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Photovoltaic conversion is a photo-electronic process that involves the interaction between a photo and
an electron. The subject is to present a study on the physical principle of operation of a photovoltaic cell
based on silicon. The external parameters that we have determined from a photovoltaic model are the
short-circuit current (Js), the open-circuit voltage (Vo) and the photovoltaic conversion efficiency (7), we
simulate the photovoltaic parameters by the Solar Cell Capacitance Simulator structures (SCAPS-1D)
software whose mathematical model is based on solving the equations of Poisson and continuity of elec-
trons and holes. We used two structures to carry out this study, the first ITO/CdS/Si and the second
ZnO/Si/CdS, after having noted their current-voltage characteristic (J-V). In this paper we studied the
effect of the temperature and the doping concentration on the two structures of heterojunction solar cell.
The highest performance value for the ZnO/CdS/Si heterojunction solar cell was simulated as 29.3 %. The
performance value for the ITO/CdS/Si structure was increased to 29.7 % with the impact of the ITO antire-
flective layer.
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1. INTRODUCTION

Solar energy is a clean and renewable source of
power that has gained significant attention in recent
years as a way to reduce dependence on fossil fuels and
combat climate change [1-6]. Among the various types
of solar cells available, CdS/Si (cadmium sulfide/silicon)
heterojunction solar cells have emerged as a promising
option due to their efficiency, cost-effectiveness, and
stability [7-10]. A CdS/Si heterojunction solar cell is a
type of heterojunction solar cell that utilizes a thin lay-
er of CdS as the light-absorbing material and a layer of
silicon as the semiconductor [11]. CdS based solar cells
have been used as moisture based electricity genera-
tors, photo detector [12], highly sensitive detector for
the solar light, dopant free solar cells [12]. The CdS and
silicon layers are carefully engineered to form a p-n
junction, which allows for efficient conversion of sun-
light into electrical energy. The CdS layer absorbs the
sunlight and generates electron-hole pairs, which are
then separated by the p-n junction and collected by the
electrodes to generate an electrical current. CdS/Si het-
erojunction solar cells have achieved efficiencies of up
to 12.29 % in laboratory conditions and are relatively
low-cost to produce[13]. They also have a good stability.
However, CdS is toxic and therefore CdS/Si solar cells
are not widely used as compare to other solar cells like
CIGS [14-16] or CdTe [17].

In this work, it is provided an in depth acquaint-
ance to the new technological advancement in the field

* beddiaf.zaidi@univ-batna.dz

2077-6772/2023/15(2)02016(4)

02016-1

PACS numbers: 84.60.Jt, 88.40.jm

of solar cells. The use of a possible combination of
CdS/S1 heterojunction with ITO or ZnO is proposed as a
probable step to increase the solar cell efficiency above
the theoretical limit.

2. NUMERICAL MODELING AND MATERIAL
PARAMETERS

The composition of solar cells from right to left, the
CdS/Si cells are composed of transparent conductive
film (ZnO) or (ITO); absorber layer of s silicon; n-type
layer of CdS; a substrate made of Mo/glass as shown in
the Fig.1 below. The initial physical parameters of
ITO, ZnO, CdS and Si layers simulation are summa-
rized in Table 1.
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Fig. 1- Structure of Solar cell used for the numerical
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Table 1 — Physics Parameters used in our simulation
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Parameters Si CdS ITO Zn0O
Thickness(nm) 950 150 80 150
Relative permittivity 11.9 11.9 8.9 9

Electron affinity (eV) 4.05 3.9 4,5 4.1
E; (eV) 1.12 2.44 3.65 3.3

BC (N: (cm —3)) 2.8 x 1019 1x10%0 2 x 1018 4 x 1018

BV (Ny (cm —3)) 1.04 x 1019 1 x 1020 2 x 1019 1 x 1019

4n (cm?/V-g) 1.5 x 103 1x102 1x102 1x 102
1p (cm?/V-s) 450 20 25 25

Na (cm —3) 1x1018 1x 1020 1 x 1020 1 x10!2

Ng (cm —3) 1x 105 1x 10 1x 1014 1 x 1020

In this paper, the Solar Cell Capacitance Simulator
structures (SCAPS-1D) has been used to analyses the
CdS/Si solar cells for both the configurations as stated
above. SCAPS is Windows application software. It was
developed to simulate the electrical characteristics of het-
erojunction solar cells and thin film. It has been extensive-
ly tested in solar cells by M. Burgelman et al [16-18].

