of the groundstate in the quantum well (SE ) for samples N1, N2 and N3 at T= 4.2 K.

I N L,(A) | Er (meV) | n (10"cm® | u (cm*Vs) | D (cm¥s) | 8E (meV) | SE, (meV) II
1 33 23 6.5 260 7.2 21 30 F
2 44 15 4.3 480 8.8 13 16

" 3 66 92 25.7 860 47 15 7
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Fig.1 Shubnikov - de Haas oscillations and
quantum Hall effect at T= 4.2 K of sample
N1 (lower frame) and N3 (upper frame).

fields. Pulsed magnetic fields up to 38 T were
produced in the High Magnetic Field Facility of the
University of Amsterdam. In fig.1 we show p(B)
and p, (B) at T= 4.2 K for two samples. From this
figure it can be concluded that approximately all the
parallel connected quantum wells exhibit almost the
same electron density in the populated ground
subband, which results in one observable period of
Shubnikov-de Haas (SdH) oscillations. The electron
concentration evaluated from the SdH signal is
almost the same as the one calculated from the Hall
effect.

In fig.2 we show the dependence of u on L., in
a double logarithmic plot. Our results are in good
agreement with the results obtained in Ref.[1]. In
Ref.[2] it was proposed that in thin quantum wells
(L. < 60 A) interface roughness scaftering is the
dominant scattering mechanism. In that case
u= (L .57AC%g, where A is the lateral width and C
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Fig.2 Mobility (i) as function of the well width
L.,,. Open circles - this work. Closed circles
- Ref.[1]. The solid lines correspond to
calculations with an interface roughness
size A= 50 A (1) and A= 70 A (2).

the height of the roughness and g=g(A,n,T). Using
A and C as fitting parameters we obtained with this
relation a good agreement between the theoretical
curves and the experimental data points (see fig.2).

The observed o(T) and the negative p,, allows us
to calculate some electron parameters of the
samples, e.g. the relaxation time of the electron
wave function phase 7. The decrease of o(T) with
increasing T and the observed magnetoresistance
may be fully described by the theory of quantum
corrections to the conductivity in the 2D-case [3,4],
which is valid for kyT < <E;. Calculated values for
the diffusion coefficient D are shown in Table 1.
Using 7, as a parameter we fit the theoretical curve
to the exerimental negative magnetoresistance. From
this fit we were able to evaluate 7, as function of
temperature. A more complete account of this work
will be published elsewhere [5].
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