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In0.82Ga0.18As was grown by LP-MOCVD on InP substrates with the two-step growth

technique. It was analyzed that epilayer’s growth temperature affected on the

crystalline quality, surface morphology, carrier concentration, and mobility of the

In0.82Ga0.18As, which was characterized by X-ray diffraction, scanning electron

microscopy, and Hall measurements. The evaluation of stress in In0.82Ga0.18As was

made from frequency shift of the GaAs-like LO phonon of the Raman spectrum.

& 2009 Elsevier Ltd. All rights reserved.
1. Introduction

InxGa1�xAs material is very important for light emit-
ters, field-effect transistors, thermophotovoltaic devices,
detectors [1–4], etc. In recent years, there is a great need
for 1–3mm infrared detectors, and the most important
applications are space imaging (including Earth observa-
tion, remote sensing, environmental monitoring, etc. [5])
and spectroscopy. The goal of growing In0.82Ga0.18As is the
extension of the response wavelength of the InGaAs
infrared detectors. However, the large mismatch between
epilayer and substrate results in poor material quality. In
order to overcome this limitation, many schemes [6–8]
have been developed. The two-step growth technique has
often been adopted in growing highly mismatched
heteroepitaxy layers, in which the low-temperature
growth of thin buffer layer is followed by annealing and
then growth of thick epilayer at higher temperatures [9].
Two-step growth techniques of SiGe, AlGaN, InAs, and
GaN [10–13] have been reported. In the two-step growth
method, the buffer layer is an important issue and an
ll rights reserved.

).
actively investigated subject. The effects of In content of
the buffer layer [14] and buffer growth temperature [15]
on In0.82Ga0.18As with the two-step growth methods have
been reported. However, the effect of epilayer’s growth
temperature on In0.82Ga0.18As with this growth technique
is rarely studied. Because growth temperature is one of
the important condition for preparation material, the
study of epilayer’s growth temperature is essential, and it
is a useful help to design for the large lattice mismatch
of InGaAs on InP. In this paper, we report on the effect of
the epilayer’s growth temperature on the properties
of In0.82Ga0.18As. X-ray diffraction (XRD), scanning ele-
ctron microscopy (SEM), Hall measurements, and Raman
scattering are used to characterize the properties of
In0.82Ga0.18As.
2. Experiment

All samples were grown on semi-insulating (10 0) InP
substrates by low-pressure metalorganic chemical vapor
deposition (LP-MOCVD). The growth was performed using
trimethylindium (TMI), trimethylgallium (TMG), and 10%
arsine (AsH3) in H2 as precursors. Palladium-diffused
hydrogen was used for carrier gas. The substrates on a
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graphite susceptor were heated by inductively coupling
radio-frequency power. Temperature was detected by a
thermocouple, and the reactor pressure was kept at
10000 Pa. The In0.82Ga0.18As buffer growth temperature
of all samples was at 450 1C, and thickness was fixed
100 nm. However, the epilayer’s growth temperature was
selected from 490 to 550 1C, thickness was fixed at 0.8mm,
and samples were named A, B, C, and D. Since the In–As
bond energy is less than that of Ga–As [16], it is difficult to
grow the InxGa1�xAs layer with high In content at high
temperature. In the experiments, the flux of TMG was
fixed; the flux of TMI was increased with increase in
epilayer’s growth temperature, and In content of samples
was always kept around x=0.82. After InGaAs buffer
deposition, annealing took place during the temperature
ramping from 450 1C to the epilayer’s growth temperature
at a rate of 25 1C/min in AsH3 ambience. Then TMI and
TMG were switched for the growth of InGaAs epilayer. The
alloy composition was estimated from X-ray diffraction
peak position using Vegard’s law [17]. Thickness of
samples was measured with SEM. Crystalline quality of
In0.82Ga0.18As was characterized by XRD. Surface morphol-
ogy was observed with SEM. Carrier concentration and
mobility were measured using van der Pauw technique at
room temperature. Stress in In0.82Ga0.18As was studied by
Raman scattering. The Raman measurements were per-
formed at room temperature in backscattering geometry,
in which the 514 nm line of an Arþ laser was used for the
exciting light and the incident light on samples was kept
to the same intensity.
Fig. 1. Dependence of the FWHM of the X-ray diffraction of In0.82Ga0.18As on ep

sample C.
3. Result and discussion

In0.82Ga0.18As results in a lattice mismatch Da/a=
2.0�10�2 with InP. In order to reduce the effects of
mismatch on properties of material, many schemes
[18–20] have been developed. D’Hondt et al. [19] have
reported the 2mm thick In0.82Ga0.18As films grown on
different buffer layer. In their studies, the X-ray FWHM
value was 1217 s for the linear compositional graded
InGaAs buffer, and it was 1356 s for the step compositional
graded InGaAs buffer. However, the buffer layer in the
two-step growth technique is different from the linear or
step compositional graded buffer layer (i.e. quite thick
layer, and the In content gradually coincide with its
substrates of its epilayers). The growth technique is
employed to accommodate the mismatch dislocation in
thin buffer layer. Comparing with an InGaAs grown on a
buffer consisting of a graded layer and superlattice [20],
its structure is very simple in the two-step growth
technique.

