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parameters complicates the resolution of analytical
equations. To overcome this, many simplifications and
assumptions are used to obtain simpler analytical solutions.
However, those simplifications hide many internal
physical phenomena and therefore make the analytical study
of solar cells approximate and less rigorous. On the other
hand, the use of numerical solution techniques can provide
solutions and results close to the experimental ones and
allows using maximum data. The simulation of solar cells,
using different simulators is a mean for understanding the
behavior of these devices. It permits to see the effect of
certain parameters (doping levels in both regions, base
thickness and junction depth) on the solar cell characteristics
namely the short circuit current (Isc), the open circuit voltage
(Voc), the conversion efficiency (η) and the fill factor (FF)
[3].
In our case, we used the PC1D simulator (Personal
Computer 1 Dimension), which was developed by Paul A.
Basauri in 1984 to model semi-conductors, including
photovoltaic components [4], [5]. It solves the coupled
nonlinear equations that govern the physical phenomena
within the device to be studied. This simulator is widely
used to model the internal operation of crystalline solar cells
[6], [7].
In this paper, we will investigate the behavior of the solar
cell with respect to technological parameters such the
doping level, the thickness of the base and emitter layers and
the recombination speed on the front side of the cell and
their role in the optimization of the cell.

Abstract—The process of modeling photovoltaic devices is a
tedious task in that it depends heavily on several intrinsic and
extrinsic properties of the material. In this paper, numerical
solutions are obtained using the Personal Computer 1
Dimension (PC1D) software package in order to improve solar
cells performance. The analysis deals with high efficiency GaAs
solar cells, in order to search the technological parameters
leading to optimal performances of the cells, the effects of the
doping level and the thicknesses of the base and emitter layers
were also investigated. The optimal fill factor and the
conversion efficiency that were obtained are 86.76 % and
25.8 % respectively.
Index Terms—GaAs, solar cell, numerical modeling, PC1D,
conversion efficiency.

I. INTRODUCTION
The solar cell is an electronic component capable of
providing energy if properly lighted. Generally, its
performances depend on manufacturing conditions and its
operating environment. Generally, the compounds used in
optoelectronics and solar cells at high efficiency, are
essentially alloys of elements from column III and column V
in the periodic table of elements. The main semiconductors
in III-V namely, GaAs and InP can be alloyed with other
materials such as Al and Sb to give ternary compounds such
as AlxGa1-xAs and GaxIn1-xP, or quaternary compounds such
as InxGa1-x AsyP1-y. They are formed as thin films to be used
in different terrestrial and space applications [1]. GaAs is
currently one of the most used semiconductors, so that
recent research was directed towards the study of gallium
arsenide solar cells due to their interesting features, namely,
lower temperature coefficient, higher electron saturation
velocity and higher electron mobility compared to silicon
solar cells [2].
The modeling of photovoltaic devices is not simple; it
depends heavily on several intrinsic optoelectronic
properties of the material, such as surface recombination
velocity and volume, lifetime of minority carriers, and the
doping level which is one of the extrinsic parameters which
play an essential role. The involvement of all these

II. GaAs SOLAR CELLS MODEL
Schematic drawing of basic structure of a mono-crystal
GaAs solar cell is shown in Fig. 1.
It is well known that the efficiency of the GaAs solar cells
depends on n+p junction’s depth. For an optimal value of
this parameter, the solar cell operates more efficiently. This
is caused, on the one hand, by a specificity of photon
processes taking place within the materials contained in the
solar cells, and on the other hand, by the features of their
designs[8].
To optimize a solar cell, we used its mathematical model
considering an abrupt n+p junction and constant doping
levels on each side of the n+p junction [9]. We can suppose
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pn − pn0 = 0 at x = x j ,

that the electric field, outside the depletion layer of the n+-p
junction, is equal to zero.

(10)

where Sp is the surface recombination velocity of holes.
2) In the junction limit, the density of carriers in excess
is cancelled by the electric field in the depletion region:

−Dp

d ∆n p

= Sn ∆ n p at x = H ,
dx
n p − n p 0 = 0 at x = x j + w ,

Fig. 1. Basic structure of a GaAs solar cell.
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where α ( λ ) is the local absorption coefficient, R ( λ ) is the
surface reflectivity and F ( λ ) is the density of photons. For
low injection conditions, stationary equations are [5]:
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where Pno and nno are respectively electrons and holes
densities, at the thermodynamic equilibrium and q is the
electron charge. Jp and Jp, Gn and Gp, τn and τp are,
respectively, the current densities, the generation rates and
the life duration of electrons and holes. The hole and
electron densities are given by:
(5)
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(13)

J E ( λ ) = J p ( λ ) + J n ( λ ) + J dr ( λ ),

(14)

J dr = q F (1 − R) exp (− α x j ) [1 − exp (− α w)] .

(15)

where

= 0. (7)

The most important Semiconductor parameter is the
conversion efficiency η, given by

η = Pm / Pin = FFVoc J sc / P in ,

= 0. (8)

(16)

where Pm =Im Vm is the maximum output power of SC, Pin is
the integral solar incident power on the front contact, Voc is
the open circuit voltage, Jsc is the short circuit current
density and FF is the Fill factor which determines the SC
losses.