The numerical computation of the small signal solu-
tion of this system is performed through the use of
SCAPS. The first step in this calculation is to create a
mesh. The system's primary algorithm is designed to
provide a large number of locations in the region that
experience significant fluctuations, such as interfaces
and contacts, while providing only a few locations
where attributes do not vary significantly, such as in
the bulk.

One-dimensional simulation tool SCAPS-1D em-
ploys the Poisson equation to determine a cell's band
diagram, carrier transit, and recombination profile,
along with the continuity equations for electrons and

circuit voltage and efficiency decrease with the increase
in temperature.

50

40

w
o

j(mA/cm?)
3

10

—T=280 °K
—T=300 °K
T=320 °K

—T=330 °K

0,0

0,2

0,4

v(volt)

Fig. 2 — Effect of temperature on electrical characteristics

holes [9]. (J-V) of ITO/CdAS/Si
To simplify the numerical analysis by SCAPS-1D sim- 50 E——
ulator, thermal velocity of for electrons and holes has been —3o0
assumed to be 107 cm/s in each layer. The Surface recom- 10 —30K
bination velocity (SRV) has also been fixed at 107 cm/s for
electrons and holes at front and back contacts. The inter-
face parameters for (ZnO or ITO)/CdS/Si solar cell device 30 4
study are shown in Table 2 below. <
o
Table 2 — Defect parameters at interfaces used in the (ZnO or E 20
ITO)/CdS/Si solar cell =
Parameters (Unit) CdS/Si interface
Type of defect Neutral 104
Electrons capture cross-section [cm —2] 1x 1018
Holes capture cross-section [cm —2] 1x 1018
Reference for defect energy level [eV] | Above the highest eV 00,0 02 o4
Energy with respect to reference [eV] 0.6 v(volt
Total defect density [cm -2] 1 x 1012

3. RESULTS AND DISCUSSION

Since the solar cell faces different climatic condi-
tions, it is necessary to study the stability of the cell at
different operating temperatures. Fig. 2 presents the
influence of temperature on cell performance in tem-
peratures ranging from 270 to 330K for the
ITO/CdS/Si solar cell.

It has been observed that the increase in tempera-
ture leads to a decrease in the Voc under constant
illumination. It is noted that the values of the open

Fig. 3 — Effect of temperature on the electrical characteristics
(J-V) of ZnO/CdAS/Si

Fig. 3 represents the variation of the J-V for several
temperatures in the range 280-330 K for ZnO/CdS/Si
solar cell. With the increase in temperature Voc de-
creases. A decrease in the maximum power is observed
with increasing temperature. On the other hand, the
increase in temperature leads to the decrease in V de-
creases, direct effect, perhaps due to the dependence of
the voltage with the reverse saturation current.

Similar effect of the increase in the temperature on
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the (J-V) characteristic has been observed in the litera-
ture [14]. We observe that the efficiency decreases with
the increase in temperature, the open-circuit voltage
decrease almost linearly with the rise in temperature.

Fig. 4 reports the variation of efficiency as a func-
tion of acceptor concentration for the ITO/CdS/Si solar
cell. With the increase in the acceptor concentration,
the efficiency of the solar cell increases linearly from
21 % to 29 %.
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Fig. 4 — Effect of acceptor concentration N. on efficiency of
ITO/CdS/Si
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Fig. 5 — Effect of donor concentration Na on the performance
of ITO/CdS/Si

The effect of donor doping on the ITO/CdS/Si solar cell
is presented in Fig. 5. Fig. 5 shows that the increase in Ny
doping from 108 to 1012 cm -3 led to an almost linear in-
crease 1n efficiency from 20 % to 27.8 %. The further in-
crease in the defect concentration from 102 to 10'* cm—3
increases the efficiency marginally to 28 %. The increase
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in efficiency is linked to the improvement of the electrical
characteristics of silicon-based solar cells and leads to
increases the collection of generated carriers and finally
resulting to increases the current.

