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Due to the importance of integrating III-V semiconductors with Si technology for future photovoltaic
devices. In this paper, the influence of GaAs layer position on the electrical behavior of ITO/Si/GaAs/Si/ITO
p-i-n junction solar cell has been studied using SILVACO 2D-Atlas simulation software. Current-voltage
(I-V) and power-voltage (P-V) characteristics have been investigated at room temperature and under
standard illumination conditions (AM1.5G). Short-circuit current (Isc), open-circuit voltage (Voc), maxi-
mum power (Pmax) and fill factor (FF) were extracted. The results showed that the performance of the
ITO/Si/GaAs/SI/ITO solar cell improves when the position of the GaAs layer changes, as the electrical
parameters of this solar cell increases when the GaAs layer approaches the cathode electrode. The
ITO/p-Si/Si/GaAs/n-GaAs/ITO solar cell showed the best electrical performance compared to the rest of the

solar cells, which was characterized by Isc=3.51 mA/cm?2,

FF = 80.80 %.

Voc=1.16 V, Pnax=3.29 mW/cm? and
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1. INTRODUCTION

Solar cells are one of the most important means used
in the production of electrical power, because they allow
direct conversion of solar energy into electrical energy [1-
2]. With regard to sustainable development, it is consid-
ered one of the most promising ways to support human
beings’ demand for renewable energy [3-4]. Over the last
several decades, single-junction solar cells in Si technol-
ogy have captured the majority of the commercial photo-
voltaic (PV) market [5]. As the efficiency of these solar
cells is rapidly approaching the theoretical limit (29.4 %)
[6-6], high-efficiency, high-performance and low-cost
solar cells are the focus of scientists' attention for dec-
ades all over the world. One of the possible ways to in-
crease the performance and efficiency of solar cells is to
use multiple semiconductors in a single solar cell struc-
ture [6]. This structure consists of a set of serially con-
nected layers (epitaxial growth or surface-activated
bonding (SAB) methods) of semiconductor materials with
different bandgap widths [7-9].

Currently, the integration of III-V semiconductors
with silicon technology is the topical problem for elec-
tronics, optoelectronics and photovoltaic devices
[10-11], because III-V semiconductors such as GaAs
possess high electronic mobility, direct bandgap and
high absorption constant which make them very prom-
ising for developing functional structures of solar cells.

It should be noted that transparent conductive (TCO)
layers can be used to fabricate Si-based TCO/Si solar cells
by introducing an a-Si:H intermediate layer at the ITO/Si
interface [12]. Widely, indium tin oxide (ITO) is known as
a n-type degenerate semiconductor that has very attrac-
tive electrical and optical properties for optoelectronic
devices, especially solar cells due to its high transmittance
in the visible range of the solar spectrum, bandgap of
around 3.5 to 4.3 eV and its relatively low electrical resis-
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tivity (~ 104 Q-cm) [9]. In addition, these solar cells can
be considered as low-cost photovoltaic devices, the cost of
which is reduced by the unique properties of the TCO lay-
er, which serves as an anti-reflection coating, a conductive
top electrode and an emitter [12].

In this work, the electrical performance of a hetero-
structure solar cell based on the integration of GaAs
with Si (ITO/Si/GaAs/Si/ITO) will be investigated by
studying the effect of GaAs layer position on electrical
behavior of this p-i-n junction solar cell. Therefore, the
various static characteristics current-voltage (I-V) and
power-voltage (P-V), and the important electrical pa-
rameters of four solar cells with different positions of
the GaAs layer will be simulated at room temperature
300 K and under global (AM1.5@G) illumination spectra.

2. ITO/SI/GAAS/SI/ITO SOLAR CELL

Fig. 1 shows the four proposed structures of the
ITO/S1/GaAs/SVITO p-i-n junction solar cell according to
the GaAs layer positions. Each solar cell contains a silicon
layer without defects of a thickness 7%i1, this layer is de-
posited on an electrode of indium tin oxide (ITO) (cath-
ode). On the silicon layer, there is an absorbent layer of
GaAs with a thickness 7Gaas = 1 pm. Another silicon layer
with a Tsi2 thickness deposited on the GaAs layer. On this
last silicon layer, there is the second electrode (Anode) of
the same material. The thickness of the electrodes is the
same Tito =50 nm. Doping of the adjacent areas of the
anode and cathode electrodes are p™ and n* types, respec-
tively, with the same concentration of 108 cm—3. The
thicknesses of the p™ and n* regions are 10nm and
500 nm respectively. The remaining area is characterized
by n~ type doping with the concentration of 1014 cm—3. The
length and width of these solar cells are 8 mm and 3 pm,
respectively. In this work, the position of the GaAs layer
has been changed according to Table 1.
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Table 1 — GaAs layer positions in ITO/Si/GaAs/Si/ITO solar cell
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Cells Solar cells structures Tsi-1and Tsi-2
Cell-1 ITO/p-Si1/S1/GaAs/Si/n-Si/ITO Tsi1 > Tsio
Cell-2 ITO/p-Si1/S1/GaAs/Si/n-Si/ITO Tsi.1 = Tsiz2
Cell-3 ITO/p-Si1/S1/GaAs/Si/n-Si/ITO Tsi1 < Tsio
Cell-4 ITO/p-Si/Si/GaAs/n-GaAs/ITO Tsi1=0
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Fig. 1 -ITO/Si/GaAs/Si/ITO solar cell structures
Table 2 — Electrical parameters of ITO/Si/GaAs/SI/ITO solar cells

Electrical parameters I Voc (V) 1. Vimax (V) Prax FF (%)
Solar Cells (mA/cm?) (mA/cm?) (mW/cm?)
Cell-1: ITO/p-Si1/Si/GaAs/Si/n-Si/ITO 1.23 1.1375 1.03 1.025 1.06 75.76
Cell-2: ITO/p-Si1/Si/GaAs/Si/n-Si/ITO 2.41 1.1500 2.18 1.025 2.23 80.46
Cell-3: ITO/p-S1/Si/GaAs/Si/n-Si/ITO 2.95 1.1625 2.66 1.025 2.73 79.61
Cell-4: ITO/p-Si/Si/GaAs/n-GaAs/ITO 3.51 1.1600 3.21 1.025 3.29 80.80

3. RESULTS AND DISCUSSION short-circuit current (photogenerated current) Isc,
open-circuit voltage Voc, maximum power Pmax and fill
factor FF of ITO/Si/GaAs/Si/ITO solar cells acquired
from the I-V and P-V characteristics.

