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Fig. 1. (color online) (a) Schematic diagram of pc-Si:H thin film solar cell with Al nanoparticle arrays;

(b) cross-sectional view of three-dimensional numerical model.
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Fig. 2. (color online) Integrated absorption enhance-

400

300

60 80 100 120 140 160
R/nm

ment in pc-Si:H of the solar cells with spherical Al

nanoparticle arrays at different R and P values.

X B 2 AR SR R AR AN R . AEAR LI Z S
N, 24 R < 60 nm i, P/R> 5, HLIhZRTH i H0kL
T PRI, e BEE PAEE K, BRI 5 s —
A BRI, S5 B HOIT 0T H G R IR DT R kR N, B
LA Eaps B FEE. 24 P/R < 30, Wiki7E o i H
35%, FHT ALZRFIRLNT NS % 14 2 A2 R SR B 3

PEF, If AR T i e, M P/R = 4—5
i, R 7E 56 N 13%—20%, HLth ) 6 IR IR L
P, AT, 6 A bR T A ERR ALY K ok
B 1), TR 5 P 2 52 ) R I S RO I OB S
2 WK 7 o B SE N, Eape X P AT R A8 AL A
JL X — AU T A BT KB Rt A 4
BB ROR PR 1 Lt X g K R0 B 471 1) % 3 AR 1

K3 (a) AP = 500 nm, R = 120 nm i HE il
we-Si:H ZH BE TR A(N) thizk, BIhRIZE
INSH LT IRICR. WK S (a) TR H, &
2 HLHLTE 500 A1 640 nm I8 K i3 A 75 4 5 i g
RER, XEEME- AT THNER 5% 0
Tt AH B, 5IN ALK IORE B 51 5 Rt 78 DR 43 9
B e S A A R &, e TR R4

0.8

I (a)

|
0.6 =77 \

AN

0.4F v !

0.2

400 600 800 1000

300

200

wE/ %

100

AN

1 1 1 1
400 600 800 1000
A/nm

B3 (MPIEf) P =500 nm, R =120 nm i, (a) H
HRDE TR A(N) B (e R Zons BT 225 k) B
% (b) AQN) AL
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Numerical simulation of light absorption enhancement
in microcrystalline silicon solar cells with Al
nanoparticle arrays”
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( Received 2 August 2015; revised manuscript received 23 September 2015 )

Abstract

Metal nanoparticles with low cost and high performance have good potential applications in light-trapping of solar
cells. In this paper, a three-dimensional model is proposed to simulate the light absorption of microcrystalline silicon (p.c-
Si:H) thin film solar cells. The effects of spherical and hemispherical Al nanoparticle arrays located on the front surfaces
of solar cells are investigated, and the particle radius and array period are optimized by the finite element method. The
results show that the optimal Al nanoparticle arrays can enhance broadband absorption in thin film solar cells. For
spherical particle arrays, the key parameter that influences light absorption in solar cells is period/radius ratio (P/R)
or particle surface coverage. When P/R = 4-5, the optimum integrated absorption enhancement (E.bs) is over 20%
under AM1.5 illumination compared with the solar cell without nanoparticles. The value of E,ps is small and decreases
with the increase of P/R when P/R > 5, and E,ps is less than zero when P/R < 3 because of the parasitic absorption
and backward scattering from the mental nanoparticles. When P = 500 nm and R = 120 nm, the spectral absorption
rate as a function of wavelength shows broadband absorption including four distinct peaks, which are attributed to
quadrupole plasmon resonance mode, dipole resonance mode and waveguide mode respectively according to the electric
field distribution in the solar cell. For hemispherical particle arrays, the maximum value of FEaps is 24.5%, which is
higher than that of the solar cell with optimized spherical particle arrays. This is due to the high coupling efficiencies
of the particles, so that most of the scattered light is directly coupled into the substrate. However, the value of F,ps is
very sensitive to the hemispherical particle radius. As the radius decreases, the scattering cross-section and scattering
efficiency of the particle decrease dramatically. As the radius increases, the dipole plasmon resonance wavelength rapidly
shifts towards longer wavelength (red shift). Both of these are detrimental to absorption enhancement of solar cells.
Thus we conclude that spherical Al particle arrays are more preferable in actually fabricating the light-trapping of solar

cells.

Keywords: Al nanoparticle arrays, surface plasmon, solar cells, light-trapping
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