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Abstract : For a good understanding of electrical and 

optoelectronic parameters involved in the silicon photovoltaic 

cell, we study the solar cell that gives a general description of 

the different parts of the solar cell and some photovoltaic 

parameters in these parts of the external quantum efficiency, 

the refractive index on the deposits antireflective solar cells. 

The effect of a single anti-reflective coating (SiNx / Si) was 

studied. A clear improvement of the spectral response is 

observed in the area of wavelengths from 400 to 900 nm. An 

improved external quantum efficiency at long wavelengths is 

observed due to the low energy photons absorption, a 

remarkable increaseness in the specific wavelength, an area 

where the spectral response is dominated by the 

photogenerated carriers in the base. 
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I. INTRODUCTION 

 

The importance of ARC cannot be denied in solar cell 

manufacturing process as it gives significant improvement in 

solar cell efficiency. For Fresnel relation, reflectance (R) varies 

from 31% to 51% at 900 nm to 400 nm respectively. So, without 

ARC, the silicon would be transmitted only about 70% of IR and 

UV portions of 50% of the sunlight into the cell [1, 2]. 

The role of the anti-reflective coating is to adapt the refractive 

index between the air and the devices to minimize the reflection 

to ensure a good external quantum efficiency of the cell. To 

cancel the reflection at a given wavelength, it is necessary that 

the difference phase between the reflected wave incident on the 

interface AIR / ARC (air/anti-reflection coating) and CAR-Si 

reflected incident wave is in phase position ( destructive 

interface) taking into account the thickness of the layer [3]. The 

material used as the anti-reflection layer should be non-absorbing 

in the range of the solar spectrum. 

To facilitate or maximize photon penetration through the cell, it 

is applied on an antireflection layer on the front face of the cell 

photovoltaic. For that, the material optical indices can be 

adjusted to act as anti-reflection layer or non-encapsulated, so as 

to considerably reduce optical losses and therefore to increase the 

quantum efficiency of these solar cells based on silicon [4, 5]. 

These simulations will allow us also by comparison with the 

reflectivity measurements and the refractive index of the silicon 

nitride deposited on a textured surface showed that the kinetics 

deposit is slower on such a surface, mainly because of an area 

covers a far more important. 

We will show that anti-reflective coating (SARC) composed of 

silicon nitride deposited on silicon could lead to a significant 

improvement of the spectral response affecting lower reflectivity 

[6]. 

 

II. THEORY 

 

(A) Part of the solar cell 

 

 
Fig. 1: A horizontal junction solar cell under monochromatic 

illumination. 

 

Emitter: frontal zone n-type doped donor atoms where doping 

rate varies from 1017 à 1019 atom / cm
3
, thin (0.5 to 1 µm), also 

called front [7]. 

Base: p-type region lightly doped acceptor atoms (1015-1016 

atom.cm
-3

) whose thickness varies from 300 to 400μm where 

minority carriers are electrons. It is the predominant region of 

phenomenon generation, diffusion and carriers recombination. 

However, the junction between the emitter and the base create a 

very specific third domain and of very thin layer called space 

charge region (SCR) where there is a strong electric field to 

separate peer-electron holes that reach the junction. 

In addition, some photovoltaic cells comprise a rear face of the 

same doping to the base but very high (p +) compared to the 

latter. It allows the existence of a backfield whose role is to 

return to the base-emitter interface minority carriers generated 

near the back. These are called solar cells back fields or Back 

Surface Field (BSF) [8]. 
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The first region (emitter) and the last (rear face) are the areas that 

can be lit, while the base is the most important area of generation 

of the charge carriers (electrons and holes). 

For connecting the cell to an external load that is to say, for the 

collection of the stream resulting from the light absorption 

(photons), the electrodes-like metal grids are deposited by screen 

printing on both front and rear serving as electrical contacts. 

To improve the solar cell performance these grids must pass the 

maximum luminous flux incident. And an antireflection layer is 

deposited on the front side to increase the amount of light 

absorbed by the cell [9]. 

Since these are charge carriers that are the basis of the operation 

of the solar cell, one of a number of equations is used to study 

their evolution and the parameters of the solar cell depend 

mainly on these carriers. 

