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Abstract 

In this work, a study is carried out in view to 

investigate the influence of base and emitter 

thicknesses on the quantum efficiency of a 

ZnO/CdTe solar cell. This quantum efficiency is a 

function of thicknesses of the ZnO transmitter and 

the CdTe base. This study allows to make choice on 

values of the thicknesses of ZnO and CdTe 

appropriate to optimize the performance of the 

solar cell. 
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1. INTRODUCTION 

 
The principal cause limiting the performance of solar cells is 

the recombination of charge carriers photogenerated in the 

active base region. The key parameters, such as base and 

emitter thicknesses, are of great importance when designing 

these optoelectronic devices. O.A. Niasse et al [1], S.Z. 

Karazhanov et al [3] have studied theoretically the behavior of 

the devices governed by the complexity of electronic 

interactions which are modified by the crystalline defects, 

level doping, free charge carriers and elementary excitation.  

In this paper, the influence of the emitter and base thicknesses 

on the quantum efficiency of the ZnO/CdTe heterojunction is 
examined. Before making this study, the refractive index, the 

reflection and absorption coefficients, are examined owing to 

the fact that they are important parameters of the 

heterojunction. The contributions to the spectral response of 

various parts of the solar cell is also investigated. 

 

2.  THEORY 

 
It will be considered that minority carriers transport is done 

only along one direction perpendicular to the junction. The 

quantum efficiency will be calculated using a one-

dimensionnal modelas shown on the Fig. 1.  

 
Fig. 1. Diagram of the ZnO/CdTe heterojunction. 

 

S. Girish [4], A.E. Rakhsni [5] showed that the CdTe 

semiconductor is the active zone of the ZnO/CdTe 

heterojunction where the majority of the minority carriers is 

generated. 
T.K. Subramanyam [6] showed that ZnO emitter is the 

window layer with a thickness greater than that of CdTe.  

H. Yoshikawa [7], S. Adachi [8] studied respectively the 

refractive index, reflection coefficient and absorption 

coefficient on the devices ZnO and CdTe.  

 

3. RESULTS AND DISCUSSIONS 

         3.1 REFRACTIVE INDEX 

 

On Fig.2, it is noted that the refractive index increases 

gradually in the interval of energy 1.5 eV - 2 eV from n = 1.86 

to n = 1.99. This variation is followed in the vicinity of 3.4 eV 
(gap of zinc oxide), by a peak laying from n = 1.99 to n = 2.37. 

The peak is followed by a short increase from n = 1.80 to n = 

1.83. 

H. Yoshikawa et al [7] showed that the increase of refractive 

index noted in the vicinity of the gap can be explained by the 

fact that all the photons which arrive in this zone are absorbed 

because the material is transparent in this interval of energy. 

The significant peaks also observed are mainly due to the 

transition from the discrete exciton.  

 
Fig. 2. Variation of the refraction index of ZnO according to the energy 

of incident photons 
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3.2 REFRACTION COEFFICIENT 

 

The Fig. 3 shows the evolution of the reflection coefficient of 
ZnO and CdTe calculated from Adachi method [ ].  

 

 
Fig. 3. Variation of the reflection coefficient  

of ZnO and CdTe  with wavelength 

It is noted that on all the wavelength range, the reflectivity of 
the cadmium tellurium is greater than that of zinc oxide with a 

maximum value R = 0.40 for CdTe and 0.17 for ZnO. This is 

explained by the fact that CdTe is active in all this interval. 

On the other hand, H. Abdelkader [9], M. K. Khalaf [10] 

showed that ZnO is transparent for energy exciton less than 

3.5 eV (360 nm).  

The reflectivity for the two materials varies smoothly for 

visible light (380 nm – 850 nm).  

 

3.2 ABSORPTION COEFFICIENT 

 
The absorption coefficient of the semiconductors are 

displayed on Fig 4. 
The results showed that the absorption coefficient for CdTe is 

higher on all wavelength the range than that of ZnO. This 

phenomenon is justified by the fact that the CdTe gap at 840 

nm given by ref [12] is greater than that of ZnO which is 340 

nm [13] because absorption coefficient is very weak with 

energies of the photons close to the gap of material. 

Conversely the absorption becomes significant for photons 

with wavelengths lower than the bandgap wavelength of the 

material.   

 
Fig. 4. Variation of the absorption index of ZnO and CdTe  

according to the wavelength 

In addition, it is noted that for ZnO, that absorption   

coefficient decreases gradually from 200 nm to 376 nm. The 

low values of the absorption coefficient for ZnO in energy 

values lower than 3.33 eV prevents from absorption of 

photons with energy lower than ZnO bandgap. Consequently, 

this make ZnO transparent to the visible light. L. Atourki et al 

[14] used transparent ZnO electrodes for the solar cells.  

 
3.4 QUANTUM EFFICIENCY 

 

The quantum efficiency of ZnO/CdTe solar cell is given by 

the sum of quantum efficiency of the base, the emitter and the 

space charge region. 

