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Fabrication of Pair-Photonic Crystal Arrays using Multiple-Exposure
Nanosphere Lithography
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Abstract

Two dimensional(2D) pair-photonic crystals (pair-PCs) have been fabricated by a multiple-exposure
nanosphere lithography (MENSL) method using the self-assembled nanospheres as lens-mask patterns
and the collimated laser beam as a multiple-exposing source. The arrays of the 2D pair-PCs exhibited

variable lattice structures and shape the control of rotating angle (©), tilting angle (¥) and the
exposure conditions. In addition, the base period or filling factor of pair-PCs as well as their shapes
could be changed by experimental conditions and nanosphere size. A 1.18-pm-thick resist was spin-

coated on Si substrate and the multiple exposure was carried out at change of ¥y and ©. Images of
prepared 2D pair-PCs were observed by SEM. We believe that the MENSL method is a suitable useful
tool to realize the pair-periodic arrays of large area.
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SEM images of (a) nanosphere size and
shape as a function of monomer ratio
(b) the self-assembled nanosphere spin-
coated on polymer resist.

ﬁ_ - 1T{]He Cd Laser (A=442nm)|

WD THler

Fig. 1.

Shuttesr

N~

Mirror  Lens  Pin hole

Collimator

sample holder

Oy 2. o9F =L 4% =HFA NFE
Fig. 2. Schematic diagram of the multiple-
exposing holographic system.
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(a) The multiple-exposure mechanism
and (b) the expected patterns for
self-assembled nanosphere lithography.
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SEM images of 2D PC patterns formed
by single exposure; (a)top view, (b)side
view,

Fig. 4.

o FEFEFEAE FAN AT Y=o AP
ol(depth of focus)®t Aol U&E& A4tdez
A% F Ak o elo AL =FF
dxe] HHS Fotd ZPowgdor FR& A
& FozM 4T F U

2§d 5% MENSL #wez Azsd HeEe
SEM ojmAjojt}, 7|4 thF xFo weld o
*g A-Fxo FAAYLE ALY F Y& ¥
9 = ok =E M AAY 2HAME
542 2Fe 9] e Tz FAAAC] ¥
AEe AaF F Utk 29 5@ 6 = 30° 3
HAeg Fi o]F-=33 A seolrh 14 xPa}
23} w=3}o| ANihe FAdEA FAE A 234 =
FA Eev gAzEZe Yatzte] YA
ofy7] mwjel| wAlZe] F7}r)l o] FolA mps
o] zelA 2zt =% HH9 =BFo] 17 B9
=3 A28 HAE 5 ok =3 a2y
5(b)e (a9 wtANAR 2% =By 24 =
ol Mz Y dA =33 A3 27 =%
gx 43 sy #2434 F=2= 48y 3
Ae gstgct 29 5c) HES 0 = +45° F
AL F3 4F =33 23 23 =Fo] HHor
dete] S 2 47T AFel YAHES 2 F 9
ok a8 5(dE 6 =30° v = 30° 60°8 o=
A =3 43 dde gez P92 U3
o 224 g9 553 AYE FaEaAHo] A
32 B 4+ ook 28l 29 Se)e © = 45°



J. of KIEEME(in Korean), Vol. 23, No. 3, March 2010.

34

a8 5. BFed YT diazty oz A
g 2x9 4-B3AA4 sEe SEM o
uz; (a)b) °lFxF, (0 HFTxF,
(dle) A=, () GF=%

SEM images of the fabricated 2D
pair-PC patterns by the MENSL method;
(a)(b) double exposure, (c) triple exposure,

Fig. 5.

(d)(e) quadruple exposure, (f) multiple
exposure.
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Table 1. Exposure conditions of Fig 5.
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