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ABSTRACT
The quantum efficiency of the solar cell ZnO / CdTe is studied by simulating through this article. Thus for the
return is made to make use of the absorption coefficients of the two semiconductors. . Their expressions are
given by the dielectric function €. The effect of excitons longer present in the ultraviolet band possible to explain
the appearance of the quantum efficiency of the solar cell ZnO / CdTe. This enables us with the various
transitions well given excitons, optimize the solar cell.

Keywords: Exciton-Heterojunction-Zinc-oxide-telluride-quantum-absorption-coefficient  Transition Band-
cadmium-energy efficiency.

1. INTRODUCTION
In recent decades, the thin layers of zinc oxide ZnO have attracted great interest as transparent conductive
oxides. This is due to the compromise between optical and electrical properties of zinc oxide, its thermal and
chemical stability very high. In addition, it has a gap 3.3ev and an exciton binding energy of 60Mev. [1]
In this work, we studied a theoretical model for calculating the quantum efficiency of solar cells ZnO / CdTe.
However the determination of the coefficients of absorption and reflection and excitonic transitions
semiconductors still pose problems in the study of materials. []. Through this study, we present
determining patterns of the absorption coefficient and reflection of external quantum efficiency, by considering
the contribution of excitonic transitions different covering bandwidth of 1.1 to 5.7 eV, expressions of the
absorption coefficient proposed by various authors, including Adachi et al. [1].

2. MATERIALS AND METHODS
In this study the calculations are performed considering that the transportation of excess minority carriers is
made only in the direction perpendicular to the junction then used to express the results in one-dimensional
space. This is realistic in that it corresponds to the fact that the lateral dimensions of the cell are much larger
than its thickness.

Thus, the external quantum efficiency is calculated from a one-dimensional model shown in Figure below

Calculation assumptions cell performance.
If we consider a situation of non-equilibrium, from the general transport equation in one dimension, we have for
the electrons in the p region the following equation:

Error!Error!(1)

For the holes in the region n, the equation governing the transport phenomena is:

Error!Error!(2)
or:
(np - npg) and (pn — pno): density of electrons in the p region and the hole density in zone.
Dn and Dp: electron scattering coefficients and holes,
m, and my: are the mobilities of electrons and holes,
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E (x): the electric field in the material,

Ty and Tp: lifetimes of electrons and holes,

Npo, Pro @nd are the densities of minority carriers in equilibrium,
Gn and Gp: the generation rate of electrons and holes.

To solve these equations, one must make simplifying assumptions considering the case where one of the
materials is doped, thereby to decouple the two equations by neglecting the term, and the electric field in the
near-neutral n and p of the cell.

Thus in steady state equations of continuity in the base and the emitter are represented by equations 3 and 4.
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Equations (3) and (4) are second order differential equations; the final expressions of their general solutions are
given respectively by the equations (5) and (6).
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The external quantum efficiency is deduced from the photocurrent density by the following formula:

SR _
(ROE) =4 ®)

F(2)

Where Jph represents the photocurrent density in short circuit.
This density is given by the expressions 8, 9 and 10 respectively, the emitter, the base and the space charge zone.
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Thus, the total external quantum efficiency due to the contribution of the different areas of the cell is given by:

QE = QEp + QB¢+ QEscr (12)
With
Suba coshH—b—exp(— aHb)+ sinhH—b+ozLn exp(— aHb)
s, - L=R)L, expl- a, (X, +W )| 2 L L
b T 5, P\
n I-n -1 &Sinhib-l-COShHib
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(13)
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3. RESULTS AND DISCUSSIONS:

3.1 Refractive Index

The figure 1 below shows the change in the refractive index of the ZnO layer of the heterojunction window
according to the incident photon energy is calculated from the data Adachi [4]. Indeed we find that the curve of
variation of the refractive index has three parts. Between a first and 1.9ev 3.3ev where the refractive index
gradually increases as a function of energy up to a maximum value of 2.3 (solid form) [5]. All photons that
arrive in this area are absorbed as the material is transparent in this energy range. Then a second part between
3.3ev 3.6ev and where there is a rapid decrease of the maximum value to 1.8 and finally reduction of the latter
to 1.69. We also see a peak between the second and third part

Refractive Index

Energy(ev)

Fig. 2. Variation ot the retractive Index of ZnO based on the energy ot Incident photons

3.2 Reflection Coefficient
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The property which zincs oxide having a low extinction coefficient is used in the manufacture of heterojunction
where zinc oxide acts as a window layer.

The reflectivity R (E) of the two materials of the solar cell ZnO / CdTe O depends on the extinction coefficient
(E) and the index n (E) of refraction and is given by the following expression: where 0 (E ) n and (E) depends
on the excitation energy.

