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Thin film solar cell is a second generation solar cell that is made by depositing one or more thin layers. 

Debutant analysis of the parameters impeding the efficiency of the CdS/MoS2 heterojunction based photo-

voltaic device is the chief novelty of the present report. In this work, we investigated the effect of Trans-

parent Conductive Oxide (TCO) utilizing zinc oxide (ZnO) or lead oxide (PbO) antireflective thin film (ARC) 

on the characteristics of CdS/MoS2 heterojunction solar cell (short circuit current density Jsc, open circuit 

voltage VCO, power-voltage (P-V) and capacitance-voltage (С-V)). All these options are implemented in the 

one-dimensional numerical simulation program SCAPS. 

The results obtained show that as a result of the use of TCO, the short circuit current density Jsc  

decreases as a function of the applied voltage for both cells. The decrease in the current density is modest 

below 0.6 V and sharper above. On the other hand, the power density increases almost linearly to a maxi-

mum of ~ 3.83 and 3.29 mW/cm2 for ZnO and PbO TCO, respectively. The variation in the capacitance with 

the voltage is similar to the variation of the current density for both configurations and we found that the 

efficiency of ZnO coating solar cells is higher than of cells coated with PbO. 
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1. INTRODUCTION 
 

Photovoltaic сell is a large cell that consists of one 

layer of P-type and another layer of N-type to form a PN 

junction and converts solar energy to electricity by pho-

tovoltaic effect. Currently, we have Si-technology based 

conventional solar cell in the form of monocrystalline, 

polycrystalline, amorphous or thin film, dye sensitized, 

ionic dye sensitized. However, according to report that 

produced by T. Tiedje [1-4], the theoretical limitation of 

efficiency of silicon based solar cell is 29.8 % (~ 30 %) 

due to poor absorption of total incident light as a lack of 

completely transparent surface and inappropriate band 

gap material, and low reflection within the device caus-

ing faster recombination of emitted electrons. Current-

ly, the 90 % market share is occupied by silicon based 

solar cells but hasn't been able to provide the solution of 

the challenging question of increasing efficiency above 

30 % [5-7]. As a result, tandem cell is constructed from 

single junction GaAs and multi-junction (up to three p-n 

junctions) concentrators with different materials to ab-

sorb a larger spectrum of incident light. However, the 

reported theoretical efficiency is 40.8 % under concen-

trations of 326 suns, which is not true for practical con-

ditions [8-10]. In reality, the efficiency drop to 33.8% 

with one sun and the process itself is not matured like 

Si-based technology [11, 12]. 

Further, there has been a chain of studies [13-15] 

on carbon nanotubes (CNTs) as a prospective material 

that can be used to improve the solar cell efficiency due 

to the following reasons: (i) CNT films create multiple 

heterojunctions and add more band gaps; (ii) Nano-

composite-semiconductor heterojunctions ensure more 

photo-current; (iii) CNTs are more transparent; (iv) 

CNTs can be very good electrical conductors; and (v) 

CNTs are known to be electrochemically very active. 

CNTs also have been explored as a possible replace-

ment of Cu interconnects [14]. This means that CNTs 

have already begun interaction with Si and other IC 

technologies. Therefore, the probability of succeeding in 

integrating CNTs in solar cells is promising. A single 

SWCNT as a photodiode that can be used as a rudi-

mentary solar cell demonstrated by the Cornell group 

[12]. A conceptual PV device with vertically aligned 

SWCNTs is used as a photoactive material. The tubes 

are contacted between two different types of metal elec-

trodes and an electric field of incident light is polarized 

parallel to the nanotube axis [12]. A different concept of 

a PV device with SWCNTs nanowelded onto palladium 

(Pd) and aluminum (Al) electrodes that are patterned 

on Si wafers with a thermally oxidized layer [13]. The 

overall efficiency could be achieved only 7 %-8 %. How-

ever, these investigations identify the research chal-

lenges in the anticipated new direction for solar cell 

technology. Therefore, there has been a significant con-

cern to find an alternative solution for crossing the effi-

ciency barriers of current solar cells due to the increas-

ing energy needs for efficient and high performance 

consumer electronics. 

