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In this paper we proposed a solar cell having model “Back Contact/CZTS/ZnCdS/ZnO/Front Contact”. CZTS is working as an absorber
layer, ZnCdS as a buffer layer and ZnO as a window layer with back and front contacts. The Zn content was varied from 0% to 10%
and bad gap was changed from 2.42 to 2.90 eV as described in the literature. The impact of this band gap variation has been observed
on the performance of solar cell by using SCAPS-1D software. The efficiency was varied due to variation in bandgap of ZnCdS thin
film layer. The simulation was carried out at 300 K under A.M. 1.5 G 1 Sun illumination. The energy bandgap diagram has been taken
from SCAPS to explain the different parameters of solar cell. The effect of ZnCdS having different bandgap values was observed. Then
the thickness of CZTS layer was varied to check its effect and hence at 3.0 pm gave the imporved efficiency of 13.83% roundabout.
After optimization of CZTS layer thickness, the effect of working temperature was examined on the performance of solar cell. The
absorption coefficient variation from 1-10* to 1-10° cm™ caused major effects on the characteristics parameters of solar cell along with
on J-V characteristics and Quantum Efficiency curve. At 1-10° cm’! absorption coefficient the efficiency of solar cell boost up to
16.24%. This is the remarkable improvement in the efficiency of solar cell from 13.82% to 16.24%. After optimization of all
parameters, simulation was run at 280 K, having CZTS thickness of 3.5 um, with 10% content Zn in ZnCdS (2.90 e¢V), and absoption
coefficient of 1-10%, the model efficiency reached up to 17.6% with Voc of 0.994 V, Jsc 26.1 mA/cm? and Fill factor was 71.4%.
Keywords: ZnCdS; CZTS; Simulation; Efficiency; SCAPS-1D

PACS: 02.60.Cb, 02.60.Pn, 82.47.Jk, 84.60.Jt, 42.79.Ek, 89.30.Cc

INTRODUCTION

Group II-VI semiconducting material of “Cadmium” focussed chalcogenide family have more modulation by
academic researchers because of its excellent properties and potential contributions to the field of electrical, optoelectronic
devices, light emitting, etc. Cadmium sulphide (CdS) is a chemical that belongs to the group II-VI.  Cadmium telluride
(CdTe), copper indium diselenide/sulphide (CIDS), and copper indium gallium diselenide/Sulphide (CIGS) solar cells
are semiconductor materials that have uses in a variety of heterojunction photovoltaic systems [1]. CdS thin films exhibit
significant attenuation due to their optoelectronic characteristics [2]. A study of the processing of certain I1I-V and 11-VI
binary compound semiconductors for technological applications was conducted [3,4,5]. Te optical band-gap of CdS
nanoparticles produced using the mw aided technique was investigated larger than that of bulk CdS nanoparticles [6,7].
The small bandgap reduces the power conversion efficiency by partially blocking transmission of high-energy photons to
an absorber layer below. The larger bandgap of ZnxCd1-xS results in greater quantum efficiency in the blue part of the
spectrum when CdS is substituted. The addition of Zn to the CdS buffer layer material lowers the lattice constant, resulting
in a more advantageous conduction band alignment with a lattice match to the CIGS absorber. It has been discovered that
adding Zn to CIGS solar cells improves both Voc and Jsc of solar cell, resulting in a better conversion efficiency [8,9].
ZnCdS may also be used to make p-n junctions with no lattice mismatch in quaternary materials like CulniGa;Se; or
CulnyGa;«Sex(S«Sei«)2. By adjusting the Zn content, the growth characteristics of ZnCdS films may be fine-tuned.
Different Zn concentrations control the pace of CdS development and are a key element in influencing the film's
characteristics [10]. Ternary zinc cadmium sulfide (ZnCdS) has long been recognized as a suitable material for thin-film
photovoltaic applications due to its high optical absorption coefficient [11]. Thin film Electrodeposition, chemical co-
precipitation, spray pyrolysis, chemical vapor deposition, chemical bath deposition, and dip coating have all been used to
make ZnCdS. Chemical bath deposition is one of the most used methods because of its convenience, simplicity,
uniformity, stability, adhesion, homogeneity, and compactness with no pin holes thin films [12]. To improve the collection
of short wavelength photons, minimize electron-hole recombination, as well as promote charge transfer to photoelectrode,
ZnCdS was used as a window layer, and high efficiency has been achieved in thin copper indium gallium selenide
(CIGSe») and copper indium gallium sulfide (CIGS;) absorber layers [13,14]. A catalyst with a direct bandgap of 2.4 eV
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for CdS and 3.7 eV for ZnS is thought to be effective [15]. ZnCdS has reasonable and adjustable absorbance based on the
Zn/Cd ratio in the visible solar spectrum and good electrical conductivity [16,17]. As a result, ZnCdS is widely regarded
as a competent bandgap material for photocatalytic degradation [18]. When Zn is doped with CdS to produce ZnCdS, the
CdS bandgap increases to 3.7 eV due to the doped ZnS semiconductor bandgap. Because of this property, ZnCdS has
been identified as an alternate buffer and window layer for solar cells, replacing CdS [19]. When Zn was doped with CdS,
the material's resistance was found to be greater than that of CdS. In addition, Zn aids in the reduction of absorption losses
at the window layer in CdS. The open circuit voltage and short circuit current in the hetero-junction structure grow as a
result of this [20,21]. Because ZnCdS has a higher spectrum response than CdS due to the Zn component.The performance
of ZnCdS-based solar devices will be greatly anticipated as a result of this characteristic, and ZnCdS will be employed as
a suitable material for manufacturing p-n junctions. By raising the Zn content in the bath, the crystal size of ZnCdS was
decreased. Furthermore, the absorption wavelength of CdS-based materials has been shown to change to lower
wavelengths owing to Zn doping [22]. The effect of Zn on the CdS brings the changes in bandgap of ZnCdS according
to the concentration of Zn, hence at each concentration the performance of Solar Cell is analyzed using SCAPS-1D
Simulator.