The external quantum efficiency or spectral response is inferred 

from the photocurrent by the following expression: 

phJ
EQE

qF
                                                                 (1) 

The external quantum efficiency in the different parts of the solar 

cell, Base, Emitter and space Charge region is given by the 

following total equation: 

T Base Emitter SCREQE EQE EQE EQE            (2) 

 

The study of the solar cell provides a general description of the 

different solar cell parts as the emitter, base and the space charge 

region and some photovoltaic parameters in these parts, by 

knowing the density of minority carriers, the photocurrent and 

the external quantum efficiency. 

 

(B) Study on the anti-refractive coating 

 

We are going to study for the bare silicon-Processing its different 

optical properties, its reflection and its refractive index as the 

refractive index of the appropriate anti-reflective layer silicon 

(Si-Blank). So in that this part we focus on the characteristics of 

some of the factors listed above and the external quantum 

efficiency of the solar cell to the bare silicon and with SCAR. 

 
Fig. 2: Reflection at the interface. 

 

The structure under consideration is Air / SiNx / Silicon 

consisting of a crystalline silicon film (nSi ~ 3.5) is borosilicate, 

n0 = 1 coated with a thin SiNx ARC film in the superstrate 

configuration. The dispersion of silicon and borosilicate 

refractive indexes are neglected. The refractive index varies SiNx 

from 1.9 to 2.3. 

However, to have an opposite phase between the waves reflected 

on both interfaces, it is necessary that the difference of optical 

path between the two waves is equal to a half wavelength. The 

optical path is equal by definition to the distance passed by the 

light multiplied by the refractive index of the medium in which it 

propagates. 

At normal incidence, the difference of optical path between the 

two reflected waves is equal to the optical path brought in the 

layer. This will correspond to twice the thickness of the layer 

multiplied by its refraction index. 

According to the boundary conditions, the field components at 

the first boundary are related to those at the next boundary by the 

following expression: 

The reflection coefficient at the surface of the layer can be 

written as follows [10, 11]: 
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By analogy, the interface ARC / Substrate we have: 
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These two coefficients are equal only if the relations between the 

refractive index are equal: 
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1 0 Sn n n                                                                  (6) 

 

And at normal incidence we only have the difference of margin 

given by: 

2 cosne                                                                 (7) 

 

 With e the thickness of the antireflection layer, n refractive 

index of the layer to be studied and θ represent the incidence 

angle on the interface. 

The thickness of the anti-reflective coating to be used for this 

destructive interference thus depends on the refractive index of 

the material. 

4
e

n


                                                                           (8) 

 

III. RESULTS AND DISCUSSION 

 

(C) Refractive index : Si-Vacuum, SARC 

 

For this study we will take theoretical values of the refractive 

index of the silicon for different wavelength values. These values 

have enabled us to trace the refractive index variation of the  

 

silicon based on the wavelength in the (Figure 4) from the 

equation 9 below Sellmeier which gives the relations between the 
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refractive index, the wavelength, and the anti-reflection layer 

(SiNx / Si) [12]. 
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(D) Reflection coefficient : Si-Vacuum, SARC 

 

The reflection coefficient R bare silicon is given by the 3 and 4 

expression. 

 

R = r² and at normal incidence (θ1 = 0) to give [13]: 
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According to the phase condition, the illumination must be 

centered on a wavelength λ, which indicates an optimum 

thickness for the destructive interference. 

 

In our study we focused on the illumination wavelength λ data 

(300 and 900nm). This will allow us to find the index value of 

the antireflection layer n1 (Figure 2) since it depends on the 

wavelength, the bare silicon (ns) and the t  

 

 

 
 

 

Fig. 3: refractive index variation nSi-Bare silicon and nSiNx 

according to the wavelengths. 

 

In this figure it is seen that the values of the refractive index of 

the silicon is greater than that of silicon nitride. This allows us to 

say that the anti-reflective coating of the deposit will be done 

following the descending clues from bottom to top (AIR / SARC 

(SiNx)/Si). 

 
 

Fig. 4: Coefficient of reflection of bare silicon and a single 

antireflective layer according to the wavelengths 

 

The Figure 4 shows the reflection variation coefficient R of the 

silicon according to the wavelength. Over a wavelength range of 

300 to 580 nm, the reflectance decreases rapidly, it ranges from 

55% to 35%. From 580nm to 860nm this induce becomes small 

up to 33% where it becomes constant for greater than 800 nm 

wavelengths, while for the anti-reflective coating layer of  SiNx / 

Si  the percentage is more or less constant of 14.4% to 10.6% for 

superiors values at 600nm in length. Thus we can say for large 

wavelengths reflection of the bare silicon, is between 33 and 

36%. This shows that the reflection coefficient is significant, 

which may make it less efficient cell. Thus the choice of an 

antireflection coating minimizing the reflection up to 10% is 

necessary because by decreasing this reflection and increasing 

the performance of our solar cell, it we will continue to work on 

the external quantum efficiency of a (SARC). 

