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1. Currently, ferromagnetic iron silicide Fe3Si turns
out to be a promising material for such applications as
spin transistors, magnetoresistive memory, and mag�
neto�optical devices [1–4] owing to its high Curie
temperature (about 840 K), relatively high magnetic
permeability, low magnetic and crystallographic
anisotropy, high electrical resistivity, and high spin
polarization (as high as 43%). During the last decade,
thin films of this material have been widely studied. A
lot of papers deal with the interplay of their structural
and magnetic characteristics [5, 6], as well as with the
transport properties and developments of prototypes
of spintronic devices [7, 8]. However, the electronic
structure and optical properties of Fe3Si are still rather
poorly studied. In particular, the energy dependence
of its relative permittivity is treated only in one theo�
retical paper [9], the results of which have not been
verified by experiment. The main aims of our work are
to study the optical characteristics of an epitaxial
Fe3Si/Si(111) iron silicide film and to determine the
dispersion of the relative permittivity ε using the spec�
troscopic ellipsometry technique.

2. The Fe3Si film was obtained by the thermal evap�
oration technique in ultrahigh vacuum at the recon�
structed Si(111)7 × 7 surface. The formation of the
film structure was controlled by an LEF�751M high�
speed laser ellipsometer [10]. The technique used for
the preparation of the atomically clean Si(111)7 × 7
surface, the process of growth of Fe3Si/Si(111)7 × 7
film, and the data on the structure of this film and its
magnetic properties were described in [11].

The data obtained by single wavelength ellipsome�
try for the synthesized Fe3Si/Si(111) film (Fig. 1) were
analyzed by the method described in [12]. This analy�
sis was based on the optical model involving a homo�
geneous isotropic film at a semi�infinite isotropic sub�
strate. The value obtained for the thickness of the
formed film agrees well with the data provided by
transmission electron microscopy. It equals 27 nm.

In Fig. 1, we can see that the behavior of the thick�
ness at the initial stages of the film growth is not phys�
ical. The calculated refractive index n and the coeffi�
cient of absorption k vary drastically beginning from
values close to the optical parameters of silicon (n =
3.93 and k = 0.54) to those characteristic of conduct�
ing materials (n = 3.43 and k = 3.54). We attribute
such behavior at the initial stage of the film formation
to the epitaxial island growth mechanism, rather than
to layer�by�layer growth. After 45 min of film growth,
the thickness begins growing monotonically and n and
k achieve values remaining unchanged in the course of
further growth. Thus, when the effective thickness
achieves 5 nm, the Fe3Si film forms as a continuous
layer. The values of the real and imaginary parts of the
relative permittivity determined by the laser ellipsom�
etry (λ = 632.8 nm) at a temperature of 150° are ε' =
–0.97 and ε'' = 24.07, respectively.

3. In the present work, the energy dependence of
the relative permittivity is calculated from the data of
multiangle spectroscopic ellipsometry using the
method described in detail in [13]. In the calculations,
we used the optical model involving a homogeneous
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isotropic film with unknown thickness and relative
permittivity on an isotropic Si substrate with known
optical characteristics. The measurements were per�
formed at T = 296 K using an Ellips�1801 high�speed
spectral ellipsometer.

The computational algorithms used were tested
through the use of a thin polycrystalline film of semi�
conducting β�FeSi2 iron disilicide on a Si(100) sub�
strate with well�studied optical characteristics [14].
The semiconducting disilicide film was also produced
by the thermal evaporation technique in ultrahigh vac�
uum on the reconstructed Si(100)2 × 1 surface. The
substrate surface temperature was 450°C. The X�ray
structural analysis performed using a D8 ADVANCE
powder diffractometer (CuKα1,2 radiation, Ni filter)
with a VANTEC linear detector demonstrates that the
polycrystalline iron disilicide film forms with the pref�
erable orientation corresponding to the (331) crystal�
lographic plane (see Fig. 2a). The calculated energy
dependence of the real (ε') and imaginary (ε'') parts of
the relative permittivity is shown in Fig. 2b. The results
of the calculations agree well with the experimental
data for the polycrystalline thin�film and bulk β�FeSi2

samples reported in [14].

4. It is well known that Fe3Si silicide crystallizes
according to three crystallographic types: A2, B2, and
DO3. The DO3 type is an ordered phase and has
atomic packing [4] similar to that of Heusler alloys of
L21 type. The electronic and geometric structures of
DO3 type Fe3Si silicide were calculated by quantum
chemistry simulations based on the licensed program
package VASP 5.3 [15–17] in the framework of the
density functional theory (DFT) using the plane wave
basis and the projector augmented wave (PAW) for�

malism [18, 19]. To describe the exchange�correlation
functional, we use the generalized gradient approxi�
mation (GGA) involving also the Perdew–Burke–
Ernzerhof (PBE) approximation [20]. For optimiza�
tion of the unit cell geometry of Fe3Si (Fm�3m), the
first Brillouin zone in the reciprocal space is automat�
ically divided into a 6 × 6 × 6 mesh chosen according
to the Monkhorst–Pack scheme [21]. In the calcula�
tions, the cutoff energy Ecutoff is equal to 293 eV. In the
modeling of the structure under study, the optimiza�
tion of the geometry is performed up to maximum val�
ues of the forces acting on atoms and equal to
0.01 eV/A. After calculation of the ground state by the
VASP program, we calculate the frequency�dependent
dielectric matrix. The details of this method are
described in [22].