The effect of the temperature on the performance of
the solar cells has been presented in Fig. 6 with the
presence of ITO or ZnO anti-reflective thin films. As
expected, the efficiency of CdS/Si solar cell increases
more than 0.5 % with the presence of ITO compared to
Zn0 in the temperature range of 280-320 K. The effi-
ciency decreases linearly with the temperature in the
range studied indicating the suitability of lower tem-
perature for the efficient usage of these solar cells. The
interface between CdS and anti-reflective layers en-
hances the photocurrent by reducing the recombination
of excess carriers generated by photons, thereby pro-
longing their [19-20].
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Fig. 6 — Effect of temperature on the performance of CdS/Si
solar cells

4. CONCLUSIONS

In this paper, a study of the effect of temperature on
the electrical characteristics of the cell such as: the open
circuit voltage (Vo) and the efficiency () have been stud-
ied. The effect of ITO as anti-reflective layer on the pho-
tovoltaic parameters of the solar cell has been analyzed.
This simulation approach will be useful for development
of CdS/Si thin film solar cells. The simulation results
revealed that a performance value of 29.3 % is obtained
from ZnO/CdS/Si1 structure which is pulled up to 29.7 %
for ITO/CdS/Si heterojunction solar cell.
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DoToesIeKTPUYHE IEPETBOPEHHS - Ie (DOTOEJIEKTPOHHUM IIpoliec, AKUI Iepeadadae B3aeMOII0 MK ¢o-
TOHOM Ta eJIEKTPOHOM. MeTa MMoJrae B JOCIIIKeHH] (PI3MYHOr0 IPUHIIAILY POOOTH (POTOEJIEKTPUYHOrO eJIie-
MEHTa Ha OCHOBI KpPeMHIK. 30BHIIITHIMYI IapaMeTPpaMH, K1 MU BU3HAYNJIN HA OCHOBI (DOTOEJIEKTPUYHOI MO-
JIeJIi, € CTPYM KOPOTKOTO 3aMUKAHHS, HAIIPYra XOJIOCTOTO X0y 1 e)eKTUBHICTH (DOTOEJIEKTPUIHOIO IIEPETBO-
peuns. [IpoBeneno mozesmoBaHHA POTOETIEKTPUYHMX IIAPAMETPIB 32 JIOIIOMOTOI IIPOrPaMHOr0 3abe3nedeH-
Hs cuMyJsitopa emHocTi coHsyHux Oartapeit SCAPS-1D, maremarnuna Moness sSKOro 6a3yeTecst Ha
po3B’sa3yBanHl piBHAHD [lyaccoHa s esexkTpoHis 1 gipok. Jisa mocmisgnens O6yam Bukopucrani ITO/CAS/Si
ta ZnO/Si/CdS. V naniit po6oTi BHBYEHO BIIJINB TEMIIEPATYPU Ta KOHIIEHTPAITI] JIETYBaHHS HA JB1 CTPYKTY-
PY COHSYHOIO eJIeMeHTa 3 rereporepexoaom. Hatiguie sHaveHHs epeKTHBHOCTI JIJIsSI COHAYHOI ObaTapei 3 re-

teporepexonom ZnO/CdS/Si maso Benmunny 29,3%, mis crpykrypu [TO/CAS/Si -

morsmHatouoro mapy 1TO.

29,7 % 3aBOSKU BIJIUBY

Keywords: Si, CdS, ITO, ZnO, Cousuua 6arapes, [Iporpamue 3abesnedenns SCAPS-1D.
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