Journal of Alloys and Compounds 466 (2008) 507-511

Journal of

ALLOYS
AND COMPOUNDS

www.elsevier.com/locate/jallcom

Effect of buffer layer thickness and epilayer growth temperature
on crystalline quality of InAsy9Sbg; grown by MOCVD

Shuzhen Yu??, Guoging Miao®*, Jianchun Xie?, Yixin Jin?,
Tiemin Zhang®®, Hang Song?, Hong Jiang?, Zhiming Li?

4 Key Laboratory of Excited State Processes, Changchun Institute of Optics, Fine Mechanics and Physics,
The Chinese Academy of Sciences, Changchun 130033, China
b Graduate School of the Chinese Academy of Sciences, Beijing 100049, China

Received 19 September 2007; received in revised form 14 November 2007; accepted 21 November 2007
Available online 26 November 2007

Abstract

InAsy9Sby ; epilayers are grown on GaAs (001) substrates by metal organic chemical vapor deposition (MOCVD). In order to relax compressive
strain caused by lattice mismatch between InAsyoSby; and GaAs, we employ a two-step growth method in which low temperature (430 °C)
InAsgoSby | buffer layers with different thicknesses are introduced into the structure. Effect of the buffer layer thickness and the epilayer’s growth
temperature on crystalline quality of the epilayer is investigated, respectively. It is clear that there are strip pyramids paralleling with each other on
most surface of the samples. The crystalline quality gets well obviously when the buffer layer thickness change from 0 to 50 nm, but it gets worse
when the buffer layer thickness increases to 100 nm. It is also shown that the crystalline quality of the epilayer is improved obviously when the
epilayer is grown at 500 °C, and it gets worse when the growth temperature decreases or increases.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

InAsSb ternary alloys have received increasing attention due
to their advantages of high device operation temperature, high
stability, as well as high electron mobility [ 1-6] for their infrared
applications. Such as InAsSb infrared photodetectors can oper-
ate at room temperature and they have small bandgap changes
from compositional variations, more stable parameters with
respect to external influences. The InAsSb ternary alloys are
mismatched to GaAs by between 7.2% and 14.5%, depending on
composition. So there exist compressive strains between epilay-
ers and substrates which induce kinds of defects. The problem
can be reduced by the incorporation of thin strained layers or
by the growth of buffer layers with or without graded lattice
parameters [6-9]. Supperlattice based on InAsSb are princi-
pally used as buffer layers. But a single step strain relaxation
approach can simplify the growth procedure. Such as the two-
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step growth method which consists of an initial low temperature
buffer layer and following a high temperature growth of epilayer
has often been employed to grow high mismatch epilayers. The
low temperature buffer layer is believed to act as a template for
succeeding high temperature grown epilayers and to accommo-
date lattice strain caused by both lattice mismatch and thermal
one. Two-step growth methods of SiGe [10], AlIGaN [11], InAs
[12] and GaN [13] have been reported. However, InAsg.9Sbg |
with this growth method is rarely studied. In this paper, low
temperature (430 °C) InAsg.9Sby. 1 buffer layers are employed in
growing InAsg¢Sby 1 epilayers on GaAs substrates. We utilize
scanning electron microscopy (SEM), Raman scattering, photo-
luminescence (PL) and Hall measurement to study the effect of
the buffer layer thickness and the epilayer’s growth temperature
on the crystalline quality of the epilayers.

2. Experimental

Experiments were carried out by MOCVD in a horizontal reactor operating
at a low pressure of 10kPa. Hydrogen was used as the carried gas at a
total flow of 2.0 L/min. The sources of In, Sb and As were trimethylindium
(TMIn), trimethylantimony (TMSb) and AsH3 diluted to 10% in hydrogen,
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Table 1
Growth parameters for the eight samples

Sample number Buffer layer

thickness (nm)

Epilayer growth
temperature (°C)

Al 10 520
A2 30 520
A3 50 520
A4 100 520
B1 30 480
B2 30 500
B3 30 520
B4 30 550

Samples A1, A2, A3 and A4 are grown with different buffer layer thicknesses.
The difference between samples B1, B2, B3 and B4 is InAs 9Sby 1 epilayers’
growth temperature.

