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Organometallic Vapor Phase Epitaxial Growth
of AlAs;Sb;_; Films Using Tertiarybutylarsine

Wei-Kuo CHEN, Jehn OU and Wei-1I LEE

Department of Electrophysics, Chiao-Tung University, Hsin-Chu, Taiwan, R.O.C.
(Received December 14, 1993; accepted for publication February 9, 1994)

The deposition of AlAs;Sby—, films is studied systematically using an organometallic vapor phase epitaxy
growth technique. It is found that the growth of AlAsSb films requires a low V/III ratio to enhance the incorpora-
tion of antimony into the solid. The composition of the alloy also depends strongly on the growth temperature.
Experimental data shows that films grown at higher temperatures yield much higher AlSb contents in the
AlAs,Sb;—; alloys. This is contrary to the results reported for GaAsSb films. In our study, we are able to grow
metastable AlAs,Sb,—, epitaxial films throughout the entire range of the solid composition for temperatures

above 550°C.
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The novel III-V ternary alloy AlAsq 56Sbo 44 is a poten-
tially important material for InP-based optoelectronic
devices. Due to the large I'-bandgap of 2.6 eV." and
hence the lowest refractive index of value 3.0 in the
InP material system, it has been demonstrated to have
a very high reflectivity with a thin AlAsgssSbo.as/
GalnAs(P) quarter-wave stack, which is essential for
improving the performance of the InP vertical cavity
laser.¥ Besides, the high conduction-band edge dis-
continuity with Ing4GagssAs (AE,=0.67 eV)*® as well
as the possibility of realizing Schottky contacts can
also be advantageous for certain millimeter-wave
devices, such as MESFET, HEMT, etc. In addition,
the staggered line-up feature of AlAsSb/InP hetero-
structures®® is also of particular interest. The large
conduction and valence band offset differences can sig-
nificantly reduced the multiplication noise in Avalan-
che photodetector.” In short, it is very desirable to
study the growing of the AlAs;Sb;-, ternary com-
pounds in order to compete in the fabrication of the fu-
ture optoelectronic devices.

At present, relatively little has been published on
AlAs,Sb;—, preparation and its physical informa-
tion."*® Tai and Inata have studied the optical and elec-
trical properties using optical reflection and tunneling
transport phenomena. All their samples were grown by
the molecular beam epitaxy (MBE) technique. No
other growth method has yet been reported. It may be
associated with the difficulty in growing such a wide-
miscibility-gap alloys. In addition, the growth of Al-con-
taining compounds usually requires higher growth
temperatures in order to minimize the HO and Oz incor-
poration.” This makes the growth window of the
AlAsSD film even narrower and thus defers the materi-
al exploitation. In this paper, we present the first or-
ganometallic epitaxial growth of the AlAs,Sb;—, films.
The dependence of the compositions on the growth
temperatures, V/III ratios, and Sb partial pressures are
investigated thoroughly in this work.

The films we studied were grown on InP(100) sub-
strates by atmospheric pressure organometallic vapor
phase epitaxy (OMVPE). Electronic-grade
trimethylaluminum ~ (TMAI), tertiarybutylarsine
(TBAs) and trimethylantimony (TMSb) were used as

source reactants, and were thermostated at 17°C, 1°C,
and —17°C, respectively. Prior to the growth, the InP
substrates were degreased in warm organic solvents,
acid etched in 4:1:1 HSO4H,05:H,0 chemical solu-
tion, and finally thermal cleaned in the reactor at 610°C
in a phosphine ambient to remove native oxide. The
temperature was then adjusted to the desired growth
temperatures (500°C~675°C) for the commencement
of the epitaxial growth. The total Hs carrier flow rate
was 1.5 SLM during the growth, which yields a linear
gas velocity of 10 cm/s immediately in front of suscep-
tor. Typical film thickness in our experiment is around
1.5 pm.

