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Abstract  
    As part of our research on efficiency improvement of PERC (Passivated Emitter 

Rear Solar Cell), achieving very low reflectivity values of solar cell surface is a 

must. One of the most advance technologies to do so is the use of advanced 

texturing for the front surface of the cells. This texture, also known as Black Silicon, 

consists of peaks and valleys of nano metric dimensions and capable of dramatically 

reducing the reflectance of the front surface. A reflectance around 5%  was reached 

,using simulation, when using a Black-Silicon texturing with height of 50nm with 

peak rounding of 5nm. Even though this texturing may affect other parameters such 

as series resistance or surface recombination, as a starting point,  simulation was 

used to find the optimum peak rounding, where the radius of curvature of the peak is 

maximum, while keeping reflectance as low as possible.  
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 تحدين نرف قطر انحناء قمم الديميكهن الأسهد لمخلايا الذمدية باستخدام محاكاة ماتلاب
 

2, كاليرمه سانذيز بلازا 1الربيعي*مهند   

قدم الطاقة الستجددة, جامعة الكرخ لمعمهم, بغداد, العراق1  
مركز تكشمهجيا الفهتهنيات الشانهية, جامعة فالشديا التقشية, فالشديا, اسباني2  

 الخلاصة
، فإن تحقيق الخمية الذسدية الخمفية ذات الباعث الخامل(  PERC (كجزء من بحثشا حهل تحدين كفاءة     

قيم انعكاسية مشخفزة جدًا لدطح الخلايا الذسدية أمر لا بد مشه. واحدة من أكثر التقشيات تقدمًا لمكيام بذلك 
 Black Silicon هي استخدام نديج متقدم لمدطح الأمامي لمخلايا. يتكهن هذا الشديج ، السعروف أيزًا باسم

تقميل انعكاس الدطح الأمامي بذكل كبير. تم الهصهل إلى  ، من قسم ووديان ذات أبعاد  نانهية وقادرة عمى
نانهمتر مع ذروة  55بارتفاع  Black-Silicon ٪ باستخدام السحاكاة عشد استخدام نديج5انعكاس حهالي 

نانهمتر. عمى الرغم من أن هذا التركيب قد يؤثر عمى معمسات أخرى مثل مقاومة الدمدمة أو  5تقريب تبمغ 
لدطحي ، كشقطة انطلاق ، فإنشا ندتخدم السحاكاة لمعثهر عمى تقريب الذروة الأمثل ، حيث إعادة التركيب ا

 .يكهن نرف قطر انحشاء الذروة هه الحد الأقرى ، مع الحفاظ عمى الانعكاس مشخفزًا قدر الإمكان
 
 
 

         ISSN: 0067-2904 

 



Al-Rubaiee and Plaza      Iraqi Journal of Science, 2021, Vol. 62, No. 11(Special Issue) pp: 4272-4277 

 

4273 

Introduction  

     The photovoltaic industry is currently a mature industry whose main producers offer solar 

panels to the market that increase in power every year, and at a proportionally lower cost. 

Most of these panels use Silicon solar cells, which are progressively migrating towards PERC 

(Passivated Emitter Rear Solar Cell) technology, since optimum cost / efficiency ratios are 

currently achieved with such technology [1]. For even better improved efficiency, PERC have 

been combined with Black-Silicon (B-Si) which is an extremely promising material for 

photovoltaic applications due to its low light reflection losses [2,3].  

Black Silicon (b-Si), as the name suggests absorbs the majority of photons incident on the 

surface and therefore appears black to the naked eye.It consists of a nano-textured surface. A 

common solution to minimize the reflection is an antireflection coating (ARC) applied on the 

front surface of a solar cell to suppress sunlight reflection [4, 5]. However, simple ARC based 

on quarter-wave-length layers perform well in a limited spectral range and for a certain angle 

of light incidence only. Black Silicon possesses near-zero reflection over a broad range of 

incident angles with features smaller than the wavelength of light, which eliminates the need 

for conventional vacuum deposited ARC.  

When the size of surface features equals or exceeds the wavelength of the incident light, these 

nano or microstructures provides beneficial light trapping that increases the effective path 

length in the silicon [5, 6]. 

The unusual photoelectric characteristics, combined with the semiconducting properties of 

silicon makes b-Si interesting for solar cells applications as antireflection layers [7,8]. In 

particular, these nanostructures as an antireflection layer increase the surface area of the solar 

cells, and increase the amount of sunlight that is captured rather than reflected back from the 

cells. When the surface structures are much larger than the wavelength of light, the 

phenomenon can be explained intuitively by geometric optics based on multiple reflections, 

while in the case of b-Si , nano-structured surfaces provide a gradual variation of the 

refractive index that minimizes reflections (Figure 1) [9, 3]. 

