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(57) Abstract: The present invention relates to a method for aligning colloidal parti-

cles as single crystals which comprises a step of rubbing colloidal particles on a sub-

strate. According to the present invention, it is possible to mass manufacture a sub-
strate-colloidal crystal film and easily manufacture colloidal crystal films of an equiva-

lent quality. In addition, the method enables manufacturing colloidal crystal films of
perfectly-aligned one dimensional, two dimensional, or three dimensional close packed
and non-close packed structures. Furthermore, the method enables freely manufactur-
ing complex colloidal crystal films of various compositions such as binary, ternary
complex colloidal crystal films, or the like, of which spatial location is completely

controlled.
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(FE"E 19 g "2
substrates)

n) F9 Uwue = $ melazdy =279 $E, Ad F
=] e o] /\}17%;51 A e Ezoz dREL
5 TeRo] YxtEe] WwHE Fx £o3 ¢ A EE o sV 1714
= A =

dAEo] APE TE S04 TEE AL

, colloidal crystallization on patterned

Zgole AR AFW, colloidal crystallization within patterned
structures).

Sl AR 71% do] FRol= BAHY WEY EE 3T
]

10 Azxste 71EY PHEL ofdel Fe dHEC]

1. =¥ 3" (spin coating)
(a) B2 7 713 Yol AV A A &2 FHo] @t
&, EHEI S (coverage)©] 75% o]dlo]lT).

(b) wEuko] gJolA AA7F BIAE Gdel AL AV|RH(self
15  assembly)& £33 WA UWFZ(face centered cubic, fee) (111)HI
Ao SRIYRATEE A= g3 FAYgR EAsE 9ol @

s dudos S4YYPRE ol FE FYo] 2tk WA Wk

7)
Z(face centered cubic, fcc)9 (100)93 28

20 (d)

25 &3l EH: 2 2R FEAA (ordering)g HAF7)E Sk} ABABAB A E
e} ABCABC A= &7} 4o qlv] o] 3 AY¥er e FRolx

I{‘

i,

= Dl T L
(8.‘) T&aR Al ¥ YR F-Z(non-close packed)d] v}EEFS AT
ST
* () W& WHol Hgsr] oo,
=

(i) A7|Z=HE F2olz Aol &u7l 8 F FRolx I}

oz gunelol Fdo] A7),
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2, Y= (simple evaporation)

(2) BE 9 FoA] @ g A2Q5E= 5 %

Q
(h) w=dlo] ojr] dAEo] SLUATRE FAde FFE0]
)i JLol|A] A A A g (grain boundary)E o] o] e

(]
(o) A3 Wde 348 5 gl
(d) BAE7] L (non-close packed) Atz B HZhF3e] wFU-g

= s

e

o
o,
‘l

ol

S ABABAB FZ= e ABCABC #H= ¥ E]7} 4]of4]
2 9dg Frolx AAHL WE T YT

(g) %"—;‘Jﬁ&%?l u] = 7 T Z (non-close packed)d ©&EEg A4 &

.

() A71ZHY TRIE AR §7t BB F BRI= Ye
FEow wrlgel #go] A

(i) AWe ex zdo] Basi

() AL = =do] Basich

3. @& FEISs 7YY (dip-and-lift coating)
(a) SreEZdduciE w2l 7)3e ol$ JHs Eo] Selof 7]

el AWHeE 2d AL A A =2

(h) & Qloja]l gAEe] SAUAFRE FAse 93
g e o] yh)E FoA BAZAE(grain boundary)E© ‘f%o] vheltl

3l

(c) AFE R wldE 84 & flo.

(d) YA &L(non-close packed) AFz 2 S GFTuE
Hadd 4 o

(e) th=ule] 7% ABABAB A= 3lE]e} ABCABC # % ez} 4ol
2Feby] wio] AMHor 9dHs Trolm AAL UWE £ fUvh

(£) A A PP TFZ(non-close packed)?] THE¥& Y <
sict.

(g) B W3] Fg3}7] o]y},
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() A7 =R o= Aol $ul7t FLE F BRo= UxY
%oz wulghel FEo] 47T,
() BYT

¥

4. 7/49 SEFE44 IEW (dip-and-lift coating with heating)
(a) HE34% IERgE w2y J3e o JAHI] EO

W BYEE7 s =gt

(b) wFdte] lojx PAEo] SALUHFTZE A JYGEO
Wil oAl A A A (grain boundary)Eo] Bo| veElT}
() AR mMEde g & gl

(d) 025 %] &L (non-close packed) Az} @ &ZFFz9] whEdES

() 95U B LGB A5 Fe 0K A3 Fed 4o
A7) e AAH oD gEg 2ol AL WE F A

(F) T8 # ¢l vYyFZ(non-close packed)®] ==& Y 4

% 8% (through-slit dip-and-1ift coating)
LY E £2E d$ 1 dFojol sr] Wi
Aoz 2y IEEHEE7}F of M3 =¥},

(b) w&Eel oAl darEe] S TEE
il oA A A A g (grain boundary)Eo] ol e

(¢) AFEd widg A8 & gl

(d) YAHEA g2 (non-—close packed) AMZ} B Fzptzo ©hEU-&

gAY & .

] N [ W I
gYse GGl
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(e) TFZ99] 79 ABABAB 2 FHwEjol ABCABC A= FE|r} 4]A
Aer7] wEe WA Hon e Z= 01 = AR3g ¥E F jio

(f) F&aAe wEAFZ(non—close packed)®] T&ug& AT 4

1K

sich.
5 (g) §l< WA H&s}7] o]H ).
(h) A7)z2"8" Zolx Aol Lujy} Zusl & Zrolm ¢zl

FHoz Byl FPo] AT,
|

(1) AYEE 2% xdo] Fgsr
(j) AYs £5 xdo] s

10
6. WHEX e
coating)
(a) Z} Folle AAZE (grain boundary)Eo] ®o] glom whiEslo]
2EA1- 79 ABABAB HEF #Elel ABCABC HF el 4o Al
15wl A —LCLE- b gt -f‘lliﬂfi ?éizé% ";’l‘% -"F 5

f

5]
(c) %1%‘%5-174 ‘E%"E’.(nolrclose pau:ed) thEue A & o)
(@) =Z717F 34 o8 AdRELE «
BAWINA AT NLFASL e o2 ololqA o 3 A4
20 E7F GAEA R

THOE wu|gol ggo] Azt
(g) A3 &5 z2Ho] g gsjc)
25 (h) HEg g% xdo] Fasir}h

7. o] &5 FYYH(nobile evaporation coating)
(a) F2ol= 4L WEse L WE =3 FEFE oJEAH
of 7] uwjEeo] & . 1Y 8L JAE] gy
30 (h) desdydA] velus BRE wdEo] adlR vehto
(c) AL &% xdo] Posiy
(D) A % FFo] a3y
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8. &35 (slit packing)

(a) @3 A4 4+ flr.

