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Abstract: We report the effect of high-temperature treatment on the structure and photoluminescence
of zinc selenite nanocrystals (ZnSeOj3) deposited into SiO, /Si track templates. The templates were
formed via irradiation with Xe ions (200 MeV, 108 ions/cm?) followed by etching in HF solution.
ZnSeO3 nanocrystals were obtained via chemical deposition from the aqueous solution of ZnCl, and
SeO, as Zn-, Se- and O-precursors. To estimate the thermal stability of the deposited precipitates, heat
treatment was carried out at 800 and 1000 °C for 60 min in a vacuum environment. Scanning electron
microscopy (SEM), X-ray diffractometry (XRD), photoluminescence (PL) spectroscopy, and electrical
measurements were used for the characterization of ZnSeO3/SiOznanoporous /Si nanocomposites.
Thermal treatment of the synthesized nanocomposites resulted in structural transformations with
the formation of ZnSe and ZnO phases while the content of the ZnSeO3 phase decreased. For the
as-deposited and annealed precipitates, an emission in the range of (400 to 600) nm was observed.
PL spectra were approximated by four Gaussian curves with maxima at ~550 nm (2.2 eV), 488 nm
(2.54eV), ~440nm (2.82 eV), and 410 nm (3.03 eV). Annealing resulted in a decrease in PL intensity that
was possibly due to the weight loss of the deposited substance during high-temperature treatment.
The redistribution of maxima intensities after annealing was also observed with an increase in blue
and violet emissions. The origin of the observed PL is discussed. The I-V curve analysis revealed an
electronic type of conductivity for the ZnSeO3(NCs)/SiOznanoporous/Si structure. The values of the
specific conductivity were calculated within the percolation model. The sample annealed at 800 °C

showed the highest specific conductivity of 8.5 x 107 Ohm~!.cm~1.

Keywords: SiO, /Si track template; chemical deposition; ZnSeO3 nanocrystals; thermal annealing; PL
in VIS spectral range

1. Introduction

Nanostructured materials (nanoparticles, nanowires, nanotubes, and others) exhibit
unique size- and shape-dependent optical properties and thus find a wide range of appli-
cations in optoelectronic devices, photocatalysis, and solar energy conversion [1-4]. For
optoelectronics, A2B® compounds are of similar importance as silicon is for microelectron-
ics. Nowadays, A?B® nanostructures (ZnSe, ZnS, CdS, ZnO, and CdSe) are the focus of
researchers’ attention because of their potential optoelectronic applications. Zinc oxide
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(ZnO) is among the most utilized n-type metal oxide semiconductor materials [5-8]. It
has a direct band gap of 3.37 eV, high electron mobility, and a high exciton binding energy
of 60 meV. Another material of interest is zinc selenide (ZnSe). It is a promising material
in optoelectronic devices like LEDs (blue laser diodes), photodetectors, and photovoltaic
devices because of its direct band gap (~2.7 eV) and significant exciton binding energy
(21 meV) at room temperature. Various researchers have combined ZnO and ZnSe materials
to create nanostructured zinc selenite (ZnSeQOj3) for photoanodes, photocatalysis, catalysts,
and other possible applications [9,10]. One can suggest that zinc selenite may have addi-
tional beneficial properties compared to zinc oxide and selenide. However, there are still a
lot of properties that are not known about ZnSeO; and this is a disadvantage in possible ap-
plications. Different methods have been employed to synthesize nano-structured ZnSeOs,
including: electrochemical deposition, which is considered more optimal for creating the
desired crystal structure [11]; pulse laser deposition, used to create a buffer layer for solar
cell structures [12]; hydrothermal techniques, which successfully prepared undoped and
In-doped ZnSeO3; nanoparticles for photoanode applications [10]; and the co-precipitation
method, where SeZnO3 nanosheets were explored as electrocatalysts in lithium—oxygen
batteries (LOBs) [13].

A promising approach to the formation of a variety of nanostructured materials is their
synthesis via deposition into nanoporous templates created using SiO, /Si wafers [14,15].
The creation of a-SiOznanoporous/Si templates includes two steps. Firstly, the SiO,/Si
wafer is irradiated with swift heavy ions, which results in the formation of latent tracks
of damaged material in the silica layer [16,17]. Subsequent etching of latent tracks in
selective etchants leads to the formation of track templates in a-SiO, /Si with controlled
nanopore density, shape, and size from 10 nm to several micrometers. Various forms of
one-dimensional Zn-based nanostructures have already been successfully synthesized
using the template method in SiO, /Si track templates [18,19].