SOLAR CELL MODEL AND NUMERICAL PARAMETERS
The solar model that has been used for the simulation in this research paper is shown in Figure. 1.

Load
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Sunligh

Figure 1. Solar cell model in Simulation.

To analyze the performance of the solar cell a one-dimensional software SCAPS-1D is used. The solar model that
has been examined is consisting of CZTS absorber layer, ZnCdS is used as a buffer layer and ZnO is being used as
window layer. Solar cell characteristics utilized in our simulation were chosen from academic literature, theories, and
experiment-based results as shown in Table 1 [23]. The lighting spectrum is adjusted to AM1.5 G 1 sun, whereas working
temperature is set to 300 K [24,25]. Quaternary semiconductors are difficult to manufacture and need a variety of time-
consuming and costly technical processes. However, utilizing experimental techniques to confirm theoretical assumptions
that are necessary in research is unavoidable [26]. Computer based simulation software allows time and money to be
saved. It's a strong approach for predicting and assessing the influence of numerous model parameters and material
characteristics on output performance of a solar cell. In this study, we use SCAPS software developed by Marc Bargeman
and colleagues at the University of Gent [27,28].

When modelling solar cells, ensure that the program can solve the Poisson's equations for the charge electrostatic

potential div (eV¥) = —p [29], as well as the carrier continuity equations for electrons and holes equations 1 and 2 [30].
on_ 1 ,. 7
FT i Edlv_]n + G, — Ry, )
op _ 1 ;. 7
E = —Edl‘V]p + Gp - Rp, (2)
where,

n = concentration of electrons, p = concentration of holes, J, = Electron current density,
Jp = Hole current density, G, = Electron Generation Rate, G, = Hole Generation Rate,
R,, = Electron Recombination Rate, R, = Hole Recombination Rate

The influence of Zn content on ZnCdS layer plays an important role in varying its bandgap and hence this varied
bandgap has been examined with CZTS based solar cell. After that the effect of CZTS thickness and absorption coefficient
variation has been examined as well as effect of different teperatutres on the performance of solar cell was next simulated.
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The solar cell parameters used in simulation are listed below in Table 1. Whereas, parameters for both front and back
contacts are shown in the Table 2.

Table 1. Numerical Parameters used for simulation [31,32].

