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ABSTRACT 

The ZnO/ZnS/ CNTS solar cell was studied using SCAPS-1D 

simulation. The cell efficiency was 9.38% and to improve the cell a back 

reflection layer (BSL) was added, so the conversion efficiency increased 

to 10.65% and we entered buffer layers, thus the cell structure became 

ZnO / Buffer / CNTS the conversion efficiency increased to 10.78%. It 

turns out that the effect of the buffer layer is greater than the reflection 

layer. The best cell was ZnO/CdS/CNTS/Cu2O and the conversion 

efficiency was 12.09%, fill factor 62.98%, short circuit current 20.01 

mA/cm
2
 finally open circuit voltage 0.95V. 

 

 

Introduction 
Semiconductors absorb photons that have more 

energy than the forbidden energy gap and lose excess 

energy by thermal, radioactive, or non-radioactive 

processes, there are efforts to increase their efficiency 

by achieving the manufacture of various solar cells 

[1]. The interest of researchers for several decades 

brought the use of compounds (CIGS), (CdTe) in the 

manufacture of thin films of solar cells because these 

materials are characterized by high efficiency and in 

return. Their cost is high and occupies a wide area, 

some are rare and others are toxic, so researchers 

sought to replace them with other materials, and they 

found alternative materials such as (CZTS) 

compound and they are non-toxic and available and 

possess good electrical and optical properties and can 

study new compounds and that by replacing (Zn) with 

elements (Ni, Fe, Cd, Be, Mg, Mn) and other 

elements called Chalcogenide quaternary they 

available in the Earth's crust low cost when produced 

are non-toxic and have energy gaps close to the ideal 

value and have a high absorption coefficient [2 , 3]. 

Therefore, increased interest in these materials and 

their excellent optical and electrical properties for 

making thin films.  

The compound Cu2NiSnS4 (CNTS) is one of the 

important compounds because of its distinctive 

characteristics, as it possesses a direct energy gap 

(1.45-1.74eV). It is close to the ideal gap and is 

available in the earth's crust, non-toxic, p-type, has a 

high absorption coefficient and has the ability to 

absorb the spectrum Solar and the compound can be 

prepared using a spin coating or dipping coating and 

other methods, so it is one of the candidate 

compounds for the manufacture of solar cells [4,5]. 

We will in this research study (CNTS) Copper, 

nickel, tin and sulfur as a absorption layer and 

compare the experimental results with the simulation 

results and the possibility of improving the 

characteristics of the cell through add a back 

reflection layer and buffer layer to get a highly 

efficient cell. 

Modeling 
Numerical simulation SCAPS 

Modeling can be done using the SCAPS program, a 

one-dimensional solar cell simulation program 

designed at the University of Gent in Belgium to 

simulate traditional crystalline materials for 

semiconductor CIGS and CdTe. The user can 

describe a cell with a maximum of seven layers for 

different properties such as optical absorption, 

thickness, doping concentrate, energy gap and other. 

The spectral responses are determined and can be 
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calculated in the dark and in the light. This program 

has been developed and applied to all solar cells. It is 

a freely available program. The program depends on 

solving Poisson equation [6]. 

∇(𝐸) =
 𝑞

𝜀
( 𝑝 − 𝑛 + 𝑁𝐷

+ −  𝑁𝐴
−) … .1  

Where 𝑞  is elementary charge, E is the electrical 

field, n is density of electrons, p is density of holes, ε 

is the permittivity of the absorber, ND is donor 

concentration and NA acceptor concentration.   

Then the continuity equation that is given by equation 

[7]. 
𝑑𝑛

𝑑𝑡
=

1

𝑞
( ∇ (𝐽𝑛 ) + 𝐺𝑛 − 𝑅𝑛 … .2  

𝑑𝑝

𝑑𝑡
= −  

1

𝑞
( ∇ ( 𝐽𝑝 ) + 𝐺𝑝 − 𝑅𝑝 … . .3  

Where 𝐺𝑛 is electron generation rate ,Gp is hole 

generation rate,  𝐽𝑛  is electron current density , 𝐽𝑝  

hole current density , 𝑅𝑛 is electron recombination 

rate and R𝑝 hole recombination rate. 

