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The recombination and optical losses were determined in auxiliary and absorbing layers of solar
cells (SCs) based on the n-Mg<Zn1.xO / p-SnS heterojunction (where x = 0; 0.3; 1) with transparent front
contacts (ZnO:Al and ITO). The spectral dependences of the transmittance of light by SCs have been
calculated, taking into account the reflection of light from the boundaries of the contacting materials, as
well as its absorption in the auxiliary layers of the devices. The quantum yield of the investigated struc-
tures of photoconductors were determined. The effect of recombination and optical losses in such SCs on
the short-circuit current and the efficiency were determined with different thickness of window layer
Mg<Zn1.<xO (25-400 nm) and constant thickness of Al:ZnO and ITO layers (100-200 nm). The efficiency of
the structures was calculated for the case of the open circuit voltage U. determined from the energy di-
agrams and taken from the literature. It was found that in the first case, the SCs can have an efficiency
that increases from 4.91 % (ZnO / SnS) to 10.8 % (MgO / SnS) with an increase in the Mg content in the
solid solution. In the second case, SCs based on the ZnO/SnS heterojunction with a conductive contact
Al:ZnO have the highest efficiency values (7=11.62 %). Devices based on MgosZno70 /SnS and
MgO / SnS heterojunction show an efficiency value of 5.97 % and 5.84 %, respectively. The material of
the front conductive contact has little effect on the efficiency of the SCs. The obtained results allow to
determine the maximum value of the efficiency of considered SCs taking into account recombination and
optical losses in device layers and to optimize the parameters of real devices in order to achieve these

values of efficiency.
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1. INTRODUCTION

The problem of energy supply is one of the most
pressing problems that mankind solves in our time. One
of the solutions to this is the widespread using of renew-
able energy sources (RES). It should be noted that today
the renewable energy, in particular, solar energy, is
rapidly developing, and including in Ukraine. First of all,
this was made possible by a number of factors, in partic-
ular, the state policy of support for renewable energy [1].

Today the most common are Solar Cells (SCs) based
on silicon technologies (the first generation of SCs), but
recently thin-film SCs with absorbing layers of CdTe and
CulniyGaySez (CIGS) with different window layers
(mostly CdS) and front current spreading layers (most
often ITO (In203 (90 %) + SnO2 (10 %) or Al-doped ZnO
(AZnQ)) that belong to the second generation of devices
[2]. Today's efficiency for these SCs reaches 22.9 % [3].
However, such disadvantages as the high cost of In, Ga,
and Te, and the toxicity of Cd give impetus to the search
for alternative materials of the functional layers and
structures of the SCs for large-scale use. Nowadays, such
materials as Cuz2ZnSnSes (CZTSe) and SnS are consid-
ered as absorbing layers of the third-generation SCs [4].
This is due to the close band gap to optimum for the
conversion of the sunlight energy (the Shockley Queisser
limit), the high light absorption coefficient (~ 105 cm 1),
the p-type electrical conductivity, the high charge carri-
ers lifetime, and also their fairly high mobility [4, 5].
Unlike other semiconductors that are used today as
absorbing layers of thin-film SCs, these compounds do
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not contain rare and environmentally hazardous metals,
the elements that are part of them are widespread in the
Earth's crust, and the cost of their extraction is relative-
ly low. However, the obtaining of films of a four-
component compound CZTSe is associated with certain
difficulties, since its components have significantly dif-
ferent values of vapor pressure, and the domain of ho-
mogeneity is rather narrow [6]. As a result, the resulting
layers often contain several phases with different
bandgap widths, and the efficiency of the devices on
their basis is low [3]. This has led to the growing interest
of researchers to the two-component SnS compound
[4, 5], monophase films of which can be easily synthe-
sized by various methods, for example [7].

