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Recently, photovoltaic energy is growing up rapidly especially in solar cell fabrication. Perovskite-
based solar cell technology has been focus of interest from photovoltaic technologies due to its high power
conversion efficiency and low processing cost comparing by others. The first step in solar cell fabrication is
the simulation, which gives an idea about effect of different parameters on power conversion efficiently
with less efforts and costs. There are a lot of software that are used in solar cell simulations, such as
GPVDM, SCAPS and Silvaco Atlas. Therefore, several structures are used in perovskite-based solar cells,
such as n-i-p, p-i-n, n-p-p and p-p-n. Our study is focused on n-i-p structure. For the present paper we used
Silvaco Atlas software because it contains a lot of physical and recombination models based on solving the
Poisson partial differential equation and carrier continuity. Moreover, this paper shows numerical simula-
tions of planar heterojunction solar cell structures that have the following layers: hole transporting layer
(HTL) / perovskite absorber layer (PVK) / electron transporting layer (ETL). However, different layer ma-
terials of ETL are used, namely cadmium sulfide (CdS) and zink oxide (ZnO) in order to study the behavior
of solar cells based on perovskite (CHsNH3sPbls). This latter material used in this paper's simulation be-
longs to organic/inorganic type. The obtained results show that the solar cell structure based on CdS exhib-
its a better performance in term of power conversion efficiency (PCE) compared to that based on ZnO when
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using the same layer thickness.
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1. INTRODUCTION

In 2009 was the first introduction of perovskite ma-
terials in solar cell technology with 3.81 % of power
conversion efficiency (PCE) [1]. Later in 2016, PCE of
perovskite-based solar cells jumped to 22.1 % [2]. This
exponential evolution of PCE attracted researchers
attention to investigate in perovskite based solar cells
field of research including a lot of aspects, such as but
not limited to: stability, hysteresis, production process
and methods, materials used as electron transporting
layer, materials used as hole transporting layer and
materials used for the absorber layer.

One of the most important field of research is the
simulation of solar cells using a variety of software,
such as GPVDM [3], SCAPS [4], wxAMPS [5] and Sil-
vaco-Atlas [6]. Simulations can help to understand
different parameter effects on solar cell characteristics
without doing any expensive experimental efforts.

In this work, two planar heterojunction structures
of perovskite-based solar cell using different electron
transporting layer material, namely CdS and ZnO, are
compared in order to study and improve design perfor-
mances. Our study is made based on numerical simula-
tions using Silvaco-Atlas software [7].

2. SIMULATION PARAMETERS

The general structure of a perovskite-based hetero-
junction solar cell is presented in Fig. 1a, where we can
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note three principal layers: electron transporting layer
(ETL) / absorber layer / hole transporting layer (HTL).
The ETL used two materials alternatively: CdS for the
first structure and ZnO for the second one. However,
the HTL and perovskite layers are spiro-OMeTAD and
CHsNH3Pbls, respectively. Both structures are present-
ed in Fig. 1b and Fig. 1c.

The parameters values used for calculation in each
structure are mentioned in Table 1. Therefore, they
were carefully selected from literature [8-10] and Silva-
co database [7].

3. RESULTS AND DISCUSSION

In order to indicate the effect of ETL on power con-
version efficiency for different solar cell-based design,
the numerical simulations are done and the results are
presented.

Fig. 2 shows J-V characteristics of CdS-based solar
cell and ZnO-based solar cell with a thickness of
200 nm for both CdS and ZnO materials. It is clear that
structure based on CdS exhibits better electrical pa-
rameters compared to that based on ZnO. This is due to
best transparency of the CdS material than ZnO which
improves light absorption in perovskite layer. Thus, the
PCE for CdS-based solar cell is better.

Fig. 8 illustrates J-V characteristics of both solar
cells based on CdS and ZnO with an ETL thickness of
400 nm for both cases. As seen from Fig. 3, CdS-based
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Table 1 — Simulation parameters used for each layer
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Material Property CdS ZnO Spiro-OMeTAD | CH3NH3;PbIs
Thickness (nm) 200 200 100 400
Eg, eV 2.4 3.3 3 1.55
7, eV 4.18 4 2.45 3.9
Nc, cm—3 2.2-1018 | 2.2.1018 2.2.1018 2.2.1018
Nv, cm 3 1.9-10%° | 1.9-101° 1.9-101? 1.9-1018
Np, cm —3 1.1018 1-1018 — 2-1018
Na, cm~3 — — 1-1018 —
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tn, cm?2V-1g-1) 100 100 2-104 3
un, cm?V-1g-1) 25 25 2-104 17
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Fig. 1 — (a) General heterojunction structure, (b) CdS-based solar cell, (¢c) ZnO-based solar cell
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Fig. 2 — J-V characteristic of the CdS-based structure and the
7Zn0-based structure using a layer thickness of 200 nm
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Fig. 3 — J-V characteristic of the CdS based structure and the
Zn0-based structure using a layer thickness of 400 nm

Table 2 — Electrical parameters of both structures

Material | K | e |y pR o | PCE, %
ness, nm | mA/cm?2

CdS 200 19.98 0.95 | 78.66 | 14.88

Zn0O 200 18.59 0.92 | 70.48 | 12.09

CdS 400 16.52 0.94 | 81.63 | 12.73

ZnO 400 16.03 0.92 | 70.01 | 10.31

solar cell also provides better performances in terms of
Jsc, FF and PCE in comparison with that based on ZnO.

