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Analysis and Fabrication of the Two-Dimensional Periodic
Anti-Reflective Subwavelength Structure
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' Department of Electronic Science and Engineering, Nanjing University, Nanjing, Jiangsu 210093, China )
? College of Material Science and Engineering . Nanjing University of Technology, Nanjing, Jiangsu 210009, China

Abstract Compared with traditional optical multilayer coating method, the two-dimensional subwavelength periodic
structure can achieve better anti-reflective effect with the easy adjustment of the whole structure’s refractive index,
by varying the structural parameters, such as the size and the period. Based on the finite element method of full-wave
electromagnetic field analysis, we investigate the periodic subwavelength structure of closely-packed nano-particles,
and study on how the geometry of the structure affects the reflectivity. We also prepare different sizes of silica nano-
particles by using the sol-gel method. and fabricate anti-reflective samples with these particles. Reflection
measurement of the samples showed good anti-reflective performance at optical range. Finally we propose a practical
method for designing periodic antireflective subwavelength structure of nano-particles on the basis of both theoretical
calculation and experimental verification.
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scanning electronic microscope (SEM)

(CsHs O) (AR H [ 25 48 Ak 27 30 A BR 2 m) A=
72, LR 2T (CH,COOC, H;) (A. R.) H1 B 5L b2
B A BR A R A, AR R =T M (G H,
(COOC, Hy)) (AL RO B IR NAL L) A 77, 525
75 1 AR BRI 98 K UL 23 H5C7E 1 A5 199 R 77
IR R AR R
3.3 RENELR

W & A AN FVR EE I RLAR D 583 nm (1) Ak
Fel BROE 40 K JIURE 1 JBE Rt 70 S e A 2k v b IR0 4
66 BE T 0] LG B3 2T A i B AR 0 A S
I 3 5 AR EAR 8 SR AR LA 15 B A 8 48 %) S
SR SRR 6 R . A T AL R
R T A S BRA T R A R B RO RSO B R
A 20 DK JSORL HE 51) 9% BE (R385 K, DA g s 31 0% L B3RO
SURL A HE S JEL BT T el )s 52 59 258 e /B X I ) 9 G
1 ORI e E /0N s SO RN IR BT B KL X
2.2 W TR R T X S5 3R 5 e R — B

Reflectivity R /%

500 1000 1500
Wavelength A /nm

Bl 6 S ALk 40 oK JBURL 2 BE X A J5E 3 T S 55 3 11 % T

(@) A& AR RE UL s (b) ~ (d) JBURE 5% 13 32 37 18 K
Fig. 6 Effects of SiO, nano-particle concentration on the
reflectivity on the interface. (a) adhesive without
SiO, nano-particles; the concentrations of the
nano-particles in samples (b) < (¢) << (d) are

increasing



274 2l 5]

oo e 35 %

4 4 e

TS0 3 B, W% K — A A ik /N BR 4 %
HEF BA 54 B AT R AP P06 SO SR . R B R AR
d X F Ot RS ) B AR U K 7 AR B R A R
K A5 AR B 1 T 38 R BV BURE (R AR d 4
SR LA B . PR HES I T 508k 0 ke
A2 43 A7 W) 32 2 5 ) S5 S R B ek /N R RE L 2 T/ d B
A B T LR S S 23 0 /0 e A1 Ak 21 e oKk, B
BRI HES ) BH T 5 /3K 09 60 42 4 A 455 1) R 5 il
G LN, FE DR 5 S0 B 5% HEER T 94 oK B
RLHT ST R TH » 7E 7 8 I BRI BT RS AR
ROIFHTZRH, 5 TE4E, 5L b I 9 32 1H $2
A7 — P e S RN T I

& & X #t

1 D. H. Raguin, G. M. Morris. Antireflection structured surfaces
for the infrared spectral region [J]. Appl. Opt., 1993, 32(7):
1154~1167

2 Chen Sixiang, Yi Xinjian, Li Yi. Design and fabrication of
antireflection structured surfaces [J]. Acta Optica Sinica, 2001,
21(8):1001~1003
PR S G, 2 B WIKEH X 10. 6 pm B 54 3% 16 1
WHRILI]. b3 4. 2001, 21(8):1001~1003

3 M. E. Motamedi, W. H. South, W. J. Gunning. Antireflection
surfaces in silicon using binary optics technology [J]. Appl.
Opt. , 1992, 31(22) :4371~4376

4 E. B. Gram, M. D. Moharam, D. A. Pommet . Optimal design
for antireflective tapered two-dimensional subwavelength grating
structures [J]. J. Opt. Soc. Am. A, 1995, 12(2):330~339

P. Lalanne. On the effective medium theory of subwavelength
periodic structures [J]. J. Modem Opt. , 1996, 43(10):2063 ~
2085

Gu Peifu, Li Yiyu, Li Mingyu et al.. Band structure and light

w

o

propagation in photonic crystals [J]. Optical Instruments, 2005,
27(3):55~59

JBUES R, D LA AR AL G R b i RE A O i 1%
w1 B ME, 2005, 27(3):55~59

Zhao Li, Yu Jiaguo, Cheng Bei et al.. Preparation and formation

-

mechanisms of monodispersed silicon dioxide spherical particles
[J1. Acta Chemica Sinica, 2003, 61(4) :562~566
WL ARKE LB R S BT S RO ORI 1 5 S
JE L] AL 4R, 2003, 61(4).562~566

8 W. Stober, A. Fink, E. J. Bohn. Controlled growth of
monodisperse silica spheres in the micron size range [J]. Journal
of Colloid and Interface Science , 1968, 26:62~69

9 Fang Jun, Wang Xiufeng, Cheng Bing et al.. Preparation of
monodispersed SiO particles for assembling colloidal crystals [J].
Inorganic Chemicals Industry . 2007, 39(3):37~39
R EFWELE K S LRI 5w A AR BURL 1
4], BALE Ik, 2007, 39(3):37~39

10 Zhou Qian, Dong Peng, Cheng Bingying. Three-dimensionally

ordered self-assembly of SiO, colloidal particles [J]. Chemistry,
2004, 4.:290~294

JAAE.E ML REE K. SO, RIRBURIM =4 A iy A AT,
A @R, 2004, 4:290~294

11 Xue Jun’ ao, Li Zaiging, Piao Dazhi et al.. Optical Radiation

Measurement Principles and Methods[ M]. Beijing: Measurement
Press, 1981. 291~297

B R 2 TE N AN KA 45, St S I & R R O kLML dE e
AL, 1981, 291~297



