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The main aim of the reported investigations is the influence of ion implantation on formation of native oxide
layers and their optical spectra. Silicon implanted (100)-oriented GaAs crystalline wafers were used as substrates.
The samples have been implanted with Ne™, Al*, Ar™, or In" ions at energies of 100, 120, 150, and 250 keV,
respectively. The implantations were carried out at a fluence of 1 x 10'® cm™2 at 300 K. The refraction index
spectral dependence for native oxide was approximated using the Cauchy equations. The dielectric function spectra
of the native oxide layers on GaAs implanted with different ions have been obtained by variable angle spectroscopic
ellipsometer in the 250-900 nm range using complementary information from the Rutherford backscattering/nuclear
reactions measurements. The investigations showed that both real and imaginary parts of the dielectric function
increase with mass of the ion species used for implantation.
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1. Introduction

Oxide layers on the surface of A''-BV semiconductors
play an important role in the production of electronic
circuits [1]. ITon implantation is a convenient and pre-
cise method of fabrication of electronic elements [1-4].
However, due to its physical character this process is ac-
companied by formation of disordered layers. The inves-
tigations of defect formation in the subsurface layers of
GaAs implanted with Ar™, Si*, and Se™ ions were pre-
sented in [1]. The defects concentration was examined as
a function of ion energy, ion current density and fluence.
These dependences were investigated for the ion ener-
gies from 200 keV to 10 MeV with the fluences varying
between 1 x 102 cm™2 and 1 x 10'® ¢cm™2. The results
have shown that the ion mass and energy influence on de-
fective layers formation. The thickness of the disordered
layers was measured using the Rutherford backscattering
spectrometry with channeling (RBS/C) method [3].

Ton implantation influences formation of native oxide
layers on the irradiated semiconductor surfaces exposed
to ambient air [1, 2]. The damage investigations and
optical properties of silicon layers implanted by 150 keV
Net and 800 keV Ar™ ions were presented in [4]. The au-
thors used spectroscopic ellipsometry (SE) and Ruther-
ford backscattering/channeling (RBS/C) techniques, and
the samples were described by a theoretical model. The
proposed optical model consisted of the following com-
ponents: native oxide SiOs layer, thin amorphous silicon
layer, slightly damaged layer and substrate. There were
obtained the thicknesses of all layers. It was observed
that with the increasing ion fluence the thickness of na-
tive oxide increases. The same effect was investigated for
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GaAs implanted with Ar™, Al™, and Xe™ ions [5]. In that
study a single-wave ellipsometry was used. The measure-
ments were performed at the wavelength 632.8 nm and
it was found that the refraction index of the native oxide
depends on ion fluence.

The influence of low level radiation damage and con-
ditions of implantation on the optical properties of semi-
conductors has been reported in [6]. The near-edge opti-
cal investigations were carried out for low fluence N ion
implanted GaAs at 80 K. It was reported that the point
defects influence on an exponential tail of the fundamen-
tal absorption edge. The correlations between refractive
index and radiation damage in the implanted layers have
been investigated [6]. SE and RBS/C studies of the influ-
ence of implantation temperature on the dielectric func-
tion were performed on hot-implanted GaAs [7]. It was
confirmed that the optical models used in the SE inter-
pretation works well for the subsurface implanted lay-
ers. The investigations of native oxides on GaAs were
reported [8], using the methods of SE and RBS/NR (nu-
clear reactions) for GaAs irradiated with In™ ion beam.

In the present work silicon implanted (SI) GaAs wafers
have been implanted with the ions of Ne, Ar, Al or In
at the same ion fluence. The refraction index spectral
dependence of native oxides was approximated by the
Cauchy equation. The dielectric function spectra of the
native oxide layers on GaAs implanted with different ions
were determined by the variable angle spectroscopic el-
lipsometer (VASE).

2. Experimental

The SI (100) GaAs wafers were irradiated with Ne™,
AlT ) ArT or Int ions at room temperature (RT) using the
UNIMAS ion implanter of the Maria Curie-Sktodowska
University [9, 10]. The ion energies were: 100, 120, 150,
and 250 keV, respectively. For each implantation the
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same ion fluence value of 1 x 10'6 cm~2 was chosen and
the current density did not exceed 1 pA ecm™2 to avoid
dynamic annealing. Following ion implantation the sam-
ples have been exposed to ambient air for 1 month. All
samples before and after ion implantation were investi-
gated using the methods of RBS/NR and SE. The el-
lipsometric angles ¥(\) and A()\) spectra were collected
in the wavelength region from 250 to 900 nm by VASE
of Woollam [11]. The measurements were made at the
incidence angles: 65°, 70°, and 75°. Next, the samples
were analyzed with the RBS/NR technique. The spectra
were collected for the incident He™ beam of energy in the
range from 3.035 to 3.060 MeV. The resolution of semi-
conductor detector was 12 keV and the scattering angle
was equal to 170°. The latter experiment was performed
in JINR in Dubna.

3. Results and discussion

The RBS/NR study was carried out in order to ver-
ify the presence of oxygen-enriched layers on surfaces of
the ion implanted GaAs samples. In Fig. 1 the typical
RBS/NR spectrum measured for the sample irradiated
with 150 keV Ar™ ions is shown with a single line at
about 1.1 MeV energy. This feature corresponds to the
nuclear reaction 016(a, «)01¢ [12]. The intensity of this
line changes with the increase of energy of incident al-
pha particles. The highest intensity of this line is at the
energy 3.045 MeV. The line disappears in the RBS/NR
spectra measured at the incident o particles energy of
3.060 MeV. The results confirm the presence of a thin
oxide layer on the implanted GaAs surfaces. The thick-
nesses of the oxide layers (between 4 and 7 nm) were
obtained on the basis of these measurements using the
computer code SIMNRA [13].
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Fig. 1. RBS/NR spectrum of Ar" ion implanted GaAs
at a fluence of 1 x 10*¢/cm?.