respectively. After growing the InAsggSbg; buffer layers at 430°C, AsHj3
and TMSb were used as protecting atmosphere during raising temperature
from 430°C to the InAsp9Sby epilayer’s growth temperature. Then, TMIn
was inputted again to grow the epilayers. The flow of TMIn, TMSb and
AsHj were varied from 0.5 x 1073 to 1.0 x 107>, 0.15 x 107 t0 0.56 x 10~°
and 0.6 x 107 to 0.8 x 107> mol/min. The thickness of all the samples
is 0.7 wm. Growth parameters for eight samples to be considered in this
paper were summarized in Table 1. For samples Al, A2, A3 and A4, the
buffer layers were grown at 430°C and the epilayers were grown at 520°C.
Their buffer layer thicknesses were 10, 30, 50 and 100nm, respectively.
For samples B1, B2, B3 and B4, the 30-nm thick buffer layers were grown
at 430°C, and the epilayers were grown at 480, 500, 520 and 550°C,
respectively.

3. Results and discussion

Fig. 1 shows SEM of samples A1, A2, A3 and A4. The growth
parameters such as the V/III ratios, the flow rates of TMIn,
TMSb and AsH3, the thicknesses of the epilayers and the reactor
pressure are identical with each other during the four samples
growth except for the InAsg9Sbp ; buffer layers thicknesses.
As increasing the buffer layers thickness, surface morphologies
with different number and size of paralleling strip pyramids can
be visible. Sample A1 has a large number of small strip pyra-
mids. Samples A2 and A3 have fewer strip pyramids, but their
size became larger. For sample A4, there are not only some larger
strip pyramids but also a lot of small strip pyramids on its surface.
The energy-dispersed X-ray spectrometry (EDS) taken from the
strip pyramids and from the smooth areas is almost the same.
So the strip pyramids are not the separate elemental antimony or
indium phase. Nakamura [7,14] thought the strip pyramids imply
adifferent incorporation behavior of the atoms to the growth sur-
face compared with other compositional InAs,Sbi_, (x <0.6).
Surface morphology of the InAsy9Sbg 1 epilayers grown with-
out buffer layers appears higher density of small paralleling strip
pyramids (not shown here) which caused by compressive strains
between epilayers and GaAs substrates. Due to large lattice mis-
match, the buffer layers grown on GaAs substrates form islands
in the initial growth stage. After the islands exceed a critical
size, the compressive strain in the islands is relaxed by introduc-
tion of misfit dislocation. Most of the misfit dislocations exist

A3

A4

Fig. 1. SEM of samples A1, A2, A3 and A4. The buffer layer thickness of Al is 10nm, A2 is 30 nm, A3 is 50 nm, A4 is 100 nm.
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Fig. 2. Raman scattering spectra of the InAsg 9Sby ; epilayers for which buffer
layer thicknesses are different. The inset shows I" and I'y, which is used in the
asymmetry ratio (I",/I'y) of Raman scattering spectra.

in the buffer layers, especially in the plane heterojunction, but
the compressive strains do not relax completely. Those resid-
ual compressive strains still induce kinds of defects such as
paralleling strip pyramids on the epilayer’s surface and misfit
dislocations in the epilayers. So, on the surface, the paralleling
strip pyramids do not disappear and there are residual misfit dis-
locations in the epilayers. The relaxation of compressive strain
is different with different buffer layer thicknesses. That is, there
exists appropriate thickness of the buffer layers that can relax
the compressive strain in maximum.

