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Optical and light-emitting properties of silicon nanostructures
based on SiO, films modified with samarium
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Abstract. The composition, optical and luminescent properties of SiO,:Sm films prepared
by vacuum thermal evaporation of a powder mixture of SiO + 1 wt.% Sm have been
studied. The study of elemental profiles by time-of-flight secondary ion mass spectroscopy
revealed an almost uniform depth distribution of the major elements (Si and O, tracked by
presence of Si’, Si,", O" and SiO" ions) as well as Sm (tracked by presence of Sm" and
SmO" ions). Infrared absorptance spectra (4 = 1 — R — T) showed a greater microstructural
heterogeneity of the SiO, matrix in the studied films as compared to undoped SiOy films
obtained in a similar deposition regime. Further heat treatment in vacuum at 500...700 °C
increases the heterogeneity degree of the samples. The optical band gap values of the
SiO4:Sm films of 1.5 eV before and 1.77 eV after annealing at 600 °C, determined by the
Tauc method correlate well with the literature data for amorphous silicon and Si
nanoinclusions in SiO, matrix, respectively. Measurements of photoluminescence spectra
and their analysis have shown that doping of SiO, films with samarium stimulates their
decomposition, and heat treatments at temperatures > 600 °C forms Si nanoparticles in an
oxide matrix that exhibit a quantum-size effect.
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1. Introduction

Properties of nanoscale silicon structures have been a
focus of extensive research over the past three decades.
Thin-film silicon-silicon oxide nanocomposites (nps-
Si—Si0,), where nps-Si are amorphous or crystalline
silicon nanoparticles, are considered to be quite
promising. The motivation for studying these structures
stems from their potential applications in various fields,
including optoelectronic devices, non-volatile memory
devices, and solar energy technologies [1-9]. The key
factor in the wide use of these materials is the ability to
modify their structural, optical, luminescent and other
properties during the manufacturing process [10—-14].
Introduction of ions of rare-earth elements
(lanthanoids (Ln): Ce, Er, Eu, Tb, Sm, etc.) significantly
expands use of these nanocomposites in modern
photonics, optoelectronics, photovoltaics, etc. [1-3]. This
explains the scientific interest in studying influence of Ln
impurities on formation of nps-Si in an oxide matrix and
the role of the ncs-Si as sensitizers for Ln®" ions,

especially Er*’. It was demonstrated in particular that the
Er impurity has a stimulatory effect on nucleation and
growth of Si nanocrystals during heat treatment of
SiO4:Er films deposited by reactive sputtering in an
Ar1/O, atmosphere [15] and magnetron co-sputtering [16].
The authors of [17, 18] found that air annealing of
SiO4:Er,F films obtained by co-evaporation of SiO and
ErF; leads to more intense crystallization of amorphous
ncs-Si and formation of a more perfect oxide matrix
structure compared to those in SiO, films obtained by
evaporation of SiO and undergone similar annealing.
Nanosilicon thin-film structures doped with
samarium ions are poorly studied compared to e.g.
erbium-doped ones. Meanwhile, phosphorescence of
samarium-doped silicate glasses has long been studied
and is widely used in fiber-optic communication devices,
white light-emitting diodes (w-LEDs) [19], ionizing
radiation dosimeters [20], efc. Recently, photo-
luminescence of samarium-doped SiO, films containing
Si nanoparticles has been studied [21-23]. It has
been demonstrated in [21] that in the films obtained
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by co-evaporation of SiO and metallic Sm in vacuum,
formation of light-emitting crystalline silicon nano-
particles occur at lower annealing temperatures compared
to SiO, films without samarium. In [22], SiO, films
doped with samarium were obtained by annealing a
multilayer structure (SiO,/Sm),. This structure comprised
pairs of thin layers of SiO, and Sm. In such structures,
the samarium dopant promoted decomposition of SiOy
into Si and SiO, as well as crystallization of Si
nanoparticles. The crystallization was observed even at
750 °C. At this annealing temperature, the relative
volume fraction of the nanocrystals in the silicon phase
was found to be approximately 38%. It is nearly double
the amount observed in samples obtained by co-
evaporation with subsequent annealing at 970 °C.

