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Abstract  

a − Si: H is a kind of amorphous silicon in which the silicon atoms are not arranged in a Bravais 
lattice. In 1969, while there was a revival of interest in non- a − Si: H, the year 1969 also saw 
the manufacturing of a − Si: H. A lot of studies are being done currently on the inefficient but 
low-cost possibility of using a-Si: H as the active substance in solar cells. In the study, they 
have reported the outcomes of a numerical implementation of an a − Si: H solar cell produced 
by the Plasma-Enhanced Chemical Vapour Deposition (PECVD) method, and the thicknesses 
of the process were determined using Atomic Force Microscopy (AFM). They also investigate 
the impact that the thickness of the a − Si: H p-layer has on the open-circuit voltage (V ), 
Short-circuit current (J ), fill factor (FF), and conversion efficiency (E ) characteristics of the 
Solar cell. The hydrogen dilution ratio that is used during the process of deposition is one of 
the parameters which can have an impact on the efficiency of Solar cells. Solar cell efficiency 
could be improved by 5.6% due to B2's effects. In addition, the thickness of the p-layer was 
changed between 400 along with 800 nano-meters. A modification in thickness results in a 
5.91% development in the Eff of the Solar cell. 

Keywords: Solar Cells, Amorphous silicon, Atomic Force Microscopy, PECVD, 
semiconductor 

1. Introduction  

The p-n junction is the simplest semiconductor junction and is used to segregate 
photogenerated charge carriers in Solar cells by providing an interface between the p-type and 
n-type regions of a single semiconductor. The capacity to control the material's conductivity 
by doping is a hallmark of semiconductors and must be shown before the material can be 
considered for use in solar cells. This was the situation with amorphous Silicon (a-Si). In 1965, 
the first a-Si layers were described as films of silicon from silane formed in a radio frequency 
glow discharge. It wasn't until Dundee University's Spear and Lacombe demonstrated that a-Si 
could be doped type and p-type by using phosphine or diborane in the glow discharge gas 
mixture that it was generally believed that a − Si exhibited semiconducting qualities [1].  

This discovery was all the more remarkable since it disproved the widely held notion that a −

Si could not be doped. There was a delay in recognizing the significance of hydrogen to the 
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newly created a − Si doped films. a − Si is a silicon–hydrogen alloy that is particularly well 
suited for doping in electrical applications. Electronics grade amorphous silicon is known as 
a − Si: H. 

To successfully collect the photogenerated charge carriers, a − Si: H solar cells [2] employ a 
p − i − n or n − i − p diode structure composed of substantially unreliable n and p-doped 
layers and an intrinsic a − Si: H layer as a light absorption layer. There has been a lot of interest 
in the manufacturing of a − Si: H substrate-type (n − i − p) thin film solar cells on ambiguous 
and flexible substrates like metal films or plastic films for the variability of applications, with 
the construction of Photovoltaic (PV) equipped buildings and the provision of energy for 
mobile devices, sensors, and displays [3-4]. 

PECVD is used for much of the manufacturing process because it makes it simple to perform 
the hydrogenation and doping processes on a thin layer. The deposition parameters can be 
controlled into extremely broad changes employing PECVD which results in varied optical and 
electronic properties on a − Si: H thin layer. As the PECVD device production technology can 
generate sufficient quantities of solar cells to meet the demands of large-scale industry, it is 
frequently employed. V , J , FF, and E  were some of the cell performances compared 
through simulation.  

The study follows the following Section: In Section 2, the authors provide a literature 
assessment efficiency and durability of thin-film p-type a − Si: H Solar Cells. In Section 3, the 
authors survey prior studies, and Section 4, states the issue and provide a solution. The study 
materials and methods are presented in Section 5. The latter section is the basis for the 
anticipated findings presented in Section 6. The report then draws a final judgment and makes 
recommendations for further study in section 7. 

1.1 Solar Cells  

In 1839, Alexandre-Edmond Becquerel was the first person to notice the solar effect [5]. Cells 
that absorb sunlight and convert it directly into energy are known as solar cells or PV cells. In 
1946, Russel Ohl developed the initial silicon solar cell, which is considered to be the first true 
modern solar cell [5-6]. Thin silicon wafers were employed in the first generation of solar cells, 
which transformed sunlight into electricity. As can be seen in Figure 1, contemporary solar 
cells operate based on the formation of electron holes in all cells, which consists of two layers 
(p-type and n-type materials) of semiconductor material.  