Traditionally, as a window material to different ab-
sorption layers of SCs, a binary CdS compound having
n-type conductivity and a band gap equal to Eg = 2.42 eV
has been used for a long time [2, 3]. This compound was
used in [8] to obtain thin-film SCs with a SnS absorbing
layer. However, the efficiency of such devices is small,
and nowadays it does not exceed 4.36 % [9]. Several
studies have shown that such a low efficiency of the SCs
may be due to poor coordination of the electrical charac-
teristics of the materials of heterojunction [4, 5]. Meas-
urements by photoelectron spectroscopy of gap zones on
band diagrams between p-type SnS and n-type conduc-
tivity CdS, SnSz, In2Ss, ZnInzSes, ZnO and MgxZn1x0O
showed that among the considered compounds, the
MgxZn1xO solid solution most meets the requirements
for materials to create effective solar converters. The
n-MgxZn1xO/p-SnS heterojunction refers to structures of
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I type and can have high efficiency of converting solar
energy into electrical energy [10, 11].

It is known [12] that the electrical characteristics of
MgxZn1.xO are easy to control by varying the concentra-
tion of Mg in the solid solution. In this case, the opti-
mal for use as a window material to SnS is a semicon-
ductor with a magnesium concentration, which lies in
the range 0 < x < 0.3. However, in our time for thin-film
SCs based on the n-Mgx<Zni1xO/p-SnS heterojunctions,
an efficiency of 2.1% has been achieved [11], while the-
oretical calculations show that it can reach more than
20 % [13]. The difference between the theoretical pre-
dictions and the actual values of the efficiency of devic-
es is explained by electrical, recombination and optical
losses during the transformation of solar radiation into
electrical energy.

The key energy losses in the photoelectric transfor-
mation of solar energy are related to: the light reflec-
tion from the heterojunction interface and device sur-
face, the passage of the radiation part through the SCs
without absorption, the scattering of photon energy by
the heat fluctuations of the lattice, the recombination of
the electron-hole pairs that arose under the action of
light, both in volume and on the surface of the device,
as well as its internal resistance and other physical
processes. Increase in the efficiency of SCs is possible
by reducing such losses by optimizing their design and
improving the structural, optical and electrical proper-
ties of the composite layers.

The main purpose of the work is to determine the re-
combination and optical losses in the SCs on the basis of
n-MgxZn1xO/p-SnS heterojunction (x = 0; 0.3; 1) with tran-
sparent front contacts of AZnO or ITO and to determine
the effect of these losses on the efficiency of devices.

2. THE LOSSES OF LIGHT REFLECTION

"Substrate" and "superstrate" are two well-known
basic designs of thin film SCs [2]. The last one has
several advantages associated with the simplicity of
sealing the device, its higher efficiency, etc. [2, 3]. That
is why modeling was carried out by us for the SCs of
this design.

Thin-film SCs with superstrate type consist of sev-
eral layers and include a substrate (glass), a front con-
ductive transparent contact (ITO, AZnO), a window
(ZnO, Mgo.3Zno.7O, MgO) and an absorbing (SnS) layers
and a metallic rear contact. The structure of such a
solar cell is shown in Fig. 1.

metal rear contact metal rear contact

| MgZn,
ZnO:Al

glass

Fig. 1 - Solar cell design based on SnS absorbing layer and
MgZn1x0 (x = 0; 0.3; 1) window layer

The processes of light reflection from the SCs layers
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were modeled at a variable thickness of the window layer
d = (25-400) nm and at a constant thickness d = 100 and
200 nm of the transparent front layer AZnO (ITO).
Such values are usually used in real SCs [2, 14].

On the way to the SnS absorbing layer, where the
electron-hole pairs are generated under the action of light,
the solar radiation flux passes through the auxiliary lay-
ers of the SCs glass, ITO (AZnO) and MgxZnixO (ZnO,
MgO). At the same time, on the boundaries between the
air - glass, glass - ITO (AZnO), ITO(AZnO) - Mgo.3Zno.7O
(ZnO, MgO) and Mgo.3Zno.7O (ZnO, MgO) - SnS, due to a
light reflection, there are optical losses of solar energy.
It is also necessary to take into account the absorption
of the sunlight in the auxiliary layers of the SCs: glass,
ITO (AZnO) and MgxZn1xO.

The method of calculating optical losses in the device
and the main expressions used in this case are given in
[15].

The spectral dependences of the refractive index and
extinction coefficient of SnS absorbing layer used in the
modeling are shown in Fig. 2. The spectral dependences
of n and & of other layers of SCs are given in [16].
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Fig. 2 — Spectral dependencies of the refractive index and the
extinction coefficient of SnS absorbing layer

For Mgo.3Zno.7O solid solution layer, these values were
calculated from the known values of n and & of zinc oxide
and magnesium oxide using the Vegard's law. At model-
ing, for air, the coefficients were equalton=1, k=0.

