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Effect of size and shape on reflective properties of
silicon nanocone arrays

LI Xiangmeng',ZHU Xijing' , WEI Huifen*,CUI Xueliang', LI Jiansu'

(1. Shanxi Key Laboratory of Advanced Manufacturing Technology. North University of China. Taiyuan, Shanxi 030051,
China; 2. School of Instrument and Electronics, North University of China, Taiyuan, Shanxi 030051, China)

Abstract : In order to investigate the optical properties of silicon nanocone arrays with different sizes and shapes, the nanocone
arrays are fabricated on silicon substrate by submicron dry etching process masked by self-assembled nano-particles. The mor-
phology and optical properties of the nano-cone arrays are characterized. The results show that the nanocone arrays with excel-
lent optical antireflection performance can be obtained when the plasma flow ratio of SF; and C,Fg is 12 scem, 27 sccm, the
power is 750 W and the bias voltage is 25 V. By adjusting the etching time, silicon nanocone structures with similar morpho-
logy and different sizes can be obtained. The reflectivity of 200 nm and 400 nm periodic silicon nanocone arrays is 2% ~3%,

while that of 800 nm periodic silicon nanocone arrays is close to and 10% higher than the reflectivity of silicon substrate, which
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indicates that the anti-reflectivity of sub-wavelength structure is more remarkable. The result reveals experimentally the dimen-
sional and morphological effect of silicon nanocone array structures on the antireflective properties, which may shed some

important insights on further investigation or application in optical devices.

Keywords: plasma dynamics; dry etching; silicon nanocone array; subwavelength structure; antireflection
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Fig.1 Schematic illustration of submicron etching processing for fabricating silicon nanocone array structures

R T ARG TE AR AR RS TR M AROK 203 1Y) ik 2 k1 B RBES LM T EAK
KA R 1) 4 7!"3 K H SF fil C,Fy IRAAM. T —E Tab.1 Processing parameters for etching silicon
P AR B o TR L ] B R 5 B A ) B b R T nanocone array structures
AT ZIph, Ho, SF, SARH F 200, CFs KA H % 2 Bl
TR, A SR S B[R] i #EAT VR, — 3l 2 SFy it /scem 12
— Ak FE R G KO - TR AR B AR CiFy Hidit/scem 27
T B s AR IR S5 . R 1 4l T FE A RF )4/ W 750
MmEA. S 55005 P/ V 25

% K J1/mTorr 10
2 #RE5iTie 3 L /C 25

#:1 scem=1 mL/min;10 mTorr=1. 33 Pa,

2.1 % B K X RE AN SR G5 A TS R Y RS N

TE AR AL SR 1 SIF, SRR HE S i 2 . AR A Bk 9 R ORE 7 i 5 e A 2 1) BT —
TE R Z e P L . 20k e B L B S SO, FRLL I ] PA) 22 et A R R B T A 22 ol R R R B R R 2 HE L
AR 22 58 SR T bR & T 2R 20 ik SR TGk aRAS B i 2 b £ HL L AT 2 1 e A s 2 i e Y S R 24 O
400 nm/min, "4 ALREE KLY 200 nm/min, R R ORI A AT LA SE B0 Ak A R 25 1) 7 1 ) 20 1
e ZARATON BE g HEAR S5 4 A9 SR T . AN 1 D 4 = A9 S Al ik 20 KORE 1 R L - i 4 30 0 ke, o 4 52 %
b DU 2 [ AP 2 B 4 T 290 O HE [ 51 235 4 O TR S LE

UNTEL 2 7 75 S Z20 ol s Ta) 05 ek 4 R 25 4 F) RUBE RIS S50 B85 0 o bt &1 2 ] DL 220 et 445 39 F) 7k 290 R fE % 571) 45
Hey i 3 221 ok b ] 9 A8 AR T ZRAG AN R 3. 3228 09 RS S R0R0$5 A0 K S [ 2] 45 0 TR A IR AR I JEE
Y2 RN T 30 s B, Z) PR BE SUAT 200 o, BRAT Ak 299 K S 4 5 45 4 B e A4S L CRE 8 g JBE IS (Rl AR 2
FoO R 1/2 Ze i . AR SCRF s B A Z0 st 18] R 30~150 s, M ZIphAF ]k 30 s B, KAH 1/3 M LR KL
T e 2 b A B RCRY R AT T R RE O 200 nm ZE A 5 T 25 Z20 phUE ] D 60 s B ARG 1/2 B TR A RERE

T
24 - - == ES_HIS 1%
. 600 —— TS A%
S201 v \ £ 500
= - 2 400 -
2161 v
2 & 300
§12r 2
¥ i}; 200 -
= L s

0.8 £ 100

04 - L L L | 0 | | | | L |

20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160
2 b B il /s 2] o i [ /s
a) 8 7 LU 20 o ) 25 1k b) RSt 20l 5] i 725 4k

B 2 AEsh R4 MR AR e ) 69 TALHLAE (400 nm #242)

Fig.2 Dimension variation of silicon nanocone array structures with varying etching time (400 nm NPs in diameter)
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Fig.3 SEM images of structures resulted from silica NPs with varying diameters
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Fig.4 Nanostructures resulted from shorter etching time
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Fig.7 Schematic illustration of reflectance on smooth and nanocone structured interfaces
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