 

 

 

 

 

 

Figure 1: Semiconductor p-n junction solar cell [7]. 
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structure, an electron is released and goes from one layer to another by acquiring energy from 
the affecting photon. Electrical power is produced as a result of this because it simultaneously 
generates an electron and a hole [8]. Silicon (in single crystal, multi-crystalline, and amorphous 
forms) [9-11], cadmium-telluride (Cd-Te) [12], copper-indium-gallium-selenide (CIGS) [13], 
and copper-indium-gallium-sulfide are only a few of the numerous substances used in solar 
cells [14]. Several types of PV cells are addressed in the following sections according to the 
materials they are made from (also shown in Figure 2)  [15-17]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Solar cell kinds and development trends [18-21]. 

i. First Generation Solar Cell-Wafer Based 

The initial generations of Solar cells are manufactured on silicon wafers. In terms of power 
efficiency, it is both the eldest and most promising technology. Technologies based on silicon 
wafers can be broken down even further into two subtypes:  

 Single/ Mono-crystalline silicon (Mono c-Si) solar cell.  

 Poly/Multi-crystalline silicon (Multi c-Si) solar cell. 

Single/Mono c-Si Solar cell: 

Mono c-Si, commonly referred to as single-crystal silicon, is the primary component of silicon 
chips, which are the building blocks for almost all contemporary electronic devices. Mono-Si 
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serves as both a PV and light-absorbing substance for making solar cells. The silicon in the 
material has a crystal lattice that extends without interruption to the borders of the solid and 
has no grain boundaries [22-24]. Figure 3 depicts a Mono c-Si solar cell, the initial production 
of Solar cells. 

                                              

Figure 3: Structure of Mono c-Si solar cell  [25-26]. 

Poly/Multi c-Si Solar cell 

Trichlorosilane sedimentation over silicon rods is a common method for producing poly/Multi 
c − Si solar cells at high temperatures. Distinct crystalline formations are produced during the 
solidification of molten silicon [27-28]. As associated with Mono c − Si solar panels, 
polycrystalline silicon solar cells are easier and cheaper to generate due to their low processing 
cost; however, their efficiency is lower at 12%-14% before being improved to a maximum of 
23.2% [29]. These cells alone made for around 50% of the total solar cells produced globally 
in 2008. The demand for these cells continues to be significant in several different countries 
today. This kind of cell is exemplified by ribbon Silicon. Figure 4 indicates the Multi c − Si 
Solar cell. 

 

Figure 4: Multi c-Si Solar cell [30] 

ii. Second Generation Solar Cells-Thin Film Solar Cells 

Second-generation solar cells, such as those made from a thin film and 𝑎 − 𝑆𝑖, are more cost-
effective than their silicon wafer predecessors. Kinds of Thin-Film Solar Cells are [31]: 

 𝑎 − 𝑆𝑖 Thin Film  



 

 

Semiconductor Optoelectronics, Vol. 42 No. 02 (2023) 
https://bdtgd.cn/ 

970 

 Cd-Te Thin Film Solar Cell  

 CIGS Solar Cell 

 a-Si Thin Film  

The earliest mass-produced Solar Cells were 𝑎 − 𝑆𝑖 PV modules. Making 𝑎 − 𝑆𝑖 solar cells at 
a low processing temperature paves the way for their usage on a broad range of polymer, low-
cost, and more flexible substrates. As compared to other substrates, these have a lower energy 
need for management [32]. 𝑎 − 𝑆𝑖 solar cells are more economically viable and widely 
available. The word amorphous describes the lack of a defined arrangement of atoms in the 
lattice, the absence of a crystalline structure, or the lack of a highly structured silicon material 
within a solar cell. 

𝑎 − 𝑆𝑖 solar cells have a main drawback in their low and erratic efficiency. At the level of 
the PV module, the 𝐸  of the cells automatically decreases. Commercial PV modules have an 

efficiency of between 4 and 8% now. They work well in climates that are constantly changing, 
such as those where the sun only beams for a few hours every day, and they can be easily used 
at higher temperatures [33]. 