The received spectral dependences of the reflection
coefficient from the boundaries of the window layer — the
absorption layer of SCs and the layer MgxZn1.xO in direct
contact with air are shown in Fig. 3.

Therefore, the formula for determining the light trans-
mittance coefficient for a multilayer structure of the SCs
has the form [15, 16]:

T(’l):(1_}312)(1_R23)(1_R34)(1_R45)’

where Ris, Ros, Rss, Rus are the reflection coefficients at
the interfaces: air - glass, glass - ITO (AZnO), ITO (ZnO) -
MgxZn1x0, MgxZn1.xO - SnS.

It is worth noting that this ratio does not take into
account the multiple reflections of sunlight in device
layers: glass, ITO (AZnO), Mg:Zn1.xO, which can be
neglected at low values of reflection coefficients at the
boundaries of the section of different materials. Small
reflection coefficients also allow ignoring interference
effects in thin films.
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Fig. 3 — Spectral dependences of reflection coefficients (R) from
the boundaries: ZnO/SnS (1), Mgo.3Zno.7O/SnS (2), MgO/SnS (3)
and air/SnS (4)

It was found that the transmittance coefficient of the
SCs with a AZnO layer is almost the same as that with
the ITO layer, but it is still somewhat smaller in the
wavelength range A= (300-900) nm. Therefore, in order
to determine the optimal combination of auxiliary layers
of the SCs, the optical loss coefficient of energy was cal-
culated [15]. The results of calculations of the optical
loss coefficient in SCs on the basis of considered hetero-
junctions with AZnO and ITO layers are presented in
Fig. 4 and in Table 1. As can be seen from the figure,
such SCs have a rather high reflection coefficient (21.3-
26.3 %), which negatively influences the efficiency of the
sun energy conversion.
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Fig. 4 — Optical loss coefficient in SCs taking into account the
light reflection from the boundaries of the various materials

Table 1 — The value of the optical loss coefficient in the SCs
with different constructions

No | Solar cell constructions Optical loss Light passing

coefficient, % coefficient, %
1 AZn0/Zn0O/SnS 21.31 78.69
2 ITO/Zn0O/SnS 21.82 78.18
3 | AZnO/MgosZno:0/SnS 22.41 77.59
4 ITO/Mgo.3Zno.,0/SnS 22.95 77.05
5 AZnO/MgO/SnS 25.70 74.30
6 ITO/MgO/SnS 26.29 73.71
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It is seen from Table 1 that the optical losses of the
SCs with the constructions of ITO/MgxZn1.xO/SnS and
ZnO/MgxZn1.x0/SnS differ by (0.51-0.59) %. But the best
light transmission coefficient still belongs to SCs with a
conductive transparent contact AZnO - 78.69 %.

3. THE LOSSES OF LIGHT ABSORPTION

In order to objectively analyze the optical losses in
addition to light reflection, it is important to take into
account the loss of light absorption in the auxiliary lay-
ers of the SCs. The light transmittance of a multilayered
structure, taking into account absorption and reflection
losses in the conductive and window layers of the SCs
was calculated using the expressions given in [16].

Spectral dependences of the transmittance coefficient
on the wavelength for SCs containing layers of AZnO or
ITO on the basis MgxZn1xO / SnS heterojunction taking
into account the absorption effects in auxiliary layers at
different thickness values are shown in Fig. 5.

The analysis of dependences (Fig. 5) shows that the
transmittance coefficient of the SCs with the ITO layer
at a wavelength 1<800 nm is slightly lower than the
corresponding coefficient for the structure with AZnO.
The value of the light loss coefficient, taking into account
the absorption of light in the auxiliary layers for the
considered SCs of various structures, is given in Table 2.

