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ABSTRACT:  Recently, global companies are competing to improve the efficiency of solar cells and supporting 

the researches that contribute in the development of solar cell technologies.  One of the important issues that 

affect the efficiency of solar cell conversion system is an optical loss which caused due to the fact that an incident 

light is reflected back from the surface of the solar cell. Coating the solar cell using antireflection materials can 

increase the light absorbed by the cell surface and thus solving the issue. The main objective of this paper is to 

design a silicon solar cell model using PC1D simulation software. A silicon solar cell model with 10 x 10 cm2 

area and thickness of 300 and 2 µm for P and N layer respectively was simulated in PC1D with consideration 

two cases: one silicon solar cell model without antireflection coating (ARC) materials, and others with five ARC 

materials. The impact of a single layer Antireflection coating based on five polymeric materials on silicon solar 

cell efficiency has been analyzed. The proposed polymer materials are Poly dimethyl siloxane (PDMS), 

Polystyrene (PS), Poly methyl methacrylate (PMMA), Polyethylene terephthalate (PET) and Polycarbonate 

(PC). The initial simulation results show that the solar cell efficiency is about 15.39%. A great enhancement in 

solar cell efficiency was achieved with utilizing ARC materials. It was found that the optimum efficiency can be 

obtained at 600 nm wavelength for all selected ARC materials. Among five ARC polymer materials, 

Polycarbonate (PC) realized a good improvement which reached about 5% on the solar cell efficiency. The 

electrical characteristics, and efficiency of solar cells have been analyzed at each wavelength in this paper. 
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INTRODUCTION 

Recently, the dependence on renewable energy sources to generate electricity has been increased around the 

world due to the energy shortage and the awareness of climate change. Solar energy is one of the promising 

renewable energy sources for generation electricity using photovoltaic module [1]. However, the efficiency of 

the commercial crystalline silicon solar cells ranges between 12% and 19% [2]. Antireflective coating (ARC) of 

solar cell is one of the most important way to enhance light that is absorbed by solar cell surface and then improve 

its efficiency. Many researchers have been studied the effect of antireflection coating using different materials 

on the efficiency of solar cell. Some of these studies are done experimentally using single and double layers.  

Dobrzański, et al. utilized antireflection coating material from Aluminum oxide (Al2O3) on monocrystalline 

silicon solar cell and observed that the difference in the solar cell efficiency with and without antireflection 

coating was 5.28% [3]. This means Al2O3 is a suitable material for solar cell antireflection coating.   A double 

layer of antireflection material was applied on solar cell based on Titanium (III) oxide (Ti2O3) and Magnesium 

fluoride (MgF2) [4]. It was concluded from the results that about 22% efficiency improvement was achieved with 

antireflection coating. In other study, Jain, et al. used Titanium dioxide (TiO2) on thin crystalline silicon solar 

cells as an anti-reflective coating with the incorporation of plasmonic silver nanoparticles (Ag NPs) along a solar 

cell front surface [5]. It was observed that a significant enhancement in power conversion efficiency of solar cell 

from 9.53% (without anti-reflective coating) to 16.04% (cell with anti-reflective coating of TiO2 and Ag NPs). 

Simulation software are used by other researchers to implement the antireflective coating on solar cell. 

Simulation software provides to researchers a wide range of material options which can be analyzed and then 

select the antireflective material that achieves solar cell efficiency enhancement. In simulation study, Abdullah 

simulated a crystallin silicon solar cell with single layer Anti-Reflective Coating Silicon dioxide (SiO2), Zink 
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Oxide (ZnO) and zinc sulphide (ZnS) by using ATLAS simulator. The author studied the electrical 

characteristics, efficiency and full factor of the simulated silicon solar cell [6]. It was concluded that ZnS coating 

could perform more efficiency compared to SiO2 and ZnO ARC. In [7], researcher proposed a new solar cell 

model based on n-ZnO as front layer and p-Si as Rear region. The model was simulated using PC1D simulator 

and ZnO layer was considered as an active n-layer as well as antireflection coating saving considerable 

processing cost. It was found that integrating antireflection in the simulation increased the conversion efficiency 

to 19% with almost same value of fill factor. Author in [8] investigated the impact of six antireflection coating 

layers: Titanium dioxide (TiO2), ZnO, ZnS, Silicon dioxide (SiO2), Silicon Nitrogen (Si3N4) and Silicon carbide 

(SiC) on silicon solar cell efficiency. The crystallin silicon solar cell with different antireflection coating layers 

simulated using PC1D software. It was observed that Si3N4 ARC exhibited a good performance for crystalline 

silicon solar cell among the six layers ARC. In another study, Sarker, et al. involved PC1D software to simulate 

solar cell with multiple antireflection coating layers and studied the impact of these layers on the performance 

of the solar cell conversion system.  It was concluded that the reflection loss was lower than 34.66%, 8.47%, and 

5.71% when using single, double, and three layers respectively and also observed that the perfect thickness of 

the antireflection coating layer should be less than 200 nm [9]. 

