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Abstract
Simulation capacities of GaInP solar cells were studied 
with a special emphasis on material and structural pa-
rameters. The comparison between experimental and 
numerical results allowed to validate the models used 
for such a device and permitted to extrapolate the lay-
ers structure. With this method we proved the role of 
the substrate in the simulation and thus its importance 
in the optimization process. This study is an important 
previous step to validate the numerical approach for 
multi-junction solar cell simulation in 3D.

I. Introduction
In the last decade, a great activity is being carried out 
worldwide to achieve commercial PV based on concen-
trator III-V solar cells modules for terrestrial applica-
tions. Despite current concentrator products are based 
on silicon cells, III-V multi-junction solar cells have a 
tremendous potential for increasing efþ ciency and also 
to operate at higher concentration levels than silicon. 
Both aspects, high efþ ciency and high concentration, are 
determinant in order to achieve low cost [7]. Multi-junc-
tion solar cells including GaInP, (In) GaAs and Ge are 
known as super-high efþ ciency and are now in the main 
stream for terrestrial use under concentration. The high 
cost of these materials require concentration about 1000 
suns to reduce the energy cost and a two or three junc-
tions design for a better use of the solar spectra [1]. Ef-
þ ciencies about 30% at 1000 suns [8] and 39% at 236 suns 
[5] have been reached and efþ ciencies about greater than 
40% are hoped for the next years. This activity, which is 
in the search of a real breakthrough, is requiring very 
accurate models for concentrator solar cells that conduct 
to the highest efþ ciency of PV modules [2]. In order to 
increase the performance of such concentrator solar cells, 
a modeling as accurate as possible is necessary to guide 
the technological approaches. In this paper we will focus 
on the GaInP solar cell. By using a numerical analysis, 
we could calculate the external quantum efþ ciency and 
the performance of the device taking into account many 
material and structure parameters. We can analyze the 
behavior of the device over a wide range of wavelengths 
and by þ tting the calculated data and the experimental 
ones we can extract the exact layers structure further 

conþ rmed by SEM measurements. This process will be 
very useful to validate the simulation input parameters, 
to explain the behavior of a device and then to optimize 
the layers structure according to the requirements of this 
top cell into the multi-junction solar cells.

II. The Simulation Tools
Traditionally, the simulated electronic devices were of 
micrometric scale while solar cells had always been too 
big t be modeled. In our case we are simulating concen-
trator solar Ücells, this means we reduce the cell area us-
ing an optic focusing the light on a smaller surface(see 
Figure 1) [6]. The typical concentration we use is about 
1000 suns, which is the same as saying that the optic has 
an area a thousand times greater than the cell, so our 
active area is reduced to 1 mm2. Solar cell size is a key 
aspect in concentration applications that is not usually 
taken into account. In fact, there are not in literature spe-
ciþ c values for the solar cell size following  optimization 
criteria. Therefore, we determined the optimum size for 
a GaAs solar cell operating at 1000 suns [7]. It is about 1 
mm2 and it appears as a trade-off between the inÿ uence 
of series resistance and perimeter recombination. More-

Figure 1. View of a Solar cell and the concentrator.




