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Abstract - Colloids are a heterogeneous system in which particles of a few nanometers to hundreds micrometers in
size are finely dispersed in liquid medium, but show homogeneous properties in macroscopic scale. They have attracted
much attention not only as model systems of natural atomic and molecular self-assembled structures but also as novel
structural materials of practical applications in a wide range of areas. In particular, recent advances in colloidal science
have focused on nano-bio materials and devices which are essential for drug discovery and delivery, diagnostics and bio-
medical applications. In this review, first we introduce nano-bio colloidal systems and surface modification of colloidal
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particles which creates various functional groups. Then, various methods of fabrication of colloidal particles using holo-
graphic lithography, microfluidics and virus templates are discussed in detail. Finally, various applications of colloids in
metal inks, three-dimensional photonic crystals and two-dimensional nanopatterns are also reviewed as representative

potential applications.
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20| =5= tHPd(multi-phase system)Z °F 107}0]F& o]sle]
A71E Zt= 1A G L A7 BHE Gafjel] FAkEe] Sl Ao
2 B38| 2k (complex fluids)T T FTH1]. AAZolA &3] e+
T UE dEE ARIE, 7} 9-F Fo] Lo, HEEA)] FAgelA
7132] HekE 93F CMP(chemical and mechanical polishing)s-
oA AMEERE 7193 28 ARl AR A o] &
o] gjatA]l oot} FEo| == tdAIoIARE, AAAR] g ollA
Tt S Rolet, o)A wjAg ZEo|E YR} FAHAlel
QPIEHAl AkE] o] Q17] whizolt). FRo|E Ak AR el
A QARZEe] A7 7] (electrostatic), A7l (steric hindrance) B+
747711417l (electro-steric hindranceyS 3§13t Al g b of 9]
3l QPgatAl Eak=lo], iRkl Ak ko] " EAtolollx 9= Qxt
o] 7 B F-Ra, aela dRF Alele] 71 T3 @l
oJgk )Py Aeks e 4 QUth 71E8] FEolE §URF ErHlell
gt A= F2o)= R Ak P stel, Py sk F2olE ¢
2F BAAIY 35 el f%5 54 2 Al 3 ¥g)
(microstructure change)g O 2 FEO|E QIR}E Alo] ] 4
F2E-S s, volrt o5 Alojsto] Ysks S 471 ¢
sto] xI3isjo] girt,

FEo|Ex YAE AR ARl wEr Al i, ), w5, i
A 9 A FEe|ER RS T 5 e, 2] 9E Fast
8ot oo, He ATe FE AU QR W HANE
2AE Adsh=d o] ZHEA Qluk(Table 1). -, 7] F&ol=
£ T e B3RS ofu] Z|AIAE do] SRR A E A
2 5-80] glojgkem 2], AHdE Ad = WieFEo|=e] g
o= J8g YA Y FEAGARE A7 SUs] A= QA
[3], A (quantum dot)s-2] FEH4 #go] 7hsst FRo|5E U
2EYo]l g 1EEA AR ARo] hesit4]. S 548 F
Fo|ES Afole JdaA Y 7E Huste], ZHAE
(flexible) Tl~Edo] 8 A= A3 st o5 Ja= 7o)
Ee 31 ITH5].

FEo|E= YA A AAFE o] 8sh= A R ol ER
o|t Uaprt o] AAA 2 S 7|HEe 2 sl A2 AT
theFatAl o]Fox]aL Qitt. o] F ARl Flo] FFEo|E2 2]
29 (self-asssembly) 7S o]8sh= dTolth6]. F=o|= APV]

-

23] S #AsE YA} BAA A IR FErt S sk S
AEZI| ol AP AR27t BAEE @ds ok A
ot}, mgt, "lo] 5T vl A7) E 2 REE ol 8dhe A,
dojzl 3319 2ot AR T2 dRFY] AAF2olA AAPRE
£ 7idd Al 3 =74 (photonic bandgap) 5745 AU
7] wiell, vhekst getantr e §-go] rhesitt. 3, FEol=
thegate] 22k il o] g-ste] nlo] QAME Jidtelaia) k=
A7t dks] FBE I Q=] o] A dAke] S AAEE
Aea o 2 JESSHES sh= W /1A IPgo] Fasti7).

