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ABSTRACT 

In this paper a simulation study was conducted to improve the 

properties of the cell with a glass / ITO / CdS / Sb2Se3 / Au) using 

SCAPS-1D program and practically manufactured.To find out the 

credibility of the program, a simulation of the practical model was 

performed and we found that there is a very large match between the 

practical and theoretical results.Initially a back surface layer (BSL) was 

added to the base cell (CuO, CuI, CuSCN, PEDOT: PSS, MOSe2) and it 

was found that the best layer that gave good results is (CuO),where 

Conversion efficiency value (16.02%). Then buffer layers (CdS) was 

replaced by other Electron transport layer (ZnO, ZnO: Al, TiO2, V2O5, 

CdO). It was found that the best layer gave good results is (V2O5), 

where the conversion efficiency was increased from (4.78%) to (15.06%) 

for the enhanced cell. The other step was the selection of the best back 

surface layer with the best buffer layer, and thus the conversion 

efficiency was increased to (19.48%) for the composition cell (glass / 

ITO / V2O5 / Sb2Se3 / CuO / Au). Then a second buffer layer was added 

and the effect of the solar cell output was studied. 

1- Introduction 
The urgent need for a low-cost, high-performance 

solar cell has prompted researchers to study new 

absorption materials for photovoltaic applications. In 

recent years, they studied absorption material, an 

antimony selenide (Sb2Se3) as an excellent photo 

absorbent due to its photovoltaic properties such as 

high absorption coefficient (> 105 cm
-1

) and its 

possession Energy gap (1-1.3 eV) In addition to these 

properties, it consists of abundant and non-toxic 

materials [1]. 

In order to increase the performance of the solar cells 

with absorption layer (Sb2Se3), the work of each 

layer of the cell must be studied and for this use the 

(SCAPS-1D) program to model the solar cell layers 

and study all its parameters that effect on 

performance of the device such as thickness , density 

of defects , the movement of carriers and type of 

front and back contact. All these parameters 

contributes to indicating the trend to improve the 

electrical properties of cells[2]. 

One of the most important losses of solar cells (CdS / 

Sb2Se3) is the amount of blue light absorbed by the 

layer (CdS), where the charge carriers cannot be 

collected in this layer due to the high density of 

defects. One solution is to reduce the thickness or 

replace this layer with other layers with a wide 

energy gap such as (ZnO, CdO, V2O5, TiO2, ZnO: 

Al) as it is characterized by its high ability to absorb 

a large amount of wavelengths of light [3]. 

One of the things that is recommended to be added to 

this type of solar cell is a back  reflection layer where 

it works to reflect the photons in force from the 

absorption layer, which increases the concentration 

of charge carriers and reduces the recombination 

,increases the current of photons [4]. 

In this study, the compound (Sb2Se3), the effect of 

BSL  and ETL on short circuit current (Jsc), open 

circuit voltage (Voc), fill factor (F.F.%) and 

conversion efficiency (eff%) been studied 

2- Modeling 
2-1- Numerical simulation in SCAPS -1D: 

SCAPS-1D (solar cell capacitance simulator) is a 

one-dimensional solar cell simulation program, 

developed in Electronics and Information Systems 

(ELIS), University of Gent. The SCAPS is freely 

available for PV research. The user can describe a 
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maximum of seven layers solar cell with different 

properties, such as thickness, optical absorption, 

doping, density and distribution of defects. It is then 

possible to simulate a number of common 

measurements: I-V, QE, C-V, and C-f [5].This 

program has been developed and applied to all solar 

cells, as it is a freely available program. The program 

is based on solving semiconductor equations. We 

begin by writing a equation of Poisson [6]. 

𝛁(𝑬) =
 𝒒

𝜺
( 𝒑 − 𝒏 + 𝑵𝑫

+ − 𝑵𝑨
−) − −𝟏  

Hence the continuity equation that is given by the 

following relationship . 
𝒅𝒏

𝒅𝒕
=

𝟏

𝒒
( 𝜵 (𝑱𝒏 ) + 𝑮𝒏 − 𝑹𝒏 − − − 𝟐  

𝒅𝒑

𝒅𝒕
= −  

𝟏

𝒒
( 𝜵 ( 𝑱𝒑 ) + 𝑮𝒑 − 𝑹𝒑 − − − 𝟑  

Finally, the charge carrier equations for the density of 

propagation current and drift can be obtained from 

the following equations [7]. 

