A st Petersburg Polytechnic University Journal. Physics and Mathematics. 2024. Vol. 17. No. 3.1
HayuyHo-TexHunueckne sBegomoctun CM6IrMy. dusmnko-matematmyeckme Hayku. 17 (3.1) 2024

Conference materials
UDC 621.311.243
DOI: https://doi.org/10.18721/JPM173.126

Effect of light incidence angle on the characteristics
of silicon solar cells with different texturing

E.Y. Yarchuk' 2, E.A. Vyacheslavova?, A.O. Monastyrenko 2, A.S. Gudovskikh 2

1St. Petersburg Electrotechnical University “LETI", St. Petersburg, Russia;
2 Alferov University, St. Petersburg, Russia
= ernst_yarchuk@mail.ru

Abstract. The influence of the angle of incidence of the light flux on the photovoltaic per-
formance of two types a-Si:H/c-Si heterojunction solar cells is investigated: KOH textured with
a pyramidal surface, and black silicon with a nanostructured surface. Current-voltage charac-
teristics and power depending on the angle of incidence of the solar flux — from 14 mW/cm?
to 3 mW/cm? for pyramidal surface and from 9 mW/cm? to 2 mW/cm? for black silicon in the
angle range 0—75° were obtained. Solar cell based on black silicon retains its characteristics 6%
better as the angle of incidence of light increases to 75°.
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BnusiHve yrna nageHus CBeta Ha XapakKTepUCTUKU KpeMHUEBbIX
COJIHEYHDbIX 2J/IEMEHTOB C pa3/iH4HbLIM TEKCTYPUPOBaAHUEM
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AnHoTammd. VcciienoBaHO BIMSIHYE YIJia TTaJeHUs CBETOBOTO IMTOTOKA Ha (POTORIEKTPUIECKIE
XapaKTepUCTUKN OBYX TUIOB COJIHEYHBIX O3JIEMEHTOB ¢ reTeporepexomom a-Si:H/c-Si:
tekctypupoBaHHoro KOH ¢ mnupamMuaaabHOl TIOBEpPXHOCTBIO M YEPHOTO KpPEeMHHUSI C
HaHOCTPYKTYPUPOBAHHOI TMOBEPXHOCTHIO. BonbTamMmepHble XapaKTePUCTUKU UM MOIIHOCTb B
3aBMCHUMOCTH OT yIJIa MaJicHUsI COJTHEYHOro rmoroka — ot 14 MBt/cm? no 3 MBt/cM? miist o6pasia
C MUpaMUIaIbHOM TTOBEPXHOCTHIO U OT 9 MBT/cM? m0 2 MBT/cM? 1 4epHOTO KpeMHUST B
nuanazone yriaoB 0—75°. ColHeYHBIN 3JIEMEHT Ha OCHOBE YePHOTO KPEMHUSI COXPaHSIET CBOU
XapaKTepUCTUKKU Ha 6% Jydllle IpU yBEJIMUECHUU YIJla MajaeHusi cBeTa a0 75°.

KnoueBbie cjioBa: UepHbIil KpeMHU I, aMOPMHBINA KPEMHUU, FeTepOonepeXoIHbIiA COTHEUHbII
3JIEMEHT, BOJIbTAMIIEPHAs XapaKTePUCTUKA, YTOJl MalAeHUs
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Introduction

One of the solutions to the issue of electricity availability is solar energy, which is actively
developing now. It is estimated that the increase in electricity generation in this area will reach
260 GW by 2026 [1]. Understanding the dependence of the current-voltage characteristics
(I-V curves) of a solar cell (SC) at different angles of its inclination relative to the incident light
flux allows us to take conclusions about changes of electricity generation during daylight hours
and evaluate its efficiency. Silicon solar cells dominate among photovoltaic cells, as they are
relatively cheap, accessible and durable.

The most promising concept of silicon SC is heterojunction a-Si:H/c-Si (HJT) technology [2]
with anti-reflection coatings and a pyramidal textured surface to reduce optical losses [3, 4]. Also
promising is black silicon (b-Si), which has minimal reflection in a wide range of waves [5] and
retains these properties at high angles of light incidence on it.

In this article the influence of the angle of incidence of the light flux on the silicon solar cells
on their current-voltage characteristics is considered.

Materials and Methods

Figure 1 shows two types of heterojunction (HJT) silicon a-Si:H/c-Si solar cells with an area
of 1 cm? taken for the research: HJT based on black silicon (5-Si) with a nanotextured surface
(Fig. 1, a) and HJT with conventional pyramidal structure (pyr-Si) (Fig. 1, b).

a) b)
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Fig. 1. SEM-images of the samples: 5-Si (a), pyr-Si (b). The bare scale is 1000 nm

Comparison of the performance of »-Si and pyr-Si HJT allows us to evaluate the impact of
different types of surface texturing on solar cell efficiency. This is important for determining the
optimal type of structure for the development of more efficient photovoltaic devices.

To study the angular dependences of the current-voltage characteristics, a rotating sample
holder was made and shown in Figure 2.

It is a tilt-adjustable platform that allows the solar cell to be precisely positioned relative to the
beam of the solar simulator. The design of the stand eliminates the appearance of shadows, which
ensures accurate measurement of the 1-V curves at different angles of light incidence.

© Spuyk D.4., BsauecnaBoBa E.A., MonacteipeHko A.O., T'ymoBckux A.C., 2024. Uzparens: Cankr-IletepOyprckuit
rnosMtexHuueckuit ynusepcuret [lerpa Benukoro.

135



4St. Petersburg Polytechnic University Journal. Physics and Mathematics. 2024. Vol. 17. No. 3.1

Fig. 2. Rotating sample holder designed for the research

Using a rotating stand allows us to study with high accuracy the effect of the angle of incidence
of light on the efficiency of a solar battery. This allows to optimize the placement of solar
panels to achieve maximum energy production throughout the day. Unlike standard methods for
measuring current-voltage characteristics, which are often limited to several fixed angles, the use
of a rotating stand allows to obtain a complete picture of the angular dependences of the current-
voltage characteristics, which is especially important for assessing the performance of solar panels
under conditions of changing insolation during the day.

Results and Discussion

The dependences of the I-V curves for these samples at angles of light incidence on them from
0° to 75°, the short circuit current and their power characteristics are shown in Figure 3.
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Fig. 3. I-V curves for samples pyr-Si (solid lines) and b-Si (dashed lines) for angles of 0° (black lines),
40° (red) and 75° (green) (a), angular dependences of short circuit current (b) and points of maximum
power (c) for samples pyr-Si (black lines) and b-Si (red)

The maximum power is observed at light incidence angles of 0—20° and decreases with
increasing angle. The pyr-Si demonstrates better perfomance (from 14.4 mW/cm? to 3 mW/cm?,
weakening is 79.2%), but at the same time characteristics more strongly decrease with increasing
light incidence angle than the 5-Si sample, which at more modest absolute values (from 9 mW/cm?
to 2.3 mW/cm?, weakening is 74.5%, 6% better), remains more stable at large angles, which
explained by the structure of its surface.

Conclusion

The influence of the angle of incidence of the light flux on the current-voltage characteristics
of heterostructure solar cells with different surfaces was studied. As the angle of incidence of
light increases, the characteristics of solar cells deteriorate by reflection losses, but the nature of
these changes is different. Thus, the 5-Si shows more stability, while pyr-Si significantly loses its
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effective power with increasing angle. This shows the potential of black silicon research, and the
need to improve black silicon production technologies.
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