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ABSTRACT  

The main objective of this research is to fabricate double-layer hydrogenated amorphous silicon (a-

Si:H) using a PECVD by varying the thickness of the active layer. To obtain the thickness of the double 

active layer, dilution of silane plasma is carried out by hydrogen, with a ratio of hydrogen and silane, 

R=H2/SiH4 varies, and the deposition time of the active layer, while the n-type and n-type extrinsic 

layers are fixed for each -each sample. Then on the sample, there is a metal coating on the back which 

acts as an electrical contact and light reflector. Additionally, each sample was examined or searched for 

with a sun simulator and sunlight for physical properties, such as thickness morphology, optical 

properties, such as bandgap, electrical properties, such as electrical conductivity, and I-V 

characterization of a-Si: H double active layer solar cells. Based on the I-V characterization of the a-Si: 

H double active layer solar cells that were found in this work, a satisfactory conversion efficiency 

(8.86%) was found, although the Field Factor of the active layer was still low. While the intrinsic photo 

response reached 105 
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Introduction  

Amorphous silicon (a-Si:H), 

microcrystalline silicon (c-Si), and 

polycrystalline silicon are all often produced 

using the original approach of adding 

hydrogen into the materials (poly-Si).1 Solar 

cells currently use a-Si H-based thin film 

semiconductors.2 Technology era, a-Si: H thin 

films may be produced using a variety of 

deposition techniques. Only PECVD (plasma-

enhanced chemical vapor deposition) has 

been developed for industrial use.3 However, 

the rate of deposition of device-quality a-Si: H 

films produced by PECVD at the standard 

frequency of 13.56 MHz with the best 

deposition settings is low.4 A low deposition 

rate is associated with lengthy processing 

periods and expensive manufacturing costs.5 

For industrial applications, high deposition 

rates of device-quality films with optical and 

electrical properties are required.6 The result 

is the use of high power, high pressure, and 

high plasma excitation frequency.7 

The device-grade silicon layers of silicon-

based solar cells are typically deposited at 300 

°C.8 In addition, the use of inexpensive 

substrates is made possible by lowering the 

production temperature, which also has 

economic benefits by reducing the energy 

needed to produce the devices.9 Although the 

quality of the films deposited at low 

temperatures can be enhanced by adjusting the 

deposition parameters, such as the RF power 

and hydrogen dilution in SiH4 by the RF-

PECVD technique, it is observed that films 

deposited at low Ts are frequently porous and 

more disordered, and they have poor 

optoelectronic properties.10 The concentration 

of different radicals in the plasma is governed 

by growth parameters such SiH4 flow rate, RF 

power, and process pressure.11  Additionally, 

H2/SiH4 is the main factor that determines the 

density of atomic hydrogen in plasma.12 The 
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weak Si-Si connections are broken by the 

atomic hydrogen that comes to the surface of 

the expanding films during etching, and the 

stronger Si-Si bonds are created in their 

stead.13 Moreover, the film may be penetrated 

by atomic hydrogen, which might alter the 

bonding and promote the formation of more 

ordered a-Si: H films.14  

Here, we describe a unique method for 

producing active layers of amorphous silicon 

structures from SiH4 using the RF-PECVD 

process. We also evaluate the effectiveness of 

the method by varying the thickness of each 

active layer via the deposition period. 

Methods  

Using the RF-PECVD technique, the 

active layer a-Si: H solar cell deposition was 

completed. To obtain the active layer, dilution 

of silane plasma by hydrogen was carried out, 

with a varying ratio of hydrogen and silane, 

R=H2/SiH4. To create a thin film that can 

absorb the widest range of solar radiation, the 

active layer a-Si: H solar cell structure, as 

illustrated in Figure 1, will be formed using 

typical deposition settings. Moreover, it is 

anticipated that the stated deposition 

conditions would result in higher-quality solar 

cells. 

 

Figure 1. Schematic design of a-Si: H-based 

active layer solar cells 

Various characterization techniques will be 

used to determine the quality (optimization) of 

the resulting a-Si: H active layer solar cells, 

including surface morphology. 

Characterization of solar cells using AFM, 

electrical conductivity, absorption, 

transmittance, and energy gap measurements, 

as well as I-V characterisation (Sun 

Solarimeter and Sunlight). 

The following processes are used to 

process and analyze the measurement data of 

the typical solar cell properties under 

irradiation circumstances: 1) Plot the solar 

cell's characteristic current-voltage (I-V) 

curve using the measurement data. 2) 

Determine Voc, Isc, and VmIm from the I-V 

characteristic curve. The ammeter displays the 

Isc value, and the voltage displayed on the 

voltmeter is zero when the variable resistor is 

at zero. When the value of the resistor rises, 

the amount of the current reduces, causing the 

voltage to gradually climb. The magnitude of 

the current is zero and the voltage approaches 

the value Voc up until the resistor reaches a 

value that is almost infinity. While Vm and Im 

respectively are the voltage and current at the 

optimum operating point. 3) Determine the fill 

factor (FF) and efficiency () of the solar 

cell.15 A dimensionless number called FF 

expresses the proportion of a solar cell's 

maximum power to its multiplication of Isc 

and Voc. 

