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Abstract 

In a global context characterized by steadily rising energy demand, dwindling fossil fuel resources, and escalating environmental 

concerns, the transition to clean, sustainable alternative energy sources is critical. This study addresses this challenge by 

numerically simulating the performance of an amorphous silicon-based (a-Si) solar cell, aiming to optimize the thickness of the 

i(a-Si(p): H) absorber layer and the operating temperature to achieve a highly efficient and stable photovoltaic structure. To this 

end, a Substrat/Right contact (ZnO)/a-Si(p)/i-a-Si(P)/a-Si(n)/Left contact configuration was modeled and simulated using the 

Solar Cell Capacitance Simulator-1D (SCAPS-1D) software. The numerical results demonstrate that increasing the thickness of 

the i(a-Si(p): H) layer enhances all photovoltaic electrical parameters. Conversely, with the exception of the short-circuit current 

density, these parameters degrade as the operating temperature rises. This indicates that a thicker absorber layer ameliorates the 

absorption of incident photons, effectively converting them into electron-hole pairs and collected at the contacts. Whereas 

elevated temperatures accelerate carrier recombination within the space-charge region. Under optimized conditions an absorber 

thickness of 5000 nm at an operating temperature of 300 K, the device achieves an open-circuit voltage of 0.94 V, a short-circuit 

current density of 32.30 mA/cm2, a fill factor of 86.88%, and a power conversion efficiency (η) of 26.41%. With the aim of 

developing stable, high-performance, lightweight, and high-efficiency a-Si(H)-based PV solar cells, we have selected an absorber 

layer thickness of 2.5 µm, an energy gap of 1.72 eV, and an operating temperature of 300 K. Under these conditions, we obtain 

the following electrical parameters: VOC=1.21 V, JSC= 20.14 mA/cm2, FF= 86.94%, η= 21.17%. In future studies, we will 

investigate the effects of electron affinity and bandgap variations within the i(a-Si(p): H) absorber layer. 
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1. Introduction 

Driven by steadily rising global energy demand, diminish-

ing fossil fuel reserves, and mounting environmental concerns, 

the transition toward clean and sustainable alternative energy 

sources has become an urgent imperative [1]. Consequently, 

investments from funding institutions and research efforts 

within the scientific community are accelerating rapidly in the 
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renewable energy sector, particularly in solar photovoltaics 

(PV) [2, 3]. The primary technological challenge today is to 

develop devices that merge low production costs, high con-

version efficiency, exceptional long-term stability, and scala-

bility for mass manufacturing to guarantee universal access 

[1-3]. 

For decades, silicon has served as the baseline material for 

solar cell manufacturing due to its natural abundance, non-

toxicity, and favorable optoelectronic properties. However, 

despite their high efficiency, crystalline silicon PV cells suffer 

from notable drawbacks: elevated production costs and struc-

tural rigidity that limit their deployment in emerging, flexible 

applications. 

To bypass these limitations and engineer PV cells that are 

both economical and high-performing, amorphous silicon (a-

Si): H has emerged as a first plan alternative, fueling intense 

interest across the scientific community. Distinguished by 

unique physical properties, amorphous silicon enables the fab-

rication of thin-film solar cells that are flexible, cost-effective, 

and readily integrated into diverse structural surfaces [4, 5]. 

Even so, the conversion efficiency of these amorphous silicon 

devices remains constrained by a high concentration of struc-

tural defects inherent to its disordered atomic network [6]. 

This study aim to optimize the performance of an amor-

phous silicon-based photovoltaic solar cell by systematically 

evaluating the impacts of absorber layer thickness and operat-

ing temperature to design a structure that balances high effi-

ciency with long-term stability. To achieve this, we first out-

line the theoretical model and simulation methodology devel-

oped for our specific Substrat/Right contact (ZnO)/a-Si(p)/i-

a-Si(P)/a-Si(n)/Left contact architecture. We then present and 

analyze the resulting current density-voltage (J-V) character-

istics and quantum efficiency (QE) profiles to determine the 

optimal configuration. 