To improve the crystallinity and decrease the defect level of nanostructured semicon-
ductors, their synthesis is generally carried out at elevated temperatures. An efficient tool
to tune the properties of semiconductor nanomaterials is also post-synthesis annealing.
Additionally, heat treatment provides the possibility to estimate the thermal stability of the
created nanostructures. The effect of high-temperature treatment on ZnSeO3 nanostructures
is under-researched, and there are only a few works in this field. For instance, the authors
of [12] estimated the influence of deposition temperature in the range of (25 to 650 °C) on
the structural and optoelectronic properties of Zn (O, Se) layers grown via pulsed laser
vacuum deposition. They reported that polycrystalline and electrically conductive Zn (O,
Se) layers were grown at the substrate temperatures of 500-650 °C. The layers grown at
temperatures below 500 °C were amorphous and exhibited a semi-insulating behavior.
In [20], the thermal stability of hydrates of ZnSeQO3, their dehydration, and dissociation
were investigated in a temperature range of (25-600 °C) under environmental conditions. It
was shown that anhydrous ZnSeO3 presumably existed at a high temperature (up to 480 °C)
and broke down within a temperature interval of 480-600 °C to form ZnO and SeO,.

The aim of this study is to estimate the thermal stability of ZnSeO3; nanocrystals (NCs)
chemically deposited into a-SiOznanoporous/Si templates as well as a transformation of its
structure and optical and electrophysical properties during high-temperature treatment
under vacuum conditions.

2. Materials and Methods

The a-5i0, /Si-n structure was fabricated through thermal oxidation of a silicon sub-
strate in a wet oxygen atmosphere at 900 °C. The thickness of the oxide layer was 700 nm
according to ellipsometry data. Afterward, samples with a size of 1 x 1 cm? were cut from
the oxidized Si wafer and irradiated with xenon ions with an energy of 200 MeV to a fluence
of 10% jons/cm? in the DC-60 accelerator (Astana, Kazakhstan), which in recent years has
proven to be a powerful experimental facility for performing such experiments [21-24].
In order to form nanopores instead of latent tracks in the silica layers of the irradiated
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samples, chemical etching of SiO, /Si samples was carried out in a 4% aqueous solution
of hydrofluoric acid (HF) with the addition of palladium chloride (PdCl,, m(Pd) = 0.025 g)
at 18 = 1 °C. Before track etching, ultrasonic cleaning of the surface of the samples in
isopropanol for 15 min in a 6.5SB25-12DTS ultrasonic cleaner (Xi’an Taikang Biotechnology
Co., Ltd., Xi'an, China) was carried out. After treatment in HF, the samples were washed in
deionized water (18.2 MOhm).

For ZnSeO3 deposition, solutions of zinc chloride (ZnCly;)—4 g/L and selenium diox-
ide (SeO,)—0.2 g/L in 100 mL of distilled water were prepared separately at room tem-
perature and then mixed at pH = 3. Chemical deposition (CD) of precipitates in the track
template samples was carried out under continuous stirring at a solution temperature
of 18 °C. At 18 °C, the deposition process can be more precisely controlled, ensuring the
stability of the solutions and minimizing unwanted side reactions. The duration of CD was
varied from 5 to 60 min. Figure 1 depicts a brief scheme of the deposition process.
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Figure 1. Scheme of synthesis for ZnSeO3 nanoprecipitates” chemical deposition into SiO, nanoporous /
Si templates.

After CD, the samples with deposited precipitates were washed with distilled water.
After washing, the samples were then dried in air at room temperature overnight.

Heat treatment of the samples with deposited precipitates was carried out in a vacuum
at 800 and 1000 °C for 60 min using an AVERON furnace (Yekaterinburg, Russia). The
heating rate was 30 °C/min.

The surface of the track templates was examined with a JSM 7500F scanning electron
microscope (Tokyo Boeki, Tokyo, Japan). X-ray diffractometric analysis was performed on
a D8 ADVANCE ECO X-ray (Karlsruhe, Germany) diffractometer using a Cu-anode X-ray
tube in the angle range of 26 30-110° with a step of 0.01°. BrukerAXSDIFFRAC.EVAv.4.2
software and the international database ICDD PDF-2 were used for phase identification
and crystal structure studies.