(b) th&ure] 7% ABABAB H % & |9} ABCABC HZF HE|7} 4A
Zpelr] wiiel AAHoZ ¥ FRolE AAL TE -’F ok

(¢) W#&A vwEATZ(non~close packed)d T&FZE HATY &
Sk

(d) 8§ AF disis HF5E -+ gl

(e) HZE Folo] 377} 9o},

(f) ZA7F E3sir]

(g) AVxHE FEolE ZAAo] &7l 8¢ F F2ol= Y9
FHo R "u|dol gdo] Aok

(a) "%

(h) E¥sl

(¢c) B Mz

(d)

7 Al A e (grain boundary)©

(e) Alztd g wjd g 34 4+ o).

() BF-HA &e&(non-close packed) A7 & &Z4F9] dZulg

298 5 9o,

() @59 fo gAEe] © gax e A7 Hoba HFg
d5Ye g4 g9

(h) A7zHE F2olz #AAo] &urt s & FRol= 9}
FHOE drgho} FHo] At}

10. ¥HEA LB ¥ (repeated Langmuir-Blodgett method)

(a) ZA#A1Ag(grain boundary)I} ‘:} 23??:}%‘0 B TEE

HHE-Slo] ZH 5 A
ABCABC %=

il & e
2AAE WE S

ez g2 Agol g Wi ohE} AB
FE7 i Az wiEd dAHeR nﬂql Zrol=

et
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() AHAEF WMdz 448 gsgs 4 + glrh

(¢) 985 x &e(non—close packed) TH& =& AT = gloh.

() 2717k aAl o8 fA4Es cAHeE ASAd A o1
AW oleFe] WAFEHF Tf FOE oloXA golrd 3 A
TZ7F A Tt

(e) A7IZ2HE FRol= AAo] &ujrt FLg F FEol= YAte

Zz oz dueo) Fgdo] AT},

11. ®A719%% (electrophoresis)

(a) "% =g|v}.

(b) EEg &AA7F gasi

(c) ERolm Qo] (+) B (=) H3E =A Ags) Folok ¢}
() §& "wAhd gaid g5y £ 59S PAstr] g

(e) 5= dolA  FZAUFHTERE YT FH7

AA A8 (grain boundary)e] o] veldT],
() A3 ds gAY 4 gl

(g) 9HHA Y&(non-close packed) AFZF = B2 z9 deuL

(h) o= A9 29 AA A% (grain boundary)& H|ES ThE
AgtEo] W FELZ FHBANA FmE Aol FFHE Wy olug)

ABABAB =% W<} ABCABC 2% W7} 4ofa Aely] wiie] HdAHo=m

duig gRoE 29 TE 5 avh

(i) AHadd vjdz Masl vsas gA4e 4 glrt
(j) 935 =x L (non-close packed) TF&u-g AT <= glv]
(k) A7jzHha EFo)x= ZAAo] &y} FE43 F FRolm Yxle

12. A (sedimentation)
(a) BE E FoA 2 24 dules 5 Ao LaFT.
(h) B3 4x7t ZeFE oW Azgko] Al 50 nm ©l5e] =719

Qe AL o) WHe 48T = Aok,
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(¢) AH2E R Mde AT & vt

() 935 = {’%8(110n—close packed) AtZ 2 FHZTze wFEE
BT & glrt.

(e) ABABAB A% #ele} ABCABC 2% #elzb Aol AE7] wieel
AAH R g¥s Frols AL HE F vt

(f) FRA HLRFTZ(non-close packed) ThEHE& FAHE
ATk,
(9) A7|z8" Frolz AFol &7} LT F FRolx YA

Zzoz Bl Fdo] AN,

13, Y2458 (panorobot method)

(a) Y= BEZo] FF¥E FAbdx @nA ge vt 57

14. AE"E 719 9 A7)%x"H FEHFH (pattern—induced colloidal
crystallization by self assembly method)
(a) 7120 S”e] AT 149, 2 44, 3 Ade) FRIE AHE

(b) 1 %9 EFzol= AAY A% 1 249 =% BE Aagg wet
gzo= AREL AY vornz AY Wk getME FRox AL
BAge] ARz wigEd QFT AY F AAE A=
B A (lateral) A E(ordering)® ZA & 5 10

(¢) BAE vwggo]l AZdy F2E QAN Agel sk
71kl AR sEo] wel 2 A 23 A A
W oHd]e gxols AR Aol 7MEsh.

10
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(@) 2 9 o= AAY AL 7|Fod s F=Rol= U
Ag-olwl 7)) AJARQ AHAZY Rk

%3 & (coverage) o] 100% w]HFE
U8 o] AAZ el 23
100%Q] 4=k Atz dEH
¥ Ajo] B7HE3so).

2 = 4
w>ﬂ»a%Lwﬁ%ﬂ;W%%ﬁﬂzﬁwwAﬂ%mm+wk%%
=3

Zlge] d'el] wak 3 1 =
(g) ¢ f 89 AL 7o) AR el 40% wwko] 3 24l A7

(h) kA ERolm Jxe] Aol AHAAEY eE Y
Z1ol(a)e] 70% ©]3tY A9 (d £ 0.7a) e Zoldy & A
a) 7)o AR FAE wel 219 2 3y dHo] QYA g

j=1
3 24 43y e "wyER

15. R0l AdART 4 & dEHE TEREY E2olx ZH
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(g) &VlE AMg3lA @om= 2 A, 3 249
FROE YA} dol ] FEo] WE FRoZ Urbe] FHoA orFHE
wdol Y71A eerl.

(h) SHstA AEE 1 A, 2 3¢, 3 394 PR (close packed)
T3 FERolz zte] wg xﬂz"é’} F A9},

(i) g9siAl Add 1 29, 2 249, 3 2399 vEH(non—close
packed) +& FRo|x <>1x}4 g AF2E 5 9o,
==

(i) H3A F2d A7 F228E o]F(binary), 3 (ternary)

=
5% ZRA= 94 % 5, 9w 249 B¢ Zro= Qx we
AFEA AZT S AT
() M2 The wde BRols UxE I gl Ao
gele) 2712 WY = 9.

2o ]
FETs AL FANA B AL AR Zo] golA pHEE Aol

E 1 & D% 2D A7 vE dAHE o] RFAgoes Ry
AA A Ak m=e SEM oW Rlojt), E a) 1K wig9 2p chAHE
e I-pum ®WlE=, JE b) 20K W< 2D tbE A Aol 20-mm @] FF o
2 c) 8K Hi&S] fcc(100) A9 300-nm AEFF W=, d d) 8K
H-& 9] fcc(100) W ARl 700-mm Al ¥lE, dld e) 6K &89 1D
glolole] sield ool Ao 700-nm A# T ri] g f) 6K WiE e 1D
zEglolz el Feg ofgo] Aol 700-nm AE I}t B =,

E 2 = #XE279 o5 Hgs S o 4=

v

iﬂ

=i ] A vl=

gl ekl SEM ofw|=]ojt}, 800 (FE a) B 7K (Y b) ¥l&9 1 pm-3LY

M=, SK(lE o) 2 3BK(IAE ) eiEe 200-mm-37] Qg w=,
10K(=d e) % 40K(shgE £) Wl 20~-mm-37] A7} v =

E 3 & He 71E15 x 15 ad)ollA] B de) wdel 584

BojFs ofmAleltt, #Ad a) o] T tAY pegt ojulA =

¢
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o
L

= 3299 w2, 2.5 (I o
EM olm#]. =d (b) 289

d b) 1 pm A7k vl=9] 2D thAAH L
215K (slld Q) Wi wE (b)dl gk S
RE BEo| oD Ae)Jt v= Ao TH M =2 & .