As calculations show, AZnO, as a transparent front
layer of the solar cell, is more attractive than ITO, be-
cause it allows to slightly reduce the loss of light enter-
ing the absorbing layer SnS. Dependency analysis pre-
sented in Fig. 5 and in Table 2 shows that the increase
in the thickness of the window layer from d =25 nm to
d =200 nm leads to an increase in energy losses by
(0.13-0.14) % at the thickness of the transparent front
layer AZnO (ITO) d = 100 nm and 200 nm.
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Fig. 5 — Spectral dependence of the transmittance coefficients

of the considered structures: glass/AZnO/ZnO/SnS (1),
glass/AZnO/MgosZno,0/SnS  (2), glass/AZnO/MgO/SnS (5),
glass/ITO/ZnO/SnS  (3),  glass/ITO/MgosZno:0/SnS  (4),

glass/ITO/MgO/SnS (6) at the thickness of the window layer of
25 nm and ITO (AZnO) of 100 nm

4. QUANTUM YIELD OF SOLAR CELL

An important parameter that influences the effi-
ciency of sunlight conversion into electrical energy and
is used for the analysis of recombinant losses in the SCs
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Table 2 — The value of the loss coefficient in the SCs with different constructions (taking into account the absorption of light)

Solar cell constructions

Loss coefficient, %

drro #zn0) = 100 nm

dMgxzn1-x0, NM 25 75 100 150 200
AZn0O/Zn0/SnS 21.37 21.39 21.41 21.43 21.47 21.51
ITO/ZnO/SnS 21.90 21.92 21.94 21.96 22.00 22.04
AZn0/Mgo3Zno70/SnS 22.47 22.49 22.51 22.53 22.57 22.61
ITO/Mgo3Zno70/SnS 23.02 23.04 23.06 23.08 23.12 23.16
AZnO/MgO/SnS 25.75 25.77 25.79 25.81 25.84 25.88
ITO/MgO/SnS 26.36 26.38 26.39 26.41 26.45 26.48

diro zn0)= 200 nm

AZn0O/Zn0O/SnS 21.41 21.43 21.45 21.47 21.51 21.55
ITO/ZnO/SnS 21.95 21.97 21.99 22.01 22.05 22.09
AZn0/Mgo.3Zno70/SnS 22.50 22.52 22.54 22.56 22.60 22.64
ITO/Mgo3Zno70/SnS 23.07 23.09 23.11 23.13 23.17 23.21
AZn0O/MgO/SnS 25.79 25.80 25.82 25.84 25.88 25.91
ITO/MgO/SnS 26.41 26.43 26.44 26.46 26.50 26.53

is the internal quantum yield [15, 16]. It is calculated
as the ratio of the number of electron-hole pairs gener-
ated by the light radiation to the total number of pho-
tons that have reached the absorption layer, which
create the drift and diffusion components of the photo-
current in the SCs and the short circuit current.

The internal quantum yield of the SCs depends on
the recombination losses of the carriers at the boundary
of the n-MgxZn1.xO/p-SnS heterojunction and in the vol-
ume of materials, as well as on the back side of the ab-
sorption and window layers. Since effects of light losses
when reflected and absorbed in the auxiliary layers of
the device occur in the SCs, it is also important to de-
termine the external quantum yield of the device, which
takes into account these losses [16].

The value of the space charge region, occurring on
the material contact, is necessary for the analysis of
recombination losses in the device. This value depends on
the concentration of uncompensated acceptors Nu— Ng
found in the material [11, 17] and on the potential dif-
ference in the heterojunction. The last value was found
from the band zone diagram, as described in [16].

Due to the high level of doping of the absorbing layer
material, the space charge region is in the window and
absorbing layers of the SCs and its width is determined
by the ratios given in [18]. For the calculation, we used
the values presented in Table 3.

Table 3 — The main parameters of the values that were used
for calculations of d and @

Parameters Values
£ 16
po—qU, (0.22) ZnO, (0.15) Mgo.3Zno.70,
eV (0.50) MgO
S, Sk, cm/s 106-108
Tn, NS 2.58
Dy, cm?/s 0.25
Dy, cm?/s 2
T K 300

The drift component of the internal quantum yield
of a solar cell, which takes into account the recombina-
tion at the boundary of the heterojunction and in the
space charge region, was determined by the relations

given in [19].

The diffusion component of the quantum yield, tak-
ing into account the recombination losses in the quasi-
neutral region of the window and absorber materials,
and on the back of the layers, was calculated using the
expressions presented in the works [16, 19].