The surface morphologies of the grown epilayers
were characterized by a scanning electron microscope
(SEM) and a Normarski optical microscope. The solid
composition was determined using both the electron
microprobe analysis and the X-ray diffractometer.
They are in quite good agreements. Thickness was
measured either by the surface profilometer or the
cross-section of SEM.

In growing the Sb-containing compounds, including
the AlAsSb compounds, it is seen to be inevitable to
play the low V/III ratio trick in order to avoid the for-
mation of any Sb droplets. Accordingly, we started our
study with a V/III ratio of 1.2 and X§,=0.66 to exa-
mine the growth temperature dependence, where X
is defined as the ratio of the TMSb partial pressure to
the total group V partial pressure. The growth efficien-
cy is plotted against the reciprocal temperature in Fig.
1. At low temperatures, the growth is apparently con-
trolled by surface kinetics. Arrhenius fit of this data
gives the corresponding activation energy of 27.5 kcal/
mol. For temperatures above 625°C, mass transport
dominates the reaction. The growth efficiency reaches
a high value of approximately 8000 ym/mol, implying
that no sever parasitic reaction occurs between TMAL
TMSb and TBAs in overall growth process.

In an attempt to understand the stoichiometric de-
pendence of the epitaxial films on the Sb/As gas phase
ratio, we grew a set of samples at 550°C. The lower
curve of Fig. 2, denoted by open circles, indicates that
Sb atoms are unlikely to incorporate into the solid at a
high value of V/III ratio, such as 1.7. As a matter of
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Fig. 1. Growth efficiency for A1AsSb versus reciprocal growth tem-

perature. The TMALTMSb:TBAs input partial pressure ratio was
kept at 1:0.8:0.4.
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Fig. 2. Mole fraction of AlSb in the solid as a function of the ratio
TMSb/(TMSb+TBAs). A set of films grown at X§ =0.66 and
550°C for different V/III ratios are indicated as one open circle and
four closed circles with ratios at 1.7, 1.5, 1.35, 1.2, ad 1.0, in an
ascending order in the figure.

fact, V/III ratio has a large influence in controlling the
composition of the AlAsSb films. When X§;, is held at
0.66, it is found that as the V/III ratio decreases from
1.7 to 1, the AlSb solid mole fraction is increased from
0.24 to 0.44. Qualitatively, this trend is similar to the
results of the OMVPE-grown GaAs,Sb;—, films, report-
ed by Stringfellow.'” For the above immiscible materi-
als, when the V/III ratio is lowered to unity, the bind-
ing of the group V with the group III atoms is less
affected by their bonding energy, but is controlled
primarily by the random distribution of the reactants in
the growing surface. By following through the proce-
dure, we are able to attain the InP-lattice matched film,
AlAso 5650044, and the surface morphology for sample
grown at 600°C, for example, is virtually featureless at

W.-K CHEN et al. L 403

a magnification of 400 using a Nomarski interference
contrast microscope (Fig. 3).

In Fig. 4 we show the AlSb solid concentration as a
function of the temperature for epilayers grown at con-
stant values of V/III=1.2 and X% =0.66. As can be
seen in Fig. 4, the deposition of Sb and As has a strong
dependence on the growth temperatures. A sharp in-
crease of the Sb incorporation was noted as the growth
temperature increased from 525°C to 610°C, in the
span of less than 100°C. The corresponding Sb solid
composition, the X%, spreading from 0.17 to 0.83, is
varied by nearly a factor of 5. When we define the solid-
vapor distribution coefficient kgy, similar to the concept
of ‘‘sticking coefficient’’ in molecular beam epitaxy, as

Xy {P TMSb} -1
ka = s X 5
1—X% Preas

.
20um

Fig. 3. Interference contrast photomicrograph of AlAsgssSbgs
epilayer grown at 600°C with V/III=1.1 and X§,=0.44.
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Fig. 4. Compositions of AlSb content in AlAsSb ad GaSb content in

GaAsSb as a function of growth temperatures with constant
V/III=1.2 and X §,=0.66.

