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Abstract — Photonic crystals are referred to as semiconductors for light and can control the flow of photons in microscopic
space since semiconductors do the flow of electrons in ULSI(Ultra Large Scale Integration) circuits. Therefore, photonic crys-
tals have attracted enormous attention due to their potential applications including channel-drop filters, nanolasers, optical
waveguides and others that are required for the development of next-generation optical telecommunication devices and optical
computers. Photonic crystal balls at micrometer scales can be also used as full-color pixel sources in the pioneering microdis-
play devices. Here, we review fundamental concepts of photonic crystals, several approaches to fabrication of three-dimen-
sional photonic crystals, and their potential application areas. In particular, we emphasize the colloidal self-assembly scheme
that is the most attractive to chemical engineers among several synthetic methods.
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Fig. 1. Schematic of multiple light scattering in a photonic crystal and its reflectance as a function of the wavelength.
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Fig. 2. (@) Schematic of inverse opaline structure [11] and (b) scanning electron micrograph of silicon inverse opal [12], (g)dbdiagram of silicon

inverse opal [13].
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Fig. 3. (@) Schematic of the fabrication of diamond-like photonic cryste
by deep X-ray lithography and (b) its scanning electron micrc
graph [15].
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Fig. 4. (a) Schematic procedure for the fabrication of photonic crystal by wafer-fusion method and (b) scanning electron microgteof its waveguide

structure [16, 17].
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Fig. 5. (@) Beam arrangement for an fcc interference pattern and (b) scanni
electron micrographs of various polymeric photonic crystal struc
tures fabricated by holographic lithography with different filling
ratios [18].
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o g7 7R WEEE AAE S 2 F F20|= 39 (colloidal
templatingf> 338 FAAE A2 & = /P 55U = W
°0]T}20-26]. ©] & THA] FAIH SR AW EW, Fig. 6 o] FEoj=
T34 A%t BEEoR s =A g —’F Ut o] T 74 B A
= 2o kg 7@_1,:_(_/1:314

71 da] 2olE Aoz Aolsy CREIN
g =27))9) AL zhe 2717 7Y@ P PS} PMMAS} 7-e- 3157}
TR R o] Fol7] THA FRo|E LES APAAE o FEE wgE
v, AR AAYAL Aol F LE o ZHES /XY WS E5
1] %E Tio,(utile)s} 2o Algeloz MeE 4 AdE AT
(precursori. A&7 vFS-g AaA 7] 5 179 ARARE D8 718
ALt gujE o] g5k MR o= A|ATOZH Fig. 2(bpt 2 A4
A IR E AE Aotk T BN =l A3 Alelge Al
2 AFAR AR B S-S o8l dE|Ed 2 vad
& %ﬂiﬂf—— A 7 A T AA = H uiebd Jr o) A

Eizal
A FEO|E 9} o WAE A vherE =719 Al
F/Pﬂ WAl s A AT & BAAE sEEE & A ¢
Eo] ALNAZ M EHA] A3l
Ate] g ASA Hrt o] vf g-g 7
AL Y= dAEe adso] s
7redet Aol glont Aol gl AR o] FAAE 4] $9)
ANe ZF 48 d 55 e B A= F2012 2449 F5E(void
fraction)s Z&ddte] & HEAGFA] YAk A Ve Ak Faji
& (volume fractiong: A3 Alalsle] EAAIE 4= lofof gl
A A5 mkef Aol vt FARE o] RSt FHARA doe
g-g Aojsieid Aol fdz ANAE E4L 4e 75 &
AbalEdolofo gt e} i 4 ey
1o} 22 WANEA A TE2E W
F2ol= 44 d%s Jﬂ@h_
AN E EAR S Hou 2
o] ek 1.2um o]8ke] -5
AA] FUE=A-E 71R|R]
= _\TJO:];G o= _cq_g__g}x] 1.
e A77F mfg- Ak & ﬂ
t”_i Az M FAH

ru&
lo
L
m&
(il
o,
9
[]
o

X2 r
rm
[t
i
o 1
N
=
i
ol
'
o

ox re ﬂr

og‘_‘, bl

oX,
o
2
rr
&
fo ol
=

]
E
1
R

ool Jo

g

X
il
0

ot
=
@
51 o
o >
2 o
ot
9#
Rl
pach
lo
=R =)