E 4 = 33 Fw A AEd 20 A9 "= E}Q%‘A SEM
olulxojt}, #FHYE a), 2.5 ¢ 700-nm B|= = JHL b), 10K 2] 700-nm H]Z=.
4 c¢). 2K ¢ 500-nm ®]= 2 g d) 7K 9] 500-nm ®]=. #HE e), 10K &
20-nm ¥]= 2 sd ), 30K ¢ 20-nm B]E. 700 nm E 500 nm B]E=2]
dEg fstel 0.125%¢] PEI §H4& felw Aol 2¥-m™3ola, 20 mm
He)gh w=e] AEe 9lslo 0.0625%) PRI L0 ¥ o] s~
FEEY ),

E 5 & =gz 2 oz widd 4duE el SEM

|

=

ojwjxjojtt, =27 500 mm, % 0] 250 nm 2 FX 700 om & FEE9
Ap ¥ }(‘ﬂ‘:—j a) B HWUAGNE b) FE of#o]. dol 250 nm, AF A
200 nm B aHF A7 250 nm 9 /—Méé fae] 2p ofeleo]. 7] ofEolee
700-nm A #FF PIEE fce(100) (FE d), fec(11l) (SHE e) ¥ fcc(100)

(g 0 Wez D wEAoR AW AF FYom ogHUrh.
)

fec(100) (i g) & fec(111) (AE h) A2 9 700-nm A2]7F ¥ =9
2b 24, [9E (a)-(f); Hl& = 20K, g (9)-(j); W& = 8Kl.

62 9elr Si 7128 em X 1 ocom) Aol fee(100) AEY Ao
AEE 2D 700-nm A7 ¥l= AAe] SEM olmAolc). dd a), 1K. =
b), 3K. =l ¢). 5K. Y d), 10K ¥i&. PRI EX+= 0.25%°] T},

T 7L 'ﬁﬂa-‘ﬂ Si 71481 em X 1 cm) Aol fec(lll) ;Q 10 Ao

fitiy,

‘J

AEE 2D 700-nm A7 w= AA ] SEM ojulxolt}, HE a . A
b), 5K. d ¢), 10K. #Hd &), 15Kk wWj&. PEl 5%& 0. 9”/!} } g
()] He HEL I fAdA B e Ayt v=7F 4807 vE
Vel Aol Fld (hellA fem FEAE Ad Fo] Helyk vj=vt
EAsHA &7] wE ofyr.

E 82 98" Si 71E(1 em X 1 cm) Aol fee(100) ;@?5' 2o g

AYeE 2D 500-nm A=k W= AR SEM o]mAojrt, i a), s
b), 5K. s c), 10K. Y d), 15K Hl&. PEl FEE 0.256° M ik
(¢ Ao AEL 2 AXelM Brr Fe delgt asst A8y P
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veldE o, Fid (b)) 2 (o)A god FAS A o] Hl)
=7} &A4)8A &) L ol
= 0= 98 s S Z)FE(L em X 1 ocm) Aol fec(lll) AgEHkow

2)
HEE 2D 500-nm AP A= AR SEM eln Atk #d a), 0.6K.

N

6
A;d b)), 2K, #E o), 4K, #d d), 9K wg. PEl 3=+ 0.25%°1c}t. =g
()] AL AL 1 XA 1o g Ae)g v=7F E487] w&Ed
LeE Aeln], Fd (b)) 2 (o)A foem FAG A #Zo] A7)

W) =7} {"Zﬂﬁ}ﬂ -% 7] wE2 obdth.

10 2 AEd Si 7181 em X 1 cem) Aol fee(100) g2 o=z
e 2D 300-nm A7t vl= A SEM olmAeltt. WE a), 6K. e
b), 10K. =i ¢), 15K wi&.

T o112 #E® Sio 7= (L em X 1 em) Aol fee(l1l) AEWAH O E

&g 2D 300-nm A7} W= A SN ojH|Helrh. IE a), 6K L
b), 10K. JH ), 15K Hl&.

= 12 & APEAIGEE a) 2 SEA(EE b) ool ®E Fof 3L 500

nm '431753’ W o700 nm ¥ X SER FElg 350-nmm FAL TEHX2E(PR)

dgoz 99 A dolv SN ojvAeltt. 714 a(dld o) R 714

o

(g d) Aol AEHE 700-nm A2ly; vjz=e] 2D AR E SEM | v A| o]},
gg A& 71d Aol fee(00)(FiE o) H fec(ll(EE D)
Aewalo g AEE 700-nm 2719 Ayl vlze] Zelxuly 2D AP EY

F

SEM olm]#jo)w, WElEE PR ©-S &3]A]HA A = Ao},

E 13 & JdxE 1D goloj3E a), fec(100) (IE b), fec(l1l)
(Fid o) = EdE (Fd O Hguraor A 29 Az vER

T4E 1D sEF|ZE YA, AR OB dF, fcc(100) 3
fec(111)2] F A& =3sw Uy 20 2A(ud L FAEE 700-mm
37¢e Ay ¥z, agn EF-nko]-Z dlow Ay A& 9ol
2] ;grg;;m A3 71d W]l BEE fee(100) F bee(100) WS e
- (g f)9] 3D AAGBA F)ef SEM o]n A o] T},

Tem X 1 cm) Aol AEEH 700-nm A7}
x ol SEM ojuAolth, sid a), W& 7K ] 1D
glolo], ¥ b). Ml 5K ¢ fcc(100) HEwre] @ sid o), Wig 6K ¢
fee(111) HE-2le] 1D ~Egfo] X

'U‘i
\O
o
i

’

b
;_._l
.
rr
-(:—q:

Nt o~
it
o
L
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!

= 15 & 8" Si /180 om X 1 oem) ol fee(l00) R fee(111)
% A os FYw® 2D 700~ A W= A SEM ojw Aot
A a), 4.5, ¥ b), 2K. FHAE ¢, 1K HlE.

E 16 & 700 nm 9 300 nm (S1'@ a)e] ¥t W=, 700 and 420
m(Ad byel At v=x FAE woluy 2D AX e SEM ofwA], 420
om 3719 Al wl=e wigg 20 A SEN oW A (E o), F
AE &), A AEE o) 2 W AEIE D 300 am (Fd d), 250 nm
(g e) 230 mm(d D)o AF Aejrl wi=e] w3y 2D of#e]<] SEM

olmA®A, AA 500 nm, Z°] 250 am © FHX 700 mm E THAE
w98 Abdba] ool 2 wwly d2]E do]w "‘Loﬂ g 5lo] o},

o]
T 17 & F¥H Si /Iél( em X 1 cm) Aol A=gd €Lz 2D 500~

-3
T

2 owAN AAd 24, 54 249 FEE JeEhlr] 95
FEEE e RS dFel Yt @ FB/FF kol

NH,OH(35%, 75 ml)¢] ZA  FolA B350 wml) U
gl Eglo] g 9 A A E(TROS, 20 ml, Aldrich)E& Aolal 71583
ke WAl O % Stober W (Stober, W. et al., Jowrnal [nterface Science
26:62-69(1963))° wEF 20-1000 nm =79l HgF HEE ARSI
A7} oAbl =)= TEOS 2 NHOH ¢ BEE WIAlA s, «E
E0], 500 nm A7} H]=e 76’”?—, 20 ml TEOS & 350 ml off&l-& 2 75 ml
35% NH,O0H 2 FAR o grkstn AedA 3 A7k Eol awksle
Azsbgack. Agst vz =Z7]E 500 nm oAl 700 om B F7FA7] 7]