The usage of polymer materials for antireflective coating of solar cell has been increased recently to improve the 

solar cell performance [10]. The characteristics of the polymers such as good optical properties and its cost-

effective production make polymer materials as a good option than other materials for antireflective coating [11]. 

In [12], the author used nanostructured PMMA layer as the ARC layer for silicon solar cell. An improvement in 

solar cell efficiency from 10.4-13.5% was achieved. Researcher in [13] applied a glass with ethylene vinyl acetate 

(EVA) as ARC materials on silicon solar cell. It was found that the efficiency is reduced by 0.5%. The 

improvement of the solar cell efficiency was obtained by changing the index of the textured silicon cells. An 

antireflection coating of polydimethylsiloxane (PDMS) with wrinkle surface structure was applied on silicon 

solar cell [14]. It was noticed that PDMS wrinkle coating can improve the efficiency by approximately 13.6%. 

The objective of this work is to study the effect of different polymer single layers: polymeric materials named 

Poly dimethyl siloxane (PDMS), Polystyrene (PS), Poly methyl methacrylate (PMMA), Polyethylene 

terephthalate (PET) and Polycarbonate (PC) on the efficiency of crystalline silicon solar cells. The crystalline 

silicon solar cell is designed using PC1D simulating software which is mostly used by researchers for modeling 

solar cells [ 15].  The simulation included two cases; crystalline silicon solar cell without ARC and with single 

layer ARC based on five polymer materials. The solar cell module and the theory of antireflection coating are 

described in this paper. Moreover, the simulation results with conclusions are presented. 

SOLAR CELL MODULE 

A typical silicon solar cell is consisting of two doped layers which are N- type silicon that is rich with free 

electron and P- type silicon that carries holes. When these layers put in contact, the electrons and holes are mixed 

up and formed electron-hole pair (P-N junction). Electric field creates at the P-N junction Thus, no electron is 

able to cross this junction. When the photons of sunlight strike the solar cell surface with sufficient energy, the 

electric field pushed the electrons out of the P-N junction and move to N layer. If the solar cell connected to 

external load, the electrons flow through the path to P layer and combine with holes to generate the electrical 

current [16]. Performance of solar cell depends on the current-voltage (I-V) relationship. Two important 

parameters can be obtained from an I-V curve, which are short circuit current and open-circuit voltage. These 

parameters are influence on the efficiency of solar cell [17]. Figure (1) shows the solar cell I-V curve, including 

the maximum power point, (𝑃𝑀𝐴𝑋), short circuit current (𝐼𝑆𝐶)  and open-circuit voltage (𝑉𝑆𝐶) [18]. 

The solar cell conversion efficiency is used to compare the performance of solar cells. It is the ratio of output 

power from the solar cell to input solar radiation power [19]:  

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦      (ƞ) =
𝑃max 

𝑃𝑖𝑛

                                                                                                                                                 (1) 

𝑃𝑖𝑛  is the incident radiation power density which can be determined using Equation (2) and  𝑃𝑀𝐴𝑋   is the 

maximum output power of the solar cell. 
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  𝑃𝑖𝑛 =  𝐼light  ×  𝐴                                                                                                                                                                 (2)  

Where 𝐼light  is the intensity of the incident light which is equal to   0.1 W cm -2 for AM 1.5 radiation and A is 

the surface area of the solar cell. 

 

Figure 1. Solar cell I-V curve. 

ANTIREFLECTION THEORY 

The incident sunlight is refracted at the interface between the solar cell surface and the air. this leads to reduce 

the light absorbed by solar cell.  one method that used to solve this issue is to coat the solar cell by a thin layer 

from dielectric materials (antireflection materials) with specific thickness and refractive index.  The phase of the 

reflected wave from the top surface of the antireflection coating out of the phase of the reflective wave from 

semiconductor surface. As a result of that, both reflected waves destructive each other and cause zero net 

reflective energy [20] and the light will transmit into semiconductor. The mechanism   of antireflection coating 

principle is described in Schematic that shown in figure (2) [21].  

