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Abstract 

This industrial research sheds light on the manufacturing of monocrystal-

line silicon solar cells, the optimization of the weight of the cell during 

manufacturing, and the effect of each stage of manufacturing on the color 

and weight of the solar cell. During manufacturing, the solar cell goes 

through six stages: texturing, diffusion, plasma etching, remove phospho-

rous silicate glass (RPSG), anti-reflection coating (ARC), and screen 

printing. The success of each stage determines the cell weight and cell 

color. This weight of the cell depends on the weight of the silicon wafer 

(𝑝-type) and each stage from the manufacturing stages affects this weight.  

After many experiments were carried out, we found that some stages lead 

to weight gain and some stages that lead to weight loss. The texturing 

stage leads to weight loss ranging from 0.7 to 1.1 grams, it is the most 

stage leads to weight loss. The diffusion stage leads to a slight weight gain 

ranging from 0.008 to 0.0148 grams. The plasma etching stage leads to a 

slight weight loss ranging from 0.0005 to 0.005 gram. RPSG stage leads 

to a small loss of weight ranging from 0.0151 to 0.0176 gram. ARC stage 

leads to a slight weight gain ranging from 0.004 to 0.0123 grams. Screen 

printing leads to weight gain, screen printing 1 leads to weight gain from 

0.0039 to 0.0084 grams, screen printing 2 leads to weight gain from 1.122 

to1.3 grams, it is the most stage led to high weight gain, screen printing 3 

leads to weight gain from 0.0782 to 0.0865 grams. 
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1. Introduction: 

        One type of semiconductor device that directly transforms solar energy into electric en-

ergy is the solar cell. Its highly developed technology and steadily declining cost have led to its 

growing significance in the new energy sector [1-3]. Crystalline Si (c-Si) wafers are the paramount 

material in the field of solar cells. c-Si wafers have experienced significant development in the 

worldwide photovoltaic market because of their high conversion efficiency, long-term stability, 

and simple, optimized manufacturing process [4,5]. 

             The manufacture of solar cells is a complex and meticulous process, as the efficiency of 

the final product is tightly intertwined with the precise control of various manufacturing parame-

ters, including chemicals, gases, other materials, and processing times. Each stage in the manufac-

turing process has a specific purpose. Texturing the surface of a Si wafer with random pyramids 

is an essential process for improving the efficiency of c-Si solar cells by reducing reflection. The 

texturing process creates a rough surface that scatters light, which reduces the amount of light that 

is reflected. This results in a higher absorption of light and a higher efficiency of the solar cell [6-

10]. Diffusion process used to form 𝑝𝑛 junction, phosphorus oxychloride (POCl3) diffusion is 

now the most important and critical process for the production of industrial 𝑛-type emitters [11]. 

During the diffusion process, phosphorous dopant was diffused into the side and edges of the solar 

cell, which caused a short circuit, This reduces the open voltage circuit (𝑉𝑜𝑐) of the solar cell. To 

prevent this, edge isolation is used to isolate the 𝑛-type and 𝑝-type regions of the solar cell. This 

is done by etching the edges of the solar cell using a plasma etching machine. At 850-900 °C and 

in the presence of oxygen, a hard material layer known as phosphorus silicate glass (PSG) layer 

(P2O5. SiO2)was formed as PSG removal is done using a mixture of hydrofluoric (HF) and De-

ionized (DI)-water. To improve the efficiency of solar cells, anti-reflection coating (ARC) layers 

are often used to reduce the amount of light reflected off the surface of the cell [12]. ARC are 

typically made of thin films of dielectric materials, such as silicon nitride  (Si3N4). In the produc-

tion of solar cells, the metallization process creates metal contacts on the surface of the cells to 

collect the photo-generated current [13]. 

     In this study, monocrystalline silicon (mono-Si) solar  cell is fabricated practically and stud-

ies the effect of manufacturing stages on solar cell weight and color. This study is important for 

solar cell production lines, as good cell weight is a powerful factor in increasing production and 

reducing waste during manufacturing. 

      The rest of this paper is organized as follows: Section 2 outlines the methodology used in 

the research and describes the experiments carried out in the laboratory. Section 3 presents practi-

cal findings on the effect of fabrication stages on the solar cell weight and color, followed by a 

discussion of these results. Finally, Section 4 summarizes the conclusions drawn from the obtained 

results. 