The 𝑝 − 𝑖 − 𝑛 configuration is employed in 𝑎 − 𝑆𝑖 thin film solar cells. The bands are 
skewed due to the constructed electric field of the 𝑝 − 𝑖 − 𝑛 structure, and an inherent potential 
is produced when electrons are given from the n-layer to the p-layer [34]. Its 𝑝 − 𝑖 − 𝑛 form 
has been the subject of extensive study by a wide range of investigators [35-36]. Figure 5 
indicates the diagram of 𝑎 − 𝑆𝑖: 𝐻 p-i-n cell. 

 

Figure 5: Diagram of 𝑎 − 𝑆𝑖: 𝐻 𝑝 − 𝑖 − 𝑛 cell [37]. 

iii. Third Generation Solar Cells (New Emerging Technologies) 

The electrical conductivity of third-generation solar cells, also called multi-junction solar cells, 
was greatly enhanced while still maintaining very low production costs. Several different third-
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generation cell types are described below [38]: 

 Nanocrystal based Solar cells 

 Polymer-based Solar cells  

 Dye-sensitized Solar cells 

 Concentrated Solar cells [39] 

2. Literature of Review 

In this section, the author provides the literature review based on the efficiency and durability 
of thin-film p-type 𝑎 − 𝑆𝑖: 𝐻 solar cells  

Liu et al., (2022) [40] determined the impact of light soaking on the dark conductance of boron-
doped 𝑎 − 𝑆𝑖: 𝐻 thin films. Boron doping is triggered by the light-induced dispersion and 
hopping of weakly bound hydrogen atoms. As the Solar cell loses its light source, the effect 
reverses and the dark conductivity falls gradually. Silicon Heterojunction (SHJ) Solar cells 
with this effect implemented had a qualified complete area power 𝐸  of 25.18% on a 244.63 

cm2 wafer, with an 𝐹𝐹 of 85.42%. 

Prayogi et al., (2022) [41] discovered that the Eff of an 𝑎 − 𝑆𝑖: 𝐻 𝑝 − 𝑖 − 𝑛 𝑡𝑜 𝑝 − 𝑖 − 𝑖 − 𝑛 
solar cell formation was significantly improved by the addition of active layers. The 𝑎 − 𝑆𝑖: 𝐻 
𝑝 − 𝑖 − 𝑖 − 𝑛 solar cells were produced on an Indium Tin Oxide (ITO) substrate by PECVD. 
The 𝑎 − 𝑆𝑖: 𝐻 𝑝 − 𝑖 − 𝑖 − 𝑛 structure of solar cells is optimized to absorb the remaining solar 
energy that escapes the first intrinsic layer. Comparing the 𝑝 − 𝑖 − 𝑖 − 𝑛 sample to the 𝑝 −

𝑖 − 𝑖 − 𝑛 sample, they see a significant improvement from 7.79% to 8.49%. 

Hamdani et al., (2022) [42] employed the Automat for Simulation of Heterostructures 
(AFORS-HET) program to analyze data from a 𝑝 − 𝑖 − 𝑛 solar cell that was built using a (𝑝) 
𝑎 − 𝑆𝑖𝑂𝑥: 𝐻 type active layer and an 𝑎 − 𝑆𝑖: 𝐻 buffer layer. The optimal dopant values of NA 
= 1.0 x 1019 cm-3 and ND = 1.0 x 1019 cm-3 were found to provide a maximum 𝐸  of 8.81% 

(𝐹𝐹 = 83.85%, 𝑉  = 1042 mV, 𝐽  = 10. 08 mA/cm2) in a simulated optimized Cell B. Cell B's 
𝐸  can be improved from 5.61% to 8.81% utilizing the optimal values, according to a 

comparison of experimental data and modeling findings. 