 

Figure 2: Schematic of the Antireflection coating mechanism.  

The materials that used in antifriction coating are classified and reviewed based on five groups:  silicon -based, 

metal-based, polymer-based, composites and other advances materials. Antireflection   coatings should cover a 

broad wavelength area, including Ultra Violet (UV) region as one of the requirements for perfect Antireflection 

coatings [11]. The layer thickness of the antireflection coating material that causes minimum reflection can be 
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determine using the following equation [22]: 

𝑑 =
ƛ

4𝑛
 (3) 

Where ƛ and n are the wavelength and the refractive index of the antireflection material. 

PC1D PROGRAM 

A crystalline silicon solar cell is simulated using PC1D simulator. The main widow of PC1D is shown in figure 

(3).  Table (1) tabulates the PC1D components that specify the solar cell parameters. 

Figure 3: Main window of PC1D 

Table 1: Parameters of PC1D components 

Component Parameters 

Derive 

Solar cell area 

Solar cell surface texture 

Optical reflectance (enable when the solar cell is coated) 

Region  

(maximum five regions and 

minimum one region) 

Material type 

Thickness of P and N layers 

Doping of the layers 

Excitation 

Excitation file (ONE-SUN or SCAN-QE) 

Excitation mode (Equilibrium, Steady State, or Transient) 

Temperature (Kelvin or degrees Celsius) 

Base/Collector Source (resistance and voltage source) 

Results 
 Simulation results (maximum power output, short circuit current 

and open circuit voltage)  
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In order to verify the effectiveness of utilizing the proposed materials as a coating layer on the solar cell surface, 

a model of silicon solar cell is design in PC1D with specific parameters. The model is simulated based on five 

ARC polymer materials at wavelength range (400-1000) nm. The simulation steps are summarized by the 

flowchart that presents in figure (4).  

RESULTS AND DISCUSSION 

Two cases are considered in this research and as follow: 

Case1:  Simulation crystalline silicon solar cell without ARC 

A crystalline silicon solar cell is simulated using PC1D simulator without ARC with optimal parameters which 

are obtained from [23] and depicts in table (2). The simulated results that include maximum power output (P 

MAX) short circuit current (ISC) and open circuit voltage (VOC) are illustrated in table (2). The efficiency of solar 

cell is calculated using equation 1 and 2. 

Table 2: Simulation results of silicon solar cell without ARC 

Pin PMAX (watts) ISH (amps) VOC (volts) 
Efficiency % η 

0.1 W cm-cm × 100 

cm2 

1.593 2.634 0.6919 15.39 

Case2: Crystalline silicon solar cell with single layer ARC 

A crystalline silicon solar cell is simulated using PC1D simulator with single layer ARC based on five polymer 

materials: PDMS, PS, PMMA, PET and PC at a wavelength range 400-1000 nm. In this case, the coated option 

is enabled.  The thickness, reflectance and the refractive index for each wavelength of antireflection material 

have to specify. The refractive index data are obtaining from [24-28], while the thickness is calculated according 

to Equation (3). Other solar sell parameters are set up similar to the parameters that used in case1.  The simulation 

results are illustrated in table (4-8). 

Table 3: Simulation parameters of crystalline silicon solar cell without ARC. 

Parameter Value 

Area 100 cm2 

Region 1 

Thickness 300 𝜇m 

Material SI 

Band gap 1.124eV 

Dielectric constant 11.9 

P-type background doping 1× 1017cm-3 

Diffusion length 200.3 𝜇m 

Region 2 

Thickness 2 𝜇m 

Material SI 

Band gap 1.124eV 

Dielectric constant 11.9 

P-type background doping 1× 108cm-3

Diffusion length 200.3 𝜇m 

Excitation file ONE- SUN 

Excitation mode Transnet 

Time steps 100 

METHODOLOGY 
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Model silicon solar cell in 

PC1D 

Specify the Parameters 

mentioned in table 1 

odel silicon solar cell in

Simulate the model and collect 

the results (P MAX), ( ISC )  and 

(VOC ) 

Select ARC material (A) 

A=A+1 

odel silicon solar cell in

Determine the solar cell 

efficiency 

odel silicon solar cell inW=W+100 

Analyse the results and 

assess the improvement of 

the solar cell  

Enable coating option 

Put the thickness and 

refractive index associated 

to the specific wavelength 

Simulate the model and 

collect the results 

(P MAX ), ( ISC ) and (VOC ) 