Parameters CZTS ZnCdS V4:10]
W (um) 2.00 0.10 0.05
Ey(eV) 1.55 2.42 3.35
x (eV) 4.500 4.440 4210

& 10.000 9.300 9.000

N¢(em™3) 2.200E+18 2.100E+18 2.200E+18

Ny(cm™3) 1.800E+19 1.700E+19 1.800E+19

V. (cm/s) 1.000E+7 1.000E+7 1.000E+7

Vp (cm/s) 1.000E+7 1.000E+7 1.000E+7
Ue(cm?/(Vs))  1.000E+2 9.500E+1 2.500E+1
pp(cm?/(Vs))  2.000E+1 3.500E+1 1.000E+2

Np(cm™2) 0.000E+0 2.500E+16 1.000E+18

Ny(em™3) 8.220E+18 0.000E+0 0.000E+0

a Scaps Value  Scaps Value Scaps Value

Table 2. Simulation Parameters used for back and front contact from SCAP-1D.

Parameters Front Contact Back Contact
Surface recombination velocity of electrons (cm/s) 1.00x107 1.00x10°
Surface recombination velocity of holes (cm/s) 1.00x10° 1.00x107
Metal work function (eV) 4.6039 5.8973
Majority carrier barrier height relative to Ef (eV) 0.0539 0.1527
Majority carrier barrier height relative to Ev (eV 0.0000 0.0000

Study as a function of Zn content in ZnCdS buffer layer
Both CdS and ZnCdS are semiconductors with a direct bandgap. Optical bandgap of semiconductors may then be
calculated through graphing a square of the photon energy (ahv)? vs photon energy (hv). A value of optical bandgap is
determined through extrapolating a linear component of this curve to an energy axis. Figure 2 illustrates a curve of (ahv)?
as a function of photon energy for varied Zn concentrations in ZnCdS thin films. The results demonstrate that when the
Zn concentration increases, the bandgap moves to higher energies. Table 3 show the results for optical bandgaps ranging
from 2.42 eV for CdS to 2.90 ¢V for various ZnCdS thin films. Figure 2 and Table 3 are taken from the article [33].
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Figure 2. Plot of (¢thv)2 vs photon energy (hv) for ZnCdS thin films with different Zn concentrations
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Table 3. Optical bandgap for ZnCdS thin films with different Zn amounts

Zn Content ZnCdS band gap

Sr# % oV
1 0 2.42
2 2.58
3 3 2.67
4 5 2.78
5 10 2.90

To observe this varying bandgap effect on performance of CZTS based solar cell of proposed model “Glass/Back
Contact/CZTS/ZnCdS/ZnO/Front Contact” has been simulated where the thickness of CZTS and ZnO was kept 2 um and
0.05 pm respectively. The working temperature has been kept constant 300K. Series resistance is taken as to zero ohm
where as the shunt resistance as infinite.

Study as a function of CZTS absorber layer thickness
To observe an effect of thickness of CZTS absorber layer in solar device model “Glass/Back
Contact/CZTS/ZnCdS/ZnO/Front Contacton performance of solar cell, thickness of ZnO layer was kept 0.05 um and
ZnCdS layer with thickness of 0.01 um was used. The working temperature is maintained 300 K [34]. Series resistance is
taken as to be zero ohm where as the shunt resistance as an infinite. The effect of CZTS thickness varying from 1.0 pm
to 3.0 um was simulated.

Study as a function of working temperature
To observe an effect of different working temperautes of solar cell model “Glass/Back
Contact/CZTS/ZnCdS/ZnO/Front Contact ’on a performance of solar cell, thickness of ZnO layer was kept 0.05 um and
ZnCdS layer with thickness of 0.01 um was used. Whereas the thickness of CZTS absorber layer fixed was 2.0 um. The
series resistance is taken as to be zero ohm whereas the shunt resistance as an infinite. The effect of working temperature
varying from 280 K to 350 K was simulated.

Study as a function of absorption coefficient
To observe an effect of absorption coefficicient of absorber layer in solar cell model “Glass/Back
Contact/CZTS/ZnCdS/ZnO/Front Contact” on performance of solar cell, thickness of ZnO layer was kept 0.05 um and
ZnCdS layer with thickness of 0.01 pm was used. Whereas the thickness of CZTS absorber layer fixed was 2.0 um. The
series resistance is taken as to be zero ohm whereas the shunt resistance as an infinite. The working temperature is kept
300 K. The effect of absorption coefficient varying from 1-10* cm™ to 1-10® cm™! was simulated.