2 2olXE F o]F X1 Qi FEO|EE o]E-3 Wie-Hjo]
2 58 ATl disl ARzt st o] Y3, FZo|=AY]
A " F2ol= Qxe] EH |4 (surface modification)ol] 33l 7+
] Avletal, Az FE F2olE At 33 R o R ]
3 717 vlo| e FRO|EE T3 AEAATHE AR s o
o}, sk FRo| =9 3-g-FokR AT 58 E A A
APEE F2o|E oJAe) tigt V|er E3E vy & Aol

2.2 B

2-1. A7 E20(E YURI2| M= & EHIHE

Aleha] Fxo)E QJR} Foll tiaAR e A7t F2ol= YAt
2 AEH Fo| AIst &A1 (sol-gel method)yS ©]-8310] 2 A
Z38itt, o] Aol Agjgt AFAS] gl S5 heg F
sto] 7hds] IRl WA 78 F2olE RE AT
o 3w 714 (surface modification)ys E3lA ZZo|= 1A}
Al Yol F20]E Qxke] B/3-& aa3 o= v AL A=
78& Fold & QlTk [8-11]. ©1F FalA, S, ek, A=, Aok,
T3 £ 9 Al g8t Fofel| 7|27} He U A7E0] 7
=o] gith.

z2719] FRolE AT olgfdt e whiit (A= A
Atolel A Z-gah= As ZHg-Eo] A2 A5 52 o4l (ideal
system)el] thallA] =2 o]Folfrt. S, AA] AAA AN EABH=
FEo|=g) o] vt A719) FHlE 2he A BAAY 248
AS3p] f1gtk Bw A-8H3ict o] & Fall, FEo|E YIRAtel,
AR A} A2 (short-range interaction)to] EA3H= 73| (hard
sphere)?} A 2] Al 218 (long-range interaction)®] EAISHR= AA|
“T(soft sphere)®] FRAEHZ EA), At QFgsle} 22 2ot ¢

r_{m‘b‘ﬂl
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Table 1. Organic, inorganic, metal, bio and semiconductor colloids and their applications

Materials Examples

Applications

Organic, Inorganic
polyglycidylmethacrylate

Metallic Cu, Ag, Au, Fe
Bio Peptide, Virus
Semiconductor CdSe, CdS, PbSe, ZnSe

Si0,, TiO,, ZnO, ZrO, polystyrene, polymethylmethacrylate,

Colloid self-assembly, Nanocomposites, Gel

Drug targeting, Biosensors, Metal ink for patterning
Biocompatible materials, Drug delivery system
Quantum effect devices, Display, Solar cell
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Fig. 1. Typical interaction forces between colloidal particles (a) van
der Waals attraction, (b) Steric repulsion due to adsorbed
macromolecules, (c) Electrostatic repulsion due to the presence of
the like charges on the particles and a dielectric medium, (d)
Combination potential of (a) and (b), (¢) Combination poten-
tial of (a) and (c).

2} el Fet A7 EAA o7 eEgIv 12, 13].

