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The effect of aluminium on the defect structure of GaSb crystals, grown by the
vertical Bridgman technique, has been investigated by cathodoluminescence
(CL) in the scanning electron microscope. Crystals have been found to be
highly homogeneous along the growth axis with the exception of the top
end which showed Al accumulation. The CL results show decoration of
extended defects by Al but contrary to the case of other dopants Al has not
been found to cause a significative reduction of native acceptors. A CL
band at about 850 meV appears to be related to the presence of aluminium.
q 1998 Elsevier Science Ltd. All rights reserved
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The potential application of GaSb as a substrate for
various lattice-matching devices operating in the 0.3–
1.6 eV range has generated interest in the study of defects
in this material. There exists a substantial understanding
on the nature of some of the main native defects,
especially on those responsible of thep-type nature
of as-grown GaSb. However, significant progress is
necessary to understand the influence of dopants on the
native defects and the mechanisms to obtain a wide range
of carrier concentrations. In particular, isoelectronic
dopants may influence the concentration of native
defects. In the present work the effect of aluminium
on the defect structure of GaSb single crystals is
investigated by using the cathodoluminescence (CL)
technique in the scanning electron microscope (SEM).
This technique, which provides information on the nature
and spatial distribution of the recombination centers, has
been extensively used in semiconductor characterization
but to our knowledge only in the last years was applied to
the case of doped and undoped GaSb [1–5].

The samples were GaSb:Al crystals grown by the
vertical Bridgman method by tip nucleation without a

seed (see references in [6]). The doping of the crystals
was performed by adding Al to the melt at the level of
1019 cm¹3. The crystal used was 12 mm in diameter and
about 40 mm in length. Four disks were cut perpendicular
to the growth axis at various places along the length of
the ingot. The wafers were then chemo-mechanically
polished to a mirror finish. The samples are labeled from
1 to 4 corresponding to positions from the bottom to the
top of the crystal.

The CL measurements were carried out in a Hitachi
S-2500 SEM, at 77 K and at accelerating voltages of
20–30 kV, by using a cooled Ge detector. Details of the
CL experimental setup are described elsewhere [7].

The intensity of the total CL emission has been found
to be higher in sample 4 (top) than in the other three
samples, which show comparable emission. CL images
of sample 4 show a highly inhomogeneous intensity
distribution with extended bright and dark domains
(Fig. 1). Samples 1, 2 and 3 show a more homogeneous
luminescence distribution with a contrast which appears
to be related to slight variations of intensity background
and to the presence of subgrain boundaries with a dark
contrast (Fig. 2). In the proximity of some of the
subboundaries a bright region is observed indicating
the existence of a decoration effect. In the course of
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the observations, which were performed at 77 K, the
temperature of sample 4 was found to be more difficult to
stabilize due to heating by electron beam.

Representative CL spectra of samples 2, 3 and 4 are
shown in Fig. 3. Besides the enhanced intensity in sample
4 not other spectral difference among the samples is
observed. Spectra normalized to the peak intensity have

all the same appearance. CL emission bands have been
determined from the best fits to experimental spectra
using a sum of gaussian line distributions. Figure 4 shows
a typical spectrum with decomposition in three bands.
One corresponds to the band edge emission at 804 meV
and other to the band A peaked at 770 meV which is
usually attributed [8, 9] to the presence of the acceptor
level VGa–GaSb. This band has been observed in
our previous CL works on doped and undoped GaSb
(e.g. [1, 4, 5]). The third gaussian peaks at about

Fig. 1. CL image of sample 4 in which, regions with a
higher emission are observed.

Fig. 2. CL image of sample 2 showing a region with
subgrain boundaries.

Fig. 3. Evolution of CL spectra from sample 2 to sample
4. CL spectrum of sample 1 is very close to that of
sample 2.

Fig. 4. CL spectrum of sample 4 deconvoluted in three
gaussians bands to the best fit, as is described in the text.
Squares are experimental data and overlap completely
the curvefit.
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850 meV and represents the fact that the spectra of these
samples are broader, extending into the high energy
side, than the CL spectra of most of our previously
investigated GaSb crystals [1, 5].