In Figs. 3a and 3b, we show the real (ε') and imag�
inary (ε'') parts of the measured energy�dependent rel�
ative permittivity of the epitaxial Fe3Si film for the
energies E of the incident light wave ranging from 1.16
to 4.96 eV, which are determined according the afore�
mentioned methods [13]. In these figures, we also
illustrate the results of the ab initio calculations of the
energy dependence of ε' and ε''.

In Figs. 3a and 3b, we can see that the measured
and calculated real and imaginary parts of the relative
permittivity are in good qualitative agreement with
each other. At the same time, the calculated curves
exhibit several clearly pronounced peaks. In particu�

lar, for ε'', the peaks are centered within the –
range at energies equal to 1.7, 2.66, 3.62, 4.49, and
5.12 eV. After fitting the measured curves by Gaussian
functions (see Fig. 3b), we can distinguish only four
peaks corresponding to 1.2, 3.16, 4, and 4.86 eV. The
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Fig. 1. Refractive index, coefficient of absorption, and thickness of Fe3Si/Si(111) film versus time of deposition.
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width of each of these peaks ΔE exceeds 1 eV. Compar�

ing their positions on the energy axis ( ,

, , and ), we can determine
the shifts of the positions of the absorption bands.

Energies , , and  are shifted by about 0.5 eV,

whereas  is shifted by 0.26 eV, which is less than the

peak width ΔE. The  band is indistinguishable on
the experimental ε'' curve. The shift and smearing of
the bands can be caused by a whole set of different
mechanisms and phenomena in the prepared Fe3Si
film. Among them, there can be dislocations and
stacking faults arising in the course of the island coa�
lescence as well as the disorder in the positions of Si
and Fe atoms. Indeed, according to [23, 24], silicon
atoms are able to substitute iron atoms. In addition, a
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certain contribution can come from the thermal pro�
cesses. Another possible cause of the quantitative dif�
ference between the calculations and the experimental
data can stem from the underestimation of the elec�
tron correlation effects in the GGA. At the same time,
our experimental data disagree with the results of cal�
culations of the real and imaginary parts of the relative
permittivity reported in [9].

The spectrum of the imaginary part of relative per�
mittivity is formed owing to the interband electron
transitions from the occupied states to the empty ones.
As a rule, the absorption bands are rather broad and
overlap each other. Analyzing the VASP calculations
of the partial density of states for spin�polarized
charge carriers in Fe3Si iron silicide (Fig. 4), we reveal
the most probable interband transitions. Their ener�
gies are listed in the table. The contribution intro�
duced by the electronic shell of silicon atoms to the

Fig. 2. (a) X�ray diffraction pattern for the
β�FeSi2/Si(100) film and pure Si(100) substrate. (b)
Energy dependence of the real and imaginary parts of the
relative permittivity for the 40�nm�thick polycrystalline
β�FeSi2/Si(100) film.

Fig. 3. Energy dependence of the (a) real and (b) imagi�
nary parts of the relative permittivity for the 27�nm�thick
epitaxial Fe3Si film. Experimental data at T = 296 K
(squares) are compared to the results of calculations for
T = 0 (circles). The solid line is the fit by the sum of Gaus�
sian components (E1–E4).

[14]
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formation of the absorption spectrum is very small (see
Fig. 4); therefore, we neglected the transitions related
to silicon.

The data represented in the table allow giving a
qualitative interpretation of the mechanisms underly�
ing the nature of peaks in the absorption spectrum. We
see that the calculated values of the peak positions are
systematically shifted by about 0.5 eV with respect to
those determined in experiment.

5. Summarizing, we can say that, in the present
work, we have experimentally determined the energy
dependence of the relative permittivity ε of a 27�nm�
thick epitaxial Fe3Si iron silicide film on a Si(111) sin�
gle�crystalline silicon substrate within the energy
range E = 1.16–4.96 eV. The experimentally deter�
mined dispersion law of ε is in qualitative agreement

with that calculated in the framework of the density
functional theory. The calculated ε'' spectrum is
shifted toward higher energies with respect to that
determined in experiment. This probably results from
the structural imperfection of the film, whereas the
calculations are based on the assumption of perfect
crystal structure. We demonstrate that formation of a
continuous layer of Fe3Si iron silicide film occurs
when the film thickness exceeds 5 nm.
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