At AN FEolE A=
& PR GG e it F2 SAetA HeT, ol#fgt
73T RG-S Fig. 10X} 2ol 771, dalgellel <)t whire]s)
van der Waals®] 912]2] $+° 2 ¥ &=+ Derjaguin, Landau, Verwey
and Overbeek(DLVO) o]&¢]l &Jalix] dw= 4= Q. sk, o]t
TAARI FZo|& R s aRg-e FEolE Qixke] 3 iR
< B34 il oRekska WA Wskd 5 gled, AEgke] &
Fo|=o] Aoz e A (-OH)E 8l thkst #s7]
k= o] 7hsaith. FEel= it
20| §ixe] o] ol A o]Fo]
Fo|Agt, 588 75 Folstr] Sl
o] 7o) FAlell o] FoA 7] = it

GAb e ek S w1
97 22 F2o|E At
JalA R, o714 EE0lE
Al REE-& FallA, YAk

| ShallA] At @ 4t sl
F7IER o]Fox A FO|E= SollA] Agst nf
o} o] &AM &3t 54577 FEEY iR 9 St
3= FElA TRRkel tHRAIS] BaslgtEo] Alxd 5 Q) 53,
Si(OR),-xR'x(R'=alkyl, vinyl, amine 5)2] T-Z& %= organosilanes
o] &gt f-7] RS 1 thE ARl olld], o] g} Fe
organosilanes ©]-8-dk= 73-%- A7 (precursor)?] A 4 Hs
7] 2] Al wet 3o JidE Aegt iRk Azt 7S
sttt kARl LA el AlzE AEjFt ke EHe] A
£} (siloxane group, =Si-0-Si=) ¥+ A E}&7](silanol group,
=Si-OH)°] FEj= wo] Qlom], Aehs7]E Al 9] el w
2} isolated, vicinal, geminal FEI= TAIFo] delA QlvH14]. A
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27+ ARk TANEL HdehEr1E F3l 0] F01AH, polyethylene
glycol(PEG) 9} 2 172+ F2), cetyl trimethyl ammonium
bromide(CTAB)2} 72 ofol-2/d A @ d#]2] 2471714 sleS o]
&t &3, = Aeks7)e) REgo] 71sg 3-amino-propyltriethoxy
silane?} 22 coupling agentE &3t 31812 Aol oJaf W
715 oA, B AeAg RS 288 5 loh15). g
H, o] 2] ¢t organosilane> A7t AlE ¥ wrotu 2} aluminum,
titanium 553 zirconium A9 2] coupling agent’} 3 21 ©]E o] &
sto] &FmL, Efeel o}, X2 F L ofe} e Tkt R ol 4]
k] FRNEE & 4 o, oheket Sl djell A /PY/d-E 3FA]
2 Qe S 2 =, uv B dAe Q)8 7k el 22
Be)A gzo) WsA besiricie, 17]. 9 4E 71 3
& 50 #AF A} AApel] B AR AFFH =], 53] F71 A
2} oA TS 77] WHERK(self-assembled monolayer)T 7185}
TAES HESRE AN 2AE Alxshs d85 1 Ut 59,
Au, Ag, P59 YIRS Bl (-SH) 152 3t &3 = Hkso
ol /M = 4 glom, Bl &S 23l TEAtEA kst )
E 5998 5 Stk = A el DNAE FHsto] blo]e. AlA
AR o] S8-5 UaEd FolE & 4= U8, 19].

odellA tiaZQl 7] FRo|EQl Aegt 2ol §iAre] &
33 el disl zkeks] AR gkt AeElgh Al Az W
W gl gajle] ost B Azlel wle} Aeks Fe] W 9 ¥
FEF e ER gdst sRviEEs flEiA AR st B esit
ok 3 VS F2o|EA9] /P9 Bk o), tie-ntol 2
ofol] Ag-5 I8l A A3t vlefst 5718 EYE 5 UE TIE

e & 4 gk,

O Mo

222, IR B20(= YXIL| M=

T8O #Yst 75 2= TEAF B RRe] FA] S
T2 A7t Rk Az} v AR o)u] theket §ixke] 3
Wie] gl ltt. 53], HZols vl gAkE Alxsh] 9
g A7) 3 FolH, AT 7l o83 Uk T W
o] o] W gk