PL spectra were recorded in the range of 320 to 700 nm using a CM2203 spectrofluo-
rometer (Solar, Minsk, Belarus) with Xe-lamp radiation at A = 240 nm. Using two double
monochromators ensured a minimum level of interference, guaranteeing high measure-
ment accuracy. In all cases, we also subtracted the emission of the initial SiO2nanoporous/Si
template from the resulting P1 spectra of templates with deposited precipitates.

An HP 66312A current source and 34401A Agilent multimeter (Keysight Technologies,
Santa Rosa, CA, United States) were used to determine the electrical properties of the
nanocrystals. The current-voltage characteristics (CVCs) were taken from an array of filled
nanochannels, with an area of 0.3 cm?. A copper electrode with an area of 0.3 cm? was
deposited via thermal evaporation onto the surface of the sample with filled pores, and a
second electrode was symmetrically formed on the backside. The CVCs were measured
in constant voltage mode from —6 to 6 V in steps of 0.5 V. All CVCs were plotted using a
second-order polynomial fit.
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3. Results

The degree of pore filling as a function of deposition time was assessed on samples
with an average pore diameter of 450 nm. As expected, the degree of pore filling increased
with increasing CD time. Therefore, the filling degree increased from ~39% for the sample
after CD for 15 min up to ~90% after CD for 30 min. Figure 2 illustrates the degree of pore
filling after CD for 15 and 30 min. One can observe some not entirely filled pores as well
as empty (not filled) ones on the surface of the sample after CD for 15 min. Conversely,
completely filled pores as well as protrusion of the deposited substance from the nanopores
were observed for the sample after CD for 30 min.

ht
10 um
LEI SEM WD 8

Figure 2. SEM images of the sample’s surface after chemical deposition for (a) 15 and (b) 30 min at
18 °C.

With a further increase in CD duration, the degree of pore filling remained practically
unchanged. Thus, from the point of view of pore filling, the optimal deposition duration is
30 min. For further studies, precipitate deposition was carried out for 30 min at a solution
temperature of 18 °C.

X-ray diffraction patterns taken from the samples with nanocrystals before and after
annealing are shown in Figure 3. The identified X-ray peaks at 20 = 33.00°, 47.76°, 54.53°,
56.41°, and 61.66° correspond to the orthorhombic phase of ZnSeOs. The most intensive
peaks from ZnSeOj; are located at 26 = 33.00° and 61.66° and belong to the (121) and (123)
planes of the Miller indices of ZnSeO3, respectively. The intensities of these peaks increase
significantly after heat treatment, indicating the densification and increase in the degree of
crystallinity of the ZnSeO; precipitates and the increase in the amount of polycrystalline
phase compared to the amorphous one [12]. The relevant crystallographic parameters of
nanoprecipitates in ion track templates of the as-deposited and annealed samples calculated
from the XRD data are given in Tables 1 and 2. The JCPDS-78-0446 pattern was taken to
identify the X-ray peaks of orthorhombic ZnSeOs.
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Figure 3. XRD patterns of the deposited nanocrystals: (a)—before annealing, (b)—after annealing at
800 °C, and (c)—after annealing at 1000 °C for 60 min.

Table 1. Crystallographic parameters of the as-deposited nanocrystals.

Space o o Crystalline Cell Phase Volume,
Group hid 26 d A Size, nm Parameters, A Content, % A3
121 33.00 2.71
040 47.76 1.90
x: ZnSeO3  Orthorhombic ~Pnma (62) 321 5453  1.68 2117~ 2=594b=761 100 231.41
103 5641 163 ¢=510
123 61.66 1.50

Phase Structure Type

Table 2. Crystallographic parameters of the nanoprecipitates after annealing.

5 Lattice Crystalline Phase o
Sample Phase Space Group 20 Parameter, A gze, m Content, % Volume, A3
: ZnSe
After (PDF-}(I)1-077-8903), P4/1‘2‘;“m igg a= ;’ Z; 25.7 68.5 82.57
annealing at Tetragonal (129) : =9
800 °C 33.002
x: ZnSeO3 47.76 a=59%
(JCPDS-78-0446) Pnma (62) 54.53 b=7.61 26.52 31.5 231.41
Orthorhombic 56.41 c=5.10
61.656
z: ZnO ;éz a=23.27
After (PDF-01-070-8070), P63mc (186) 38.3 o= 5'23 37.5 77.3 48.47
armealing at Hexagona] 55'5 -
1000 °C :
33.002
x: ZnSeO3 47.76 a=59%
(JCPDS-78-0446) Pnma (62) 54.53 b=7.61 36.17 22.7 231.41
Orthorhombic 56.41 c=5.10

