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Abstract

(GaSb and AlGaSb are narrow gap semiconductors, is of current interest , for its optoelectronic application in the near and medium
infra-red region. The large ratio of the ionisation coetficient of hole and clectrons is key factor for high speed and low noise in APD.
In this paper we report the growth of GaSb and AlGaSb in a home made vertical MOCVD reactor using trimethylgalium (TMGa),
trimethylaluminum (FMAI) and tridismethylaminoantimonat (TDMASb) as metalorganic sources. In the reactor we used a flow
guide to obtain uniform layers. The effect of growth temperature and the V/III ratio on the structural properties, surface morphology,

optical and clectronic properties is presented.
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Sari

Penumbuhan GaSb dan AlGaSb dengan MOCVYD

GaSb dan AlGaSb adalah semikoduktor paduan yang mempunyai selah energi yang sempit, dewasa ini sangat menarik mengingat
penerapannya dalam optoelektronika di daerah inframerah yang dekat dan yang menengah. Perbandingan dari koefisien jonisasi dari
lubang dan elektron merupakan faktor yang menentukan dalam APD yang mempunyai respons yang cepat dan derau yang rendah.
Dalam tulisan ini penulis melaporkan penumbuhan dari GaSb dan AlGaSb dalam reaktor MOCVD yang vertikal yang telah dibangun
sendiri dengan menggunakan trimetilgalium (ITM@Ga), trimetilaluminium (ITMA) dan trisdismetilaminoantimonal sebagat sumber-
sumber metal-organik. Reaktor tersebut mempergunakan pemandu aliran untuk memperoleh lapisan dengan ketebalan yang uniform.
Disini disajikan penguaruh dari temperatur penumbuhan dan perbandingan V/III pada sifat-sifat struktur, morfologi permukaan, sifat-

sifat optik dan sifat-sifat listriknya.

Kata kunci : GaSb, AlGaSb, MOCVD.

1 Introduction

Antimonide  based compound scmiconductors is of
current interest due to their potential applications for
infra red photodetectors, photonic and high frequency
electronic devices and magnetic sensors [1-3]. Ternary
and quaternary of GaSb have band gap correspond 10
wavelengths over a wide spectral range, from 1.24 um
(AlGaAsSb) to 4.3 um (InGaAsSb), make them suitable
material for emitters and detectors in fiber oplic
communications. On the other hand, the alloy havc large
ratio of ionization coefficients of hole and electron (B/a)
and low excess noise factor. For example by varying the
aluminum composition in Al,Ga,_,Sb from 0.28 10 0.065.
the B/a ratio vary between approximately 2 to 20 [4].

High quality of GaSb layers and AlGaSb laycrs
have been grown by Metalorganic Chemical Vapour
Deposition (MOCVD) using conventional Ga, Sb and Al
precursors,  trimethylgallium  (TMGa),  trimethy-
lantimony (TMSb) and trimethylaluminum (TMAD,

respectively [5-6]. However, deposition using TMSb
needs relatively high growth temperature due to its high
pyrolysis temperature and the films experience carbon
contamination, which may be related (o the methyl
ligands.

Efforts have been made to develop a substitute of Sh
precursor that also work at lower growth temperature
than that of TMSb. It has been reported that good GaSb
layers were grown using (ertiarybuthyldimethylantimony
(TBDMSb) [7] and triisopropylantimony (TIPSb) at
lemperature as low as 500°C [8]. However, the growth
ratc decreases rapidly for growth temperature below
530°C. Recently, a new Sb precursor, tridismethylamino-
antimony (TDMASbD), has been proposed as an
allernative precursor. This precursor has low pyrolysis
temperature and is expected to produce low carbon
contamination, due to the absence of Sb-C bond and the
use of relatively weak bound ligands, even at low growth
temperature [9].




Most of MOCVD growths of GaSb and AIGaSb using
TDMASD reported to date were carried out at
almospheric pressure. However, there are relatively few
reports on the MOCVD growth at low pressure {10].
Growth at low pressure is expected to reduce parasitic
gas phase reaction.

In this paper, we report the growth of GaSb, AlGaSb
using TDMASbH by a homebuilt vertical MOCVD at
rclatively low pressure (~50 torr) over temperature range
of 475 - 580°C. The dependence of the crystallographic
orientation, surface morphology, optical and electrical
properties on the growth condition to are described.