Leila et al., (2021) [43] presented the outcomes of an 𝑎 − 𝑆𝑖: 𝐻 solar cell simulation run using 
the Analysis of Microelectronic and Photonic Structures (wxAMP 65) program. One of the 
principal photovoltaic uses for 𝑎 − 𝑆𝑖𝐶: 𝐻 is as a p-type window layer in 𝑎 − 𝑆𝑖 solar cells. 
Authors have simulated the efficiency of a (𝑝) 𝑎 − 𝑆𝑖𝐶: 𝐻/(𝑖) 𝑎 − 𝑆𝑖: 𝐻/(𝑛) 𝑎 − 𝑆𝑖: 𝐻 
heterojunction Solar cells to see whether it can help boost the implementation of a conventional 
𝑎 − 𝑆𝑖: 𝐻 cell. Optimal initial 𝐸  for photovoltaics has been measured at 10.59% after 

studying the impacts of an 𝑎 − 𝑆𝑖𝐶: 𝐻 window layer. 

Abega et al., (2021) [44] demonstrated the use of an ITO Back Reflector Layer (BRL) to 
replicate ultrathin Solar cells established on 𝑎 − 𝑆𝑖: 𝐻. SCAPS-1D was used to calculate the 
outcomes of the investigation. Optimal 𝐸  of 12.71% was determined to exist at a thickness 

of 1 𝜇𝑚 for the intrinsic layer. The study provided an advance toward more efficient Solar cells 
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based on 𝑎 − 𝑆𝑖 technology. 

Hu et al., (2021) [45] employed PECVD to create boron-doped 𝑆𝑖: 𝐻 p-layers at a substrate 
temperature as low as 60° C, with varying amounts of hydrogen gas (50, 100, and 150) as the 
reactant. These films were found to have crystalline fractions in the volume of about 16%, 
52%, and 73%, respectively. Single junction 𝑎 − 𝑆𝑖: 𝐻 solar cells that used the Glass/TCO/𝑝 −

𝑖 − 𝑛/Al structure had already integrated these p-layers. Preparing the p-layer with a dilution 
ratio of 50 using hydrogen gas was shown to be most beneficial for device performance. Energy 
𝐸  of 9.0% was reached in a dot cell with an area of 0.1256 cm2. 

Chang et al., (2020) [46] performed a thorough economic comparison of n-type and p-type 
wafers employing a Monte Carlo simulation method, factoring in a broad range of uncertainty 
in manufacturing costs, wafer costs, and cell performance. It was determined that the cost gap 
among n-type and p-type wafers, and the cost of SHJ processing, were the three most important 
elements affecting the commercial difference among wafer types. Based on the results of the 
study, p-type SHJ solar cells should strive for a performance level that is within 0.4% of that 
achieved with n-type wafers. Table 1 indicates the comparison of the literature of review. 

Table 1: Comparison of Literature of review. 

Authors Techniques Outcomes 

Liu et al., 
(2022) 
[40] 

PECVD Wafers with a total area of 244.63 cm2 (226.71 cm2) show a PCE 
of 25.18% (25.45%) and an 𝐹𝐹 of 85.42% (84.63%) due to the 
light-soaking impact improving the charge carrier transport in 
SHJ solar cells. 

Prayogi et 
al., (2022) 

[41] 

PECVD on 
ITO 

An improvement in 𝐸  from 7.79% in the 𝑝 − 𝑖 − 𝑖 − 𝑛 

sample to 8.49% in the 𝑝 − 𝑖 − 𝑖 − 𝑛 sample was achieved by 
studying the impact of active layer thickness on the 𝐸  of a-Si: 

H. 

Hamdani 

et al., 
(2022) 
[42] 

AFORS-
HET 

Cell B was found to have an impressive 8.81% 𝐸  (𝐽  = 10.08 

mA/cm2, 𝑉  = 1042 mV, 𝐹𝐹 = 83.85%) when dopant 
concentrations of NA = 1.0 x 1019 cm-3 and ND = 1.0 x 1019 cm3 
were used. 

Leila et 
al., (2021) 

[43] 

wxAMPS-
1D 

It was successful in achieving the impressive first 𝐸  of 10.59%. 