2. Experimental Details  

        This study was carried out in the Joint National Egyptian-Chinese renewable energy 

laboratory,  Sohag,  Egypt. As shown in Figure1, firstly 𝑃 -Type mono-Si with an area of 

156.75×156.75 mm2and thickness of 180 micrometer is used then the wafers are cleaned and 

textured using preparation of a solution from the KOH (Potassium Hydroxide): texturing Addi-

tives:H2O DI-water with the ratio of 470 grams: 235 milliliter:  25  liter in the texturing machine. 

After the cleaning and texturing process has been finished, the wafer is subjected to a diffusion  
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furnace to form 𝑝𝑛 junctions under conditions of diffusion step at 780°C, drive in at 830°C, the 

time of diffusion and drive in steps is 1000, and 500 sec respectively. Using a ratio of 1900/2800 

(SCCM/min) in the pre-deposition step and 1200/2000 (SCCM/min) in the drive- in step. Edge 

isolation is employed to isolate the front and back sides using a plasma etching machine. A mixture 

of tetrafluoromethane (CF4) and O2 was used with a ratio of  CF4:O2=150:15 (SCCM/min). PSG 

removal is done to remove PSG layer formed on the diffusion process  using a mixture of HF and 

DI water according to the ratio of HF: ionized water = 3L:22L. In ARC, Si3N4 layer is deposited 

on the surface of the solar cell by using mixture of silane (SiH4) and ammonia (NH3) according 

to the flow ratio of 600:5400 (SCCM/min). Screen printed contacts were used for front Ag and 

back Al metallization. After finishing all the stages of manufacturing of solar cell, Light-Current 

Voltage (LIV) testing is done to know the performance of the solar cell. 

 

 

 Figure 1: Sequence of the solar cell fabrication process steps. 

 

 

3. Results and Discussion  
3.1 The Effect Manufacturing Stages of Mono-Si Solar Cells on The Cell Weight  

      As listed in Table 1, it is clear that every stage affects the weight of the cell. The weight of 

the p-type Si wafer was 9.7573 grams, when the texturing process was performed the weight of 

the cell was reduced in the texturing process, and chemicals were used to etch on the surface of 

the cell  to form pyramids. In the diffusion process, a n-layer and PSG layer were added. Hence, 

the weight of the cell was increased. In the plasma etching process, the phosphorus deposited on 

the edges of the cell is removed and thus the cell weight decreases. In the RPSG process, the PSG 

layer was removed. Hence, the weight of the cell was reduced. In ARC process, the thin film was 

deposited in the cell, hence the weight of the cell increased. In screen printing stages (1,2,and 3) 

the past was printed on the surface of the cell hence, the weight of the cell was increased. 

 

3.2 The Effect Manufacturing Stages of Mono-Si Solar Cells on The Cell Color  
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    As listed in Table 1, the color of the cell changes after each stage of manufacturing, and thus 

achieving a good color for the cell is the result of the success of all stages of manufacturing. Be-

ginning after the texturing stage, a layer of silicon oxide is formed. If the thickness of this layer 

decreases, the color of the cell is greatly affected. RPSG stage: In this stage, a PSG layer is re-

moved. If this layer is not removed, it greatly affects the color of the cell. The essential stage in 

affecting the color of the cell is the anti-reflection layer where an anti-reflection layer is deposited, 

and depending on the thickness of this layer, the color varies, and thus the cell acquires the tradi-

tional color.  

 

Table 1 The weight and color of the mono-Si before and after every manufacturing stage 

Stage The weight Before 
stage (grams) 

The weight after 
stage (grams) 

The color of the cell 

𝒑-type 

 

 

 

----------------- 9.7573 

 

 

Texturing 9.7573 9.0587 

 

 

Diffusion 9.0587 9.07359 
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Plasma 
etching 

9.07359 9.0720 

 

 

 

RPSG 9.0720 9.0569 

 

 

ARC 9.0569 9.0661 

 

 

Screen 
printing1 

9.0661 9.0706 
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4. Conclusion 

        As a summary of this study, this research is important for solar cell production 

lines, as it has clarified all the stages of solar cell manufacturing and how to control them 

to reach the best weight of the solar cell and the best color of the solar cell, as the solar cell 

manufacturing process is considered an exact process, as each stage of manufacturing af-

fects the efficiency of the cell, its color, and its weight on the weight and the color of the 

cell. The high effect of texturing, RPSG, and ARC process was investigated on the cell's 

weight and color. It is found that the texturing process and metallization process have a 

high effect on the weight of the solar cell and ARC has a high effect on the color of the 

solar cell. 