 
Figure 1-Schematic diagram depicting of b-Si [8]. 

 

Methodology 

In this work , optimum peak rounding  will be explored, where the radius of curvature of the 

peak is maximum, while keeping reflectance as low as possible using Matlab simulations with 

Rigorous Couple Wave Analysis (RCWA) method, starting from previous smoothing 

experiments performed at the laboratory and improving it. In these experiments a sample first 
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have been etched using RIE (Reactive Ion Etching), and then a smoothing process have been 

made using a chemical etchant (mixture of HF and HNO3) for different etching times. The 

resulting surface consists of a succession of peaks and valleys defined by a characteristic 

distance and height which corresponds to smoothing times of 0, 30, 60, 90 and 120 second, a 

400 nm, 250, 160, 100 and 50 for the amplitude and 150 nm period (Period of peak repetition 

do not change when doing the smoothing).  

Using RIE produces sharp peaks that results in high recombination rates that lowers the 

efficiency [10]. Rounding the peaks is then an expected good way of avoiding this problem 

[11]. Simulations of the smoothing experiments will be performed while modifying the 

texture profiles in the program in order to include the rounding of the peaks and measure the 

reflectivity for different amplitudes and radii of curvature.  

The work consisted of simulation of different texture profiles. Each profile consisted of 

different radius of curvature for the peak, 8 different sets of radius have been used, starting 

with 5nm and ending at 40nm with step of 5.  Each set consisted of four amplitudes (250 nm, 

160, 100 and 50) corresponding  to different smoothing times of 30 second, 60, 90 and 120, 

respectively as shown in Figure 2 b-e. Where  Figure 2a shows the surface texture with peak 

amplitude of 400nm directly after RIE but before chemical etching (smoothing time is 0). 

Figure 2 is an example when radius of curvature of the peak is 5nm for different smoothing 

times with their corresponding  amplitudes. The same process is repeated for seven more 

different radii of curvature (10 nm, 15, 20, 25, 30, 35 and 40) to see how the radius of 

curvature as well as the amplitude after smoothing affects the reflectivity of the solar cell.  

 
Figure 2-Surface texture with 5nm radius of curvature for the peak, (a) Texture after RIE 

(before smoothing) with amplitude of 400nm, (b) Texture at smoothing time of 30 second 

with amplitude of 250nm, (c) Texture at smoothing time of 60 second with amplitude of 

160nm, (d) Texture at smoothing time of 90 second with amplitude of 100nm, (e) Texture at 

smoothing time of 120 second with amplitude of 50nm. 

 

Results 

After building the texture for all of the eight different radii of curvature (each radius with four 

sets of amplitudes representing different smoothing times), the reflectivity of the surface was  

measured (using Matlab simulation) using wavelength of 760-780 nm because it is a good 

representation of the average reflectance value. 

 



Al-Rubaiee and Plaza      Iraqi Journal of Science, 2021, Vol. 62, No. 11(Special Issue) pp: 4272-4277 

 

4275 

Figure 3a shows the surface reflectivity for the different eight radii of curvature after a 

smoothing time of 30 second (amplitude 250nm).  Where  Figure 3b and 3c is just a reference 

or example of the surface texture profiles, only lower and upper radii of curvature (5nm and 

40m) was  placed as a texture reference.  

 

 
Figure 3-(a)The surface reflectivity for the different eight radii of curvature after smoothing 

time of 30 second (amplitude 250nm), (b) Texture profile of 5nm radius of curvature, (c) 

Texture profile of 40nm radius of curvature.  

 

 It can be from  Figure 3a that the reflectivity is much lower at small  radius of curvature of 

the peak. The lowest reflectivity value was at diameter of 10nm and 20nm with reflectance 

between 4-6 %. The same was  repeated in  Figure 4,5 and 6 but for smoothing time of 60 

second, 90 and 120 (amplitudes of 160nm, 100 and 50), respectively.  

 
Figure 4-(a)The surface reflectivity for the different eight radii of curvature after smoothing 

time of 60 second (amplitude 160nm), (b) Texture profile of 5nm radius of curvature, (c) 

Texture profile of 40nm radius of curvature.  

 

Reflectivity vs. Wavelength 
Amplitude 160nm 

Reflectivity vs. Wavelength 
Amplitude 250nm 
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Figure 5-(a)The surface reflectivity for the different eight radii of curvature after smoothing 

time of 90 second (amplitude 100nm), (b) Texture profile of 5nm radius of curvature, (c) 

Texture profile of 40nm radius of curvature.  