Abega et 
al., (2021) 

[44] 

SCAPS-1D At a thickness of 1 m and a bulk defect density of 109 cm3 of the 
i-layer and a surface defect density of 1010 cm2 at the buffer 
layer/-( 𝑎 − 𝑆𝑖: 𝐻) interface, the optimal structure of the ultrathin 
𝑎 − 𝑆𝑖: 𝐻 -based Solar cell yields an 𝐸  of 12.71%. 
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Hu et al., 
(2021) 
[45] 

PECVD A 9.0% 𝐸  was attained by using a 𝑉  of 0.90 V, an 𝐹𝐹 of 0.65, 

and a 𝐽  of 15.2 mA/cm2. 

Chang et 
al., (2020) 

[46] 

Monte 
Carlo 

simulation 

Based on the results of the study, p-type SHJ solar cells should 
strive for a performance level that is within 0.4% of that achieved 
with n-type wafers. 

3. Background study 

In the work, thin films of 𝑎 − 𝑆𝑖: 𝐻 were accumulated using PECVD, analyzed, synthesized, 
and characterized. There were three different film kinds placed. The initial series (00 
procedure) saw the doping of an inherent 𝑎 − 𝑆𝑖: 𝐻 film. n-type samples were doped in the 
second series (A1-A5 procedure) using a gas combination of dihydrogen (𝐻 ), silane (𝑆𝑖𝐻 ), 
and phosphine (𝑃𝐻 ). 𝑆𝑖𝐻 , 𝐻 , and 𝐵 𝐻  were used to dope p-type samples in the third series 
(B1-B5 procedure). AFM was utilized to evaluate the surface morphology of the films, while 
Scanning Electron Microscopy (SEM) was employed to analyze the films, and ultraviolet-
visible ellipsometry was utilized to determine the optical band gap and film thickness. The 
conductivity graphs show that films with the largest dopant gas flow (phosphine or diborane) 
had the maximum conductivities, contrasted to the least necessary for materials built of 𝑎 −

𝑆𝑖: 𝐻 silicon for high-quality Solar cells. An improvement in conductivity of many orders of 
magnitude is a promising finding that might lead to more efficient Solar cells based on 𝑎 −

𝑆𝑖: 𝐻, as demonstrated by the data [47]. 

4. Problem Formulation 

PECVD which was utilized to dope the 𝑎 − 𝑆𝑖: 𝐻 film series. The sequence's p-type films were 
doped with 𝑆𝑖𝐻 , 𝐻 , and 𝐵 𝐻  mixes (B1–B6 method). The specimens in the collection were 
all manufactured of glass (Corning Glass 2974 and 1737). The study was done using the AMP-
3300 Plasma II PECVD Deposition System. Series B1-B5 was deposited for 30 minutes at a 
constant 300 W of power, 600 𝑚𝑇𝑜𝑟𝑟 of pressure, 90 𝑚𝑊/𝑐𝑚  of power density, and 300 C 
temperature. Authors were able to satisfy numerous criteria by altering the 𝐻 , 𝑆𝑖𝐻 , and 𝑃𝐻  
gas series flows. The p-layer deposition process has five unique versions, which are denoted 
by the letters B1 through B5. Throughout PECVD tests, authors kept the p-layer growth rate 
constant at 50 𝑠𝑐𝑐𝑚 of silane gas and the chamber pressure in 2000 𝑚𝑇𝑜𝑟𝑟. A dilution ratio of 
1000 𝑠𝑐𝑐𝑚 of hydrogen was employed to create the p-layers in layers B2-B5, whereas the first 
p-layer had a dilute ratio of 200 𝑠𝑐𝑐𝑚. 

5. Research Objectives 

i. While having a relatively low industry-maximum efficiency, its high absorption capacity 
allows it to be employed in solar cells with very small layer thicknesses (typically 
approximately a factor of 100 less than in crystalline silicon). 

ii. Using fewer 𝐸𝑔 defects, electrons in the valence band could be driven to the conduction 
band, improving carrier strength, electrical conductivity using Hydrogen atoms 
technology linked to empty Si bonds lower bandgap energy defect. 
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iii. To integrate fiberglass noise reduction barriers with solar cells by optimizing films, p-i-n 
junction characteristics, and solar cell design/geometry (top contact grid parameters). 