thEAal 78RR F20|= Q1] 32 precipitation, suspension,
dispersion, minisuspension, emulsion, miniemlusion %' 5= ©]&
sto deITH20]. o8 S A9 AnbAo® g A&
) A (monomer), =89 & 7WAIA (thermal initiator), F8 3}
(surfactant or stabilizerys 37}t o] W RES-E2] %7} 53}
o AAIAL 3= o] == eirizel] o8l Bkl Sl o
o} seedS FASHA W, SAlol GEATL Ao R Sk
WA QA7 AXA Hek ol PP siAlE dAke] mHel F& sk
Au}, B= aEA; vkl Fofsto], IRt 37 @S Al
At JAke] 271 T 9 AAA, P9 EkA| Q) “sizel] uhet Al
o3 4= qlom, 4] vherlEjellA] 4= mlo] AR w|E 7] Z2do] 7t
St} HZollkz, tiEgate] o] Folx|an glown ofy] SjAlellA 3%
T 7] AR AFOE FEAIHIL Stk FEolE YRk A7
A erfElellA] 4= mlo] T2 u|E|7pA]o]n], RAREE %0 Vo]
a1, 3xef 71557 (functional group)= hydroxy, carboxyl, amine L
e AEE 5 Qo

o)} e g} =TS B3l pial FRolE ¢zt e

5

W Ak AR Fel
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= 7o) ofid o AR S v QlRtel gk #4lo]
S7¥ekaL Sl o] AL A YA el viEl, AlRt 5] #EHA] B4
4 wEdE Bl A 249s tikstAl AlolE 5= g7 wiiEo]
t}h o8 Eof, v o] wiEAEo] #akE A (liquid crystal)
] gl MiEMdE 7 Qler®, Ao Aeels
nematic, smectics-2] o] F7IE A5, Wkl mje} =4 50|
e 338 AEE THEE, ol9) & S o]gato] Hgw
(polarizer) 5-2] F8Asol g-8o] HiL e} gk, 27|24 &
& B BAE ) AlxelA, v T IRE A 8ske AT
PR A FHE SEsto] v FHlY] AR =E AT
R, EpA] FMEAEA S Aofed 5= Q7] wite]] B AT
ARERALZE o)A AL QITH21].

71E8] TEAL Sl AT 5 ARk Alxe oy o
AlQ] 1A} e Bl BE sl AvvE T En
T SHHE tighe] WeitzZElA= Fig. 20149 o] izt
seedd e $/33kAL, seedP At Ulol] HFAIE =t S8k
IgE WHE5Y], dimer, trimer FES] AARIAIE FAstar, =
S trimerfiol A €] YRPHEE Al1EE 5= Q= 71zl dhal] A7 A
= B USFATH?22]. Fig. 32 polystyrene(PS)2} polymethylmethacrylate
(PMMA)UA} 3] o] Sl ixke] AAnl ARxlolrt23]. o] 4
FollE= 7HE PSE FEo|E YRS FASIO] seeds FABHAL,
2ol gololl MMAS F7FsH| =W, #1891 MMAZ} seedH]
2 lEo] JFaA Hrt olnf seedd APl MMAE 7FiAIA
PMMAYIARE BASHE 7%, PSS PMMAZE A= 4lo]A] ¢+ /3
AR Qe M= Zdtel7t Aoy Hof ofmeke] izt A€
ot o] AT AT AR W AdHo] & F e dAE AT
T glormg AHGAEANL vt QS & 5l waEbA, o]
Fo WIS A, e AR AP |EH ] el 4
44 5 vk

uTY QAR B A e
[e)

