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The first results obtained with the use of Ga>S3s and GazSes compounds
as sources of donor elements for molecular beam epitaxy of Al;Ga;-.Sb
(0 € z €£1) and Al;Ga;_.As (0 £ r < 0.4) are reported. In GaAs free
electron concentrations obtained when incorporating the donors from these
sources can be easily controlled in the range of three orders of magnitude.
For Al,Ga;—Sb it was possible to compensate the high concentration of
native acceptors and to obtain n-type of conductivity.

PACS numbers: 68.55.Bd, 61.50.Cj, 71.55.Eq

Silicon and tin are commonly used as donor elements for doping of GaAs
and AlGaAs grown by molecular beam epitaxy (MBE). However, for antimony
based semiconductors grown by MBE the group IV elements were found to be
amphoteric, which led to heavily compensated materials. Consequently, for suc-
cessful n-type doping of antimonides group VI elements should be used. The main -
disadvantage of group VI elemental sources is the relatively high vapour pressure
at the MBE baking-out temperatures. For the same reason it is very difficult to
obtain easy-controllable low fluxes during the growth process. In order to reduce
these negative effects there are some attempts to use compound sources [1] or
electrochemical cells [2, 3].

In this study we report the first results obtained with the use of Ga3S3 and
GaySez compounds as sources of donor elements for molecular beam epitaxy of
Al;Ga;_;Sb (0 < 2 < 1) and Al;Ga;—_zAs (0 < z < 0.4). In GaAs the free elec-
tron concentrations obtained when incorporating the donors from the GaySz and
GaySeg sources can be easily controlled in the range of three orders of magnitude
reaching the top values of 6 x 10'® cm~3 and 3 x 108 ¢cm~3 for selenium and
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sulphur, re§pectively (see Fig. 1). In both cases the logarithms of the free electron
concentrations depend linearly on the inverse source cell temperature with similar
activation energies (1.7 eV for Se and 1.4 eV for S).
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Fig. 1. GaAs n-type doping calibration curves for both sources. Dashed lines show
the results obtained from the electrochemical profiler (C-V curves). Other results come
from the Hall effect measurements.

The incorporation process of sulphur and selenium into GaAs layers seems
to be very little sensitive to the substrate temperature in the temperature range
between 500 and 600°C. For AlGaAs the growth temperature for a good quality
layers must be much higher (approximately 670°C) than that for GaAs, but still
one can get a doping level around 5 x 1017 ¢cm~3. The donor elements doping
process was found to be very little sensitive to the III/V beam equivalent pressure
ratio as well. This ratio-has been varied between 1:5 to 1:50 and no systematic
change in electron concentration has been observed. The latter finding indicates
that the sticking coefficient is almost equal to unity for both dopants.

Undoped Al;Ga;—;Sb (0 < z < 1) layers grown by MBE at optimal condi-
tions have p-type conductivity with the free hole concentration of
(5 = 10) x 10%® ¢cm~3, as a result of the high concentration of antimony vacan-
cies. This value practically limits the lowest observable donor concentration in
these materials. It was found that antimonides grown at standard temperatures
and growth rates could not be successfully doped by using these sources. In order
to get n-type of conductivity it was necessary to reduce the growth temperature
below 500°C and the growth rate to 0.3 pm/h. At these conditions it was possible
to obtain the n-type conductivity in the whole range of alloy compositions. The
doping level has been checked by the Hall measurements for layers grown on SI
GaAs substrates or by C-V profiling or deep level transient spectroscopy (DLTS)
for layers grown on nt-GaSb substrates with in situ prepared epitaxial aluminum
Schottky diodes.

It is known from the previous studies [2] that in GaSb selenium atoms form
shallow donor centres while sulphur has all features of the DX-type defect [3, 4]. In
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the GaSb:Se layer there is no electron freeze-out effect observed even at very low
temperatures, while in the Al 12Gag gsSb:Se layer at temperatures below 150 K
there is a very distinct drop of electron concentration. In-the DLTS spectra for this
layer there is a new peak which is not observed for GaSb:Se. These observations
suggest that for selenium atoms in GaSb the DX(Se) energy state is resonant with
the conduction band (CB), while for AlGaSb the DX(Se) state emerges from CB
to the band gap and can be observed in transport and DLTS experiments. The
details of these results will be presented elsewhere.

The presented results show that the Ga;S3 and GazSes compounds are good
doping sources for the MBE growth for both types of semiconducting crystals:
Al,Ga;_,Sb and Al,Gai_ As. The existence of such universal sources is impor-
tant for the MBE technology where usually separate sources for arsenides and
antimonides had to be used.
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