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Fig. 1 Structural models of ¢-Si TFSCs and 1D SQSWGs""'™, (a) Planar structures; (b) n=1 grating structures; (c¢) n=2
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Table 1 Optimization results of structural parameters for c-Si TFSCs

TFSCs H/nm Q/nm W Ty0/nm J./(mAscm *)
Planar / / / 60 14.50
n=1 120 600 0.6 80 21.69
n—2 80 500 0.4 80 21.69
n=4 60 600 0.4 60 21.31
n=—10 40 500 0.4 60 20.83
n—>co 60 500 0.2 60 20.80
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Fig. 2 Optical absorption characteristics of grating structures for n=1 and n=2. (a) Absorption spectra of the n=1 and planar
structures; (b) Absorption spectra of the =2 and planar structures; Absorption enhancement spectra of the n=1 and n=
2 structures under (¢) TE-and (d) TM-polarized light
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Fig. 3 Electromagnetic field intensity distributions of grating structures for n=1 and n=2. (a) Electric field intensity
distributions; (b) Magnetic field intensity distributions
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Table 2 Integral absorption of ¢—Si TFSCs with n=1 and n=2 grating structures

300~750 nm 750~1 100 nm
TFSCs
A!o!,’['E Ato!,’['M Aave Alm,’]‘E Alm,’]‘yl Aﬂve
Planar 56.80% 56.80% 56.80% 9.13% 9.13% 9.13%
n=1 75.99% 67.62% 71.81% 26.37% 24.25% 25.31%
n=2 75.40% 70.85% 73.13% 24.79% 23.97% 24.38%
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Fig. 4 Optical absorption characteristics of grating structures for n=4.7=10 and n—>co. Absorption spectra of the n=4, n=
10, and n—oco structures under (a) TE-and (b) TM-polarized light; Absorption enhancement spectra of the n=4, n=
10, and n—>oo structures under (¢) TE-and (d) TM-polarized light
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Fig. 5 Electromagnetic field intensity distributions of grating structures for n = 4.7 = 10 and n—>co. (a) Electric field intensity
distributions; (b) Magnetic field intensity distributions
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Table 3 Integral absorption of ¢c—Si TFSCs with n=4.n=10 and rn—>o° grating structures

300~750 nm 750~1 100 nm
TFSCs
Amt,TF. Amt,TM Aave Axm,TE AmLT\/I Aave
n=4 73.95% 71.29% 72.62% 23.38% 22.63% 23.01%
n=10 73.47% 70.42% 71.95% 20.89% 23.15% 22.02%
n—>co 73.80% 68.28% 71.04% 26.23% 20.23% 23.23%
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Light-trapping Performance of Double-layer Conformal Grating
Silicon Thin—film Solar Cells

WU Rui'?, CHEN Ke’, ZHENG Hongmei’, LI Huaimeng', WANG Ling', HU Xinyue’
(1 School of Mechanical and Electrical Engineering, Hefei Technology College, Hefei 230012, China)
(2 School of Mechanical Engineering, Hefei University of Technology, Hefei 230009, China)

(3 School of Electronic and Information Engineering, Anhui University, Hefei 230601, China)

Abstract: High—-efficiency solar cells based on nanostructures are a research hotspot in the photovoltaic field
today. On the one hand, there is the research on new types of solar cells such as perovskite cells. On the
other hand, silicon-based solar cells remain the most widely studied and applied type of cell. How to
further improve the efficiency of silicon—based solar cells and reduce their cost still requires in—depth
research. Silicon is an indirect bandgap semiconductor material, and its absorption of incident light in the
near—infrared band is very weak. Only when the thickness of the absorption layer exceeds 200 pm can the
cell achieve full absorption in a wide band (300~1 100 nm). Reasonable light—trapping nanostructure
design can enhance the light absorption performance of silicon thin—film solar cells. The morphology, size,
material and spatial layout of these light—trapping nanostructures have a significant impact on the surface
anti-reflection characteristics and light-trapping performance of silicon thin—film solar cells.

In this paper, a double-layer conformal grating silicon thin—film solar cell structure was designed. The
influence of different grating shapes on the light-trapping performance of silicon thin—film solar cells was
systematically studied by using the concept of super—quadratic subwavelength gratings. By changing the
degree of the grating’ s profile function, the profile shape of the grating can be adjusted. Five representative
grating profile curves (n=1, 2, 4, 10, co) were selected. As n increases, the grating profile shape can be
gradually changed from triangular (n=1), parabolic (n=2), to rectangular (n—>oo). The silicon thin—film
solar cells with the above five grating structures were optimized by using the finite-difference time-domain
method. By comparing and analyzing the short—circuit current density, absorption spectrum, and light
absorption enhancement spectrum of the five grating structures and the planar structure, the light-trapping
effect law of the double-layer conformal grating silicon thin—film solar cell was explored. The internal light—
trapping mechanism was analyzed using the electromagnetic field intensity distribution diagrams. In addition
to qualitatively analyzing the light-trapping performance of each grating structure silicon thin—film solar
cell, the concept of integral absorption was also introduced to quantitatively analyze their light absorption
characteristics over the entire wavelength range. Moreover, the optimization calculation of the silicon thin-
film solar cells with four types of bottom metal grating materials (Ag, Au, Cu, and Al) was carried out. A
comparative analysis was conducted on the short-circuit current densities and absorption spectra of four
types of bottom metal grating structures, and the light absorption enhancement effect of different bottom
metal grating materials was explored. The mechanism was analyzed from the perspective of optical
constants.

The research results indicate that as » increases, the overall light-trapping performance of silicon thin-
film solar cells decreases as the grating profile shape transforms from triangular (n = 1) to rectangular (n—>
oo ). Among them, the parabolic (n = 2) grating structure has superior light absorption performance in
both the 300~750 nm and 750~1 100 nm bands. Because the n = 2 grating structure has excellent anti-
reflection performance in the visible light band, and the LSPRs mode is excited on the surface of the

0323001-11



T AR

bottom Ag grating in the near-infrared band, while optical waveguide mode coupling is achieved in the c=Si
absorption layer. The triangular (n = 1) grating structure has better light-trapping performance in the
750~1 100 nm band, but its light absorption performance in the 300~750 nm band is poor. The results
also show that the J, values of the silicon thin—film solar cells with the bottom metal gratings of Ag, Au,
Cu and Al decrease in sequence, among which the bottom Ag grating structure has the best light—trapping
performance and the bottom Al grating structure has the worst. The research results of this paper can
provide theoretical guidance for the structural design of thin—film solar cells based on nano-grating
structures.

Key words: Conformal grating; Super—quadratic subwavelength gratings; Silicon thin—film solar cells;
Finite—difference time-domain method ; Light-trapping performance; Short—circuit current density
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