2a and 2b show the variations, versus the wavelength of the reflection coefficients ZnO and CdTe without
excitons for different contributions of each transition and with the contribution of all transitions. They are given
by the expression.

(g) - N(E)-1] +r(E)
[n(E)+1] +x(E)’

« (E) and n (E) deping of excitation energy.

(15)
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Fig. 3(a-b). ZnO and CdTe variation of the reflection coefficient for the different transitions of excitons according to the
wavelength.

The results show that the reflection coefficient is lower than at the ground state that is to say without excitons
for both materials. We also note that for lower wavelengths gap of ZnO reflectivity increases with the
contribution of excitonic transitions. We also see the appearance of peaks on the curves with excitons, which
shows the effect of excitons on the reflectivity for that because there's no free excitons peaks. The analysis also
shows that for CdTe the contribution of the first transition is substantially equal to that of the ground state. We
also note that for higher wavelengths 370nm the reflectivity of CdTe increases with excitonic transitions which
show the contribution of excitons on the material.

3. 3 Absorption Coefficient

To carry out the study in modeling of electrical and photovoltaic properties of the heterojunction ZnO / CdTe,
the absorption coefficient of the materials that heterojunction must be known. Thus our calculations are based
on the expression proposed by Adachi zinc oxide and AERakhshani for CdTe.

These expressions are analytical types and gives the absorption coefficient as a function of energy for each
contribution of excitonic transitions.

The absorption coefficient is related to the extinction coefficient K by the formula where is the wavelength of
the light in vacuum.

Thus we were able to identify in Figures 3a and 3b, the variation of the absorption coefficient of the two
materials as a function of the wavelength, without excitons and for different contributions of each transition.
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These curves are obtained by the expression of. Le coefficient d’absorption & est lié au coefficient d’extinction
K par la formule

_4r

a(E)— P K(E) (15)

oU A est la longueur d’onde de la lumiére dans le vide.

Ainsi nous avons pu relever sur les figures 3a et 3b, les variations du coefficient d’absorption & des deux
matériaux en fonction de la longueur d’onde, sans exciton et pour différentes contributions de chaque transition
.Ces courbes sont obtenues par I’expression de ¢ .
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Fig.4. variation CdTe absorption coefficient for the different transitions of excitons according to the wavelength

We note that our curves extend over a wavelength range between 250nm and 900nm. If we consider the range
between 250 nm and 330 nm, we observe for both materials as absorbency, gradually decreases for the first and
all the excitonic contributions for the ZnO and gradually increases as the third contribution of excitonic
transitions for CdTe. In addition to zinc oxide is noted that augment absorption from 330 nm to the wavelength
gap where his gradually decreases to 500 nm to cancel. We also note the appearance of peaks for the two
materials in the presence of excitons. These peaks could be explained by the presence of impurities on the
different transitions of the two materials, which was confirmed by the study of Rakhshani et al for CdTe and
Adachi et al for ZnO.

The study that we conducted shows that the absorption coefficient with exciton, CdTe is the active area of our
cell has a maximum value of minimum 4.107cm-1 and 107 cm-1 between 400nm and 730nm which part well
for good absorption of a cell.

3.4 External Quantum Efficiency

The quantum vyield is the ratio of the photocurrent collected at each wavelength relative to the number of
photons incident on the cell surface. In the theoretical expression of quantum efficiency made above, we can say
that the performance function of the wavelength mainly depends on parameters such as the absorption
coefficient of the transmitter of the payload area of spaces and base. However it would be interesting to study
the contribution of each area of the cell before the total return. The latter are calculated in both cases with and
without excitons. This will allow us to offer quantum efficiency curves with and without the effect of excitons.

Quantum Efficiency of the Emitter ZnO

The quantum efficiency of the transmitter is given by the expression (11) theoretical calculations. Thus in the
fig. 4 we have represented the variation depending on the wavelength of the incident photons, free excitons and
for different contribution of each excitonic transition.
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Fig. 5.Variation of the quantum yield of the emitter for various ZnO excitons transitions depending on the wavelength.

Observation shows that these different parts contribute significantly to the spectral response of the ZnO
transmitter. However it is noted that the transmitter efficiency decreases gradually over the range 250 to 400nm
which corresponds to the high energy photons; while for the rest of the wavelength range of the output is zero,
this is due to the fact that in these wavelengths are greater than the wavelength of the gap of ZnO. We also note
that performance with excitons is larger than that without excitons and its maximum value is 65%. Thus we can
deduce the excitons have a positive effect in the issuer of the heterojunction.

