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InAsi—,Sb, with different compositions is grown by molecular beam epitaxy on (100)-oriented semi-insulating
GaAs substrates. The increase of Sb content in the epilayer results in the deterioration of crystal quality and
surface morphology. Hall measurements show that the carrier concentration increases with the composition of
Sb. The electron mobility decreases initially, when Sb composition exceeds a certain value, and the mobility
increases slightly. In this work, we emphasize the comparison of crystal quality, surface morphology and electrical

properties of epilayers with different Sb compositions.
PACS: 68.37.—d, 61.05.—a, 81.15.—z, 81.05.Ea

InAsSb is an ideal material for the prepara-
tion of infrared detectors. It has the narrowest
band gap in the family of M-V compounds. In
terms of infrared detection, the detection wavelength
of InAsSb-based infrared detectors covers mid-wave
infrared (MWIR) and long-wave infrared (LWIR).
There are many reports on InAsSb-based infrared de-
tectors, including photoconductive detectors,!'! pho-
tovoltaic detectors,>?] nBn detectors.*”] A high-
quality InAsSb epitaxial layer is the prerequisite for
the fabrication of devices.

InAsSb epitaxial layers have been fabricated on
GaAs, %7 InAs,[¥ InPl! and GaSbl'-'!] substrates.
For the material system with large mismatch, the
high-quality epitaxial layer is not easily obtained. The
use of intermediate buffer!'?! or nucleation layer!'?! is
beneficial to the improvement of the epitaxial quality.
InAsSb ternary on GaAs has a lattice mismatch be-
tween 7.2% and 14.5%, depending on the content of
Sb. The use of InAs nucleation layer may be a good
way for the acquisition of high-quality InAsSb. More-
over, the peak response of InAsSb-based infrared de-
tection devices includes middle wavelengths and long
wavelengths, and the wavelength depends on Sb com-
position. Thus it is important to characterize the
properties of InAsSb layers with different composi-
tions. However, the accurate control of composition is
not easy for the alloy with double V-group elements.
In this work, InAsSb alloys with different composi-
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tions are grown on GaAs substrates by changing Sb
flux. The influence of Sb compositions on crystal qual-
ity and electrical property was analyzed. Although the
growth of InAsSb epilayer has been reported by oth-
ers, few have focused on the comparison of different
InAsSb epilayers. Therefore, crystal structure, mor-
phology and electrical property of different Sb compo-
sition InAsSb epilayers are investigated systematically
in our work.

The epitaxial growth was performed in a VG
Semicon V80 molecular beam epitaxy (MBE) system
equipped with a valved arsenic cracker cell and an
effusion antimony cell.
by an ion gauge positioned in the growth chamber.
The growth of the sample includes two steps. First, a
20 nm InAs nucleation layer was deposited on a GaAs
substrate at 405°C, followed by a 1.5 um InAs;_,Sb,
(x = 0%, 5%, 8.8% and 11%) layer at 450°C. The V-II
flux ratio of As and In was fixed at 10 for all the sam-
ples, and different Sb compositions were achieved by
varying the Sb beam flux. The growth rate depending
on indium beam flux was 6000 A /h.

The Hall-effect measurement was performed at
room temperature (300K) and low temperature
(77 K) on the samples to determine the electrical prop-
erty. The morphology of the epitaxial layer was stud-
ied by using scanning electron microscope (SEM) and
atomic force microscope (AFM). Composition and
crystalline quality of the epilayer were characterized

Beam fluxes were measured
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by double-crystal x-ray diffraction (XRD), by using a
Cu Ka source.
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Fig.1. X-ray diffraction patterns: (a) w-26 curves of
InAsi—zSba, (b) x-ray rocking curves of InAs_;Sbg.
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Fig. 2. Scanning electron micrograph of the epilayers: (a)
z =0, (b) z =5%, (c) z =8.8%, and (d) z = 11%.

X-ray diffraction in (004) and (115) orientations
was measured to assess the crystal quality and to
determine the composition of the epilayer. Figure
1(a) shows the w26 curves of the epilayers. For
each sample, there is only a narrow peak of epi-
layer in addition to the peak of the substrate. No
phase separation as reported by others!'*! was ob-
served in our samples. The accurate value of full
width at half maximum (FWHM) could be obtained
from the x-ray rocking curves. The comparison of x-
ray rocking curves in Fig. 1(b) indicates that the in-
crease of Sb results in broader x-ray diffraction peaks
(FWHM>600 arcsec), while the InAs epilayer has a
narrow FWHM (236 arcsec). The FWHM reduces
much compared with samples by using other nucle-
ation layers.['”) From the x-ray diffraction measure-
ments we could conclude that the high Sb composi-

tion in the epilayer leads to worse crystal quality, and
this can be attributed to lattice mismatch. The lat-
tice constant of InSb is larger than InAs, the increase
of Sb composition results in the deterioration of crys-
tal quality. The strain relaxations acquired by x-ray
diffraction from planes of symmetry and asymmetry
are 99.85%, 99.26% and 99.63% for the Sb composi-
tions of 5%, 8.8% and 11%, respectively. This indi-
cates that the samples have nearly full relaxation.
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Fig. 3. AFM images of InAsi_,Sb, epilayers: (a) z =0,
(b) z = 5%, (c) z = 8.8%, and (d) z = 11%.
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Fig. 4. Dependence of rms roughness on Sb compositions.