9lstod, 16 ml TEOS = 8 mL NHOH & H Aol 500 nm Aelvp H=E
gt 49 Aseglnt. Bo %2 zivle] gt HlEs TS ¥
NH,OH & <& #Ha Al 7 o l }

nﬂ

3

V=8 o ek 3
= ?J A& *s‘ AAz NAY. dAES] =7 TEHEAE 2%
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-

F## (2.5 cm x 2.5 cm, Marienfield)& Izh} {A(L,S0, ¢
H:0p o] &g 7:3) &of 30 ¥ 2& F Ao "o FRHTE
]

of E¥sioth. EIAE FyEE

Aldrichyez 59 s, %7
mmxmdﬁlﬁﬂ*.E%ﬂﬁﬁq.@aﬂﬂmﬂt%ﬁﬂﬂ%ﬂ%ﬁﬁl
AEk PEI ¢ v5%F 20 nm A7) ¥vxe] A= 0,0625%°] 5L, 200-300 nm
dElgl wz=eo Aol 0.125%19, 700-1000 nm mzﬁxr@%ﬂ%
0.5%°} o},
A<z (lithography)-& o]&3}o] Al 7T fol AH e &7

Ml E e fEsE e aed®e A AT [NNFC(National NanoFab Center,
Herels) ] ARSE AR 7199 A7lE L oanx 1 oem OJ3AT. U9E2
AL 700 nm HE 7 YAE AEAZD vle 500 nm, 500 om A7 YAE
AEAZ w300 nm, 300 nm A I ARE AEAZ wiE 200 am 7}
FEE F9c)., VxEe Zol:E 250 mm 0]‘5?”‘ b v eE F4 749
A2l (pitch)= AEA7IIA st delgt {17
& £, 700 mn A7 YAE HEAI]I
7kl AYE 700 nm 7} EHTl, vefl®el A9 dRe] AEL 250 nm,

1ol AE2 200 nm ©]™ FolE 200 nm olth. Y=¥¥e] HAX 700

]

m A7 YE AEAE A9 700 m 7t HEE ST

.-JLL

L
_: .
Al
.
e
i)
i
ol
-
8
{
P

1\..

X]— s AL L,]- }-i:’SI.)" R=4 f /g
o]

i g-E o] AL (tetragonal) HE  FWA|(hexagonal) oo

]
dqeElEe] gz, ¥WEHE ITEYA2EPRE zyE AdeEZ o) (p-
EFY} )+ NNFC(National NanoFab Center, Eﬂ‘ﬂ”lj) R B | B ez B ! Sl e e
gdolge] A7)+ 1 emx 1 em oAt AE o] = PR ol I EH LR

A7 VeEe] AL 700 nm, 500 nm 2 300 nm H] =€)

g
o] A E-gfo] oj ’8}0—1 Z% —} 500 am, 300 nm Z 200 nm ©]RTF. Vho$E

A Na% foi s #URE jBes cgaE A,

] 7 ~\}—(_” L:IJ,_]- Ll’ ..... \“Iﬂ%

Si v’-]‘-"lﬁ] o] 5?1‘-?: o ’éﬂi] /} ‘ﬂ-m Hi’l-: PDMS [poly(dimethysiloxane)]
0

U
(4.0 x 4.0 x 0.5 cn®) & o] &8ty YA waory WEHOT R=g
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T 4::—%./1 7 By &, 7hERE POMS o
T T dEE dolHE VYA By FAYV RDeld HARE 2o
Fol  Fz 8 —rrA Aoz FiH HAEy dRESE By #Hsm

FAYoR A AA F(BYF) omRH AAIAT,

g EFRolx AARA HZ 20 an WA 1 pm o A mE=E
Azstglrt. 2.5 x 2.5 2 15 X 15 o’ WAY HEd 2 1.0 ¥ 1.0 o
719 sfegtE dEE JolHE VAR o] &t A 97 2
200 nm ¢ 300 nm, 350 nm ¢} 500 nm E 500 nm < 700 nm 9 250-nm Ze] 9]
HeE 929 4 WA 2 6 FA o#elm wwstE AYE Yol E
]

L.

Azsdch. Fdg A4 9@ 3R L8 4 WA 2 6 WA oo &
7FR & 350-nm F712] PR(photoresist) HE o8 z:y® Aga go)HE

18Fdek, gk, A4 200 om (A 2@ 250 nm (M%) 28] 700 nm
IARXE 7}AE 250-nm o] Awre w AulE @#e] 4 W oo B

jelE Ae]E o, Zelm 300 nm 2700 om ¥ AL L1EE PR
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de)(do] = 350 nm, AH =mmnmm 4 A ogEd Hed deEsE
del=i&  Frlsigict. 71 dA-TER-(vE 27 2E %
HA/AA)-H” 2 BAFY, dFHFES T 4 WA =B HSWA)D,
T2 Wel ($E), Cyl (%), == Con (%), 281 BZL 5 &&=
PR/Si = EAJE] Att. &9 Jge 4 T-Wel-(500/700)-Si; 14,286

> 14,286 (2.0 x 10%),

20,000 > 23,094 (4.6 X

(11.1 x 10%), H-Wel-(200/200)-Si; 83,333 X
AZE 1 pm-37] ¥=29 A%(2 ng)E& PEI-zZE =

1THO > 4.0

=N

10%) |

L ok 30 2 B9 ¥

o

o

SE

=

fath Tine

28

gl

g &
1

H-Wel-(500/700)-Si; 14

286 X 16,496 (2.4 x 10%)
T-Wel-(350/500)-Si; 20,000 X 20,000 (4.0 X 10%), H-Wel—-(350/500)-Si;

T-Wel-(200/300)-Si ;

33,333 X 33,333

38,490(12.8 > 10%)0]t},

] = d)

.—%

< A

7\]-,‘7
. mERA]

@aﬂw

142 o

2]%5

= 700 nm( %=

60 nm(%= /I;‘) HALA] 01 20

A
A

ek
uf}

HgEgon,

WAtel el v«
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%%'@i HEE 700-m 2] A7 ¥EE JEE dEE g, =
Si, H-Wel-(500/700)-Si, % T-Con-(250/700)-Si (% 5,
SdS Agete W HEs9n, o Ay Zze Az
Zrzke] $E& AAAV (2 5 9 3d d € e), 4 HY
e A Az 3RS AASE e (= 5 9 g 1),

5 o
ole Zhzh W-FA duAl AA[fec(100) B fee(111)19) (100) 2 (111)
; " e 3

Mo PElR dzol el AEg okv)elglh. SEM BAe wlEw A
HEE A 714 Aol g 20 9448 FAsd(% 5 9 ¥y g @ h;
T 6-% 1. #ARHAl, B 2w W 2@ 2 A T-Wel-(300/500)-Si,

