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Influence of preliminary ion bombardment on the formation of Co
and CoSi, nanofilms on Si surface during solid-phase deposition
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In this work, to obtain ordered nanophases of Co and CoSi,, nuclei are preliminarily created on the Si surface
by bombardment with Ar* ions with Ey = 0.5keV and D = 8 - 10"* cm™2. It was found that a narrow band gap
(Eg = 0.3eV) appears in the band structure at the Co layer thickness of less than 3 ML. The metallic properties of
the Co film manifest themselves at a thickness of more than 4—5ML. Heating the Co/Si(111) system at T = 900K
leads to the formation of nanophases and CoSi> nanofilms. The Eg value is 0.8 eV for the CoSi, nanophases with

6 ~ 3ML and 0.6 eV for the CoSi, film.
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Multilayer systems based on Si and metal silicides
are the primary materials for the up—to—date micro—,
nano—, and optoelectronics. For instance, the MeSi,/Si
nanostructures are promising for creating UHF transis-
tors, ultra large integrated circuit boards, optical reso-
nant cavities, electronic and magnetic memory devices.
Therefore, a large number of papers [1-15] are de-
voted to studying physical—chemical properties of MeSi,/Si
nanophases and nanolayers obtained by molecular beam
epitaxy, solid—phase epitaxy and ion implantation. Among
metal silicides, the most optimal material for creating mul-
tilayer systems semiconductor—dielectric—semiconductor
and metal—dielectric—semiconductor is CoSi, due to its
metallic properties (resistivity ~ 20—30u€2 - cm) and pos-
sibility of its epitaxial growth on Si due to the proximity
of lattice parameters. In recent years, ion implantation
has been widely used to fabricate nanoscale phases and
layers of CoSi, on the Si surface and in the near—surface
region [16,17].

Of especial interest is the task of obtaining regularly
arranged structures of equal sizes. Paper [18] showed that
during the low—energy (Ep = 0.5—1keV) bombardment
of single—crystal CaF, with Ar" ions at low fluences
D = (5-6) - 10> cm~2 ions get into separate surface ar-
eas. In the process of depositing atoms of different
elements, these areas may become nuclei for atom seg-
regation. In the case of bombardment with Ar" ions
with energy Ey = 0.5—1keV, the inter—nucleus distance is
~ 50—60nm. The highest—quality nuclei are formed on
smooth atomically clean surfaces of materials.

In this study we made attempts to obtain by solid—phase
epitaxy nanoscale phases and films of Co and CoSi,/Si(111)
with the aid of preliminary bombardment of Si with ions
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Ar", and also to reveal the dependence of the energy band
parameters on dimensions of Co and CoSi, nanophases.

As substrates, well—polished and processed in hy-
drofluoric acid single—crystal Si(111) samples KEF-4,5
10 x 10 x 1mm in size were used. Prior to depositing
the films, the silicon samples were cleaned by heating in
ultrahigh vacuum (P = 10~7Pa) at T = 1100K for 4—5h
and short—term heating at T = 1400K. This procedure
ensured total removal of oxygen from the surface (within
the sensitivity limits of Auger electron spectroscopy), and
the low—energy electron diffraction pattern demonstrated
a surface structure characteristic of Si(111)-7 x 7. To
create the nuclei, the properly cleaned Si(111) surface was
bombarded with Ar" ions with energy Ey = 0.5keV and
fluence D = 8- 103 cm™2. After that, cobalt atoms were
deposited on this surface at room temperature with the
rate of ~ 1ML/min. When the fluence was increased
to 2 - 10 cm—2, there was observed an increase in the num-
ber of additional centers on the silicon surface to ~ 30%.

The Co films were applied on the room—temperature
Si surface by heating Co by electron irradiation. The
film growth rate was pre—determined by Auger electron
spectroscopy jointly with ion etching and appeared to
be ~2A/min.  The Co atoms deposition, heating of
samples, investigation of their composition and energy band
parameters by Auger electron spectroscopy, and measuring
the light passing through the sample were performed in
ultrahigh vacuum (P = 10~7 Pa) using one and the same
facility. The surface morphology was studied by scanning
electron microscopy (SEM) (Jeol).

