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ABSTRACT 

 

The global shift from non-renewable energy 

sources to clean energy systems has put the 

existing renewable infrastructure to test. Solar 

power, the most promising resource for future, 

faces the barrier of lower efficiency rates than 

the conventional sources of energy, and thus 

increasing efficiency of each step involved can 

ensure its reliability.  

This study aimed to address the light absorption 

efficiency of solar cells through experimentation 

on texturisation and Anti-Reflective Coatings 

through the online simulator ‘Wafer Ray 

Tracer’. For the experiment, 3 different 

materials (Silicon Dioxide, Titanium Oxide, and 

Silicon Nitride) with texturized and planar 

surface were used and ray tracing was 

performed.  

The results of the experiment showed that all the 

3 materials had significantly higher efficiency 

rates than control (bare silicon wafer) and 

texturisation of the surface also reduced optical 

losses to a great extent. Moreover, Texturized 

Silicon Nitride and Titanium Oxide recorded 

mean light absorption efficiency close to 98%, 

compared to 63% of planar Silicon Wafer. 
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INTRODUCTION 

With more than 80% of global primary 

energy coming from fossil fuels, the world 

faces an impending threat to energy security 

in near future. [1] The focus, thus, has now 

shifted to the sphere of clean energy sources 

that, unlike conventional sources of energy, 

provide for a much more reliable and stable 

energy supply chain. Among all the 

available renewable sources like wind 

energy, solar power, hydropower, 

geothermal and tidal energy etc., Solar 

power stands out as being the most 

affordable, practical, and scalable resource 

for the future. But there are 2 main barriers 

to the widespread utilisation of solar 

resource: high fluctuations in supply owing 

to atmospheric conditions, and lesser 

efficiency than conventional sources of 

energy. [2-4] 

In solar panels, the efficiency of the device 

is the product of the efficiencies of various 

sub-processes that occur prior to the 

generation of electricity, namely light 

absorption, charge excitation, charge drift, 

charge separation, and charge collection. [5] 

The light absorption efficiency of bare 

silicon wafer stands at less than 65% 

according to our initial experimentation. In 

order to make solar panels more 

commercially viable, it is necessary to 

improve their efficiency by minimizing 

losses at all the steps of PV systems. The use 

of Anti-reflective coatings and texturisation 

helps in reducing the optical losses of solar 

panels. 

Anti-reflective coatings (ARCs) are few 

nanometers thick coatings of dielectric 

material on the surface of Silicon cells that 

use the phenomenon of destructive 

interference to minimize reflection from the 
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surface of the panels. [6-9] The thickness of 

the coatings is determined in such a way 

that the light reflected from the ARC is out 

of phase with the light reflected from the 

semiconductor, thus resulting in zero net 

reflectivity. Texturisation is another proven 

technique of reducing optical losses, 

wherein the principle used is that any 

irregularity in the surface increases the 

chances of light bouncing back into the 

material, thereby increasing the light 

absorption efficiency of the material. [10-13]  

Addressing the problem of lower efficiency 

rates of Photovoltaics systems, this study 

aims at comparing the light absorption 

efficiency of solar panels with different 

experimental subjects. For the experiment, 3 

different materials, which are commonly 

applied on the surface to minimise 

reflectivity, have been used as ARCs for the 

experiment. The materials (Silicon Dioxide, 

Titanium Oxide, and Silicon Nitride) offer 

various important properties like optimal 

refractive indices, high durability and 

stability, mechanical resistance, high 

transmittance, and comparatively lower 

cost. [14-17] The experiment has been carried 

out with the help of the online ray-tracing 

simulator ‘Wafer Ray Tracer’, offered by 

PV Lighthouse. [18] 

The uniqueness of this study is that in 

contrast to the previous studies in the field 

of Photovoltaics, this study not only 

quantitatively measures the efficiency of 

strategies developed to combat optical 

losses, but also explores digital means of 

conducting experiments by using an online 

simulator for Ray Tracing. Thus, this study 

aims at comparing the light absorption 

efficiency in solar panels with texturized 

and planar Anti- reflective coatings of 

Silicon Dioxide, Titanium Oxide, and Silver 

Nitride, and testing it against control (planar 

bare Silicon Wafer). 

