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Abstract. Researchers and scientists working in the field of energy conversion have become 
interested in the rapidly developing new class of solar cells based on mixed organic-inorganic halide 
perovskite semiconductors over the past few years. Here we study the transmission of assumed solar 
cell structures based on nanoparticles and CH3NH3PbI3, CH3NH3PbBr3, and CH3NH3PbI2Br 
perovskite types by using the transfer matrix method (TMM). We found that as the nanoparticle 
volume fraction increases, the transmission decreases. Cells doped with aluminum nanoparticles 
showed the best transmission values. And transmission values in all wavelength ranges are better than 
those in the range of approximately 300–500. 
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1. INTRODUCTION 

Due to the lack of conventional energy resources and environmental concerns, solar photovoltaic 
technology has received a remarkable and growing amount of attention in recent decades [1, 2]. A clean energy 
source with high availability and straightforward application potential is solar energy. However, for solar cells 
to be more competitive with known energy sources, they must be more efficient [1]. This necessitates the 
development of new solar cell designs based on the concepts of waveguides and novel antireflection coatings 

structures [2−5]. Due to their uncomplicated design and technological application, antireflection coatings for 
the visible and infrared regions have also long drawn significant research and development. However, 
nanoparticle technology has only lately been applied to improve thin film solar cells [1]. Adding nanoparticles 
to the cover region, for instance, can enhance antireflection coatings (ARC), resulting in a reduction in 
reflection and an increase in transmission [6, 7]. Also, Perovskite materials have extensively appeared in terms 
of their power conversion efficiencies(PCEs)  since the emergence of organic-inorganic halide perovskite 
materials as effective light harvesters according to their excellent efficiency and low cost [8–10]. 

Based on previous research in this field [11, 12], research aimed to develop and study a multilayer 
waveguide solar cell with three different perovskite types and nanoparticles. 

The type of nanoparticle, its fraction, the thickness of the cover layer, and the type of perovskite are all 
taken into consideration while examining the impact of the suggested waveguide structure on the transmitted 
light. 

2. THEORY 

This work examines a novel structure based on perovskite and metal nanoparticles (NPs) doped in a 

glass. Gold (Au, εi = −1.45), Aluminium (Al, εi = 4.7), and Silver (Ag, εi = −2.55) NPs doped on the glass 
cover (ε = 1.212), another two layers of titanium dioxide (d1= 90 nm, ε1 = 1.549), and perovskite types 
((CH3NH3PbI3, ε2 = 10), (CH3NH3PbBr3, ε2 = 17), and (CH3NH3PbI2Br, ε2 = 15)) with (d2 = 250 nm) 

sandwiched between it and silicon substrate (ε = 1.942) [7, 13−14]. As seen in Fig. 1. 
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Fig. 1 – The design of the model structure. 

 

The results of the average transmittance for the ARC have been obtained using the Maple 17 program. Here, 

we study stable and economical perovskite types, and we used nanoparticles to boost efficiency [15]. The 

effective permittivity of composite materials constructed by metal nanoparticles in the glass host is 

calculated using the Maxwell Garnett effective medium method. The effective permittivity is determined 

using the following formulas [12]: 
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where: (εb) is the Permittivity of glass εi is the metal nanoparticle’s permittivity, and f  is the particle’s 

volume fraction in the host medium. 

We examine light strikes from the air on the cell at all incident angles (0−90) degrees to show the 

efficacy of the suggested configuration. To calculate the transmission (T), Maxwell’s equations are utilized 

to construct a matrix formulation of the boundary conditions at the film surfaces. The following definition 

applies to the 22 transfer matrix, which connects the field components at two subsequent borders [16]: 
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The total transfer matrix (MT) for (m) layers is defined as follows: 
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From the components in the system of the transfer matrix, the transmission coefficient and transmittance can 

be determined as follows: 
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R = r2 ,T = 1 − R . (7) 

The average transmittance (T) of a solar cell is stated as follows: 
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3. RESULTS AND DISCUSSIONS 

Here, we study the average transverse magnetic (TM) and transverse electric (TE) transmittance for the 

model and analyzed it and hence the results: 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 2 – The transmitted light of the proposed structure for the different volume fractions of: a) Ag, b) Al, c) Au 

 and wavelength, and CH3NH3PbI3. 

Figure 2 illustrates the transmittance of the proposed structure with CH3NH3PbI3 Perovskite for 

different nanoparticles (Ag, Al, and Au) and different nanoparticles volume fractions (f = 0.05, 0.25, 0.35, 

and 0.45). In general, as the volume fraction increases the transmittance decreases in the same cell, but when 

we compare cells with each other we find that aluminum nanoparticles have a transmittance value better than 

silver and gold nanoparticles. 
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(a) 

 
(b) 

 
(c) 

Fig. 3 – The transmitted light of the proposed structure for the different volume fractions of: a) Ag, b) Al, c) Au,  

and wavelength, and CH3NH3PbBr3. 
 