61.656
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One can see from Table 2 that annealing leads to an increase in the ZnSeOj3 crystallite
size. Also, annealing results in the appearance of additional peaks in the XRD patterns,
indicating the formation of new phases due to the thermal decomposition of ZnSeOs.
For the sample annealed at 800 °C, peaks at 20 = 28.0° and 40.2° appeared. These peaks
correspond to ZnSe with a tetragonal structure. The appearance of peaks at 26 = 21.9°,25.8°,
38.3°, and 55.5° was observed for the sample annealed at 1000 °C. These peaks correspond
to ZnO with a hexagonal structure. We can suppose that, firstly, heat treatment in a vacuum
environment leads to oxygen component evaporation from the ZnSeOj; precipitates. As a
result, the content of the ZnSeO3 phase decreases to 31.5% after annealing at 800 °C while
the content of the tetragonal ZnSe phase amounts to 68.5%. With a further increase in
temperature, selenium-based components start to evaporate [25], and, according to XRD
data, after annealing at 1000 °C, precipitates are already mainly composed of the ZnO
hexagonal phase (77.3%). The content of the ZnSeO3 orthorhombic phase amounts to 22.7%
in the sample annealed at 1000 °C.

3.1. Photoluminescence

The PL spectrum of the sample with as-deposited NCs as well as the PL spectra of the
annealed samples are shown in Figures 4-6. For comparison, Figure 3 (inset) also shows
the spectrum of the initial SiO2nanoporous/Si sample before nanocrystal deposition.

A, nM
620 570 520 480 450 420
1 M 1 M 1 M 1 M 1 " |
124"
17 282 eV
308
1.07 M 254 eV,
- | _03 initial sample
5084 _—
E oé_q ECE Pz;aw" 26 :v.z.ra Tan
oton energy (e
=
@ 0.6-
2
£ 226 e
0.4-
] 3.0
0.2 |
OO ¥ T T T T 1 T T T 1 T
2.0 2.2 2.3 2.6 2.8 3.0

Photon energy (eV)

Figure 4. PL spectrum of the as-deposited nanocrystals: inset—spectra of the template with filled
pores and the initial template before deposition.
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Figure 5. PL spectrum of the nanocrystals after annealing at 800 °C.
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Figure 6. PL spectrum of the nanocrystals after annealing at 1000 °C.
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A wide band in the range of 400 to 600 nm dominates all spectra. It can be approxi-
mated by four Gaussian curves with maxima at ~550 nm (2.2 eV), 488 nm (2.54 eV), ~440 nm
(2.82 eV), and 410 nm (3.03 eV). One can expect that the ZnSeO3 luminescence is a combi-
nation of luminescence from ZnSe and ZnO. According to [26] the green emission around
550 nm can be ascribed to deep-level trap emission originating from oxygen deficiency.
The band at 488 nm is possibly due to some donor-acceptor pairs associated with Zn/Se
vacancies and intermediate states [27]. The blue emission at around 440 nm, according
to [28], can be ascribed to defects in ZnO caused by the presence of oxygen atoms in the
interstices of the crystal lattice. The band at 410 nm can be attributed to the violet emission
of ZnO nanoparticles and is probably due to the complex defects involving Zn; and Vz,
and related to the interface traps at the ZnO grain boundaries [29].

Interestingly, the intensity of the as-deposited nanocrystals” emission decreases af-
ter annealing while the emission maxima locations are practically the same for the as-
synthesized and annealed precipitates. An explanation for the observed luminescence is
given above based on its defect origin. One can suppose that a decrease in PL intensity
after heat treatment confirms the defect origin of the emission and is related to the defect’s
annealing. However, it is more realistic to suppose that this effect is mainly due to weight
loss of the deposited substance during heat treatment. Estimation of the weight losses of the
annealed samples was beyond the scope of our investigation. However, the weight losses
can amount to nearly 30-40% for ZnSeOj3 or ZnSe after high-temperature treatment [10,30].