AFM and SEM measurements were performed to
study the surface morphology. From the SEM images
(Fig.2) we can see that samples with a low Sb com-
position have a flat surface with no obvious defects.
With the increase of Sb compositions, the surface be-
comes uneven, and some distinct defects appear on the
surface. AFM can characterize the surface roughness
quantitatively with high accuracy. The rms rough-
ness was measured over a 5 x 5 um? area for all sam-
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ples. The surface roughness of InAs is around 1.14 nm
(Fig.3(a)). Due to the formation of defects on the
surface, when Sb composition comes to 11%, the rms
roughness of InAsSb increases up to 19.3nm. The
measured dependence of rms roughness on Sb compo-
sitions is shown in Fig.4. From the results of AFM
and SEM, we can see that the sample with a high Sb
composition has a very uneven surface (Fig. 3(d)), and
some surface defects can be seen clearly.
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Fig.5. Measured composition dependences of (a) Hall

mobility and (b) concentration.

The formation of the observed surface morphol-
ogy can be explained as follows. In the het-
eroepitaxial growth, the lattice relaxation caused by
lattice mismatch has a great influence on surface
morphology!'®' and properties.['*] According to the
model of Matthews et al.,l'”) for the epitaxial growth
with lattice mismatch, there exists a critical thick-
ness above which misfit dislocations would appear to
reduce strain energy. For the growth of InAsSb on
the GaAs substrate with the InAs nucleation layer,
the process of growth includes two lattice relaxation
processes. Firstly, the InAs film has a 7.2% lattice
mismatch with the GaAs substrate, the epilayer is
strained at the beginning, and the strain is relieved
beyond the critical thickness through the formation of
dislocations. Due to the large lattice mismatch, the
InAs nucleation layer contains a large number of dis-
locations. Secondly, for the InAsSb film on the InAs
nucleation layer, the InAsSb epilayer is strained at
the beginning, and the strain is relieved beyond the
critical thickness. Due to the fact that the InAs nucle-
ation layers were grown under the same condition, the
morphologies of the samples resulted from different Sb
compositions. For the sample with Sb composition of
11%, the InAsSb film has a lattice mismatch of 0.76%
with the InAs layer, a large number of dislocations
were formed in the process of strain relaxation. Thus
the rugged surface is formed by large lattice mismatch
and strain relaxation. The defect density depends on
lattice mismatch. Therefore, the sample with high Sb
content (11%) has a distinctively rough surface.

Room temperature (300K) and low temperature
(77K) Hall-effect measurements were carried out on
all the samples by using Van der Pauw’s method. The

electron mobility and concentration values of the sam-
ples are listed in Table 1. The presence of defects in
the lattice-mismatched system has a great influence
on the results of Hall-effect measurements. Figure
5 shows the variation of mobility and concentration
with Sb compositions. The mobility decreases with
the increase of Sb compositions initially. When Sb
composition reaches 11%, the mobility has a slight in-
crease. The decrease of mobility can be attributed
to the large lattice mismatch caused by high Sb com-
position. Due to the fact that the mobility of InSb
is higher than InAs, the mobility of InAsSb increases
when Sb composition is high enough. Thus the mobil-
ity increases when Sb composition is 11%. The defects
caused by lattice mismatch act as donors providing
electrons, as a result, the concentration increases with
the composition of Sb. The electrical property is in
good agreement with the results of XRD, SEM and
AFM. The samples with good crystal quality and flat
surface have high electron mobility and low concen-
tration. The Sb composition in the InAsSb-based nBn
type detector is 9%. In our experiments, the sample
with Sb composition of 8.8% is an ideal material used
for the InAsSb-based nBn type detector.

Table 1. Results of Hall-effect measurements.

Composition  Mobility (cm?/Vs) Concentration (cm™32)

300K TTK 300K TTK

0% 9636 19823 2.24x1016  1.16x1016
5% 7776 16205 4.62x1016  2.28x1016
8.8% 7853 8968 5.55x1016  3.66x1016
11% 8626 9855 5.92x1016 4.19x1016

Infrared detection is one of the important applica-
tions of InAsSbh. Since the nBn type infrared detector
was proposed by Maimon et al.,”"! the InAsSb-based
nBn infrared detector has attracted great interests.
Although the large lattice mismatch exists between
InAsSb and the GaAs substrate, good crystal quality
can be acquired by using a nucleation layer. Further-
more, the GaAs substrate has the advantages of low
cost and mature processing technology. Also, the per-
formance of InAsSb-based bariodes on the GaAs sub-
strate is comparable with equivalent structures grown
on GaSb,[?"?? this may be attributed to the special
energy band structure. Thus the study of InAsSb
grown on the GaAs substrate is important for the
preparation of InAsSb-based devices.

In summary, InAsSb epilayers with different Sb
compositions have been grown on semi-insulating
GaAs substrates with an InAs nucleation layer. The
InAs epilayer has a good crystal quality and flat sur-
face without any surface defects. The crystal quality
of InAsSb deteriorates with the increase of Sb compo-
sition, and surface defects appear on the epilayer with
high Sb composition (11%). It is evident that the elec-
trical property is dependent on the crystal quality and
surface roughness. The influence of Sb compositions
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on crystal quality, surface morphology and electrical

properties is studied systematically. [10]
[11]
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