Recent researches indicate that molybdenum disul-

fide (MoS2) which is one of the transition-metal dichal-

cogenides (TMDs) material in which d-electron interac-

tions can give rise to new physical phenomena. It shows 

very promising properties for not only future nanoscale 

device applications [16], but also for numerous photonic 

applications such as light emitter, photodetectors, and 

solar cells. It is also considered as the new super mate-

rial that replaces conventional silicon, semiconductor 
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III-V materials and even graphene in the next genera-

tion nanoelectronic devices due to its unique set of ma-

terial, electrical and optical properties. Bulk MoS2 is an 

indirect gap semiconductor with a bandgap in the near-

infrared frequency range, and MoS2 mono-layer is a 

direct gap semiconductor with a bandgap in the visible 

frequency range [16]. In general, this unique property of 

MoS2 and 2D materials enables the creation of atomical-

ly smooth material sheets and the precise control on its 

number of molecular layers. The indirect to direct cross-

over occurs at the mono-layer limit resulting in strong 

contrast in photoluminescence efficiency between mono- 

and multi-layer sheets. 

CdS/MoS2 films create multiple heterojunctions and 

add more bandgaps. Due to the presence of these het-

erojunctions, absorbed light bounces around for longer 

time inside the cell, giving more time to deposit photon 

energy and produce electric current. Therefore, in this 

work, it is provided an in depth acquaintance to the 

new technological advancement in the field of solar 

cells. The use of a possible combination of CdS/MoS2 

heterojunction with ZnO or PbO is proposed as a prob-

able step to increase the solar cell efficiency above the 

theoretical limit. 

The rest of the paper is organized as follows. Sec-

tion 2 provides material parameters with the structure 

of solar cell. Simulation results are discussed in Section 

3. Finally, Section 4 concludes the paper with a brief 

description of further research directions. 

 

2. MATERIAL PARAMETERS 
 

The proposed device structure of solar cell is shown 

in Fig. 1. The composition of CdS/MoS2 heterojunction 

solar cell from top to bottom in the cells is composed of 

a transparent conductive film of zinc oxide (ZnO) or 

lead oxide (PbO); CdS/MoS2 layers in the sequence, N-

type then P-type; and a Mo/glass substrate. 
 

ZnO or PbO 

CdS 

MoS2 

Mo/glass 
 

Fig. 1– Structure of solar cell 
 

The parameters used for simulations of CdS/MoS2 

heterojunction solar cell are summarized in Table 1. All 

simulations in this work were performed under ambi-

ent temperature (300 °K). 

This numerical study was employed by means of So-

lar Cell Capacitance Simulator structures (SCAPS-1D) 

software [17, 18] to analyze the CdS/MoS2 heterojunc-

tion solar cells. This computer simulation program was 

developed by the Department of Electronics and Infor-

mation Systems (ELIS), University of Gent, Belgium. It 

has been extensively tested in solar cells by M. 

Burgelman et al. [19, 20]. SCAPS is capable of solving 

the basic semiconductor equations, the Poisson equa-

tion and the continuity equations for electrons and 

holes. SCAPS calculates the solution of the basic semi-

conductor equations in one-dimensional and in steady 

state conditions. 

SCAPS analyzes the physics of the model and ex-

plains the recombination profiles, electric field distri-

bution, carrier transport mechanism and individual 

current densities. The continuity equations for elec-

trons and holes are: 
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where Dn is the electron diffusion coefficient, Dp is the 

hole diffusion coefficient, µn is the electron mobility, 

and p is the hole mobility. 

Poisson’s equation is used to describe the relation-

ship between potential and space charges, as shown: 
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where  is the electrostatic potential, q is the elemen-

tary charge, ε is the permittivity, n is the density of 

free electrons, p is the density of free holes, DN
  is the 

ionized donor-like doping density, AN
 is the ionized 

acceptor-like doping density, pt is the trapped hole den-

sity, nt is the trapped electron density. The continuity 

equations for electrons and holes are: 
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where Jn and Jp are electron and hole current densi-

ties, R is the recombination rate, and G is the genera-

tion rate. 
 

Table 1 – Physical parameters used in our simulation 

 

3. RESULTS AND DISCUSSION 
 

Fig. 2 reflects the change in the current density as a 

function of voltage. The current decreases with TCO 

coating as the voltage increases. 

The initial decreasing rate up to 0.6 V is slow, how-

ever, after that the decreasing rate is more rapid, 

which clearly reflects the relationship between the 

electrical field and voltage. 

On the other hand, Fig. 3 shows the variation of 

power generated by the two different configurations of 

the solar cell as a function of voltage. As seen from 

Fig. 3, the power density increases linearly to a maxi-

mum of ~ 3.83 and 3.29 mW/cm2 for ZnO and PbO, re-

spectively. 