This paper presents the results of comprehensive
studies of SiO,:Sm films obtained by thermal evaporation
of a (SiO+Sm) powder mixture from a single evaporator,
followed by heat treatment. The aim of the work is to
study the possibilities of creating light-emitting nano-
structures based on SiO,:Sm films obtained using this
simple technology as well as to determine the effect of
samarium on the film structural, optical, and luminescent
properties.

2. Materials and methods

The investigated SiO,:Sm films were prepared by
thermal evaporation in a vacuum of ~10~ Pa of a mixture
of SiO (Cerac Inc., Milwaukee, WI, USA, purity of
99.9%) and Sm (~1 wt.%) powders in a closed-type
molybdenum evaporator with a small hole in the center.
The films were deposited onto HF-treated double-side
polished c-Si substrates heated to 100 °C and fused quartz
substrates. The deposition rate was controlled in situ
using a quartz thickness gauge KIT-1. The thickness of
the resulting films was measured with a microinterfero-
meter MII-4 to be 350 nm. To form nanosized silicon, the
samples were annealed in a vacuum chamber at
temperatures T,, = 500...700 °C for 15 min. During heat
treatment, along with phase decomposition of the films,
passivation of broken silicon bonds on the surface of the
formed nanoinclusions occurred due to interaction with
the atmosphere of residual gases. The formation of
Si-O-Sm, Si—O (or Si=0) bond types was detected by
the appearance of stable in time luminescence from the
annealed samples as well as by their infrared absorption
spectra.

The elemental composition and its distribution over
the film depth were studied by time-of-flight secondary
ion mass spectrometry (TOF-SIMS) using an Ion TOF
SIMS IV spectrometer (ION TOF Inc, Chestnut Hill,
NY, USA) by sputtering the sample surface with Cs" ions
at an energy of 2000 eV for 500 s. Absorption of the
films on c-Si substrates in the infrared spectral region
was studied using a PerkinElmer BXII spectrometer with
a resolution of 4 cm™'. The contribution of an uncoated
reference silicon substrate was subtracted from the
measured film spectra.

Optical properties of the SiO,:Sm films were
investigated on the samples deposited onto fused quartz
substrates. Light transmittance spectra were measured in
the spectral range of 390 to 850 nm with a step of 0.5 nm
using a ScanSpec UV-Vis spectrometer on a diffraction
grating (600 lines/mm) and a CCD matrix (Sony ILX
511). A halogen incandescent lamp was used as the light
source. The setup for measuring reflectance included the
same light source, an optical system for forming an
incident light beam based on a set of apertures and an 8%
objective, and a sample holder mounted on a two-axis
table. The optical system for recording the reflected light
included an optical waveguide with a core diameter of
1 mm and a radiation receiver consisting of a spectro-
meter and a matrix. The signal reflected from a silver
mirror of the same thickness as the substrate of the
samples was used as the reference signal for measuring
the reflectance spectra.

Photoluminescence (PL) was excited by a LED laser
emitting at a wavelength of 405 nm. A CC-8 filter was
used to block the background LED radiation in the range
of 500 to 1500 nm. The excitation light was modulated
by a mechanical modulator with a frequency of 110 Hz.
A ZMR-3 monochromator and a liquid nitrogen cooled
FEU-62 photomultiplier tube connected to a 232B
synchronous nanovoltmeter (Unipan) were used to record
the PL signal. The spectral sensitivity of the setup was
taken into account while analyzing the measured PL
spectra.

3. Results and discussion

The yield of secondary monatomic and polyatomic ions
was measured as a function of sputtering time. Presence
of Si, Si,*, O, SiO" ions, as well as Sm"” and SmO" ions
was recorded. Fig. 1 shows the distribution profiles of
these ions obtained by sputtering of a SiO,:Sm film
annealed at 600 °C. These profiles show that the film
has a rather uniform elemental composition over the
depth, except for the film/Si substrate interface.
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Fig. 1. Distribution profiles of monoatomic and polyatomic
ions as functions of sputtering time of a SiO,:Sm film annealed
at 600 °C in vacuum for 15 min.
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Fig. 2. IR absorptance spectra of SiO,:Sm films before (/) and
after annealing in vacuum at 500 (2), 600 (3), and 700°C (4)
during 15 min.

The thickness of the region with a non-uniform
element distribution was <10% of the total film thickness
of ~350 nm.

