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Influence of the Disorders Induced by the Doped Dielectric Spheres

on the Optical Properties of Photonic Crystals
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Abstract Three-dimensional photonic crystals (PCs) composed of polystyrene (PS) spheres are fabricated by the
self-assembly method, and the transformation of the PC structures from ordered to disordered is carried out via

mixing larger silica spheres in the suspension of PS spheres with different concentrations. By measuring and
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analyzing the tranmission and reflection properties of these samples, the sharp declination of transmittance in the
high frequency range, the disappearance of Fabry-Pérot oscillations in the low frequency region, the blue-shift and
the gradual disappearance of the photonic band gaps of PCs with the degree of disorder increasing are observed. When
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the concentration of doped spheres is declined to 0.02% , the lowest transmittance at the center position of photonic
band gap decreases from 10% to 1% and the single peak in the reflection spectrum is split into two peaks. These will
oscillation
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contribute to the achievement of better transmission extinction of the three-dimensional PCs composed of dielectric
spheres along the I'-L direction as well as to promote their development in the field of new optical devices.
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Fig. 1 Self-assembly experimental setup
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Fig. 2 (a) Transmission spectrum and (b) SEM image of photonic crystals composed of polystyrene spheres without

doping larger spheres

N T WEFEA T JG Fp R0 O 1 i AR ' 2 R Y
SN AE PS/NEREIF BT I T AR L 1) — 4 Ak
Fek KR e A DB 94 o O R A o AT {6845 0 1 i
VR A 745 K 72 4 1) TC Sy 4 M ok . 181 3 B
AR RER A A SEM &L MR T L, 245 4k
YL EAR (0. 0250 ) IR+ 516 i AR A L 45 ) 7 A T S
L PR TS S B AR G 9 A U {EL B 5 42 % ok S ) 3%
TS RERAG X ' A 1A ) 393 235 4 7 A R 482 43 1
LT AR S5 AT P B LA 0 Y . XA
RERAN /N B Z2 18] A7 A — > 8K B KL A% HE (860 nm/
260 nm=3. 3) IR BE B AL o iy TR BRBCRE AR XS /)

O,

-
| @

OO0 V‘,.V, © 0

BRI 5 AR D RERI B 2% BUAR 2 T 3O 23 07 1 7
ARG il AR PR R R A5 A AN 2 DR D DR B S B0 ol A
N D T b BR 8 5R  » FRT T O PR AR B 1) Sl S0 45
TRERS 1% B A R 45 . [HBE R BRB A Wk B2 10y 1
T B DR ER A 31 P [ 58 4 /0 BR B 2 R s it
I+ Hy KBRS Z% 5 R0 i M AN D E AL 2 e 10 1
PRGE Y H B Y ok o B SR B L S B0A% B R0 Y
e ELJG Y R BE 2 Bl A6 48 % vk BE 1 389 o ir f Ja) o
D 0 » 30 3 RO 4B 2 PR o R 19 77 2 T DA AR 1
R AR 45 1 #R S TC T ) & 58 4 T A5

Fery .

(1 5Jll 5.0kV 7.4mm x9.00k

B3 B N (2)0. 02% F1(b)0. 2% [l = 4 4h K 454 SEM &
Fig. 3 SEM images of three-dimensional nano-structure with doping concentrations of

(a) 0.02% and (b) 0.2%
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Fig. 4 Transmission spectra of three-dimensional nano-

structures with different doping concentrations
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Fig. 5

(a) Detection scheme of reflection spectra with different incident angles and detecting angles; (b) reflection spectra

with detecting angle in the range of 10°~60° when the incident angle is 30°
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