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Due to environmental problem with traditional source 
of fuel energy, energy policy makers are seeking for an 
environmental safe source of energy. Solar energy is the most 
promising type of renewable energy that is environmental 
friendly. It is abundant, safe, and free. Photovoltaic (PV) cell 
is the building block for a solar system. PV absorbs light and 
converted to electrical energy. Several works have been 
conducted to increase the efficiency of the PV. To decrease 
the reflection of light at the surface of the PV, antireflection 
coating (ARC) is used [1]. An important example of ARC is SiNx 

for its high refractive index [2]. In addition, reseachers who 
are seeking minimum reflectance ar PV surface, intoduce new 
structure which involve metamaterial (MTM). Metamaterial 
is a noval material fabracted at laboratory with negative 
refractive index. They assume different refractive index by 
changing certain parameter as in [3-6].

Figure 1: The schematic of the proposed nanostructure Solar 
Cell.

In this work, a new PV structure is proposed. Figure 1 
displays the schematic of the proposed PV that consists of SiNx 

thin film deposited on glass and covered by MTM bounded by 
air. The refractive indices are n0, n1, n2, and ns for air, MTMs,  

 
SiNx and glass respectively. MTM layer is assumed to have 
graded index with thickness d1. SiNx has refractive index, 
which can assumed different values depending on the doping 
ratio, has thickness is d2. The light is assumed to shine on the 
PV at oblique incidence with different incidence angle (q0).

For oblique incidence, the optical reflectance and 
admittance for the kth layer including negative index materials 
with graded index is derived in the paper of [7-8] for both 
transverse electric field polarization (TE) and transverse 
magnetic field polarization (TM). The total reflectance R for 
the solar cell is defined as the average of both values RTE and 
RTM 

2

TE TMR RR +
=   (1)

Figure 1: The reflectance calculated for n1=-2+ Δ(λ), under 
normal incidence. The red, black, yellow, green and blue curves 
correspond to n2=2.5, 2.4, 2.3, 2.2, and 2.1 respectively.
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Equation (1) is solved numerically using the software 
Maple 13 to verify the characteristics of the proposed PV cell. 
The thicknesses d1 and d2 are taken to be equal the quarter 
wavelength at each media. The spectral response of SiNx goes 
from 300-1200nm [3]. Thus, this range is taken to limit the 
spectrum of the incident light. In the calculation, only normal 
incidences considered. Figure 2 exhibits the total reflectance 
Rat different values of n2: 2.5, 2.4, 2.3, and 2.2 and MTM has 
n1=-2+ Δ(λ). We notice that the spectral takes zero value when 
n2=2.4 for λ aound 600nm and all other curves maintain a 
reflectance lower than 2.3%. Comparing our result with one 
or two ARC layers in Beyer calculations [3]. We obtain a better 
result since his system maintained reflectance fewer than 5%.

References
1. Lee HC, Su YK, Chuang Wk, Lin JC, Huang KC, et al. (2010) Discussion 

on electrical characteristics of i-In0.13Ga0.87N p-i-n photovoltaics by 
using a single/multi-antireflection layer. Solar Energy Materials and 
Solar Cells 94: 1259-1262. 

2. Lee Y, Gong D, Balaji N, Lee Y, Yi J, et al. (2012) Stability of SiNx/ SiNx 
double stack antireflection coating for single crystalline silicon solar 
cells. Nanoscale Res Lett 7: 50-56.

3. Beye M, Faye ME, Ndiaye A, Ndiaye F, Maiga AS, et al. (2013) 
Optimization of SiNx Single and Double Layer ARC for Silicon Thin Film 
Solar Cells on Glass. Research Journal of Applied Sciences, Engineering 
and Technology 6: 412-416. 

4. El-Khozondar HJ, El-Khozondar RJ, Zouhdi S (2015) Tunable MTMs 
consists of a single-walled nanotube thin film waveguide covered by 
nonlinear cladding. Applied Physics A. 

5. Werner DH, Kwon D, Khoo I, Kildishev AV, Shalaev VM, et al. (2011) 
Liquid crystal clad near-infrared metamaterials with tunable negative-
zero positive refractive indices. Optics Express 15: 3342-3347.

6. Dena El-Alamassi M, Hala El-Khozondar J, Mohammed M Shabat 
(2015) Efficiency Enhancement of Solar Cell Using Metamaterials. 
International Journal of Nano Studies & Technology (IJNST) 4(2): 84-
87.

7. Al-Turk S (2011) Analytic optimization modeling of anti-reflection 
coating for solar cells, Master thesis, Mac Master University: Open 
Dissertations and theses. 

8. Lequime M, Gralak B, Guenneau S, Zerrad M, Amra C, et al. (2013) 
Optical properties of multilayer optics including negative index 
materials. Physics-Optics ar Xiv:1312.6288v1.

Your next submission with Juniper Publishers    
      will reach you the below assets

• Quality Editorial service
• Swift Peer Review
• Reprints availability
• E-prints Service
• Manuscript Podcast for convenient understanding
• Global attainment for your research
• Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
• Unceasing customer service

                   Track the below URL for one-step submission 
            https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/JOJS.2019.01.555554

http://dx.doi.org/10.19080/JOJS.2018.01.555554
https://www.ncbi.nlm.nih.gov/pubmed/22221389
https://www.ncbi.nlm.nih.gov/pubmed/22221389
https://www.ncbi.nlm.nih.gov/pubmed/22221389
http://pakacademicsearch.com/pdf-files/eng/392/412-416%202013%20(Vol.%206,%20Issue%2003).pdf
http://pakacademicsearch.com/pdf-files/eng/392/412-416%202013%20(Vol.%206,%20Issue%2003).pdf
http://pakacademicsearch.com/pdf-files/eng/392/412-416%202013%20(Vol.%206,%20Issue%2003).pdf
http://pakacademicsearch.com/pdf-files/eng/392/412-416%202013%20(Vol.%206,%20Issue%2003).pdf
https://slideheaven.com/tunable-mtms-consists-of-a-single-walled-nanotube-thin-film-waveguide-covered-by.html
https://slideheaven.com/tunable-mtms-consists-of-a-single-walled-nanotube-thin-film-waveguide-covered-by.html
https://slideheaven.com/tunable-mtms-consists-of-a-single-walled-nanotube-thin-film-waveguide-covered-by.html
https://www.ncbi.nlm.nih.gov/pubmed/19532575
https://www.ncbi.nlm.nih.gov/pubmed/19532575
https://www.ncbi.nlm.nih.gov/pubmed/19532575
https://macsphere.mcmaster.ca/bitstream/11375/11272/1/fulltext.pdf
https://macsphere.mcmaster.ca/bitstream/11375/11272/1/fulltext.pdf
https://macsphere.mcmaster.ca/bitstream/11375/11272/1/fulltext.pdf
https://arxiv.org/pdf/1312.6288.pdf
https://arxiv.org/pdf/1312.6288.pdf
https://arxiv.org/pdf/1312.6288.pdf
http://dx.doi.org/10.19080/JOJS.2018.01.555554

	Graded-Index-Metamaterials PV cell
	Mini Review
	References
	Figure 1
	Figure 2

