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ABSTRACT 

Today thin film technology has dominated over the market of optoelectronic devices based on 

heterojunction solar cell. In the present work, ZnO/Si heterojunction solar cell has been designed by 

using simulation method. To investigate the electrical properties of ZnO/Si heterojunction, 

computational modeling and structural engineering has been used. We explore charge transport 

characteristics of such a using computational modelling. To enhance the power efficiency of ZnO based 

solar cell, structured parameter discrepancy has been used to optimize device efficiency and identify 

suitable design approaches. The present simulation results indicate towards optimization of ZnO-based 

Si heterojunction solar cells, enabling the development of efficient and reliable solar energy conversion 

technologies. The present results should be useful for simple, robust and economical optoelectronic 

devices. 

 
1.  Introduction 

 

In the recent time, the pre-requisite of various electronic 

device application is growing rapidly and many more efforts 

have been employed more to implement successfully. The 

development of high quality electronic devices is the key 

requirement of each country in the era of modern science and 

technology of 21
st
 century [1-3]. To accelerate the application 

of thin films for emerging device applications, thin films 

fabrication must be cost effective, eco friendly, robust more 

efficient and highly utilized at nanoscale. Thus, the thin film 

technology has been widely studied and attracting everyone’s 

attention because of its easy fabrication, long durability, highly 

efficient and stable performance [4]. One of the expected 

results of these efforts is a thin-film based nanotechnology 

which is employed in the numerous industries at very high 

scale of the manufacturing [5, 6]. Now days, a lot of research 

have focused their attention in developing alternative materials 

towards enhancing device performance. To promote the use of 

thin films for emerging device applications, thin film must be 

cost effective, highly efficient, eco-friendly, robust and social 

utility at nanoscale [7-9]. 

Zinc oxide (ZnO) is a most preferred material among other 

solid state materials. ZnO have few excellent properties which 

makes it most desirable material for various practical 

application such as it is wide band gap semiconductor, 

piezoelectric properties etc [10, 11]. Moreover, zinc oxide is a 

very encouraging material due to its excellent physical and 

chemical properties such as good resistivity (1.3×10-4 SI units) 

[12]. 

 

1.1  Heterojunction solar cell 
 

Heterojunction solar cells incorporate two distinct 

technologies: crystalline silicon sandwiched between two 

layers of amorphous "thin film" silicon. By combining these 

technologies, more energy can be harvested than if they were 

used separately. Literature reveals that crystalline silicon, 

either mono-crystalline or poly-crystalline, is the material most 

commonly used to fabricate solar panels. To make individual 

cells, silicon crystals are grown into blocks and then sliced into 

thin sheets, frequently using a diamond wire saw [13]. 

Thin-film photovoltaic cells, which are manufactured with 

a range of materials, including amorphous silicon, are a less 

prevalent type of solar cell. Amorphous silicon, unlike 

crystalline silicon, lacks a regular crystalline structure. Instead, 

the silicon atoms are organized at random. This allows 

amorphous silicon to be deposited onto a surface for 

manufacture, which is a simpler and less expensive method 

than growing and cutting silicon crystals [14]. 

Alone, amorphous silicon converts sunlight into electricity 

less efficiently. However, it has the benefit of less expensive 

production. On a variety of materials, amorphous silicon can 

be deposited at a cheaper cost and with a greater degree of 

versatility. 

In heterojunction solar cells, the front and back surfaces of 

a standard crystalline silicon wafer are coated with amorphous 

silicon shown in Figure 1. This results in a couple layers of 

thin film solar that absorb additional photons that would not 

have been collected by the crystalline silicon wafer in the 

middle [15]. 
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Figure 1: Wafer structure of heterojunction formation [16]. 

 

Roy et al. in 2023 studied p-Si/ZnO solar cells with the aid 

of experimental research and SCAPS 1-D simulation. Spray 

pyrolysis was used to create thin ZnO layer on the Si substrate. 

Bandgap of ZnO was estimated from Tauc plot to be 

approximately 3.29 eV [17].  Similarly, Islam et al. [18] 

proposed the use of PCBM, C60, CeOX, and ZnO to optimize 

the efficiency of the different electron transport layers (ETLs) 

in a SnS-based solar cell. To predict execution of the tin mono-

sulfide situate solar cell, they utilized a solar cell capacitance 

simulator (SCAPS). With PCBM, C60, and CeOX as ETLs, 

the devices attained efficiencies of approximately 26.44, 26.33, 

and 26.44 %, respectively. By integrating ZnO ETL into the 

design, the PCE of the SnS-based solar cell was increased to 

28.15 %. They also evaluated how tin mono-sulfide situated 

ZnO ETL absorber layer affected by varying the thickness, 

charge concentration and bulk. Furthermore, the role of defect 

of the NiOX/SnS and SnS/ZnO interfaces, the work function of 

the back metal contact, and the operating temperature on the 

performance of the SnS-based solar cell with ZnO ETL were 

also examined. It was revealed that changes to any of the 

device's numerous settings substantially affected its 

performance. In particular, the SnS-based solar cell’s 

properties such as VOC, ISC, FF and PCE were drastically 

enhanced [18]. In another work, Naim et al. [19] found the 

ideal numerical value of the essential photovoltaic parameters 

for HJ -based c-Si solar cells. The ZnO/Si HJ-based c-Si 

presented an average reflectance of 7.65% in the 400–1000 nm 

range. The highest efficiency (η = 24.8%) of the ZnO/Si HJ-

based c-Si solar was achieved with a base thickness of 400 m, 

emitter thickness of 20 m, base doping concentration of 

1.1×1017 cm-3, and emitter doping concentration of 5.1×1016 

cm
-3

. The high-efficiency ZnO/Si HJ-based device mentioned 

is one of the most promising alternatives to the typical single 

homo-junction c-Si solar cell [19]. 