0.0 l

1.05 1.10 1.30



L 404 Jpn. J. Appl. Phys. Vol. 33 (1994) Pt. 2, No. 3B

where Prys, and Prpas represent the input partial pres-
sure of the TMSb and the TBAs, respectively, then the
Sb distribution coefficient at 610°C has a value of 2.35,
while at 525°C it is only 0.11. The calculated activation
energy for the Sb distribution coefficient is 2.1 eV
(48.6 kcal/mol). Ideally, the distribution coefficient
should be equal to unity, as in the case of TMAI and
TMGa in the growth of the AlGaAs films. The fact that
ksy has a value close to unity indicates that the control
of the TMSb flow does not need to be so stringent for
the growth of different AIAsSb ternary compounds at
higher growth temperatures. Actually, we can obtain
the AlAs,Sb;_, films over the entire range of composi-
tions for temperatures ranging from 550°C to 600°C,
regardless of the wide material immiscibility.

There are several factors that concern us regarding
the distribution of the alloy constituents. Firstly, from
simple kinetic arguments, the Sb atoms, which are less
volatile than As atoms, incorporate preferentially into
the solid. However, this can not account for such a
large difference in the Sb distribution as the growth
temperature is changed. The incorporation of the Sb
for the growth of the AlAsSb films may also connect to
the pyrolysis of the TMSb and its competitor, the ar-
senic precursor.'” In our study TBAs is employed to
replace the stable AsHj, because its pyrolysis is almost
90% completed at 500°C,'? well below our nominal
growth temperatures. Therefore, it is expected that
the effect due to the degree of decomposition of arsenic
source, if any, can be reduced to a less extent. On the
other hand, TMSb is decomposed incompletely below
600°C,? the likely explanation for Sb incorporation be-
havior seems to be related to the cracking of TMShb.
For comparison, we made another series of GaAsSb
samples, which is also a metastable alloy, in the temper-
ature range from 525°C to 610°C with all precursors
remaining the same except the replacement of the
TMALI by the Ga source. It is interesting to note that
almost no GaSb content can be found for those films
grown at higher temperatures, as shown in Fig. 4. The
tendency is just opposite to the results observed in
AlAsSb. Thus, for the experimental condition used in
our study, the pyrolysis of TMSb itself, although, will
help the supply of active Sbh-reagent in the reaction at
high temperatures, it can not be the decisive factor in-
volved in the mixing of the Sb, As atoms on their group
V sublattices. Stringfellow has alledged that for III-V
semiconductor alloys AC;D; -, where C, D are group V
not involving the PHj, their epitaxial growth can be
characterized very well by simple thermodynamic calcu-
lation.” The AlAsSb may have the same growth man-
ner as the cases in GaAsSb, InAsSb, and so on.*?
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In summary, we have carried out the first MOVPE-
growth of AlAs,Sby—, films using TMAI], TMSb and
TBASs as source precursors. There is no sever parasitic
reaction occurred between TMAl, TMSb and TBAs,
since a considerably high growth efficiency, 8000 yum/
mole, is obtained for the growth of the AlAs,Sby—,
films. The composition of the alloy is found to be very
sensitive to the input V/III ratio. By reducing the V/III
ratio from 1.7 to 1.0 at constant growth temperature of
550°C, the Sb solid concentration is found to be in-
creased from 0.24 to 0.44 for a fixed X §,=0.66. More
profoud effect is observed as the growth temperature
changes. For films grown at V/III=1.2 and the condi-
tions discussed above, we find that the AlSb mole frac-
tion is varied remarkably by a factor of ~5, from 0.17
to 0.83 for temperatures between 525°C and 610°C.
The associated activation energy of antimony distribu-
tion coefficient is 2.1eV. For the system of the
AlAs,Sby -, films, although there appears a very wide
immiscible region as predicted by thermodynamics at
thermal equilibrium, we have shown that the entire
composition of the AlAs,Sb;—, films can be synthesized
using the MOVPE growth technique.
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