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Native oxide was thermally grown on GaSb by a wet oxidation method. XPS analysis confirmed the formation of both Ga,0;
and Sh,0;. The surface morphology was studied by scapning electron microscopy. n- and p-type polycrystalline and single-crystal
s,

GaSh were used as substrates. n-type substrates showed a more defective oxide surface than the p-type o

Also substrates with

higher carrier ¢ g showed pit during the
Gash surface. The results were irmed through C-1

process. Prolonged oxidation appreciably deteriorated the

pile up at the oxide /substrate interface.

1. Introduction

Recently GaSb has received renewed interest
because of its good IR detection properties useful
for fibre optic cc ication in the {ength

s of the MOS diodes. SIMS depth profile analysis showed Sh

experiments were conducted 1o confirm Sb pile-up
at the oxide / substrate interface.

2. Experi | details

range 1.3-1.7 um [1]. Since both Ga and Sb do
not possess much of a vapour presswe problem,
processing of GaSb at high temperature is casier
compared to GaAs and InP. Deposition of a thin
oxide film on GaSb for MOS device application is
a subject of recent research interest. Wilmsen [2)
studied the chemical composition and formation
of anodic oxides on 11I-V compound semicon-
ductors. Deposition of native oxide films and
oxide-substrate interaction were also reported by
Schwartz [3] for 111-V compound semiconduc-
tors. However, very few reports on thermal oxida-
tion of gallium antimonide are available in the
literature [4]. In the present work the surface
morphology of thermally grown oxides on both
single and polycrystalline GaSb substrates 1s re-
ported. The nature of the GaSb surface after
oxidation was also studied by etching off the
oxide layer. The composition of the oxide was
confirmed by XPS analysis. SIMS depth profile

GaSbh samples were obtained from crystals
grown by the vertical Bridgman technique in our
laboratory [5). The samples (approximately 5 mm
X § mm) were machanically lapped and polished
to a mirror finish with Br,(0.5%)-methanol fol-
lowed by cleaning with TCE, acetone, methanol
and millipore DI water in succession. The sam-
ples were finally etched with IHF:1HNO;:
50H,0 for 1 min and repea.edly washed with D1
water.

The oxidation was carried out in oxygen atmo-
sphere in the presence of water vapour obtained
by bubbling purc oxygen through water kept at
95-97°C. The rate of oxygen flow to the reactor
was i8¢/t (0.34 x 107% atm) and the optimum
temperaturc of oxidation was 400°C, as deter-
mined by preliminary experiments. The tempera-
ture of the furnace was maintained with an accu-
racy of +0.5°C with the help of a temperature
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controller. The XPS analysis and the SIMS depth
profile analysis of the oxide films were carried
out using an ESCALAB MK-II spectrometer and
SIMS apparatus from VG Scientific Instruments
Ltd. (UK). The surface morphology of the sub-
strates and the oxides grown was studied using a
CAMSCAN MK-H (UK) scanning electron mi-
croscope. For investigating the effect of oxidation
on the surface of GaSb substrate the oxide was
etched off from the surface using 50% HCI. A
test run showed that the GaSb surface is not
chemically affected by the treatment with 50%
HClL

3. Results and discussion

Native oxides were thermally grown on GaSb.
The temperature was varied between 375 and
500°C while the oxygen partial pressure was var-
ied between 5.27x 107 and 9.03x 10™* atm.
The growth rate showed a linear parabolic kineiic
relation with time [4]. Under optimum conditions,
e.g. 400°C and 6.34 X 10~* atm oxygen partia:
pressure, further growth runs were conducted.
X-ray diffraction analysis showed the amorphous
nature of the oxide films grown on both n- and
p-type GaSb. Fig. 1 shows the XPS analysis of the
oxide grown on GaSb. It confirms the formation
of both Ga,0, and Sb,0; as the oxide peaks
shift towards the higher binding energies relative
to gallium and antimony peaks in GaSb [4]. Incor-
poration of oxygen in the surface was further
verified by the presence of an intense oxygen
peak which was absent for the bare GaSb sub-
strate. Similar results were reported for anodic
oxidation of GaSb [2,3]. The properties of Ga,0,
and Sb,0; are presented in table 1.
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Fig. 1. XPS peaks for galtium, antimony and oxygen on bare
and oxidized GaSb.
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Fig. 2 shows a SEM picture of the optically
polished polycrystalline n-GaSb surface with car-
rier concentration 1.24 X 10'7 em™* and fig. 3
shows the thermally grown oxide film. The pits
observed in fig. 3 are most likely due to non-uni-