If 

 W < 1000 

If 
 A < 5 

W=300 

Yes 

No 

Yes 

No 

Determine the solar cell 

efficiency 
odel silicon solar cell in

Figure 4: Simulation procedure flowchart 
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Table 4: Simulation results of silicon solar cell with ARC based on PDMS 

Wavelength ƛ (nm) Refractive Index [21] thickness(nm) ISH (amps) POUTMAX (watts) 
VOC 

(volts) 

400 1.4350 69 2.893 1.807 0.7319 

500 1.4223 87 3.023 1.891 0.7329 

600 1.4152 105 3.072 1.923 0.7333 

700 1.4108 124 3.049 1.909 o.7331

800 1.4080 143 2.982 1.865 0.7326 

900 1.4061 161 2.897 1.809 0.7319 

1000 1.4833 168.5 2.868 1.791 0.7317 

Table 5: Simulation results of silicon solar cell with ARC based on PS 

Wavelength 

ƛ(nm) 
Refractive Index [22] thickness(nm) 

ISH 

(amps) 
POUT MAX (watts) VOC (volts) 

400 1.6696 67.5 3.050 1.909 0.7331 

500 1.6025 78 3.091 1.936 0.7335 

600 1.5901 95 3.144 1.970 0.7339 

700 1.5828 110 3.144 1.951 0.7336 

800 1.5779 128 3.024 1.892 0.7329 

900 1.5741 143 2.920 1.825 0.7321 

1000 1.5726 159.5 2.824 1.762 0.7313 

Table 6: Simulation results of silicon solar cell with ARC based on PMMA 

Wavelength ƛ(nm) Refractive Index [23] thickness(nm) 
ISH 

(amps) 

POUT MAX

(watts) 

VOC 

(volts) 

400 1.5021 72.6 3.055 1.912 0.7332 

500 1.4956 84.3 3.151 1.975 0.7339 

600 1.4899 101 3.195 2.003 0.7342 

700 1.4865 118 3.171 1.988 0.7341 

800 1.4842 135.7 3.091 1.936 0.7335 

900 1.4848 151.6 3.003 1.879 0.732 

1000 1.4835 168 2.916 1.822 0/722 

Table 7: Simulation results of silicon solar cell with ARC based on PET 

Wavelength ƛ(nm) 
Refractive Index 

[24] 
thickness(nm) 

ISH 

(amps) 

POUT MAX

(watts) 
VOC (volts) 

400 1.6102 62 3.047 1.907 0.7331 
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500 1.5811 79 3.202 2.008 0.7343 

600 1.5681 95.6 3.258 2.044 0.7347 

700 1.5605 112 3.229 2.025 0.7345 

800 1.5553 128.5 3.146 1.971 0.7339 

900 1.5528 144.8 3.043 1.904 0.7331 

1000 1.5507 161.3 2.946 1.841 2.946 

Table 8: Simulation results of silicon solar cell with ARC based on PC 

Wavelength ƛ(nm) 
Refractive Index 

[25] 
thickness(nm) 

ISH 

(amps) 

POUT MAX

(watts) 
VOC (volts) 

400 1.6338 60 3.041 1.903 0.7331 

500 1.6025 78 3.235 2.029 0.7350 

600 1.5887 94.5 3.292 2.066 0.735 

700 1.5821 110.7 3,263 2.047 0.7347 

800 1.5764 126.9 3.178 1.992 0.7341 

900 1.5742 142 3.074 1.929 0.7333 

1000 1.5717 159 2.975 1.86 0.7325 

From the simulation results of case1 and case2, it can be obtained the following observations: 

1. The electrical current of solar cell has been enhanced due to the impact of antireflection coating to increase

the light absorbed by solar cell.

2. Based on the results that mentioned in tables above and according to equation 1 and 2, the efficiency of

silicon solar cell with ARC based on a single layer of five polymer materials for 400-100 nm wavelength

rang is depicted in figure (5).

3. It can be seen from figure 4, the solar cell has a good efficiency at wavelength range between 500-700 nm.

Optimum solar cell efficiency can be obtained at 600 nm wavelength for all five polymer antireflection

coating materials.