𝑱𝒏 = 𝒒(µ𝒏𝒏𝑬 + 𝑫𝒏 𝜵𝒏 ) − − − 𝟒  

𝑱𝒑 = 𝒒(µ𝒑𝑷𝑬 + 𝑫𝒑 𝜵𝒑 ) − − − 𝟓  

Where (E )electric field (ND, NA) the concentration of 

donors and acceptor, q The charge (G, R) represents 

the rate of carrier generation and (n, p) represents the 

density of electrons and holes and (Jn, Jp) the density 

current for 104lectrons and holes,( D) diffusion 

coefficient.To calculate the total current of the solar 

cell, the following equation was used [8]. 

𝑰 =  𝑰𝒐  [𝒆𝒙𝒑 ( 
𝒒𝒗

𝑲𝑻
) − 𝟏] − 𝑰𝑳 − − − 𝟔  

Where K is the Boltzmann constant, T is the 

temperature measured in Kelvin. To calculate the 

open circuit voltage (Voc) which is at its highest 

value when the current is zero and according to the 

following equation. 

𝑽𝒐𝒄 =
𝑲𝑻

𝒒
 𝑳𝒏  (

𝑰𝑳

𝑰𝒐
− 𝟏) ≈

𝑲𝑻

𝒒
 𝑳𝒏  (

𝑰𝑳

 𝑰𝒐
  ) − − − 𝟕  

Where Io is the saturation current and is calculated 

from the following equation. 

𝑰𝒐 = 𝑫𝑻𝟑𝒆𝒙𝒑 [
−𝑬𝒈

𝑲𝑻
]   = 𝑨 [

𝒒 𝑫𝒆𝒏𝒊
𝟐

𝑳𝒆𝑵𝑨
+

𝒒𝑫𝒉𝒏𝒊
𝟐

𝑳𝒉𝑵𝑫
] − −𝟖  

Eg, the energy gap, (Le, Lh) represents the length of 

diffusion of electrons and holes, A cross-sectional 

area of the diode.The relationship between the short 

circuit current and the open circuit voltage is given 

by the following relationship. 

𝑰𝒔𝒄  =  𝑰𝒐 [𝒆𝒒𝒗𝒐𝒄 𝑲𝑻  ⁄ − 𝟏] − 𝟗  

Where, Voc, Jsc, η, FF are variables and are related 

to each other according to the following equations 

[7].                                          

𝑭𝑭 =
𝑷𝒎𝒂𝒙

𝑷𝒕
=

𝑽𝒎𝒂𝒙  .𝑰 𝒎𝒂𝒙  

𝑽𝒐𝒄 .𝑱𝒔𝒄
− −𝟏𝟎   

𝜼 =
𝑷𝒎

𝑷𝒊𝒏
=  

𝑽𝒐𝒄.𝑱𝒔𝒄 .  𝑭𝑭

𝑷𝒊𝒏
− − − 11   

quantum efficiency is inversely proportional with 

wavelengths, depending on the equation(12). 

   𝑸𝑬 = 𝟏. 𝟐𝟒 
𝑹𝝀

𝝀
-------12 

(Rλ) represents the responsive of back surface layer , 

(λ) the wavelength, FF Fill factor, η cell efficiency, 

Jsc short-circuit current, Voc open circuit voltage , 

Vmax maximum voltage, Imax maximum current, Pmax 

maximum power, Pin input power [9].  

2-2-   Solar cell structure: 

The solar cell structure is composed of ( glass / ITO / 

CdS / Sb2Se3 / Au) as shown in fig.1. ITO is the 

window layer, which is one of the transparent metal 

oxides and has a relatively large energy gap of about 

(3.6 eV). Then it is followed by a buffer p-type CdS 

layer with a suitable energy gap of (2.4eV) and it 

works on tuning Between the window layer and the 

absorption layer. 