Result and Discussion 

The RF-PECVD technique was used to 

deposit the active layer of the a-Si: H solar 

cell. While the n-type and n-type extrinsic 

layers are constant for each sample, the double 

intrinsic layer is created by hydrogen dilution 

of silane plasma with variable hydrogen to 

silane ratio, R=H2/SiH4. 

According to the photograph of each 

sample in the attachment, the intended 

outcome of this experiment is a uniform 

coating of a blue-black hue. As a result of the 

layer's uniform blue-black tint, it is regarded 

as homogenous. The stages of deposition can 

be used to explain the results of the 

experiment's deposition of a-Si: H layers; 

specifically, the second type of deposition 

results can be explained by the likelihood that 

dust (dust) will occur during the second stage 

of deposition. Dust creates significant cavities 

on the surface.16 The second sample image 

demonstrates that a significant quantity of 

empty space (voids) is created when the dust 

reaches the surface because it is unable to 

move freely. 
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Due to this, the second type appears as 

blank spaces (voids). The likelihood of the 

second type of deposition results forming 

because of this incidence is very high. The 

third step of the deposition procedure is highly 

likely to produce the outcome of the third type 

of deposition. Cross-links form in the third 

stage of the second reaction equation after the 

Si-H clusters have diffused, trapping the H2 

molecules in the layer. High stresses and 

strains result in a fragile surface in the final 

step. Surface weak connections are quickly 

disrupted when activation energy is present. H 

atoms will be released into the outside air 

because of the broken links between Si. Such 

occurrences can be seen in the third category 

of deposition outcomes. The a-Si: H layer 

eventually separates from the substrate as 

shown in the third sample image once the 

deposition is finished, happening like a branch 

that keeps growing.17 

 
 

(a) 

 

 
 

(b) 

 

 
Figure 2. Surface morphology of the active layer as measured using AFM (a) Active layer 1, (b) 

Active layer 2, and (c) Active layer 3. 
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The thickness and morphology of the 

sample may be measured using atomic force 

microscopy (AFM), which analyzes the 

material utilizing atomic forces between the 

tip and the substrate. AFM includes several 

components: tips, cantilevers, piezoelectric 

sensors, and photodetectors. The cantilever 

slope changes as the tip moves across the test 

material's surface throughout the material 

characterization procedure. The photodetector 

picks up the cantilever's tilt.18 The detector 

receives the laser beam that was directed at the 

cantilever, which is then used to detect the 

cantilever's tilt. At the boundary between the 

coating and the substrate, measurements or 

scanning are obtained (no coating). 

Information about depth is provided by the 

slope change. Scanning in this border region 

yielded data on height or depth variations that 

represented the thin layer's thickness. Figure 2 

shows the outcomes of measurements made 

using AFM for every active layer. 

The sample's energy gap (Eg) can be 

calculated by measuring the conductivity of 

the sample at each temperature rise (T), which 

results in a graph of ln vs 1/T. It is also 

feasible to calculate the energy gap of the 

sample by measuring the conductivity at 

different temperatures.(19) The graph's slope 

can be used to establish where the Eg is located 

as shown in Figure 1. According to the 

findings of UV-Vis’s measurements and 

analysis using Tauc's Plot method and a ratio 

of ln to 1/T, each layer has successfully 

optimized the energy gap (Eg) in the active 

layer a-Si: H solar cell samples. 

 
Figure 3. Measurement of Eg using the ratio of ln σ to 1/T (a). The active layer, and (b). Passive 

layer.

The test sample is trimmed to a size of 1 x 

1 cm2 for the four-point method of measuring 

electrical conductivity. With the intention of 

lowering the measurement correction factor, 

the sample area is made as small as possible. 

The form of the sample will have an impact on 

the measurement correction factor in addition 

to ensuring that the sample size is as little as 

possible.20 The measurement correction factor 

must also be taken into consideration if the 

sample shape is circular.21 As a result, rather 

than employing a circle as the sample form for 

the four-point probe measurement of 

electrical conductivity, a square 1x1 cm2 in 

size is used. The probes are spaced 0.25 cm 

apart because the sample is 1x1 cm2. 

 
Figure 4. Schematic of the conductivity 

measurement circuit using the four-point 

method 
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The conductivity value is obtained from the 

equation above. From this equation, it can be 

concluded that the magnitude of the electrical 

conductivity value of a sample is influenced 

by several variables. Among them is the 

voltage, the thickness of the coating, the 

distance between the probes, and the current 

that is read.22 With the flow of electric current 

on the two outermost probes, a Voltage value 

(V) will be obtained from the measured 

voltage value on the two innermost probes. 