 

MATERIALS AND METHODS 

Method of Experimentation 

I. An investigation into the properties of 

the materials was carried out, and the 

refractive indices were determined. The 

data obtained is as depicted in table 1. 

 
Table 1: ARC Materials with their refractive indices 

 

 

 

 

 

II. Using the refractive indices of the 

materials, the optimum thickness of the 

ARC was determined with the formula.  
d1= ƛ0/4ŋ1 

In the formula,  

d1 is the thickness of the ARC, λ0 is the 

wavelength of incident light, and n1 is the 

refractive index of the material. The 

wavelength of incident light was taken as 

550 nm (near the peak of solar spectrum). 

The thicknesses of the ARCs are as shown 

in table 2.  

 

 

 

 

Table 2: ARC Materials with their calculated optimal 

thickness 

Material Thickness (in nm) 

Silicon Dioxide 93.9 

Titanium Oxide 64.1 

Silicon Nitride 67.2 

 

III. The experiment has been carried out 

with the help of the online ray-tracing 

simulator ‘Wafer Ray Tracer’, offered by 

PV Lighthouse. It determines the photo 

generated current density in a solar cell or 

test structure under a chosen illumination 

spectrum by combining Monte Carlo ray 

tracing with thin film optics.  

The link to the simulator is Wafer ray tracer 

(pvlighthouse.com.au) [18] 

 

Material Refractive Index 

Silicon Dioxide 1.4694 Gao et al. 2013 [19]: Thin film; n,k 0.252–1.25 µm 

Titanium Oxide 2.1466 Sarkar et al. 2019 [20]: Thin film; n,k 0.30–1.69 µm 

Silicon Nitride 2.0458 Luke et al. 2015 [21]: n 0.310–5.504 µm 

https://www2.pvlighthouse.com.au/calculators/wafer%20ray%20tracer/wafer%20ray%20tracer.html
https://www2.pvlighthouse.com.au/calculators/wafer%20ray%20tracer/wafer%20ray%20tracer.html


Shashvat Rastogi et.al. Impact of texturisation and anti-reflective coatings on light absorption efficiency in solar 

panels 

 

                                      International Journal of Research and Review (ijrrjournal.com)  337 

Volume 10; Issue: 6; June 2023  

Figure 1: Screenshots of the simulator ‘Wafer Ray Tracer’. A: Planar-TiO2 B: Texturised-Si3N4 

 

For the experiment, a few parameters were 

kept constant. The angle of incidence was 

taken to 0 degree, and the spectrum chosen 

was Sunlight. The substrate chosen was 200 

μm Silicon film,and the ray tracing was 

done at 20 nm intervals from 300 to 800 nm 

in order to include the complete visible 

region of the spectrum. Moreover, the 

treatment/texture applied on all the 

substances was random upright pyramids 

with angle 54.74 degrees. 

Ray tracing was performed a total of 8 

times: 4 times for planar ARCs + control, 

and 4 times for texturized ARCs + control. 

The data obtained from the simulator was 

collected and analysed: inference was drawn 

with the help of summary statistics. 

 

RESULTS AND DISCUSSION 

Of the 27.17 mA/cm2 incident light, about 

17.06 mA/cm2 was absorbed by the control 

(Bare Silicon wafer without texture). This 

resulted in mean light absorption efficiency 

of 62.77%, with standard deviation of 

9.59%. On the other hand, around 24.07 

mA/cm2 of incident light was absorbed on 

texturing the surface, increasing the mean 

light absorption efficiency to 88.59%. The 

graph comparing the proportion of light 

absorbed for Planar and Texturized Silicon 

surface is plotted for the 26 values obtained 

from Ray Tracing. (Figure 2) 

