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Abstract 

    This research includes the use of CdTe in the design of a solar cell. The SCAPS-

1D computer program was used to simulate thin cell capacity of CdTe/CdS by 

numerical analysis with the addition of a buffer layer (Zn2SnO4) to enhance cell 

efficiency. The thickness of the window layer (n-CdS) was reduced to 25nm with 

the inclusion of an insulating layer of 50 nm thickness to prevent leakage towards 

the forward bias with respect to the lower charge carriers. As for the absorber layer 

thickness (p-CdTe), it varied between 0.5µm and 6µm. The preferable thickness in 

the absorbent layer was 1.5µm. Different operating temperatures (298K-388K) were 

used, while the highest conversion efficiency (η=18.43%) was obtained with the rest 

of the solar cell parameters (Voc=0.967 V,  Jsc= 26.66 mA/cm
2
, FF=71.40%). 

 

Keywords: Thin Film Solar-Cells, solar cell (CdTe/CdS),  program computer 

SCAPS-1D. 

 

 SnO2/Zn2SnO4/n-CdS/p-CdTeتحميل عددي لمخمية الذمدية 
 SCAPS-1Dباستخدام برنامج المحاكاة 

 
2، سمير محمود أحمد1حدن رشا فيرل  ،1*د أحمد رسولعر   

، كمية التخبية لمعمهم الرخفو، جامعة السهصل ، السهصل ، العخاققدم الفيدياء1  
، كمية العمهم، جامعة السهصل ، السهصل ، العخاققدم الفيدياء2  

 
 الخلاصة 

في ترسيم الخمية الذسدية, إذ تم إستخجام البخنامج  CdTeتزسن البحث إستخجام الكادميهم تيمهرايج  
عن طخيق التحميل العجدي  CdTe/CdSلسحاكاة سعة الخمية الذسدية الخقيقة لـ SCAPS-1Dالحاسهبي

-n) وذلك لتحدين كفاءة الخمية, وتقميل سُسك الطبقة الشافحة Zn2SnO4))Buffer Layerبإضافة طبقة عازلة 
CdS) windows Layer  25إلىnm) مع إدراج الطبقة العازلة )Zn2SnO4  50وبدُسكnm) لسشع )

-absorber Layer (pالتدخب بإتجاه الأمام بالشدبة لحاملات الذحشة الأقمية, أما سُسك طبقة الإمتراص
CdTe)   ما بينفقج تفاوت الدُسك (0.5µm-6µm) وكان أفزل سُسك في الطبقة الساصة ,(1.5µm) مع .

, وكانت أعمى كفاءة تحهيل تم (298K-388K) ما بينالتذغيل التي تخاوح مجاىا إختلاف درجات حخارة 
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 Voc=0.967 V) ,Jsc=26.66مع بقية معمسات الخمية الذسدية  (η=18.43%)الحرهل عمييا 
mA/cm2 ,(FF=71.40%. 

 

Introduction 

     Thin-film solar cells are polycrystalline materials, which are very promising for the achievement of 

better efficiency and cost ratios than other thin-film cells [1]. This material provides low-cost and 

stable-working solar cells [2]. Cadmium telluride (CdTe) is produced from polycrystalline materials 

that can be deposited on the glass and are somewhat cheaper and easier to use. Deposition is achieved 

using a variety of different low-cost technologies, such as closed space sublimation (CSS), chemical 

vapor deposition (CVD), and chemical bath deposition (CBD) [3,2]. 

     The CdTe cell contains a high absorption coefficient of no more than 5×105 cm-1, which implies 

that 99% of the photons fallen with energy greater than the energy gap can be absorbed inside the very 

thin absorption layer of the CdTe cell, i.e. within the first micron of the layer absorption [4]. Thus, 

most of the spectra in the electromagnetic spectrum of more than 850 nm can be absorbed, as CdTe 

cell has a direct light energy gap (direct band gap) of about 1.45 V and is very close to the ideal gap 

package for the solar cells. CdTe is a compound of semiconductors within the periodic table   of II-VI, 

meaning that it is located within the third to fifth groups.  

      It is important that the binding energy is relatively high in the CdTe cell, which makes the material 

chemically and thermally stable and less susceptible to breakdown in efficiency, which makes it 

suitable for space research applications [4]. The solar cells demonstrated stable performance and high 

efficiency under the usual solar  radiation (AM1.5) at the surface of earth [5]. 