RESULTS AND DISCUSSIONS
Energy Band Diagram
Energy band diagram of proposed solar model “Glass/Back Contact/CZTS/ZnCdS/ZnO/Front Contact” is shown
below and this is taken from the SCAPS-1D simulation software. The importance of this energy band diagram is to help
out the discussion of optical properties of solar cell [35]. The band gap is adjusted by ZnCdS buffer layer in between
CZTS absorber and ZnO window layers.
CZTS

—@=—EcC
=@=Ev

1.55 eV

2.42eV

-

-
-

-

-k
Tprrrrrrore L TrrrrrrrT T
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Figure 3. Energy band diagram



56
EEJP. 2 (2022) Muhammad Aamir Shafi, Sumayya Bibi, et al

The visible light is absorbed throughout the absorber as well as at the heterojunction. The bandgap value for incident
light photons that is ideal for most of the light to be absorbed for efficient power conversion efficiency is more or equal
to 1.55 eV [36].

Effect of Zn Content
Under AM1.5 G 1 sun simulation was executed and at first we used ZnCdS buffer layer with 0% of Zn content and
as a result Voc was 0.883483 V, Jsc was 22.55786 mA/cm?, FF was 69.3755% and eta was 13.8262%. As the 1% of Zn
content was dopped with CdS, its bandgap enhanced upto 2.58 eV, and at this bandgap Voc was 0.883434 V, Jsc was
22.54279 mA/cm?, FF was 69.4027% and eta was recorded 13.8216%. All the parameters were decreased up to some
extend because initially the Zn content was less in percentage and hence recombination of charges increased causing the
decrement in the characteristics parameters of solar cell as shown in Table 4.

Table 4. Effect of Zn content on the characteristic’s parameters of solar cell

Zn Content ZnCdS band gap Voc Jsc FF Eta
% eV v mA/cm? % %

0 2.42 0.883483  22.55786 69.3755 13.8262

2.58 0.883434  22.54279  69.4027 13.8216

3 2.67 0.883421  22.5389  69.4176  13.822

5 2.78 0.883414 22.53656 69.4349 13.8239

10 2.90 0.883414  22.53607 69.4507 13.8267

But as the percentage of Zn content was gone on increasing the all characteristics parameters were also gone on
increasing accordingly. The effect is also shown in the following Figure 4. Finally, when Zn content of 10% doped, the
Voc improved to 0.883414 V, Jsc increased up to 22.53607 mA/cm?, FF reached 69.4507% and hence the efficiency
achieved 13.8267%. This value of efficiency is more than the efficiency at pure CdS. Finally, it is proved that as the Zn
content increased the efficiency was also increased to some extent.

80
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Figure 4. Effect of Zn content on Characteristics parameters of solar cell

The pattern of Zn content on the performance of solar cell is also shown on the J-V characteristic curve of solar
device in following Figure 5. Effect of Zn content on J-V curve is same as in efficiency of cell as discussed above. Initially
when there is 0% content of Zn and bandgap is 2.42 eV, its curve shows gud performance than 1%, 3% and 5% content
of Zn with ZnCdS having 2.58 eV, 2.67 eV and 2.78 eV of bandgap respectively.
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Figure 5. Effect of Zn content on J-V curve of the proposed solar cell

But at 10% content of Zn giving the 2.90 eV gave the most improved curve with skyblue bubles as shown in Figure 5.

was simulated using a buffer layer of 0.1 um thickness.

Table 5. CZTS Thickness effect on Characteristics Parameters

Effect of CZTS Thickness
Because the optimum Zn concentration value of 10% produced satisfactory results, ZnCdS with a bandgap of 2.90

CZTS Thickness Voc Jsc FF eta
um A% mA/cm? % %
1.5 0.88339 22.52569 69.457 13.82123
2.0 0.88342 22.53815 69.45105 13.82813
2.5 0.88341 22.5484 69.4465 13.83345
3.0 0.88345 22.5571 69.44461 13.83897
3.5 0.88344 22.56487 69.4324 13.84117

As a window layer, ZnO with a thickness of 0.05 pm was used. Working temperature was held at 300K under
AM 1.5 G 1 solar irradiation, and simulation was performed by changing thickness of the CZTS absorber layer from

1.5t0 3.5 pm.
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Figure 6. Effect of CZTS layer thickness on Characteristics parameters curves

