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Abstract. Semiconducting iron disilicide (3—FeSi,) was prepared by ion beam synthesis (IBS) in
(111)Si P-type by implantation at 440 °C of 195 KeV Fe ions with a dose of 2:10"" Fe*/cm? followed
by annealing in a N, atmosphere at 900 °C for 4 h. Characterization of samples included Rutherford
backscattering spectrometry (RBS), X-ray diffraction (XRD) pole figure, and Raman spectroscopy.
A mixture of B-FeSi, and a-FeSi, was observed in the as-implanted state. A Photoluminescence
(PL) measurement at 12K indicates the luminescence peak at the energy of about 0.81 eV
corresponding to the band gap energy of B-FeSi, phase.

1. INTRODUCTION

lon beam synthesis (IBS) has been widely used for
the formation of epitaxial silicides [1,2]. So far most
studies focused on transition metal silicides, such
as CoSi, [3] and FeSi, [4,5]. The iron silicide FeSi,
is of particular interest. It exists in two phases. The
tetragonal o—~FeSi, (lattice parameters a=b=0.269
nm and ¢=0.514 nm) is a metallic phase [6], and
the orthorhombic B-FeSi, is semiconducting phase
with lattice parameters a=0.9863 nm, b=0.7791 nm
and ¢=0.7833 nm at room temperature [7]. During
the last few years, there has been considerable in-
terest in the fabrication of buried semiconducting
iron disilicide (B—FeSi,) layers for a Si-based light
emitter with a wavelength (~ 1.5 um) corresponding
to optical fiber communications [8,9], infrared de-
tectors and thermoelectronics devices [10].

In this paper, we report the resuits of the forma-
tion of buried layers of iron disilicide by IBS and the
characterizations using RBS, XRD pole figure,
Raman spectroscopy and PL.

2. EXPERIMENTAL DETAILS

The (111)Si p-type substrate was implanted with a
195 KeV beam of *Fe at a current density of 11 pA/
cm? and a dose of 2-:10" Fe*/cm?, the tilt angle of
the substrate relative to the beam was 7°. The im-
plantation was carried out at 440 °C. The as-im-
planted samples were then annealed in N, atmo-
sphere at 900 °C for 4h.

Rutherford backscattering measurements were
performed on the as-implanted and annealed
samples, with 1.7 MeV He* ions at a scattering angle
of 170° between the incoming and outgoing beam
line, and the experimental spectra were analyzed
with Rump computer program [11]. XRD pole figure
measurements were performed in a 6-26 geometry
using Cu K, radiation. Raman spectra were mea-
sured at room temperature (RT) between 150 and
600 cm™ by dispersive spectrometer combined with
a focal microscope. Laser produced light at 532.15
nm was used for excitation. PL measurements were
performed at 12K using the 633.4 nm line of the He-
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Fig. 1. (a) RBS spectrum for the as-implanted samples; (b) Fe and Si depth profiles deduced from (a).

Ne laser. The emission was detected using a liquid
nitrogen-cooled Ge detector.

3. RESULTS AND DISCUSSION

Fig. 1a shows the RBS spectrum of (111)Sisample
in the as-implanted state with an ion dose of 2:10"
Fe*/cm? at a substrate temperature of 440 °C, ob-
tained in the random direction. The arrows (labeled
Fe and Si) indicate the energy for backscattering
from these elements at the surface. The Rump simu-
lation of RBS spectrum allowed to obtain the depth
profiles of Si and Fe elements (see Fig. 1b) and to
confirm the formation of buried FeSi, layer during
the ion implantation.

Fig. 2 shows the RBS spectra of the as-implanted
and annealed samples. As can be seen, the height
of Fe signal decreases whereas the energetic width
increases. In the same time the Si signal, around
channel 500, corresponding to the buried layer is
extended to the surface.