 
Figure 2: Illustration of impact of texturization on light absorption (Bare Silicon wafer with and without texture) 
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The mean percent of light absorbed with 

planar ARC of Silicon Dioxide (93.9 nm) 

was found to be 85.52%, while the value 

increased to 97.34% on texturizing the 

surface. The graph shows that both the 

planar and texturized surfaces followed a 

similar trend, with a modest crest around the 

region of yellow colour spectrum (570-590 

nm). (Figure 3) 

 
Figure 3: Illustration of impact of texturization on light absorption (Silicon dioxide wafer with and without texture) 

 

Planar ARC of Titanium Oxide had mean 

light absorption efficiency close to 90%, and 

texturisation increased the value to 97.4%. 

Interestingly, the efficiency increased 

steeply from 300 to 450nm, jumping from 

less than 10% to more than 95% for the 

texturized ARC. Moreover, the absorption 

efficiency on texturisation was more than 

99.5% in the 500-700 nm range. 

 
Figure 4: Illustration of impact of texturization on light absorption (Titanium Oxide wafer with and without texture) 

 
 

Silicon Nitride recorded the highest mean 

light absorption efficiency for both the 

groups, with the value being 93.10% and 

98.58% before and after texturisation 

respectively. The effect of texturisation was 

not significant around the peak of solar 

spectrum though. 
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Figure 5: Illustration of impact of texturization on light absorption (Silicon Nitride wafer with and without texture) 

 

Since the distributions of the subjects were 

skewed in the range of 300-400 nm, boxplot 

analysis was done for all the planar and 

texturized ARCs, and it was found that the 

median light absorption efficiency for 

texturized ARCs was significantly greater 

than that of planar ARCs, and their Inter 

Quartile Range was also significantly less 

than that of planar ARCs. Among the 

ARCs, it was found that the Q3 value and 

the median value of Titanium Oxide were 

about the same as that of Silicon Nitride 

(Planar). Silicon Dioxide also followed 

closely, with the median absorption 

efficiencies of all the 3 materials being 

significantly greater than the control. 

(Figure 6) 

 
Figure 6: Boxplot analysis of effect of planar and texturized ARCs on light absorption efficiency 

 

Photovoltaics systems, the most promising 

alternative energy resource, have lower 

efficiency in comparison to the conventional 

sources of energy. The present work 

addressed this problem and studied light 

absorption efficiency of solar cells through 

experimentation on texturisation and Anti-

Reflective Coatings through the online 

simulator ‘Wafer Ray Tracer’. All the three 

different materials used (Silicon Dioxide, 

Titanium Oxide, and Silicon Nitride had 

significantly higher efficiency rates than 

control (bare silicon wafer). In addition, 

texturisation of the surface also reduced 
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optical losses to a great extent. Texturized 

Silicon Nitride and Titanium Oxide 

recorded mean light absorption efficiency 

close to 98%, compared to 63% of planar 

Silicon Wafer. 

Future research can expand on the results of 

this experiment to include and exclude 

Infrared and Ultraviolet regions, such that a 

more comprehensive analysis can be done 

for reducing optical losses. 

 

CONCLUSION 

Light absorption efficiency of solar cells 

with texturisation and Anti-Reflective 

Coatings revealed much higher efficiency 

rates. All the 3 ARCs have significantly 

greater light absorption efficiency rates than 

that of bare Silicon, with Silicon Nitride and 

Titanium Oxide having the efficiencies 

>99% much of the spectrum. Moreover, 

texturisation was also found to increase the 

absorption efficiency in all the materials 

significantly. 

 

Declaration by Authors: Shashvat Rastogi 

(Ideation, Data Analysis, and manuscript 

preparation); Vivasvat Rastogi 

(Experimentation, Data Collection, 

manuscript review) 

Acknowledgement: None 

Source of Funding: None 

Conflict of Interest: The authors declare no 

conflict of interest. 

