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Abstract 

This paper mainly focuses on Design and Optimization of 1-D triangular grating for Solar cell applications using 

Silver  Metal. The weak light trapping in the active layer of thin film solar cells is a major issue in solar cell 

technology. Periodic grating is one of the methods used to improve light absorption in the thin film solar cell's 

substrate. The current study presents the effect of a 1-D triangular grating device on solar cell absorption 

enhancement. The 5.3a COMSOL RF module is used for the desired geometry comprising silicon (c-Si) crystalline 

as the substrate. The slit width of grating is optimized using near and far-Field Analysis in the designed structure 

magnifies the light-trapping process in the thin-film solar cell. For this purpose, the transmission spectrums are 

analyzed at various slit angles angle (142o −148o), constant film thickness (100nm), and constant periodicity 

(700nm). The optimal value of the slit width is obtained as 350nm, which is half the frequency. Variation of θ= 

144.57° yielded the highest value of electric field which corresponds to lowest value of relative transmission in full 

width at half maxima peak. The transmission spectra were taken by varying film angle (142o −148o) at normal 

incidence to observe the acceptable value of film thickness for the optimization of the grating system. Such 

optimization is quite helpful for improvement in the light absorption hence over all efficiency of thin film solar cells. 
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1. Introduction: 

Plasmonics is a burgeoning field that studies the interaction of light and metals. It has also been observed that metals 

become transparent to electromagnetic waves at a specific frequency known as plasma frequency. The density 

oscillation of electrons on the metal surface between the metal and dielectric interface equals an interacting 

electromagnetic field. Maxwell's equation predicts the formation of a hybrid excitation wave, known as surface 

Plasmon [1]. The frequency of the interacting electromagnetic field and the wavelength of this density wave are the 

same. 

More research in this area leads to a better understanding of the coupling process between the electromagnetic field 

and oscillating electrons [2]. Plasmonics is a developing field with applications in a variety of fields, including solar 

cells. It's clear from the increase in the number of publications in recent years. Surface Plasmons, which are the 

coherent oscillations of excited free electrons, are suitable for metals. The resonances of noble metals are in the 

infrared or visible region of the spectrum. This range is ideal for photovoltaic devices [3].The primary goal of the 

paper is to improve the absorption of solar cells in specific regions (visible- near-infrared). Near-field analysis is 



used to study field activity near the interface. To build a geometry with fine meshing near the interface and to find 

the best grating structure for better absorption.  

Plasmonics is a field that uses metal’s Nano scale properties. Surface plasmons in metals are well supported Free 

oscillating electrons. Resonance peaks of noble metals often lie in infrared or visible regions in electromagnetic 

spectrum. For photovoltaic technologies, this range is worthwhile. The surface plasmons resonance peaks will 

depend on their form and size. The three most widely employed techniques for photovoltaic are (i) near-field 

analysis, (ii) far-field analysis, (iii) free charges directly developed in a solar cell substratum. The dispersion process 

well explains the photo-current phenomenon of inorganic devices, whereas close-filed analysis explains in organic 

devices. A thin film solar cell is considered a means of reducing material utilization and efficiency in order to reduce 

solar energy expenditures. The major problem with solar cell technology is the weak trapping of the thin film solar 

cell's active layer of light. Plasmonics is an excellent new way to increase the absorption of light in thin film solar 

cells. Some methods are used to improve the absorption of light from the substrate of the thin film solar cell, i.e., 

periodic grating. However, Triangular grating produces a sharper resonance peak than other grating profiles [4]. 

Silicon is widely used as the primary component of solar cells. It is abundant on the planet. It's also a nontoxic and 

low-cost material. The thickness of amorphous silicon is critical to the efficiency of a solar cell. Solar cell 

absorption can be increased by increasing the thickness and cost of the cell. The cell's thickness must be reduced in 

order to reduce the cost. As a result, it has an effect on the cell's absorption rate [5, 6]. The absorption of the cell is 

the most difficult problem for indirect band gap materials. Plasmonics will help you improve your absorption. As a 

result, solar cells based on Plasmonics are more effective than conventional solar cells. The charge carrier's direct 

generation in the semiconductor substrate is the first of three processes for photovoltaic devices. The function of 

metal nanoparticles in scattering is the second, and near field enhancement is the third [7]. 