In order to study the structure of the SiO,:Sm film
matrix and its changes during thermally stimulated
phase transformations, infrared (IR) absorptance spectra
(4 =1-R-T) in the range of 800 to 1300 cm™" were
measured. Transmittance (7) and reflectance (R) were
measured at normal light incidence. Fig.2 shows the
absorptance spectra of the SiO,:Sm films before
(curve 1) and after heat treatment at 500, 600 and 700 °C
(curves 2, 3 and 4, respectively).

In the spectrum of the deposited film, the most
prominent peaks of vibrational modes at 980, 1027, and
1106 cm™' are located in the region of the main
absorption band on asymmetric (TO;) vibrations of
bridging oxygen atoms that are part of Si—O,—Si4,
(1 £y <4) molecular complexes of silicon oxide. It is
noteworthy that the components of the main vibrational
band are discernible without a need to decompose the
spectrum into elementary profiles. The appearance of the
bands at 980 and 1027 cm™ in the spectrum of the
freshly deposited SiO,:Sm film indicates presence of
molecular complexes of weakly oxidized (SiOSi;) and
partially oxidized (SiO,Si,) silicon. These bands are
characteristic of SiOy (x < 2) compositions.

Moreover, the absorptance spectrum contains a
band with a maximum at 1106 cm™' corresponding to
fully oxidized SiO, molecular complexes. The band at
1106 cm ™ is usually associated with vibrational modes of
SiO, tetrahedra in silica interconnected in n-member
rings (n < 6) [24]. Such rings are formed at large angles
of Si—O-Si bonds and are characterized by an increased
vibration frequency. Presence of the SiO, phase in the as-
deposited film is also indicated by a small band at
810 cm'  corresponding to bending vibrations of
Si—O-Si bonds in SiO, [25]. After annealing at 500 °C,
the band at 980 cm™' almost disappears (curve 2) and

the areas under the rest of the bands increase, reaching
their maximum values after treatment at 600 °C (curve 3).
The band at 1027 cm™' shifts towards higher wave
numbers (1042 cm™) indicating an increase in the
concentration of bridging oxygen atoms and
improvement in the stoichiometry of the oxide matrix.
The band at 1106 cm™' remains static, thereby confirming
its affiliation with the SiO, phase.

A plateau in the region of 1150 to 1200 cm™
appears in the IR spectra of the annealed samples. A
small band at 880 cm™', the nature of which has not yet
been clearly established, is also observed. For the heat-
treated SiO, films, the band at 880 cm™' was associated
with interaction between Si and non-bridging oxygen
atoms in SiO, [26]. Another study, examining spectra of
SiO/Si0, multilayer structures annealed at 300...600 °C,
attributed the band at 880 cm™' to the configuration of
silicon rings isolated by oxygen atoms [27].

It may be concluded from analysis of the vibrational
modes shown in Fig. 2 and comparison of them with
the vibrational modes of undoped SiO, and SiO, films
that the composition of the oxide matrix of the SiO,:Sm
films, both before and after annealing, is inhomogeneous,
i.e. the matrix consists of a mixture of SiO, (x <2) and
SiO, phases. Previous studies of infrared spectra of
non-doped SiO, films deposited in a similar manner
but without samarium showed that SiO, phase was
almost absent. It appeared only after annealing at
1000...1100 °C as a result of thermally stimulated
decomposition of the SiO, films. Hence, interaction
between the components of the (SiO + Sm) powder
mixture is likely to occur during thermal evaporation,
resulting in partial decomposition of SiO. Phase
separation of the SiO,:Sm film enhances during
annealing, leading to an increase in the degree of
heterogeneity. This is indicated by the appearance of the
LO, (1160 cm™) and TO, (1200 cm™") doublets in the
1150...1200 cm ™' region in a form of a plateau. Hence,
the infrared absorption spectra reveal a significant effect
of the evaporation-deposition conditions of SiO and Sm
on the microstructure of the deposited SiO,:Sm films and
the thermal budget of the suboxide phase separation.
When a mixture of silicon monoxide and samarium
powders is heated in a quasi-closed evaporator, chemical
interactions between the two substances may occur,
which will effect the composition of the resulting vapors.
Samarium is an active metal, particularly when it is in a
molten or gaseous state. At high temperatures
(~1000 °C), which are close to the melting point of Sm
and sublimation point of SiO, a reaction such as
3Si0 + 2Sm — 3Si + Sm,0;, may occur. Such a reaction
will lead to appearance of silicon molecular fragments
(clusters) and Sm,0O3; molecules in the depositing vapor
phase, which will result in formation of silicon
nanoparticles in the deposited film and a significant
modification of the matrix. We did not observe any bands
characteristic of Sm,O; in the IR spectra in the range of
400 to 600 cm ™', but this may be due to the low atomic
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content of Sm in the SiO,:Sm film. Nevertheless, as can
be seen from Fig. 2, the effect of the interaction between
samarium and silicon monoxide in the evaporator on the
homogeneity of the SiO, matrix composition is significant.
This effect is also confirmed by the optical and lumines-
cent properties of the as-deposited and annealed films.