The results of XRD measurements are shown in Fig. 1.
For sample A, in which the epilayer’s growth temperature
is 490 1C, its full-width at half-maximum (FWHM) of the
XRD is 1915 s. However, the FWHM is 1685 s when the
epilayer’s growth temperature is at 510 1C. It indicates that
the crystalline quality of the sample B is improved. When
the epilayer’s growth temperature is at 530 1C, the FWHM
reaches a minimum of 1303 s. But for the epilayer’s
growth temperature of 550 1C, its FWHM is 1991 s. This
value is wider than that of the sample C, which means that
ilayer’s growth temperature. The inset shows the X-ray diffraction of the
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the crystalline quality of sample D is degraded. In our
experiments the growth conditions such as thickness,
In content, and pressure are fixed but the epilayer’s
growth temperature is varied. It means that the changes of
the FWHM of the XRD of In0.82Ga0.18As are related to the
epilayer’s growth temperature. The selection of epilayer’s
growth temperature can improve the crystalline quality of
In0.82Ga0.18As.

Figs. 2(A)–(D) show surface morphology of sample A, B,
C, and D. It is evident that surfaces of the four samples do
not appear as three-dimensional (3D) islands, indicating
that In0.82Ga0.18As is in the growth mode of the two-
Fig. 2. SEM images of In0.82Ga0.18As on InP with epilayer’s growth te

Fig. 3. Dependence of carrier concentration and mobility for In
dimensional (2D) characteristic. However, sample C, when
the epilayer’s growth temperature is at 530 1C, shows that
its surface morphology is better than those of samples A,
B, and D. The dramatic improvement of its surface
morphology indicates that the epilayer’s growth
temperature is optimized. It is well-known that the
surface-diffusion kinetics plays an important role in the
transition from 2D to 3D growth [21]. When the growth
temperature of epilayer is less than the optimum
temperature, such as 490 1C, the surface atom migration
is significantly restricted. Therefore, large-density cross-
hatched patterns appear in epilayer, which means that it
mperature at (A) 490 1C, (B) 510 1C, (C) 530 1C, and (D) 550 1C.

0.82Ga0.18As on different epilayer’s growth temperatures.
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cannot obtain good surface morphology at a low epilayer’s
growth temperature. However, the surface morphology is
improved with increase in growth temperature from 490
to 530 1C. When temperature is higher than the optimum
temperature, such as 550 1C, many pits appear in epilayer,
which means that the surface morphology of sample D is
degraded. It might be caused by 3D growth enhancement
when x=0.82 in InxGa1�xAs epilayer at 550 1C and buffer
layer is not enough to accumulate these defects. It
indicates that it is not beneficial to grow high In content
of InxGa1�xAs at higher temperature with the two-step
growth technique.

The results of Hall measurements are shown in Fig. 3.
The carrier concentration of samples changes with
increase in growth temperature of epilayer from 490 to
550 1C, and it reaches the lowest value at 530 1C. On the
other hand, mobility of samples increases from 2546 to
3228 cm2/V s with epilayer’s growth temperature from
490 to 530 1C, and it decreases from 3228 to 2656 cm2/V s
with epilayer’s growth temperature from 530 to 550 1C. It
is obvious that changes of carrier concentration and
mobility of the samples are related to epilayer’s growth
temperature. From the above results on XRD and SEM, it is
known that the better the crystalline quality, the higher
the mobility of the material and the lower the carrier
concentration of the material. This is because some
defects in material will serve as scattering centers for
the carrier and limit the mobility.

Raman scattering [22] is an indirect way to character-
ize the crystalline quality of material. Fig. 4 shows Raman
Fig. 4. Raman spectra of the samples with epilayer’s growth temperature at

dependence of the DOLO of GaAs-like on epilayer’s growth temperature.
spectra of the four samples. There are two Raman peaks in
each spectrum, which are at around 234 and 252 cm�1,
corresponding to LO-phonon modes of InAs and GaAs,
respectively. The inset of Fig. 4 shows that Raman
frequency shift (DO) of GaAs-like LO of samples
decreases from 3.12 to 1.08 cm�1 with epilayer’s growth
temperature from 490 to 530 1C and then increases from
1.08 to 5.90 cm�1 with epilayer’s growth temperature
from 530 to 550 1C. The stress in In0.82Ga0.18As can be
calculated from a frequency shift of the GaAs-like LO
phonon. Since the compressive stress shifts the phonon to
high energy [23], the GaAs-like LO-phonon frequency of
samples should have frequency shift. Following the
formulas and definition [24], using measured result
DOLO, it can obtain the stress in InGaAs. For sample C,
its DOLO reaches a minimum, and its stress in InGaAs is
also a minimum. This indicates that the optimum growth
temperature of epilayer is at 530 1C.

4. Conclusions

In summary, In0.82Ga0.18As has been grown using
In0.82Ga0.18As buffer layer on InP substrate with the two-
step growth technique. In order to investigate effect of
epilayer’s temperature on In0.82Ga0.18As, several epilayer’s
growth temperatures are selected. The results of experi-
ments show that the crystalline quality, surface morpho-
logy, carrier concentration and mobility, and stress could
be improved by employing an appropriate epilayer’s
growth temperature. When the epilayer’s temperature of
(A) 490 1C, (B) 510 1C, (C) 530 1C, and (D) 550 1C. The inset shows the
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a sample was at 530 1C its FWHM of XRD was 1303 s,
stress reached a minimum, carrier concentration was
5.72�1016 cm�3, and mobility was 3228 cm2/V s.
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