4. There is a significant improvement in solar cell efficiency with ARC based on polymer materials in

compression with solar cell efficiency without ARC Table (9) illustrates the maximum value of solar cell

efficiency and the improvement percentage for each selected ARC with an associated parameter; thickness

and refractive index. Among ARC polymer materials, PC is a good option for applying on silicon solar cell

to reduce the light reflection loss.
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(a) Poly dimethyl siloxane (PDMS)   (b) Polystyrene (PS) 

(c)  Poly methyl methacrylate (PMMA)    (d) Polyethylene terephthalate (PET) 

(e) Polycarbonate (PC) 

Figure 5: The relationship between the wavelength and silicon solar cell efficiency for five ARC materials. 

Table 9: Optimum parameters and efficiency for ARC materials 

Materials Wavelength ƛ (nm) 
Refractive 

Index 
Thickness(nm) Efficiency (η) % Improvement% 

PDMS 600 1.4152 105 19.23 3.84 

PS 600 1.5901 95 19.7 4.31 

PMMA 600 1.4899 101 20.03 4.64 

PET 600 1.5681 95.6 20.44 5.05 

PC 600 1.5887 94.5 20.66 5.27 

CONCLUSION 

The impact of single layer of ARC based on five polymer materials on silicon solar cell performance has been 

investigated by PC1D Software. It is observed from literature that an improvement was achieved on silicon solar 

cell efficiency. It reached to 19% by researchers in [6]. In this simulation, the maximum efficiency that is 

achieved   when silicon solar cell coated with   PDMS, PS, PMMA, PET and PC are19.2, 19.7, 20.03, 20.44, 

20.66 respectively. Simulation shows that a wavelength range 500-700 nm would be convenient for designing 

an ARC on solar cell.  It can be seen from the results the optimum efficiency can be obtained at 600 nm 

wavelength for all ARC materials used in this paper. Polycarbonate (PC) is the best choice to utilize on solar 

cells as an ARC material. Finally, it can conclude that an improvement in solar cell efficiency that achieved by 

using ARC based on polymer materials. The improvement is about 4-5%.  The short circuit current of the solar 
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cell has improved due to increasing the conductivity of solar cell surface when ARC is utilized. Simulation solar 

cell based on ARC materials has a positive impact in the cost reduction and having a proper parameters 

adjustment. It is better to have this simulation before actual fabrication to achieve a superior outcome. 

he inves

REFERENCES 

[1] V. Devabhaktuni, "Solar energy: Trends and enabling technologies," Renewable and Sustainable Energy 

Reviews, Vol. 19, Pp.555-564, 2013. 

[2] R. Swanson, "A vision for crystalline silicon photovoltaics. Progress in photovoltaics", Research and 

Applications, Vol. 14, No. 5, Pp. 443-453, 2006. 

[3] L.  Dobrzański, "Silicon solar cells with Al2O3 antireflection coating", Central European Journal of Physics, 

Vol. 12, No.9, Pp. 666-670, 2014. 

[4] M. Medhat, "Enhancing silicon solar cell efficiency with double layer antireflection coating", Turkish Journal 

of Physics, Vol. 40, No. 1, Pp. 30-39, 2016. 

[5]  S. Jain, A. Paliwal, V. Gupta and M. Tomar, " Plasmon-Assisted Crystalline Silicon Solar Cell with TiO 2 

as Anti-Reflective Coating", Plasmonics, Pp. 1-11, 2020. 

[6] H. Abdullah, A. Lennie, and I. Ahmad, “Modelling and simulation single layer anti-reflective coating of ZnO 

and ZnS for silicon solar cells using silvaco software," Journal of Applied Sciences, Vol. 9, No.6. Pp. 1180-

1184, 2009. 

[7] B. Hussain, and A.  Ebong, “Specifications of ZnO growth for heterostructure solar cell and PC1D based 

simulations," Data in brief, Vol.5, Pp. 516-52, 2015. 

[8] G. Hashmi, M. Rashid, Z. Mahmood, M. Hoq, and M. Rahman, “Investigation of the impact of different ARC 

layers using PC1D simulation: application to crystalline silicon solar cells", Journal of Theoretical and 

Applied Physics, Vol. 12, No. 4. Pp. 327-334, 2018. 

[9] M. Sarker, “Optimization of multilayer antireflection coatings for improving performance of silicon solar 

cells ", In 2019 International Conference on Computer, Communication, Chemical, Materials and Electronic 

Engineering (IC4ME2). IEEE, Pp. 1-4, 2019. 

[10] Y. Chen, Z. Huang, and H. Yang, “Cicada-wing-inspired self-cleaning antireflection coatings on polymer 

substrates," ACS Applied Materials & Interfaces, Vol. 7, No. 45, Pp. 25495-25505, 2015. 

