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Abstract In this paper we propose an analytical model to investigate the influence of the depth and thickness of

the composite photoactive layer, on the optical and electrical properties of the hybrid solar cell based on the
mesostructured perovskite CH3NH3PbI3. Using Bruggeman theory, energy conservation equation and charge density
continuity equation, allowed us to determine the optical generation rate and the short-circuit current density. The
results obtained show that the optical generation rate decreases according to the depth. We also see that this optical
generation rate increases with the thickness of the photoactive layer. For the short-circuit current density, we note
that it increases with the thickness and there is an optimum thickness at 850 nm. Our results agree with those found
in literature.
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1. Introduction
Recently, the investigation of perovskite based hybrid
solar cell has attracted the attention of researchers
and scientists in the whole word because of their
important and remarkable luminous characteristics [1].
These perovskite materials are known for their abundance
in the nature, their manufacturing process at very low
temperatures, their less expensive processing technical
and for the spontaneous organization of their crystalline
structure. Furthermore, they freely generate charges
in the material after light absorption, which allows
generation and collection of these created charges. They
also have good intrinsic optical and electrical properties
[2,3]. The mesostructured perovskite hybrid cells have
the same architectural design as the Dye-sensitized
solar cells (DSCs). Only the dye is replaced by perovskite.
It is a mesostructure of metal oxide (e.g., TiO2,
ZnO, Al2O3) and methylammonium of metal halide
(CH3NH3MX3) with M a metal (M = Pb, Sn) and
X a halogen (X = I, Br, Cl) sandwiched between

two electrodes: a transparent anode which allows light
to pass and a metal cathode which reflects the light
towards the photoactive layer (Figure 1). The rapid
evolution of conversion rates [4] places these types of
materials very competitively in front of third generation
(organic) and conventional (silicon) materials that have
been studied for decades. To improve the efficiency and
performance of these new cells, several experimental
studies have been developed in recent years [5-10].
However, the developed models that we have encountered
in the literature did not consider a composite photoactive
layer composed of titanium dioxide (TiO2) and
methylammonium lead iodide (CH3NH3PbI3) [11,12]. It is
in this perspective that we propose an analytical model
taking into account this heterogeneity. This model allows
to study the influence of depth and thickness on the optical
and electrical parameters of the cell. To determine these
parameters, Bruggeman theory, energy conservation
equation and density continuity equation are used. After
presenting our model, we establish the analytical
expressions of the optical and electrical parameters of the
photoactive layer. We present and discuss our results
before concluding.
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εm = N 2.

(2)

Using theories based on electromagnetism and considering
the energy conservation equation in static regime [20]
defined by the relation (3),

Q + divP =
0
(3)
we easily obtain the optical generation rate for a depth z
of the Photoactive layer according to the relation (4):

Ge ( z ) = ηinj Ga ( z )

Figure 1. Structure of the mesostructured perovskite CH3NH3PbI3 solar cell

(4)

Where we have respectively Q the total energy density

per unit time, P the Poynting vector and ηinj the
injection rate of photons. The absorption rate of photons
Ga ( z ) is given by the relation (5):

2. Computational Model
The model considered is depicted in Figure 2. Where z
and d represent respectively the depth and the thickness of
the composite photoactive layer. So we are only interested
of this photoactive layer composed of a mixture titanium
dioxide (TiO2) and perovskite (CH3NH3PbI3) sandwiched
between two electrodes.

Ga ( z ) = ∫
λ

Q ( z, λ )
d λ.
hc

(5)

λ

Where h and c are respectively the Planck constant and
the velocity of light in vacuum.
The relation (6) gives the total energy density per unit
time.
1
2
Q ( z , λ ) = α ( λ ) .N .Y . E
2

(6)

Where λ , Y , E , and are respectively the Wavelength of
light in the visible range, the impedance of the wave and
the electric field. The absorption coefficient α ( λ ) of the
composite photoactive layer is given as in [21].

2.2. Electrical Parameters

Figure 2. Schematic of the composite photoactive layer

2.1. Optical Parameters
In this part, we determine the expression of the optical
generation rate which is linked to the various complex
refractive indices. The complex refractive indices of
titanium dioxide(TiO2) and perovskite(CH3NH3PbI3) for
visible wavelengths range (350 nm-800 nm) have been
obtained in the literature [13]. On the other hand, the
refractive index of the photoactive layer was obtained by
considering the Bruggeman theory [14,15,16,17,18] for
supposedly spherical particles. It leads to an equation of
the second degree given by relation (1):

2ε m2 + ( 3 p − 2 ) ε a + (1 − 3 p ) ε b  ε m − ε a ε b =
0

(1)

Where ε m is the average dielectric constant (effective
permittivity) of the composite medium, ε a and ε b are
respectively the dielectric permittivity of titanium dioxide
and perovskite and p the porosity of titanium dioxide
[19]. By solving this equation, we obtain the average
dielectric constant of the composite medium and we deduce
its complex refractive index ( N ) by the relation (2):