 
REFERENCES 

1. Hannah Ritchie, Max Roser and Pablo 

Rosado (2022) - "Energy". Published online 

at OurWorldInData.org. Retrieved from: 

'https://ourworldindata.org/energy' [Online 

Resource] 

2. Karsten H. Nielsen, Dominik K. Orzol, 

Svetoslav Koynov, et al. Large area, low 

cost anti-reflective coating for solar glasses, 

Solar Energy Materials and Solar Cells.  

2014; Volume128: Pages 283-288. ISSN 

0927-0248.  

https://doi.org/10.1016/j.solmat.2014.05.034

.  

3. Anvari M, Lohmann G, Wächter M, et al. 

Short term fluctuations of wind and solar 

power systems. New J. 

Phys. 2016;18: 063027 

4. Kartikay P, Mokurala K, Sharma B, et al. 

Recent advances and challenges in solar 

photovoltaic and energy storage materials: 

future directions in Indian perspective. J. 

Phys. Energy. 2021; 3: 034018 

5. Thomas K, Juan B, Ivan M, et al. 

Classification of solar cells according to 

mechanisms of charge separation and 

charge collection. Physical Chemistry 

Chemical Physics. 2015; 17 (6):1463-9076 

6. Shanmugam N, Pugazhendhi R, Madurai 

Elavarasan R, Kasiviswanathan P, Das N. 

Anti-Reflective Coating Materials: A 

Holistic Review from PV 

Perspective. Energies. 2020; 13(10):2631. 

https://doi.org/10.3390/en13102631 

7. Bulent E. Yoldas. Investigations of porous 

oxides as an antireflective coating for glass 

surfaces. Appl. Opt. 1980; 19:1425-1429 

8. Raut HK, Ganesh VA, Nair AS. Anti-

reflective coatings: A critical, in-depth 

review.  Energy Environ. Sci.2011;4: 3779-

3804 

9. Ali K, Khan SA, Jafri MZM. Effect of 

Double Layer (SiO2/TiO2) Anti-reflective 

Coating on Silicon Solar Cells. Int. J. 

Electrochem. Sci.2014; 9:7865 – 7874 

10. Simeon B, Keith M, Mason T. Isotextured 

Silicon Solar Cell Analysis and Modeling 1: 

Optics. Photovoltaics. IEEE Journal of 

Photovoltaics. 2012; vol. 2, no. 4, pp. 457 - 

464.  

11. W.A. Nositschka, O. Voigt, P. Manshanden, 

H. Kurz. Texturisation of multicrystalline 

silicon solar cells by RIE and plasma 

etching. Solar Energy Materials and Solar 

Cells. 2003; Volume 80, Issue 2: Pages 227-

237. ISSN 0927-0248. 

https://doi.org/10.1016/j.solmat.2003.06.003

. 

12. W.A. Nositschka, C. Beneking, O. Voigt, H. 

Kurz. Texturisation of multicrystalline 

silicon wafers for solar cells by reactive ion 

etching through colloidal masks. Solar 

Energy Materials and Solar Cells. 2003; 

Volume 76, Issue 2: Pages 155-166, ISSN 

0927-0248. https://doi.org/10.1016/S0927-

0248(02)00214-3 

13. Vanesa Fano, Juan Carlos Jimeno, José 

Rubén Gutiérrez, et al. Chapter 2- Alkaline 

Texturing. Book- Photovoltaic 

Manufacturing: Etching, Texturing, and 

Cleaning. Book Editor(s):Monika Freunek 

Müller. 2021. 