Quantum Efficiency of CdTe Base

The base is the heterojunction CdTe which is the most active part (2) .1t in this part of the cell that creates the
majority of the minority carriers, responsible for the photovoltaic current in the cell. That is why it is necessary
to study its evolution with or without the presence of excitons to better see the influence of excitons. Thus in
Figures 5a and 5b we have represented, respectively, the quantum yield of the base without the contribution of
excitons corresponding to the fundamental transition and for the contribution of each transition

____________________
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Quantum Efeieosy of CdTe
e L LT
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Fig. 6..variation of the quantum efficiency of the CdTe active region without depending on the exciton wavelength

It appears through the figure5a that the quantum efficiency is less than 10% on the lower wavelength range
a300nm. However it is noted that this efficiency increases to 80% for 300nm to 378nm to reach its maximum
value at 530 nm (94%). It is also seen that the quantum efficiency decreases beyond 700nm to reach a minimum
value lower than 10%.

The analysis also shows that the CdTe gives a good vyield even if there's no excitons that is to say, the
fundamental transition, because the quantum vyield present corresponding significant values (80 to 85%)
between the wavelengths of the gaps of the ZnO (376 nm), and CdTe (840 nm) .
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Fig. 7. variation of the quantum efficiency of the CdTe basis for different contributions of each excitons transition
depending on the wavelength.

The analysis of this figure shows that for wavelengths below 700nm yield corresponding to the fundamental
transition is greater than that calculated taking into account the different contributions of excitonic transitions.
This shows that the influence of excitons on this range is negative. We also see that the influence is weak in the
visible range, even if it seems they have an effect that increases yield. We also observe that beyond 750nm
variations in the performance of the different contributions are combined to 800nm.

Thus we can say that the excitons acts differently on the quantum yield of the base which could be due to the
difference between their energy level and their contribution is very important to long wavelengths.

Quantum Efficiency of the Space Charge Region (SCR)

To illustrate the influence of excitons on the performance of the cell, it would be important to study all parties.
Thus in the figure6 we have represented the variation of the quantum efficiency of the space charge zone, each
excitons and the differenttransitions, depending on the wavelength.
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Fig. 8. variation of the quantum efficiency of the cell space charge zone for the different transitions of excitons according
to the wavelength.

The analysis brings up two parts with the exception of the variation in performance without the contribution of
excitons:

e For Arange of wavelength between 250 and 300 nm, it is noted that the external quantum efficiency
increases. This increase is due, in that in this wavelength range of the solar spectrum ZnO which is a
part of the space charge zone is absorbent.

e For A wavelength range between 300 nm and 800 nm a gradual decrease is observed between 300 and
350nmsuivi a sudden increase from 350 to 378nm and from the latter it decreases to zero.

In the entire range of wavelength we also observe peaks in returns calculated in the presence of excitons. Thus
we can say that they are responsible for these peaks.
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As can be even in this figure the presence of excitons increases the quantum yield of 9% to 40% in the visible.
This clearly shows the influence of excitons of the quantum efficiency of the solar cell.
These results show that the excitons improve performance in this area.

Total Quantum Efficiency of the Solar Cells ZnO/CdTe
The total quantum yield is the sum of the yields of the three parts of the heterojunction. However we grouped in
Figure? below the curves of variation of the yield as a function of wavelength, with and without excitons.

10

o
@
1

o
o
1

—a— \Without Excitons
—e— With Excitons

Quantum Efficiency
Y
L

o
N
1

0,0

T T T T
200 400 600 800 1000
Wavelength (nm)

Fig. 9. Variation of the external quantum efficiency of the cell with and without excitons according to the wavelength

The observation shows that the wavelength range between 300 and 400nm efficiency calculated without
excitons is higher. Therefore on the remaining wavelength ranges, other than 400 and 600 nm when they are
substantially equal; performance with excitons is more important.

In particular we also observe that above the maximum vyield the effect of excitons becomes very significant
because we find that the response of the cell becomes increasingly important .on also notes the difference
between the two yields increases as and as one away from the area of higher wavelength 750nm.

4. CONCLUSION
During this work, we studied some optical parameters namely the refractive index, the reflection coefficient,
absorption of the materials forming the heterojunction ZnO / CdTe. For the latter two, we graphically
established their variation as a function of wavelength, for different contributions of excitonic transitions of
materials. Thereafter we studied the quantum efficiency of each part of the heterojunction taking the same
criteria that we took on the optical parameters of materials, before studying the performance of the cell to see
the contribution of excitons.

The effect of excitons on the emitter, the base, the space charge region and the cell was studied. The results
showed that whereas the excitonic transition can improve the efficiency of the solar cell. Thus, for a good
optimization of the cell efficiency ZnO / CdTe apart from other parameters which thicknesses of the emitter and
base must be considered excitonic transitions of materials.
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