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Abstract

Metalorganic magnetron sputtering (MOMS) technology has been applied to the growth of epitaxial GaSb layers on GaAs (001). Optical
studies are performed on a series of GaSb/GaAs samples grown under different growth conditions. Raman scattering measurements indicated the
improvement of the crystalline quality of the GaSb thin film from the interface toward the surface with decreasing substrate growth temperature
from 480 °C to 400 °C. Fourier transform infrared (FTIR) reflectance revealed the possible existence of an intermixed GaSb—GaAs layer near the
interface. In UV reflectance spectra, the shapes of the high energy transition bands were found to be associated with the GaSb film quality.

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

The TI-V compound semiconductor gallium antimonide
(GaSb) has in recent years attracted much attention as an
important material for infrared (IR) optoelectronic and electronic
device in the wavelength range 1-5 pum [1-13]. GaSb has an
energy bandgap of 0.70 eV (1.77 um) at room temperature (RT)
and 0.81 eV (1.53 um) at 4 K [14]. Its lattice constant of 6.0959 A
at RT matches that of various ternary and quaternary compounds
with band gaps covering a wide spectral range of 0.3-1.58 eV
(0.8—4.3 um) [11,14]. The GaSb—InAs superlattice (SL) with the
type-II band offset structure has shown special electronic
properties with useful applications [5,8,9]. Type-II GalnAsSb—
GaSb heterojunctions and other GaSb-based quantum structures
have played an important role in recent research and development
of high power laser diodes and detectors operating in the mid-IR
2—-5 um region [15,16]. Good epitaxial growth of GaSb on GaAs
(001) is important for research and development [11,17]. Due to

* Corresponding author.
E-mail address: zcfeng@cc.ee.ntu.edu.tw (Z.C. Feng).

0040-6090/$ - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.ts£.2007.07.049

the lattice mismatch between GaSb and GaAs (~7%), epilayers a
few microns thick typically possess a high density of dislocations,
and therefore, it has been essential to develop techniques to
control film quality control and evolution [11,17].

Various growth techniques have been employed in the growth
of GaSb on GaAs (001) [[11] and references therein], among
which the major methods of molecular beam epitaxy (MBE) and
metalorganic vapor phase epitaxy (MOVPE) have been empha-
sized in past years. However, new technologies are developing to
challenge these two growth methods. The conventional solid
sources in MBE can cause problems for the growth of materials
with high vapour pressure. To overcome this difficulty, gaseous
and metalorganic vapor sources have been added to MBE to
achieve a marriage between MBE and MOVPE. This new growth
technique, called metalorganic molecular beam epitaxy
(MOMBE) [18] or chemical beam epitaxy (CBE) [19], combines
the advantages of MBE and MOVPE, providing stable group V
vapor beams for epitaxy. In another approach, we have developed
a novel technology of metalorganic magnetron sputtering
(MOMS) for the preparation of epitaxial InSb and Sb-based
materials and microstructures [20—23]. Pulsed laser evaporation
and epitaxy (PLEE) is another method, which avoids the use of
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Table 1

Sample information

Sample no. 11061 JJ058 JJ059 11062
T (°C) 480 440 420 400
GaSb growth rate (um/h) 1.05 0.45 0.40 0.40
d (um) 0.70 0.57 0.60 0.58

Ty: substrate growth temperature (°C).
d: GaSb film thickness (um).

the thermal or vapor sources [24]. Clearly, no single growth
technique can hope to achieve optimal results for all materials
systems. New techniques are being pursued to combine the
advantages of various growth methods.

In this paper, we report on the epitaxial growth and optical
characterization of GaSb thin films (less than 1 um thick) on
GaAs (001) via MOMS. Usually, MBE growth of GaSb on GaAs
(001) is performed in the temperature range of 500—-600 °C [11],
or lower, at 490 °C [17]. For the MOVPE growth of GaSb on
GaAs (001), different temperature ranges were used, such as 560—
620 °C [25] and 400560 °C [26]. In our MOMS growth process,
lower substrate growth temperatures were employed and an
optimum temperature was found to be close to 400 °C. Detailed
results of the optical characterization for MOMS grown GaSb on
GaAs (001) in the temperature range 400—480 °C are presented.

2. Experiment
2.1. Sample preparation

The MOMS deposition system consists of an ultra-high-
vacuum (UHV) chamber with sample load-lock and planar
magnetron sputter guns. The UHV system was cryogenically
pumped to a base pressure of ~ 10”7 Pa before deposition. The
GaAs substrates were cleaned using a (H,SO4:H,0,:H,0=6:1:1)
wet etch. Substrates were thermally bonded to an indirectly heated
molybdenum holder using indium solder. The substrate temper-
ature was monitored with a calibrated thermo-couple in close
proximity to the rotating holder. DC reactive sputtering of high-
purity polycrystalline Sb target was performed in the presence of
metalorganic vapors of trimethylgallium (TMG). The TMG
bubbler was held at 0 °C. The getter-purified high-purity argon
was introduced via a mass-flow controller to serve as the carrier
gas to control the TMG flow rate. The total gas flow rate was
maintained at 30 sccm under a low deposition pressure of
~0.4 Pa. All growths were carried out in an antimony stabilized
regime [20—-23].