The results clearly show that the photogenerated
current Isc is significantly influenced by the position of
the GaAs layer, in which this parameter increases
when the GaAs layer approaches the cathode electrode
of the cell ITO/Si/GaAs/Si/ITO) due to the increased
concentration of electron/hole pairs produced in the
semiconductor material of this cell. This can also be

Fig. 2 and 3 display respectively the simulated I-V
and P-V characteristics of ITO/Si/GaAs/Si/ITO solar
cells for the different positions of the GaAs layer. First,
it is of note that the solar cells proposed in this study
are very compatible with the working principle of pho-
tovoltaic cells. In addition, the different static charac-
teristics of this solar cell are significantly influenced by
the position of the GaAs layer.

Table 2 shows the important electrical parameters,

01023-2



IMPROVING THE ELECTRICAL PROPERTIES OF ITO/SI/GAAS/SI/ITO...

40

ITO/p-S1/51/GaAsn-GaAs/ITO
35 e
SR MAAMMAA AR AL A A0 L S
30 A A A A A A A A b dd A A A A A A AA ks o ¥
25 A

2.0 _
ITO/p-51/51/Gads/n-S¢ITO

sssss
—8— Solarcell 1
—&— Solar cell 2
—A— Solar cell 3 \
—w— Solar cell 4 |

Current I (mAfem)
&
1

: —— ;
0,0 01

02 03 04 05 05 07 08 08 10 11 12
Voltage V (V)
Fig. 2 — I-V characteristics of ITO/Si/GaAs/Si/ITO solar cells

3,5
| ITO/p-SUSi/GaAs/n-GaAs/ITO—___
3,0 4 =
1 ITO/p-Si/Si/GaAs/n-SI/ITO &
254 - \
. )
1|—=— Solarcell 1 ~ \
3
g 2,0 4| —e— Solar cell 2 N
§ 1|—&— Solar cell 3
= 1,5{|—%— Solarcell4
RNl
a,
5 104 \
2 ]
) |
R,0,54 |
0,0
0.5 — T T T L l'll

T T T T T T T T T T
05 06 07 08 09 10 11 12
Voltage V (V)

T
00 01 02 03 04

Fig. 3 — P-V characteristics of ITO/Si/GaAs/Si/ITO solar cells

attributed to the reduced charge recombination effect
in this solar cell due to the increased lifetime of these
pairs. On the other hand, the open circuit voltage Voc
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IlokpameHHsa eIeKTPUIHUX BJIacTUBOCTEl coHAYHOI estemenTa tumny 1TO/Si/GaAs/Si/ITO
npu 3MiHi po3drammyBaHHA npoMi:kuoro mapy GaAs
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Yepes BaksmBicTh iHTerpartii Hamisnposigaukis 111-V rpynu mepiogudHol cucTeMu eJIeMEHTIB 13 TEXHO-
Jioriero Si s MaMOyTHIX (POTOENEKTPUYHMX IIPHUCTPOIB Y CTATTI OYyJI0 BUBUEHO BILIUB IIOJIOYKEHHS IIAPY
GaAs Ha eJIeKTPUYHY MOBEIIHKY COHSYHOI Oarapel 3 mepexomom p-i-n ITO/Si/GaAs/SVITO sa momomoroio
mporpamuoro 3abesmedenHs mopesoBaHus SILVACO 2D-Atlas. Xapaxrepuctuku crpym-Hampyra (I-V) i1
noTyskHicTh-Hampyra (P-V) Oysim mocimimkeHi mpyu KIMHATHIN TeMIIepaTypl Ta CTAHIAPTHUX yMOBaxX OCBIT-
nennsi (AM1.5G). Byso Buniseno crpym xoporroro samuranus (Isc), Hampyry xosocroro xony (Voc), makcu-
MaJIbHY HOTYKHICTh (Pmax) 1 Koediient 3anoBHenns (FF). Pesynpratu mokasasnu, 1o IpogyKTHBHICTE CO-
"auHoi 6atapei ITO/Si/GaAs/Si/ITO mokpaiiyerbest, KOJIU 3MIHIOETBCS ToJIoxkeHHs 1mapy GaAs, ockiabru 11
€JIEKTPUYHI ITapaMeTpu 3pocTaioTh, koiu map GaAs pospamoBanuil Oirskde 10 karomgHoro esexkrpoga. Co-
asauuauit esement [TO/p-Si/Si/GaAs/n-GaAs/ITO mpomemoHCTPYBaB HANKPALIl €JIEKTPUYIHI XapaKTePUCTUKNA
THOPIBHAHO 3 1HmUMU coHAUYHUMU ejlemeHtamu: Isc = 3.51 mA/em2, Voc=1.16 V, P = 3.29 mW/cm? and
FF = 80.80 %.

KmouoBi cmosa: Si, GaAs, Comauma Oartapes Ha rerepoctpykrypi, I-V Ta P-V xapakTepucTHKH,
Enerxrpuuni napamerpu.
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