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bstract

In0.82Ga0.18As epilayers were grown by LP-MOCVD on InP (1 0 0) substrates with two-step growth method. It was analyzed that growth tem-
erature of buffer layer exerted an influence on its crystalline quality and optical property, which were characterized by X-ray diffraction, scanning

lectron microscopy, and photoluminescence. The experiments showed that the crystalline quality and the optical property of the In0.82Ga0.18As
pilayers had close relation to the growth temperature of buffer layer and the optimum buffer’s growth temperature was about 450 ◦C.

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

InxGa1−xAs materials are very important for light emitters
1], field-effect transistors [2], thermophotovoltaic devices [3],
nd detectors [4], etc. In recent years, there are great needs for
–3 �m infrared detectors, and the most important applications
re space imaging (including earth observation, remote sensing,
nvironmental monitoring, etc. [5]) and spectroscopy. One of
he goals of growing In0.82Ga0.18As materials is the extension
f the response wavelength of the InGaAs infrared detector. But
he large mismatch between epilayers and substrates results in
oor material quality. In order to overcome this limitation, many
chemes [6–10] have been developed. The two-step growth
ethod has often been adopted in growing highly mismatched
eteroepitaxy layers, in which the low-temperature growth of
hin buffer layers is followed by annealing and then growth of
hick epilayers at higher temperatures [11]. The low-temperature
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eposited buffer layer is believed to act as a template for suc-
eeding high-temperature grown epilayers and to accommodate
attice strain caused by both lattice mismatch and thermal one.
n two-step growth method, the buffer layer is an important issue
nd an actively investigated subject. Two-step growth methods
f SiGe [12], AlGaN [13], InAs [14], and GaN [15] have been
eported. However, In0.82Ga0.18As with this growth method is
arely studied. In this paper, we report LP-MOCVD growth
f In0.82Ga0.18As epilayers on InP (1 0 0) substrates with the
wo-step growth method and the study on the effect of buffer
rowth temperature on crystalline quality and optical property
f In0.82Ga0.18As epilayers. The X-ray diffraction (XRD), scan-
ing electron microscopy (SEM), and photoluminescence (PL)
re used to evaluate the property of materials.

. Experimental
All samples were grown on semi-insulating (1 0 0) InP substrates by
P-MOCVD. The growth was performed using trimethylindium (TMIn),

rimethylgallium (TMGa), and 10% arsine (AsH3) in H2 as precursors.
alladium-diffused hydrogen was used for carrier gas. The substrates on a
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ig. 1. Dependence of the FWHM of the X-ray diffraction of In0.82Ga0.18As
pilayers on buffer’s growth temperatures. The inset shows the X-ray diffraction
f the sample C.

raphite susceptor were heated by inductively coupling radio frequency power,
he temperature was detected by a thermocouple, and the reactor pressure was
ept 10,000 Pa, the growth temperature of In0.82Ga0.18As buffer layer of four
amples with two-step growth method were selected between 410 and 470 ◦C,
nd their thickness was fixed 100 nm. However, In0.82Ga0.18As epilayers was
rown at 530 ◦C and its thickness was fixed 0.8 �m. The crystalline quality
f In0.82Ga0.18As epilayers was characterized by XRD and SEM. The optical
roperty of the In0.82Ga0.18As was investigated by PL spectrum.

. Result and discussion
The results of XRD measurements are shown in Fig. 1. For
he sample A, in which the buffer’s growth temperature is at
10 ◦C, it can be found that the full width at half maximum
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Fig. 2. SEM images of In0.82Ga0.18As on InP with different buffer’s growth tempe
ompounds 458 (2008) 363–365

FWHM) of the XRD is 1991 s, and it is the widest among the
our samples. It shows the sample A is the poorest crystalline
uality. The FWHM is 1400 s when the buffer’s growth tem-
erature is at 430 ◦C. It indicates the crystalline quality of the
ample B is improved. When the buffer growth temperature is at
50 ◦C, the FWHM reaches a minimum of 1303 s. It shows the
rystalline quality of the sample C is optimum. However, for the
uffer’s growth temperature of 470 ◦C, the FWHM is 1408 s.
his value is wider than that of the sample C, it means that

he crystalline quality of sample D is degraded. In our experi-
ents, the growth conditions, such as thickness, V/III ratio, and

ressure are fixed, but only the growth temperature of buffer
ayer is varied. It indicates that the changes of the FWHM of the
RD of In0.82Ga0.18As epilayers are related to the growth tem-
erature of buffer layer. The selection of growth temperature of
uffer layer can improve the crystalline quality of In0.82Ga0.18As
pilayers.

Fig. 2(A)–(D) shows that surface morphology of sample A,
, C and D. It is evident that the surfaces of the four samples
o not appear three-dimensional (3D) islands, indicating that
he epilayers are in the growth mode of the two-dimensional
2D) characteristic. However, the sample C, that the growth
emperature of buffer layer is at 450 ◦C, shows that its sur-
ace morphology is better than that of sample A, B, and D
ith some pits. The dramatic improvement of its surface mor-
hology indicates that the growth temperature of buffer layer is
ptimized. It is well known that the surface morphology is influ-
nced by some defects in the epilayers. The surface-diffusion
inetics plays an important role in the transition from 2D to
D growth [16]. In particular, decreasing the growth tempera-
ure reduces the surface diffusion coefficient thus delaying the

D–3D growth mode transition [17]. Since the buffer layer was
rown at relatively low temperature, the surface atom migration
as significantly restricted during the growth. Therefore, the

train existing at interface between the epilayer and buffer layer

ratures at (A) 410 ◦C, (B) 430 ◦C, (C) 450 ◦C, and (D) 470 ◦C, respectively.
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Fig. 3. PL spectra of In Ga As on InP with different buffer’s growth tem-
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eratures at (A) 410 ◦C, (B) 430 ◦C, (C) 450 ◦C, and (D) 470 ◦C measured at
7 K.

ould be released easily by generating dislocations in the buffer
ayer. The misfit dislocations and some defects in epilayers are
educed. It indicates that the growing of In0.82Ga0.18As with
wo-step growth method at an appropriate buffer growth tem-
erature is essential in improving the surface morphology of its
pilayers.