         The SCAPS-1D simulation program was developed for one-dimensional solar cell structures 

designed in the Department of Electronics and Information Systems of Gent University in Belgium. In 

this paper, it was used to simulate the solar cell approved. The starting point was based on the design 

of the conventional solar cell CdTe/CdS/SnO2, where the absorption layer (p-CdTe absorber layer) 

thickness  was 5µm, window layer (n-CdS windows layer)  thickness was 0.5µm, and the TCO layer 

(SnO2 type) thickness  was 0.5µm. This cell was the starting point for obtaining a thinner solar cell by 

inserting a buffer layer between the TCO Layer (SnO2) and the n-CdS Layer. This layer works to 

obtain a thinner CdS layer because it acts in consuming a part of CdS. This layer prevents the process 

of Front bias or Front leakage for minority carriers (holes). This leakage is undesirable and a buffer 

layer (Zn2SnO4) is insulating and active chemically [6]. 

         CdTe was deposited at a temperature higher than 425 
o
C. As a result of the diffusion that occurs 

between the two layers, CdTe and CdS, a region called CdSTe-alloy region, also known as  the 

homojunction, is formed [6]. The precipitated layer (Zn2SnO4) on the windows layer (n-CdS) produces 

CdZnS, a material that has a greater energy gap and in turn greatly affects the amount of light entering 

the absorption layer (CdTe) in the photoelectric cell (PV). After sedimentation process, the appearance 

bends of the energy levels with respect to the deposited layers appear. The reason for this is the 

difference in the energy gap among the layers [3]. 

     Several researchers used the traditional model CdTe/p-CdS/n-SnO2 as a starting point for obtaining 

high efficiency and less material consumption with different treatment methods for obtaining a thinner 

solar cell. Dey and his group [7] reduced the thickness of the Absorption Layer (CdTe) to 1µm in the 

presence of Buffer Layer (Zn2SnO4) with a thickness of 100nm and a Windows Layer (CdS) with a 

thickness of 100 nm. Their results showed values of Voc=1.02 V, Jsc=21.47 mA/cm
2
, FF=85% and 

η=18.68%. They also used other treatment methods to increase the efficiency. The researchers entered 

Back Surface Filed (BSF) of the solar cell to reduce the voltage barrier between the metal and the 

semiconductor and to reduce the recombination at the back surface. The results, using AMPS-1D 

program, were Voc=1.06 V, Jsc=24.27 mA/cm
2
, FF=87.6% and η = 22.61%.  

    The work of Khan and his group [8] was based on numerical analysis using the simulation AMPS-

1D program in order to analyze the electrical and optical properties of the solar cells. The study took 

advantage of the traditional solar cell by making some adjustments to it, reducing the thickness of the 

Windows Layer (CdS) to 50nm and introducing ZnO as a Buffer  Layer to improve the performance of 

the solar cell and prevent the leakage of minority carriers towards the forward direction. The thickness 

of the Absorbent Layer (CdTe) was 1µm-5µm while they results were Voc=1.08 V, Jsc=24.93 

mA/cm
2
, FF=0.83%, and η =20.27% . This design was good at high temperatures. 
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    Also, Hussein and his group [2] relied on the traditional three cell layers approach and modified it to 

explore the possibility of an effective and thinner cell. The treatment method that was used by the 

researchers replaced the CdS Layer with a ZnxCd1-xS Layer, while the concentration of impurities in 

the absorption layer was adopted in a shallow uniform acceptor density (NA)                with a 

Back Surface Field (BSF). The cell transformation efficiency after the adjustment had the values of 

Voc=0.89 V, Jsc=30.41 mA/cm
2
, FF=0.75%, and η=18.39%. 

     In another study, the traditional cell was also adopted and modified by adding the Buffer Layer 

(Zn2SnO4) as an insulating layer, called the High-Resistance Transparent Layer. This layer works to 

prevent the leakage of minority carriers (holes) in the forward direction, which is often an unwanted 

leakage [9]. The thickness of this layer was also small to ensure that light (photons) from the TCO 

Layer reaches the insulating layer and then the effective layer up to the absorption layer. This layer is 

considered a temporary storage for charges, where it reduces the process of recombination at the 

interface of TCO/CdS, which improves the performance of the solar cell [6]. The results were obtained 

so that the best thickness for the Absorbent Layer was 1.5µm, while the best thickness values for the 

Windows, Insulation, and TCO Layers were 25nm, 50nm, and 100nm, respectively. When these 

thicknesses were adopted for the Deposited Layers, the following results were obtained: Voc=0.967 V, 

Jsc=26.63 mA/cm
2
, FF=71.41% and η=18.41%. The influence of the operating temperatures on the 

solar cell performance was investigated in a range of 25
o
C to 115

o
C.  