It should be noted, however, that we did not observe
any characteristic lines of electronic transitions in Sm*"
and Sm’" ions in the absorption and emission spectra of
both the as-deposited and annealed SiO,:Sm films [28].
The Sm content in the studied films was less than
1.0 at.%. As shown by our previous studies [23], , no
emission from Sm”>" and Sm®" ions is observed in the PL
spectra at such samarium concentration. Moreover, Sm
was partially present in the samples in the form of SmO
oxide. In cubically symmetric samarium oxide, a local
crystal field of high symmetry should act on the
samarium ions. In such a situation, no electronic
transitions between the absorbing and emitting terms of
the Sm ions occur [29, 30]. However, even a small
amount of samarium effects the thermally stimulated
transformations in SiO, films.

To study the effect of Sm on the electronic
subsystem of the SiOy films, spectral dependences of the
absorption coefficient of the samples on the incident
photon energy (4v) were measured. The formula used for
the calculation was as follows:

T.(1-R

o= iln —S( ) , )
d T

where d, T and R are the thickness, transmittance and

reflectance of the sample at normal incidence,

respectively, and T is the transmittance of the quartz
substrate.

Fig. 3 shows the spectral dependences of the
absorption coefficient of the SiO,:Sm film in the
1.5...3.2 ¢V range before and after heat treatment at
600 °C (curves / and 2, respectively). Presence of a band
with a maximum at ~1.8 eV at the absorption edge and a
non-monotonic increase in o in the region of interband
transitions indicate a complex energy structure. A
separate paper will be devoted to a detailed analysis of
the region below the fundamental absorption edge of
SiO4:Sm films and analysis of the band at 1.8 eV.

The Tauc relation, a common method for estimating
the optical band gap (£,,) of amorphous materials with
0>10"cm™, was employed to analyze the data. The
Tauc method is also employed in the field of composite
materials with nanoinclusions to estimate Eg, [31]. The
band gap width is a pivotal characteristic that facilitates
recognition of quantum-size effects in the materials
under study. The Tauc theory posits that spectral
dependence of allowed interband electronic transitions in
semiconductors with an indirect band structure can be
represented as follows:

a(E)=B-(hv—E,f [hv, )

where B is a coefficient that depends on the probability
of the electronic transition [32].
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Fig. 3. Spectral dependences of the absorption coefficient of the

SiO,:Sm film before and after heat treatment at 600 °C (curves
1 and 2, respectively).
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Fig. 4. Spectral dependences of the absorption coefficient in
Tauc coordinates of the SiO,:Sm film before and after heat
treatment at 600 °C (curves / and 2, respectively).

Fig. 4 shows the dependence (0/v)'"? versus hv of
the SiO,:Sm film before (/) and after (2) annealing. The
value of E,, is determined by the intersection of the
linear approximation with the horizontal axis. The film
may be considered as a composite with different £,
values of its components. Extrapolation of linear
approximations with different slopes to a=0 gives an
estimation of the E,, values of the components that
constitute the film.