[11] N. Shanmugam, R. Pugazhendhi, R. Madurai Elavarasan, P. Kasiviswanathan, and N. Das, “Anti-

Reflective Coating Materials: A Holistic Review from PV Perspective", Energies, Vol.13, No.10, Pp. 2631, 

2020. 

[12] J. Chen and K. Sun, "Enhancement of the light conversion efficiency of silicon solar cells by using 

nanoimprint anti-reflection layer”, Solar Energy Materials and Solar Cells, Vol. 94, No. 3, Pp. 629-633, 2010. 

[13] M.H. Kang, K. Ryu, A. Upadhyaya, and A. Rohatgi, "Optimization of SiN AR coating for Si solar cells 

and modules through quantitative assessment of optical and efficiency loss mechanism", Progress in 

Photovoltaics: Research and Applications, Vol. 19, No. 8, Pp. 983-990, 2011. 

[14] Y. Zhang, "Enhancement of silicon-wafer solar cell efficiency with low-cost wrinkle antireflection coating 

of polydimethylsiloxane", Solar Energy Materials and Solar Cells, Vol. 181, Pp. 15-20, 2018. 

[15] PC1D, PV Education (2017) [Online]. Available: http://www.pveducation.org/pvcdrom/charac terisation/ 

pc1d.  Accessed date: 07 July 2017 

[16] T. Markvart, " Solar electricity”, John Wiley & Sons, 2000. 

[17] T. Markvart and L. Castañer, "Practical Handbook of Photovoltaics: Fundamentals and Applications”, page 

7. Elsevier, 2003.

http://www.pveducation.org/pvcdrom/charac%20terisation/


Modeling and Analysis of Different Antireflection Polymer Coating on Silicon Solar Cell Using Pc1d Software 

232 

[18] A. Zekry, A. Shaker, and M. Salem "Solar Cells and Arrays: Principles, Analysis, and Design”, Advances 

in Renewable Energies and Power Technologies, Pp. 3-56, 2018. 

[19] M. Green, K. Emery, Y. Hishikawa, W. Warta and E. Dunlop, "Solar cell efficiency tables (version 39)”, 

Progress in Photovoltaics: Research and Applications, Vol. 20, No. 1, Pp. 12–20, 2012. 

[20] Y. Jestin, "Down-Shifting of the Incident Light for Photovoltaic Applications”, Pp. 563-585, 2012. 

[21] https://www.pveducation.org/pvcdrom/design-of-silicon-cells/anti-reflection-coatings 

[22] T. Letcher, and M. Vasilis, "A Comprehensive Guide to Solar Energy Systems: With Special Focus on 

Photovoltaic Systems”, Academic Press, 2018. 

[23] G. Hashmi, R. Abdur, H. Mahbubul and R. Habibur, "Study of the enhancement of the efficiency of the 

monocrystalline silicon solar cell by optimizing effective parameters using PC1D simulation," Silicon, Vol. 

10, No. 4, Pp. 1653-1660, 2018. 

[24] PDMS:https://refractiveindex.info/?shelf=organic&book=polydimethylsiloxane&page=Schneider-RTV 

615. 

[25] PS: https://refractiveindex.info/?shelf=organic&book=polystyren&page=Zhang. 

[26] PMMA:https://refractiveindex.info/?shelf=organic&book=poly(methyl_methacrylate)&pag e=Sultanova. 

[27] PET:https://refractiveindex.info/?shelf=organic&book=polyethylene_terephthalate&pag e=Zhang. 

[28] PC: https://refractiveindex.info/?shelf=organic&book=polycarbonate&page=Sultanova. 

https://www.pveducation.org/pvcdrom/design-of-silicon-cells/anti-reflection-coatings
https://refractiveindex.info/?shelf=organic&book=polydimethylsiloxane&page=Schneider-RTV%20615
https://refractiveindex.info/?shelf=organic&book=polydimethylsiloxane&page=Schneider-RTV%20615
https://refractiveindex.info/?shelf=organic&book=polystyren&page=Zhang
https://refractiveindex.info/?shelf=organic&book=poly(methyl_methacrylate)&pag%20e=Sultanova
https://refractiveindex.info/?shelf=organic&book=polyethylene_terephthalate&pag%20e=Zhang
https://refractiveindex.info/?shelf=organic&book=polycarbonate&page=Sultanova