Voc was 0.88339 V at 1.5 um, Jsc was 22.525 mA/cm?, FF was 69.457 %, and eta was 13.821 %. The open circuit
voltages climbed to 0.88342 V as the thickness grew from 1.5 to 2.0 um, and the current density increased to
22.538 mA/cm?, while the factor fell to 69.451 %, yet efficiency improved to 13.828 %. The thickness of CZTS was then
adjusted to 2.5 pm, and the Voc, Jsc, FF, and eta were reported as 0.88341 V, 22.548 mA/cm?, 69.446 %, and 13.833%,
respectively, at this thickness. Finally, when the thickness was raised from 3.0 to 3.5 um, Voc went from 0.88345 to
0.88344 V, and Jsc went from 22.5571 to 22.5648 mA/cm?. Similarly, FF varied from 69.4446 to 69.4324 %, while eta
varied from 13.8389 to 13.8411 % as shown in Table 5 and Figure 6.
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Temperature Effect

From the above results and discussion, we conclude the optimized Zn content of 10% with bandgap 2.90 eV of
ZnCdS along with the CZTS optimum layer thickness of 3.5 pm, the simulation was run again to check an effect of
working temperature on performance of solar device.

The temperature was varied from 280 to 350 K. At 280 K temperature, Voc was 0.9535 V, Jsc 22.6074 mA/cm?,
FF 70.208% and efficiency raised to 14.846%. As the temperature is very low hence the heating effect on the solar cell is
negligible that’s why its efficiency raised to 14.846%. This is very fruitful improvement because of temperature.

But as temperature rises from 280 to 350 K, all the parameters are affected largely as shown in Table 6 and Figure 7.

Table 6. Temperature effect on Characteristics Parameters

Temperature Voc Jsc FF eta
K \Y mA/cm? % %
280 0.93535 22.60743 70.20864 14.84627
290 0.9094 22.58729 69.84021 14.34577
300 0.88344 22.56487 69.43240 13.84117
310 0.85725 22.54034 68.99134 13.33098
320 0.83086 22.51415 68.50709 12.81500
330 0.80449 22.48712 67.97279 12.29675
340 0.77797 22.46051 67.39014 11.77553
350 0.75123 22.43615 66.75632 11.25160
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Figure 7. Temperature effect on Characteristics parameter curves

At 290 K of temperature the Voc decreased to 0.9094 V, Jsc also decreased to 22.5872 mA/cm?, FF 69.84% and
efficiency decreased up to 14.34% from 14.846%. Because as the temperature rises, the collision of electrons and holes
increases and due to their collision, the flow of these charges slow down hence causing the less generation of potential as
a result efficiency decreases. The negative effect of increasing temperature is also shown in J-V curve as shown in the
Figure 8.
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Figure 8. Temperature effect on J-V curve
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A negative effect of rising temperature is not only on the characteristic’s parameters (Voc, Jsc, FF and eta) and not
on J-V curve, but it imparts its effect on the quantum efficiency. As quantum efficiency is a ratio of carriers collected by
the solar cell to number of photons of sunlight incident on the solar cell. So as by increasing the temperature, its curve is
moving down, that means the ratio is decreasing which ensures that number of carriers collecting on solar device surface
are decreasing because of increasing temperature as shown in Figure 9.
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Figure 9. Temperature effect on Quantum Efficiency of Solar Cell

Finally at 350K, Voc changed from 0.93535 to 0.75123 V, Jsc decreased from 22.60743 to 22.43615 mA/cm?, FF
from 70.20864 to 66.75632% and eta effect the most from 14.84627 to 11.2516%.

Effect of Absorption Coefficient

Proposed solar cell “Back Contact/Glass/CZTS/ZnCdS/ZnO/Front Contact” was simulated at 300 K temperature

under AM 1.5 G 1 SUN. The optimized thickness of CZTS of 3.5 um, Zn contented ZnCdS having optimized bandgap
0f 2.90 with 0.1 um thickness and ZnO with fixed thickness of 0.05 um were used in the simulation program.
The penetration of sun light in the solar cell has the major role on its efficiency. Because as much light will penetrate in
the solar cell material, the more light will be able to absorbed. So, absorption coefficient tells about this absorption. As
the absorption coefficient increases, the number of photons going to be absorbed is also increased. Hence to check an
effect of absorption coefficient on a performance of solar device, its value was varied from 1-10* to 1-10° cm™.