In the present study, thin (0.5—0.7 um) GaSb films were grown
on GaAs (001) substrate with different substrate growth
temperature, 7, between 400 and 480 °C. These led to different
growth rates as listed in Table 1. Starting from a high 74=480°C, a
growth rate of slightly higher than 1 um/h was obtained. At higher
Ts, the thermal decomposition of metalorganic dominates. When
Ty decreases, the thermal cracking of metalorganic is reduced and
plasma induced decomposition of metalorganic becomes the
dominant process, leading to a decrease of the growth rate. When
Ty is lower than 430 °C the growth rate was saturated at a low rate
of 0.40 um/h [27] indicating the over- through domination of the

plasma induced decomposition mechanism. After the growth,
these experimental samples were examined by X-ray diffraction
(XRD), scanning electron microscopy (SEM), Hall and optical
absorption measurements [27].

2.2. Materials characterization techniques

In this paper Raman scattering, UV—Visible optical reflec-
tance and Fourier transform infrared (FTIR) spectroscopy were
employed to further investigate the material properties of
MOMS grown GaSb on GaAs (001) and their dependence on
substrate growth temperature.

Raman scattering was measured in the near back-scattering
geometry with samples held at a low temperature dewar (80 K),
or RT, and excited by an Ar" laser with a focused spot size
<0.3 mm. The scattered light was dispersed by a triple
spectrometer and detected by a sensitive optical multichannel
analyzer with resolutions of 2—3 cm™ ' [28]. Fourier transform
infrared (FTIR) reflectivity measurements in the wavenumber
range of 20—250 or 20-500 cm™ ' were done using a Grubb—
Parsons Fourier spectrometer with a Golay detector, at
temperatures of 300 and 80 K. The reflection coefficient was
determined as the ratio of the intensity of the light reflected from
the sample against that reflected from a reference mirror made
of coin silver with about 98% reflectance [21]. Optical
reflectance was measured using a Hitachi U-3410 spectropho-
tometer in the wavelength range between 190 and 2500 nm.

3. Results and discussion
3.1. Raman scattering

Fig. 1 shows comparative RT Raman spectra of three MOMS
grown GaSb/GaAs (001) and a bulk GaSb. The GaSb longitudinal
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Fig. 1. Raman spectra from three MOMS-grown GaSb/GaAs (001) grown at
substrate temperature of (a) 480 °C, (b) 440 °C and (c) 400 °C, and (d) a bulk GaSb.
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Fig. 2. Raman spectra from a MOMS-grown GaSb/GaAs (100) with
T,=400 °C, measured under different polarization configurations: (a) no po-
larization, (b) X(Y'Y")X and (c) X(Y'Z")X.

optical (LO) and transverse optical (TO) phonon mode at the
center of Brillioun zone were detected. According to Raman
selection rules, the LO phonon mode is allowed and TO is
forbidden for the (001) orientation of a zincblende crystal [28].
Because these GaSb films are thinner than 0.6 pm, there exist a
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Fig. 3. Raman spectra from a MOMS-grown GaSb on GaAs (100) with
T,=480 °C, under different excitation wavelengths between 4579 and 5017 A
from an Ar’ laser.
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Fig. 4. FTIR reflectivity spectra from four MOMS-grown GaSb/GaAs (100)
under different substrate growth temperature of (a) 400 °C, (b) 420 °C, (c) 440 °C
and (d) 480 °C.

high density of dislocations in the films [17], which breaks the
symmetry and leads to the appearance of the forbidden TO modes.

The LO and TO modes can be distinguished by polarization
measurements as shown in Fig. 2, where X is along the (100)
axis and X is its reversed direction, Y’ is along (011) and Z’ is
along (011). Obeying the selection rule for a (100) surface from
a zincblende crystal [28], the LO mode is allowed in the X(Y'Y")
X configuration and forbidden in X(Y’Z")X, while the TO mode
is allowed in X(Y"Z)X and forbidden in X(Y’Y’)X, which
confirms the assignments for LO and TO modes. The mode
appeared at 195 cm™ ' in X(Y'Z)X may be due to the defect
activated longitudinal optical (DALO) phonon, related to
defects in the sample.

As seen in Fig. 1(a), the “forbidden” TO mode is dominant
for samples grown at 7,=480 °C. As T decreases to 440 °C, in
Fig. 1(b), the LO mode intensity increases with respect to the
TO mode. At 7,=400 °C, the allowed LO mode is dominant
with a weak shoulder, “forbidden” TO mode, Fig. 1(c). This
indicates that the film quality improves with decreasing
substrate growth temperature, which is consistent to the XRD
result showing a narrowing of the (004) GaSb peak as
decreasing 7 (data not shown here). But, we found that we
could not grow an epitaxial film for Tg<400 °C. Therefore, the
optimum substrate temperature for growth of epitaxial GaSb
thin films using the MOMS technique is about 400 °C.