The charge carrier equations for diffusion and drift 

current can be obtained from the following equations 

[8]. 

𝐽𝑛 = 𝑞(µ𝑛𝑛𝐸 + 𝐷𝑛 ∇𝑛 ) … . .4  

𝐽𝑝 = 𝑞(µ𝑝𝑃𝐸 + 𝐷𝑝  ∇𝑝 ) … . .5  

Where D is the diffusion constant, µn (µp) is Electron 

(hole) mobility. 

To measure the quality of the photovoltaic cells the 

fill factor FF,  short circuit current Jsc, voltage circuit 

open Voc and conversion efficiency η as these 

variables are related to each other with the following 

equations [8]. 

𝐹𝐹 =
𝑃𝑚𝑎𝑥

𝑃𝑡
 = 

𝑉max  .𝐼 𝑚𝑎𝑥  

𝑉𝑜𝑐 .𝐽𝑠𝑐
  …..6 

𝜂 =
𝑃𝑚

𝑃𝑖𝑛
=  

𝑉𝑜𝑐.𝐽𝑠𝑐 .  𝐹𝐹

𝑃𝑖𝑛
 ……7 

It can be determined the age of minority carriers 

which is the average time needed to recombine 

minority carriers and is associated with the traps and 

recombine with the following relationship [9]. 

τ =  
1

𝜎𝑉𝑡ℎ𝑁𝑡
 … … 8  

τ =  
∆n

R
… … .9  

Where Nt is defects concentration, τ is minority 

carrier life time, Vth is Thermal speed, R is 

recombination rate, ∆n is excess minority carrier 

concentration and σ is conductivity. 

Solar cell structure 

The CNTS / ZnS / ZnO solar cell is composed of the 

ZnO window layer of transparent metal oxides having 

a relatively large energy gap, then followed by the 

ZnS buffer layer and has a suitable energy gap for the 

absorption layer gradation with penetration, and then 

the CNTS absorption layer that has a relatively small 

energy gap. The front and back contact is Ohmic so 

that we get the lowest energy loss [10]. The cell shall 

be on the ground of the glass. Table (1) the defect 

values to be entered in the absorption layer of the 

SCAPS program to study the cell performance and 

table (2) gives the values of the program parameters 

and We took the series resistance (4.76 Ωcm
2
) and the 

shut resistance (980 Ωcm
2
) and the temperature (300 

k). Figure (1) shows the structure of the solar cell. 
 

flat bands  (front) 

ZnO  Windows Layer 

buffer Layer ZnS 

absorption Layer CNTS 

(back) flat bands 

glass 

Fig. 1: The installation of solar cells. 
 

To enhance the efficiency of solar cells the following 

facts must be addressed: 

 Adding different layers of back reflection to 

increase cell efficiency. 

 Adding various buffer layers to improve cell 

performance. 

Combine the best reflection layers with the best 

buffer layers to get the best cell.  
 

Table 1: defects value in the cell. 
Defect properties Interface defect 

p-CNTS/n-ZnS 

Energy level with respect to reference (eV) 0.6 

Total density Nt (cm-2) 1.0× 10 12  

Capture cross section area of electrons (cm2)δe 1.0× 10 -15 

Capture cross section area of holes (cm2)δh 1.0× 10 -15 

 

Table 2: Physical parameters for the basis cell layers. 
Parameters lobmys (tinu)  CNTS 

[11] 

ZnS 

[12] 

ZnO 

[7] 