PbO ZnO CdS MoS2 Parameters 

200 200 20 400 Thickness(nm) 

4.5 4.6 4.2 4.22 Electron affinity (eV) 

2.5 3.3 2.45 1.8 Eg (eV) 

2.2 1018 2.2 1018 1017 106 Nd (cm – 3) 

1.8 1019 1.8 1019 106 1017 Na (cm – 3) 
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Fig. 2 – Effect of TCO coating on J(V) characteristics 
 

0.0 0.2 0.4 0.6 0.8 1.0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0
 

 

P
(m

W
/c

m
2
)

V (v)

 ZnO

 PbO

 
 

Fig. 3 – Effect of TCO coating on P(V) characteristics 

 

 
 

Fig. 4 – Effect of TCO coating on C(V) characteristics 
 

Table 2 – Solar cell performance parameters calculated with 

SCAPS-1D (ZnO/CdS/MoS2 and PbO/CdS/MoS2) 
 

PbO/ CdS/MoS2 ZnO/ CdS/MoS2  

6.99 

1.04 

48.14 

7.98 

1.2 

47.51 

Isc (mA/cm2)  

Voc (v) 

FF (%) 
 

The performance parameters of the two configura-

tions of the solar cell are presented in Table 2. 

Fig. 4 illustrates the variation of the capacitance of 

the two configurations. The variation of the capacitance 

with the voltage is similar to the variation of the cur-

rent density as presented above in Fig. 3. It is observed 

that the capacitance is larger for the solar cell with 

ZnO transparent layer due to the lower charge carrier 

concentration in the layer. 

Fig. 5 shows the efficiency as a function of light 

power with the presence of ZnO or PbO. When the inci-

dent light power is in the range of 400 and 1000 W/m2, 

the efficiency of solar cell increases more than 1 % with 

the presence of ZnO compared to PbO. With the inci-

dent light power of 200 W/m2, the efficiency increases 

almost 3 % when ZnO is instead of PbO. 
 

 
 

Fig. 5 – Efficiency as a function of light power 

 

4. CONCLUSIONS 
 

This research paper investigates the progress, chal-

lenges and opportunities on the existing and new solar 

cells to improve the efficiency of solar cells and photo-

voltaic devices. Molybdenum disulphide (MoS2) with 

ZnO or PbO have been proposed as the potential mate-

rials that could significantly improve the solar cell effi-

ciency. Thin film CdS/MoS2 technology has been dis-

cussed in detail. The discussion points out various im-

provements in the solar industry and the available 

technologies and new methods to achieve the higher 

efficiency and performance of solar cells. This investi-

gation provides one alternative solution and identifies 

the current research challenges that are anticipated 

new direction for solar cell technology. 
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Роль плівок ППО у підвищенні ефективності сонячних елементів  

на основі гетеропереходів CdS/MoS2 
 

B. Zaidi1, M.S. Ullah2, B. Hadjoudja3, S. Gagui3, N. Houaidji3, B. Chouial3, C. Shekhar4 
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Тонкоплівковий сонячний елемент є сонячним елементом другого покоління, який виготовляється 

шляхом нанесення одного або більше тонких шарів. Головною новизною даної роботи є вперше зроб-

лений аналіз параметрів, що перешкоджають ефективності фотоелектричного пристрою на основі ге-

теропереходу CdS/MoS2. У роботі досліджено вплив прозорого провідного оксиду (ППО) з використан-

ням тонкої плівки оксиду цинку ZnO або оксиду свинцю PbO на характеристики сонячних елементів 

гетеропереходу CdS/MoS2 (щільність струму короткого замикання JSC, напруга розімкнутого ланцюга 

VCO, потужність-напруга (P-V) і ємність-напруга (С-V)). Усі ці характеристики реалізовані в одновимі-

рній програмі чисельного моделювання SCAPS. 

Отримані результати показують, що в результаті використання ППО, щільність струму короткого 

замикання JSC зменшується як функція прикладеної напруги для обох елементів. Незначне знижен-

ня щільності струму відбувається нижче 0.6 В і суттєве – вище цієї напруги. З іншого боку, щільність 

потужності зростає майже лінійно до максимуму ~ 3.83 і 3.29 мВт/см2 для ZnO і PbO TCO, відповідно. 

Зміна ємності з напругою аналогічна зміні щільності струму для обох конфігурацій, і було виявлено, 

що ефективність сонячних елементів з покриттям ZnO вище, ніж елементів, покритих PbO. 
 

Ключові слова: CdS/MoS2, Оксид цинку, Оксид свинцю, Сонячні елементи, Ємність-напруга, SCAPS-1D. 
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