Then comes the p-type Sb2Se3 absorption layer, 

which has a relatively small energy gap that has an 

energy gap of about (1.2eV). This cell also has an 

ohmic front contact  and back Schottky gold contact 

with work function of the amount of (5eV)[10]. We 

also do not forget that the cell is deposited on the 

ground of glass and Figure (1) It represents the 

structure of the solar cell. Table (1) shows the values 

of the parameters that were entered on the program to 

study the theoretical  cell performance and compare 

it with the experimental side of the parent cell [11]. 
 

 
Fig. 1: Device structure
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Table 1: The physical parameters of different layer. 
Parameters symbol (unit) Sb2Se3[13] CdS[14] ITO[12] 

Thickness W(µm) 1.5 0.5 2 

Bandgap Eg (eV) 1.2 2.4 3.600 

Electron affinity χ  (eV) 4.04 4.000 4.100 

Dielectric permittivity rϵ 18.000 9.000 10.000 

CB effective density of states 𝑁𝐶(c𝑚−3) 2.2E+18 2.200E+19 2.000E+19 

VB effective density of states 𝑁𝑉(c𝑚−3) 1.8E+19 1.800E+18 1.800E+19 

Electron thermal velocity Vn(cm/s) 1.000E+7 1.000E+7 1.000E+7 
Hole  thermal    velocity VP(cm/s) 1.000E+7 1.000E+7 1.000E+7 
Electron mobility µn(c𝑚2/v.s) 1.5E+1 1.000E+2 5.000E+1 

Hole  mobility µp(c𝑚2/v.s) 5.1E+0 2.500E+1 7.500E+1 

Shallow uniform donor density ND (1/cm3 ) 0 2.000E+17 1.000E+20 

Shallow uniform acceptor density NA (1/cm3) 1.13E+17 0 0 

Coefficient absorption α (1/cm ) 1E+5 SCAPS SCAPS 

 

3- results and Discussion  
3-1-Comparing experimental cell results with 

theoretical results: 

The experimental results of the cell were matched 

with the simulation results in the beginning to ensure 

the reliability of the simulation program, simulation 

was done for practical research [11] using the SCAPS 

-1D program. The results showed a very large match 

between the experimental and theoretical side, as 

shown show in Table (2). 
 

Table 2: A comparison between the experimental and theoretical. 

ƞ% FF% Jsc(mA/Cm
2
) Voc(v) Cell No 

4.89% 0.520 25.78 0.34 (experimental) 1 
4.78% 0.503 26.42 0.36 (theoretical) 2 

 

 

Figure 2: Curved  I-V  for experimental and theoretical work. 
 

3-2: Adding back surface layer(BSL): 

In order to improve the cell ((glass / ITO / CdS / 

Sb2Se3 / Au) we will study the effect of adding 

different layers of back surface layer (BSL) and it 

consists of the following compounds (CuO, CuI, 

CuScN, PEDOT: PSS, MoSe2),with remaining all 

parameters of the cell for the absorption, buffer and 

window layer. Table (3) show the parameters of the 

back surface layer and it is obvious that the inters of 

these layers on the cell will increase the conversion 

efficiency and the fill factor, as the back surface layer 

reflects the photons to the absorption layer, which 

increases the concentration of charge carriers and 

reduces the recombination back layer Thus, the 

connection becomes more ohmic and the photo-

current increases [15]. Figure (3) shows increase 

current and voltage curves after adding the layers of 

reflection (BSL) compared with the cell before the 

improvement. From the Figure (4) we note the extent 

of the change in the voltage open circuit (Voc) and 

the current short circuit (Jsc). Figure(5)shows the 

change in fill factor (FF%) and conversion efficiency 

(η%). where the conversion efficiency increased from 

(4.78%) of the base cell to (16.26%) For the 

enhanced cell. 

Back surface layer that gives best results is (CuO) for 

two reasons. The first is that the sum of the energy 

gap and the electro affinity  is equal to or slightly 

greater than the work function. The greater agreement 

values it gave us less heat energy wast and the second 

reason is that the decrease in value of the electronic 

affinity of back surface layer leads to an increase in 

the potential barrier, which leads to an increase in the 

number of photons reflected from the back 

surface[13]. Table (4) shows the results obtained 

when adding  BSL to the cell basis with all 

parameters remaining constant . 