Thickness W(µm) 4 0.1 0.1 

Bandgap Eg (ev) 1.74 3.3 3.3 

Electron affinity χ (ev) 3.87 4.4 4.5 

Dielectric permittivity 𝜀𝑟 9 10 9 

CB effective density of states 𝑁𝐶(c𝑚−3) 2.2× 1018 1.8× 1018 2.2× 1018 

VB effective density of states 𝑁𝑉(c𝑚−3) 1.8× 1019 1.8× 1019 1.8× 1019 

Electron thermal velocity Vn(cm/s) 1.0× 107 1.0× 107 1.0× 107 

Hole  thermal    velocity VP(cm/s) 1.0× 107 1.0× 107 1.0× 107 

Electron mobility µ
n
(c𝑚2/v.s) 11 100 100 

Hole  mobility µ
p
(c𝑚2/v.s) 11 25 25 

Shallow uniform donor density ND (1/cm3 ) 0 1.0× 1015 1.0× 1015 

Shallow uniform acceptor density NA (1/cm3) 1.0× 1017 0 0 
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Result and discussion 
Device optimization 

The solar cell was simulated to achieve the optimum 

performance of CNTS solar cells by analyzing the 

energy diagram and adding a number of layers of 

back reflection and buffer layers with changing the 

doping rates of the layers added to achieve the best 

performance. 

Energy band diagram 

The CNTS / ZnS / ZnO solar cell energy diagram is 

given in figure (2) in the presence of light and it has 

been obtained through the SCAPS program. Through 

the diagram, it is possible to see the gap separation 

from the CNTS absorption layer due to the valance 

band offsets (VBO) between CNTS/ZnS while the 

movement of electrons at the back contact is stopped 

by the effect of the conduction band offsets (CBO) at 

the absorption layer. The energy gap of the 

absorption layer is within the visible spectrum, which 

increases the amount of energy-absorbed photons.  
 

 
Fig. 2: Energy band diagram. 

 

J-V dark and light characteristics of solar cell 

The program was run in the dark and light, to know 

the characteristic of the diode and figure (3) shows 

the properties of the curve (I-V) because the dark 

current is very small and is a result of the thermal 

activation energy of the minority carriers. When 

lighting the solar cell creates an electron-hole pair 

from incident photons that have energy of equal to 

the energy gap of the solar cell. 
 

 
Fig. 3: Dark and illuminated (J-V) of photovoltaic cell. 

3-2- The effect of the back reflection layer 

In order to further improve the studied cell ZnO / ZnS 

/ CNTS  we study the effect of adding different layers 

of reflection back (BSL) and consist of the following 

compounds (MoSe2, SnS, CdTe, Si, ZnTe, Cu2O, 

CuO, CuSbS2, MoS2, CISe, CIGS , CZTS, CZTSe, 

CFTS, CBTS , CZTSSe, and Cu2Te) we stabilize  cell 

parameters and then add the back reflection layers  

with the doping concentrate changed only and figure 

(4,a) shows the conversion efficiency of cell   

different reflection layers that the best back reflection 

layers are (Cu2O, CBTS , ZnTe ) the reason for the  

emergence of a positive conduction band offsets 

between the reflection and absorption layer In the 

form of spike that prevents recombination and 

increases cell efficiency [9]. Then the efficiency 

begins with a gradual descending. Electron affinity 

and the energy gap are important parameters that 

determine the conduction band offsets if there is a 

cliff between the absorption reflections layer the cell 

performance decreases. The conduction band offsets 

can be found by the following equation. 
𝐶𝐵𝑂 =  ∆𝐸𝑐 =  𝜒𝐴𝑏𝑠𝑜𝑟𝑏𝑒𝑟𝑠 −  𝜒𝑅eflection … .10   

Where 𝜒𝐴𝑏𝑠𝑜𝑟𝑏𝑒𝑟𝑠 𝑎𝑛𝑑𝜒𝑅eflection is electron affinity 

absorbers and reflection and CBO (∆𝐸𝑐 ) is 

conduction band offsets. 

