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ABSTRACT

In this paper presented a heterojunction of InGaAs/GaAs solar cell is modeled and fully
simulated by Silvaco software with demonstrated by two-dimensional analysis. The
InGaAs window layers of GaAs heterojunction solar cell help in reducing the surface
recombination at the emitter surface of the solar cells resulting in significant
improvement in energy conversion efficiency. The fabrication process and simulation of
photovoltaic properties are performing by using ‘Virtual Wafer Fabrication’ software
produced by SILVACO Inc. TCAD tools. Three types of concentration doping of
Phosphorus were chose in this work which is 1x10*" ion/cm™, 1x10" ijon/cm? and
1x10% jon/cm™. These simulations were run in 30°, 60° and 90° of incident light for
each doping concentration. The factors affected the efficiencies and performance which
consists of concentration doping, angle of incident light and junction depth of solar cell
are analyzed and discussed. As the results, the maximum efficiency is 36.48% from
1x10"" ion/cm™ doping in 90° incident light, while the electrical characteristics gives
lower I value and higher V. value. As a conclusion, the efficiency of 36.48% has
produced the thinnest junction depth of InGaAs window layer and GaAs emitter layer.

INTRODUCTION

A solar cell consists of potential energy barriers within a semiconductor material that is
capable of separating the electrons and holes that are generated by the absorption of
light within the semiconductor [1]. The most common four types of barriers are
homojunctions, heteroface structures, heterojunctions and schottkey barriers.
Homojunctions is p-n junction within the same semiconductor material, heteroface
structures is similar to homojunctions but with a window layer of a larger band gap
semiconductor added to reduce surface recombination loss, and heterojunction is p-n
junction between two different semiconductor material while schottkey barriers is
metal-semiconductors junctions. The use of a heterojunction with larger band gap
window means to minimize the surface recombination loss that might otherwise
dominate in direct band gap materials [2]. It also expands the semiconductor material
possibilities for solar photovoltaic enormously.
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One of goals of solar cells is the calculation of solar efficiency [3]. The current-voltage
characteristics as shown in Figure 1 illustrated current-voltage characteristics to define
basics solar parameters, light generated current (1.), short circuit current (ls;) and
voltage open circuit (Vo).
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Figure 1: Current-voltage characteristics of p-n junction solar cell in the dark and under
illumination.

Fill factor (FF) is defined by the maximum rectangle given by Vi, and I, and such as
the Eq. 1:

FF:( P J (1)
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Typically, the FF is between 0.7 and 0.8 [4]. The solar efficiency of a cell is defined as
the ratio maximum power, Py, to the solar power incident on the cell and written as Eq.
2:
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These parameters are not independent from each other and are controlled by physical
processes. The results will allow estimation of the efficiency of a solar cell from
perspective of the material properties.
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Two different semiconductors used in this project are GaAs and InGaAs, which GaAs is
compound of elements Gallium and Arsenic while InGaAs is compound of Indium,
Gallium and Arsenic. In many years, GaAs is known well with the band gap 1.43 eV as
produce the highest efficiency of solar cell [5]. GaAs has a direct band gap and a large
optical absorption coefficient, absorbing 97% photons within about 2 um. The near
perfect lattice match and absence of interface state recombination of InGaAs/GaAs
isotype junction has been used to advantage to remove the front surface recombination
loss from heterojunction interface and to yield the highest efficiencies of solar cell.
InGaAs is semiconductor which the energy band gap can be change within 1.42 eV
from GaAs and 0.36 eV from InAs with changes of ratio In/Ga.