The enhanced CL intensity in the top part of the
ingot is a consequence of the aluminium impurity
gradient along the growth axis. The appearance of
dopant impurity gradient in crystals grown by the same
procedure has been previously detected by CL in GaSb
doped with transition metals [5]. The present observa-
tions show a homogeneous ingot with the exception of an
accumulation of Al at the top. This effect can be due to
Al segregation but can be also explained by low-density
scum, including aluminium oxide, formation at the top.

The CL measurements show that the increase in
aluminium content causes the increase of luminescence
intensity without spectral changes. This result suggests
that the presence of aluminium causes the decrease of the
concentration of non-radiative recombination centers.
The inhomogeneous CL intensity in sample 4, shown
in Fig. 1, reflects the strong local variations in the dopant
distribution in the top of the crystal. In the rest of the
samples the aluminium concentration is lower and the
inhomogeneity is basically restricted to a decoration
effect of the subgrain boundaries. The fact that the
spectrum of sample 4 is qualitatively similar to those
of the other samples shows that the same recombination
mechanisms take place all along the ingot. However, the
inhomogeneous CL, characteristic of sample 4, might be
due not only to Al impurity accumulation but also to the
presence to the above mentioned scum. CL images of
sample 4 in the visible range show bright regions
that could be related to the presence of the oxides. The
higher electron beam induced heating rate observed in
sample 4 indicates a reduced thermal conductivity which
can be attributed to the presence of aluminium impurities
and to the oxide. The influence of the impurity concen-
tration on the thermal conductivity of III–V semi-
conductors during SEM observations has been
described in electron acoustic studies [10].

In the CL spectra of all samples the band A due to the
intrinsic acceptors is present. This shows that, contrary to
the case of transition metals [5], aluminium does not
reduce the native acceptors but as stated above causes a
general increase of the luminescence emission. The
observation that Al does not reduce the concentration
of native acceptors agrees with the results of Ichimura
et al. [11]. These authors have shown through thermo-
dynamics calculations that the native defect concen-
tration in AlGaSb remains the same as in GaSb due to
the formation of Al antisite on Sb site as the Ga antisite
on Sb site. This effect explains that in the samples used
here the native defect concentration does not alter. The
third CL band observed in the decomposition shown in

Fig. 4, which appears at above band gap energy seems to
be related to the presence of Al. We are not aware of a
previous report of this emission in GaSb:Al but emission
at 850 meV has been observed in photoluminescence
measurements of AlGaSb with low Al content [12, 13].
In [12] this band has been attributed to residual silicon
and oxygen impurities while Kitamuraet al. [13]
attribute it to indirect transitions from an aluminium
related level at 160 meV below the second minimum of
the conduction band. Although our material is different
to that studied in [13] the analogy leads us to point out
that the possible mechanism of our 850 meV band is a
transition from an Al level as proposed in [13] to a level
close to the valence band. In particular, a level at 56 meV
above the valence band is known to be involved in the so
called luminescence bandB which has been previously
related [1] to gallium excess. An indirect transition
between the mentioned levels corresponds to the
energy of 850 meV band detected here provided that
the indirect band gap is about 1.095 eV [6]. Although the
data indicate the existence of an Al related level, its
nature cannot be determined from the preset results and
could be a complex involving vacancies as other centers
in GaSb.

In summary, vertical Bridgman technique enables
the growth of highly homogeneous GaSb:Al single
crystals. At the top end of the ingot an accumulation of
Al and possible aluminium oxide formation is detected.
CL images reveal the presence of decorated subgrain
boundaries all along the ingot but not precipitates. As
opposed to other isoelectronic and transition metals
dopants, Al has not been found to cause a reduction
of native defects concentration. It is suggested that
co-doping with isoelectronic impurities like Al and
other impurities like In could result in both passivation
of extended defects and compensation of native
acceptors. Work to study this possibility is underway.
CL spectra show the appearance of an Al related
emission band centered at about 850 meV.
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