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Nowadays, the thin film solar cells of amorphous silicon have mostly been
used because of their low cost. During these last decades, the performances of
these cells have been greatly improved. In this work, we investigate the effect
of the thickness of antireflective coating (ARC) on the characteristics of a
solar cell based on a p—i—n (PIN) structure. All these options are implemented
in the one-dimensional numerical simulation program SCAPS-1D developed
at the Department of Electronics and Information Systems (ELIS) of the Uni-
versity of Gent, Belgium.

¥ mam yac TOHKOILJIIBKOBiI COHAYHI KOMipKM aMOP(MHOTO KPEeMHil0 I'OJIOBHUM
YMHOM BUKOPHMCTOBYBAaJUHCA Uepe3 iXHIO HU3bKY IiHy. IIporarom MuHyIMX
JEeCATUIITh OyJIM 3HAYHO IOJIIIIIIEH] eKCIayaTaliiHi AK0CTi MUX KOMipoK. ¥
1iffi pobOTi MM JOCTiAMKYEMO BILIUB TOBIIIMHU IPOCBIiTIIOBAIBLHOIO TOKPUTTS
Ha XapaKTepPUCTUKU COHAUYHOI KOMipKH1, 3aCHOBAaHOI Ha p—i—n-cTpyKkTypi. Yci
i BapisiHTM B3AiiCHEHO B OJHOBUMIPHIN YHCJIOBi#l IporpamMi MoOeIIOBaHHS
SCAPS-1D, ary 0yJy0 po3po0JeHo B JabopaTopii eJeKTPoHiKY ¥ iH(popmaIriii-
HuX cucteM ['eHTchKOTO YHiBepcurery (Beabris).

B Haime BpeMs TOHKOILJIEHOYHBIE COJIHEUHBLIE SUEHKH aMOP(PHOro KpPeMHMNS
IJIAaBHBIM 06DPAa30M MCIIOJb30BAJINCH M3-3a MX HU3KOU IeHBI. B TeueHue mpo-
IIIJIBIX JeCATUJIETUH ObLIN 3HAUNTEIBHO YIYUIIeHbl SKCILIyaTalluOHHbIEe Kadue-
CTBa 9TUX A4eeK. B 370l paGoTe MBI HMCCIeAyeM BINAHNE TOJIIUHBI IPOCBET-
JISIOIIEro MOKPBITUA Ha XapPaKTePUCTUKU COJTHEUHON sSTUuefiKu, OCHOBaAaHHOMN Ha
p—i—n-crpykType. Bee 5TH BapraHTHI OCYIIIECTBIEHBI B OMHOMEPHOM YKNCIOBOMR
mporpamme mogenupoBanus SCAPS-1D, paspaboTaHHO# B 1a60paTOPUM DJIEK-
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TPOHUKU U NHPOPMAIIMOHHBIX cucTeM ['eHTCKOrO yHUBepcurera (Benbrus).
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1. INTRODUCTION

The silicon in its monocrystalline and polycrystalline form needs to
be almost hundred times thicker than a-Si:H in order to absorb the
same amount of solar radiation [1-8]. The first types of solar panels
developed in the laboratory used monocrystalline silicon (pure sili-
con crystal). In the laboratory, a simple p—n-junction of monocrys-
talline silicon is sufficient to achieve efficiencies of more than
20% . Other types of silicon have been explored such as hydrogenat-
ed amorphous silicon a-Si:H, which has a gap of 1.7 eV and can be
produced by thin-film deposition. a-Si:H hydrogenated amorphous
silicon solar cells have been extensively studied for use as inexpen-
sive solar cells [9—13]. The practical use of a-Si:H solar cell is as a
power source and requires improvements in absorption coefficient
and stability. In this study, we used SCAPS to investigate the effect
of antireflective coating (ARC) on the characteristics of a-Si:H PIN
solar cells (current density of short circuit J,, open circuit voltage

Ve P(V), QE(%), and C(V)).

2. NUMERICAL MODELLING AND MATERIAL PARAMETERS

The composition of a-Si:H PIN cell from top to bottom is composed
as follows (Fig. 1):

ZnO or PbO
n-type a-Si:H

Intrinsic a-Si:H
p-type a-Si:H
Ag/glass

Fig. 1. Structure of solar cell.
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— a transparent conductive film (ZnO) or (PbO);

— three layers of amorphous silicon, in the sequence, n, i, and p;

— a substrate made of Ag/glass.