Normalized yield of particles scattered on the nuclei of
virgin and ion implanted GaAs in a vicinity of 2.45 MeV
is shown in Fig. 2. Close inspection shows that the de-
tailed shape of the yield changes for GaAs implanted with
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Fig. 2. Part of RBS spectra collected for virgin GaAs
and GaAs implanted with different ions.
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Fig. 3. Depth profiles of atoms and vacancies in near

surface region of GaAs after implantation with different
ions.

Ar and In ions. This is probably due to differences in dif-
fusion process of As and Ga atoms during the implanta-
tion of various ion species. This process, along with the
embedding of the implanted elements into GaAs causes
a local change of the atomic density. These changes are
associated with an increase in the concentration of vacan-
cies formed in the near surface layers of implanted GaAs.
The number of vacancies produced during implantation
increases with the mass of ions (for the same ion fluence).
The implanted atoms and vacancies depth distributions
have been calculated for different ions by the SRIM code
[14] and are presented in Fig. 3. This growth of disorder
in the studied subsurface layers causes the intensification
of diffusion processes of atoms from these layers to the
irradiated surface. The first process is referred to diffu-
sion of As and Ga. The coefficient of diffusion is lower for
gallium. These values for As and Ga atoms in GaAs are:
5.5 x 107* ¢m?/s and 4 x 107° c¢m? /s, respectively [15].
Atoms of As leave the disordered subsurface layers dur-
ing the implantation faster than Ga. The second process
is connected with the increase of the In and Al atomic
concentrations in the subsurface layers. The same effects
were observed in [16].
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Fig. 4. Refraction index n and extinction coefficient k
of GaAs. The points represent the measured spectra,
lines are taken from [18].
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Using the measurement values of ellipsometric (VASE)
parameters ¥ and A performed at 3 incidence angles:
65°, 70° and 75°, the refraction index n and extinction
coefficient k spectra of unimplanted GaAs were obtained
in the range from 250 nm to 900 nm (Fig. 4). The sample
was approximated by the three-phase model (an ambi-
ent, a native oxide layer, and the substrate). The thick-
ness of the native oxide layer was taken from the results
of the RBS/NR investigations on the same sample. We
used the refraction index and extinction coefficient spec-
tra of native oxide on GaAs, calculated on the basis of
the Zollner paper [17]. The obtained n and k spectra of
GaAs (Fig. 4) are in a very good agreement with those
from [18]. This is the evidence that the model which as-
sumes the homogeneous oxygen-enriched layer on GaAs
is appropriate and the thickness of the native oxide layer
was determined accurately by the RBS/NR method.

TABLE
Optical parameters of native oxide layers on ion-implanted GaAs.
GaAs
implanted with Cauchy parameters
Energy B C B ¥
fon ey A w2 | Y ko [om] | [nm]
Net 100 1.6005 | 0.0003 | 6.0 x 10~* | 2.30 x 10°° | 0.4394 | 443.18
AlT 120 1.9315 | 0.0019 | 7.8 x 107% | 2.10 x 10~3 | 1.5164 | 150.40
Art 150 2.0074 | 0.0025 | 1.0 x 107* | 9.00 x 107* | 0.4057 | 234.50
In* 250 2.0954 | 0.0039 | 9.0x107* | 5.26 x 1072 | 0.6731 | 529.35
[
For the calculation of the optical parameters of the na- 32 :
tive oxide layers on ion-implanted GaAs it was assumed Toorvne om0/ T ey Ao oo 1.
that the refraction index spectrum of the oxide is de- o A B
scribed by the Cauchy equation [11]: - / % %y
B C 8 TS 1%
nAN=A+ <+ —+... 1 Rl !
( ) + )\2 + )\4 + ( ) 260 _/r,// 0.5 3750 .
where A, B, C are the Cauchy coefficients and A\ stands - o
for the wavelength in nm. 26l " B150key Ar > GaAs N / Jus

The wavelength dependence of the extinction coeffi-
cient was fitted by the following curve [18]:

B(V) = ko (120X =5)), (2)
where kg is the g mplitude, £ is the exponent factor, v is
the band edge. This formula is based on the well-known
Urbach law of exponential tail usually associated with lo-
calized states below a band gap in disordered solids [19].
Table contains the obtained values of fitting parameters
for the oxide layers on ion-implanted GaAs samples. Us-
ing this information we calculated from the VASE ellip-
sometric angles the spectra of the real ; and imaginary
€2 parts of the native oxide dielectric function (Fig. 5).
The results have shown that ¢; values are the largest for
oxide layers grown on GaAs implanted with the heaviest
(In™) ions. The same is true for values of the imaginary
€9 part of the dielectric function, which increase by a few
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Fig. 5. Spectra of real and imaginary parts of dielectric
function determined by VASE for native oxide layers on
implanted GaAs.

orders of magnitude between the lightest investigated ion
(Net) and In'.
4. Conclusion

Using ellipsometry we have obtained dielectric func-
tion spectra of the native oxide layers on SI (100) GaAs
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implanted with Net, AlT, Art, or Int ions at energies of
100, 120, 150, and 250 keV, respectively. In calculations,
the refraction index spectral dependence for native oxide
was approximated with the Cauchy equations and ex-
tinction coefficient was fitted by the Urbach exponential
formula. Complementary information on the oxide thick-
ness was provided from the RBS/NR measurements. The
investigations showed that both real and imaginary parts
of the dielectric function increase very substantially with
mass of the ion species used for implantation.
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