 



  
 

  
Tikrit Journal of Pure Science Vol. 25 (6) 2020 

 ج

106 

 

 

Table 3: The physical parameters of (BSL). 
Parameters symbol (unit) CuO [4] Cui[14] CuScN[4] PEDOT:PSS[12] MoSe2[10] 

Thickness W(µm) 0.03 0.03 0.03 0.03 0.03 

Bandgap Eg (ev) 2.1 2.98 3.4 2.2 1.4 

Electron affinity χ  (ev) 3.2 2.1 1.9 2.9 4.32 

Dielectric permittivity ϵr 7.11 6.5 10 3 7.29 

CB effective density of states 𝑁𝐶(c𝑚−3) 2.2E20 2.8E18 1.7E19 2.2E15 9E17 

VB effective density of states 𝑁𝑉(c𝑚−3) 5.5E19 1E19 2.5E18 1.8E19 9E20 

Electron thermal velocity Vn(cm/s) 1.000E+7 1.000E+7 1.000E+7 1.000E+7 1.000E+7 
Hole  thermal    velocity VP(cm/s) 1.000E+7 1.000E+7 1.000E+7 1.000E+7 1.000E+7 
Electron mobility µn(c𝑚2/v.s) 3.4 1.7E-4 1E-4 2E-2 25 

Hole  mobility µp(c𝑚2/v.s) 3.4 1.7E-4 1E-1 2E-4 100 

Shallow uniform donor density ND (1/cm3 ) 0 0 0 0 0 

Shallow uniform acceptor density NA (1/cm3) 1E18 1E18 1E18 1E18 5E19 

Coefficient absorption α (1/cm ) 1 E+5 1 E+5 1 E+5 1 E+5 1 E+5 
 

Table 4: Shows the results obtained when adding a back surface layer. 

Material Jsc(mA/Cm
2
) Voc(v) F.F.(%) Eff(%) 

CuO 30.46 0.78 68.35 16.26 

CuI 30.43 0.71 73.99 15.95 

CuScN 30.46 0.71 74.28 16.04 

PEDOT:PSS 30.44 0.71 74.05 15.97 

MoSe2 30.45 0.70 64.74 13.74 

Without BSL 26.42 0.36 50.29 4.78 

 

 
Fig. 3: Curve  I-V  after adding BSL and without BSL. 

 

 
Fig. 4: change in the (Voc) and (Jsc) with BSL. 

 

 
Fig. 5: change in the (F.F) and (η%) with BSL. 

 

by study the effect of energy levels of cells after 

adding the reflection layers (BSL), we notice from 

the Figure. (6) that represents the energy levels of the 

cell before the improvement (glass / ITO / Cds / 
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Sb2Se3 / Au) that there is no potential barrier or that 

the potential barrier has a negative value relative to 

the electrons i.e. It works to attract electrons, which is 

why we note the accumulation of electrons at the 

back surface and increases the possibility of 

recombination[16]. 

As for the Figure. (7), which represents the energy 

levels of the cell that gave the best results (glass / 

ITO / Cds / Sb2Se3 / CuO / Au) that generate a high 

potential barrier for the electrons and a little voltage 

barrier for the holes, which led to reversing the 

direction of the largest number of charge carriers to 

the absorption layer which It greatly improved cell 

parameters[17]. 

Figure.(8) represents the cell that gave the least 

results after adding the reflection layer (glass / ITO / 

Cds / Sb2Se3 / MoSe2 / Au) The presence of a 

potential barrier reflects most of the electrons toward 

the absorption layer, which improved the conversion 

efficiency and voltage open circuit but because of the 

additional potential barrier for the holes with 

Schottky potential barrier where at the point (0.03), a 

cliff like between the absorption layer and the back 

surface layer is generated which gives the least 

improvement from the rest of the added reflection 

layers[18]. 

 

 
Fig. 6: Energy band for cell((glass / ITO / Cds / Sb2Se3 / Au)) before adding BSL. 

 

 
Fig. 7: Energy band for cell (glass / ITO / Cds / Sb2Se3 / CuO / Au) after adding(CuO) BSL. 

 

 
Fig. 8: Energy band for cell (glass / ITO / Cds / Sb2Se3 / MoSe2 / Au) after adding (MoSe2)BSL. 

