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Abstract

A real GaAs surface is covered with a relatively thick layer (~nm) of native oxide responsi-
ble for the surface Fermi level pinning within the band gap of the semiconductor. The method
presented in this work is the sulphur passivation by treating the semiconductor in sulphide solu-
tions that combines both chemical and electronic passivation by reducing the surface state density
(e.g., pure ammonium sulphide and sulphur monochloride). The passivated surface was examined
by SEM, EDS and XPS techniques, that put into evidence the existence of an adherent layer of
sulphur compound as a result of chemical interaction of sulphur ions with n-GaAs surface.

1. Introduction

GaAs is one of the most promising III-V semiconductor compounds due to the elec-
tronic properties, such as direct energy band gap and high mobility of its charge carriers. The
technological importance is related to the applications in optoelectronics as laser devices of
AlGaAs-GaAs or solar cells of high concentration factor. For electronic devices operating in a
high frequency mode, it is worth mentioning the obtaining of Gunn diode and HEMT transis-
tors. The high density of surface/interface states caused either stoichiometric deficits or struc-
tural defects and is a serious inconvenience for functional performance of GaAs-based
optoelectronic devices [1].

A real GaAs surface is covered with a relatively thick layer (a few nanometers) of na-
tive oxide, which is the origin of a high density of surface states responsible for the surface
Fermi level pinning within the band gap of the semiconductor. This fact can lead to a disad-
vantage effect on operation of different semiconductor devices [2].

The modification of GaAs surface electronic structure can be achieved using different
passivation techniques. From a chemical point of view, the passivation involves the removal
of native oxide layer and the formation of a thin protective layer on the semiconductor sur-
face, in order to prevent its oxidation in atmosphere. From the electronic point of view, the
passivation is related to the reduction of the surface state density and, as a consequence, the
change of surface potential barrier on GaAs. The method of sulphur passivation by treating
the semiconductor in sulphide containing solutions combines both chemical and electronic
passivation [2, 3]. In particular, the surface barrier on n-GaAs can be reduced considerably by
sulphur treatment in aqueous solution of ammonium sulphide [2]. The modification of the
semiconductor surface can be regarded as a result of the chemical interaction of sulphur ions
in the solution with the surface, which has as a result the formation of As-S and Ga-S covalent
bonds [4]. These processes are accompanied by a marked reduction of the surface recombina-
tion velocity indicated by photoluminescent studies. The rate constant of sulphur coat forma-
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tion, i.e., the chemical activity of sulphur passivating the surface in an aqueous solution of
ammonium sulphide is relatively low [3], while the solution of sulphur monochloride in car-
bon tetrachloride has a higher chemical activity [3].

This paper presents the experimental results of Scanning electron Microscopy (SEM),
Energy dispersive X-Ray Spectroscopy (EDS), and X-Ray Photoelectron Spectroscopy (XPS)
analysis techniques applied on the sulphur passivated surface of n-GaAs (100).

2. Experimental

The investigations were performed on n-GaAs: Te (100) wafers with a carrier concen-
tration n~ 10" ¢cm™. Prior to sulphur treatment, the wafers were degreased in trichloroethyl-
ene (boiling for 2 min), rinsed in acetone, and then chemically etched in HCI:H,O (DIW)
(1:1) for 100 s at room temperature. The n-GaAs wafer maintained the aspect of an optically
polished surface.

The sulphide treatment was carried out in two different solutions, namely: (a) pure am-
monium sulphide (NHy),S (50% H,0)-as stated an aqueous solution and (b) solution of sul-
phur monochloride (S,Cl,) in carbon tetrachloride (CCly) (1:10). A few drops of sulphide
solutions were added on n-GaAs surface; afterwards, the wafer treatment was stabilized by
drying at a spinner.

The SEM analysis war performed using a HITACHI S2 600 N type, operating at 25 kV
in vacuum.

For elemental analysis, the electron microscope was equipped with an energy dispersive
X-ray attachment (EDAX/2001) device.

The XPS recorded spectra were obtained using SPECS XPS spectrometer based on
Phoibos analyzer 150 with monochromatic X-rays emitted by an anti-cathode of Al
(1486.7 eV). The hemispherical analyzer operated in the constant-energy mode with a pass
energy of 10 eV giving an energy resolution of 1.18 eV, which was established as FWHM
(full width half maximum) of the Au 47 peak. The analysis chamber was maintained at ultra
high vacuum (~107 torr) and the XPS recorded spectra were processed using Spectral Data
Processor v 2.3 (SDP) software. In its structure the SDP soft uses in the deconvolution of XPS
line a specific ratio between Lorentzian and Gaussian shape that ensures a good fit of experi-
mental data. As a standard practice, in some XPS studies the C (1s) line (285 eV) correspond-
ing to the C-C line bond was used as reference Binding Energy (BE) [5].

