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1. Introduction

Due to its excellent electrical properties such as high
electron mobility of about 78,000 cm?/(Vs) and high elec-
tron saturation velocity of about 5x10” cm/s at RT, InSb is
one of the most attractive materials for high speed and low
power device applications [1-3]. The heteroepitaxial growth
of InSb on Si is of interest from the viewpoint of integra-
tion of InSb-based devices and Si-LSI. However, the het-
eroepitaxy of InSb on Si is very difficult to achieve because
of the large lattice mismatch of about 19.3% between them.
To overcome the difficulty, various buffer layers such as
GaAs [4], AISb [5] and Ge [6-8], have been used.

Recently, we have reported that the surface reconstruc-
tion by In and Sb atoms formed on Si (InSb bilayer) is a
good solution for solving the lattice mismatch problem
[9-12]. The InSb films grown on the InSb bilayer, prepared
by the adsorption of 1 monolayer (ML) Sb onto a
In-induced surface reconstruction such as Si(111)-V7xV3-In,
were rotated by 30° with respect to the Si(111) surface. In
this case, the lattice mismatch between InSb and Si was
nominally reduced to about 3.3%. Previously, we optimized
the growth condition of the first layer such as growth rate,
growth temperature and thickness in the two-step growth
method, and demonstrated the growth of 1um-thick InSb
film with high electron mobility of about 38,000 cm?/(Vs)
using lower growth rate, higher growth temperature, and
thinner thickness [13].

To grow the InSb films with higher electron mobility,
we try to optimize the initial In coverage for the preparation
of InSb bilayer. We have used the Si(111)-V7x\3-In, in
which In coverage is 1.2 ML, as an initial In-induced sur-
face reconstruction, because a part of In atoms in the initial
In-induced surface reconstruction would desorb due to a
substitution with Sb atoms during the Sb deposition onto
the In-induced surface reconstruction [10, 11]. However, in
the preparation process of the InSb bilayer, the excess In
atoms will become to large clusters and/or islands, and luck
of In atoms will give rise to formation of 2x1-Sb surface
reconstruction on the surface, on which InSb film doesn’t
rotate. These situations cause the dislocation in the films.
Therefore, it is necessary to choose adequate In coverage
for the preparation of InSb bilayer.

In this paper, we report the effect of the initial In cov-
erage on the electrical properties of InSb films grown by
surface reconstruction controlled epitaxy.
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2. Experimental Procedure

All the deposition were carried out in an OMICRON
molecular beam epitaxy (MBE) chamber with a base pre-
sure of about 2x10® Pa, equipped with a reflection
high-energy electron diffraction (RHEED) system. The
substrate with dimensions of about 15 x 4 x 0.6 mm® was
cut from a mirror-polished p-type Si(111) wafer with a re-
sistivity of about 20 Qcm. The substrates were degassed at
about 600 °C for 12h, followed by flush annealing at 1250
°C, and then slowly cooled in the chamber. This process
gave a clean (7x7) surface, as confirmed by RHEED. High
purity (6N) elemental indium and antimony were used as
sorce materials and evaporated from each PBN K-sell. The
substrate temperature was monitored by an infrared py-
rometer. Prior to the growth of InSb films, the InSb bilayer
was prepared by the following process. First, a
Si(111)-\3x\3-In surface phase was prepared by the depo-
sition of 0.33 ML In atoms onto the clean Si(111)-7x7 sur-
face at 450 °C. After cooling down to RT, additional In
atoms of 0.92, 1.17 and 1.67 ML (total In coverage was
1.25, 1.5 and 1.5 ML, respectively) were deposited onto the
\3xV3-In surface. The InSb bilayer was obtained by 1 ML
Sb deposition onto these surface at about 180 °C.

The growth of InSb films was then performed by the
two-step growth method on the InSb bilayer. In this proce-
dure, the first layer was deposited at an initial growth tem-
perature of 200 °C, which was gradually increased to
330 °C during deposition. The growth rate and thickness of
the first layer was fixed at 0.1 nm/min and 3 nm, respec-
tively. Prior to the second layer deposition, the growth was
interrupted by closing the shutters. The second InSb layer
was then deposited at a starting growth temperature of 380
°C, which was gradually increased to 440 °C during deposi-
tion. The growth rate of the second layer was fixed at 0.5
pm/h. The total film thickness was about 1 pm. The growth
conditions except for the initial In coverage were fixed.

The evolution of the RHEED pattern operating at 15 kV
was observed in the <110> azimuth of the Si substrate dur-
ing deposition. For structural analysis, the InSb films were
characterized by X-ray diffraction (XRD) using CuK,,; ra-
diation. The surface morphology of the InSb films was ob-
served by scanning electron microscope (SEM). To evalu-
ate the electrical properties of the films, Hall measurement
was performed by using the van der Pauw method.



3. Results and discussions

In RHEED patterns after preparing of InSb bilayer,
there are no obvious differences except for brightness, be-
cause most of the surface is covered with the InSb bilayer
though excess In atoms tend to agglomerate. However, this
slight change may imply the difference of the reconstructed
surface.