Fig. 3 shows Raman spectra from a MOMS-grown GaSb/
GaAs sample made at a high substrate temperature 480 °C,
measured under different excitation wavelengths between 4579
and 5017 A from an Ar' laser. As seen, with decreasing
excitation wavelength or penetration depth from Fig. 3(f) to (a),
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Fig. 5. UV-IR optical reflectivity spectra from (a) bulk GaSb wafer and MOMS-
grown GaSb/GaAs samples grown at (b) 7,=400 °C and (c) 7,=480 °C.

the forbidden TO mode decreases in intensity with respect to the
allowed LO mode, indicating the development of the crystalline
perfect towards the surface.

3.2. FTIR reflectance and interface mode

Because visible laser light penetrates only tens of nanometer
into GaSb, Raman scattering cannot probe the GaSb/GaAs
interface directly. Instead, we used infrared light which can
penetrate the entire GaSb layer to probe the GaSb/GaAs
interface. Fig. 4 exhibits FTIR reflectivity spectra for this series
of MOMS-grown GaSb/GaAs at different 7,. There exist two
major bands, one of near 270 cm ' due to the TO phonon
vibration from GaAs substrate [29] and another one of near
230 cm™ ! from the TO mode of GaSb film [21,29]. In addition,
a third mode appears at about 254 cm™ ' between these two
major bands and develops with increasing 7. This third mode
might be due to the existence of a GaAs—GaSb intermixed layer
near the interface. It was varied with 7. Further study on this
mode is needed.

3.3. UV=VIS-NIR optical reflectance

Optical reflectance spectra covering the ultraviolet to near-
infrared range 200—2500 nm have also been used to evaluate the
GaSb/GaAs samples, as displayed in Fig. 5, for two of our
MOMS-grown samples and from a wafer of bulk GaSb, shown
for comparison. The three reflectivity maxima between 200 and
700 nm represent the high energy GaSb E,, E;+A, and E,
band gaps. These peaks display similar heights and half-widths
for the bulk sample and the epitaxial sample grown at 400 °C.
But they become flatter and less-well defined for the sample
grown at 480 °C. This can also be taken as an indication of
lower sample quality at the higher growth temperature,

consistent with our Raman and FTIR results. This might also
be related to the poorer surface roughness from the sample
grown at higher temperature. The UV-VIS—NIR optical
reflectivity spectra for GaSb/GaAs also exhibit some interfer-
ence fringes in the wavelength range beyond 1000 nm. These
can also be used to determine the GaSb film thickness. The
results are given in Table 1, which are consistent with the data
obtained from scanning electron microscope (SEM) measure-
ments by examining a cleaved edge [29].

4. Conclusion

Metalorganic magnetron sputtering (MOMS) technology has
been applied to the growth of epitaxial thin GaSb layers on
GaAs (100) with the film thickness less than 0.6 pm. Optical
characterization has been performed on a series of GaSb/GaAs
epilayers grown under different conditions. The following
significant results are obtained:

Raman scattering on MOMS-grown GaSb/GaAs (100)
shows that the forbidden TO mode is dominant for the sample
grown at high substrate growth temperature (480 °C). Its
intensity with respect to the allowed LO phonon mode
decreases with decreasing 7; from 480 °C to 400 °C. At T; of
400 °C, the LO mode dominates the spectrum. The TO appears
as a weak shoulder and this occurs because of defects induced
by lattice mismatch in these films much thinner than 1 pm.

Raman scattering indicates directly and clearly that the GaSb
film quality improves with decreasing substrate growth
temperature from 480 °C to 400 °C.

Raman scattering with different laser excitation wavelengths
indicates that the crystalline perfection of the GaSb thin film
improves with vertical distance away from the interface and
toward the surface.

The MOMS technique yields an optimum substrate growth
temperature of ~400 °C, which is lower than the growth
temperature used in MBE and MOCVD techniques.

A new mode near 254 cm ™' between the GaSb and GaAs TO
modes was observed from FTIR reflectance, which might be
related to the GaSb—GaAs intermixed layer near the interface.

Growth at high temperature damps the E; and E;+A;
electronic transition bands in the ultraviolet, and UV reflectance
spectra can be used to monitor GaSb film quality. Interference
fringes in the near infrared can be used to determine the film
thicknesses.

These results on MOMO-grown GaSb/GaAs will enhance
our efforts in developing the MOMS technique for materials
growth and help us understand both the growth mechanisms and
the physics of these hetero-structures for IR applications.
Further penetrative and qualitative analysis on Raman and IR
spectra and correlation with SEM and XRD data will be made in
the near future.
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