These days researchers are paying great attention towards photovoltaic devices because fossil fuels are a finite 

source of energy. According to some sources, these energy sources will run out in 2112, 2040, and 2042.  [8]. They 

will become more expensive. Sunlight, on the other hand, is a plentiful source of energy. The earth receives 10,000 

times the amount of human energy consumption in the form of solar radiation, which is an intriguing fact [9] . 

 2. Materials and Numerical Modeling: 

The metal selected for this research work is silver because of its large negative real parts and small imaginary parts 

of permittivity in the visible and infrared ranges which are required for excitation of SPPs.  



 

                             Figure 1: Schematic of a Solar Cell Based on 1D Triangular Grating 

 

The schematic of a solar cell based on 1-D triangular grating is shown in figure-1. Silver has permittivity function 𝜺 

become negative for frequency 𝝎 below the Plasma frequency 𝝎𝒑 i.e; 𝜺 = 𝟏 − 𝝎𝒑𝟐𝝎𝟐 . Silver has the very less ohmic 

losses among all other noble metal including gold and graphene. The DC conductivity of silver is high. The most 

effective method for solving an ideal scenario is numerical modeling. It solves a variety of problems numerically or 

analytically. An empirical solution is not feasible if computational modeling predicts a solution for certain problems. 

The analytical approach is usually used to solve differential equation problems, but in some situations, it fails to do 

so due to complications. Researchers use a numerical approach to solve the problem at this stage. Since numerical 

modeling is difficult to solve manually, different software such as MATLAB, Linux, and COMSOL are used to 

solve such problems. As a result, computers are used to compile the data more efficiently. Electromagnetic problems 

are solved using numerical simulations. The most popular methods for discretizing structures and managing 

Maxwell's equations are Finite Element Analysis (FEA) and Finite Difference Time (FDTD) [10]. These two 

methods are further subdivided into elements of finite size. Generalized Multiple Technique (GMT)  is the basic 

approach, which involves a number of techniques such as Auxiliary Method Sources [9] and Multiple Multipole 

(MMP) methods [11]. These simulation methods are used to solve the E-field and H-field mathematical sequence 

[12]. The field of electromagnetism is covered by finite element analysis. Its origins can be traced back to structural 

mechanics. The finite element analysis approach divides the computation space into discrete elements of finite size. 

To comprehend the idea of light contact with a metallic grating in the current wave, the finite element analysis 

COMSOL RF-module (5.3a) is used. In the current study, a grating structure is being used.  

To solve differential equation problems, the numerical approach is used. The COMSOL RF module (5.3a) is being 

used to construct a dimensional model in current research. A Graphical User Interface is used to construct the 

model's geometry [13]. The Schematic Diagram of Model is shown in Figure 1. Different methods are used to draw 

the model's  sub-domains. These sub-domains are used to allocate a range of materials. This program is used to 



investigate how light interacts with 1D, 2D, and 3D grating profiles. COMSOL RF-module (5.3a) is a simple but 

powerful program that allows you to build a model in a short amount of time. The relationship between relative 

permittivity and conductivity can be expressed as 

         ∈ (k, ω) = 1 +  і σ(k,ω)ωϵ0               (1) 

In the above equation the ∈ (k, ω) = ϵ(ω) is used for metals. This relationship is valid only whenever the 

wavelength of the incident electromagnetic wave is higher than the distinctive dimensions of selected material. 

            ∈=∈′+ i ∈′′                              (2) 

The assigned material to all sub-domains through the relative permittivity can be described as the sum of real and 

imaginary parts. Here, the value for real permittivity ∈′= n2 − K2 is and imaginary as ∈′′= 2nk. 
The silver content is used in this study, and the permittivity data is taken from a reference. The 

Electric field vector's interaction in each subdomain can be represented as data interpolation by  

the model solver. 

 

 

Figure 2: Schematic Diagram of Model and boundary condition illustration for triangular grating model is shown 



At the excitation port, scattering boundary conditions (SBC) are applied. For the optimization of the transmission 

spectra and electromagnetic field, far-field and near-field analysis are used. The periodicity is calculated using the 

dispersion relations and Bragg's diffraction relation, as shown in equation (3). 𝐾𝑆𝑃𝑃𝑠= 𝐾𝑜 sin θ ± 2πΛ                         (3) 

The ATR wave vector [14] corresponds to the SPPs wave vector (𝐾𝑆𝑃𝑃𝑠) is shown in equation 4. 

