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The influence of thickness variation on the efficiency of
(InN/Si) and (GaN/Si) solar cells
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The (InN/Si) and (GaN/Si) solar cells was designed and investigated by using ISE TCAD simulation software under air mass

1.5 global irradiance spectrum. The doping levels of p-type and

n-type were 1x10”cm™ and 1x10"%cm™

respectively. The thickness of InN and GaN was changed several times as (0.2,0.4,0.6,0.8 and 1 ym). In this study , we
present the effect of n- type layers thickness variation on the performance of INN and GaN solar cells structures. In this
numerical study, all the processing conditions were kept constant except the thickness. The efficiency values were

(29.15%) and (19.69%) for GaN and InN, respectively.

(Received December 03, 2009; accepted January 19, 2010)

Keywords: III-V nitride compounds, critical thickness, diffusion length, resistivity

1. Introduction

The effect of wafer thickness on the conversion
efficiency of Sun Power’s solar cell design was first
described in 2003 [1]. The thickness of the cells affects its
efficiency in a number of ways. Firstly, reducing of the
thickness decreases the photo-generated current because
there is no enough thickness to fully absorb the longer
wavelength photons. However, in the Sun Power cell
design, the light trapping features such as texture and a
rear surface reflector increase the effective optical path
length dramatically which minimizes the loss of the near
band gap photons [2]. Secondly, decreasing the thickness
increases the efficiency because the ratio of diffusion
length to thickness increases and thus increasing collected
efficiency of the minority carriers.

2. The properties of InN and GaN materials

The group III-V nitrides, such as indium nitride (InN),
gallium nitride (GaN ) and their alloys have actively been
investigated for the past three decades or so for their
promising semiconductor device applications in the
electronics as well as optoelectronics operating in the blue
and ultraviolet (UV) region of the light spectrum. The
wavelength range of this continuous alloy system formed
by the nitrides with direct band gaps which start from 0.77
eV for InN to 3.4 eV for GaN, thus covering the
technologically important UV and visible spectral ranges
[3]. GaN is also an attractive candidate for protective
coatings due to its radiation hardness [4] and wide band
gap makes it go to intrinsic concentration at a much higher
temperature than materials like Ge, Si and GaAs, i.e. the

intrinsic carrier concentration at any given temperature
decreases exponentially with band gap. Therefore, GaN
and similar wide band gap materials are attractive to high
temperature applications. Moreover, the GaN is a direct
and wide band gap semiconductor when compared to the
more widely known (Si, GaAs and SiC). These properties
have made InN and GaN a suitable semiconductor material
for device applications in the high-temperature and caustic
environment as well as in space applications.
Consequently the InN and GaN have many attractive
features like densities, higher mobilities and higher
breakdown voltages [5,6].

3. Simulation results and discussion
In this study, we investigated the InN and GaN solar

cell designs numerically by using ISE TCAD simulator as
shown in Figs. (1, 2).

Top layer InN
Thickness (0.2,0.4,0.6,0.8,1 tan)

Doping n-type 1x10'*cm-3

Substrate Si
Thickness 50 tamn

Doping p-type =1x10"”cm-3

Fig. 1. InN/Si design.



2 Wisam J. Aziz, K. Ibrahim

Top layer GaN
Thickness (0.2,0.4,0.6,0.8,1 tm)

)]8

Doping n-typlx10"°cm-3

Substrate Si
Thickness 50 pim

Doping p-type =1x10"cm-3

Fig. 2. GaN/Si design.

For a practical analysis of the solar cell performance,
the dark and light I-V characteristics shown in Fig. 3.
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Fig. 3. Typical dark and illuminated solar cell.

Prominent parameters of the illuminated I-V
characteristics include the open-circuit voltage V. the
short-circuit current density I, the maximum power
voltage Vi, and the current density for maximum power
Iip. The maximum power P, is given by the product Vy,,
Imp. The efficiency of the cell at the maximum power
point is the ratio of the output power Py, to the incident
solar power Py, [7].
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The I-V characteristics are very important parameters
especially for the solar cells because the solar cell depends
on V,. and I in order to obtain the fill factor (FF) and

efficiency (77) values. From Tables (1, 2) observed that

the optimum thickness was located in the range (0.2-
1 4m) it was value (0.2 #M) for InN and GaN. Moreover,
the GaN has a higher value than InN for the efficiency in
the thickness of (0.2 M) where its efficiency was

(29.15%) for GaN versus (19.69%) for InN.

Table 1. Calculate the fill factor(FF) and efficiency (77) of GaN/Si.

Thickness( M) Viu(V) In(A) Voo L(A) FF Efficiency
Top layer(GaN) x10™ x10™ K () %
0.2 0.51 4.54 0.57 4.57 88.89 29.15
0.4 0.5 4.53 0.56 4.57 88.5 27.09
0.6 0.53 3.64 0.58 3.8 87.53 22.38
0.8 0.51 2.63 0.53 2.82 89.74 15.66
1 0.48 2.34 0.54 2.38 87.39 13.23
Table 2. Calculate the fill factor(FF) and efficiency (77) of InN/Si.
Thickness( £M) Vu(V) I(A) Vo (V) I(A) FF Efficiency
% I 0
Top layer(InN) x10 x10 /o 1) %
0.2 0.46 2.8 0.54 3.09 77.19 19.69
0.4 0.44 2.32 0.52 2.71 72.24 15.60
0.6 0.44 2.32 0.52 2.71 72.24 8.71
0.8 0.38 1.5 0.46 2.05 60.44 8.71
1 0.38 1.65 0.46 2.24 60.85 9.58

This study will help to know the optimum thickness
for these two materials, and in the end, these results will
encourage the fabrication towards the solar cells structures
within this thickness.

4. Conclusions

In this study, the designs of (InN/Si) and (GaN/Si)
solar cells were carried out by using the numerical
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simulation method. Our results described how the
thickness affects on the efficiency. It was found in Figs.
(4, 5) that the best efficiency values got in thickness
(0.2 gm). The wafer thickness which we used was 50 pm

is not sufficient to produce high efficiency solar cells.
Thus, we need to increase the wafer thickness to be >100
pm because the silicon has a big diffusion length (L) and
this allows to use a bigger thickness.
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Fig. 4. The 1-V characteristics of (GaN/Si ) asa
function of the thickness variation (x).
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Fig. 5. The I-V characteristics of ( InN/Si) as a function
of the thickness variation (x).

Hence, V. is the key parameter to assess whether
reducing the thickness was beneficial or not. So a slight
improvement in V,. was expected when reducing the
thickness for the low lifetime.

The increase in the solar cell performance is ascribed
to the increase in the open circuit voltage (V) of the solar
cell without significant loss in the short circuit current
(Jso). Therefore, a significant cost reduction has been
realized when the wafer thickness is reduced while yield
and cell performance are maintained. This reduction in
thickness often results in a decrease in the cell
performance compared to the solar cell with the
conventional thickness.
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