 

(E) External quantum efficiency : Si-Vacuum, SARC/Si 

 

Spectral response, particularly the external quantum efficiency, 

to determine the response of the cell as a function of wavelength 

and allows the study of the factors limiting the performance of 

silicon solar cell, thus to represent the spectral response of a 

monocrystalline silicon solar cell we shall at first consider the 

case of a non-coated anti-reflective layer cell to a reference 

wavelength from 300 to 900 nm. Equations 8 and 9 allow to trace 

their specific spectra in Figures 5 and 6.  The same figures show 

the spectral responses difference in cases where the cell is bare or 

with an ARC. This work has allowed us to see clearly the 

difference between the spectral response of bare silicon and the 

silicon with anti-reflective coating. 

 

 1Si Blank Si Blank TEQE R EQE  
                   (12) 

 1SCAR SCAR TEQE R EQE 
                           (13) 

EQESi-Blank: external quantum efficiency silicon (blank) 

EQE: external quantum efficiency SARC 
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RSi-Blank: reflection coefficient of silicon blank 

RSCAR: reflection coefficient of silicon ARC 

EQET: external quantum efficiency total. 

 

 
 

 

Fig. 5: Quantum efficiency spectrum of the SARC (SiNx / Si) 

and silicon (Si-Vacuum) according to the wavelengths (nm). 

 

These curves show the variation of the external quantum 

efficiency (or spectral response) of the bare silicon and silicon 

coated with SARC as a function of the material wavelengths. 

They are obtained by considering a reference wavelength of 800 

nm and the material indexes as well as their optimal thicknesses. 

The analysis brings up two parts: 

For a wavelength range between 400 and 850 nm, it is noted that 

the external quantum efficiency increases for the bare silicon to 

45.75% and the one with higher antireflection layer. This 

increase is explained by the fact that in this wavelength ranges of 

the solar spectrum (400 to 800 nm, visible spectrum), the 

material is more absorbent (the incident photon energy is greater 

than the gap of silicon) .The answer is more important for the 

cell with anti-reflective coating, as it there's a minimum of 

reflection caused by the deposition of a silicon layer. For a 

wavelength range between 850 and 1100 nm that is to say, to the 

rapid visible and progressive decline are noted in spectral 

response can be explained by a very low absorption of incident 

light with photon energies close to the gap of silicon. It is also 

noted for large lengths corresponding waves at lower photon 

energies in the gap of silicon, the spectral response is cancelled. 

However, we note that the performance of SARC is much more 

important than bare silicon with a value of 84.74%. 

 

(F) Influence of the refractive indexes  on the solar cells 

external quantum efficiency 

 

In this Figure 6 the same study is made in the case where the 

reference wavelength is 800 nm. 

 
Fig. 6: Spectrum quantum efficiency SARC (Air/ 

SiNx/Substrate) according to the visible wavelengths. 

 

In this Figure 6 the same study is made in the case where the 

reference wavelength is 800 nm. It is observed the same trend as 

for a reference wavelength of 600 nm and in different variations 

in the refractive index of the materials used 

(1.78 2.82
xSiNn  ). 

The figure 6 show the importance of the refractive index on the 

external quantum efficiency of the monocrystalline silicon solar 

cell. This yield varies depending on the used refractive index. It 

has an external quantum yield going from 45.75% for the bare 

antireflection cell layers to 85% in the case of the solar cell with 

antireflection layers. 

Otherwise, the influence of the refractive indexes and the 

material optimal thicknesses on the spectral response are clearly 

visible in the Figure 6. 

An increase in external quantum efficiency on the specific 

wavelengths is observed in the visible range and to the indices of 

larger refractions. 

IV. CONCLUSION 

This work presents the analysis necessary for the understanding 

of our results. So we say that it is shown from these results that 

the coating of an anti-reflective on solar cells silicon is an 

important step to improve the efficiency of the cells. Indeed, the 

results we have obtained for our coating anti-refractive show that 

the refractive index illustrate an important role in influencing the 

antireflection layers external quantum efficiency of the silicon 

solar cell has 85% and about 50% for (blank) silicon which 

shows the importance for the use of these anti-reflective coatings 

on the solar cell. 
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