H-Wel-(300/500)-Si, T-Wel-(200/300)-Si, H-Wel-(200/300)-8i & o]&3F
A ZA] 1.0 > 1.0 cn® 712 Aol fee(100) 2 m(m) HAHulalog g
500 nm (&= 8, = 9) 2 300 mm (2 5 & g i & j, = 10-11) A=}

M=o guld o) 9T 4+ Atk o Ade AEPE 2710
94 272 FAND & AL)eld xdE 9F4 2 wﬂ F4e HAE
47 =S 2 wAFE 1B el ¢ 5 Aee W¥as e
EF, o] $EHEY JFY AYFL FHEL L 38 F8eH o4
% 9

I E PR, & T-Wel-(500/700)-PR/Si (% 12 Y a) = H-Wel-
(500/700)-PR/Si (& 12 3d mE z:Ex 2Es 722 o|Lfes=
AgolE FU 1l Ad D BEAL B¢ 5 ATE 12 792 ¢, ).

o A%, EA=AE v pEEA shojof she T oG |

X
c(100) 7g¥¢] 20 ZALR FRolE Yxte] FAue-Frg
qye & *r-—r% 31 kA, van Blaaderen, R. Ruel, P. Wiltzius,

585, 321; J. P. Hoogenboom, C. Re " tif, E. de Bres, M.
van de Boer, A. K. van Langen-Suurling, J. Romijn, A. van Blaaderen,
Nano Lett. 2004, 4, 205; Y. Yin, Y. Lu, B. Gates, Y. Xia, J. Aw. Chem.
Soc. 2001, 123, 8718). el Hel($Eo] obd)e 4 WA ofHolm

29



10

15

20

25

30

WO 2010/117102 PCT/KR2009/002077

A E r]dwto] &Aool th(A. van Blaaderen, R. Ruel, P. Wiltzius,
Nature 1997, 385, 321). ©] 7%, W32 £ @9 A 0.1%8) 2&
HA o= E7sta, delsk H=EE 500 X 500 914 (2.5 x 10° §])=
SHAB] AeA ESAE. Lol fee(lll) HEWA oz A (lemd) ‘d
2D BEOE AHor FEol® SIAES AAE sl= AL AfEg 2
AbEStelE @A BEGich. mebd Alad B oawe A9 Aus,

g 1
o= dxb AUl QolA 89 ) vHErT & wge] wyol

f‘{, il

it

rL‘lo

|
Lh"ﬂ 3 1?—_1-‘%?91 W2 1D golole] ofglo]l AR(E 13 wWd a),
g d) ﬂ%ﬁ(i 14 :
,(—]}70]]_‘__ WH“T“ a3 }’(_ =Y
g}_ —1

How ey

~—
fjo
N
H[{
=,
ira)
i
il
L
il
i,
o it
il
1o
>
i
1
‘J
_CL
<
Ao,
2
S
s

o)) —:.7 ® u] = 7‘;_;2;46]%54] 7]]_;;:0“5: F_ -t o,} l:ﬂ—t}:] o] A

...
g

>

145 UTHE 18 9d e, = 15). 8H ]
G402 o= urEe 9 ANTE Ae dol: BHHA 28 Aol
E<B e

g A71HE welow 1D fole] ¥ AEFoZE
Alzshs AL @

]
< @elA oA, van Blaaderen, R. Ruel, P. Wiltzius,
Nature 1997, 385, 321; J. P. Hoogenboom, C. Re” tif, E. de Bres, M.
van de Boer, A. K. van Langen-Suurling, J. Romi 'n, A. van Blaaderen,
Nano Lett. 2004, 4, 205; Y. Yin, Y. Lu, B. Gates, Y. Xia, /. 4m. Chem.
Soc. 2001, 123, 8718), 1D Fz9 oldolE ﬂk} A2} 7} HlE?.Q} =

T
A@ (lateral ordering)& ZuglE wxsE Hol b, fec(100) H =9
2]

T A7]e] vEE olgste] B wye Wye wrEHom AN, 1 ar
A7) el [100] Lo dAsts 4¥g 3D fec FRo)E AHL 47
A& dem, ol E 4 94 e oA 700 m 3] A€ REE =g
&9t

T-Wel-(500/700)-Si gl AE"E 700 m A7 ¥z HHHA
A1 g daE s YE Zrv)e Agyr w=e ‘PRl ZE o
e RV o AtolEE AAElY, 4 WA A AR o 279 Ay

MEzz P8 voluy 20 E20l= A44E AA AXRIIY. oF 5o
el=(500/700)-Si 4ol HAE=E 700 nm A&y} ®vl=e 2D AHL A

k3 300 nm E 420~ A I M=E Bxzr) &9, 4 9= g®e 700-

30



g7t

PCT/KR2009/002077
$HE b)

700~-/420-mm (&= 16 2]

1)
=

¥ a)

]

]

00-mm (&= 16 ¢

3

WO 2010/117102

/

= L - { o prm = L~ ot . H 1
2 e A o oW S T o T W B o B G o T - o B U
(L. B m o o= T o TETHEB S LB E L = BT
— o e == e g o = : P } ~ : OC A == pyd
T g T T g R T 4§ @ e W R g B W ™ TN
0 & o 0 iy S = i~ =0 | ) B
S =~ = TS NI - - Aoy =0
= ™ o ml..l ﬂa OM| ~ o Ot Ml (o] o ﬂ..m... fl,\,wl T _ﬂ.w. [ro- G
= ™ mo o s Ry e N B Mo mo X
o = = o R TN T oz R o e T A B G0 w2 ' X0 =
X0 = EoEg Yy g = b < WM T % 2 T o3
UL N N T T TR R
o M ol Y == 8 3N 5 o =< &l N 5 3 o mo MR
e T I N B A 2o o 0 e ~
— U S Ul Lo ~ T He TV ot T 1 R
= = = ' el e Y . N o) . ' Erap sy N ) ;
T o A I R~ = o T VB Rl ®o o M
! i - -~ O al o — M- —
(e S R I = S I N . A i i S
= R S B O I X - W
- B e g o ond dolo .;_A [ Qw.o file} E Nr i il ™ oe = i T
. A ML i ] e — (" N - 1o i
T - I I G I © i
e = i hA . e S L 1 B o R v B N = = T ! ! i~
v — o oy o . 0 = = AN :
T 2o R ey Dk TNV TR T e B X VMg
e O L mol A T G E e s R e X
BT Eg o _ T Sewgio FOT om om o O, PO
0 e S oW L e T oW w M A
W 28 o = = N e o o~ o o B . —_ Ay T ook =
on Y QMO N~ oK OWL oy W = i = W O—E — = W OF T
Uz S G X Wom oA YR BT T e %
W OE @ ° o e ol < e Lm - o NI = o go D ol Il
3 3 AT = W de oy mm 5 I S L R P
ooy o 0 j | op . W X M o}
g s WMok o 2 oo S ® . omo WM G o3 I
i ~o o Do NS o i o AH W —
— ke S = pl 3 o N I 1 _ = (S =
o T = 5 5 Y 2 B o o o ol owm 2o ow g —_— S I
R = T A A S T o Moo e -
N3 = O [ oS i W - F " N oW
W o o = R L . - R L = T NI AN
R T W B o Ko 87 & &Hegw BB
i — d,‘ ik L it ’ o 2 ! X o —_—
TS i =7 E_a -~ k._ﬂ m .er, u p— w = o — X sy KT ow# ay B K o B
P e } ~ O —nt oy &= mr @O Of [ S 0 O,w — . 1|E
TS ulp = ol R o_T E 5 - a_z Ul i b o = m/w " T o < ~ o
T = o £ X — T 7 9T A oo ey = O
s ER YT L 8%y LT . T B g T o
= Wowom o, 2N sy TR R R T Ty oy K
m%.ﬁmm‘_tﬁﬁoﬂﬁm_«eaAﬂa%mE " M T B
o T N N v ; Vo N E—
T = Hi X I . N~ T N . LI M E_ OM) r.; o = -
o o= Y mﬂ,ﬂ[ wﬂ oo T T O o X° S
o i t - < S 5 e o~ - P <1 T — T
bl oy = om WUk o E & I noE
— s — G« . g } i ! e | { e et f s Lo
= Mo W T oM O 8 T2 R o R o T o o~ o WM oF ~ O W