Figure 3 displays the transmitted light of the proposed structure for the different volume fractions 

( f = 0.25, 0.35, and 0.45) of (Ag, Al, Au) and wavelength, and CH3NH3PbBr3, perovskites type. 

The cell transmission minimum value is up to 55% of the incident light with aluminum, and 45% with 

silver and gold. The maximum value ups to approximately 95% in all cells. 
 

 
(a) 

 
(b) 
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(c) 

Fig. 4 – The transmitted light of the proposed structure for the different volume fractions of: a) Ag, b)  Al, c) Au,  

and wavelength, and CH3NH3PbI2Br. 
 

Figure 4  shows the transmitted light of the proposed structure for the different volume fractions 

( f = 0.25, 0.35, and 0.45) of (Ag, Al, Au) and wavelength, and CH3NH3PbI2Br perovskites type. It shows that 

the difference in the volume fraction of silver and gold has a slight effect in comparison with the aluminum 

volume fraction difference. 

Figures 3 and 4 find that the minimum value for the transmission goes to the high wavelength from 

approximately 400 – 425 – 450 nm when we transmit CH3NH3PbI3 to CH3NH3PbI2Br to CH3NH3PbBr3. 
 

 
(a) 

 
(b) 

 
(c) 

Fig. 5 – The transmitted light of the proposed structure for different active layer thicknesses doped by: a) Ag, b) Al, c) Au,  

and wavelength, and CH3NH3PbI3. 
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Figure 5 plots the transmitted light of the proposed structure with CH3NH3PbI3 perovskite type and 

glass layer doped by (Ag, Al, and Au) nanoparticles at f = 0.25 with different thicknesses 20, 40, 60, 80 nm 

and wavelength. 

It shows that as active layer thickness increases the transmission decreases, and 20 nm transmissions 

have a very high value for each different parameter. 
 

 
(a) 

 
(b) 

 
(c) 

Fig. 6 – The transmitted light of the proposed structure for different active layer thicknesses doped by: a) Ag, b) Al, c) Au,  

and wavelength, and CH3NH3PbBr3. 

Figure 6 displays the transmitted light of the proposed structure for different active layer thicknesses 

doped by (Ag, Al, and Au), wavelength, and CH3NH3PbBr3. It shows that transmission values in all 

wavelength ranges are better than those in the range of approximately 300−500 nm because of the perovskite 

reflectance in this range. 
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(a) (b) 

 
(c) 

Fig. 7 – The transmitted light of the proposed structure for different active layer thicknesses doped by: a) Ag, b) Al, c) Au,  

and wavelength, and CH3NH3PbI2Br. 

 

Figure 7 plots the transmitted light of the proposed structure for different active layer thicknesses 

doped by (Ag, Al, and Au) and wavelength, and CH3NH3PbI2Br, this cell shows similar values to the other 

cells with different perovskite types. The transmittance is decreasing due to the total destructive interference 

conditions that will gradually be achieved as the thickness of the perovskite increases. 

Figures 5, 6, and 7 plot the transmitted light of the proposed structure for different CH3NH3PbI3, 

CH3NH3PbBr3, and CH3NH3PbI2Br perovskite types and glass layer doped by (Ag, Al, and Au) nanoparticles 

at f = 0.25 with different thicknesses 20, 40, 60, 80 nm and wavelength. 800 nm wavelength has the highest 

transmission values in  CH3NH3PbI3, CH3NH3PbBr3 perovskite and, 750 nm at CH3NH3PbI2Br perovskite- 

type and it has a low reflection at different thicknesses and different nanoparticles type. 

4. CONCLUSIONS 

This paper proposed new perovskite and nanoparticle-based solar cells configurations. To establish the 

proposed cell's average transmission, the transfer matrix method was applied. We found that as the 

nanoparticles volume fraction increase, then, the transmission decrease, Cells doped with aluminum 

nanoparticles showed the best transmittances values compared with cells doped with silver and gold, and the 

minimum value for the transmission goes to the high wavelength from approximately 400 – 420 – 450 nm 

when we transmit CH3NH3PbI3to CH3NH3PbI2Br, CH3NH3PbBr3. Also, when we describe the effect of 

active layer thickness on the transmittance we notice that after the range of wavelength over approximately 

400 nm it increases approximately linearly until reaching its maximum value at about 800 nm, then it 

decreases. 
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