The total internal quantum yield of SCs is defined
as the sum of all quantum yields, taking into account the
directions of diffusion and drift currents in the device.
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Fig. 6 — Spectral dependences of internal quantum yield (a)
and external quantum yield (b). The window layer MgO (1),
Mgo.3Zno70 (2) and ZnO (3)
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Fig. 6a presents the spectral dependence graphs of
the internal quantum yield of SCs with the values
No=10%cm~3, Ng= 1017 cm~3.

The calculations were carried out for SCs with a
thickness of the absorber layer of 1 pm (An =~97 %)
and the window layer of 25 nm (the minimal technolog-
ically achievable thickness of the window layer [14]).

As expected, with photon energy, which is lower
than the band gap E; of the material, the quantum
yield of the devices is close to zero. As calculations have
shown, the change in the recombination rate S in the
range from 106 to 108 has a weak effect on the value of
the quantum yield.

Subsequently, we investigated the effect of optical
losses, which were calculated in the previous section on
the quantum yield of devices. With their consideration, we
have constructed the spectral dependence of the exter-
nal quantum yield for the considered SCs (Fig. 6b). In
this case, the thickness of all functional layers was
taken close to the values used in the real SCs [14].

The analysis of the obtained dependences (Fig. 6b)
shows that the devices with window layers, which have
a larger band gap, show larger values of quantum yield.

5. SOLAR CELL EFFICIENCY

The short-circuit current density of the investigated
SCs was calculated by the expression given in [15, 16].

Table 4 presents the calculated values of /s for SCs
ITO(AZnO)/MgxZn1x0/SnS, taking into account the
losses of absorption and reflection light in the auxiliary
layers of SCs. At this time, the thickness of the conduc-
tive ITO (AZnO) layer was 100 nm.

Table 4 — The values of short-circuit current density for struc-
tures ITO/MgZn1x0/SnS and AZnO/MgxZn1x0/SnS

JJ. NANO- ELECTRON. PHYS. 11, 03024 (2019)

Table 5 shows the maximum values of the fill factor and
the open-circuit voltage of real SCs taken from literary
sources. These values were used by us to further calcu-
late the efficiency of photovoltaic converters.

In Fig. 7, the indicated efficiency values are obtained
for devices with different conductive transparent, win-
dow, and absorbing layers.

Table 5 — The values of the basic parameters of the real SCs
and values from the literature for determining the efficiency

Short-circuit
Percentage of losses,

current Js.
’ %

mA/cm?

dMgxZn1x0, nm ITO AZnO ITO ZnO

drro znoy) = 100 nm

Zn0/SnS 25.00 25.10 28.20 27.91

Mgo,3Zno70/SnS 24.70 24.83 29.06 28.69

MgO/SnS 24.10 24.29 30.79 30.24
Max short-circuit 34.89

current

Thus, taking into account light losses on absorption
and reflection in auxiliary layers of SCs with the struc-
ture AZnO/MgxZn1.x0O/SnS, the value of the short-circuit
current density is slightly higher (0.10-0.19) mA/cm?
than the corresponding values for ITO/MgxZn1x0O/SnS
SCs. The general (recombination and optical) losses at
the window layer thickness d = 25 nm and ITO(AZnO) =
=100 nm in these structures are 27.91%-30.79 %.

In the future, using the ratios given in [16] we calcu-
lated the efficiency of the SCs 7 (%).

Table 5 shows the open-circuit voltage values calcu-
lated from the energy diagrams of the heterojunction,
and the value of Ui for the pair of contacting layers
Mgo.3Zno70/SnS was found by the Vegard's law. Also,

SCs struct Ui, FF, P, From literature
§ structure mV % mW/cm? Use, mV
Zn0O/SnS 220 520 [20]

Mgo,sZmno:0
/SnS 300 89 100 270 [7]
MgO/SnS | 500 270
16
AZnO ITO
14
129 N
[ ] | |
’_\1 0
R g] zn0 Mgo  ZnO MgO
= [ [ ]
6 - [ . .
4] - ZMO " ZMO
2
0