Olt
F{F

N
=
ot

W so y

ik

>PEI
o

¢

E n:lq.
o i/
5
i

i
I
i3
o
rlo

=
(o]

|

é

E] rl
ﬂéi
o
N
R
kd
X0,
[]
;
iy
fu
9,

oﬁt odr o Lo r1r
_19, o}i o

m&

oo

(3

o

rot

X

i

N

il

&

S

=2

Al

o

] Q. x

Colloidal Crystallzation

Collgidal Crystallization

Inverted opal
{Ordened macroporous materals)

Irmverted opal
(Ordered macroporous materials)

netd 33k FARE ] feire ERele 2] Zd3hs &
A+ e 2L Y-S ZetebAY B Q & HME=NE Zhe A2
2 Zolop @tk o] 2 S)As] 98 Yool st AdE B2
(confined geometrgjx] F=o]= AAo] dojueE f=5lo] A4
g gAslE Alert AR gom FHZo ‘E%% FEG W 9]

Ag o o AR AN O E ALHE VAR Ee] Fi 2ol
S e R e g

o
STE BEReE T omT
3

ol

Qo= 1z} Wigke 2= AAL JAT £ Q) 254 AL
dashe 4 9 A48T B ﬂ%u A% BE7] deie B
g4 A7t He dee) NhE A - =Ush s slojth o]RA
TomA FRolE A4l Zhu 9lt Ak FA S sj2e Sl &
2% e P e g BT 5 3 o e AT 5 I
A&
o

gt AYE theke] Xiazgo] o
T(apt o] R3] 2717t AR HE-S FA Y B 5 7PHE
o]-g-8f] ?ﬂiﬁ a1 2 9o FRe)E A48 Yshs FEE A4 A
T ArH27]. THE mAHE S ©]8 5‘4 Fig. 7(byll vepd 213} -2
wlolARHE] A7)9] AES JE FRo|= FA%F (photonic crystal
chippg Alz=g 4 = Sict. g9 01316 kg o8-8l Fig. 7(cpk 22
F2ol= 3 T (colloidal clustersg: 4-2 = Ut} o] A3+= Xia
2ol HJ_HJ 2o 2 FY 3 w4 wEl-g 347 (photolithography)
© 2 Axdhe AFE T8t £ FEIAA AWe AHs] &
Hste] HAg EéElM grol= éi}%ﬁ’%iﬂ% Ag I U B st
RATH28]. olH g FRol= Jg e AEL AP o F Az
| 7Fsd Zle® J|gstia I

27hHo 2 Az wAE el = rfo] A 27]
(droplete A3t B7ro = 283 S g}, =, Zio]
B Y ?EE."‘?H(suspensml% Z—Véﬁi "y H% #A A
T3l 2 &AM FRo|= =
2 Z2o|= FAA —TL(photonlc ballsg 4-& 4 Stk
A Zas B oA P wdE A9 AAS Ae 5 ks
Zlojth w3 AFg AxseH F2 2ole PO T AV
(electrospray), Fig. 8(&) 2= U}OIEJ'.EJJ 1S O]%ﬂ k4 (shear

Y

)

i |
ol
[]
i
i
=

(o3
— o
B
o2
2
>
N
N

(<)
31). o] FHES AF| Ao] AFohe %ﬂ%& 309 GOz Y

HWAHAK KONGHAK Vol. 41, No. 3, June, 2003



282 ofznl .

MG rrmE ka2 1M
(c)

Fig. 7. (a) Colloidal crystals with (100) plane surface were grown in large
area on micropatterned substrates [27]. (b) colloidal photonic crystal

chip that was assembled inside microchannels. (c) self-assembled col-

loidal clusters [30].
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Fig. 9. Photonic crystal waveguide by two-photon polymerization inside
colloidal crystals [34].
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Fig. 12. Scanning electron micrographs of sample set of colloidal build-
ing blocks assisted by DNA as linker molecules. (a, b) partially
formed, (c) completely formed, and (d) larger aggregates. Scale
bar is 400 nm [37].
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