6. Material and methods  

In the section, one type of film was deposited. The PECVD process was used to dope the set 
off 𝑎 − 𝑆𝑖: 𝐻 films. The p-type films in the series were doped with a combination of SiH4, 𝐻 , 
and 𝐵 𝐻  (B1–B6 method). Glass models were used in the series (Corning Glass 1737 and 
2974). The AMP-3300 Plasma II PECVD Deposition System was utilized. The invariant 
deposition settings for series B were 600 𝑚𝑇𝑜𝑟𝑟 ambient pressure, 300 W power, 90 
𝑚𝑊/𝑐𝑚  power density, and 30 min treatment time. The flows of 𝐻 , 𝑆𝑖𝐻 , and 𝑃𝐻  gases in 
the series were changed to meet certain conditions, as stated in Table 2. The flow rates of 𝑆𝑖𝐻  
and 𝑃𝐻  gases were adjusted to 50 as well as 0 𝑠𝑐𝑐𝑚, correspondingly. The hydrogen dilution 
procedure was carried out for the p-layer at constant flow rates of 100 and 200 𝑠𝑐𝑐𝑚, 
respectively. 

Table 2: Gas flows of 𝐻 , 𝑆𝑖𝐻 , 𝑃𝐻  and 𝐵 𝐻  series 

Process 𝑯𝟐 (𝒔𝒄𝒄𝒎) 𝑺𝒊𝑯𝟒 
(𝒔𝒄𝒄𝒎) 

𝑷𝑯𝟑 
(𝒔𝒄𝒄𝒎) 

𝑩𝟐𝑯𝟔 
(𝒔𝒄𝒄𝒎) 

B1 200 50 0 4 

B2 1000 50 0 5 

B3 1000 50 0 6 

B4 1000 50 0 8 

B5 1000 50 0 10 

The p-layer deposition method has been divided into B1-B5 variants. The vacuum in the 
PECVD chamber was adjusted to 2000 𝑚𝑇𝑜𝑟𝑟, and the silane gas utilized for p-layer formation 
was tuned to a continuous variable of 50 𝑠𝑐𝑐𝑚. The initial p-layer was developed with a 
hydrogen dilution ratio of 200 𝑠𝑐𝑐𝑚, whereas the p-layers from B2-B5 were produced with a 
hydrogen dilution ratio of 1000 𝑠𝑐𝑐𝑚. 

6.1 Single p-i-n Junction Fabrication 

Figure 6 depicts the accumulation method schematic in the PECVD. During the accumulation 
period, the p-layer was accumulated on the initial chamber. The substrate was then moved to a 
different chamber for the i-layer depositing procedure. The i-layer deposition method was 
performed independently from the extrinsic procedure to avoid contamination of dopant gases, 
which could affect silicon impurity. 
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Figure 6: Manufacture method of Solar cell inside PECVD chamber 

The substrate was not returned to the first chamber immediately after the i-layer deposition 
procedure was completed. The substrate was held constant within chamber 2 without any gas 
flow, although the fake sample was utilized to normalize the initial chamber by showing it with 
nitrogen gas. The chamber 1 normalization procedure is required to ensure that the n-layer 
removal method is free of p-layer dopant gas contamination. 

7. Results 

In this section of results, the author finds a result based on layer characteristics, solar cell 
performance, and optimization of layer thickness. 

7.1 Layer Characteristics 

The physical parameters of each fabrication process (B1-B5) have been determined. AFM was 
used to measure process thicknesses. The thicknesses acquired are utilized to calculate the 
deposition rate of each operation. Table 3 shows the Solar cell deposition parameters for each 
procedure. 

Table 3: Solar cell deposition parameter for each process 

Process R𝑯𝟐/𝑺𝒊𝑯𝟒 Deposition 
Rate (nm/s) 

Time (min) Thickness 
(nm) 

Energy 
Gap (𝑬𝒈) 

(eV) 

B1 2 0.072 15 43 2.0 

B2 0 0.028 236 400 1.9 

B3 16 0.012 570 400 1.6 

B4 36 0.042 160 400 1.4 

 

CHAMBER 2 

 

n-layer 

CHAMBER 2 

Normalization process 
for chamber 1 using a 

dummy 

 p-layer 

CHAMBER 1 

p-layer 

i-layer 

n-layer 

n-layer 



 

 