There is a second equation to find the valance band 

offsets                                                               

𝑉𝐵𝑂 =  ∆𝐸𝑣 =  [𝜒𝐴𝑏𝑠𝑜𝑟𝑏𝑒𝑟 + 𝐸𝑔(𝐴𝑏𝑠𝑜𝑟𝑏𝑒𝑟) ] −

 [𝜒Reflection +  𝐸𝑔(𝑅𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛)] … .11  

The figure (4,a) represents the values of the energy 

gap and the electron affinity, so we note that the 

reflection layers that have more energy gap than the 

energy gap of the absorption layer (conduction band), 

they have higher efficiency. CFTS generates a small 

value Spike compared to Cliff, so its efficiency will 

decrease, and as we have shown previously Cliff 

reduces cell performance. Other layers have Cliff and 

cell efficiencies decrease as Cliff increases. Figure 

(4,b) which shows the of the electron affinity and the 

energy gap for all materials. Figure (4,c) shows the 

conduction band offsets and valance band offsets. 

Table (3) shows the physical parameters of the 

different layers of the back reflection. 
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Table 3: The physical parameters of the different layers of the back reflection 
CIGS   

[22] 

CISe 

[21] 
MoS2 

[20] 
CuSbS2 

[19] 
CuO 

[18 
Cu2O[18] ZnTe 

[17] 
Si 

[16] 
CdTe 

[15] 
SnS 

[14] 
MoSe2 

[13] 
lobmys 

(tinu)  
Parameters 

1.05 1 1.7 1.5 1.51 2.17 2.19 1.12 1.45 1.1 1.060 Eg (ev) Band gap 
4.14 4.5 4.2 4.5 4.07 3.2 3.73 4.05 4.28 4.2 4.372 χ  (ev) Electron 

affinity 
10 13.6 13.6 10 18.1 7.11 10.3 11.9 9.4 12.5 13.6 𝜀𝑟 Dielectric 

permittivity 

1.0×
1018 

2.2×
1018 

2.2×
1018 

2.2×
1018 

2.2×
1019 

2.0×
1017 

1.17×
1018 

2.58
× 1019 

7.5×
1017 

1.0
× 1019 

2.2×
1018 

𝑁𝐶(c𝑚−3) CB effective 
density of 

states 

1.0×
1018 

1.8×
1018 

1.8×
1019 

1.8×
1019 

5.5×
1020 

1.1×
1019 

1.16×
1019 

2.65
× 1019 

1.8×
1019 

4.13
× 1019 

1.8×
1019 

𝑁𝑉(c𝑚−3) VB effective 

density of 

states 
1.0×
107 

1.0×
107 

1.0×
107 

1.0×
107 

1.0×
107 

1.0× 107 3.2×
107 

1.0
× 107 

1.0×
107 

1.0
× 107 

1.0
× 107 

Vn(cm/s) Electron 

thermal 
velocity 

1.0×
107 

1.0×
107 

1.0×
107 

1.0×
107 

1.0×
107 

1.0× 107 1.5×
107 

1.0
× 107 

1.0×
107 

1.0
× 107 

1.0×
107 

VP(cm/s) Hole  

thermal    
velocity 

30 40 100 100 100 200 330 1350 500 25 100 µ
n
(c𝑚2/v.s) Electron 

mobility 

15 10 25 25 0.1 80 80 450 60 100 25 µ
p
(c𝑚2/v.s) Hole  

mobility 

0 0 0 0 0 0 0 0 0 0 0 ND (1/cm3 ) Shallow 

uniform 

donor 
density 

1.0×
1022 

1.0×
1020 

1.0×
1020 

1.0×
1020 

1.0×
1022 

1.0×
1019 

1.0×
1020 

1.0
× 1022 

1.0×
1021 

1.0
× 1022 

1.0×
1015 

NA (1/cm3) Shallow  

uniform 
acceptor 

density 

 

Table Supplement (3) 
Cu2Te 
[25] 

CZTSSe 
[12] 

CBTS 
[7] 

CFTS 
[24] 

CZTSe 
[23] 

