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Today, the technology of typical silicon-solar cells is fully developed and mature. In spite of its continuous

improvements, the record efficiencies of 25.0% are approaching theoretical solar conversion limits of around 33.7%.
Values much beyond this limit are likely to be achieved using III-V semiconductor compounds, electrical and

optical properties are more suitable for solar energy conversion.

They are the most promising candidates for

realizing solar cells, which can achieve efficiencies of 50% and more. In this paper we studied the influence of
pressure in the reactor chamber on the roughness of an InGaP “nucleation layer” grown on Ge. The growth of
the layers was performed in a metalorganic vapour phase epitaxy reactor AIX 200/4. The source gases were
trimethylgallium, trimethylindium and AsHsz. The rate of pressure in the reactor was raised from 100 mbar to
400 mbar by 50 mbar. The InGaP layers with the lowest roughness were achieved at the pressure of 400 mbar.
The layers were characterized by very low roughness (RMS < 0.3) measured by atomic force microscopy. The
quality of the surface was perfect enough to be applied in a solar cell structure.
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1. Introduction

III-V semiconductor compounds, whose electrical and
optical properties are suitable for solar energy conver-
sion are the most promising candidates for realizing solar
cells, which can achieve efficiencies of 50% and more [1].
Such solar cells consist on three or more junctions (typi-
cally InGaP/InGaAs/Ge) connected in series. Each of
the junction absorbs different part of the solar spec-
trum in order to increase the efficiency and is called
triple junction solar cell (TJ) [2]. To achieve the TJ
with the best possible efficiency one has to optimize
the performance of each junction. Unfortunately, there
are many problems with achieving Gag 5Ing 5P (InGaP)
layer on Ge substrate with the crystal quality and sur-
face morphology perfect enough to be applied in solar
cell structure. InGaP serves as the “nucleation layer”
which provides defect-free template for subsequent epi-
taxial growth [3, 4]. It should be characterized by as low
surface roughness as possible. Here in this work we stud-
ied the influence of the lowering of the pressure in the
reactor on the roughness of InGaP layer.

2. Experiment

All the growth processes were carried out in AIX 200/4
reactor. The growth of InGaP layers doped with silicon
(so-called “nucleation layers”) were carried out on germa-
nium. The details of the growth process were published
elsewhere [5]. The pressure in the reactor was varied from
200 to 400 mbar for the purpose of achieving InGaP layers
with as low surface roughness as possible. The roughness
of achieved layers were studied by means of atomic force
microscopy (AFM).

3. Results and discussion

Our results show that the rising of the pressure in the
reactor influences the roughness of the grown layers. Fig-
ures from 1 to 4 show the surfaces of the InGaP layers
grown at the pressures from 250 to 400 mbar. The layer
grown at the highest pressure is characterized by the low-
est roughness.
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Fig. 1. The surface and roughness of InGaP layer
grown in 250 mbar measured by AFM.
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Fig. 2. The surface and roughness of InGaP layer
grown in 300 mbar measured by AFM.
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Fig. 3.
grown in 350 mbar measured by AFM.
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Fig. 4.
grown in 400 mbar measured by AFM.
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As a result of lowering the pressure in the reactor,
the growth mode changed from three- to two-dimensional
and, hence, the layer grown at 400 mbar is characterized
by the lowest roughness and can be used as a template
for the solar cell structure.

4. Summary

We investigated the influence of the pressure in the
reactor on the roughness of InGaP layer. The rising of it
made the growth mode change from 3 to 2D and hence
the layer grown in the highest pressure was characterized
by the lowest roughness and can be used as the template
for solar cell structure.
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