For the as-deposited film, a linear approximation in
the region iv =2.2...2.7 eV yields a value of E,, ~ 1.5 eV
(Fig. 4, curve /). This value of the optical band gap
corresponds to the value for defective amorphous nano-
silicon phase [33]. The value of E,, for silicon nano-
particles depends on their defectivity and size [34]. These
two factors act in opposition: the defectivity reduces the
E,, value and E,, increases with decreasing the size of
the low-defect a-Si nanoparticles. For example, for a-Si
films, an increase in E, from 1.45 to 1.98 eV was
observed as the degree of defectivity decreased [33].
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Fig. 5. PL spectra of the SiO,:Sm film before (/) and after
annealing at temperatures of 500 (2), 600 (3) and 700 °C (4) in
vacuum for 15 min.

For low-defect a-Si nanodots in a silicon nitride matrix,
the dependence Eg, = 2.2/a* (a is the nanodot size in nano-
meters) was observed due to the quantum size effect [34].

In our case, the E, value after annealing the
SiO,:Sm films at 600 °C was determined to be in the
same energy range, 1.77 eV (Fig. 4, curve 2). Since an
increase in the size of the a-Si nanoinclusions would be
expected during such annealing, the increase in E,, from
~ 1.5 to 1.77 eV indicates dominance of reduction in the
defectivity of the a-Si inclusions.

As can be seen from Fig. 4, the steepness of the
dependence a(hv) for the studied samples increases at
hv>2.7¢eV. This is apparently due to the increased
influence of the higher E,, component, i.e. the matrix.
The E,, values of 2.0 eV before and 2.2 eV after the film
annealing were obtained in this region. The increase in
the optical band gap is explained by the increase in the
matrix stoichiometry index after the annealing, as
indicated by the IR spectra. The latter can increase the
potential barrier at the nps-Si/matrix interface [35]. This
greater barrier increases quantum confinement in the Si
nanoparticles, which in turn increases their band gap.
Therefore, the increase in E,, from 1.5 to 1.77 eV
(determined in the energy range Av = 2.3...2.7 ¢V) may
not only be due to the reduced defectivity of the ncs-Si,
but also due to changes in the surrounding matrix.

The changes in the absorption characteristics are
accompanied by changes in the emission characteristics.
Fig. 5 shows the PL spectra of the SiO,:Sm film before
(curve 7) and after vacuum annealing at temperatures of
500, 600 and 700 °C for 15 min (curves 2, 3, and 4,
respectively). It can be seen from this figure that the
photoluminescence spectrum of the as-deposited film
covers the interval from the visible to the near infrared
spectral region and PL has a low intensity. To obtain
more complete information about the phase
transformations of the samples under study, we analyzed
their PL spectra by fitting them with Gaussian peaks.
Decomposition of the spectrum of the as-deposited
film indicates presence of a dominant broad band

with a maximum at 800 nm (1.5 eV) (not shown). After
annealing at 500 °C, the intensity of this band increases,
and its maximum does not change its position (not
shown). A similar broad PL band with a maximum at
785 nm was previously observed in SiOy films annealed
at 700 °C [36]. Its appearance was attributed to
decomposition of SiO; and formation of amorphous
silicon nanoparticles in an oxide matrix.

Increasing the annealing temperature (7, > 600 °C)
is accompanied by evolution of the emission spectrum.
After annealing at 600 °C the integrated PL intensity
increases three-fold and the band describing the whole
emission spectrum becomes asymmetric and is well
approximated by three Gaussian bands with the maxima
at 750 nm (1.65¢eV), 820nm (1.51eV) and 910 nm
(1.36 eV) (Fig. 6, curves /, 2 and 3). The presence of the
multiple bands in the PL spectrum may indicate different
states of structural rearrangement during the phase
separation process, in particular, the rearrangement of
amorphous silicon nanoinclusions in the SiOy:Sm (y > x)
matrix. Previously, qualitative correlation between the
emission spectra and the state of the SiO, phase decom-
position in a Si0,/Si0, superlattice was reported in [27].