CZTS [23] lobmys (tinu)  Parameters 

1.18 1.3 1.9 1.3 0.95 1.5 Eg (ev) Bandgap 
4.2 4.1 3.6 3.3 4.35 4.5 χ  (ev) Electron affinity 
10 13.6 5.4 9 13.6 10 𝜀𝑟  Dielectric permittivity 

7.8× 1017 2.2× 1018 2.2× 1018 2.2× 1018 2.2× 1018 2.2× 1018 𝑁𝐶(c𝑚−3) CB effective density of states 

1.6× 1019 1.8× 1019 1.8× 1019 1.8× 1019 1.8× 1018 1.8× 1019 𝑁𝑉(c𝑚−3) VB effective density of states 
1.0× 107 1.0× 107 1.0× 107 1.0× 107 1.0× 107 1.0× 107 Vn(cm/s) Electron thermal velocity 
1.0× 107 1.0× 107 1.0× 107 1.0× 107 1.0× 107 1.0× 107 VP(cm/s) Hole  thermal    velocity 
500 100 30 21.98 100 100 µ

n
(c𝑚2/v.s) Electron mobility 

100 25 10 21.98 25 25 µ
p
(c𝑚2/v.s) Hole  mobility 

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

1.0× 1022 1.0× 1022 1.0× 1020 1.0× 1022 1.0× 1022 1.0× 1020 NA (1/cm3) Shallow  uniform acceptor density 

 

 

 
Fig. 4, a: Shows the conversion efficiency of cell   

different reflection materials. 

 

 
Fig. 4, b: Shows the sum of the electronic affinity and 

the energy gap for all materials. 
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Fig. 4, c: Offsets of conduction and valance band values 

after adding the back reflection layer 
 

The effect of the buffer layer 

Various buffer layers were added to the improved cell 

after ZnO / ZnS / CNTS as the cell parameters 

stabilized, so the change will only be in the buffer 

layer in   layer type and impurity concentration. It 

turned out that the buffer layer had a significant effect 

on the properties of the cell due to the large 

difference in the energy gap between the absorption 

and window layers [26]. And compounds that were 

added as an buffer layer (SiC, V2O5, TiO2, ZnSe, 

CdS, In2S3) were the best buffer layers (TiO2, V2O5, 

CdS) the reason for the high efficiency of CdS, V2O5 

and TiO2 to be  the negative conduction band offsets 

which helps to return electrons and increase 

efficiency [27]. Table (4) shows the basic parameters 

of the buffer layer and figure (5,a) show offsets 

conduction and valance band values after adding the 

buffer layer and figure (5,b) the values of the 

electronic affinity and the energy gap for the various 

buffer material. It appears that the buffer layers 

constitute with the absorption layer a cliff in the 

conduction band offsets that possesses a large 

conversion efficiency, especially if the conduction 

band offsets of the medium-value as in CdS. But that 

the conduction band offsets is less than the window 

layer is Its efficiency is very low as shown in figure 

(5,c) for SiC energy band diagram and the figure 

(5,d) shows conversion efficiency after adding the 

buffer layers and the cell structure as follows ZnO / 

ZnS / Buffer / CNTS. 

 

Table 4: The physical parameters of the different layers of the buffer. 
SiC 

[30] 
V2O5 

[25] 
ZnSe 

[29] 
In2S3 

[20] 
CdS 

[28] 
TiO2 

[24] 
lobmys (tinu)  Parameters 

2.3 2.3 2. 9 2.8 2.4 3.2 Eg (ev) Band gap 
3.8 3.99 4.09 4.7 4.5 3.86 χ  (ev) Electron affinity 
9.72 4.28 10 13.5 9 9 𝜀𝑟  Dielectric permittivity 

4.8× 1015 2.2× 1018 1.5× 1018 2.2× 1017 1.8× 1019 1.8× 1019 𝑁𝐶(c𝑚−3) CB effective density of states 