Table 1

Properties of Ga,0, and Sb,0;

Material Structurc Melting Density Refractive E, AGy AH; <,
point (g/cm?) index V) (keal/mol) (cal/mol) {cal /mol)
©C)

Ga,0, Monaclinic 1715 595 1.93 4.7 —238.6 —260.3 2

$b,0, Cubic 655 5.2 - 6.72 —1515 —17205 27.85

Orthorhombic - 5.67 235 - —149.7 - 1693 24.23
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Fig. 2. SEM picturc of optically polished n-GaSh surface with
Np = 1.24x 107 em =3

formity of the oxide film because of the preferen-
tial oxidation of Ga over Sb (4Hg, o, = —258.5

keal/mol and AHg, = —226 kcal /mol) and/
or adsorption of water vapour. Similar resuits
were also reported by McLaren et al. [7] for
native thermal oxide grown on InP. Fig. 4 shows a
SEM photograph of the oxide grown on n-poly
GaSb with higher carrier concentration (4.7 x 10*
cm3). The picture indicates the inferior quality
of the oxide film. Due to heavy Te doping more
Sb are translocated from the lattice sites to the
interstitial position and act as active sites for
oxidation. This is corroborated by more Sb pile-up
at the interface resulting in a high density of pits
and a non-uniform oxide film. This is further
confirmed by SIMS depth profile analysis (fig. 5).
The profile clearly shows the non-stochiometry of

Fig. 3. SEM picture of the oxide film gmwn on n-GaSb with
Np = 124% 107 em™ %,

Fig. 4. SEM picture of the oxide film grown on hea\uly doped
n-GaSb with Np = 4.7x10" cm

the oxide film as we move towards the substrate
and a sharp Sb pile-up at the oxide/substrate
interface. The results were verified through C-V
characteristics of the MOS diodes which deterio-
rated with higher carrier concentration sub-
strates.

The oxide/GaSb interface composition is tab-
ulated in table 2 [6]. Figs. 6a and 6b show the
surfaces of n-poly-GaSb (1.24 X 10'7 cm ~%) after
the oxide film was removed by acid etching, oxi-
dation time being 2 and 4 h, respectively. The
surface remains fairly uniform after 2 h oxidation
as is evident from fig. 6a. But after 4 h oxidation
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Fig. 5. SIMS depth profile for oxidized GaSb.
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Fig. 6. SEM picture of oxide /substrate interface: (a) after 2 h oxidation and (b) after 4 h oxidation.

pits are visible on the substrate surface (fig. 6b).
Table 2 shows that the oxide /GaSb interface is
comprised of Ga,0; and elemental Sb after ther-
mal oxidation. During acid etching of the oxide
film elemental Sb is also removed from the GaSb
surface, leaving behind the pits as observed in the
SEM picture. So it can be inferred that more pits
are formed with longer time of oxidation.

Fig. 7 shows a SEM picture of the oxide grown
on p-type polycrystalline GaSb. The overall oxi-
dation rate is lower than that of n-poly-GasSb (fig.
3). It is well known that the conductivity in p-type
GaSb arises due to Ga vacancies in the lattice
sites. 1t is also seen from table 1 that the oxida-
tion rate of Ga is higher than that of Sb. Thus,
Ga vacancies in the lattice site of p-GaSb reduce
the oxidation rate. It was observed that the oxida-
tion rate of single-crystal p-GaSb was even lower

Fig. 7. SEM picture of the oxide film grown on polyerystalline
p-GaSh with Ny = 2.73x 10" cm ™.

due to the absence of grain boundaries which
enhance the oxidation rate of polycrystalline GaSb
due to oxygen segregation [8]. Fig. 8 shows a
SEM picture of the oxide grown on p-type
single-crystal GaSb.

4. Conclusion

During thermal oxidation of n- and p-GaSb
the substrate deteriorated with longer time of
oxidation due to piling up of elemental Sb at the
interface. With GaSb substrate of higher carrier
concentration the oxidation rate was higher and
the oxide film was non-uniform. The oxide quality
was also inferior as was tested by C-¥ measure-
ments o1 WiOS diodes.

Fig. 8. SEM picture of the oxide {ilm on single-crystal (111)
p-GaSb with Ny =2.73x 107 em %,
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Table 2

Oxide /semiconductor interface

Compound Equilibrium Thermal oxide Anadic oxide Anaodic oxide
tanneaied)

GaSh Gu,0, + Sb Gu.0, + §b Gu.0, + $h,0, Gu,0, +Sb
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