 
Figure 6-(a)The surface reflectivity for the different eight radii of curvature after smoothing 

time of 120 second (amplitude 50nm), (b) Texture profile of 5nm radius of curvature, (c) 

Texture profile of 40nm radius of curvature.  

 

From Figures 3-6, it can be noticed that reflectance variability is much higher at higher 

amplitudes, with overall reflectance lower at lower amplitudes. In order to find the optimum 

radius, the results of reflectance and radius as “reflectance vs radius” were plotted for each 

one of the amplitudes (as shown in  Figure 7).   

 

 

Reflectivity vs. Wavelength 
Amplitude 100nm 

Reflectivity vs. Wavelength 
Amplitude 50nm 
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Figure 7- reflectance vs radius of curvature for each peak amplitude. 

 

Conclusion  

      It can be concluded from  Figure 7 that  5 nm radius of rounding  is a safe starting point, 

which shows lower reflectance for each one of the amplitudes.  This working point will be 

used for modeling of the emitter diffusion and smoothing process using Silvaco's Athena 

software (Version 2.10.26.R). This  will be a background for the experimental part, where 

high efficiency PERC cells will be manufactured, in order to verify the influence of advanced 

texturing on the properties of the cell. 

References  
[1] Andrew Blakers, “Development of the PERC Solar Cell”, IEEE journal of photovoltaics, vol. 9, 

no. 3, pp. 629-635, 2019. 

[2] Xiaojie Jia, Chunlan Zhou and Wenjing Wang, “Optimization of the Surface Structure on Black 

Silicon for Surface Passivation”, Nanoscale Research Letters, vol. 12, no. 1, pp.193, 2017. 

[3] Chia-Hsun Hsu, Shih-Mao Liu, Wan-Yu Wu, Yun-Shao Cho, Pao-Hsun Huang, Chien-Jung 

Huang, Shui-Yang Lien, Wen-Zhang Zhu, “Nanostructured pyramidal black silicon with ultra-

low reflectance and high passivation”, Arabian Journal of Chemistry, vol. 13, no. 11, pp.8239-

8247, 2020.  

[4] J. Zhao and M. A. Green, "Optimized antireflection coatings for high-efficiency silicon solar 

cells," in IEEE Transactions on Electron Devices, vol. 38, no. 8, pp. 1925-1934,. 1991. 

[5] Mayank Joshi, Reeta Verma, “Black Silicon Photovoltaics: Fabrication methods and properties”, 

International Journal of Research in Engineering and Science , vol. 5,  no. 5, pp. 62-72, 2017. 

[6] E. Garnett and P. Yang, “Light trapping in silicon nanowire solar cells,” Nano Lett.,  vol. 10,  no. 

3, pp. 1082–1087, 2010. 

[7] Martin Otto, Michael Algasinger, Howard Branz, Benjamin Gesemann, Thomas Gimpel, Kevin 

Füchsel, Thomas Käsebier, Stefan Kontermann, Svetoslav Koynov, Xiaopeng Li, Volker 

Naumann, Jihun Oh, Alexander N. Sprafke, Johannes Ziegler, Matthias Zilk , and Ralf  B. 

Wehrspohn, “ Black Silicon Photovoltaics”, Adv. Optical Mater, vol. 3, no. 2, pp.147, 2015.  

[8] Gagik Ayvazyan, Razmik Barseghyan, and Sergey Minasyan,”Optimization of surface 

reflectance for silicon solar cells”, Green Energy and Smart Grids, vol. 69, pp. 01008, 2018.  

[9] Hele Savin, Päivikki Repo, Guillaume von Gastrow, Pablo Ortega, Eric Calle, Moises Garín and 

Ramon Alcubilla, “Black silicon solar cells with interdigitated back-contacts achieve 22.1% 

efficiency”,Nature.Nanotechnology, vol. 10, pp. 624–628,  2015 

[10]  Ngwe Zin, “Recombination-free reactive ion etch for high efficiency silicon solar cells”, Solar 

Energy Materials and Solar Cells, vol. 172, pp.55-58, 2017.  

[11]  Jiang Ye, Shen Honglie, Pu Tian, Tang Quntao, Zheng Chaofan, Rui Chunbao, Luo Jingwang, 

Wu Jing, Cai Jibo,“ Preparation of high-efficiency large-size polycrystalline black silicon solar 

cells by rounding treatment”, Nanjing University of Aeronautics & Astronautics, vol. 5, pp. 683-

686, 2015. 

Reflectivity vs. Radius 
Wavelength 780nm 