3.2× 1015 1.8× 1019 1.8× 1019 1.8× 10 19 2.4× 1018 2.4× 1018 𝑁𝑉(c𝑚−3) VB effective density of states 
1.0 × 107 1.0 × 107 1.0 × 107 1.0 × 107 1.0 × 107 1.0 × 107 Vn(cm/s) Electron thermal velocity 
1.0 × 107 1.0 × 107 1.0 × 107 1.0 × 107 1.0 × 107 1.0 × 107 VP(cm/s) Hole  thermal    velocity 
900 1.26 50 100 100 100 µ

n
(c𝑚2/v.s) Electron mobility 

40 34.5 20 25 25 25 µ
p
(c𝑚2/v.s) Hole  mobility 

1.0× 1021 1.0× 1017 1.0× 10 17 1.0× 1022 1.0× 1021 1.0× 1017 ND (1/cm3 ) Shallow uniform donor density 

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

 

 
Fig. 5,a: Offsets conduction and valance band values 

after adding the buffer layer. 

 

 
Fig. 5, b: Shows the sum of the electronic affinity and 

the energy gap for all materials. 

 

 
Fig. 5, c: Energy band diagram of SiC layer. 

 

 
Fig. 5, d: The conversion efficiency of all cells after the 

addition of the buffer layer. 
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The results of the buffer and reflection layers  

To obtain the best cells we simulate the buffer layers 

(V2O5, CdS, In2S3, ZnSe, ZnTe, and TiO2) with the all 

back reflection layers. Figure (6) results obtained 

from simulation and it is shown that cells containing 

CdS buffer layer have high conversion efficiency and 

the worst efficiency that have SiC buffer layer. 
 

 
Fig.6, a: Results of solar cells after adding all the BSL 

with ZnSe layer. 
 

 
Fig. 6, b: Results of solar cells after adding all the BSL 

with CdS layer. 
 

 
Fig. 6, c: Results of solar cells after adding all the BSL 

with TiO2 layer. 
 

 
Fig. 6, d: Results of solar cells after adding all the 

BSL with V2O5 layer. 

 

 
Fig. 6, e: Results of solar cells after adding all the BSL 

with In2S3 layer. 

 

 
Fig. 6, F: Results of solar cells after adding all the BSL 

with SiC layer. 
 

Study the properties of the best resulting cells: 

Comparison of the properties of Curve (J-V)  

To study the properties of a current voltage curve we 

enter the parameters of each cell on the SCAPS 

program. The comparison of cells in table (7) that 

show how to improve the efficiency of the solar cell it 

shows a comparison between Cell before 

optimization and the cell parameters by adding the 

best back reflection layer Cu2O and then the best cell 

by adding a buffer layer CdS and finally represents 

the best cell after adding the Cu2O back reflection 

layer and CdS buffer layer and figure (7) shows the 

relationship of voltages with current for all cells in 

table (5) those values.  
 

Table 5: Theoretical cells and the best results obtained 

from the study. 
S Cell V(v) J(ma/cm2) FF % η % 

1.  ZnO/ZnS/CNTS  0.75 18.28 67.92 9.38 

2.  ZnO/ZnS/CNTS/Cu2O  (BSL) 0.75 20.66 67.92 10.65 

3.  ZnO/ZnS/CdS/CNTS (Buffer) 0.93 18.01 63.93 10.78 

4.  ZnO/ZnS/CdS/CNTS/Cu2O 0.95 20.01 62.98 12.09 

 

 
Fig. 7: The reaction of current with voltage for several 

cells. 
 

Energy diagram 

We notice from figure (8) the four states of the 

energy level shows the states of the conduction band 

and the valence band with a Fermi level of electrons 

and holes and we note the gradient of the window and 

buffer layer because the electron affinity and the 

energy gap for both layers are converging and we 

notice. The first case as in figure (8,a) Cliff between 

the absorption and buffer layer conduction band due 

to the difference of the electron affinity and the 

energy gap between them and as shown in table (1). 

The second case as shown in figure (8, b) higher 

potential barrier will be generated between the two 

contacting layers and varies according to the type of 

the two layers and the parameters of the layers, so the 

positive conduction band offsets (+ CBO) it occurs in 

which the back reflection is Spike than the absorption 

layer and this leads to an decrease in recombination. 