 

Materials and Methods 

     The numerical models have become an important tool in designing any type of effective solar cells, 

as they worked to provide hypotheses for practical solutions and numerical modeling which can be 

used to theoretically obtain the physical practical details of solar cells [10, 11]. The SCAPS-1D 

simulation program was used to simulate the solar cell capacity of a type in which the Absorber    

Layer is p-CdTe and the Windows Layer is n-CdS, where possibilities of using thin layers were 

explored [12]. The SCAPS-1D simulation software solves basic semiconductor equations in one-

dimension, such as Continuity equation, Poisson's equation, and Carrier density (electrons and holes). 

These equations include the Drift equation caused by the electric field and the Diffusion equation in 

which the difference in the concentration of charge carriers and recombination is calculated. These 

equations are as follows [13]:  
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where    represents the electric field (V/cm). 

μ         the capacity values of electrons and holes (cm
2
/V-s), respectively. 

              the electron's and hole's current density values (mA/cm
2
), respectively. 

                  diffusion coefficients for electrons and holes (cm
2
/s), respectively. 

The Continuity Equation can be written with electrons, as follows [5]:  
     

  
                                        

where              generation process of electrons, 

         the process of re-installation rate. 

The Continuity Equation can be written with electrons, as follows [5]:  
     

  
                                      

where          the generation process of holes. 

             mean recombination of holes. 

     The Poisson's equation links the equation of charge density and the voltage of electrons 

(electrostatic voltage Φ), which is a starting point in obtaining the specific solution for the variations 

in static electricity in semiconductors [12]. It is written as follows: 
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   In case of constant (  ), Poisson's equation is expressed as follows: 
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where           electron permittivity (F/cm). 

ρ           charge density (C/cm
3
). 

 The current passing through the solar cell can be calculated from the following equation: 

    (   
  

  
  )                                           

      where      the load circuit current,    represents the saturation reverse current, T represents the 

temperature, and k is the Boltzmann constant. The open circuit voltage     ) can be calculated from 

the following relationship: 

    
  

 
  

   
  

                                           

     Fill Factor (FF) can be defined as the curve squared (   ) whose magnitude is mainly related to 

the solar cell resistance loss [3], and it can be calculated from the following relationship: 

   
    
      

                                                         

       

The cell also computes the solar efficiency from the equation: 

  
                  

                
                                    

 

The efficiency formula can be written in another way: 

  
          

   
                                             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

              

      Figure-1 shows the schematic structure of the conventional Glass Substrate/SnO2/CdS/CdTe cell 

and the modified cell structure of the Glass Substrate/SnO2/Zn2SnO4/n-CdS/ p-CdTe. 

     By the design from Figure-1-b, the modified cell structure contains an additional layer which is the 

Buffer Layer (Zn2SnO4), located between the Transparent Conductive Oxide (TCO) and the Windows 

Layer, in order to achieve a thinner Windows Layer (Ultra-thin n-CdS).  This layer acts to prevent 

unwanted forward directional leakage for minority carriers in the p-CdTe Layer [10,11,13]. 

 

Figure 1 - Schematic structure for (a) The conventional cell Glass Substrate/SnO2/CdS/CdTe 

                     (b) modified cell structure Glass Substrate/SnO2/Zn2 SnO4/n-CdS/p-CdTe.  

 

(a) 

p-CdTe (5µm) 

SnO2 (0.5 µm) 

Glass Substrate  
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n-CdS (0.5 µm) 
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(b) 

p-CdTe (1.5 µm) 

 

 

Glass Substrate  

Incident Light 

Zn2SnO4 (50 nm) 

 

n-CdS (25 nm) 

SnO2 (100 nm) 

Back Contact 
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     As a result, we gain an increase in cell efficiency (η), by changing the thickness of layers in the 

traditional cell structure and adding the Insulating Layer to obtain the best thickness in terms of 

performance and efficiency [14]. The Buffer Layer (Zn2SnO4) was chosen as an Insulating Layer with 

an energy gap of 3.35 V and thickness of 50 nm. In this study, the thickness of the SnO2 layer was 

reduced from 0.5µm to 100 nm, whereas the thickness of the Windows Layer (n-CdS) was reduced 

from 0.5µm to 25nm in the solar cell n-CdS/p-CdTe. The shallow uniform donor impurity 

concentration (ND) was 1x10
15

 cm
3
 in the Absorber Layer (p-CdTe). As a result of this modification, 

the absorption layer thickness was reduced to the maximum realization that the n-CdS/p-CdTe Layer 

is too thin [10]. Layer parameters were chosen based on the static data for these materials in addition 

to experimental data, which includes somewhat reasonable estimates. Table 1 shows the most 

important parameters used for this cell. 