𝐾𝐴𝑇𝑅= 𝐾𝑥= nk = √ε ωc sin θ =  𝐾𝑆𝑃𝑃𝑠     (4) 

According to equation 4 the "θ" represents the angle of incident, "ε” represents the permittivity of the prism and “n” 

represents the refractive index. The model's validity is determined by comparing simulation data to the Fresnel 

equation. 

3. Results and Discussion 

In this paper, results acquired by using simulation-based software is reported with optimization of results. The 

variation in the Excitation of SPPs of transmission dip in response to the change in thickness of silver metal and its 

effect on the excitation of SPPs is calculated by using Kretschman configuration the change in the excitation of 

SPPs of transmission dip in response to a change in angle of silver metal and its effect on the excitation of SPPs is 

determined [15]. 

 

3.1 Angle optimization: 

The ideal Angle value is obtained by combining Near field and Far-field studies to enhance optical trapping in the 

solar cell. This is accomplished by analyzing the transmission spectra at various slit angles, constant thickness, and 

constant periodicity. Near-field analysis at resonance wavelength is calculated to study the operation of the 

plasmonics-based solar cell. The far-field analysis coincides with the excitation of SPPs. While the resonance dip in 

transmission spectra at a given wavelength is obtained. Dip sharpness is a helpful tool for optimizing the slit angle in 

the transmission curve. 

 

3.2 The Far-Field Analysis: 
 

A grating profile is optimized in this study by installing a silver (Ag) grating structure on a c-Si (Crystalline silicon)  

substrate. The transmission spectra illustrated in Figure 3 are calculated by  altering the slit angle from 142° to 148°,  

as well as the wavelength (400-1000nm) and constant  periodicity (700nm), and thickness of the Ag sheet (100nm).   

The excitation of SPPs are represented  by a resonance dip at a specific wavelength, as prophesied in grating 

coupling’s 

equation (4). The electric field norm and magnetic-field norm are calculated for each slit angle ranging from (142𝑜- 

148𝑜). The dip   sharpness arises with the regular increment in the slit angle at a specific resonance wavelength, by 

taking air as analyte (n=1). The FWHM is measured for each slit angle. It is found that FWHM increases for  

148.12°  



because the dip of these slit angles are  broader and asymmetric with transmission spectra.  The silver thin film  

efficiently excites SPs at an a with a larger electric field magnitude and an angle greater than the critical angle. The 

work's turning point demonstrates that at excitation angle 144.75°, here minimum value of FWHM peak occurs by  

adjusting the angle of the metallic layer of Ag, the transmission dip varies at spectral ranges (650-750) nm, which is 

in the visible part of the spectrum or in the NIR area of the spectrum. As the value of dip sharpness increases for the  

slit angle (143o − 145o), so  the value of FWHM decreases.  In this case, the coupling of incoming light and SPPs 

increases due to the presence of strong plasmons at the Ag and air interface. 

 

 

Figure 3: Transmission  spectra are obtained by adjusting the slit angle (142-148)° while keeping the periodicity 

and film thickness constant. The dips in the graph represent the resonance wavelength. 

3.3 Near-Field Analysis: 

The near-field analysis investigates the presence of the field around the slit to assist the far-field results. Moreover, 

the resonance dip in transmission spectra is related to the traveling surface modes, which causes enhancement of the 

field nearby the slit in plasmonics-based devices. To check the performance of the solar cell, Near-field analysis is 

calculated at the resonance wavelength which is shown in figure 4. The maximum strength of fields in close vicinity 

to the slit on Ag interface refers to the maximum SPPs excitation.   

 



                       

Figure 4: The resulting electric-field norm, as well as the behavior of field strength for slit angle (142𝑜-148𝑜)  , 

have been studied which is given. 