 

To study the effect of the influence on the quantum 

efficiency (QE), which is defined as the number of 

pairs of an electron hole generated due to the incident 

light on the solar cell. Fig. (9) shows the value of the 

quantum efficiency before and after adding back 

surface layers to the cell. 
Where its value is (2%) at the wavelength (100nm) 

and then increases until it reaches (81%) at the 

wavelength (350nm). The reason is due to the high 

absorption of photons returning from the reflection 

layer, which has long wavelengths and for this we 

note the form of quantum efficiency has become 

closer To the square[19] . which is the ideal case for 

the work of the solar cells. Then they start with a 

gradual decrease until they become zero at the 

wavelength (1050nm). The main reason because low 

diffusion length and absorption is zero at long 

wavelengths.As for the cell before adding back 

surface layers, we notice that the curve of the 

quantum efficiency begins degrease at the wavelength 
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(380nm) and continues until it reaches zero at the wavelength (1050nm). 

 

 
Fig. 9: Wavelength relation with quantum efficiency for BSL and without BSL. 

 

3-2: adding buffer layer (ETL): 
The main role of buffer layer in the solar cells with 

absorption layer (Sb2Se3) is to form an interface with 

the absorption layer. Its allow passage maximum 

amount of light to absorption layer [20,21]. This layer 

should have the least amount loss of absorption and 

be able to take out photo generated carriers that were 

created using the least amount of recombination 

losses, and transfer them to the outer circuit with 

minimum of electrical resistance. For high 

performance photovoltaic with minimal resistance 

loss. It is preferable that the energy gap of the buffer 

layer be high in order for the series  resistance to 

remain low. buffer layer should be improved because 

it aligns energy gap between Sb2Se3 and ITO [22]. 

compounds (ZnO, ZnO: Al, TiO2, V2O5, CdO) can be 

used as a buffer layer with an energy gap between 

(2.28-3.33eV). Table(5) shows the values of the 

parameters of the buffer layer used in a simulation. 

 

Table 5: The physical parameters of (ETL). 
Parameters symbol (unit) Zno[23,24] ZnO:Al[23] TiO2[25] V2O5[26] CdO[27] 

Thickness W(µm) 0.5 0.5 0.5 0.5 0.5 

Bandgap Eg (ev) 3.3 3.3 3.2 2.3 2.28 

Electron affinity χ  (ev) 4.2 4.2 4 3.99 4.5 

Dielectric permittivity ϵr 9 9 100 4.28 5.3 

CB effective density of states 𝑁𝐶(c𝑚−3) 2.2E18 3E18 1E21 2.2E18 2.2E18 

VB effective density of states 𝑁𝑉(c𝑚−3) 1.8E19 1.8E19 2E20 1.8E19 1.8E19 

Electron thermal velocity Vn(cm/s) 1E7 1E7 1E7 1E7 1E7 

Hole  thermal    velocity VP(cm/s) 1E7 1E7 1E7 1E7 1E7 

Electron mobility µn(c𝑚2/v.s) 100 100 0.06 1.26 146 

Hole  mobility µp(c𝑚2/v.s) 25 30 0.06 34.5 39.5 

Shallow uniform donor density ND (1/cm3 ) 1E18 5E19 1E16 1E19 1E22 

Shallow uniform acceptor density NA (1/cm3) 0 0 0 0 0 

Coefficient absorption α (1/cm ) 1E5 1E5 1E5 1E5 1E5 
 

The composition of solar cells (Sb2Se3) was studied 

with different buffer layers to obtain the best 

performance of the solar cells, where an improvement 

in the output values (Voc, Jsc, FF, eff) was observed. 

we note a difference in values where the best cell 

gave good results with Composition (glass / ITO / 

V2O5 / Sb2Se3 / Au). That mean (V2O5) improved the 

interface with the absorption layer, and it has higher 

current carriers in a short wavelength region where it 

has an energy gap (2.3eV),so it absorbs photons with 

a wavelength Less than (450nm) which covers 

approximately 21% of the solar spectrum. Therefore 

it represents a transparent layer for wavelengths 

greater than (450nm), which forms the main part of 

the solar spectrum[26]. Table (6) shows the values of 

the solar cell's outputs to which buffer layers are 

added. Figure (10) shows how the voltage and current 

curves are affected after replacement  (CdS) layer in 

the original cell. Figure (11) represents the energy 

band of the cell that gave the best results (glass / ITO 

/ V2O5 / Sb2Se3 / Au). Figure (12) shows the energy 

band of the cell that gave the lowest level of 

conversion efficiency (glass / ITO / ZnO / Sb2Se3 / 

Au). 
 