 
   

Parameters 
n-SnO2 

(µm) 

n-Zn2SnO4 

(µm) 

n-CdS 

(µm) 

p-CdTe 

(µm) 

Thickness (µm) 0.1 0.01-0.3 0.001-0.2 0.5-6 

Band gap (eV) 3.6 3.35 2.42 1.45 

Electron  affinity (eV) 4 4.5 4.5 4.28 

Dielectric permittivity (relative) 9 9 9 9.4 

CB effective density of states (1/cm
3
) 2.200+18 2.200E+18 2.200E+18 7.500E+17 

VB effective density of states (1/cm
3
) 1.800E+19 1.800E+19 1.800E+19 1.800E+19 

Electron thermal velocity (cm/s) 1.000E+7 1.000E+7 1.000E+7 1.000E+7 

Hole thermal velocity (cm/s) 1.000E+7 1.000E+7 1.000E+7 1.000E+7 

Electron Mobility (cm
2
/Vs) 100 32 350 500 

Hole Mobility (cm
2
/Vs) 25 3 50 60 

Shallow uniform donor density , ND 

(1/cm
3
) 

1.000E+19 1.000E+19 1.000E+19 0 

Shallow uniform acceptor density NA 

(1/cm
3
) 

0 0 0 1.00E+15 

 

Results and discussion 

      In the traditional case, we had three layers, namely TCO layer (SnO2), the Windows Layer (CdS), 

and the Absorber Layer (CdTe). The following results were obtained: Voc=0.9180 V, Jsc=21.628 

mA/cm
2
, FF=73.56% and η=14.62%. As for the cell that was approved in this study, we have four 

layers, as shown in Figure-1. The Buffer Layer (Zn2SnO4) was added and it is often called the High-

Resistance Transparent layer (HRT). The Buffer Layer helps using a Windows Layer that is thinner 

than the (CdS) Layer, that is, it is possible to expand the insulation layer at the expense of the (CdS) 

Layer to balance the charge that needs to be preserved so that the (P-CdTe) Layer is wide enough and 

(n-CdS) is a thinner layer. This is important when light reaches the Absorbent layer. The Insulating 

Layer reduces the process of surface recombination at the interface of layers TCO/CdS. Thus, we 

studied the effects of the thickness of each layer on the performance of the solar cell and on the 

performance of the curve (I-V). We also tested the quantitative efficiency (QE) after the application of 

the Insulation Layer. 

 

A- Effects of the Absorption Layer thickness (CdTe) on the electrical and optical properties of  the 

solar cell 

Table 1- Special material parameters for CdS/CdTe solar cell simulation. 
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     The tellurium cadmium substance has a high absorbency of up to 5-10
5
 cm

-1
. This substance has a 

high ability to generate electron-hole pairs. Thus, increasing the thickness of this Absorber Layer has a 

positive effect on the efficiency of the solar cell. We found that increasing the thickness of the 

Absorbent Layer (CdTe) leads to an increase in the curve of I-V, which provides a complete 

visualization of the short circuit current (Jsc), the open circuit voltage (Voc), and the fill factor (FF%). 

From these parameters, one can find the efficiency of the solar cell (η%). 

      Figure-2 shows the output parameters for the solar cell depending on the thickness of the 

Absorption Layer (CdTe). It is clear from the figure that the output parameters with respect to the solar 

cell remain constant when a thickness of 2µm is exceeded. When the thickness of the Absorption 

Layer was increased, the Energy Absorption and the rate of generation of an pair (electron –hole) were 

increased. As a result, Voc and Jsc were increased, with the FF% factor being established after 

reaching a thickness value of 1.5µm. Thus, the thickness of the Absorbent Layer (CdTe) can affect 

solar cell parameters in different ways, based on the decrease in thickness [15]. 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

     The decrease in Jsc when the absorption layer thickness is lower than 1.5 µm is due to incomplete 

absorption of the fallen photons and increased recombination at the back contact, which is close to the 

depletion area when the thickness value is low. Then, the diffusion length (Ldiff) decreases and the 

minority carrier lifetime also decrease. Figure-2 shows that the best thickness for the Absorbent Layer 

(CdTe) is 1.5µm.  