5
10
15
20

)

]

=2

£

X717
4

=
A
o

T

8]

ey

ATt
2A o]

] A o]

A

A7) E e
31

e

Rkl

)

.,7]

% =



PCT/KR2009/002077

roughness)°l] £

1}
=

]_

% (force manual assembly)” ©]&}f

G

]

s

WO 2010/117102
]

Z
o]
3

1

5

T

gabe] A

3

3 a9

1

ohy
MO

T~

3

3

agel

B

3

<
gl

Al

HA 7}

]

EES

=712

58
o
B

gy
o

0

——
o

o

32



o]

¥

A

T
Tm

o A
=

1}

=

}. :

-

o

7

PCT/KR2009/002077
O

7] (rubbing)

1

T

719 (flat substirate),

A

O
e

[Z72 ®]

o} %1 7] (-NH2) <}

F 1}

21

31
E]-& 7] (~-SH)

=}

5}
1

T,
3

O,

:F
T
r’L

3|

Pz

3

o
=3

(i)

WO 2010/117102

&

[
(
2

10
15

N
J

el &

j
L

o

L

A

AR B AA,

e}

=]

ﬂ_;_mo

e

I} (fused silica) $ilol3,

2]

PDMS(polydimethylsilicon)

(e}
€

2

Y

-

o e
i

o5,

I

1
i
m

~nl

I

25

(PR)

A B

o ZE#HA

-

(@)

7} (fused silica) $hol#,

33

= PDMS(polydimethylsilicon) ¥

A
Jlut el

7,

ol

b
T

e

30



10

15

25

30

WO 2010/117102 PCT/KR2009/002077

A 2 o oA, Al dAddE 71Ee 5-100.000 mm a7]¢

A 6 do] olA, A7) $-gA= 7 (fused silica) Hol¥, AT
glols . = PDMS(polydimethylsilicon) ¥ ol ZHE EE @l 2] 2 E (PR)
= 1 % ol4d & woh& 5-100,000 o #=7]e) WeTE FHE

g 240z e P,

=ul

AN e
8l 7]%e] o= U e - 320 o] ¢-3}= (corresponding)
w2 (arrangement) WAl O®  7)de] FRo|E= AAE AFGAIE HE

=08 3l W,

A 2 el glojA, A7) e v ] FRolE YRE LA RV

gl

[%-% 101

A7 g oA, A7 UxTERE i (nanovell),
v (nanodot ), ]3" ol (nanorod), L} =7} % (nanoco lumn)
e 5 2 (nanotrench) ¥ Uk 9% (nanocone)ql A& FHLR s UL



10

20

[\.
(@3]

30

WO 2010/117102 PCT/KR2009/002077

gug 9 Fx P8 Foniy Addgmes 9 5 Ee F UM

. Si, Ge, AIP, AlAs, AlSb, GaN, GaP,
GaAs, GaSh, InP, InAs 2 InSb B TAE ToLEFE A= Sl
24; EYxdd, Epvddsiz ol =(PMA), *rﬂélﬂ‘éil o] E,

zajgyddagd, Zgudveaddgels, FddAEagRcE,
Zytolddvglzgdols, FEAolZRIdvEAHHclE Z_:T:;—.;J%]k
olzmgrUEYd F5EA 2 dd-vEHAeaEEcE iél-%é}xwi
TE FonRE AUFE R BQ; oJEA o9 FHFSHE M
Hol2d Ui AAA 2 uAAd ZIASE(crystalline and non-
crystalline, binary and mullicomponent main group metal and transition

metal chalcogenides); 7] BAE ZF F EF@ o]ido] zop/4d

(core/shell) H Ex= o8 71x #FEHE ol%Fx Qe 3, FHE H=
zolEdal ol Eug Bde A Ay BdE T F 7MA ol
Zro] o8] Aoz olFo]F B §7] 9 ¥V] FRoE AR Fol 77
By mE §B7] HPEAEe] 7HA 9 BHrer £rE IUEA;
271, st AN &A71, A4 Al (ferroelectric),
A6 A (ferrielectric), 2HE, FAEA, w=id e F=A 4d=

(7% 14]
A 12 drol] QlolA], AV FE olz YR i e B s
T;f

AR YAEA WEAg 2 HoAA Reg de e SRR s W,

(%% 16]
A 1 gl oA, Ayl Egol= xke] =:£71E 1 mm oA 100,000

m <l A& FEHLR sh= U,

€

!

3 17])



8- el o]
77 v

Eoy

Vs
ok B vy
=

PCT/KR2009/002077
2

Bl (form)

]

<

=

oll
6)

£

T

L=

97

et

& 20

=57

1 SholA, 7]

N
(e

o

&

18]
A 18

&

G

rL

WO 2010/117102

J o] 3

{

5

e - = iy b
T o =
‘of R N T
Fu j=a| P
5 i I
f— s g
N ey PR ol
o N 2 0
Moo N oE oK
o ' Sl
Xl T oo Uy
l_w‘u i — o
o ey & ey :
= o
o ®OE
ot I'e)
X -
=l R AP
o~ A — oyl e
mjn T r;. 18]
} . Y
Wi ™o Al R
eyt
© ma — X
N — ==
% oo o
iy ORI
5? i8] ﬁw )‘
—— i A
—_— S = o B
T™ooor o ph X
ey = Hp 57 o~
B = TN
- Ea
= -
T o ST I
T poa—
w0 " = B
Oz L.L e L
e T G
L o2 i s
1 5 )
R WM WQ <]
= W T
T g I
oY — -
0 O_E g ~—
| amn] — A O_E
[l T i 2
N S o™ N
P REL P T N L
In W e In Gl Y
5 4 % o WO T E
fonrid Bttt T 1 r——
= - Be KRR B W
10 @]
— [a]

o]

S

- 1:H
g

e

&

T.’,'J

i il

36

sie



PCT/KR2009/002077

WO 2010/117102

G
jind

I}
o
i
~O
wir

b 24}

2

:_FL

._‘THO

[

=

251]

3)

(47

10

ol

24

A

Ken
=

T-% (spherical shape)

A

o)
=]

=

oA, &7 EEel

A

} 271
11

[

=7 E

)

1 =10 em &

2ge

I:/.:-I: Yomm

of gleiAl, 47

—go]_

[

Z

20

75 26]

3

[

single

2-dimensional

A (large

Z

r_ﬂ.