In this paper, we use a Solar Cell Capacitance Simulator (SCAPS-
1D) of structures to analyse the a-Si:H solar cells. SCAPS is Win-
dows application software [14]. It was developed to simulate the
electrical characteristics of heterojunction solar cells and thin film.
It has been extensively tested in solar cells by M. Burgelman et al.
[15, 16].

3. RESULTS AND DISCUSSION

The structural response of the a-Si:H junctions solar cells as a func-
tion of wavelength of the incident radiation on the antireflective
coating (ARC) is presented in Fig. 2. The quantum efficiency of the
ZnO and PbO based solar cells is similar varying between 0 to
87.1% . The maximum value is obtained at 590 nm wavelength. The
efficiency is 67% at the radiation of 300 nm and increases gradual-

TABLE 1. Physics Parameters used in our simulation.

Parameters |p-type a-Si:H [Intrinsic a-Si:H|n-typea-Si:H] ZnO | PbO
Thickness, nm 9 500 20 200 200
Relative 11.9 11.9 11.9 9 10
permittivity
Electron
affinity, eV 3.9 3.9 3.9 4.6 4.5
E, eV 1.8 1.8 1.8 3.3 2.5
Nd, cm™ 10° 10° 10" 10%2.2x 10'82.2x
Na, cm™® 107 10° 10° 101.8x 10'°1.8x
100
—o— Zn0
80 —e— PbO
Q\D 60-’@5353
ré, 40 y
20
0- CBagy,
300 400 500 600 700 800

Wavelength, nm

Fig. 2. Spectral response of our simple a-Si:H junction cells as a function
of wavelength.
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ly with the increase in the wavelength to reach a maximum at 590
nm to 87.1% and thereafter. These results therefore indicate that,
for the cells based on a-Si:H, the transport properties of the thin
film materials are good enough to allow a good collection of the
carriers. Interestingly, the improvement in the spectral response
occurs not only in the visible region but also in the IR region. This
improvement is larger for the microcrystalline emitter cell confirm-
ing the bigger improvement of the short-circuit current.

The change in the current density is shown in Fig. 3. The current
density, J, decreases with antireflective coating as the voltage is
increased initially gradually to 0.6 and, after that, more rapidly
that clearly reflects the relationship between the electrical field and
voltage. The initial efficiency of both cells is similar with similar
open circuit voltages (V). After application of the ZnO:Al layers,

Datal_ZnO
Datal_PbO

J, mA/(:m2

T
0.0 0.2 0.4 0.6 0.8
V,v

Fig. 3. Effect of antireflective coating on J(V) characteristics.
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=
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Fig. 4. Effect of antireflective coating on P(V) characteristics.
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TABLE 2. Solar cell performance parameters calculated with SCAPS-1D
(Zn0O/a-Si:H) and (PbO/a-Si:H).

Parameters | Zn0/a-Si:H | PbO/a-Si:H
I, mA/cm?® 14.92 13.94
V.., volt 0.98 0.888
FF, % 53.9 44.7
Datal_PbO
1614 Datal ZnO
™
§ 160
~
=
=
& 159
15.8

08 -06 -04 —02 00 02 04 06
vV, v

Fig. 5. Effect of antireflective coating on C(V) characteristics.

the short circuit current density (J.) shows a significant increase
for both cells due to the antireflective effect of the coatings. The
V.. also increases by a similar amount for both cases.

The variation of the power density generated by the two different
configuration of the solar cell as a function voltage is presented in
Fig. 4. As seen in this figure, the power density increases linearly
to a maximum of =9 mW /cm?®.

The performance parameters of the two configurations of the so-
lar cells are presented in Table 2.

The variation of the capacitance of the two configurations is pre-
sented in Fig. 5. The variation of the capacitance with the voltage
is similar to the variation of the current density as presented above,
though the capacitance is more for the solar cell with ZnO transpar-
ent layer apparently due to the lower charge carrier concentration
in the layer.

4. CONCLUSIONS

The effect of the antireflection coating on the performance of the
solar cells with the layered configuration as mentioned above has
been studied in the present study. The current density, power den-
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sity, and capacitance as functions of the voltage show two distinct
regions and change the behaviour near V=0.7 V. The quantum effi-
ciency is maximum at 590 nm.
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