3. Results and discussions

The SEM images provide the direct information regarding the morphology of the as-
prepared samples and confirm the presence of a compound layer as the main result of passiva-
tion process. The SEM micrograph on the sulphur treated n-GaAs (100) revealed a uniform
deposition of sulphur compounds (S,Cl, and (NH4),S) on different regions on the sample area
of over 1 cm”. The deposited areas had a thickness of 300 um for S,Cl, deposited on n-GaAs
(100), as represented in Fig. 1, a deposited area of 900 pm? and a thickness of (NH,4),S depos-
ited layer of ~ 30 um as shown in Fig. 2.

The EDS spectrum presented in Fig. 3 shows the well defined lines of Ga, As, S, and O.
The O signal arises from the aqueous solution of ( NHy),S 50% H,0, and the presence of S
line is a consequence of its bonding to GaAs surface. The result of sulphur treatment is a pas-
sivated surface that can be used further for technological applications.
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Fig. 1. SEM micrograph of S,Cl, deposited Fig. 2. SEM micrograph of (NHy),S de-
on GaAs (100). posited on GaAs (100).
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Fig. 3. EDS spectrum of (NH,),S deposited on n-GaAs.
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Fig. 4 XPS spectrum of Ga 2p on the S,Cl, passivated surface of GaAs (100) (right) and XPS
spectrum of As 3d on the (NHy),S passivated surface of GaAs (100) (left).

Sulphur signal cannot be easily identified in XPS measurements. The existence of sul-
phur and surface bonding states is derived from the line shapes of Ga 2p;/, as can be observed
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on the XPS signal on the S,Cl; passivated surface of n-GaAs (100) and showed in Fig. 4. The
binding energy (BE) of 1118.17 eV is related to elemental Ga in GaAs and the BE of 1120 eV
is related to Ga-S bond as presented in the literature [6]. The signal of As 2p arises from ele-
mental As in GaAs at BE: 1323.9 eV, and As is probably in oxide due to the presence of O on
the semiconductor surface (As,O3) at BE:1327.5 eV, due to the overlap, the chemical bond
with S cannot be put into evidence. The electron escape depth of Ga 2p and As 2p electrons is
around ~0.8 nm [7], so the information obtained is surface sensitive. The As 3d signal 3d 3,
and 3ds,, arises from elemental As in GaAs.

Regarding the passivation of n-GaAs (100) with ammonium sulphide (NH4),S (50%
H,0) the XPS signal of As 2p was not put into evidence and that, for As 3d signal, the BE of
40.96 eV and 41.68 eV are related to elemental As in GaAs. As presented in Fig. 4. concern-
ing the peaks C (BE: 43.82) eV and D (BE: 44.77) eV, the signal arises from As in the As;03
oxide due to the conditions of passivation in a water solution that favored the O bond.

The analysis of As-S component on ammonium sulphide passivation surface of GaAs
(100) is obscured due to its small intensity and the overlap with elemental As in GaAs [8]. As
regards the Ga signal, it was put into evidence that the 3d line (3ds; and 3ds;) at a BE:
19.24 eV related to elemental Ga in GaAs and the peak at BE: 20.35 eV can be related to Ga-
S bond as a chemical shift of 0.7 eV is presented in the literature [8]. As an experimental ob-
servation of the decomposition of the Ga 3d line on the surface, it might be corrected with the
signal of a predominant gallium oxide component (Ga,03) that exists at a chemical shift of
1.4 eV due to the presence of water in ammonium sulphide. The analysis of Ga and As signals
from the XPS measurements is open to discussion due to the small intensity of S line and the
overlap of the bonds As-S and Ga-S with elemental As in GaAs and Ga in gallium oxide, and
that is why the EDS measurements help us to establish the presence of Sulphur signal on the
passivated surface of n-GaAs (100).

4. Conclusions

The compositional and aspect studies of sulphur passivated n-GaAs(100) observed by
SEM micrographs, EDS spectroscopy, and XPS measurements put into evidence the forma-
tion of a thin protective layer on the semiconductor surface in order to prevent its oxidation in
atmosphere. The method of chemical passivation of n-GaAs brings a modification of semi-
conductor surface as a result of the formation of As-S and Ga-S covalent bonds. The presence
of sulphur bond on GaAs reveals the effect of the passivation as the starting point for the
technology of GaAs devices.
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