https://doi.org/10.1002/9781119242024.ch2 

https://doi.org/10.1016/j.solmat.2014.05.034
https://doi.org/10.1016/j.solmat.2014.05.034
https://doi.org/10.3390/en13102631
https://doi.org/10.1016/j.solmat.2003.06.003
https://doi.org/10.1016/j.solmat.2003.06.003
https://doi.org/10.1016/S0927-0248(02)00214-3
https://doi.org/10.1016/S0927-0248(02)00214-3
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Fano/Vanesa
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Jimeno/Juan+Carlos
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Guti%C3%A9rrez/Jos%C3%A9+Rub%C3%A9n
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Guti%C3%A9rrez/Jos%C3%A9+Rub%C3%A9n
https://onlinelibrary.wiley.com/doi/book/10.1002/9781119242024
https://onlinelibrary.wiley.com/doi/book/10.1002/9781119242024
https://onlinelibrary.wiley.com/doi/book/10.1002/9781119242024
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/M%C3%BCller/Monika+Freunek
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/M%C3%BCller/Monika+Freunek
https://doi.org/10.1002/9781119242024.ch2


Shashvat Rastogi et.al. Impact of texturisation and anti-reflective coatings on light absorption efficiency in solar 

panels 

 

                                      International Journal of Research and Review (ijrrjournal.com)  341 

Volume 10; Issue: 6; June 2023  

14. Shanmugam N, Pugazhendhi R, Madurai 

Elavarasan R, et al. Anti-Reflective Coating 

Materials: A Holistic Review from PV 

Perspective. Energies. 2020; 13(10):2631. 

https://doi.org/10.3390/en13102631 

15. M. Mazur, D. Wojcieszak, D. Kaczmarek, et 

al. Functional photocatalytically active and 

scratch resistant antireflective coating based 

on TiO2 and SiO2. Applied Surface 

Science. 2016; Volume 380: Pages 165-171. 

ISSN 0169-4332. 

https://doi.org/10.1016/j.apsusc.2016.01.226

. 

16. Afzal A, Habib A, Ulhasan I, et al. 

Antireplective self-cleaning TiO2coatings 

for solar energy harvesting applications. 

Front. Mater., Sec. Thin Solid Films. 2021; 

Volume 8. 

https://doi.org/10.3389/fmats.2021.687059 

17. Rathanasamy R, VeluKaliyannan G, Sivaraj 

S, et al. Influence of Silicon Dioxide-

Titanium Dioxide Antireflective Electro 

sprayed Coatings on Multicrystalline Silicon 

Cells. Advances in Materials Science and 

Engineering. 2022; Article ID 9444524, 11 

pages https://doi.org/10.1155/2022/9444524 

18. PV Lighthouse- website of online resources 

for photovoltaic (PV) engineers and 

scientists. Contributors: Keith 

McIntosh, Malcolm Abbott, Ben Sudbury, 

et al.  

19. Gao L, Lemarchand F, Lequime M. 

Refractive Index Determination of SIO2 

Layer in the UV/VIS/NIR Range: 

Spectrophotometric Reverse Engineering on 

Single and Bi-Layer Designs. Journal of the 

European Optical Society - Rapid 

Publications. 2013; vol 8: 13010, 8 pages.  

20. Sarkar S, Pradhan SK. Silica-based 

antireflection coating by glancing angle 

deposition. Surface Engineering. 2019;35: 

pp. 982-985 

21. Luke K, Okawachi Y, Lamont MRE, et al. 

Broadband mid-infrared frequency comb 

generation in a Si3N4 microresonator, Opt. 

Lett. 2015; 40:4823-4826. 

 

 
How to cite this article: Shashvat Rastogi, 

Vivasvat Rastogi. Impact of texturisation and 

anti-reflective coatings on light absorption 

efficiency in solar panels. International Journal 

of Research and Review. 2023; 10(6): 335-341. 

DOI:  https://doi.org/10.52403/ijrr.20230641 

 

 

****** 

https://doi.org/10.3390/en13102631
https://doi.org/10.3389/fmats.2021.687059
https://www.pvlighthouse.com.au/cms/contributors/keith-mcintosh
https://www.pvlighthouse.com.au/cms/contributors/keith-mcintosh
https://www.pvlighthouse.com.au/cms/contributors/malcolm-abbott
https://www.pvlighthouse.com.au/cms/contributors/ben-sudbury