    Figure-3 shows the properties of the curve (I-V) through which the Maximum Power Point (Mpp) 

was reached here. Therefore, the FF% factor could be calculated to have a value of FF%=1, which 

often appears as a square in the ideal case. The value of the full factor is lower than this value due to 

the Shunt Resistance (Rsh) and Series Resistance (Rs). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

 

Figure -2 Effects of CdTe thickness on the electrical properties of the solar cell. 

Figure 3- Curve properties (I-V) and determination of the maximum power point. 
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Figure-4 shows the effects of the Absorbent Layer thickness (CdTe) on the I-V curve. We found that 

any increase in the thickness of the Absorber Layer will increase the I-V curve , as a result of the  

increase in the energy absorption and thus the rate of the pair generation (electron– hole) to a certain 

extent. The value is then fixed regardless of the change in thickness since most of the photons have 

been absorbed, which explains why the colors are identical in Figure-4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 
 
 
 
 
     As for the Quantum Efficiency (QE), which is one of the important visual factors in solar cell 

applications, it can be defined as the number of pairs (electron-hole) generated by each absorbed 

photon. Quantitative efficiency is used to know the spread length, the permanence of minority carriers, 

and the speed of surface recombination for the front and back  surfaces [16].  

     Figure-5 shows the effects of the QE on the thickness  of the Absorption Layer (CdTe). The 

Quantitative Efficiency (QE) is a function of  Depletion Width (W), diffusion length of minority 

charge carrier, absorption coefficient, and wavelength respectively [17]. It is noted through the graph 

that the Quantitative Efficiency was increased with increasing thickness of the Absorption Layer, 

which means the falling photons of different wavelengths absorbed at different depths of the cell. In 

short wavelengths, it is noted that recombination is high, so the Quantum Efficiency (QE) will be very 

small, then it is increased with increasing thickness due to increasing the generation of the pair 

(electron-hole) to a certain extent. Then it reaches a fixed value, which explains why the colors match 

in Figure-5, that is, light absorption is good within the wavelengths between 550nm-800nm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4- Effects of CdTe thickness on the properties  curve (I-V). 

Figure 5 - The effects of CdTe thickness on Quantitative Efficiency. (QE)% 
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B- Effects of thickness Windows Layer (n-CdS) on electrical and optical  properties of solar cell 

      Through the designing of the solar cell, the thickness of the Window Layer (n-CdS) was tested in a 

range between 1 and 200nm in order to reach the optimum thickness. The thickness was chosen to be 

25nm, which is identical to what was approved by Kobo and his group [18]. This thickness is 

considered the best for the Windows Layer, which is always preferred to be thinner than the Absorbent 

Layer, so that the falling light (photons) can reach the Depletion  Layer and the Substrate/(p-CdTe) 

Layer. The (n-CdS) layer is highly deformed in order to reduce contact resistance for the front contact. 

       Figure-6 shows the effects of thickness (n-CdS) on the electrical properties of the solar cell. 

Increasing the thickness of this layer has negative effects on the cell parameters, since the short circuit 

current (Jcs) as well as the open circuit voltage (Voc) are relatively low. The cell efficiency (η%) 

gradually decreases with increasing layer thickness. Also, the fill factor (FF%) increases slightly with 

increasing thickness due to the decrease in Series Resistance (Rs) as a result of high doping [11]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    As for the Quantum Efficiency (QE) and its impact on the thickness of n-CdS, the increase in 

thickness of this layer affects the Quantum Efficiency of the solar cell, as a result of some photons 

causing the vibration of the atoms around their equilibrium positions. This phenomenon does not 

contribute to the light current, and thus causes losses in the structure of the solar cell. This leads to a 

decrease in the number of photons that reach the Absorption Layer, and thus a decrease in the 

Quantum Efficiency (QE) of the solar cell [19]. The best thickness of the window layer was 25nm 

when the Quantum Efficiency (QE) was high. Figure-7 shows that the Quantum Efficiency (QE) was 

increased above the wavelength of 520nm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6- The effects of thickness on the solar cell electrical properties 

Figure 7 - Effects of Thickness (n-CdS) on Quantitative Efficiency (QE) 
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C- The effects of temperature on the properties of solar cell  
    The effects of varying temperatures on the electrical properties of the solar cell was studied, which 

was represented by the I-V curve, the short circuit current (Jsc), the open circuit voltage (Voc), the fill 

factor (FF%), and the solar cell efficiency (η%). We also investigated the optical properties of the 

solar cell as represented by the Quantum Efficiency (QE). Thickness values for these solar cell layers 

were approved, as shown in Figure-1.  These values were 1.5µm for the absorber layer, 25nm for the 

windows layer, 50nm  for the buffer layer, and 100nm for the TCO Layer.  

