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Fig. 1. The application of nanaowire in solar cell.
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Fig. 2. The structure of the nanowire.
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Fig. 3. (color online) Reflection of the SINW array: (a) Reflection of the SINW array with varying period

and filling ratio; (b) reflection of the SINW array with varying height.
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Fig. 4. (color online) Absorption of the SINW arrays with varying diameter (P = 500 nm, H = 1.5 um,
D = 100400 nm): (a) The total absorption; (b) absorption of the SINW arrays; (c) absorption of the Si

film; (d) ultimate efficiency of the SINW arrays as a function of lattice constant for several filling ratios.
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Fig. 5. (color online) Absorption of the SINW arrays with varying height (P = 300 nm, D = 200 nm,
H =1—10 pm): (a) The total absorption; (b) absorption of the SINW arrays; (c) absorption of the Si film;

(d) ultimate efficiency of the SINW arrays as a function of lattice constant for several filling ratios.
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Fig. 6. Random nanowire arrays: (a) Random diameter

nanowire arrays; (b) random position nanowire arrays.

K16 (a) A1 6 (b) 7 7l A B4R 3 3h A AL B b
ML 23 AT B RE 90 K 22 [ 2, 3 o R 4 0K 26 B
H =1 pm, {# P =200 nm, B4 D = 140 nm.
SINBENLER KL, o BEREGK 2 1 AR S AL B A —
JE 6 Bl N BN, ENME f 8 10%—30%.

KL 7 () FIE 7 () 43 50l 9 fr B BEAL S A AT EAZ
T B ) A G K 2 B A ) R R T 4, TR T () i
R R, B T () (F) 2 N A B P Rk gl K
LIEFIFN f = 10% B, A B BENL 0 A . B AR BEAL
S ATTEGNK LR B I L 98 B, 7E 6001100 nm
B, RE YN K 2R B 5 B A% 1) Bl 2 (I R B
WP . JF HOBE R B3 1 1 0 IR A A
Z3m. f = 30%mF, WU AR N 27.9%, 1M
Je J M A 40 oK e W A R U R R AN 9 19.9%.
Kl 7 (c) BT Az B B8 B 23 A 5] A AT DA ek 9 0K 2
FEBI R 52 s, 2 f = 20% I, IR RR i

070201-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % 3k Acta Phys. Sin.

Vol. 65, No. 7 (2016) 070201

KN 23%. BT (d)—(f) Jofikgh K 2 51 i
Yy BE A B, T LA A R IR O Y
P R 21 R e 20 K 2 B 21 1k 490 K 2 22 1) A R IR 155
DLIFANBY G, HL 37 0 P A Ao BB BB L 20 A 1 i
YR LGB AT PR RE G R 26 B 31, LTk g

100
(a)
80

60

A%

40 | Random position

—=— Ordered /A/
—— f: 10% A v/‘
207 s r=20% < ':._
—v— f=30% .
O 1 1 1 1 1 1 1 \.\'
300 400 500 600 700 800 900 1000 1100
Wavelenght /nm
28

. 24
X
~
S ./.\.
22
—s— Random position
20 Fa —eo— Random diameter
Ordered nanowire arrays
18 1 1 1 1 1
10 15 20 25 30
1/%

Kk Z TR DUAT BT $2 i, 37 50 JEE AE 3 3
B TR T T ELAR R AL A R R 4K LR
FIFLREGN K LR 2 8] () SE IR W2, I s AT 1 B
AR, A RGN T A0k 2 B R T BRI
AL

100

80

60

A%

40 - Random diameter
—a— Ordered

20 —— f=10%
A F=20% x
—v— f=30% *'\'\-\‘

0 1 1 1 1 1 1 1
300 400 500 600 700 800 900 1000 1100

Wavelenght/nm

. 100

K7 (TR A WIRES . G B RN S BARBNL AT TG R LR SR 7R A AT (a) LB ISR R LR

TR (b) BEAR NG AR LR RE TR (c) A WIREZ | A B I A BLAR B A TR 2R B 71 W ST 2
s (d) AHEREDUKR LIS 7 R () A BRI AT EGNR R 1 i 50 5 (F) BELARBENL A AT RGN K Z I 41
1) v 47 i B

Fig. 7. (color online) The cross view of electric field energy density distributions of the ordered nanowire
arrays, random position nanowire arrays and random diameter nanowire arrays: (a) The absorption of
random diameter nanowire arrays; (b) the absorption of random position nanowire arrays; (c) ultimate
efficiencies of the ordered nanowire arrays, random position nanowire arrays and random diameter nanowire
arrays; (d) the electric density of ordered silicon nanowire arrays; (e) the electric density of random position

silicon nanowire arrays; (f) the electric density of random diameter silicon nanowire arrays.
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Abstract

Light trapping has been considered as an important strategy to increase the conversion efficiency of silicon thin
film solar cell. It shows that photonic crystal with feature size comparable to the wavelength, for example, the silicon
nanowire array has a great potential to exceed the conventional Yablonovitch 4n? limit. Silicon nanowire array has been
designed and constructed on silicon thin film solar cell due to its excellent optical properties. Generally, silicon nanowire
array is used as the antireflection coating, axial or radial p-n junction of solar cell. Different applications of the silicon
nanowire arrays need different optical properties. Theoretical investigations show that the optical property is strongly
dependent on the structural parameters. In this work, several structural parameters including period (P), diameter
(D), height (H), and filling ratio (F'R) are optimized when silicon nanowire array plays different roles. Here, by using
the finite difference time domain (FDTD) method, we focus on the relations between the structural parameters and the
optical properties including reflection and absorption from 300 to 1100 nm. In the FDTD simulation model, the substrate
material is crystal silicon film, and the silicon nanowire array is on the surface of the substrate. In this calculation, the
top and the bottom of the unit cell are air with perfectly matched layers, and with periodic boundary conditions at
the side walls. When the silicon nanowire array is used as the antireflection coating, the silicon nanowire array shows
a lowest reflection (7.9%) with H = 1.5 pm, P = 300 nm, and F'R = 0.282. When silicon nanowire array acts as axial
p-n junction solar cell (the p-n junction is formed by substrate and nanowire array), the absorption efficiency reaches
a maximum value of 22.3% with H = 1.5 pm, P = 500 nm, and FR = 0.55. When the silicon nanowire array acts as
the radial p-n junction solar cell, the absorption efficiency could obtain a maximum value of 32.4% with H = 6 pm,
P = 300 nm, FR = 0.349. In addition, the optical properties of silicon nanowire array with random diameter and
position are also analyzed here. The absorption efficiency of optimized random silicon nanowire array reaches 27.8%
compared with a value of 19.9% from ordered silicon nanowire array. All of these results presented here can provide a

theoretical support for the silicon thin film solar cell to increase the efficiency in the future application.
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