The different electrical parameters of both designs
with various thickness layers of CdS and ZnO are
summarized in Table 2. It is clearly seen that electrical
parameters of CdS-based structure are better than of
Zn0O-based structure for both cases of selected thick-
nesses. Therefore, the performances with CdS thick-
ness of 200 nm are improved compared to CdS thick-
ness of 400 nm.

4. CONCLUSIONS

In this paper, the effect of different layer materials
of ETL for perovskite-solar cells is studied and pre-
sented. Simulation results demonstrate that the CdS
material is better than the ZnO, when used as ETL in a
perovskite-solar cell. Therefore, it is clearly found that
CdS-based structure exhibits better electrical parame-
ters compared to ZnO-based structure for both layer
thicknesses used in this study. In addition, the en-
hanced performances of CdS-based solar cell are ob-
tained with CdS thickness of 200 nm. Hence, the ob-
tained results provide guidance for design of perov-
skite-solar cells for high PCE.
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Bruiue TpaHCIOPTYIOUYOro mapy eJIeKTPOHIB Ha e(peKTUBHICTh IePEeTBOPEHHA eHepril
COHAYHUX €JIEMEHTIB Ha OCHOBi MEPOBCKIiTY: MOPiBHAJIBbHE TOCIIisKEeHH
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DoToesIeKTPUYHA eHePTisl IIUPOKO 3aCTOCOBYETHCS, 0COOIMBO ¥ BUPOOHHUIITBI COHIYHUX eaeMeHTIiB. Tex-
HOJIOT1SI COHSTYHMX €JIEMEHTIB Ha OCHOBI IIEPOBCKITY 3HAXOJUTHCS B IIEHTP1 yBaru 3 60Ky POTOEIEKTPUIHUX
TEXHOJIOTIH 3aBISKNA BUCOKIM e(peKTHBHOCT] II€pETBOPEHHS eHepril Ta HU3bKIM BAPTOCTI 0OPOOKH IOPIBHSIHO
3 iHmmMu Merojgamu. [lepimM KpokoM y BHPOOHUIITBI COHAYHMX OaTapeil € MOJEJIOBAHHS, SIKE J1ae YsIB-
JIEHHSI IIPO BILUIUB Pi3HUX IapaMeTpiB Ha eeKTUBHE IePEeTBOPEHHSI eHepril 3 MEHIIMMU BUTpaTaMu. IcHye
pi3HOMAHITHE IIporpamMHe 3a0e3eYeHHsI, 1[0 BUKOPUCTOBYEThCA Y MOJIEJIIOBAHHI COHIYHUX OaTapeil, Take siK
GPVDM, SCAPS i Silvaco Atlas. ToMy B COHAYHNX eJIeMEHTAX Ha OCHOBI IIEPOBCKITY BUKOPHUCTOBYIOTDH KiJIb-
Ka CTPYKTYP, TAKAX SK N-i-p, p-i-n, n-p-p i p-p-n. Hame mocaimxeHHs opieHTOBaHE HA CTPYKTYPY n-i-p. ¥
po0OTI MM BHKOPHCTOBYBAJIM IIporpaMue 3abesnedyenns Silvaco Atlas, ocKiJIbKM BOHO MiCTUTE 0eanid dizma-
HUX 1 PeKOMOIHAIIIMHNUX MOJIesiell, 3aCHOBAHUX HA PO3B's3aHHi piBHAHHA [lyaccoHa 3 YaCTMHHUMMA MOX1THM-
M 1 6eanepepBHOocTi HocliB. Kpim Toro, HamMu mpesicTaBiIeHO YncebHE MOETIOBAHHS IUIAHAPHUX CTPYKTYP
COHSIYHHUX €JIEMEHTIB TeTepOIepPexoy, SIKUi Mae HACTYIIHI IIApW: Iap IePeHOCY MIPOK / map IIOTINHAHHSI
IEepPOBCKITY / TPAHCIIOPTYOUMi map ejaeKTpoHiB. OgHAaK BUKOPUCTOBYIOTHCS PI3HI MaTepiasu mapie, a came
cysbin kaamio (CdS) 1 okcun muaKRy (Zn0), 11 BUBYEHHS MOBEIIHKY COHAYHUX €JIEMEHTIB Ha OCHOBI ITe-
poeckity (CHs3NHsPbls). Ocrauniit maTepias, BUKOPHUCTAHUMN y MOJIEIIOBAHHI JAHOI POOOTH, HAJIEKUTD JI0
oprauivyHoro / meoprauiyaoro tummy. OTpuMaHi pe3yabTaTh MMOKAa3y0Th, IO CTPYKTYPaA COHSYHUX €JIEMEHTIB
Ha ocHoBl CdS memoHCTpye Kpanty IpoIyKTUBHICT 3 TOUYKHU 30PY €(PeKTUBHOCTI IIepeTBOPEeHHS eHeprii mopi-
BHSIHO 3 TAKOIO K CTPYKTYPOIO Ha 0CHOBI ZnO mpu BUKOPHUCTAHHI OJHAKOBOI TOBIIUHU IIAPY.

Kmiouosi ciosa: Boabr-ammepni xapakrepucruru, [leposekit, EdextusHicts meperBopenns eneprii, Co-
HauyHa Oarapes, ZnO, CdS.
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