2. Materials and Method 

2.1. The SCAPS Simulation Tool 

Developed at Ghent University in Belgium by Marc 

Burgelman and his team [7], SCAPS (Solar Cell Capacitance 

Simulator) is a free, user-friendly, one-dimensional software 

designed to model photovoltaic solar cells. While initially cre-

ated for thin-film devices like CdTe and CuInSe2 [8], the pro-

gram has since expanded to support other technologies, in-

cluding crystalline silicon, gallium arsenide, and amorphous 

structures. It can handle up to seven distinct semiconductor 

layers alongside front and back contacts. Organized through 

intuitive configuration panels, SCAPS delivers precise out-

puts such as dark and illuminated current density-voltage (J-

V) curves [9], capacitance-voltage and capacitance-frequency 

profiles, and spectral responses [9]. Its high accuracy stems 

from numerically solving foundational semiconductor charge-

transport equations, specifically Poisson's equation and the 

continuity equations for both electrons and holes. These ro-

bust capabilities establish SCAPS-1D as an essential bench-

mark for optimizing photovoltaic performance, which ex-

plains why it attracted our interest. 

div(ε∇𝜑) = −𝜌                 (1) 

𝜕𝑛

𝜕𝑡
=

𝑑𝑖𝑣𝐽𝑛⃗⃗ ⃗⃗ 

𝑞
+ 𝐺𝑛 − 𝑅𝑛              (2) 

𝜕𝑝

𝜕𝑡
=

𝑑𝑖𝑣𝐽𝑝⃗⃗⃗⃗ 

𝑞
+ 𝐺𝑝 − 𝑅𝑝              (3) 

2.2. Structure of the a-Si-based PV Solar Cell 

Model 

A simplified diagram of the structure of this PV solar cell 

is shown in Figure 1. 

 
Figure 1. Structure of the a-Si PV solar cell. 

The role of each layer of this solar PV structure is to: 

1) Substrate / Front contact: This layer serves as the physi-

cal base for the cell and collects electric charges. The 

front contact is generally composed of a transparent con-

ductive oxide (TCO) such as ZnO. It must be highly 

transparent to allow maximum light transmission while 

acting as an excellent electrical conductor to transport 

holes or electrons to the external circuit [10]. 

2) p-layer (p-doped a-Si: H): This layer is enriched with 

holes through doping, often with boron. Its primary role 

is to create a strong internal electric field by pairing with 

the n-layer on the opposite side of the intrinsic layer [11]. 

It also assists in collecting light-generated holes but must 

remain very thin to avoid blocking or unnecessarily ab-

sorbing photons before they reach the active zone [12]. 
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3) i-layer (intrinsic a-Si: H): This is the cell active and 

thickest layer, composed of pure (undoped) amorphous 

silicon. It is within this layer that incident photons from 

the light are absorbed, releasing electron-hole pairs [13]. 

Subjected to the strong electric field created by the adja-

cent doped layers, this layer effectively separates these 

charges and propels them toward their respective con-

tacts before recombination occurs [14]. 

4) n-layer (n-doped a-Si: H): This layer is enriched with 

electrons through doping, typically with phosphorus. To-

gether with the p-layer, it establishes the p-i-n junction 

and the cell overall electric field. It serves as a collection 

and transport zone for free electrons moving toward the 

cell back contact [13]. 

5) Back Contact (Metal / TCO): This layer completes the 

electrical circuit at the back of the cell to collect elec-

trons. Using a combination of TCO and aluminum not 

only ensures excellent electrical conductivity but also 

acts as an optical mirror, reflecting unabsorbed light 

back through the cell to increase its efficiency [15, 16]. 

2.3. Operating Principle 

The operating principle of this solar PV structure relies on 

the conversion of light into electricity via an internal electric 

field [17]. Incident photons pass through the front transparent 

contact and are primarily absorbed in the intrinsic (i) layer, 

generating electron-hole pairs. The strong internal electric 

field, created by the potential difference between the p-doped 

and n-doped layers, immediately separates these charges: 

holes are propelled toward the front contact (p-layer) and elec-

trons toward the back contact (n-layer) [18]. This flow of 

charges, collected by the metal and TCO (transparent conduc-

tive oxide) contacts, generates a direct electric current [19]. 

Table 1 shows the properties of the PV solar cell. 

Table 1. Properties of the amorphous silicon-based PV solar cell. 