This leads to the return of electrons reduces 
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recombination and increases the efficiency of the 

solar cell. The three case as shown in figure (8, c) 

when adding a layer of buffer that creates Cliff in the 

energy diagram leads to an increase in the number of 

holes because it reflects the holes and returns them to 

the absorption layer so that it increases the conversion 

efficiency [4]. The last case as in figure (8, d) 

showing energy levels. When the cell is add 

reflection and buffer layers ZnO / CdS / CNST / 

Cu2O will appear Cliff between CNTS/CdS and spike 

between Cu2O/CNTS due to the affinity and energy 

gap. 

 

 
Fig. 8: Energy diagram (a) Cell before optimization (b) The cell after adding the reflection layer (c) The 

cell after adding an buffer layer (d) The cell after adding the reflection and buffer layer. 
 

Quantum Efficiency 

The number of pairs of electron- hole caused by the 

light falling on the cell. Figure (9) shows the quantum 

efficiency and its relationship to the wavelength of 

the best cells obtained. We find that the absorption is 

small at wavelengths less than 380 nm for cells that 

have the CdS buffer layer and the reason for this is to 

recombination the front surface which reduces the 

absorption of light and absorption in the CdS layer 

due to its small energy gap compared to the other 

layers but the quantum efficiency becomes 90% at the 

wavelength of 385 nm and then begins the gradual 

descending. As for the back reflection cell and the 

cell before addition, the quantum efficiency is 90% 

until reaches 380 nm and then increases to become 

100% due to the gradual increase in the spectral 

response, because the spectral response increases as 

the wavelength increases, according to the following 

relationship. [31] 

𝑅𝜆 =  
𝑄𝐸 . 𝜆

1.24
 − − − − − 12 

Where Rλ  is spectral response, and QE is Quantum 

efficiency. 

The quantum efficiency is zero at long wavelengths. 

so no light below the energy gap can be absorbed. 
 

 
Fig. 9: Quantum efficiency as a function of the 

wavelength of the best studied cells. 
 

Conclusions 
The ZnO / ZnS / CNTS cell was simulated by 

SCAPS. then we entered different layers of reflection 

on the cell ZnO / ZnS / CNTS / BSL showing an 
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increase in the conversion efficiency from 9.38% to 

10.65% then add different buffer layers between the 

absorption and window layers ZnO / buffer / CNTS 

the conversion efficiency has increased 10.78% then 

we introduced the layers BSL with the buffer layers 

shows the best of these cells ZnO / CdS / CNTS / 

Cu2O and conversion efficiency 12.09%. 
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 CNTS / ZnS / ZnOلية الشمسية خال تأثير ازاحة حزمة طبقة الامتصاص على
 SCAPS-1Dباستخدام

 حردان ذياب غانم , عايد نجم صالح
 قسم الفيزياء , كلية التربية للعلوم الصرفة , جامعة تكريت , تكريت , العراق

 
 الملخص

٪ ، ولتحسين الخلية  تم إضافة 9.38. وكانت كفاءة الخلية SCAPS-1Dباستخدام محاكاة  ZnO / ZnS / CNTSتمت دراسة الخلية الشمسية 
 / ZnO / Buffer٪ ، ودخلنا طبقات موائمة فأصبحت تركيب الخلية 10.65( ، لذلك زادت كفاءة التحويل إلى BSLطبقة انعكاس خلفي )

CNTS  اتضح أن تأثير الطبقة العازلة أكبر من طبقة الانعكاس. وان أفضل خلية تم الحصول عليها 10.78زادت كفاءة التحويل إلى . ٪ZnO / 

CdS / CNTS / Cu2O  20.01، تيار الدائرة القصيرة  %62.98، عامل التعبئة  12.09يل %وكانت كفاءة التحو mA/cm
فولتية  اخيرا  و  2

  .V 0.95الدائرة المفتوحة
 