 

Table 1. Results of electrical conductivity studies under light circumstances of the 

intrinsic and extrinsic layers 

 
 

Table 2. Results of electrical conductivity tests performed in the dark on the intrinsic 

and extrinsic layers 

The active layer a-Si: H in the solar cell 

device layer plays a critical role in using 

photon energy to excite its charge carriers 

from the valence band to the conduction band 

and to strengthen the electric field between the 

p-layer and n-layer.23 The rate of charge 

carrier production will accelerate with 

increasing active layer thickness, and photon 

absorption will be greater.24 The series 

resistance (Rs), however, also rises because of 

localized circumstances brought on by the 

thicker i-layer. On the other hand, if the i-layer 

is too thin, the electric field that is formed 

between the p-layer and n-layer would 

diminish. 

Tables 1 and 2 show that the conductivity 

of the light is not noticeably higher in the 

extrinsic layer than it is in the dark condition. 

The photo response (ph/pd), the extrinsic 

layer is a passive layer if it has a value of 101 

or less for the ratio of light conductivity to 

dark conductivity. This is due to the fact that 

the concentration of electrons in the 

conduction band does not appreciably 

increase as a result of the electrons moving 

from the valence band that is stimulated by 

light towards the conduction band.25 The 
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excited electrons greatly increase the 

concentration of electrons in the conduction 

band in comparison to the active layer, which 

has a photosensitivity of up to 105 As a result, 

it is noticed that the conductivity of light on 

the intrinsic type seems to rise dramatically.26 

Measurement of I-V with Sun Simulator 

for the characteristics of active layer a-Si: H 

solar cells. The Sun Simulator is made of 

aluminum with a size of (15x15x30) cm3 and 

is connected to an electronic circuit. At the top 

is placed a lamp to measure the I-V 

characteristics in irradiated conditions. The 

lamp used is a Halogen Bulb lamp with a light 

intensity of 46.6 mW/cm2. Halogen Bulm 

lamps were chosen because their light 

spectrum is almost close to the spectrum of 

sunlight. 

The I-V characterization process with 

direct sunlight is, in principle, almost the same 

as using the Sun Simulator, but the 

fundamental difference is that the light source 

is through direct sunlight where the light 

intensity reaches 850 mW/cm2. The I-V 

characterization procedure for this solar cell 

was carried out three times according to the 

number of samples. 

Optimization results are carried out 

through differences in the thickness of the 

active layer. The results of the active layer I-

V characterization with differences in layer 

thickness with the Sun Simulator and sunlight 

can be seen in Table 3 and Table 4. 
 

Table 3. I-V characterization of active layer a-Si: H solar cells with different layer 

thicknesses using the Sun Simulator 

 
Table 3. I-V characterization of active layer a-Si: H solar cells with different layer 

thicknesses using the Sunlight 

 
 

Using the Sun Simulator and direct 

sunlight, researchers were able to characterize 

the active layer of an a-Si: H solar cell from 

an I-V perspective. The findings revealed that 

the measurements obtained varied in the i-

thickness layer's between 400 and 800 nm. In 

the results of previous studies using the same 

PECVD tool with a p-i-n structure, it 

produced an efficiency of 5.31%. Meanwhile, 

by optimizing by varying the energy gap and 
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the thickness of each sample, the efficiency 

value is 8.86%. There was a very significant 

increase in efficiency, almost 70% from what 

had been done before. 

  
Figure 5. Graph of Sample Efficiency based on differences in intrinsic layer thickness 

measurements with (a) Sun Simulator, and (b) Sunlight 

Overall, as evidenced by low maximum 

output power, the resulting a-Si: H active 

layer solar cells typically have a poor FF. One 

of the causes of the active layer a-Si: H solar 

cells' low FF value is the imperfect junction 

creation mechanism, which results in flaws in 

the interface area. The resultant a-Si: H solar 

cell has five junction points, each of which is 

a junction between the substrate (ITO) and the 

p-layer, between the p-layer and the p-layer, 

and between the p-layer and the p-layer. 

Defective conditions will be created in the 

joint area if the connecting mechanism 

between the layers is improperly built. 

The important role of the active layer a-Si: 

H in the solar cell device layer is to employ 

photon energy to excite its charge carriers 

from the valence band to the conduction band 

and to strengthen the electric field between the 

p-layer and n-layer. More photon absorption 

will result from a larger active layer since 

charge carrier generation will occur more 

quickly.27 However, the series resistance (Rs) 

also rises because of localized circumstances 

brought on by the thicker i-layer. The electric 

field that is created between the p-layer and n-

layer will weaken if the i-layer is too thin, on 

the other hand. 

Conclusion  

In summary, from the measurements of the 

electrical conductivity of each sample, the 

photo response (ph/pd) the extrinsic layer 

exhibits a value of no more than 101 for the 

ratio of light conductivity to dark 

conductivity, whereas the photo response 

(ph/pd) of the intrinsic can reach 105. As a 

result, it may be inferred that the intrinsic 

layer is active, and the extrinsic layer is 

inactive. An excellent conversion efficiency 

(8.86%) was obtained based on the I-V 

characterization of the a-Si: H active layer 

solar cell found in this work. However, the I-

V characteristics of the active layer a-Si: H 

solar cells produced in this study still show a 

low fill factor (FF). The most likely cause of 

the low fill factor (FF) value is the connection 

mechanism in the areas between layers 

(interface) which is not yet perfect, thus 

creating defective conditions in these areas. 
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