Figure 1 shows SEM images of the InSb film, which
was grown on the InSb bilayer prepared with initial In cov-
erage of (a) 1.25, (b) 1.5 and 2.0 ML, respectively. Some
line features contrast related to dislocations can be seen on
the surfaces of the films [13]. The density of the disloca-
tions is very large in Fig.1(a), and is few in Fig.1(b). The
density of the dislocations in fig.1(c) is slightly larger than
that in Fig.1(b). These results may imply that amount of In
atoms of 1.2 ML as an initial In coverage was not enough
to cover the entire surface by InSb bilayer, and in the case
0f 2.0 ML-In, a part of In atoms started to agglomerate.
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Fig.1 SEM images of the surface of the InSb films

The results of Hall measurement are shown in Table II.
The room temperature mobility of the sample, which was
grown on the InSb bilayer prepared with initial In coverage
of 1.5 ML was 40,000 cm*/(Vs). This value is very high as
the mobility of the 1um-thick InSb film directly grown on
the Si substrate. As mentioned above, existence of 2x1-Sb
surface reconstruction and agglomerated In on the surface
give rise to generate the dislocations at the interface. The
dislocations in the films degrade the electrical properties.
Because the InSb film grown on the InSb bilayer, which
was prepared with 1.5ML-In shows the highest electron
mobility, it has the lowest dislocation density. This is con-
sistent with the results of SEM observation.

The XRD patterns of the InSb films showed no obvious
difference. It indicates that the distinctive feature
(30°rotation of InSb film) of the surface reconstruction
controlled epitaxy doesn’t affect with modification of the
growth condition of the InSb bilayer.
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Table II Electrical properties of InSb films at RT

?:s;?;; Mobility Carrier Density
2 3
[ML] [em“/(Vs)] [/em’]
1.25 32,800 2.1x 10"
1.5 40,000 1.8x 10'
2.0 36,200 1.6x 10'

4. Conclusions

The heteroepitaxial growth of InSb films with a high
crystalline quality and a high electron mobility was
achieved by modifying the coverage of In atoms of the ini-
tial In-induced surface reconstruction. A InSb film with a
high electron mobility of 40,000 cm?/(Vs) at RT was ob-
tained, implying the high capability of this film for
high-speed and low-power device applications.

Acknowledgements

A part of this work is financially supported by Hitachi Koku-
sai Electric Inc., Takahashi Industrial and Economic Research
Foundation and a Grand-in Aid Scientific Research of the ministry
of Education, Culture, Sports, Science and Technology, Japan
(#22560323)

References

[1] S. Datta, T. Ashley, J. Breask, L. Buckle, M. Docxy, M.
Emeny, D. Fayes, K. Hilton, R.Jeferies, T. Martin, T.J. Phillils,
D. Wallis, P. Wilding and R. Chau,, IEEE International Elec-
tron Devices Meeting (IEDM), Washington (2005).

[2] T. Ashley, L. Buckie, S. Datta, M.T. Emeny, D.G. Hayes, K.P.
Hilton, R. Jefferies, T. Martin, T.J. Phillips, D.J. Wallis, P.J.
Wilding and R. Chau, IEE Electronics Letters 43, (2007) 777

[3] Suman Datta, Microelectronic Engineering 84 (2007) 2133

[4] J.I. Chyi, D. Biswas, S.V. Lyer, N.S. Kamar, H.Morkoc, R.
Bean, K. Zanio, H.Y. Lee and H. Chen, Appl. Phys. Lett. 54
(1989) 1016.

[5] LK. Li, Y. Hsu, W. Wang, J. Vac. Sci. & Technol. B, 13
(1993)

[6] M. Mori, D.M. Li, M. Yamazaki, T. Tambo, H. Ueba and C.
Tatsuyama, Appl. Surf. Scii. 104-105 (1996) 563.

[7] M. Mori, Y. Tsubosaki, T. Tambo, H. Ueba and C. Tatsuyama,
Appl. Surf. Sci. 117-118 (1997) 512.

[8] M. Mori, Y. Nizawa, Y. Nishi, T. Tambo and C. Tatsuyama,
Thin Solid Films 333 (1998) 60.

[9]

[10] M. Mori, M. Saito, Y. Yamashita, K. Nagashima, M. Hashi-
moto, C. Tatsuyama, T. Tambo, J. Cryst. Growth, 301-302
(2007) 207.

[11] M. Mori, M. Saito, K. Nagashima, K. Ueda, T. Yoshida, K.
Maezawa, J. Cryst. Growth, 311 (2009) 1692.

[12] M. Mori, K. Nagashima, K. Ueda, T. Yoshida, C. Tatsuyama,
K. Maezawa, M. Saito, e-J. Surf. Sci. Nanotech., 7 (2009) 145.

[13] S. Khamseh, Y. Yasui, K. Nakayama, K. Nakatani, M. Mori,
K. Maezawa, Jpn. J. Appl. Phys. 50 (2011) 04DH13.