The sub-oxide deposition technology as well as
annealing conditions and temperature have an effect on
the size of the formed ncs-Si, their phase state
(amorphous, amorphous-crystalline or quasi-crystalline)
and the ncs-Si/matrix interface state. These parameters
mainly define the mechanism of radiative recombination
of carriers corresponding to each specific band. There are
several models that explain the mechanism of light
emission in nanosilicon structures: (i) excitation and
recombination of carriers occur inside the Si nano-
particle; (ii) excitation occurs between quantum levels
inside the particle and recombination takes place on the
particle surface; and (iii) emission is associated with
defects on the nanoparticle surface that form emission
levels in the band gap.
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Fig. 6. PL spectrum of the SiO,:Sm film after vacuum
annealing at a temperature of 600 °C for 15 min (dots) and its
decomposition into Gaussian components. The red line is the
result of superposition of the Gaussian curves /, 2 and 3.
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Fig. 7. PL spectrum of the SiO:Sm film after vacuum
annealing at a temperature of 700 °C for 15 min (dots) and its
decomposition into Gaussian components. The red line is the
result of superposition of the Gaussian curves /, 2 and 3.

Analyzing the PL spectrum shown in Fig. 6, we can
see that the energy position of the peak (1.65 eV) of the
PL band at 750 nm (curve /) is close to the band gap of
the Si nanoparticles (1.77 eV). This may indicate
that this band is related to the quantum confinement
effect. The energy difference between the values 1.77
and 1.65 eV, i.e. the Stokes shift, is ~ (0.12+0.01) eV,
which corresponds to the energy (~0.13 eV) of Si—O-Si
vibrations with a stretching frequency of ~ 1080 cm™'.
This indicates involvement of phonons at the interface
nps-Si/SiOy:Sm (¥ >x) in the radiative processes. The
important role of phonons was established in [37], where
it was shown that coupling between excitons and
stretching vibrations dominates luminescence processes
in ncs-Si embedded in an oxide matrix. The Si—O-Si
vibrations at the nps-Si/SiO, interface provide conditions
for momentum conservation in radiation processes in
indirect band gap materials.

Therefore, in our opinion, the most intense band
with a maximum at 750 nm (1.65 eV) in the PL spectrum
of the annealed film is due to recombination of excitons
within silicon nanoinclusions. The band with a maximum
at 820 nm (Fig. 6, curve 2) is most likely associated with
ncs-Si surface defects at the interface with the matrix in
which the ncs-Si are embedded. Presence of oxygen
vacancies at the nps-Si/SiO, interface, which form
radiative defects, has been confirmed both theoretically
and experimentally [38]. A similar interpretation of the
mechanism of recombination of e-h pairs in silicon
nanoparticles with a maximum luminescence at ~820 nm
has been given in [37].

Along with the bands at 750 and 820 nm, the PL
spectrum also contains a band with a maximum at
910 nm, see Fig. 6 (curve3). This band has been
observed earlier in the PL spectra of SiO:Sm films
obtained by co-evaporation of SiO and Sm, but only after
annealing at 970 °C [21]. Study of Raman spectra
showed formation of crystalline Si nanoparticles in these

samples along with amorphous ones. The PL band at
910 nm, attributed to the formation of silicon
nanocrystals, has also been observed in SiO, films
annealed in an inert atmosphere at 7,,> 1000 °C [31].
We assume therefore that the crystalline or quasi-
crystalline (having a crystal core) silicon nanoparticles
are responsible for the band at 910 nm in Fig. 6 (curve 3).
Annealing at 700 °C leads to a noticeable red shift of the
band maximum from 910 to 950 nm accompanied by a
decrease in the PL intensity, see Fig. 7 (curve 3). This
behavior is well explained by manifestation of the
quantum confinement effect due to the increase in the
size of nps-Si.

4. Conclusions

During thermal evaporation of a powder mixture
(SiO + Sm), the interaction between its components in the
evaporator leads to a partial decomposition of the SiO.
As a result, the composition of the oxide matrix of the
deposited SiO,:Sm films is inhomogeneous and consists
of a mixture of SiO, (x < 2) and SiO, phases, as indicated
by infrared absorptance spectra of the samples.
Phase separation of the SiO,:Sm film is enhanced
during annealing, resulting in an increased heterogeneity
and subsequent formation of silicon nanoparticles.
TOF-SIMS studies showed an almost uniform in-depth
distribution of the secondary ions (Si’, Si,", O, SiO",
Sm’, SmO") in the SiO,:Sm films with samarium content
less than 1.0 at.%.