2 Experiments

A home built MOCVD system with vertical reactor was
used for the growth of GaSb and AlGaSb epilayers. The
reactor was operated at around 50 torr. A flow guide was
used (o pre-mix the precursors and Lo guide the gas flow
toward the substratc. The configuration of the {low guide
has been optimized to produce uniform layers. The
substrate was hcated by a resistive type healer which is
clectronically controlied to  provide a  stabilized
(emperalture.

The substrate was semi-insulating GaAs (100) and it was
prepared using the following procedure. First,  the
substrate was degrcase in boiled trichloroethylene and
was cleancd by ultrasonic vibration in acetone and
methanol, followed by an ctch using (H,SO4:H,04.:H;0)
= 3:1:1 for about 3 minulcs. Then, it was rinsed in DI
waler, dricd using nitrogen gas jet and immedialely
loaded mnto the reactor. In order to climinate the residual
air in the reactor, the rcactor was purged with hydrogen
for about 30 minutces.

The TMGa was held at —10°C and the TDMASb and
TMAI were kept in chambers at 29°C in their bubblers.
The H, carrier gas was purified in a Pd-purifier and
introduced into the TMGa bubbler with a flow rate of
8 sccm. The H, flow rate through the TDMASb and
TMALI bubbler werc adjusted to cxplore the optimum
growth condition at each growth tempcrature. The growth
temperatures were varied between 475-580°C for GaSb
and 540°C-580°C for AlGaSb, while the V/II ralio was
adjusted around 1.0.

The crystallographic orientation of the deposited layers
were evaluated using X-ray diffraction. The surface
morphologies were examined using Scanning Electron
Microscopy (SEM) and clectrical characterization was
performed using Hall-van der Pauw method. The optical
transmission spectra was characterized by UV-VIS-NIR
Spectrophotomeler.

3  Results and discussions

Mirror like GaSb layer were typically 1-3 um at any V/III
ratio and cach  growth (emperature  between
510-550°C. The range of V/III ratio which gives good
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morphology for II1 - antimonides was found (o be
narrow, especially at low growth temperature [11].
However, in this study, that range is cven narrower, just
around 1.0. We observed Ga- rich phases for lower V/IIT
ratio less than 1.0, which arc characterised by the

Jormation of Ga droplets. In other hand, V/III ralio

higher than 1.0 produced hillocks shaped, probably duc

(©

Figure 1 Typical of SEM micrograph of GaSb layers grown on
SI-Gaas at 520°C and various V/Il! ratio. (a). V/IlI=0.4, (b). V/lll=
1.0, (c). VIl =1.2.
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Sb-rich phase, similar to that previously reportcd by
other workers [12]. The best surfacc morphology
obtained at V/III ratio of around 1.0 suggested that both
Ga and Sb atoms that react to form GaSb on the surface
of the substratc arc of thc same proportion. This
proportion was attained probably duc to the use of the
flow-guide which kept the gas flow inside the flow-guide
and directed them to the substrate. Figure 1 show typical
surface morphology of GaSb layers grown at 520° at
different V/III ratio. At V/II ratio of 0.4, more Ga
sources are available than Sb sources produce Ga rich
phascs deposited in the layer. In contrast, at V/III ratio of
1.2. more Sb sources available than Ga sources, lead to
Sb rich layer.

The crystallographic orientation of the GaSb layers were
evaluated by X-ray diffraction. For layers grown at
temperature between 510-550°C, peaks at 20 = 29.91°
and 61.35° which correspond to (200) and (400)
orientation are observed. However, GaSb grown at
temperature below 500 °C is amorphous. XRD pattern of
GaSb grown at temperature between 510 — 550°C with
V/II ratio=1 arc shown in figure 2. By increasing
temperatures from 510 to 540°C, the intensitics of (200)
and (400) pcaks are incrcased. The increcase of
temperaturc lead to the increase of the activation energy
which cffectively enhance the formation of GaSb island
of similar orientation. This Icads to the increase of
growth ratc. and the intensities of the respective peaks
also decrcase. It can be seen from figure 2 that GaSb
layers grown at 530 and 540°C exhibit high intensity at
cach peak with narrow Full Width Hall Maximum
(FWHM) of approximately 0.12° This indicates that high
crystalline phase can be achieved at very narrow growth
temperature, between 530 — 540°C.
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Figure 2 XRD pattern of GaSb thin films grown at different
temperature ( as indicated) with V/Il| ratio of 1.0.