One can observe the redistribution of intensity between the bands at 488, ~440 nm, and
410 nm in the annealed samples with the annealing temperature increase too. The intensity
of blue and violet emissions at 440 and 410 nm increased for the sample annealed at 1000 °C
in comparison with the sample annealed at 800 °C while the intensity of the band at 488 nm,
conversely, decreased. As above, we attributed the band at 488 nm to some donor—acceptor
pairs associated with Zn/Se vacancies and intermediate states, and the bands at 440 and
410 nm were ascribed to the radiative centers related to defects in the ZnO phase. An
increase in the intensity of blue and violet emission from ZnO nanocrystals for the sample
annealed at higher temperatures is in good agreement with the XRD data. According to
the XRD data, after annealing at 1000 °C, the precipitates were mainly composed of the
ZnO phase (77.3%) while the content of the ZnSeOs phase decreased to 22.7%. For the
sample annealed at 800 °C, the content of the ZnSeO3; and ZnSe phases amounted to 31.5
and 68.5%, respectively. The emission at 488 nm is related to ZnSe, and it is reasonable to
suppose that it should be more intensive from the sample with the higher content of the
ZnSe phase.

3.2. Electrical Properties

To investigate the electrical properties of ZnSeO3 nanocrystals obtained via chemical
deposition, their current-voltage characteristics (I-V curves) were studied. The setup
scheme for the current-voltage measurement was as follows: a sample with deposited
nanocrystals was placed between two metal plates that overlapped only a part of the sample
with nanochannels. The size of this part was 0.3 cm?. The plates were then connected to a
current source by the series connection of a multimeter.

Figure 7 shows the current-voltage characteristics for the sample with the as-deposited
NCs and for the annealed samples.

The initial Si substrate for the growth of the SiO, film had n-type conductivity. From
the I-V curve analysis, it can be concluded that the structure ZnSeO3(NCs)/SiOznanoporous / St
shows an electronic type of conductivity. The current—voltage curves of the structures are
essentially nonlinear. The specific conductance of the entire structure with pores filled with
nanocrystals can be calculated using the following formula:

_drl

a—wz @)
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where [ is the length of nanocrystal arrays (corresponding approximately to the thickness
of the oxide layer—700 nm); A is the contact area; and ;TII is the differential conductance,
calculated for high forward voltage from the I-V characteristic.

| (mA)

_4

Figure 7. I-V curves for the samples with nanocrystals. Open circles—experimental data; lines—data
fitting with (7). 1—the as-deposited sample at a deposition duration of 30 min. 2—the sample after
annealing at 800 °C; and 3—the sample after annealing at 1000 °C.

The conductivity of each conical wire consisting of a nanocrystal array can be calcu-
lated using;:
dl l

W= du Adnymr? @)

where @ is the pore density (assumed to be equal to ion fluence—each ion creates an
etchable track); 7 is part of the completely filled pores; and r is the radius of a cylindrical
nanopore (considering the cone-shaped nanopores, the average radius value was taken
equal to 112.5 nm according to the SEM images).

The nonlinear behavior of the I-V curves can be interpreted using the percolation
conductivity model for polycrystalline semiconductors [31-33]. In fine-grained material,
barrier disorder, caused by random crystallographic orientation of the grains and by the
variations in their sizes and composition, leads to the formation of a percolation structure
in the material as it is divided into regions permitted or prohibited to the current carriers.
The effective electrical conductivity of a polycrystal is controlled by the height of the critical
barriers ., determining the percolation level of the random energy relief at the bottom of
the conductivity band. Current carriers pass only through barriers included in the critical
subnet (infinite cluster), which contains only the barriers with heights ¢ < ¢.. The height
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distribution function of the inter-grain barriers f(¢) controls the percolation level &, which
is determined by the equation [31]

Ge
pe= [ f@)ae ©

Cmin

where p, is a correlation threshold. In strong electric fields, a change in the electrical
conductivity of the barrier-disordered system appears not only due to barrier lowering by
the applied field E but also due to the rearrangement of the critical subnet responsible for
current transport. In this case, the expression for I-V curves could be written as [31]:

— 1/(14v)
I = Iyexp [<lef;fv(<§c)> ] 4)

where ¢ is a constant factor: ¢ ~ 1; e is the electron charge; L is the average grain size; k;, is the
Boltzmann constant; E is the electric field strength; and v &~ 0.9 =+ 1 in the three-dimensional
case [34].

Conductivity in disordered polycrystalline semiconductors in the case of grain bound-
ary states filling under applied voltage could be expressed as [20]:

(cVo/kyT) ( EEL) 1/1/] ()

0 = 0p exp 5V

where V) is the amplitude of random variations in the barrier height for different grain
boundaries and 4V is the increase in the barrier height due to the capture of electrons.