Fig. 3a shows the XRD pole figures of the as-
implanted sample. The poles are measured with
steps of 5° of p and y angles (¢ is the rotation angle
around the surface normal and y is the tilt angle of
the sample) in the whole range of ¢ and in the range
x=25-50°. The poles with heights of 33.18, 42.70
and 56.97 are produced by the tails of the (111) Si
reflections (its maximum is located at 26=28.443°)
of the substrate. They give the orientation of the
substrate. At the scattering angle 26=29.112°, the
poles with the heights of 5.57, 6.84 and 6.88 which

located at 85°/35°, 200°/40° and 315°/35° in the ¢/
x coordinates respectively are (220) B-FeSi,/(202)
p-FesSi, reflections. This shows that the -FeSi, crys-
tals are oriented in the Si substrate. Furthermore,
the intensity peak in the centre of the pole figure
indicates B-FeSi, crystals with a fiber texture. Their
epitaxial relationship is described as follows: (220)
p-FeSi,and/ or (202) 8-FeSi, || (111)Si. It should be
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Fig. 2. RBS spectra for the as-implanted and an-
nealed samples.
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Fig. 3. XRD pole figures for the as-implanted (a) and annealed (b) samples.

noticed that only a very small amount of a-FeSi,
phase was found in this sample.

The XRD pole figures of the annealed sample in
N, atmosphere at 800 °C for 4h are shown in Fig.
3b. As can be seen, the three poles near the centre
and at scattering angle 26=29.112° with the heights
of 8.01, 15.02 and 10.60 (with j/c: 1560°/30°, 260°/
40° and 10°/30° respectively) are (220) B-FeSi, / (202)
B-FeSi, reflections. The other peaks are produced
by the tails of (111)Si reflections at 26=28.443°.

These results indicate also the formation of epi-
taxial (220) and / or (202) B-FeSi, on the (111)Si
substrate.

The intensities of three poles of p-FeSi, are in-
creased in the case of the annealed sample, attest-
ing the increase in amount of B-FeSi, (width of a
buried layer).

Fig. 4 shows the Raman scattering spectra ob-
tained at RT from the as-implanted and annealed
samples. The crystalline silicon has a typical line
at 520 cm. If the silicon becomes amorphous, this
line disappears [12,13]. The Raman signals of the
annealed sample are clearly identified at 175.8,
194.5, 198.2 and 247.5 cm™', which are found to
originate from Fe-Si vibrational modes [14], reflect-
ing the formation of B-FeSi, phase. The additional
weak peak at 303.5 cm is originated from the sili-
con substrate (the LA phonon). In comparison with
the annealed sample, the Raman peaks of the as-
implanted sample are located at 186.7, 241.2 and
515.2 cm”, have smallest intensities and are red-

shifted. All experimental signals for B-FeSi, are
slightly shifted toward lower energies compared to
those obtained theoretically [14]. This shift may be
explained by the stress caused during the implan-
tation and the heat treatment.

PL spectrum obtained at 12K for sample an-
nealed at T ,=900 °C for 4h is shown in Fig. 5. The
main feature is an intense peak at 0.81 eV with a
line width of approximately 29 meV and we assign
this peak to optical radiative transitions intrinsic to
p-FeSi,. This light emission, at the wavelength of
1.53 um, corresponds to the band gap energy of p-
FeSi,. The peak of PL measurements performed at
low temperature must be come from the B-FeSi,
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Fig. 4. Raman scattering spectra at RT for the as-

implanted and annealed samples.
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Fig. 5. PL spectrum measured at 12K of 3-FeSi,
layer for the annealed sample.

precipitates, as already reported [15]. It is impor-
tant to notice that the peak position coincides with
that of the well known D1 line emission (0.807 eV)
recorded at high temperature [16].

4. CONCLUSION

The p-FeSi, phase was fabricated by IBS with adose
of 210" Fe*/cm? in (111)Si substrates at 440 °C
followed by annealing at 900 °C for 4h. The buried
layer is grown epitaxially on (111)Si substrate with
the relation of (220) and/or (202) B-FeSi, || (111)Si.
The Raman signals for B-FeSi, are slightly shifted
toward lower energies. In PL measurements, the
intense peak was observed at 0.81 eV which is as-
signed to optical radiative transitions intrinsic to -
FeSi, silicide. No PL emission was observed for the
as-implanted samples.
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