The optical property of the samples is investigated by PL.
ig. 3 shows the PL spectra of the four samples at 77 K. As
een from this figure, the spectra show a strong band edge
mission at 0.529 eV (2.34 �m). The FWHM of PL is 46.1,
4.2, 27.3, and 33.9 meV, corresponding to the sample A, B, C,
nd D, respectively. In general, luminescent efficiency increases
ith increasing purity of the crystal for the band edge emission

18]. Misfit dislocations and some defects are known to quench
uminescence due to nonradiative recombination as well as to
roaden photoluminescence linewidths. So the change of the
WHM of PL is related to the growth temperature of buffer

ayer.
In order to achieve the optimum property of materials, a

00 nm thick In0.82Ga0.18As buffer layer is deposited on InP
ubstrate at low-temperature. When the temperature of buffer
ayer is lower than a certain temperature range, a dense cross-
atched pattern appears in the buffer layer, which is greatly
isadvantageous to reduce the defects in In0.82Ga0.18As epilay-
rs. However, the 3D growth mode of buffer layer is enhanced
hen the temperature is higher than a certain temperature range,

hich will degenerate the properties of In0.82Ga0.18As epilay-

rs. From the results of XRD, SEM, and PL, there exists an
ptimum growth temperature of buffer layer for the growth of
n0.82Ga0.18As epilayers.

[
[
[
[
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. Conclusions

We employed the two-step growth method to grow the
n0.82Ga0.18As on InP substrates. The effect of buffer’s growth
emperature on the crystalline quality and optical property
f epilayers was investigated carefully. We utilized XRD to
haracterize the crystalline quality of In0.82Ga0.18As epilayers,
sed SEM to observe its surface morphology, and employed
L to evaluate its optical property. When we grew a 100 nm
n0.82Ga0.18As at 450 ◦C as a buffer layer, its FWHM of XRD
as 1303 s, its crystalline quality of In0.82Ga0.18As epilayers
as optimum, and its surface morphology was the best. At the
ptimum growth temperature of buffer layer, the sample had
ood luminescent property and its FWHM of PL was 27.3 meV.
t indicates that a suitable buffer’s growth temperature was effi-
ient to improve the property of In0.82Ga0.18As epilayers.

cknowledgements

This work is supported by the Projects of National Natural
cience Foundation of China under grant nos. 50632060 and
0372067.

eferences

[1] H. Nagai, Y. Noguchi, Appl. Phys. Lett. 29 (1976) 740.
[2] S. Bandy, C. Nishimoto, S. Hyder, C. Hooper, Appl. Phys. Lett. 38 (1981)

817.
[3] S.L. Murray, F.D. Newman, C.S. Murray, D.M. Wilt, M.W. Wanlass, P.

Ahrenkiel, R. Messham, R.R. Siergiej, Semicond. Sci. Technol. 18 (2003)
s202.

[4] K.J. Bachmann, J.L. Shay, Appl. Phys. Lett. 32 (1978) 446.
[5] R.W.M. Hoogeveen, R.J. van der A, A.P.H. Goede, Infrared Phys. Technol.

42 (2001) 1.
[6] S. Durel, J. Caulet, M. Gauneau, B. Lambert, A. Le Corre, A. Poudoulec, D.

Lecrosnier, Proceedings of the Second International Conference on Indium
Phosphide and Related Materials, 1990, p. 139.

[7] Y.G Chai, R. Chow, J. Appl. Phys. 53 (1982) 1229.
[8] M.D. Scott, A.H. Moore, A.J. Moseley, R.H. Wallis, J. Crystal Growth 77

(1986) 606.
[9] M.A. di Forte-Poisson, C. Brylinski, J. di Persio, X. Hugon, B. Vilotitch,

C. Le Noble, J. Crystal Growth 124 (1992) 782.
10] M. Wada, H. Hosomatsu, Appl. Phys. Lett. 64 (1994) 1265.
11] H.J. Ko, Y.F. Chen, J.M. Ko, T. Hanada, Z. Zhu, T. Fukuda, T. Yao, J.

Crystal Growth 207 (1999) 87.
12] H. Chen, L.W. Guo, Q. Cui, Q. Hu, Q. Huang, J.M. Zhou, J. Appl. Phys.

79 (1996) 1167.
13] C.F. Shih, N.C. Chen, S.Y. Lin, K.S. Liu, Appl. Phys. Lett. 86 (2005)

211103-1.
14] H.-R. Yuan, S.-J. Chua, Z.-L. Miao, J. Dong, Y. Wang, J. Crystal Growth

273 (2004) 63.

15] I. Akasaki, J. Crystal Growth 237–239 (2002) 905.
16] C.W. Snyder, J.F. Mansfield, B.G. Orr, Phys. Rev. B 46 (1992) 9551.
17] R.S. Goldman, J.C.P. Chang, K.L. Kavanagh, SPIE 2140 (1994) 179.
18] W. Gao, P.R. Berger, M.H. Ervin, J. Pamulapati, R.T. Lareau, S. Schauer,

J. Appl. Phys. 80 (1996) 7094.


	Effect of buffer growth temperature on crystalline quality and optical property of In0.82Ga0.18As/InP grown by LP-MOCVD
	Introduction
	Experimental
	Result and discussion
	Conclusions
	Acknowledgements
	References