Raman scattering spectra for InAsg 9Sby 1 epilayers with dif-
ferent buffer layer thicknesses are shown in Fig. 2. Two peaks
can be visible which correspond to the InAs-like LO mode and
the InSb-like LO mode. That is InAsg 9Sby | epilayers grown on
GaAs (00 1) substrates reveal two-mode behaviors that is identi-
cal with Li [15]. A shoulder lies between the InAs-like LO mode
and the InSb-like LO mode for all the samples. This shoulder
has been observed by Li [15] and Cherng [16] for InAsSb, by
Kakimoto [17] for InGaAs, and was interpreted as being due
to disorder-activated optical (DAO) phonons. For sample A4,
a broadband with Raman shift 136cm™! is observed. A simi-
lar broadband which exists between 130 and 150 cm™! has been
reported by Cherng [16]. This band was identified as been due to
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Fig. 3. SEM of samples B1, B2, B3 and B4. The InAs( 9Sby.1 epilayers’ growth
temperature of B1 is 480 °C, B2 is 500 °C, B3 is 520°C, B4 is 550°C.
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disorder-activated longitudinal acoustic (DALA) phonons [16].
Raman scattering is determined by the overlap integral of elec-
trons, phonons and photons, the finite phonon mode will lead
to the broadening and asymmetry of the Raman scattering line
shape [18]. Therefore, the full-width at half-maximum (FWHM)
and the asymmetry ratio (I",/I"y) of Raman scattering spectra
can determine the alloy disorder, consequently characterize the
crystalline quality of samples. I", and I}, are two half-widths at
half-maximum of the Raman scattering peak which are shown in
inset of Fig. 2. The FWHM and the I",/I", of Raman scattering
spectra for samples Al, A2, A3 and A4 are 26.33, 23.82, 12.54,
27.58 cm~! and 6.37, 4.68,2.74,5.57, respectively. It is obvious
that sample A3 has the minimum FWHM and I",/I"y,. Consid-
ering the surface morphology, the FWHM and the I",/I"y, the
thickness of the buffer layer as thick as 50 nm is an effective
thickness for improving the crystalline quality of the epilayers
on GaAs (00 1) substrates.

Fig. 3 presents SEM of the samples B1, B2, B3 and B4.
Only sample B1 does not have strip pyramids, because epilay-
ers grown at low temperature (480 °C) can more effectively relax
the residual compressive strain [21]. But electrical property of
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Fig. 4. The 77 K photoluminescence of samples B1, B2, B3 and B4. The exci-
tation source is Ar-ion laser operating at 514.5 nm.
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Fig. 5. The asymmetry ratio (/"3/I"p) of Raman scattering spectra and the
FWHM of PL (77K) for samples B1, B2, B3 and B4 with different growth
temperatures of the InAs 9Sby ; epilayers.

the epilayers becomes poor simultaneously [19]. The size and
the number of the paralleling strip pyramids increase when the
growth temperature of the epilayers is increased. Room temper-
ature electron mobility of samples B1, B2, B3 and B4 are 3108,
3718,3466 and 3299 cm?/V s, respectively. It is clear that sample
B2 has the highest electron mobility. In the epilayers, the residual
misfit dislocations that act as scattering center reduce the carrier
mobility [20,21]. Hereby, the density of misfit dislocations in the
epilayer of sample B2 is the least. The 77 K photoluminescence
spectra of the samples are shown in Fig. 4. The band gap energy
of samples is about 0.325 eV that matches extremely well with
the calculated value of 0.3257 eV [22]. The PL measurement was
performed with the experimental system being purged with dry
air, hence the carbon dioxide (CO,) absorption at 0.291 eV can
be detectable [23,24]. This coincides with the fact that the CO,
absorption features at approximately 0.29 eV in the PL lines of
samples B1, B3 are observed. For samples B2 and B4, the broad-
ening of the PL lines cover up the CO, absorption signals. The
I/, of Raman scattering spectrum and the FWHM of PL for
samples B1, B2, B3 and B4 with different growth temperatures
of the epilayers are plotted in Fig. 5. For sample B2, the I",/T",
of Raman scattering spectrum is 2.39 and the FWHM of PL is
30.4 emV. Both are the minimum. In general, some defects such
as misfit dislocations are known to broaden photoluminescence
linewidths. So the change of the FWHM of PL is related to the
growth temperatures of the epilayers. That is, sample B2 for
which epilayers’ growth temperature is 500 °C has the highest
crystalline quality.

4. Conclusions

The InAsp.9Sbg 1 epilayers grown on GaAs (00 1) substrates
were obtained by MOCVD with the two-step growth method.
The surface morphologies of the samples are observed by SEM.
Itis clear that there are paralleling strip pyramids on most surface
of the samples. The InAsg ¢9Sby 1 buffer layers grown at 430 °C
can effectively relax the compressive strains by the generation
of a high density of misfit dislocations at the heterojunctions
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between buffer layers and substrates. But there are residual com-
pressive strains. Those residual compressive strains induce kinds
of defects such as paralleling strip pyramids on the epilayers’
surface and misfit dislocations in the epilayers. The crystalline
quality of the samples is characterized using the FWHM and the
I'y/T'y of Raman scattering spectra, the FWHM of PL (77 K)
and the room temperature Hall measurement. It is found that the
optimum thickness of the buffer layer is 50 nm and the optimum
growth temperature of the epilayer is 500 °C.
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