METHODOLOGY

Silvaco software is used to model and simulate as the method of this project with the
modules of Athena and Atlas [6]. The fabrication process of solar cell started from the
silicon substrate grid selection of 10x50 um? on GaAs wafer with 3.0x10™ atom/cm?
boron concentration and <100> orientation. Then the GaAs growth as substrate p-type
with impurity of boron with energy applied at 100 eV. The first layer of 0.10 um was
deposited on the top of substrate by using GaAs as p-type high doping. The
implantation of phosphorus was applied to develop n-type layer with different
concentration doping of 1x10%" ion/cm™, 1x10"° ion/cm™ and 1x10%° ion/cm™. The
doped atom is absorbed through annealing process in 60 min with 900°C temperatures.
The second layer of 0.05 um which is window layer for this structure was deposited
using InGaAs material followed by formed contact using Aluminum material. Finally,
the model structure was applied voltage to extract and analyze the short circuit current
output and open circuit voltage of solar cell. The schematic of fabricating layers for
InGaAs/GaAs heterojunction solar cell model are as Figure 2 below.
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Figure 2: The schematic of InGaAs/GaAs heterojunction solar cell model
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RESULTS AND DISCUSSION

The heterojunction solar cell structure has been done modeled by using Athena
simulator in Silvaco software. Figure 3 illustrated heterojunction InGaAs/GaAs solar
cell structure with 1x10*" jon/cm™ doping at 30°, 60° and 90° incident lights. In 90°
incident light figure, the light entering straight into GaAs substrate without reflecting
because the structure is even surface. But we can see clearly on the 30° and 60° incident
light figures, the light reflected when entering into GaAs substrate region.
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Figure 3: The solar cell structure with incident light of (a) 90°, (b) 60° and (c) 30°

Atlas simulator enables device technology engineers to simulate the electrical, optical,
and thermal behavior of semiconductor devices [6]. ATLAS has the capability to
provide a wide variety of illustrative results for use in solar cell design [7]. The
simulation result of short circuit current (lsc), open circuit voltage (Voc), emitter junction
depth (GaAs) and window layer junction depth (InGaAs) on InGaAs/GaAs
heterojunction solar cell for variables concentration doping in 90° incident light were
extracted and recorded in Table 1 below.

Table 1: Simulation result for variable phosphorus doping

Phos(g?grwin?%p'ng 1x 10" 1x 10% 1x 109
Jsc (NA) 4.80 5.02 5.00
Voc (MV) 9.50 8.70 8.60
GaAs junction depth (um) 0.34 0.42 0.45
InGaAs junction depth (xm) 2.86 2.87 2.89

Figure 4 described the histogram of efficiency for variable doping concentration when
different angle of incident light hits on InGaAs/GaAs heterojunction solar cell surface.
In overall the increasing of doping concentration resulted of decreasing efficiency solar
cell, and this situation because of hot electron effect and depletion region from
increasing number of electron and their momentum and velocity. This result can be
concluded the efficiency of 1x10*" jon/cm? at 90° incident light is higher than others
concentration doping in different incident light angle which has 7 of 36.48%.

Corresponding Author: huda@vlsi.eng.ukm.my

248



Solid State Science and Technology, Vol. 18, No 1 (2010) 244-250
ISSN 0128-7389

4000 1 L .0
34.90 34.40

35.00 -

30.00 -
£ 25.00
=~
g‘ 20.00 m90°
7] °
S 15.00 W60
&
w m30°

10.00 -

5.00 -

0.00 +——
14 19 20

Doping concentration (ion/cm?)

Figure 4: The histogram of efficiency for variable doping concentration in 30, 60 and
90° incident lights on InGaAs/GaAs heterojunction solar cell

CONCLUSION

The ability of the ATLAS device simulator [6], to accurately model solar cell
characteristics has been shown. Using these tools, a model of InGaAs/GaAs/GaAs cell
was designed and simulated showing junction depth and 1-V characteristics in line with
expectations. Theory of efficiency solar cell promising the increasing of efficiency and
performance cells when the values of current and voltage increased. As the results, the
maximum efficiency is 36.48% from 1x10' ion/cm™ doping in 90° incident light.
While the electrical characteristics gives lower I value and higher V,. value. As a
conclusion, the efficiency of 36.48% has produced the thinnest junction depth of
InGaAs window layer and GaAs layer.
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