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Structural properties of GalnAsSbBi solid solutions grown on GaSb

substrates
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GalnAsSbBi solid solutions with different Bi contents are synthesized on n-GaSb substrates with a misorientation
of 6° between the (100) and (111)A planes. Structural properties and morphology of GalnAsSbBi thin films are
studied. Transmission electron microscopy and X-ray diffraction have shown that the films have a polycrystalline
structure. It is found that an increase in the Bi concentration in the solid solution leads to a decrease in the average
size of the region of coherent scattering by (111) reflection from 20 to 5nm. It is shown that in films with a lower
content of Bi, the thickness of the transition amorphous layer at the ?layer-substrate? heterointerface decreases.

Keywords: solid solutions, GalnAsSbBi, GaSb, III-V compounds.

DOI: 10.21883/TPL.2022.05.53481.19164

The most important structural element of modern nano-
heterostructures for lasers, solar cells and photodiodes are
potential barriers based on four and five-component solid
solutions to create high carrier localization and transition
buffer layers [1-4]. Heterostructures on GaSb substrates
are of practical interest for mid- and far-infrared devices.
The GalnAsSbBi solid solution is a good candidate for
the mid-infrared range as already at 2% Bi an absorption
edge of 5um at 120K can be reached [5]. The relevance
of the development of bismuth-containing solid solutions is
due to the possibility of improving the microstructure of
epitaxial layers due to the proximity of the covalent radii
of Bi and some elements of groups III and V. Also, Bi is
the largest low-toxicity group V element which drastically
reduces the band gap width of III-V compounds to
between 55—90meV/% Bi [6]. In heteroepitaxy of solid
solutions on binary substrates, the array mismatch between
the thin film and the substrate, as well as the substrate
misorientation [7] have a significant influence on the crystal
structure and morphology of the deposited material. Previ-
ously, researchers have studied GaSb-based heterostructures
that do not contain Bi [8-10]. The molecular beam epitaxy
of GalnAsSb solid solution with Bi fraction of 0.13% on
GaSb (100) substrates [5] has been known to be realized by
nOW.

The aim of this work was to synthesize GalnAsSbBi
solid solution on GaSb substrate and to study the effect
of bismuth on its structural properties.

Solid solutions of Ga,In;_;As|_x_ySbyBiyx were grown in
an experimental unit by pulsed laser spraying [11]. Growth
was performed on n-GaSb substrates with 6° misorientation
between planes (100) and (111)A. Residual pressure in the
chamber was 1074 Pa. AYG:Nd3* laser with a wavelength
of 532nm (second harmonic) was used as the spraying
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source. For all samples, the substrate temperature was
350°C, laser energy density was F = 2.3 J/em?, deposition
time was 60min. To evaluate the Bi effect on the
structural properties of the heterostructures, two targets with
the calculated COInpOSitiOIl of Gao.g5ln0.15Sb0.1ASO_85Bio_05
and Gao.g51n0_1ssb0_1ASO.gBi0.1 were manufactured. The
structural properties were studied by X-ray diffraction
(XRD) on a D8 Discover diffractometer (Bruker) in the
0—20-scanning mode using CuK, radiation and by trans-
mission electron microscopy (TEM) on a Jeol JEM-2100F
microscope in the HAADF-STEM mode. The chemical
composition of the solid solutions and Bi mapping across the
film thickness was determined by X-ray energy dispersive
simulation (EDS).

Figure 1 shows TEM images of GalnAsSbBi/GaSb hetero-
boundaries grown from targets with different Bi contents.
It can be seen that the film is predominantly made up of
randomly oriented grains. A distinctive feature of the films
grown is the presence of a transitional amorphous layer
at the hetero-boundary and amorphous phase inclusions
in the films. In Fig. 1,a (Xpi = Sat.%) the thickness of
the transition layer is about 3nm. For a sample grown
from a target with Xg; = 10at.% (Fig. 1,b), the thickness
of the transition layer reaches 5nm. In both cases, a grain
structure of GalnAsSbBi films can be observed, indicating
the predominance of polycrystalline structure. The insets
to Fig. 1,a,b show TEM images of cross sections of
GalnAsSbBi films grown from targets with Xg; =35 and
10at.%, respectively. For a target Xpi = Sat% the film
thickness reaches about 40nm and for Xg; = 10at.% —
about 80nm. In both cases, the grain size in the growth
direction is comparable to the thickness of the films (insets
in Fig. 1,a, b).
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Figure 1. TEM images of GalnAsSbBi/GaSb hetero-boundaries grown from targets with different Bi contents: xgi = 5 (a) and 10at.% (b).

