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Abstract: This study focused on the design of the reflecting layer of a light trapping system fora thin film solar cell using
topology optimization based on the phase field method. Therefore, incident light was caused to propagate in the desired
direction by reflecting it from this layer, which is the design domain. The same method was applied to the conceptual design
of an infrared stealth structure in near infrared range. The results using the phase field method were compared with those
using the density method. The design objective was to maximize the Poynting vector value representing the energy flux,
which was measured in a measuring domain to control the reflected wave direction. A finite element analysis and
optimization process were performed using the commercial package COMSOL combined with the MATLAB programming.
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Fig. 2 Schematic modeling for analysis and design of the

reflecting layer
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Table 1 Refractive index of each material at different
wavelengths
Material Wavelength Refractive index
800 nm 1.959
Zinc oxide(ZnO)
1064 nm 1.940
Amorphous 800 nm 3.651+0.0056i
silicon(a-Si) 1064 nm 3.59681
800 nm 0.1439+ 5.289i
Silver (Ag)
1064 nm 0.2342+7.214i
——T W —— ]
— e | ]
— -
e g
— | — -
— | — -
S — -
= o —

ey

(b)

Fig. 3 Analysis result of prototype; (a) magnetic field
contour plot and (b) material distribution of the
prototype model in the design domain filled with
ZnO
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Table 2 Normalized Poynting vector values at each

measuring region of each of design cases for
incident beam wavelength of 800 nm

case Region 1 Region 2 Region 3
1.0x10° 0.05 0.37 11.43
1.0 x 10* 0.04 0.44 13.30
1.0 x10° 0.03 0.39 11.71
1.0 x 10 0.03 0.43 10.00

density 0.06 0.90 18.83
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Fig. 4 Design shapes for 800 nm incident beam
wavelength; (a) initial design, results with (b)
diffusion coefficient of 1.0x107, (c) diffusion
coefﬁ01ent of 1.0x10™, (d) diffusion coefficient
of 1.0x107, (e) dlffusmn coefficient of 1.0x10®
and (f) result of density method
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Fig. 5 The phase field method based design result with
the diffusion coefficient of 1.0e-5 for incident
beam wavelength of 800 nm; (a) magnetic field
contour plot and (b) convergence history during
the design process
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Table 3 Normalized Poynting vector at each measuring
region of each analysis case based on 1064 nm

case Region 1 Region 2 Region 3
1.0 x 107 2.77 12.62 103.91
1.0 x 10* 3.52 14.84 143.56
1.0 x 10 3.92 14.37 157.26
1.0 x 10° 291 8.92 116.82

density 1.08 6.29 75.96
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Fig. 6 Design shapes for 1064 nm incident beam
wavelength; (a) initial design, results with (b)
diffusion coefficient of 1.0x107, (c) diffusion
coefficient of 1.0x10™, (d) diffusion coefficient
of 1.0x107, (e) diffusion coefficient of 1.0x10™
and (f) result of density method
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Fig. 7 The phase field method based design result with
the diffusion coefficient of 1.0x10” for incident
beam wavelength of 1064 nm; (a) magnetic field
contour plot and (b) convergence history during
the design process
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