N

HO

= T 3drh o= V1S
S gue AR VI eR, Vsl RTINS Ve
S sk, S 7]aelA wojujo] 89 Fof ket
FEo|= SRk = WHlolth Fig. 4= SR A4
ol HjgEe] E2ol= A dsk] fgt id =gk $
FR2o|E IAe] Fekdn|A Yl xakdn|id ARxloltt24). o] 7
ofli= 78l 5 3§l e Fefsl] golshl k7] £13t o] FA|

do e e & K

Elastic stress

~» Monomer

o, & . T < )
¢ Cﬁooq, ® o % o (?
% e % o © Q 3
et © $900 & i ¢
’ 0@ P . &
°©° o | ]
? ov s
o % o % *
9 20gm 00 o 02 20
CPS Swollen CPS Dumbbell
Fig. 2. Multiple swelling process for the synthesis of anisotropic

dumbbell particles.
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Fig. 3. SEM images of dimers and tirmers with different particle

geometries.
o Surface modification
Interference (Chemical reaction,
i Physical grafting)
lithography R ‘Y cal grarting

Fig. 4. Synthesis of rod-like anisotropic colloidal particles by holo-
graphic lithography. SEM and optical microscope images of
anisotropic rod particles with different aspect-ratio.

(pattern-release agent)S TE3}L, 1 9ol negative-type EEZ|A]
2E (photoresistyer ZB ST} o] ) E2 77 HH-S Ak,
SSE Ay Fee] &) Hus 2te 22k HEs s &
Z AL M7 2] BT} ARI S (sinusoidal) HEfO]EE, T
| @A Al Blo] ARl whet ko] A5 2d & 5 Al |
o wabA, Ao A7e AR AR, Hol= 2R
AR 24o] 7hssith. HE3S & Foll= o|FYAIE AlAst o)
S Bullel] FAA71aL, AP IHES 1A F=20l= YA IS
Al ek $8E, 4Rke] PIAE S8l 714 whikea) 2 1At
145 AgE e 2do] Qs =RelME YAk olF e XE
YARE FHo|| o FA7]E o] g3l At 2af o FAI7] 7 )
Eo] FAEE Bk BE Ball AH71E wheE PAst
At o] A7EI= JAE ] Qe WAl 37 A
3t o ZA, SN TN Kk o] B4 drhs Wo] gl
vl 42k =] 9 Beke AHEA 24 5 Qo w9 s
Bl et FRolE AF Y 4 33 Yot DNA H tE
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ﬂ Fowing Polymerized

PDMS layer monomer objects

Fig. 5. Microfluidic synthesis of various-shaped colloidal particles.

T TeTIE XS Qlo], T WS A7t o] Fo] A Ao
= 7|ttt

3, MITS] Doyle 15 Fig. 5914 9} o] vlA|FA 2=}
(microfluidic device)Z ©]-8-3t0] ThFst BokS Zh= A5 84
ke ATATE WESIATH2S, 26]. o714 = wlARA]l Ak}
Egaa#9E HEstiel, nlAlaAaAb ] vlAldel] F5
o] 7ksdt At HEAE EE|a, SAlel olg] 71A] e npa
IE o] & XEATHIE ek FHo YRE A8
Fig. 62 poly(ethylene glycol) diacrylates 1A} T2 o]-2-5F
o, F-EE S 53l 92 Rk An)A Aol 58], &
EgATdg 304 nkaa dEe] Fe) Rk opul, T
el AT Ydrte] A7]9 Bofo] 249 4= Qi o] WS
QA Avlieh REEA 3E o83 7led vRVAIE, & el
A &9 el vlal AASHA Wolxlvh= wdo] glont, Wi
st Beko] Aol &9l s A8 1ol Age FAdoletar &
ok b, 3R AP A dEEA S gl TolE EA
Hol, 3% FeHdEs T3l AR Ealjof stk 3797 ol
o] sjd]ofof & FAlolrt.

oPdellA, B17E 1At YARE 3] f1gk 2 A7 el
oisl z1eks] A Rgktt. o] 5 R 71Ee] TRl FEol ¢l
2t2] vl vlal, ole] WAlE Ax ok sfar EEgh vk
SHolA 2] gAZE AR, Alojd FEje] FRolE IAE Bl
hds] Az = Qe FAARA 7R Uk o] B ATt o]
Fol A Zlow 7|ohgitt