Fig. 1 presents intensity | of light passing through the
sample versus energy hv for Si(111) with Co nanofilms
of different thicknesses 0. Here | = lcosi,/lsi, Isi is the
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intensity of light passing through pure Si(111), | csi, is the
intensity of light passing through Si(111) with a CoSi, film.
One can see that the | (hv) dependence at 6 = 1 ML does
not differ from that for pure Si(111). A more significant
decrease in | is observed only in the hv =~ 0.9—1 ¢V range.
Apparently, segregation of Co atoms at the nuclei centers
does not yet significantly affect the Si optical properties.
When 6 = 3ML, intensity | decreases drastically in two
hv regions: at hv ~ 0.2 and 09eV. The first decrease is
connected with the existence of surface areas covered by
Co atoms, the other — with the existence of Si areas free
of Co. Extrapolation of the curve left part towards the hv

Figure 1. Dependences | (hv) for Si(111) with a Co film with
the thickness of @ = 0 (pure Si) (1), 1 (2), 3 (3) and 6 ML (4).

Figure 2. SEM images of the Si(111) surface with the Co film
0 = 3 ML thick.
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Figure 3. Dependences | (hv) for the CoSi,/Si(111) film with the
thickness of & = 0 (pure Si) (/) , 6 (2) and 10ML (3).

axis provides the value of ~ 0.3 ¢V, i.e., Eg in those regions
is ~ 0.3 eV. Using relation

Q-1-1%
I'si

it is possible to estimate degree Q of the Si surface
coverage with Co atoms. In this case, Q ~ 0.35—0.4.
This approximately agrees with the SEM data (Fig. 2).
Taking into account that the distance between the centers
of this phase separation is ~ 50—60nm, obtain that their
mean surface diameters are d ~ 20—25 nm and approximate
nanophase thickness is ~ 6—8ML (~ 12—15,&). Based
on this, we assume that at small thicknesses of the Co
nanophase (0 < 3ML) quantum—confined effects manifest
themselves: in the metal Co phase there arises a narrow
band gap characteristic of narrow —bandgap semiconductors.
When 0 =~ 6 ML, the degree of the Si surface coverage
with Co atoms is close to unity and curve |(hv) does
not exhibit the double drastic decrease in I, i.e, Eg ~ 0.
When 6 ~ 8§—10ML, the surface is fully covered with Co
atoms. However, low—intensity light passes through the
film with the thickness of up to 0 ~ 10—12 ML. Apparently,
a very thin Co film is transparent to light. Notice that
the Co nanophases and nanofilms were amorphous. The
results of Auger electron spectroscopy have shown that
no mutual substrate—film diffusion of atoms takes place at
room temperature. After heating the Si sample with Co
nanophases and films at T =~ 850—900 K, nanocrystalline
CoSi, phases and films were formed.

Fig. 3 presents dependences | (hv) for Si covered with the
CoSi; films 6 and 10 ML thick (curves 2 and 3) measured
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after heating at T ~ 900K for 40min. Curve 2 shows
that, in the case of CoSi; nanophases with 6 ~ 6 ML,
the surface coverage degree is 0.5—0.6, d ~25—-30nm
and Ey ~ 0.8eV. When 0c.si, ~ 10 ML, intensity | drops
almost to zero in the range hv = 0.45—0.65¢V. It may be
assumed that in this case the Si surface is fully covered by
a continuous uniform epitaxial layer of CoSi, ~ 20—-25ML
thick, and Eg of this layer is ~ 0.6 €V which is characteristic
of thick epitaxial layers of CoSi,.

Thus, in this work we have obtained by using the Ar" ion
irradiation regularly arranged centers that serve as nuclei for
the growth on the Si surface of Co nanoscale phases and
films. Values of Ey for the Co nanofilm and nanophase
were determined for the first time. We assume that the
nanoscale Co phases with surface diameters of < 20—25nm
possess the properties of narrow—bandgap semiconductors
(Eg = 0.3eV). The subsequent annealing at T ~ 900K
resulted in formation of the nanoepitaxial CoSi, structure
on the Si(111) surface. The studies has shown that, in the
case of the CoSiy nanophases, quantum—confined effects
manifest themselves at d < 25—30 nm.
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