Table 6: shows the results obtained when adding a back surface layer. 

Material Jsc(mA/Cm
2
) Voc(v) F.F.(%) Eff(%) 

ZnO 26.32 0.46 64.17 8.32 

ZnO:Al 28.45 0.67 72.1 13.7 

TiO2 25.67 0.6 70.11 10.84 
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V2O5 26.818 0.76 73.92 15.06 

CdO 26.25 0.52 67.35 9.17 

 

 
Fig. 10: Curve  I-V  after changing ETL and with(CdS). 

 

 
Fig.11: energy band of the cell(glass / ITO / V2O5 / Sb2Se3 / Au). 

 

 
Fig. 12: energy band of the cell(glass / ITO/ ZnO / Sb2Se3 / Au). 

 

Figure (13) represents the quantum efficiency (QE%) 

of the cells after optimization in comparison with the 

original cell, where we notice that the change 

occurred between the confined area (375nm-539nm). 

This change is due to the energy gap of the buffer 

layers confined between (2.2eV-3.3eV). equation(12) 

.That is, buffer layers are transparent with respect to 

the wavelength which is greater than (539nm), and 

this allows the absorption of largest number of 

photons reach  to the absorption layer[10] . 

 

 
Fig: 13: Wavelength relation with quantum efficiency for different buffer layer. 
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3-3: Choose the best cell after adding the 

Reflection and buffer layers: 
After studying adding layers of the BSL, we notice 

that the cell with the structure (glass / ITO / Cds / 

Sb2Se3 / CuO / Au) gave the best results to the cell 

outputs shown in the figure (14). Then after making a 

change of the buffer layers to the original cell and 

replacing the layer (CdS) with layers (ZnO, ZnO: Al, 

TiO2, V2O5, CdO) cell (glass / ITO / V2O5 / Sb2Se3 / 

Au) was selected, which gave the best results for the 

buffer layers[9]. Figure (15) shows the behavior of 

the current and voltage curves, where the short circuit 

current (30.52 mA / Cm
2
), the open circuit voltage 

(0.83 V). As for the fill factor (F.F.) it has a value of 

(76.22%) and conversion efficiency (η%) whose 

value has become (19.48). Figure (16) represents the 

quantum efficiency (QE), and Figure (17) represents 

the enhanced cell energy band[16]. 
 

 

Fig. 14: Device structure with best BSL and ETL. 

 

 
Fig. 15:  I-V curve for the best cell. 

 

 
Fig. 16: Wavelength relation with quantum efficiency 

for the best cell. 

 
Fig. 17: Energy band diagram  for the best cell. 

 

3-4:Double buffer layers: 

Buffer layer (V2O5) was added which gave the best 

results by having the best back surface layer (CuO) 

for the tested cells to see the extent to which the 

outputs of the cell were effected. The same 

compounds were used while maintaining the 

thickness of the buffer layer (0.5µm) in other words, 

each of buffer layers with Thickness (0.25µm), with 

remaining cell parameters constant .Tabel (7) shows 

the output of the solar cells before adding two buffer 

layers and after addition. Figure (18) represents the 

current and voltage curves, Figure (19) the amount of 

quantum efficiency. From observing results we found 

that the effect of adding two matching layers with the 

same thickness of the original layer reduced the 

conversion efficiency and the scientific explanation is 

for the difference in the value of the electronic 

affinity for buffer layers and the appear a cliff area 

between the buffer and absorption layer[27]. This led 

to obstruction the movement of electrons towards 

absorption layer . Figure (20) Shows energy bands for 

the valence and conduction band. 
 

Table 7: shows the results obtained when adding double ETL . 

ƞ% FF% J(mA/Cm
2
) V(v) cells NO. 

