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Abstract This paper presents the design of a new Fresnel lens for GalnP/GalnAs/Ge multi-junction solar cells, with
which uniformity irradiance distribution can be realized within the broadband solar spectrum from 300 nm to
1800 nm. By actual tests, the quantum efficiency spectrum of GalnP/GalnAs/Ge multi-junction solar cells and
refractive index dispersion curve of silicone, the body material of the lens are obtained. On this basis, the new
Fresnel lens is optimized by combining the multi-wavelength and multi-focus method. Based on this optimization
method, the lens model is set up with geometrical concentrator ratio 625X and ring width 0.3 mm, and calculation
models for concentrating performance parameters including optical efficiency and uniformity are established. The
concentrating performance of the new Fresnel lens is analyzed by Monte-Carlo ray-tracing simulation approach and
experimental testing. Results indicate that in the broadband solar spectrum from 300 nm to 1800 nm and within the
spectral response band of three subcells, uniformity is well achieved with high optical efficiency. The uniformity is
higher than 75% , and the optical efficiency is more than 80% .
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Fig. 1 Scheme of optical loss. (a) Reflection loss, structural loss and process loss; (b) corners rounding;

(c) surface loss due to corners rounding and draft angle
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Fig. 2 Diagrammatic representation of truncation loss
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Fig. 3 Width of every focal spot
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Fig. 4 Dispersion curve of refractive index Versus Fig. 5 EQE of GalnP/GalnAs/Ge

wavelength for silicone at normal temperature triple-junction solar cell
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Table 1 Optical efficiency and uniformity of ring-shaped-focus Fresnel lens

with different spectral bands for single wavelength design

Irradiation Input optical Output optical Optical

Spectrum /nm ) o Uniformity /%
intensity /(W « m™%)  power /W power /W efficiency /%
550 879.69 13.74 10.91 79.4 80
300~1800 (AM1.5D) 879.69 13.74 9.64 70.16 52.52
350~670 (top celD 384.93 6.01 5.52 91.85 40.66
650~915 (middle cell) 262.71 4.1 2.88 70.28 79.13
860~1750 (bottom cell) 284.88 4.45 1.97 44.16 81.52
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Fig. 6 Irradiance distribution curves on focal plane with different spectral bands (focal plane is divided
into 128 grids along radius in abscissa)
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Fig. 7 Diagrammatic representation of new Fresnel lens
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Table 2 Design parameters of new Fresnel lens

Side Length /mm Focal length /mm A;/nm 2,/nm A;/nm D,/mm D,/mm D;/mm d,/mm d,/mm d;/mm
125 200 550 750 1250 1.2 0.5 0.65 0.03 0.005 0.004
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Table 3 Optical efficiency and uniformity of new Fresnel concentrator with different spectral bands

Irradiation Input optical Output optical Optical
Spectrum /nm ) o Uniformity /%
intensity /(W + m™%)  power /W power /W efficiency /%
300~1800 (AM1.5D) 879.69 13.74 11.44 83.22 75.06
350~670 (top celD 384.93 6.01 4.9 81.53 75.52
650~915 (middle cell) 262.71 4.1 3.93 86.1 81.22
860~1750 (bottom cell) 284.88 4.45 3.75 84.27 80.6
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Fig. 8 Irradiance distribution of new Fresnel lens on focal plane with different spectral bands. (a) 350~670 nm;

(b) 650~915 nm; (c)860~1750 nm; (d) irradiance distribution curves on focal plane with different spectral bands
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Fig. 9 Test of designed Fresnel lenses under sunlight

1222004-7



e % Es i1

b by
1= =G xS (22)
THASR A3 5 0 ROGRCFE R 80.1 %6, WAL T EL A5 AL, 25 R B SCBRhn TR W] bk e fF A — e i 22 . M4 T X
RABFEG R ROGL C, 502 4%
. b
C.=axs (23)

5 4 ©

Bt T —FE AT GalnP/GalnAs/Ge 245 A B o 3t 135 5 3F 18 0 L O T S8 45 1 B 6 4368 38 %
ST vk IO BB AT T WS, IR T 14 G5 B 18T 45 B0 3 0 5 % 0 20 K 3L % 5B B A 5 4
%[ AM1.5D K FHOEHE I GalnP/GalnAs/Ge 445 K L, 561 06 07 45 0k B 36t | L R T 22 0 4 B3, A A
R (G 1 325 B M B D G0 150 00 00 5 L RS 1 o e St I L e R 7 D B 1 BRI R A R T AR T T
BOSETER 5I 0 . A L 75 5 G0 B I A BETE P2 B35 BE 1O S L AT 40 K IR A R, T A A 3R T AR E
S 2 WM B AT . B RIS 0 25 SR 22 B L 0T 9 35 B 4E 300~ 1800 nm 615 [l P4 1 K = AN T
Ll 5 1 3 7 D B P 0 T 5 B 3 ) 2 S TR LA A8 5 1 O A % BOR A A B AT BE R T 759
SRR L 80 Y% L T BB N 502 1.

VTR 5 4 e T B AR T SR I TE I LR IS T R 1 1 TR I 3 B R 4 A
T A S04 25 A L 3 1 5 L B 00 L /N I 52 2 T 42 5 3R 16 O PR 4L 1 6 i B R

Z % X #

1 Vdzquez-Molini D, Ferndndez-Balbuena A A, Bernabeu E, et al. New concentrator multifocal Fresnel lens for improved
uniformity: design and characterization[C]. SPIE, 2009, 7407: 740701.

2 Jing Lei, Wang Yao, Zhao Huifu, et al. Design of uniform-irradiance concentrator for concentration photovoltaics system
[J]. Acta Optica Sinica, 2013, 34(2): 0208001.
HoOw, B %, BMaw, L SSHlSREDBRBOCEERIFD]. JeFEM, 2013, 34(2): 0208001.

3 Cvetkovic A, Mohedano del Pozo R, Zamora Herranz P, et al. Characterization of Fresnel-Kohler concentrator [C].
European Photovoltaic Solar Energy Conference and Exhibition (EU PVSEC), 2010: 176-181.

4 Yu Chunyan, Cui Qingfeng, Zhu Hao, et al. Optical design of double-side Fresnel lens for concentrator[J]. Acta Optica

Sinica, 2015, 35(1): 0122008.

THA, ERE, KO, S SUEIERFROLE BRI, JeFEM, 2015, 35(1): 0122008.

Pan ] W, Huang J] Y, Wang C M, et a/. High concentration and homogenized Fresnel lens without secondary optics

element[J]. Opt Commun, 2011, 284(19): 4283-4288.

6 Li Peng, Wu Heli, Yang Peihuan, et al. General design method and optical efficiency of the solar concentrator by Fresnel
lens[J]. Journal of Wuhan University of Technology, 2010, 32(6): 62-66.
M, REA, BER, . SFREROUESE N MBIk RBCRA T T] . RIUKF R, 2010, 32(6): 62-66.

7 Zhang Li, Chen Zhiming, Dong Qiammin, et al. Design and analysis of ring-shaped-focus design and analysis of ring-

ol

shaped-focus Fresnel concentrator[J]. Laser & Optoelectronics Progress, 2012, 49(9): 092201.
i W, BRAEEH, ERUR, . —MAmERIEETRER WIS a0 0], Bt 5ok TR, 2012, 49(9):
092201.

1222004-8



