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AnHOTanusA. B mociegHue ro/ibl cpeii BO306HOBIAEMbIX UICTOYHUKOB 3HEPTUH IIMPOKOE pac-
MpocTpaHeHUe MOJYYUIU COTHEeYHbIe IHepreTUYecKue YCTAHOBKHU. B 4acTHOCTH, MepCneKTHBHBIM
CYMTAETCA UCMOJb30BaHWE TEMJIOBBIX U 3JIEKTPUYECKUX CBOHCTB COJTHEYHOU aHepruu. CoTHeYHbIe
MaHeJu UCIOJIb3YITCA J5 Tpeobpa3oBaHus COTHEYHON 3HEPTUU B aJleKTpuieckyto. CoJIHeYHbIe
MaHe/J M COCTOAT U3 HeGObIIUX COMHEYHbIX 371eMeHTOB. COJTHEYHBIE 3JIEMEHThI UMEIOT OIITHYECKHE,
3JIeKTpUYEeCcKHe U TelJIOBble MOTepH. J/laHHas UccieloBaTeIbcKas paboTa MocBslleHa YAyqIleHUIo
ONTUYECKHUX CBOVCTB COJTHEYHBIX 3/IeMeHTOB. B JaHHO# pa6oTe Mcc/ieI0BAaHUA MPOBOAUIUCH C MC-
MO/JIb30BaHUEM JIBYXCTOPOHHEr0 YYBCTBUTENBHOTO COJTHEYHOTO 3JIEMEHTA.

KiwueBsle cjioBa: KpeMHuii, Sentaurus TCAD, onTu4eckuii c10#, ABYCTOPOHHUM COJTHEUHBIN
3JIEMEHT, TEKCTYPa, JIAHAPHbBIA COJTHEYHbIH 3JIEMEHT, OMNTUYECKHEe U 3eKTPUUECKHUE MOTEPH.

AHHOTanyA. AKbIPKbI XKblUIAAapbl KYH 3HEpPrUAchbl cUCTeMaslapbl Kallpa »KapaJyydy 3Heprus
OynaKTapblHbIH apacblHAA KeHWPH Tapaafbl. ATanm alTKaHJQ, KYH 3HEPrUACHIHbIH KbUIYYJIYK
YKaHa 3JIeKTPAMK KacueTTepUH NahjalaHyy KeJedyeKTyy 6oJsyn acentesneT. KyH 6aTapeanapbl KYH
9HEePrUAChIH 3JIeKTP 3HepTrUACbIHA alJIaHAbIPYY VIYH Ko/iJoHy1aT. KyH naHe/ijepy KHIMHeKel KYH
HaTapeAsapblHaH TypaT. KyH 6aTapes/apbl ONTHKA/BIK, 3JIEKTPAMK JaHa *KbIYYJIYK }KOT0Tyy/1apra
Jyyuap 6oJywat. by uanagee [oa600py KyH 6aTapedsapblHbIH ONTHKA/IbIK KaCUeTTEPHUH KaK-
WbIPTYyra 6arbITTaarad. Usuiajee sku TapanTyy ce3yydy KYH 6aTapeAcbIHbIH KapaMbl MeHeH
JKYPry3y/IreH.

AuksbIv ce3fiep: KpeMHUH, Sentaurus TCAD, onTUKaABIK KaTMap, 3KU 6eTTUK KyH 6aTapescsl,
TeKCTypa, JIaHap/IbIK KYH 6aTapeackl, ONTHKAJbIK ’kKaHa 3J1eKTPAHK XKOoroTyyaap.

Abstract. In recent years, solar energy devices have been widely introduced among renewable
energy sources. In particular, the use of thermal and electrical properties of solar energy is consid-
ered promising. Solar panels are used to convert solar energy into electrical energy. Solar panels are
made up of small solar cells. Solar cells have optical, electrical and thermal losses. This research work
is devoted to improving the optical properties of solar cells. In this research work, studies were con-
ducted using a double-sided sensitive solar cell.