Solar cells layer materials

Fig. 7 — Effect of recombination and optical losses on the
efficiency of SCs with different structure in the case with
daznoaro) = 100 nm, dmgznixo = 25 nm. The results obtained on
the basis of literary data are indicated in the form of circles,
the squares represent the results obtained on the basis of the
values of U, found from the energy diagrams of the hetero-
junction

From Fig. 7 it is evident that in the case of the use
of the Usc values found from the energy diagram of the
transition, the efficiency of the SCs increases with an
increase in the content of magnesium in the solid solu-
tion from 4.91 % (ZnO/SnS, U, =220 mV) to 10.8 %
MgO/SnS, Use =500 mV). The material of the trans-
parent front contact weakly affects the efficiency of the
SCs, but when using the AZnO layer, the efficiency of
the devices is still slightly higher than with the ITO
layer, by 0.01 % in the case of ZnO/SnS and 0.07 % in
the case of ZnO/SnS.

In the case for the calculation of the efficiency of the
devices, the values U, are taken from literary sources,
then it turns out that the SCs based on the ZnO/SnS
heterojunction (Usc =520 mV [20]) with the front con-
ductive contact AZnO have the highest values of effi-
ciency. These values reach 11.62 % at the thickness of
the front conductive contact dazno= 100 nm and the
thickness of the window layer dzno = 25 nm. Somewhat
lower is the value of the efficiency of the SCs with the
ITO layer (11.57 %). Devices based on heterojunctions
Mgo.3Zmo.70/SnS and MgO/SnS (Use = 270 mV [7], AZnO
layer) show the values of the efficiency of 5.97 % and
5.84 %, respectively. It should be noted that for the SCs
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based on the Mgo.3Zno.7O/SnS, heterojunction, the val-
ues of the open-circuit voltage which were found theo-
retically (Usc = 300 mV) are well correlated with those
indicated in the literature (Uoc = 270 mV [7]).

However, such correlation is not observed for SCs
with ZnO/SnS heterojunction, for which experimental
values (Usc = 520 mV) are significantly higher than those
found from the band zone diagram (U, = 220 mV). Such
a significant difference needs to be explained. In our
opinion, this is due to the fact that the authors of the
work [20] used the devices not with the usual "super-
strate" design, but with the flexible SCs based on an
array of nanowires with a shell oriented in the direction
of the hexagonal zinc oxide axis C with an ITO window,
which may observe piezoelectric effect.

6. CONCLUSIONS

The recombination and optical losses in the auxilia-
ry and absorption layers of the SCs based on the het-
erojunction n-MgxZn1.xO/p-SnS with the transparent
front contacts of AZnO and ITO are calculated.

It is established that SCs based on heterojunctions
n-MgxZn1.xO/p-SnS with AZnO and ITO layers have a
rather high reflection value (20-30 %), which adversely
affects the efficiency of solar energy conversion. It was
found that the transmission coefficient of the consid-
ered SCs with the AZnO layer is almost the same as
that for a structure with an ITO layer.

The total (recombination and optical) energy losses
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in SCs of different design reach 27.91-30.79 % with
dMexZn1-x0 = 25 nm and ditoxznoy = 100 nm.

As a result of these losses, it was found that for SCs
based on the MgxZn1.xO/SnS heterojunction in the case
of using U, values found from the energy band zone
diagram, the efficiency increases with an increase in
magnesium content in the solid solution from 4.91 %
(ZnO/Sn8S) to 10.8 % (MgO/SnS). In the case of calculat-
ing the efficiency of devices to use the Usc values taken
from literary data, SCs based on the ZnO/SnS hetero-
junction with the transparent front contact AZnO have
the highest efficiency values 7 =11.62 %. The devices
based on the Mgo.3Zno7O/SnS and MgO/SnS hetero-
junctions show efficiency 5.97 % and 5.84 %, respective-
ly. It has been shown that the transparent front con-
tact material has little effect on the efficiency of SCs,
but when using the AZnO layer, the efficiency of the
devices is still somewhat higher than with the use of
the ITO layer.