5. Acknowledgment 
  We are grateful to the Academy of Scientific Research for establishing the Egyptian-Chinese 

National Joint Laboratory for Renewable Energy, the first specialized research laboratory for solar 

cells in Egypt, where this work was completed. I also extend my thanks to the Egyptian-Chinese 

lab team, the lab professors, and everyone who taught me.  

6. References: 

[1] Alaaeddin, M. H., Sapuan, S. M., Zuhri, M. Y. M., Zainudin, E. S., & Al-Oqla, F. M. (2019). Photovoltaic appli-

cations: Status and manufacturing prospects. Renewable and Sustainable Energy Reviews, 102, 318-332. 

[2] Musa, S. D., Zhonghua, T., Ibrahim, A. O., & Habib, M. (2018). China's energy status: A critical look at fossils 

and renewable options. Renewable and Sustainable Energy Reviews, 81, 2281-2290. 

[3] Zhang, Y., Wang, B., Li, X., Gao, Z., Zhou, Y., Li, M., ... & Jia, R. (2021). A novel additive for rapid and uniform 

texturing on high-efficiency monocrystalline silicon solar cells. Solar Energy Materials and Solar Cells, 222, 110947. 

Screen 
printing 2 

9.0706 10.1928 

 

 

Screen 
printing 3 

10.1928 10.2710 

 

 



SJYR 2024, 4, 4  7 of 7 
 

 

[4] Ju, M., Mallem, K., Dutta, S., Balaji, N., Oh, D., Cho, E. C., ... & Yi, J. (2018). Influence of small size pyramid 

texturing on contact shading loss and performance analysis of Ag-screen printed mono crystalline silicon solar cells. 

Materials Science in Semiconductor Processing, 85, 68-75. 

[5] Nakazawa, H., Ogino, M., Teranishi, H., Takahashi, Y., & Habuka, H. (2013). Precipitates caused by prolonged 

high-temperature annealing in floating zone silicon wafer grown from Czochralski single-crystal rod. Materials sci-

ence in semiconductor processing, 16(3), 923-927. 

[6] Slaoui, A. (2017). Inorganic materials for photovoltaics: Status and futures challenges. In EPJ web of conferences 

(Vol. 148, p. 00007). EDP Sciences. 

[7] Li, X., Gao, Z., Zhang, D., Tao, K., Jia, R., Jiang, S., ... & Liu, X. (2020). High-efficiency multi-crystalline black 

silicon solar cells achieved by additive assisted Ag-MACE. Solar Energy, 195, 176-184. 

[8] Wang, J., Zhong, F., Liu, H., Zhao, L., Wang, W., Xu, X., ... & Yan, H. (2021). Influence of the textured pyramid 

size on the performance of silicon heterojunction solar cell. Solar Energy, 221, 114-119. 

[9] Tang, Q., Shen, H., Gao, K., Yao, H., Jiang, Y., Zheng, C., ... & Zhang, L. (2016). Efficient light trapping of quasi-

inverted nanopyramids in ultrathin c-Si through a cost-effective wet chemical method. RSC advances, 6(99), 96686-

96692. 

[10] Yang, J., Shen, H., & Sun, L. (2019). Nanostructure-induced fast texturization of mono-crystalline silicon in low-

concentration alkaline solution. Materials Science in Semiconductor Processing, 94, 1-8. 

[11] Li, H., Kim, K., Hallam, B., Hoex, B., Wenham, S., & Abbott, M. (2017). POCl 3 diffusion for industrial Si 

solar cell emitter formation. Frontiers in Energy, 11, 42-51 

[12] Kanmaz, İ., & Abdullah, Ü. Z. Ü. M. (2021). Silicon dioxide thin films prepared by spin coating for the applica-

tion of solar cells. International Advanced Researches and Engineering Journal, 5(1), 14-18. 

[13] Silicon Solar Cell Metallization and Module Technology, Theiet.org. [Online]. Available: 

https://shop.theiet.org/silicon-solar-cell-metallization-and-module-technology.  

 