2-3. HIO[2A FHE 0[8% 25 H 77| E20|=2] &Y

ShA] 27l skl g WAdt 2] A AR o183t
o] 25 4l F7] EFRo|=E AlFshs 7lwo] H 75 a9l
o} ol 719 B, sehe dRlel ot 2Rol= At &
Jolt 7lsol At g whshar AgtA o]l e 4
shel e S 7L Sl 54 olgsto ofs dAE
SESIEE AlkelA Edeitt 719 skl o wee
Ak} vlarsto] AatAbse] 7ML Qe SRS ofele &
t}H27-29].

PDMS device

Glass slide

¥

z Oxygen inhibition layer
\[/ x /
z ﬁi
[ PDMS device

- re

\ PDMS layer

(i) Insert transparency mask with desired particle shape in field-stop slider
(ii) Flow monomer + initiator solution through microchannel
(iii) Polymerize using shuttered UV light from microscope objective
(iv) The particles polymerize quickly and advect through the unpolymerized monomer

Fig. 6. Optical microscope images of various-shaped colloidal parti-
cles by continuous-flow microfluidic lithography.

(D) T4 TN BAE= 54 4ol oigk vi-s 24

(i) Hlo]2] 2 Ei= DNACIA #1553 A7) 25 (self-assembly) 53
(i) R85 Fol T MY H 7 e 985Y T 51 =
(iv) A3 ¥ 8 o] = A1 ol WA= A8 A

o] F 53] A& AL 53 3= vieket o] FEo|E A
Zoll w9 fElgt SA0Z AEUA FAPde 84 25 £
F71E A7 (precursor) 5 &3 F AAEUAE GANRSA e A
12 AZEAS 712 T8 (template) © 7 0] &-310] Tleket Bxk
25 72 AR B il FUIEES AlxskE 7o) ol
AT+ F]aL Qlek, EFelxd= ofe] 7 AEEARE S 53] nlole
£ olg3le] Fxol=E FAsHE TR sl el =skaat st

Hlole| ~g TP o= o] gsle] Trol|E YYHE sk Ve
Hlo]#| 28] B2 E o] 8sh= FlollA] Elshet] YnbA o
&, A8 = 42| nlo|g AT} o] gt} Hlolg A= 11 TR
4l AR Fo] & el AEEAEA Agshtold A& T
Z 3 fAA 22 mdg2 F2 ApEo R nlelgAas £
O 7 o] gsh= A5, 712 AaBAAL A1xFel & EE
T8 = A% v (micelle) FHI} Blwato] BN EEjFow

¢
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obgsh mEgh AEsA] Nhgxiel] webA 3AF 28] WIS

T3 g o] 7159 vl A7) 2 A vl 9 7 SAS
Z

T8 nlole|2vt FHOR o] gHE AR dE2AME AR
HFo]# A%l cowpea chlorotic mottle virus (CCMV)E & = Ath
Douglas®} Young> RNA (nucleic acidy& #|A43F CCMVE] UF-E
T8 FYOo =7 o]gsto] wUF 18nm 7)) WEl RS AlF
Szt old Fig. 701 Wkl nle} o] CCMV7}E ox0] -5
o wg} 33} 25 MRS 5438 o] 83I3itH30]. CCMVE
6.5 o] =2 Aol 2F oA capsid proteinAlo]S] AT 2R
o] Hs}eto] swelling®] Yofut 33}k 324 Atole]] 7]3ro] /3%
<, o] 7135 Fal 784 555 ol&o] CCMV U= o7k ol
5 el ol ® AW 7Y 55 e a5 sE
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Fig. 7. Structural change of CCMYV depending on the concentration
of hydrogen ions (a) Low pH, and (b) High pH.
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Fig. 8. Synthesis of nanowire colloids by gene-modified TMV (a)
Cross-sectional image of TMYV, (b)TEM image of nanowire by
TMYV (scale bar: 100 nm).
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Fig. 9. Synthesis of semiconductor nanowires by bacteriophage tem-
plates. (a) Schematic images of the synthesis, (b) ZnS nanowires.
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Fig. 10. Comparison of product costs for various printing methods
including photolithography, direct printing and screen printing.
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Fig. 11. Synthesis of Ag colloids by polyol method. (a) SEM images of Ag nanoparticles and their XRD patterns.