Parameters p-a-Si: H n-a-Si: H i-a-Si: H ZnO 

W(nm) 20 50 500-5000 150 

Eg(eV) 1.2 1.72 1.8 3,3 

ᵡe(eV) 4.1 3.8 3.9 4 

ɛ/ɛ0 13,6 10 11.9 9 

NC(cm-3) 2.2x1018 2.2x1018 1020 2.2x1018 

NV(cm-3) 1.78x1019 1.78x1019 1020 1.78x1019 

ʋe(cm/s) 107 107 107 107 

ʋh(cm/s) 107 107 107 107 

µe(cm2/Vs) 102 102 20 102 

µh(cm2/Vs) 25 25 5 25 

NA [cm-3] 2x1016 - 1010 - 

Parameters p-a-Si: H n-a-Si: H i-a-Si: H ZnO 

ND [cm-3] - 2x1018 105 1018 

Nt 3x1018 1018 2x1015 3x1014 

Base parameters of a-Si: H cell properties. Eg—bandgap, χe —elec-

tron affinity, µ—mobility, NA; ND —dopant densities, W—layer 

thickness, NV, NC —effective density of states in the valence and 

conduction bands, ↋—relative permittivity, Nt—total defect density. 

[20-23]. 

3. Results and Discussion 

3.1. Influence of the Absorber Layer Thickness 

i(p-a-Si: H) 

In this section, we use an absorber band gap of 1.72 eV, a 

temperature of 300 K, and an illumination of 1000 W/m2. 

3.1.1. Influence of Thickness on the J-V 

Characteristic 

The curves of Figure 2 show that the current density and 

voltage values of the PV solar cell increase as the thickness of 

the i(a-Si(p)) absorber layer increases. These results are at-

tributed to enhanced absorption of incident radiation, which 

generates more charge carriers within the absorber layer. 

 
Figure 2. J-V characteristic as a function of i(a-Si(p)): H thickness. 

These results are consistent with the results found by Glunz 

et al. in 2012 [24]. 

To better understand the effects of absorber thickness, we 

examine its influence on various electrical parameters in the 

following sections. 
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3.1.2. Influence of the Absorber Layer Thickness on 

Electrical Parameters 

From Figures 3-6, we observe that increasing the thickness 

of the absorber layer leads to an increase in the electrical char-

acteristics (Voc, Jsc, FF, and η) of the simulated PV solar cell. 

 
Figure 3. Variation of the open-circuit voltage as a function of the 

i(a-Si(p)) thickness. 

 
Figure 4. Variation of current density as a function of i(a-Si(p)) thick-

ness. 

The increase in Voc is attributed to the strengthening of the 

internal electric field and the reduction of recombination at the 

interface. 

Furthermore, when the i(p-a-Si) layer is too thin, its doping 

level is insufficient to effectively pin the Fermi level on the p-

side. Increasing the thickness enhances the space charge 

within the p-layer, thereby maximizing the structure built-in 

potential (Vbi). 

The increase in Jsc values can be explained by improved 

photogeneration of incident photons within the i(p-a-Si) layer, 

followed by efficient collection of the resulting charge carriers 

at the contacts. 

 
Figure 5. Variation of the fill factor as a function of i(a-Si(p)) thick-

ness. 

 
Figure 6. Variation of conversion efficiency as a function of i(a-Si(p)) 

thickness. 

An increase in FF values reflects an improvement in junc-

tion quality and a reduction in electrical leakage. 

This increase in FF may result from a reduction in shunt 

currents, leading to higher shunt resistance (RSh) values. In-

creasing the thickness yields a more uniform and continuous 

layer, thereby eliminating leakage currents. 

The increase in Voc, Jsc, and FF in our solar PV structure 

is particularly pronounced for a-Si layer thicknesses between 
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0.5 µm and 3 µm, highlighting the need for an optimal thick-

ness to achieve high performance and good stability. 

3.2. Influence of Thickness on Quantum 

Efficiency (QE) 

From Figure 7, we observe enhanced QE performance be-

tween 400 nm and 700 nm, reaching 85% for thicknesses rang-

ing from 3 µm to 5 µm. This trend is attributed to more effi-

cient photon absorption at these wavelengths, enabling near-

optimal electron-hole pair generation [25]. Thinner layers 

(less than 2 µm) exhibit a drop in QE beyond 600 nm, reflect-

ing optical losses due to the partial transmission of unabsorbed 

photons; this is confirmed by the work of Steven Hegedus et 

al. [26]. 