Conductivity is calculated in the assumption that grain-boundary states are already
occupied.

o = 0pexp {D (F)l/(lw)} (6)

is in good agreement with data on the electrical conductivity of ZnO-based varistors
in which grain-boundary states are already filled at low electric fields according to [32].
As stated in [35], repeated verification showed that inter-crystalline boundaries in A?B®
semiconductors act as acceptors. They accumulate negative charge at the surface states and
thus create inter-crystalline barriers.

The experimental current-voltage curves are in good agreement with a scenario
predicted by Formula (6). In more detail, current density could be described by the Pool-
Frenkel-type equation [33] (v = 1):

V ceLAE) )

j - Uofexp (kb‘T

where ¢ has been taken equal to 1; L is equal to THE crystalline size from Table 2 for the
main nanoprecipitate’s fraction for each sample; A is the value of the random potential;
and oy is the ohmic conductivity in the low field. The fitted values of o for all samples are
given in Table 3. The best fit of our measured I-V curves was obtained with the value of
A =0.012 eV for the forward branch of I-V characteristics for all samples. This may indicate
that although a partial decomposition of initial ZnSeO3 nanocrystals takes place during
heat treatment with the formation of ZnSe and ZnO phases, the conductivity character does
not undergo qualitative changes and is determined by the conductivity of the material of
the phase with the largest content.
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Table 3. Electrophysical characteristics of nanocrystals in the as-deposited and annealed samples.

Value As-Deposited After Annealing at  After Annealing at

Samples 800 °C 1000 °C
Specific conductivity of the
structure containing the 1.0 x 107 32 % 107 59 % 10-8
nanocrystal arrays,
o, Ohm1.em~1
Specific conductivity of a
conical wire consisting 27 % 10-6 8.5 x 10~ 15 % 10-6
of nanocrystals
ow, Ohm~!.cm™!
Random potential A, eV 0.012 0.012 0.012
Ohmic conductivity for . 20 x 10~7 6.0 x 10-7 1.9 % 10-7

low-field 0y, Ohm~!.cm™

Thus, the highest value of the specific conductivity was observed for the sample
annealed at 800 °C.

4. Conclusions

Zinc selenite nanocrystals were synthesized in a SiO, /Si track template via chemical
deposition from an aqueous solution of ZnCl, and SeO, as Zn-, Se-, and O-precursors at
18 °C. The track template was formed via irradiation with 200 MeV Xe ions up to a fluence
of 108 ions/cm? followed by chemical etching of latent tracks in the aqueous solution of
hydrofluoric acid.

Analysis of XRD diffractograms from the as-deposited precipitates revealed a for-
mation of ZnSeO3 nanocrystals with an orthorhombic structure. Thermal treatment of
the synthesized nanocomposites at 800 °C in a vacuum resulted in the formation of ZnSe
nanocrystals with a tetragonal structure due to the evaporation of oxygen components
from the ZnSeOs precipitates. The resulting content of the ZnSeO; phase decreased to
31.5% while the content of the ZnSe phase amounted to 68.5%. With a further increase in
temperature, selenium-based components started to evaporate, and, according to XRD data,
after annealing at 1000 °C, the precipitates were already composed mainly of the hexagonal
phase of ZnO (77.3%) and the orthorhombic phase of ZnSeOj3 (22.7%). Annealing also led
to an increase in the ZnSeOj crystallite size.

For the as-deposited and annealed precipitates, an emission in the range of 400 to
600 nm was observed. PL spectra were approximated by four Gaussian curves with
maxima at ~550 nm (2.2 eV), 488 nm (2.54 eV), ~440 nm (2.82 eV), and 410 nm (3.03 eV).
It is supposed that the green emission arises presumably due to donor-acceptor pairs
associated with Zn/Se vacancies and intermediate states as well as the violet emission
being ascribed to the oxygen atoms in the interstices of the ZnO crystal lattice as well as the
complex defects involving Zn; and Vz, and related to the interface traps at the ZnO grain
boundaries. Annealing resulted in a decrease in PL intensity, which is possibly due to the
weight loss of the deposited substance during high-temperature heat treatment. Annealing
at 1000 °C led to a redistribution of PL maxima intensity with the increase in violet emission
while the green emission decreased.

The I-V curves analysis revealed an electronic type of conductivity for the structure
ZnSeO3(NCs)/SiO2nanoporous / Si- The values of the specific conductivity were calculated
within the percolation model. The sample annealed at 800 °C showed the highest specific
conductivity of 8.5 x 107® Ohm!-em~!.
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