The obtained results allow to determine the maxi-
mum value of the efficiency of considered SCs taking
into account recombination and optical losses in device
layers and to optimize the parameters of real devices in
order to achieve these values of efficiency.
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MopgesmoBranHA e(PEKTUBHOCTI COHAYHUX €JIEMEHTIiB HA OCHOBI rereporepexomny
n-MgxZni1xO/p-SnS i3 xourakramu ZnO:Al ra ITO

0.B. I'auenxol!, O.A. Jo6poxam!, A.C. Omanacwok!, JI.I. Kyp6aros!, B.B. I'puuenxo?!, C.B. I1moTHikoB2

1 Cymcvruil depocasrull yHisepcumem, ey. Pumcvrozo-Kopcarxosa, 2, 40007 Cymu, Yrpaina
2 Cxiono-Kasaxcmancoruli Oepocasruli mexniunul yHisepcumem, Yemo-Kamenozopevk, Kaszaxcman

BusHaueHno pexoMOIHAIIIHI Ta OIITUYHI BTPATH B JOMOMIKHUX 1 ITOIVIMHAIOUOMY IIAapax (POTOEJIEKTPUIHIX
IIePeTBOPIOBAYIB COHAYHOI eHeprii Ha ocHOBI rereponepexony (I'TT) n-MgxZni«O/p-SnS (x = 0; 0.3; 1) i3 cTpymo-
3HIMAJIBHUMU Ipo3opuMu dporTanbHuMy KouTakTamu AZnO ta ITO. Orpumani crieKTpaJibHI 3aJIeKHOCTI KO-
editrienTy mporryckanus cBityia consunumu ejgeMentamu (CE), BpaxoByoun BIIOHTTS CBITJIA BiJ MeK IIOILILY
KOHTAKTYIOUMX IIAPIB MATepiaB, a TAKOK MOro MOTJIMHAHHS B JOIOMLKHHUX IIapax MpuIagiB. BusHaueHo
KBAHTOBHUU BUXIJ TOCTIIKYBAHUX CTPYKTYP (poTomeperBopoBadiB. JocmiaxeHo BILIMB peKOMOIHAIIMHAX 1 OII-
trunux Brpat B CE 3 roucrpykiteno ITO(AZn0O)/Mg:Zn1x0/SnS Ha cTpyM KOPOTKOr0 3aMHKaHHSI 34 PI3HOL TO-
BIIMHY BikOHHOTO Imapy MgxZni-O (25-400 um) Ta crasmiit ToBmmHI crpymosHiMainsHux mapis AZnO i ITO
(100-200 um). Pospaxosarno KK crpykTyp mIst BUIIAAKy HAIPYTH X0JIOCTOTO X0y Ul 3HANIEHOI 3 eHepreTHy-
HUX JiarpaM IIepexofiB Ta B3ATOl 3 JATepaTypHUX JaHux. BeraHosieHo, mo B mepiroMy Bumagaky CE momyTs
Marty eeKTUBHICTD, sIKa 3pocrae pu 36iibnierH] Bmicty Mg B TBepmomy posunsi Bix 4.91 % (FI1 ZnO/SnS) no
10.8 % (I'TI MgO/SnS). V npyromy Bunaaxky HanbOLibin sHaveHHs edexrusHocti (7= 11.62 %) maore CE Ha
ocuoBl I'Tl ZnO/SnS 3i crpymomposigaum korTakroM AZnO. Ilpmmamu ma ocHoBi I'Il MgosZnes0/SnS Tta
MgO/SnS, mokagyrors suavenus KK]T 5.97 % ta 5.84 % sigmosigso. Marepias BepXHBOrO CTPYMOIIPOBITHOTO
KOHTAKTy cJ1a0ko BiummBae Ha ederrusHicTs CE. Omepsrani pe3dyIbTaTu Ja0Th 3MOI'Y BUSHAUNTH MAKCUMAJIb-
He 3HA4YeHHs ederTrBHOCTI posrysuytux CE 3 ypaxyBaHHSM peKOMOIHAIINHUX T4 ONTUYHUX BTPAT B IIAPAX
¢oTomIEpETBOPIOBAYIB Ta IIPOBECTH ONTHUMI3AI0 IIApaMeTPIB PeaIbHUX IPUJIAJIB 3 METOI0 JOCATHEHHS IUX

smavens KKJI.

Knrwouogi cinosa: Edexrusnicrs, Brpatu, I'ereponepexin, Corsiuni esiementn, Bikoruuii map, SnS, ZnO.
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