Key words: Silicon, Sentaurus TCAD, optical layer, bifacial solar cell, texture, planar solar cell,
optical and electrical losses.
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Introduction

The production of silicon-based planar so-
lar cells has been studied by scientists around
the world for a long time. Among them, Thomas
J, Watson Sr and G Araujo and other scientists
studied the J_, U_, 11 and p of solar cells [1]. The
study of all solar cells through experimental and
modeling has recently come into being, these
programming packages have been used to deter-
mine various parameters of solar cells. In par-
ticular, the parameters determined by Silvaco
TCAD software were compared with experimen-
tal results and this gave positive results [2]. It
can be seen that the calculations using the mod-
el created using the Sentaurus TCAD program
overlap with the experimental results [3]. Using
the Sentaurus TCAD program, contact materi-
als and contact location algorithms for several
types of solar cells were developed and positive
results were shown. They determined the types
of p-n junctions in them and how the density and
thickness of charge carriers change [5]. In our
study, simulation calculations were performed

by modeling a double-sensitive solar cell. This is
because it is important to study ways to improve
the efficiency of solar cells and reduce their cost.
The cost of solar cells has decreased by about
50% between 2011 and 2013 [4]. Therefore, we
have determined the dependence of the optical
properties of a double-sided light-sensitive so-
lar cell on several parameters by modeling it. A
double-sided light-sensitive solar cell receives
light from both the front and back sides. Its con-
tacts are arranged in a narrow shape to ensure
light transmission. Based on the above consider-
ations, we aimed to conduct research on a bifa-
cial solar cell.
Material and methods

We conducted the following experiment on
the double-sided sensitive solar cell under nor-
mal conditions. At the beginning of the experi-
ment, the front, back, and both surfaces were
exposed to the normal light of AM1.5g sunlight.
The following geometric structure was selected
for this type of double-sided sensitive solar cell.
The geometric parameters of a bifacial light-sen-
sitive solar cell are given in Table 1 below.

1-table
Width, um | Thickness, um | Materials type | Doping type Input ct?;:en tra-
n 118 Ph%sphorus igj;
) oron
‘ 20 Silicon -
- 1 Boron 10

Based on the dimensions of this geometric
shape, the geometric shapes of a double-sided
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sensitive solar cell with a planar, textured, and
anti-reflective layer coated on the textured sur-
face layer are presented below.

NN

a)

c)

Figure 1. Geometric shapes of a double-sided sensitive a) planar, b) textured and c) textured

and anti-reflective coated solar cell.
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The photoelectric properties under the in-
fluence of the front light have been determined
for each of the three types of solar cells men-
tioned above. The determination of the photo-
electric properties is achieved through the I-V
characteristic.

Results and discussions

The front light effect was shown on this so-
lar cell and the measurement results were ob-
tained several times. The measurement results
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were performed using the Sentaurus TCAD pro-
gram using the modeling method. According to
this, the front AM1.5G light spectrum was shown
on a simple double-sided sensitive solar cell. Af-
ter that, the front light effect was shown for the
shape with a texture formed without a reflective
layer. At the end of the experiment, calculations
were performed for a sample with a texture
formed and an anti-reflective layer SiO2 material
coated on the surface layer.

—fr—texture and optical layer 85102
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Figure 2. VAX of different structures of double-sided sensitive solar cells under forward light.

According to this graph, the current densi-
ty generated by the simple planar double-sided
sensitive solar cell is 17.87 mA/cm2, 28.56 mA/
cm?2 for the textured solar cell, and 30.95 mA/
cm2 for the textured and anti-reflection layer
coated sample on the surface layer. The results
show that the simple planar double-sided sensi-
tive solar cell absorbs light in parts far from the
p-njunction when receiving light. In the textured
solar cell, the light hits the textured surfaces sev-
eral times, which leads to more light absorption
in the surface layer.

Conclusions

This research work aims to improve the

optical properties of dual-sensitized solar cells.
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