r — =)
— (]
= AN
- Cleg & Al
I = ) j— I\
o -
- S = % o o
\ A DS RS
é 1F ¢ \ <‘5 © % % %
s N oo &
&t \ E
2 S
3 I ‘i
S | |
0.1F i
- Bi=10at.% Bi=5at%
0.01 | I | I | I | I | I | I | I | I
20 30 40 50 60 70 80 90
0-20, deg

Figure 2. XRD spectra of GalnAsSbBi/GaSb heterostructures grown from targets with different Bi contents.

X-ray microstructural analysis and elemental analysis
were carried out to obtain more detailed information on
the structural properties of the grown solid solutions and
to confirm the Bi inclusion in the film composition and
volume. Figure 2 shows the results of the microstructural
analysis carried out by XRD in the 0—20 geometry.
The measured curves show multiple reflexes caused by
reflections from different crystallographic directions which
testifies to the polycrystalline structure of GalnAsSbBi films
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grown. For the curve corresponding to the film obtained
from a target with Xp; = Sat%, it was found that the
main phase corresponds to a cubic sphalerite type structure.
The crystalline components of the film are represented by
two spatial groups F43m with different cell parameters.
The average size of the coherent scattering region (CSR)
calculated from reflection (111) is 20nm. In addition, an
amorphous phase is detected in the film structure, which
is also confirmed by Fig. 1,a. In the case of xg; = 10at.%
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Figure 3. TEM-image of GalnAsSbBi/GaSb hetero-boundary section (left) and EDS-STEM maps of Bi distribution in GalnAsSbBi layer

(center and right).

(Fig. 2) the main phase also corresponds to a sphalerite-
type cubic structure. The average CSR size calculated from
reflection (111) is less than Snm. The main crystal phases
forming the structure of the GalnAsSbBi films grown are
GaSb, IIle, GaASO.5Bio.5.

One of the important tasks of the current study was to
establish the Bi incorporation into the solid solution and its
distribution over the layer thickness. The elemental com-
position of the grown GalnAsSbBi films and Bi mapping
by layer thickness were determined by the EDS method.
Figure 3 shows the TEM image (HAADF-STEM) and
Bi distribution maps (EDS-STEM) obtained in sample drift
compensation mode during exposure. The mapping results
show that for targets with Xgj =5 and 10 at.%, there is a
different distribution of Bi in the hetero-boundary region. In
the case Xp; = 5 at.% the film boundary is sharper compared
to Xg; = 10at%. We believe this is due to a thinner
amorphous transition region (Fig. 1,a), which changed the
kinetics of surface diffusion of elements, slowing its speed.
For the case Xg; = 10at.% the growth rate of the layer was
found to be 2 times higher, as confirmed by Fig. 1,a,b.
The composition of the films grown was determined from
the EDS results: Gag 751ng 25Sbg.1Asg 87Big 03 (XBi =5 at.%)
and Gag g3Ing.17Sbg 08 Aso.86Bio.06 (XBi =10 at.%). It should
be noted that the composition data obtained are semi-
quantitative in nature as the GaSb substrate is strongly
influenced by the X-ray beam energy of 20keV and the
small thickness of the films (less than 100 nm).

Thus, the study of structural properties of GalnAsSbBi
solid solutions grown on misoriented N-GaSb substrates has
shown that the films have polycrystalline structure in which
the main phase corresponds to the cubic sphalerite-type

structure. The results of X-ray microstructural analysis
showed that the main phases forming the thin film are
GaSb, InSb and GaAsg sBig 5. It is found that increasing the
Bi fraction in the composition of the films grown from 3
to 6at% leads to a decrease in the average size of the
CSR by reflection (111) from 20 to 5nm. In addition,
an increase in Bi concentration on the growth surface was
found to change the kinetics of growth processes towards
an increase in growth rate. In GalnAsSbBi thin films with
high Bi content, the thickness of transition amorphous layer
is larger (Fig. 1), which seems to be caused by an increase
of array parameters mismatch between the layer and the
substrate arrays. The study results show that GalnAsSbBi
solid solutions with Xpj < 5at.% grown on misoriented
GaSb substrates have promise for use as transition buffer
layers in semiconductor nano-heterostructures.
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