Electrical properties of GaSb at room temperature as a
function of growth temperature and V/III ratio are shown
in figure 3. All layers are p-type, probably caused by
cither residual impurities in the source or native defects
(Gagy, Vo) existing in the layer [12]. As shown in figure
3a, the hole concentration slightly increases as growth
temperature increases. In contrast, the hole mobility
drops significantly as temperature increascs. The low

hole concentration and high mobility obtained for the
laycr grown at temperature between 510-530°C and
increases significantly as temperature increases above
540°C. Meanwhile, the hole mobility also slightly
increase for layer grown between 510-530°C and drops
slightly as the growth temperature is further increased.
The lTow hole concentration and high mobility obtained
for the layer grown at temperature around 530°C. Typical
of hole concentration and mobility of GaSb grown at that
temperaturc  are about 10" ¢m™ and 600 cm*V? 57
These values are comparable to the best values reported
by other workers [12].

The typical dependence of hole concentration and
mobility on the V/III ratio arc shown in figure 3b. Hole
concentration slightly increases but mobility decrcases
as V/III ratio out of 1.0. The high hole concentration of
the tayer grown with V/III ratio lower or higher than 1.0,
probably duc to defects formed at Ga or Sb rich
conditions as confirmed from the surface morphology
cxamination. Figure 3 suggesied that growth conditions
which give low hole concentration and high mobility is
very narrow, which are at thc growth temperature and
V/I ratio of around 530°C and 1.0, respectively.
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Figure 3 Hole concentration and hole mobility of GaSb layers.
(a). grown at difterent temperature and ratioV/lll =1.0. (b) grown
at temperature 530° C and different V/II} ratio.

The oplical transmission specira of GaSb grown at
different growth lemperature arc shown in ligure 4.
Transmission spectra of GaSb layer grown at 530°C show
sharp transition at around 1700 nm (0.72 ¢V), which
corresponds 1o the band gap of GaSb, followed by a
gradual decrcase in transmission until it vanishes at




around 850 nm. Other samples, grown at 520° and 540°C
do not exhibit sharp transition. however, both curves still
have the tendency of transition at around 1700 nm, even
though the slopes arc lower than those of GaSb layer
grown at 530" C. The three curves show gradual decrease
in intensity for wavelength below 1500 nm which is
rclated 10 the presence of localized states. The relation
between the presence of localized states and growth
conditions need to be further investigated. Each
ransmission spectra do not show interterence pattcrn due
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Figure 4 Room temperature transmission spectra of GaSb thin
films grown at various temperature and V/Ill ratio =1.0.

AlGaSb is more diflicult to grow than GaSb. The growth
started using V/1I ratio of around 1.0 and introducing the
aluminium flow as low as possible. The growth was
carried oul between 540-580°C and only AlGaSb grown
at 540° C with Al flow ratc of 0.2 scem cxhibit
rcasonably good XRD pattern. Others, either exibit
amorphous or poor quality of crystallinity. In this study,
the effective incorporation of aluminium to form AlGasb
alloy still a problem. Figure 5 show the XRD pattern of
AlGaSb grown at 540°C with Ga.Sb.Al flow rate of
0.6.0.6 and 0.2 scem, respectively. Two peaks, (200) and
{(400) arc observed, located at 20 = 28.9° and 60.6°,
respectively.  In particular, the (400) peaks is shifted
between those of AISb and GaSb. which are 60.33% and
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Figure 5 XRD pattern of AlGaSb grown at 540°¢, flow rate of
Ga.Sb and Al are 0.6.0.6 and 0.2 sccm respectively.
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61.6°, respectively[13]. This shift is due to the change of
lattice constant due to the aluminium content in AlGaSb
alloy.

4 Conclusions

GaSb and AlGaSb fayers have been grown by vertical
MOCVD using TMGa, TDMASb, TMALI as precursors.
The optimum growth temperature for GaSb were between
530-540°C and ratio ol around 1.0. GaSb layers at
optimum growth conditions. have phase dominated by
(200) and (400) orientations and good surface
morphology. The layer werc p-type with the highest
mobility of 616 em/Vs and holc  concentration
44 x 10" em™ arc achieved at growth temperature of
S30°C. The growth of AlGaSb mutually depends on
growth (emperature and flow rate of aluminium. This
growth is confirmed by the shift of XRD peak between
AlSb and GaSh.
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