For this part we determine the analytical expressions of
the charges density and short-circuit current which depend
on the previous generation rate. For the photoactive layer
considered, only the perovskite material is responsible for
the absorption of light. In addition, the transport and
recombination properties of mesostructured perovskite
solar cells are similar to those of dye-sensitized solar cells.
Charge transport in perovskite cells is dominated by
conduction electron within the mesoporous TiO2 [22]. It
has also been suggested that the high dielectric constant of
perovskites allows the photogenerated excitons to
dissociate immediately into free carriers (electrons and
holes) [23,24]. The photogenerated electrons diffuse
through the photoactive layer before being collected by
the anode. Consequently, it is important to develop an
analytical electrical model to solve the electrons density
continuity equation in static mode along the photoactive
layer [12]. It is given by the following relation (7):
∂2 ρ ( z )
∂z

2

−

ρ ( z ) Ge ( z )
L2

+

D

0
=

(7)

Where ρ , D and L represent respectively the electrons
density photogenerated, the diffusion coefficient and the
diffusion length. This equation has been simplified by
ignoring the recombination of the carriers in the absorber
layer because their diffusion length in the perovskite
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material is very high [25,26]. The final solution of
equation (7) is obtained from the boundary conditions at
the anode/photoactive layer ( z = 0) and cathode/photoactive
layer ( z = d ) interfaces:
∂ρ ( z )
∂z
∂ρ ( z )
∂z

z =0

z =d

S1
ρ (0)
D

(8)

− S2
ρ (d )
D

(9)

=
=

photoactive layer. This same phenomenon has been
observed in dye-sensitized solar cells [19] including the
transport and recombination properties are similar to those
of our cell.

Where S1 and S2 denote respectively the recombination
rates of the electrons at the interfaces ( z = 0 ) and ( z = d ).
After having determined the analytical expression of the
photogenerated electrons density, we have deduced that of
the short-circuit current density given by the relation (10):
J cc = qD

∂ρ ( z )
∂z

z =0

(10)

Where q is the electron charge.

Figure 4. Optical generation rate as a function of the thickness of the
photoactive layer

3. Résultats et Discussions
After determining the analytical expressions of the
macroscopic parameters cited above, a numerical code is
established. The obtained results are presented in this
section. The evolution of the optical generation rate and
the electron density according to the depth of the
photoactive layer was investigated. Similarly, an
investigation was made on the evolution of the optical
generation rate and the short-circuit current density as a
function of the thickness. The analytical model was
validated by data found in the literature.
Figure 5. Electrons Density depending on the depth of the photoactive
layer

The profile of the electrons density generated in the
photoactive layer along the depth has been shown in
Figure 5. The analysis of this graph shows a high electrons
concentration in the environment of the anode/
photoactive layer interface which decreases in depth. This
density being related to the optical generation rate; its
behavior is also related to the attenuation of the amplitude
of the wave along the depth.

Figure 3. Optical generation rate depending on the depth of the
photoactive layer

The Figure 3 shows the evolution of the optical generation
rate depending on the depth of the photoactive layer. We
note, this optical generation rate decreases in accordance
with the progress in depth. The same pace has been found
in the literature [12]. This behavior is due to the
attenuation of the wave amplitude according to the depth.
The Figure 4 shows the evolution of the optical
generation rate as a function of the thickness of the
photoactive layer. The analysis of the graph shows that the
optical generation rate increases with the thickness of the

Figure 6. Short-circuit current density as a function of the thickness of
the photoactive layer
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In Figure 6, we presented the evolution of the shortcircuit current density as a function of the thickness of the
photoactive layer. The analysis of the graph shows that the
short-circuit current density increases with the thickness.
We note an optimum thickness of 850 nm. The same
behavior was observed by Yixin Zhao et al [22] for a
thickness varying from 240 nm to 1650 nm.

4. Conclusion
Our model allowed us to investigate the influence of the
depth and thickness of the photoactive layer on the optical
and electrical properties of a hybrid solar cell based on
mesostructured perovskite CH3NH3PbI3. We observed that
the optical generation rate decreases along the depth of the
photoactive layer. We also noticed that the optical
generation rate increases with thickness. For the electrons
density, we observed a high concentration at the
anode/photoactive layer interface. About the short-circuit
current density, we found that there is an optimum
thickness of 850 nm which agree with the result found in
the literature. The model makes it possible to know the
optimal thickness of the composite photoactive layer. It
allowed us as well to analytically determine the optical
generation rate and the electrons density which cannot be
measured directly. However, it would be interesting to
study the influence of the recombination rates at the
interfaces on the optical and electrical properties of such a
solar cell for better optimization. See also the influence of
the wavelength of incident light would be important.
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