+

o] x

A

o (free-standing)

IrE

25

ule

&£

crystal) el A

lel PR

5]

7] (rubbing)

Bl (free-

gj-2

2]

A2]

o)}
=

L ol=

= =
ES A

A A 5k

30

kA

R0
L

7]

24

Q-
=

u}

2 2%

Q

standing) %

37



WO 2010/117102 PCT/KR2009/002077

1/17

&
3
1)
Q
©
9
‘_‘g
@
2
o4
%

XS X (72 H26x)



PCT/KR2009/002077

WO 2010/117102

2/17

XS X (72 H26x)



WO 2010/117102 PCT/KR2009/002077

3/17

XS X (72 H26x)



PCT/KR2009/002077

WO 2010/117102

4/17

XS X (72 H26x)



WO 2010/117102 PCT/KR2009/002077

5117

o oy e

2 o6 : ‘@
OO0 ;o@@zo@,@a@ 5J6,
OGOOOCOHOOCODCOeCOHBRBC
BEEH00000BBGE00CO0N
O O§ggg@@®e@@@@ SO
BHO0BB
@@

S oaa093080d
S OOO0EHO0000
B0 CORGOOD!

: ! =
%‘55 2
3«.?“«:55‘5@”&;@,&:@@:2»" B30

>

XS X (72 H26x)



WO 2010/117102 PCT/KR2009/002077

6/17

1 Pty siegs

}2)31“3!1&

R ARE AR AREE =
oaé

3
Eg*

.'» i
N DBG e $ D0 PVVLCODD :
e A b m,/\;’,t S84 K-
oY S a2 4
AN SLELNYVEVLLOTIE BOGIL:
70008 PYEVOOCER LN Lt
R POEVNEVL LY CHEY DOR4
Ll LOESVIVNQLLOEL B ”';q‘ A
BOEET S 2¢OV TLVCVVETHVEY ReOq
o PP 3 S0 D94 SRR 9% ™\ G 7 A
bé DOPOSVN 2680 8T Iy
0%) z e ’)i,,'!.:>r",_v 0e g
@ 2D BLHOVE VOBV H VTV VG D PO
29 PPV VE VOV EVH VDV LBTDY 0¥
DS I sy Tl o
8% I EEQ 00T OLNE00ESPNDVLNEURE
OOE DEVLLDVVRNSV OGPV OERPUSD DTN
FD4 IR x).""-)Jp:!’\r(id‘lqr':rs)}")“!fjt‘f)":,’?é)l"[(
POl @EVVRSTILVCLOTOLVCLVVEBPOVELE
b OOV EGOPVIBIDERE SOTGe
POSBVORULD VOB BLROVCRIE ‘ ‘fo.")’;.
PSPV OCCVENVVVERVTL R PRRE
FOES 8909V 'mtq’qﬁ POV DO A
[t) EPNOOOL VIR B PO O e
tDSES DDA VSV LOLDO O QRT VOeT
PPV VLI OVSVNOL RV PED]
tf}r}x R DD AL N 0N 5 £ m ;»\34
UU LD N AL M %) B¢
=t o 4 \

XS X (72 H26x)



WO 2010/117102 PCT/KR2009/002077

7117

TareTa

0

.
9;

XS X (72 H26x)



PCT/KR2009/002077

WO 2010/117102

8/17

‘ f,nk
e >qusﬁ&»q‘ww‘&

&

A

Siste

Saty
n&%yﬂmj W
WP DI
.

! w i

&

i

raatded
ok b
R

o)
@ e 8se
00080008
2080868
SODINSLDE
080089

XS X (72 H26x)



WO 2010/117102 PCT/KR2009/002077

9/17

XS X (72 H26x)



WO 2010/117102 PCT/KR2009/002077

10/17

P oSy 3
FRoE b foey
Je?;‘{"’ﬁf‘ .i?fxda
RO o 2

2,
e
13 e,

L (o8
»,
2
¥
A

XS X (72 H26x)



PCT/KR2009/002077

WO 2010/117102

1/17

XS X (72 H26x)



WO 2010/117102 PCT/KR2009/002077

12/17

XS X (72 H26x)



PCT/KR2009/002077

WO 2010/117102

13/17

13

TS [ e

; o:..,».,
RSB e S

SOLLOGE

O OO O
T T TN R S

| dm.,wm

e

S

b,
CROOCHOVLICVEL

i

\,,fmmmowmmmmmmmm@ %8@% ”

H

o Sudodddd

' o a&
OCOOCT

CCOOCOCOCoHotooCo00aso0s

i

XS X (72 H26x)



PCT/KR2009/002077

14/17

OCCECCECCECCCEOCeCCCeecey

XS X (72 H26x)

WO 2010/117102

%@mﬁ 4

o

Ok < QOO o




WO 2010/117102 PCT/KR2009/002077

15/17

YOO, 99
SRAZRRIARRILGAT:
ROTOAOI00D 02
e mm%n
3 BRI '

ety
(U 28 8

o8
SR000T0T
SREROD

oo:;»é‘ SRS

OIS o DS
4 jé':?uﬁ'gcn Q;*:‘ :
RO

A'r: l“wé X :"l’(iﬂ%y“‘u;‘“
S e T s S A s
i Zoiiies 5 ,;Mg il

53 : e ey
HAY e st Sk P Bige bt g
ot Wm‘“uﬁmgﬁﬁﬁﬂ{zigw
b e e s e T b

3% O3 i ad LA A T e Sl SOOI S RO F 0y ) 73]

A S Ho e s
I

g20is Y

XS X (72 H26x)



WO 2010/117102 PCT/KR2009/002077

16/17

@@@@©©@@5Ag

L‘

OO
D
BDE
) 60 2

5
P

XS X (72 H26x)



PCT/KR2009/002077

WO 2010/117102

17/17

T 17

XS X (72 H26x)



INTERNATIONAL SEARCH REPORT

Interpational application No.

PCT/KR2009/002077

A, CLASSIFICATION OF SUBJECT MATTEX
HOIL 21/20(2006.01)i, HOIL 21/208(2006.01)i

According to btemational Patent Clag

sification (1PC) or to both national classificaton and IPC

B.  FIELDS SEARCHED

Minimum documentation scarched (classification systern followed by

HOIL 21/20; B32B 18/00; B32B 9/04

classification symbols}

Korean Utility models and applications for Utility models: IPC as above
Japanese Utility models and applications for Utility models: IPC as above

Documentation searched other than minimum documentation to the extent that such documents

are included in the fields searched

Electronic data base consulted during the intemational search (name of data base and, where pr

eKOMPASS (KIPO internal) & Keywords:colloid, crystal, and rubbing

acticable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Catagory* Citation of document, with ndication, where appropriate, of the relevant passages Relevant to claim No.
X KR 10-0789661 B1 (INDUSTRY-UNIVERSITY COOPERATION FOUNDATION 1-2,4-5,12-18
SOGANG UNIVERSITY) 28 December 2007 ,20-21,24-26
A See paragraphs [0088]-[110] and figure 4. 3,6-11,19,22-23
A MUSEVIC, I et al. Two-Dimensional Nematic Colloidal Crystals Self-Assembled by 1-26
Topological Defects, Science, August 2006, Vol 313, pages 954-957.
Page 954, column 3, line 20 - page 955, column 1, line 18 and Fig.2
A JUANG, P. et al. Large-Scale Fabrication of Wafer-Size Colloidal Crystals, Macroporous 1-26
Polymers and Nanocomposites by Spin-Coating, J. AM. CHEM. SOC. October 2004, Vol.
126, pages 13778-13786.
Page 13779, column 2, line 62 - page 13780, column 1, line 13 and Fig. 2
A PARK, S. H. et al. Crystallization of Mesoscale Particles over Large Areas, Adv. Mater, 1-26
1998, Vol. 10, pages 1028-1032.
Page 1029, column 1, lines 12-19 and Fig. 1

[::E Further documents are histed m the continuation of Box (.