 

2.  Experimental techniques 
 

The set of tools and reusable models that Silvaco had 

previously developed was selected after an in-depth assessment 

of the available modelling and analytical tools and relevant 

publications. In present research work "SILVACO Atlas” 

software is used to modeling and analyses of data. This 

modelling is used to enhance the efficiency of herojunction 

solar cell and finding different properties of ZnO based solar 

cell. For a variety of computational analyses, ATLAs can be 

carried out.  It is a framework that can be extended and is 

modular, and it has the ability to mimic semiconductor devices 

in one, two, and three dimensions. It is developed with up-to-

date practices in software engineering that improve the 

system's stability, maintainability, and extensibility, and it is 

implemented [20-23]. 
 

2.1  Simulation tools 
 

SCAPS-1D (Solar Cell Capacitance Simulator) 

AMPS-1D (Analysis of Microelectronic and Photonic 

Structures) 
 

2.2  Data collection 
 

The data for present study was collected by "SILVACO 

Atlas" and "MATLAB" simulation software. We modelled the 

construction of a solar cell by changing the default parameters 

to manual and simulating a variety of different layers with 

varying thicknesses. With the use of this, we are able to gather 

a collection of data that assists us in calculating the output of a 

modelled heterojunction solar cell [24-26]. 

 

3.  Results and discussion 
 

To examine the interface properties further, acceptor traps 

(a single energy level 0.3 eV below the conduction band) were 

created at the nZnO/p-c Si hetero-interface. Remember that the 

conduction and valence bands exchange charge with the trap 

centers via electron emission and capture; the associated 

energy of the trap centers resides in a forbidden gap. The trap 

centers have different effects on the space charge density in the 

semiconductor bulk, at the interface, and on the recombination 

statistics depending on where they are located. Simulations 

have leveraged adjustments in acceptor trap density and 

electron trap capture cross-section to evaluate the influence on 

carrier capture and generation rate. For a range of acceptor 

interface trap densities (with capture cross-sections held stable 

at 10-15 cm2) and electron capture cross-sections (with acceptor 

trap density held constant at 10
11

 cm
-2

), the properties of 

current by varying voltage are shown in Figure 2. Trap density 

and electron cross-section are two examples of inefficiencies 

that lower the fill factor [27]. 
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Figure 2: Current density-Voltage (J-V) curve for different: (a) acceptor interface trap density, (b) trap cross-section of n-ZnO/p-cSi HJSC. 

 

 
Figure 3: Current density - Voltage (J-V) curve for different thicknesses of the (a) ZnO layer (b) ZnO affinities of p-ZnO/n-cSi HJSC. 

 

Most of the variation in open-circuit voltage and current 

density can be attributed to differences in trap density. If there 

are not many traps at the interface, the open circuit voltage will 

be high. A significant decrease in VOC and JSC is observed for 

interface trap densities greater than 1×10
11

 cm
-2

. Significant 

effects of capture cross-section on VOC and fill factor are seen 

at large capture cross-sections (< 1×10
-14

 cm
2
) for a constant 

trap density. We found that trap capture cross-sections for 

electrons of 10
-16

, 10
-10

, 10
-14

, and 10
-12

 cm
-2

 resulted in 

efficiencies of 20.3, 20.0, 18.8, 12.9 and 10.  

Simulated photovoltaic performance for a variety of i-ZnO 

thicknesses & affinity values in a p-ZnO/n-cSi HJ structure is 

underwhelming (Figure 3). Because the valence band offset for 

the p-ZnO/n-cSi heterojunction is greater than the conduction 

band offset, the photo-generated holes cannot cross the huge 

potential barrier and are lost. The extremely low current 

density values (1-2% efficiency) obtained by the p-ZnO/n-cSi 

HJ system are shown in Figure 3. As a result, nZnO/p-cSi has 

much greater efficiency than p-ZnO/n-cSi. Despite the 

challenge of producing a high-quality p-doped ZnO layer in 

actual systems, the current simulation demonstrates that the p-

ZnO/n-cSi HJ is applicable to design for optoelectronics 

devices. Lastly, a good agreement between the two sets of data 

after modeling an n-ZnO/p-cSi heterojunction with the same 

geometrical and physical characteristics as the experimental 

device (η = 7.83%, JSC =19.64 mA/cm
2
, VOC = 0.51 V, 

FF=0.78%) has been found [28]. 

 

4.  Conclusions 
 

In conclusion of this research study, researchers have been 

attracted towards the simulation technique to design and 

analyse the data. Based on this study, it has been accomplished 

that Si wafer-based n-ZnO/p-cSi and p-ZnO/n-cSi thin film 

have been design shows that by using simulation method. The 

composition, geometry, structure, electrical and opto-electrical 

properties have been optimized. The efficiency, fill factor and 

JSC of ZnO based solar cell was found to be 7.83%, 0.78% and 

19.64. These findings give the opportunity to tune the 

microstructure for developing the suitable material for several 

device applications. By using different simulation techniques 

and preciously optimizing the various process parameters, it is 

exploring other dopant to achieve higher efficiency. This study 

will be utilized to demonstrate the comparison and provide 
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insight into the topic of encouraging environmentally 

responsible industrial methods. In addition, it is anticipated that 

this study would represent the beginning of an ongoing body of 

study in the field of power generation using solar energy. This 

belief is based on the fact that there is widespread consensus 

that this initiative will take place. 
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