Reduction of Ag* Nucleation Growth
Heating the
precursor dissoived Ag Ag° Ag* . &)
solution ﬁ A g.'. —n . .
Heating  Ag* Ag® Py
Ag* Reduction and nucleation gradually
Ag*t Ag* Silver
Ag* Ag* lnjection Nuciei nanoparticles
Precursor Ag’ @ '/ ®
injection — AL pg m— O —p 0 00
method Ag* . ® .O
Ag? Ag’

Reduction and nucleation Rapidly

* R.T. = Room Temperature

Fig. 12. Schematic illustration of Ag nanoparticles by using two different injection methods.
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Fig. 13. Various electrode patterns by ink-jet printing of silver inks.
(a) Mobile phone antennas, (b) Wiring boards, (c¢) Inductive
coil, and (d) RFID antenna.
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(a) (b)
Fig. 14. (a) colloidal assemblies by vertical dip-coating and (b) colloi-
dal crystal film.

Fig. 15. Spin-coated colloidal particles and polymer resins. The col-
loidal particles and resins can be selectively removed.

A& E1317] $1817 poly(hydroxyethyl methacrylate) 9} -2 <=
sPALS 7A I Qlvh obA 9l Zo) o] B tHA o] F=

= A4S Alzdhed vl 583 oIt} Fougler 155 B
3 Hkalo g7 Fgolt AA EIAES A Feh] [A7])3-S o)Lt
ZEo|E AAY AR AElE 2dshe A7 ANE Husigit
[68-71].

QrolA] 27NSE Ul A e] FA7 Az 712 o) Ad vekst
okl A8 = Q=] Al APS FAska Y 7ol
U Hok= ofefl Table 200 YERH vke} A} o]F FHHA| A}
(optical sensingy=-o}7} Li-nfo] @ -S-goke] a3ttty g 4=
Atk ti3EA ) FA| k2 matA} Aol g ke F2olE A%
ol 218 shetaat Ade ¢ Qe 71s71E ESeke] w5 ol
2 A gl AAEE L A6l A3t AT e E Ut o

7M1= A8t IAL sl 2] AR R uwat Al Hurt =
oL} = ok wxlabgo] Frlel )% skl ARk )
gh=Ao] Al ute] 715 7]@ @61"]'04 0] o} RiAlgo]

A5 it 59, & PAZ ol A7 Avke
Pty ] GHE Tf:_i H}i slst 4= Qlth= A wjite]

:l

5~ F-25ktt. Fig. 160014 1]l nie} o] dll=of A7 A4

Korean Chem. Eng. Res., Vol. 46, No. 4, August, 2008



656 =8 - ot - o3y

S AAE - A - Sl

Table 2. Global market for photonic crystals and their applications ($ Millions)

2006 2007 2008 2013 CAGR%2008-2013

Light Emission 1.0 6.0 12.0 295.0 90

Information Tech 0.5 2.5 7.0 211.8 98

Optical Sensing 1.5 24 5.0 24.0 37

Energy Conversion - - 2.0 54.8 94

Light Energy Delivery 1.5 3.0 5.0 80.8 74

Other Applications - - 1.0 5.0 38

Total 4.5 13.9 32.0 666.4 84
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Fig. 16. Glucose sensors based on three-dimensional colloidal photo-
nic crystals.
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Fig. 17. Schematics of fabricating nanopatterns by two-dimensional colloid templates and SEM images of metal patterns.
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