    The thermal effects on the cell properties were studied within a thermal range  of 298K to 388K. 

Figure-8 shows the effects of different temperatures on the properties of the I-V curves. A clear 

decrease in the values of open circuit voltage (Voc) is observed with increasing temperatures, due to 

the fact that high temperatures will be decreased in forbidden energy gap and increased as a result of 

the saturation current [20]. This is because the density of the charge carriers is exponentially 

associated with the temperature, which will enable the electrons in the valence band to acquire 

sufficient energy and move to the conduction band. Such an effect would leave a hole at which the 

barrier voltage decreases and the width of the depletion area decreases. Also, the saturation current 

caused by the minority carriers increases, which leads to a decrease in the amount of Voc. As for the  

I-V curves, it is observed that they shift to the left as the temperature is increased. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        Figure-9 also shows the effects of temperature on the output parameters of the solar cell. Among 

them, we found that the open circuit voltage (Voc) decreases with increasing temperature. As for the 

short circuit current (Jsc), it does not depend to a large degree on the temperature, as the current 

increases with a slight degree when the temperature increases . The reason for this is the increasing 

absorption of the incident light due to the shortfall in the forbidden energy gap resulting from the 

increase in temperatures [20]. 

    The solar cell is considered to be a good cell as the Fill Factor FF% approaches one, i.e. whenever 

the curve (I-V) approaches the square shape, as shown in fig. 3. It is noticed through the figure that the 

Fill Factor is affected by rising the temperature, which appears to be decreasing in values, due to 

increase  the presence of saturation current at the expense of the carrier density and the apparent 

decrease in the values of open circuit voltage (Voc). This leads to an increase in the recombination 

process at the interface [5]. 

      As for the efficiency of the solar cell (η%), it is negatively affected by increasing the temperature. 

I In the case of higher temperature, the lower efficiency is due to the increase in the reverse saturation 

current, which leads to decreasing  the open circuit voltage (Voc) and, thus, the efficiency of the cell 

decreases. These measurements were obtained under an AM1.5 G solar radiation and at temperatures 

ranging between 298K and 388K [21]. 

Figure -8 The effects of different temperatures on the properties of a curve (I-V) 
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      The effect of temperature on the Quantum Efficiency (QE) was very slight, as shown in Figure- 

10. This is because the short circuit current (Jsc) is affected slightly with increasing temperature. 

While the open circuit voltage (Voc) decreases with increasing temperatures, due to the increase in 

saturation current resulting from the decrease in the forbidden energy gap, because the density of the 

charge carriers will be exponentially proportional to the rise in temperatures. Thus, the effect of 

temperature on Quantum Efficiency (QE) will be very weak. The relationship describing the 

correlation of the light current   , the Quantum Efficiency     of the incident photons, and wavelength  

λ [22] can be written as follows: 

          
    

  
                                     

        ⁄  

where     is the average generation of pairs (electron-hole) per unit area. 

       is the number of incident photons per unit area and per unit wavelength.  

          λ. is the solar flux with wavelength. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure -9 The effects of different temperatures on the solar cell electrical properties  

Figure 10- The effects of different temperatures on Quantum Energy (QE)  
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Conclusions 

     The highest modification result was obtained from the conventional SnO2/n-CdS/p-CdTe cell by 

adding the Buffer Layer (Zn2SnO4) to the cell so that a thinner solar cell was obtained as a result of 

changing the thickness of the layers. Hence, the best thickness of the Absorber Layer was 1.5 µm, 

while that of the Windows Layer was 25 nm, of the Buffer layer was 50 nm, and of the TCO layer 

(SnO2) was 100 nm. As a result, we obtained the following values: Voc=0.978 V, Jsc=26.635 

mA/cm
2
, FF=71.41%, and  η= 18.41%, at a temperature of 300 K. 

    By adopting the thickness of the layers above, we can reduce the amount of the materials used and 

thus the time and cost, in addition to improving the properties of the solar cell by reducing the 

recombination processes that occur in the solar cell. This cell proved acceptable stability at high 

temperatures.        
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