 
Fig. 5. Variation of the quantum efficiency according to the wavelength  

The Fig.5 shows that the different parts of the cell contribute 

to the spectral response of the ZnO/CdTe heterojunction. 

However it is noted that the emitter and the space charge 

region participate only in the wavelengths ranging from 250 to 

400 nm corresponding to high energy photons. The base 

intervenes in long wavelengths range with energy close to the 

gap. It is noted that ZnO emitter and the space charge regions 
exhibit quantum efficiencies greater than 20 % for 

wavelengths lower than 400 nm. The CdTe base and 
space charge region do not contribute in this wavelength range 

because of photons absorption in the ZnO layer. 

 

It is also noted that the total efficiency varies from 67 % to 
92 % for wavelengths ranging between 255 nm and 463 nm. 

This increase is due to photons energy higher than bandgap Eg. 

On the other hand, the reduction in the total output can be 

explained by the decrease of absorption coefficient and the 

increase of reflection on emitter surface. The number of 

incidental photons reflected increase what has as a 

consequence in a weak absorption for the device as shown in 

Fig. 2. 

 

Indeed, all curves show peaks between 338 nm and 362 nm 

(i.e. 3.43 eV – 3.67 eV) which show the excitons effects in 

ZnO close to the band gap energy.  
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3.4 INFLUENCE OF EMITTER AND BASE 

THICKNESSES 

 
For better illustrating the effects of emitter and base thickness 

on quantum efficiency, a series of curves is displayed on 

figures 5 and 6.  

 
Fig.7. External quantum yield according to the 

wavelength for various values of emitter thickness. 
A numerous works [15 – 17] showed that ZnO is the window 

layer in the heterojunction ZnO/CdTe; this denomination 

refers to the property of transparency of ZnO layer which 

depends on the thickness as shown in fig 5. For a constant 

base one.  

 

The Fig.5 shows the profiles of external quantum efficiency 

according to incident photons wavelength for different values 

of the thickness of ZnO layer.  

The ZnO thickness is more sensitive in wavelength ranging 

from 300 to 500 nm corresponding to the contribution of the 

emitter and the space charge region. As the emitter thickness 
increases from 50 nm to 400 nm, the maximum quantum 

efficiency located at 320 nm decreases from 67 % to 17 %. 

The emitter thickness also degrades the base contribution in 

wavelength range from 350 nm to 700 nm due to weaker 

absorption photon flux reaching the base region according to 

Lambert law as the emitter thickness increases.  

 

It is noted that these profiles of efficiency take the same forms. 

For a given curve quantum efficiency increases when the 

wavelength believes. This corresponds to a good absorption of 

the ZnO layer because the energy of the incidental photons of 
which the wavelengths lie between 380nm and 500 nm, is 

higher or equal to the energy of gap of ZnO.  

 

In the interval wavelength ranging between 500 nm and 800 

nm, external quantum efficiency decreases. The energy of the 

incidental photons is lower than that of the gap ZnO: the layer 

of ZnO becomes increasingly transparent with the wavelength.  

The base of ZnO/CdTe, the most active region of the cell, 

represents the important part of the quantum efficiency. It is 

responsible of the photocurrent in the cell and for this it is 

necessary to examine its thickness influence on the cell 

efficiency. 

 
Fig. 6. Quantum efficiency as a function of wavelength  

for different values of base thickness 

The Fig. 6 shows the profile of quantum efficiency according 

to the wavelength of the incident photons for various 

thicknesses of the CdTe layer.   
For a curve corresponding to a given thickness of CdTe, 

quantum efficiency increases in the interval wavelength 

ranging between 360 nm and 428 nm.  

 

In the interval wavelength ranging between 400 nm and 700 

nm, the quantum efficiency increases with base thickness 

lower than 1000 nm. This increase is explained by a more 

uniform generation of carriers which take place for long 

wavelengths. For base thicknesses greater than 1000 nm, no 

influence is observed on quantum efficiency.  

 
In the interval wavelength ranging between 700 nm and 800 

nm, quantum efficiency decreases corresponding to photons 

energy are lower than the energy of the gap of CdTe, the 

CdTe layer becomes transparent with the long wavelengths. 

For thicknesses lower than 430 nm, no effects of the base is 

observed, only emitter thickness governed the behavior of the 

cell. 

 

4. CONCLUSION 
 

In this work, optical parameters like refractive index, 

reflection and absorption coefficients, absorption of the 

materials devices constituting the ZnO/CdTe heterojunction 

are examined through their variation with incident photons 

wavelength. The contribution of the different parts of the cell 

on quantum efficiency are studied for different values of 

emitter and base thicknesses. 

 

The results showed that the efficiency increases according to 
the thickness of the base and it decreases conversely 

according to the thickness of the transmitter. The result 

showed that for a good optimization of the efficiency of the 

solar cell ZnO/CdTe, thin thickness of the emitter must be 

chosen at about 50 nm if technical process enable this. 
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