Semiconductor Optoelectronics, Vol. 42 No. 02 (2023) 
https://bdtgd.cn/ 

976 

B5 1 0.120 15 36 2.2 

The B1 in an 𝑎 − 𝑆𝑖: 𝐻 solar cell has an 𝐸𝑔 of 2.0 eV. The p-layer was divided into five 
processes, yielding 𝐸𝑔 of 2.0 eV, 1.9 eV, 1.6 eV, 1.4 eV, and 2.2 eV for hydrogen ratios of 2, 
0, 16, 36, and 1. The reduction of the 𝐸𝑔 is generated by a hydrogen atom, which causes 
separation by improving ion/electron collisions and influences energy from the expanding 
surface by filling vacancies in the gap. A different aspect that contributes to the reducing 𝐸𝑔 
is the potential of increased crystallization degree, which is evident at high-level hydrogen 
reduction ratios. 

Thickness is a crucial aspect of the fabrication process. The thickness of B1 and B2-B4 was 
reduced so that incoming photons are not absorbed as much. B5 is mostly used as a photon 
filler that absorbs photons when needed. In the work, the p-layer was grown thicker to improve 
photon absorption. 

7.2 Solar Cell Performances 

Table 4 demonstrates how the 𝐸  performing of a Solar cell is impacted by the player 𝐸𝑔. 

After the p-layer 𝐸𝑔 is adjusted from 2.0 eV to 2.2 eV, the 𝐽  and cell efficiency rise by around 
0.0147 A/m2 and 0.75%, respectively. The graph also demonstrates a 0.24% decline in cell 
efficiency, as evidenced by a fall in 𝐽 . 

Table 4: Sample structure and cell performance 

Process 𝑱𝒔𝒄 

(A/𝒎𝟐)×𝟏𝟎 𝟐 

𝑽𝒐𝒄 (V) 𝑭𝑭 (%) Efficiency 
(𝑬𝒇𝒇) 

B1 2.65 0.214 40.4 4.86 

B2 4.12 0.163 41.1 5.61 

B3 4.04 0.159 39.7 5.37 

B4 3.14 0.154 34.9 4.83 

B5 4.10 0.144 32.4 4.53 

The peak of the sun's rays falls between 1.4 and 2.2 eV in energy, which corresponds to the red 
and green ends of the visible spectrum, as seen by the solar flux distribution. A greater variety 
of photons from the sun's spectrum is received by Solar cells and converted into usable energy. 
In terms of efficiency, Solar cells with a p-layer 𝐸𝑔 between 1.9 and 1.6 eV seem to outperform 
those with a p-layer 𝐸𝑔 of 2.2 eV due to the influence of photon dispersion. 

Compared to the alternative process, the 𝑉  of the sample, B1 is much higher. Table 4 
demonstrates that the 𝑉  drops with the hydrogen dilution ratio. The existence of a hydrogen 
atom during the accumulation process can raise the dispersion coefficient on a growing surface, 
resulting in the formation of a crystalline phase seed on the layer. It could create a more durable 
thin layer and has a high carrying flexibility as the hydrogen ratio increases. 



EFFICIENCY AND DURABILITY OF THIN-FILM P-TYPE HYDROGENATED AMORPHOUS SILICON (a-Si:H) SOLAR 
CELLS 

 
977 

 

 

 



 

 

Semiconductor Optoelectronics, Vol. 42 No. 02 (2023) 
https://bdtgd.cn/ 

978 

 

Figure 7: Solar cell Eff based on p-layer 𝐸𝑔 

The performing graph of the B1-B2 Solar cell efficiency versus the p-layer 𝐸𝑔 is shown in 
Figure 7. Sample B1 achieved an 𝐹𝐹 of 40.4% and an 𝐸  of 4.86%. Sample B2 achieved an 

𝐹𝐹 of 41.4% and an 𝐸  of 5.61%. Sample B3 had an FF of 39.7 and an E  of 5.37%, whereas 
Sample B4 had an FF of 34.9% and an E  of 4.83%. FF was 32.4% and E  was 4.53% for 
sample B5. Gains in effectiveness were seen in the energy ranges of 1.6 eV and 1.9 eV. The 
2.2 eV Eg was the location of the performance drop. As a result, the energy from absorbed 
photons is not used effectively. 