4 Effect of angle variation on transmission spectrum: 

The plot was obtained with a varied film angle at the normal incidence to study the effects of the metal film angle on 

trapping light in the solar cell. The slit width and periodicity remains unchanged. The transmission dip at different 

wavelengths is monitored in order to examine the angle of the transmission spectrum. Transmission dip at any 

specific wavelength value results for different angle values. For silver (Ag) metal, if the angles are 144.57° then the 

dip is 580 nm, with an angle 148.12° dip at 820nm and a transmission dip for 142.12° angle is 686 nm as shown in 

Figure 5.  This means we can talk about interfacial systems modeled in the picture below if the electromagnetic 

wave (EM) interacts with dispersive metallic media (for example (Ag film).  



 

Figure 5: Shows the transmission dip occurs at various values of angles at resonance wavelength using COMSOL 

modeling also (a) variation of transmission spectra with angle having FWHM peak and (b) Electric field with angle 

also having Maxima peak. 

The figure 5(a) shows that the transmission FWHM peak has its minimum value at 144.75° and figure 5(b) which 

corresponds to the maximum value of electric field at the same angle as we can observe by this analysis. Figure-5 

further demonstrates that in the transmission spectrum, a field plot at the dip is located in which the field is 

perpendicular to the Ag interface for the SPPs stimulated along with the Ag/Air interface, which is related with the 

SPPs excitation, confirming the correctness of the model. The formation of the SPPs for the 1 D triangular grating 

by varying film angles from 142° to 148°nm is shown in figure 6. It demonstrates the influence of varying film 

angles on the interaction of incident light and surface Plasmon. 

                              

                  (a) 

 

                                 



                                (b) 

 

                                

                                     (c) 

 

Figure-6: Shows the excitation of SPPs at different angles  of  Silver film having different width (a) with angle 

148.12° and slit width 350nm (b) with angle 142.12°  and slit width 200nm (c) with angle 144.57° and slit width 

300nm. 

Conclusion 

The 1-D Triangular grating was used in this study to examine the influence on light trapping in the solar cell. The 

geometry of a 1-D triangle grating has been constructed in a specific way for this purpose. As a substrate, crystalline 

silicon (c-Si) is used. The effect of changing the slit angle (142𝑜-148𝑜) while keeping the periodicity (700 nm) and 

film thickness (100 nm) constant was examined. The slit width was optimized by looking at the transmission and 

field strength. The ideal slit width was discovered to be “1/2” of periodicity. For this range of slit angle, the 



plasmonic-based device delivers intermediate light scattering and SPPs.  To begin, conclusions are drawn about the 

fluctuation of Ag's optical constants at various wavelength ranges ranging from 400nm to 1000nm. The real and 

imaginary permittivity are then calculated, and the effects of these on wavelength are seen. The real component of 

SPP controls its propagation, while the imaginary component controls light absorption within the body. One of the 

most interesting characteristics of employing silver thin film is its ability to be sensitive in the visible area of the 

electromagnetic spectrum while suffering less losses. With a greater Electric field magnitude and an angle of 

144.57°, the silver thin film efficiently excites SPs. 

 Additionally, normalization and authentication provided a baseline for validating the various modeling outputs 

through a series of simulations. SPPs are excited at wavelengths of 142.12°, 144.57°, and 148.12°, with a thickness 

of 100 nm throughout the simulation. As a result, plasmons are seen to excite at shorter wavelengths for increasing 

values of Ag thickness. Furthermore, transmission dip is computed using COMSOL modeling, which provides 

information on plasmon excitation. The final results agree with the Near-field and Far-field analyses in a suitable 

way. The varied film angles were examined and optimized in the range (142𝑜-148𝑜) for optimal slit width in the 

range  (200-400nm) via Near-field analysis, Far-field analysis, and transmission spectra for optimal slit width 

(350nm). The ideal film thickness was discovered to be 100nm. To optimize the parameter for thin-film solar cell 

production, we used a parametric analysis. It was discovered that thin silver film provides improved sunlight 

reflection and appropriate silver film angles for agitation of SPPs, half of the intensity of SPPs sheds onto the 

substrate (c-Si), and also achieves higher surface plasmon polaritons propagation length. 

 

Despite the fact that the 1 D triangle grating was properly constructed and tuned. Nonetheless, there are a number of 

variables to consider. To test the effect of varying grating groove widths, grating material, and substrate material on 

solar cell absorption. 
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