19.48 76.22 30.52 0.83 glass / ITO/V2O5 / Sb2Se3 / CuO/Au(before) 1 
18.4 75.62 30.16 0.81 glass / ITO/TiO2 / V2O5 / Sb2Se3 / CuO/Au 2 
18.4 75.31 30.15 0.81 glass / ITO/CdO / V2O5 / Sb2Se3 / CuO/Au 3 

18.47 75.67 30.25 0.81 glass / ITO/ZnO:Al / V2O5 / Sb2Se3 / CuO/Au 4 
18.41 75.63 30.16 0.81 glass / ITO/ZnO / V2O5 / Sb2Se3 / CuO/Au 5 
18.41 75.63 30.16 0.8 glass / ITO/V2O5 / V2O5 / Sb2Se3 / CuO/Au 6 
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Fig. 18: I-V for the cell having dubel ETL. 

 

 
Fig. 19: Wavelength relation with quantum efficiency for the cell having dubel ETL. 

 

 
Fig. 20: Energy bande digrame for the cell having dubel ETL . 

 

4- Conclusions 
The (ITO /CdS/Sb2Se3/Au) cell was simulated by the 

SCAPS-1D program and compared with an 

experimental results. Found a very large convergence 

between the experimental and theoretical results. 

Then was improved the theoretical cell by added BSL 

to the cell .saw efficiency increase because back 

reflection layer increase the voltage barrier and 

increase the number of photon reflected toward 

absorber layer. Then was added buffer layer to 

increase the efficiency because it allowed photons to 

pass through to the absorption layer. Then we 

inserted the best buffer layer with the best reflection 

layer in the optimized cell so the efficiency increase 

from (4.78%)to(19.48%) .then was added double 

buffer to the cell, we saw decrease efficiency from 

(19.48%)to (18.4%)because a cliff will be happened 

between buffer and absorber layer.   
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 Sb2Se3دراسة محاكاة السطح الخلفي وطبقات نقل الالكترونات على الخلية الشمسية 
 معمر عبد العزيز كامل , صبري جاسم محمد

 ,‏كلية‏التربية‏للعلوم‏الصرفة‏,‏جامعة‏تكريت‏,‏تكريت‏,‏العراق‏قسم‏الفيزياء

 

 الملخص
‏SCAPS-1Dباستخدام‏برنامج‏‏(‏(glass/ITO/CdS/Sb2Se3/Auذات‏التركيب‏‏الخليةتم‏في‏هذا‏البحث‏اجراء‏دراسة‏محاكاة‏لتحسين‏خواص‏

في‏‏.والنظرية‏العملية.‏لمعرفة‏مدى‏مصداقية‏البرنامج‏تم‏اجراء‏محاكاة‏للنموذج‏العملي‏ووجدنا‏هناك‏تطابق‏كبير‏جدا‏بين‏النتائج‏المصنعة‏عملياو‏
ووجد‏انه‏افضل‏طبقة‏أعطت‏‏(CuO,CuI,CuScN,PEDOT:PSS,MoSe2)‏للخلية‏الأساس‏(BSL)ئ‏الامر‏تم‏إضافة‏طبقة‏انعكاس‏خلفيباد

‏) ‏هي ‏جيده ‏)CuOنتائج ‏التحويل ‏كفاءة ‏قيمة ‏بلغت ‏الموائمة‏بعدها‏تم‏.(16.02%( ‏طبقة ‏أخرى‏‏(ETL)‏استبدال بطبقات
(ZnO,ZnO:Al,TiO2,V2O5,CdO‏)‏وجد‏انه‏افضل‏طبقة(أعطت‏نتائج‏جيدة‏هي‏V2O5(‏حيث‏ازدادت‏كفاءة‏التحويل‏من‏)‏الى‏4.78%)
‏15.06%) ‏الخطو‏‏للخلية( ‏التحويل‏‏ةالمحسنة. ‏كفاءة ‏قيمت ‏ارتفعت ‏وبهذا ‏موائمة ‏طبقة ‏افضل ‏مع ‏للانعكاس ‏طبقه ‏افضل ‏اختيار ‏تم الأخرى

.تم‏بعدها‏إضافة‏طبقة‏موائمة‏ثانية‏وتم‏دراسة‏مدى‏تاثرمخرجات‏‏(glass/ITO/V2O5/Sb2Se3/CuO/Au)(‏للخلية‏ذات‏التركيب‏%19.48الى)
‏الخلية‏الشمسية‏.

 

    

 