Since (7) and (8) don’t have analytical solutions, we used
a numerical method with the following initial conditions:
1) At the surface level, the recombination takes place at
a speed Sp:
Dp

(α

where d ' is width of base and LP and Ln are hole and
electron diffusion lengths.
The total photo-current as a function of the wavelength is
defined as the sum of diffusion currents in the p-, n- regions
and depletion region [5]

A similar integro-differential equation for the electron
distribution in the p layer can be written as
d 2 ∆n p

q F (1 − R)α Ln




 d' 
 d' 
 Sn Ln  
'
'


  cosh   − exp(− α d )  + sinh   + α Ln exp (− α d ) 
D
L
L


n
n
n


 
 

×  α Ln −
,
' 
' 




Sn Ln
d
d
sinh   + cosh  






D
L
L
n


 n
 n

where E is the electric field and Dp, Dn, µ p and µ n are the
diffusivity and the mobility of holes and electrons.
The combination of (1), (2) and (5) allows obtaining the
following expression describing the distribution of holes in
the emitter region (n layer)

d 2 ∆pn




 . (12)




While the photo-generated excess hole density in the p
region is given by

(4)

J p = q µ p pn E − q D p (dpn / dx ),

(12)

where xj is the junction depth, H is the thickness of the cell,
Sn is the back surface recombination velocity of electrons
and w is the space charge width. The photo-generated excess
hole density in the n region is given by

The generation rate of electron-hole pairs at the distance x
from the surface is given by the following expression

G( x, λ) = α (λ) F (λ) [1 − R(λ)] exp(−α (λ) x),

(11)

III. RESULTS AND DISCUSSION
(9)

The choice of the optimal parameters of each area of the
cell was carried out in order to attain the best compromises
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doping level which decreases the resistivity of the base. The
phenomenon is reversed with the open circuit voltage; the
voltage increases with the doping and decreases with the
thickness (Fig. 3). We note, moreover, that the best
conversion efficiency of the cell (η =25.8%), is obtained for
a base doping NA=1×1017cm-3 and a thickness XB=3.75 µm
(Fig. 4).

between the conversion efficiency η and the Fill factor FF.
To study the influence of the base parameters, we varied the
thickness of the latter between 1 µm and 9 µm and its
doping level between 1 × 1016 cm-3 and 2 × 1018 cm-3.
Moreover, the parameters chosen for the emitter, the BSF
(back surface field) layer and the window layer are
respectively: ND = 2 × 1018 cm-3 and XE = 0.05 µm, NA = 2 ×
1018 cm-3 and XBSF = 0.5 µm, ND = 2 × 1018 cm-3, Xwindow =
0.05 µm. Details about the main parameters of the
semiconductors used in our simulation are summarized in
Table I.

25,9
25,8
25,7

Conversion efficiency(%)

25,6

TABLE I. MAIN PARAMETERS USED IN THE SIMULATION.
Material
GaAs
Al0.8Ga0.2As
Band Gap(eV)
1.42 [10]
2.09 [11]
Electron affinity (eV)
4.07 [10]
3.53 [11]
Dielectric permittivity(relative)

13.18 [10]

10.68 [11]

Eelectron mobility (cm²/Vs)

Varied [12]

212 [13]

Hole mobility (cm²/Vs)
Radiative recombination
coefficient (cm³/s)
Lattice constant a(A°)
Absorption coefficient

Varied [12]

67 [13]

7.20E-10 [10]

7.50E-10 [11]

5.65 [10]
Data from [14]

5.64 [13]
Data from [11]

25,5

1E16cm-3
5E16cm-3
1E17 cm-3
2E17cm-3

25,4
25,3
25,2
25,1
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Fig. 4. Base parameter effect on the conversion efficiency of the GaAs cell.

The spectral response is degraded when the doping of the
emitter increases. It reaches its maximum value (> 95 %), in
the wavelengths range of 300 nm–800 nm (Fig. 5.)
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Fig. 5. Emitter parameter effect on the spectral response of the GaAs cell.

Good results were obtained for an emitter thickness XE =
0.05 µm and a doping ND = 2 × 1018 cm-3 (Fig. 6). The best
obtained results are η = 25.8 % and FF = 86.76 %.
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Fig. 3. Base parameter effect on the open circuit voltage of the GaAs cell.

Results of PC1D simulation (using these assumptions) are
shown in Fig. 2, one can see that the short-circuit current is
proportional to the thickness of the base. The variation is
very fast until XE = 4 µm, then it starts to stabilize around a
constant value. Considering the good absorption properties
of GaAs, this thickness is sufficient to exploit a broad range
of the solar spectrum. However, the same figure shows that
the current is inversely proportional to the doping of the
base. This degradation of the current is due to the higher
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Fig. 6. Emitter thickness effect on the conversion efficiency of the GaAs
cell.

A high recombination speed, on the front surface,
strongly degrades the performances of the solar cell, because
the carriers created by the short wavelengths recombine
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before reaching the junction. The effect of this phenomenon
on the cell quantum efficiency is illustrated in Fig. 7.
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