 
Figure 7. Quantum yield as a function of i(a-Si(p)) thickness. 

Ultimately, we consider that increasing the thickness of the 

absorber layer indeed leads to increased absorption of incident 

photons, which accounts for the rise in Jsc values observed in 

Section 3.1.2. 

3.3. Influence of Temperature on the J-V 

Characteristic 

In this section, we use a thickness of 2.5 µm and a band gap 

of 1.72 eV of the absorber layer to achieve our goal of creating 

lightweight, high-performance solar cells with high efficiency, 

under an illumination of 1000 W/m2. 

Figure 8 shows the current density-voltage (J-V) curves, 

and Table 2 presents the electrical parameter values extracted 

from these curves for temperatures ranging from 280 K to 380 

K. We observe that the open-circuit voltage decreases as the 

temperature rises. This result is explained by the increase in 

thermal recombination of minority carriers, which reduces the 

chemical potential difference between the conduction and va-

lence bands [4]. Conversely, increased photon absorption at 

longer wavelengths leads to deep charge-carrier generation, 

resulting in a very slight. 

increase in short-circuit current [27]. Furthermore, the rise 

in the PV solar cell temperature causes expansion of the sem-

iconductor material crystal lattice. The bandgap value de-

creases, leading to an increase in saturation current [27]. 

 
Figure 8. J-V characteristic as a function of temperature. 

In addition to Voc, electrical parameters such as the fill fac-

tor and conversion efficiency decrease with rising temperature 

(Table 2) due to reduced charge-carrier mobility [28]. Con-

versely, short-circuit current density increases slightly (Table 

2) due to the narrowing of the bandgap, which allows for 

broader absorption of incident long-wavelength photons from 

the light spectrum and enhances electron-hole pair generation 

[29]. 

Table 2. Evolution of electrical parameters as a function of temper-

ature. 

Temperature 

(K) 
𝑽𝒐𝒄 (V) 

𝑱𝒔𝒄 

(mA/cm2) 
FF (%) 𝜼(%)  

280 1.25 20.12 87.60 22.03 

300 1.21 20.14 86.94 21.17 

320 1.17 20.15 86.36 20.32 

340 1.13 20.17 85.73 19.47 

360 1.08 20.18 85.05 18.61 

380 1.04 20.20 84.20 17.72 
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4. Conclusion 

In this paper, we first presented the structural layout of our 

PV solar cell model and described the role of each layer. Next, 

we discussed the operating principle of this structure and 

briefly introduced the SCAPS-1D software. Finally, we pre-

sented the results obtained from the numerical simulation of 

the Substrat/Right contact (ZnO)/a-Si(p)/i-a-Si(P)/a-

Si(n)/Left contact structure. 

The numerical simulation results show that the values of all 

electrical parameters improve significantly as the thickness of 

the i(p-a-Si) absorber layer increases. These improvements are 

likely attributable to an increase in the number of incident 

photons within the absorber layer, combined with efficient 

electron-hole pair collection at the contacts. Furthermore, the 

performance enhancement was also aided by a reduction in 

leakage current densities resulting from the increased shunt 

resistance associated with a thicker i(p-a-Si) layer. 

These results demonstrate that rising temperatures lead to a 

significant loss of performance in our PV solar structure. 

Under optimized conditions an absorber thickness of 5000 

nm at an operating temperature of 300 K, the device achieves 

an open-circuit voltage of 0.94 V, a short-circuit current den-

sity of 32.30 mA/cm2, a fill factor of 86.88%, and a power 

conversion efficiency of 26.41%. With the aim of developing 

stable, high-performance, lightweight, and high-efficiency a-

Si(H)-based PV solar cells, we have selected an absorber layer 

thickness of 2.5 µm, an energy gap of 1.72 eV, and an operat-

ing temperature of 300 K. Under these conditions, we obtain 

the following electrical parameters: VOC=1.21 V, JSC= 20.14 

mA/cm2, FF= 86.94%, η= 21.17%. 

In future studies, we will investigate the effects of electron 

affinity and bandgap variations within the a-Si(p) absorber 

layer. 
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