At 1-10* cm! of absorption coefficient, the Voc was 0.8158 V, Jsc 6.447 mA/cm?, FF was 60.635% and eta was
only 3.189%. But as the absorption coefficient was increased the characteristics parameters were also increased as shown
in Table 7. At 1-10° cm™! absorption coefficient, Voc was increase upto 0.882 V. But in Jsc there was very surprisingly
increment was observed from 6.44 to 22.10 mA/cm? with FF 68.89%. There was a remarkable effect of absorption
coefficient on the efficiency of solar cell because it was improved from 3.18% to 13.43%. This effect can be observed in
the Figure 10 of characteristics parameters of solar cells also.The absorption coefficient was varied upto 1-10° cm™! and
at this value the Voc was recorded 0.8917 V, Jsc of 25.92%, FF upto 70.278% and efficiency boost up to 16.24%.

Table 7. Absorption Coefficient Effect on Characteristics Parameters

Absorption Coefficient Voc Jsc FF Eta
cem’! \Y mA/cm? % %
1.00x10% 0.81587 6.447810 60.63543 3.189760
1.00x103 0.88202 22.10740 68.89824 13.43457
1.00x10° 0.89316 26.09574 71.73494 16.71967
1.00x107 0.89199 26.02355 70.33203 16.32608
1.00x108 0.89168 25.87128 70.30721 16.21917

1.00x10° 0.89170 25.92108 70.27816 16.24390
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Figure 10. Effect of Absorption coefficient on characteristic parameters curves

Figure 11 represents the effect of absorption coefficient on J-V characteristic curve of solar cell. From the curve it
is investigated that by increasing an absorption coefficient, the curve goes up going away from the origin showing the
improvement in the performance of solar cell.
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Figure 11. Effect of Absorption coefficient on characteristic parameters curves
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Figure 12. Effect of Absorption coefficient on Quantum Efficiency of solar cell.
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Quantum efficiency graph in Figure 12 shows the effect of absorption coefficient. As the absorption coefficient
increases, the graph improves to upward matching to 100% quantum efficiency showing an enhancement in the
performance of solar cell.

CONCLUSION

Proposed solar cell model “Back Contact/CZTS/ZnCdS/ZnO/Front Contact” was simulated to investigate an effect
of ZnCdS buffer layer varied badgap on the performance of solar cell. By increasing the bandgap of ZnCdS the
performance of solar is improved hence the role of Zn content in ZnCdS has definite impact because all characteristics
parameters were changed at different content of Zn. At 10% Zn content ZnCdS has 2.90 eV, and this was the optimized
value at which we got maximum efficiency of 13.826% along with 69.45% fill factor. Later on the effect of CZTS absorber
layer was observed on characteristics parameters and J-V curve of the solar cell. Thickness of CZTS was varied from
1.5 um to 3.5 um. The optimized thickness was 3.5 um because at this thickness efficiency was 13.841% which was
initially 13.826%. After optimization of Zn content and CZTS absorber layer, the effect of working temperature was
observed by varying it from 280 K to 350 K. By increasing temperature the efficiency decreased from 14.84% to 11.25%
for 280K to 350K. But it is note able that as the temperature was decreased from 300K (normal temperature) to 280K, the
efficiency was increased from 13.82% to 14.84%. At the end the effect of absorption coefficient was studied by varying
it from 1-10* to 1:10°. At 1-10°, the efficiency boost up to 16.24%. After optimization of all parameters, simulation was
run at 280K, having CZTS thickness of 3.5 um, with 10% content Zn in ZnCdS (2.90 eV), and absoption coefficient of
1-10°, the model efficiency reached up to 17.6% with Voc of 0.994 V, Jsc 26.1 mA/cm? and Fill factor was 71.4%. These
results are very remarkable and will be very useful for the researcher’s consideration during synthesis of this “Back
Contact/CZTS/ZnCdS/ZnO/Front Contact” purposed model type solar cell and the simulation results may be utilized
experimentally to build “CZTS/ ZnCdS /ZnO” based solar cells in future with optimization of this work.
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YUCJIOBE MOJEJIOBAHHA J1JIA HIABUINEHHA E@EKTUBHOCTI
TOHKOIINIIBKOBOI'O COHAYHOI'O EJIEMEHTY HA OCHOBI CZTS 3 BUKOPUCTAHHSM SCAPS-1D
Myxamman Aamip Iladidp®*f, Cymaiis Bi6i®, Myxammag Mynio Xan®,