Optical studies of the absorption edge of the nps-
Si—Si0,:Sm nanocomposites allowed us to estimate the
optical bandgap E,, of the silicon nanoparticles and the
SiOy matrix. The increase in the bandgap width of the
a-Si nanoinclusions from ~1.5 eV for the as-deposited
films to 1.77 eV for the films annealed at 600 °C
indicates the preferential contribution of the reduction of
their defectivity during heat treatment to the increase in
Eg. The increase in E,, of the oxide matrix is explained
by an increase in its stoichiometry index as a result of
annealing, as confirmed by the IR spectra.

The light emitting properties of the SiO,:Sm films
are defined by the silicon nanoparticles formed during
deposition and subsequent annealing of the samples. We
believe that the strongest band with the maximum at
750 nm in the PL spectrum of the annealed film is due to
exciton recombination within the Si nanoinclusions. The
band with a maximum at 820 nm is associated with nps-
Si surface defects at the interface with the SiO, matrix.
The long-wavelength band at 910 nm is associated with
presence of crystalline or quasicrystalline nps-Si in the
film. The red shift of the maximum of this band from
910 to 950 nm at increasing the annealing temperature
from 600 to 700 °C, accompanied by a decrease in the PL
intensity, is well explained by manifestation of the quan-
tum-size effect due to the increase in the size of nps-Si.
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OnTHyHi Ta CBITJI0BUNIPOMIHIOBAJILHI BJACTHBOCTI KpeMHIEBUX HAHOCTPYKTYP Ha 0CHOBI miiBok SiO,,
Moan(ikoBaHUX camMapieM

K.B. MuxaiijioBcbKa, |II.€. ]J_Iene.JmBm‘flL B.K. JlutBun, O.B. [y6ikoBcbkuii, B.A. Janbko, 1.3. InagyTnui,
M.B. ConiHcbKuii

AHoTanist. J[OCTiKEHO CKJIaja, ONTHYHI Ta JIFOMIHCCIIGHTHI BJIACTUBOCTI IUTBOK SiO:Sm, OTpUMaHHX TEPMIYHUM
BUIIAPOBYBAHHAM Yy BakyyMi nmopomkosoi cymimi (SiO + Sm), Sm ~ 1 Bar.%. JlocimpkeHHs elNeMeHTHUX NpopiTiB 3a
JIOTIOMOTOI0 4acCOIPOJITHOT Mac-CIEKTPOCKOIIii BTOPUHHUX IOHIB BUSIBHJIO Maibke PIBHOMIPHHH PO3MOJLT OCHOBHUX
enementis (iomiB Si’, Si,", O', SiO"), a Takox iomiB Sm" i SmO' mo rMGuHi. TU-cexTpu ToKa3amu OiTbIry
MIKpPOCTPYKTYpHY HeomHopinHicTe Marpuili SiO, TOpIBHSHO 3 HEJNEroBaHuUMH IutiBKamu SiO,, OTpUMaHUMH 3a
aHAJIOTIYHOTO pexuMy ocampkeHHS. [lomampma TepmooOpoOka y Bakyymi mpu 500700 °C migBuIIye CTYIiHB
HEOTHOPITHOCTI 3pa3KiB. 3HaYeHHS ONTHYHOI 3abopoHeHoi 30uu 1,5 eB mo Ta 1,77 eB micna Bimmamy nmpu 600 °C
ok SiO,:Sm, Bu3HaueHi merogoM Tayna, 1oOpe KOPETIOOTH 3 JITEpaTypHUMH JaHUMH JJIsl aMOP(HOTO KPEMHIO
Ta HaHOBKMIOYEeHb Si y marpuui SiO, BianoBigHo. BumiproBaHHs cnekTpiB (oToIOMIHECHEHIIT Ta iX aHaii3
MOKa3aJy, 10 JeryBaHHs IUIiBOK SiOX camapieM CTHMYJIOE iX posmai, a TepMooOpoOKa IpH TeMIepaTypi Bifmary
> 600 °C yTBOpIOE B OKCHIHIA MaTPHUIli HAHOYACTHHKH Si, SIKi IPOSBIAIOTH KBAHTOBO-PO3MIpHHUH €(eKT.

Ku104oBi cjioBa: HaHOUACTHHKH KpeMHito, Si0,, HAHOKOMIIO3HUT, caMapiid, piIKiCHO3eMeNbHI eJIeMEeHTH, JTAaHTaHOI/IH,
JIFOMIHECIEHIIS.
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