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Abstract

Absorption Enhancement of Crystalline Silicon Thin Film

Solar Cell Using Nano Binary Silver Grating

Lu Huidong Tie Shengnian Liu Jie
New Energy (Photovolatic) Industry Research Center, Qinghai University, Xining, Qinghai 810016, China

In order to enhance light trapping in the crystalline silicon(c-Si) thin film solar cell, a cell structure that
can significantly enhance light absorption is presented, which is composed of antireflection coatings, active layer,

and back mirrors. Based on the basic principle of effective refractive index modulation and the rigorous coupled wave

silicon thin film solar cell.

theory, optical properties of different layers are discussed through the numerical calculation and simulation,
received at the earth surface with a 48° angle incidence) spectrum and for the ¢-Si thin film solar cell with 20 pm
Key words

including the transmissivity of antireflection coatings, the reflectivity of back mirror, and the absorptance of the

optimized ¢-Si thin film solar cell. Under the radiation of AM1.5G (solar spectrum including diffused reflection

11

thick active layer, incident wave with TM polarization, and incident angle less than 75°, the integrated absorptance
photovoltaic; crystalline silicon thin film; solar cell; surface plasmon; light trapping; nano binary
metallic grating
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reaches 85.7%, 49%, and 14%, respectively when the wavelength ranging from 400 to 850 nm, 850 to 1000 nm,
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X4k

and 1000 to 1100 nm. It can effectively compensate for the shortage of near infrared absorptance in the crystalline
A RE

BT B DI AR A S o DR I 00 A A L YOI R B R R AR . B
e INES AR ey

=
Zin

1Y IR A 9658 A T HL b A2 JR ) — ™ B [l AU -~ S M e ) Ol IR SO B2 B B R Ol T O E L L

A

fEE @

e |3,

M A G 17 AR AE 7 3 2Ll 3 1T B S M I A R BH BE F Tt Y A 1 1 AR
H

=]
X

T RS AT LSS BB A O B A I o AR 4 0 R B DO

1=
JE
=

N

ATk (e-Si) T 15K BH fig
Wi B 2015-12-21; WK EEXFBFEE: 2015-12-29; MEHAR B 2016-07-29

n Py
Xy T R E . AR
i
ESMA . §iF4 IR TR RET T4 (2014-2-Y31, 2015-Z-Y18)
* JBISBK & Ao E-mail: tieshengnian@163.com

JUAAT Y27 0 5 v Sk 38
FIMEAR (1987—) , I Al A, Bh 0, = 2B REIOEIR 7 B9 AF5T . E-mail: luhuidong123@126.com
080401-1



53, 080401(2016) BHSNBEIZHE www.opticsjournal.net

D78 TR A B L Y A 3 g% A TP 3 e 1 5 R < T B S B A D A i SO T B L HX B T AR
REN T4 TR AR AW IR BH AR FE T o R0 25 (Y JUAR BL, 4 JR ok S 4R L 3w 45 B R RYY D
AR RBR A R RORE S R MR AR SO AR M T I YL X O ROR P RE
MBI RIBEFEHEBE 77 18] . B AR HA PARE (A BT Al G A0 A e DR R . 2w 9 R BORL Dl
U 4 Je8 2 1T LA T2 s IR B I 23 T 0 3 T4 2 T AL AR . Rockstuhl & E TR AR JE AR AT K
4 AR 20 2K M7 S A o K BH R PR b 4 7 BB, Atwater 2602 B 5 9 S50 i 1 1 O R G 4 R A OK SR
TR PHBE AL . FHXT T 15 58 R A BH AE PR 3t 76 2 1145 8 7 MR 45 0F A U2 T R th i 2 -
25O o DRI A SR T B S ) A B A T A5 IO 5 < i R0 A [ R 7 A A 3 TG A B T IR O
Ok 8 T A A R I B L v e I

2 BIR5JE

s VA Fi: TS K B 8 R M 5 R A ] 1 TR 5 DA RS TOUS ) R 43l SR R S )2 S10. W Si N L THO, , 16 P2
c-Si FH S8 Ag ENTEIEBES A dyodo ody hood s 1 OS5 B AR 99 K A T2 6 M 20 B, Ry 4R [ A A
AR T AR RETE St i 399 .0 A e A S A .

incident wave
I

?—x 0
2 :

@

o
|

kY

l/

c—Si
+

P
Y Y, g,

T R Rk TR B A v b 45 44 1

Fig. 1 Schematic diagram of c-Si thin film solar cell structure
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Fig. 2 Refractive index versus wavelength
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Fig. 3 Reflection spectrum of antireflection coating
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Fig. 4 Reflection spectrum of silver cylindrical grating
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Fig. 5 Optical field distribution of grating when light is vertically incident with a wavelength of

(a) 760 nm, (b) 800 nm, (c) 830 nm, (d) 900 nm, and (e) 970 nm, respectively
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Fig. 6 Absorption spectrum for different c-Si cell designs those bare, with ARC, and with silver back reflector

when light is vertically incident
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Fig. 7 Absorption spectrum of solar cell
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