Xapyn Cikannap?, ®eiican Jxasen, Xaunid Yiuaaxe, Jlaiik Xan?, Bepnate Mapif
“Daxynbmem enexmpomexuixu ma xomn'tomepnoi mexuixu, Ynisepcumem COMSATS Icnamabao, [lakxucman
b®arynomem enexmpomexnixu, Vuisepcumem Baxayodina 3axapii, Myaman, Haxucman
‘@axynomem enexkmpomexuiku, [lakucman Incmumym Iliedennozco Ienoxncaby Mynamu, [lakucman
4CEME, Koneoaic enexmpomexuixu ma mawunobyoysanns, Hycm Icnamabao, Iakucman
c@axynomem enexmpomexuiku, Pedepanvruil yHigepcumem mucmeymae i mexnonoziu ypoy, Ienamabao, Iaxucman
TIwemumym ousaiiny ma eupobnuymea (IDF), Honimexuiunuii ynicepcumem Banencii (UPV), Icnanisa
VY mii poOOTi MM 3aPONIOHYBAIM COHSUHY OaTapero 3 MoAeuto «3afaHiil koHTak «Back Contact T/CZTS/ZnCdS/ZnO/Front Contacty.
CZTS mparroe sk nornuHatounii map, ZnCdS sk Oydepnuii map i ZnO 5K BIKOHHHUI IIap i3 3a1HIM 1 IepeIHiM KOHTakTaMu. BmicTt
Zn 3mintoBascs Bix 0% 1o 10%, a 3a6oponeHa 30Ha 3MiHIOBanacs 3 2,42 no 2,90 eB, sik onucano B iteparypi. Brums 3Mminu mupuau
3a00pPOHEHOT 30HU CIIOCTEPIraid HA MPOAYKTHBHICTh COHSYHHUX CJIEMEHTIB 3a JOIOMOTor0 IporpamHoro 3adesmeueHHss SCAPS-1D.
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EdexTuBHICTh 3MiHIOBaIacs 3a paxyHOK 3MIiHH HIMPHHH 3a00pOHEHOI 30HM TOHKOIUTIBKOBOro mapy ZnCdS. MogaemoBaHHS
nposoarau pu 300 K mig wac A.M. 1,5 G 1 consanoro oceitieHns. JliarpamMa eHepreTHuHOi 3a00poHeHO0T 300U OyJaa B3sita 3 SCAPS,
100 TOSICHUTH Pi3HI MapaMeTpy COHSUHHUX eneMeHTiB. Croctepiranu BminB ZnCdS, 1o Mae pi3Hi 3HAYCHHS [IUPUHE 3a00POHEHOT
30HU. [loTiM ToBmuHy mapy CZTS 3miHioBanu, 1mo0 mnepeBipuTH Horo iito, i, omke, mpu 3,0 MKM 3a0e3MeUnIn MOKPALICHY
edextuBHicTs y 13,83 %. Ilicmsa ontmmizamii ToBmmuu mapy CZTS Oymo gocmikeHO BIUIMB poOOUOi TeMmepaTypu Ha
NPOYKTUBHICTH COHSYHOIO ejeMeHTa. 3mina koediuienta nornunanns Big 1-10* go 1-10° cm™!' cnpuynbmia 3HauHuii BIUIME HA
TapaMeTpH XapaKTepPUCTHK COHSIYHOI Oarapei, a Takoxk Ha XapakTepucTHKU J-V 1 kpuBoi kBaHTOBOI edekTuBHOCTI. [Ipn koedimienTi
norymuands 1-10° em™ KKJI constunux enemeHTiB 36UtbIyeThes 10 16,24%. e uynose miasuiieHHs eGeKTUBHOCTI COHAYHHMX
enemeHTiB 3 13,82% no 16,24%. Ilicnst onTumizanii Beix mapamerpiB monentoBaHHs npoBogminocs mnpu 280 K, tosmmna CZTS
3,5 MKM, 3 B7MicToM Zn B ZnCdS 10% (2,90 eB) i koedinienrom normunanus 1-10°, epexrusnicts Mogeni nocsrana 17,6% npu Voc
nopsaxy 0,994 B, AT 26,1 mA/cm2 i koediuienta 3anoBueHHs 71,4%.

Kurouosi ciaoBa: ZnCdS; CZTS; monemosanust; Epexrusnicts; SCAPS-1D