Photons with an Eg larger than 1.4 eV are one of the factors contributing to poor E . Higher 
energy photons than those in the p-layer would be absorbed, moving the electrons from the 
valence band to the conduction band and putting away a hole in the valence band. The electron-
hole pair swiftly relaxes back on the band's edge after releasing heat energy. 

The hydrogen dilution ratio during the deposition procedure is one of the elements that 
impact Solar cell performance. The Solar cell's efficiency can be increased using B2. The 
results from the hydrogen atom's attachment to the Si atom's reactive free electron. The 
bandgap energy defect would decrease when a hydrogen atom is bound to an unfilled Si bond. 
The electrons in the valence band could be further readily stimulated to the conduction band 
with fewer defects in the Eg, which would improve carrier strength, increase electrical 
conductivity, and increase E . 

7.3 Optimization of Layer Thickness 

Given that the p-layer is the primary absorber layer, the thickness of the p-layer is a factor that 
could have a substantial influence on the performance of the Solar cell. The creation of 
electron-hole pairs would grow as the p-layer thickness improves because more photon energy 
would be absorbed. Samples B1 through B5 that have undergone the optimization outlined 
above differ in terms of their p-layer thickness, as indicated in Table 5. Sample B1 produced 
results of 5.61% E  and 41.1% FF with a p-layer thickness of 400 nm. Sample B2 produced 
5.69% E  and 41.6% FF with a 500 nm p-layer thickness. 5.78% E  and 42.6% FF were 
obtained for Sample B3 with a 600 nm p-layer thickness, while 5.88% E  and 43.4% FF were 
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obtained for Sample B4 with a 700 nm p-layer thickness. Nevertheless, Sample B5's 800 nm 
p-layer thickness produced a 5.91% E  and a 43.8% FF. 

Table 5: Sample structure and cell performance. 

Process p-layer Thickness 
(nm) 

𝐉𝐬𝐜 (A/m2) ×10-2 𝐕𝐨𝐜 (V) 𝐅𝐅 (%) 𝐄𝐟𝐟 (%) 

B1 400 4.12 0.163 41.1 5.61 

B2 500 6.05 0.251 41.6 5.69 

B3 600 5.13 0.277 42.6 5.78 

B4 700 4.03 0.285 43.4 5.88 

B5 800 5.18 0.346 43.8 5.91 

The improvement in cell performance shown in Figure 8 occurs after the p-layer thickness has 
been increased by 400 nm to 800 nm. 

 



 

 

Semiconductor Optoelectronics, Vol. 42 No. 02 (2023) 
https://bdtgd.cn/ 

980 

 

 

 

Figure 8: Enhancing performance by adjusting p-layer thickness 
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The expansion of the depletion area is something that leads to an improvement in Solar cell 
performance and an accompanying rise in p-layer thickness. The depletion area would widen 
as a result of the thicker p-layer, allowing for the growth of donor and acceptor ions such as 
electrons and holes. Additionally, the dilatation of the reduction area induces an increase in ion 
diffusion length, which increases lifespan and drift currents. 

8. Conclusion  

It is anticipated that the a − Si: H alloy would perform a main role in boosting the E  and 
consistency of a − Si: H solar cells. Here, authors use AFM to quantify the thicknesses of 
several processes and do simulations on how they can affect the efficiency of Solar cells based 
on a − Si: H grown by PECVD. Changing the hydrogen gas ratio reduces the p-layer Eg from 
2.2 eV to 1.4 eV. Solar cell E  is mostly defined by the p- layer's Eg. Increasing the p-layer Eg 
from 1.4 eV to 2.2 eV yielded Solar cell E  of 4.86%, 5.61%, 5.37%, 4.83%, and 4.5% in the 
study. Increasing p-layer thickness can extend the reduction region in Solar cells' p-n junction 
region. E  improvements of 5.61% at 400 nm, 5.69% at 500 nm, and 5.78% at 600 nm. A Solar 
cell made out of a − Si: H achieved a peak E  of 5.91% with an p-layer Eg of 2.2 eV and a 
thickness of 800 nm. 
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