See patent family annex.

Special categories of cited documents:

“A”  document defining the general state of the art which is nof considered
to be of partic alar refevance
“E”  sarlier application or patent but published on or after the mierpational

filing date
“L”  document which may throw doubts on puori ty clairafs) or which is

cited o o3 tdbll sh the publication date of another citation or other
special reason {as specified)

“07  document referring o an oral disclosure, use, exhibition or other
means
P rior to the international filing date but later than

med

e
1

fater document published after the ink
date and not onflict with the a
the principle or theory undertyir

aGional filing cate or priority
tion but cited to understand
wvenbion

T

“xe

s the claimed invention camnot be
considered novel or cannot be considered to mvolve an inveniive
step when the document 1s taken alone

document of particular relevance;

i invention cannot be
1 the document is
3, such combmation

ey

document of particular relevance; the claim

ed to invoelve an inventive step w
ned with one or more other such docun

being abvious fo a pevson skilled i the art

g

document member of the same patent family

actual completion of the international search

07 MAY 2010 (07.05.2010)

Date of mailing of the internatioc

07 MAY 2010 (07.05.2010)

Name and maling address of the ISA/

Korean Intellectual Property Office

Government Complex-Dagjeon, 139 Seonsa-ro, Dagjeon 302-701,
Republic of Korea

Facsimile No. 82-42-472-7140

Authorized officer

Telephone MNo.

Form PCT/ASA/210 (second sheet) {July 2008}




INTERNATIONAL SEARCH REPORT International application No.

PCT/KR2009/002077

Box No, {f Observations where certain claims were found unsearchable (Continuation of item 2 of fivst sheet)

This international search report has not been established in respect of certain clarms vnder Article 17(2)(a) for the following reasons:

Ej Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

e,

Claims Nos.: 27
hecause they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:
<Claim 27 describes “In claim 1, a method is characterized ~. [Claim 26] The following step is ~”. Therefore, the claim to
which claim 27 refers is unclear because claim 27 refers to claims 1 and 26. In addition, what claim 27 specifies is not

X

clear.>
3. E:} Claims MNos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. il Observations where upity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. S As all required additional search fees were timely paid by the applicant, this mternational search report covers all searchable
claims.

1o

¢ additional fees, this Authority did not invite payment of

As all searchable claims could be searched without effort justif
additional fees.

d additional search fees were tirnely paid by the applicant, this interational search report covers
fe

3. E:j As only some of the require
h fees were paid, s

only those claims for which

4. E:j No required additional search fees were timely paid by the applicant. Cousequently, this international search repott is
resiricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest E::} The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation,

No protest accompanied the payment of additional search fees.

Form PCT/ASA/21G (continuation of Brst sheet (2)) (July 2008)



INTERNATIONAL SEARCH REPORT

information on patent family members

Intemational applicaton No.

PCT/KR2009/002077
Patent document Publication Patent family Publication
cited in search report date member(s) date
KR 10-0789661 B1 28.12.2007 US 2008-0246122 A1 01.10.2008
WO 2008-082269 A1 10.07.2008

Form PCT/ASAZ10 (patent faraily annex) (huly 2008}




SAZEHE

Al 2 AR HSLA PCT/KR2009/002077
A. g o] &8l 7B H (T A B FH(IPC))
HOIL 21/2002006.01)i, HOIL 21/208(2006.01)i
B. ZALE Fof
A AL EAE AR TE 71A)
HO1L 21/20, B32B 18/00; B32B 9/04
T 71Z Bop] e A2 Eal o919 Zal
St TS 821 R A Sk Il A SAIME R A AT A 7 Al E 1IPC
HESEHGLIOTH U dEFNHELAIMFR: AL & AT 7] AE IPC
A ZAL] o] & Xd_é} o] el o] 2cdl o] Bl o] 0] W 2 A Aol (@ Fal s 49y
eKOMPASS(—E—a W5 AMA Y & 719 =colloid, crystal and rubbing
c. #HFA
Fhel| are)* A d #AA FAEN G A 714 oH He
X KR 10-0789661 B1 (A& miad=H ) 2007.12.28 1-2,4-5,12-18
%t [0088]-[110] 2! =4 Zz. ,20-21,24-26
A 3,6-11,19,22-23
A MUSEVIC, I. et al. Two-Dimensional Nematic Colloidal Crystals Self-Assembled 1-26
by Topological Defects, Science, August 2006, Vol 313, pages 954-957.
oA 954, A3, F¢) 20 - o)A 955, AL, 242l 18 # Fig. 2
A JUANG, P. et al. Large-Scale Fabrication of Wafer-Size Colloidal Crystals, M 1-26
acroporous Polymers and Nanocomposites by Spin—Coating, J. AM. CHEM. SOC. Oc
tober 2004, Vol. 126, pages 13778-13786.
HelA 13779, AH2, 2+ 62 - Holx 13780, A1, ) 13 2 Fig. 2
A PARK, S. H. et al. Crystallization of Mesoscale Particles over Large Areas, 1-26
Adv. Mater, 1998, Vol. 10, pages 1028-1032.
HolA 1029, A=1, #<¢ 12 -19 % Fig. 1
F7} o] (A%l 7 A o] Yt Xl ds=sd e wxe Fxaai e
* QlgH E3 & arg: 5 5 . = = =
B e S o e T EAEAY EE 90 Fo] BAE EA0E EU} FEHA
A B3 BRo] Yl Ao Hol= AWHel V4R S Ao Bl BOM BB VIRTFHE ARy ol& s olsE] A 289
»” =90 2 299 Ex oL =00 S B B }
PR RRETERNAS TIRE I AREEOT o sn g wao) g 2w B9 aymoz 270 wRe 4
- T Ee ARA] gle Ao g Bk
LY 9l Fge RS A EE B T OE J4EH e FAY N , e L o 3
FRLTUL AR AP O TEAEEIASAY o mwa ue 9 pa 99 2ol sht o9 e B
Zgshe A8 O 2] TR A AEe A AT U
0" FF AN, A, AA i 7JEh FEE AFE T g B =AuAe) g Aew £
P” 5419 o] Fol FAH Lo FAFLAL o] Ao FAE £E R b e it s

TA|ZALY] A BE YL
20101 059 07 (07.05.2010)

ISA/KR®| 74 5931542

g REAEEG

(302- 701) g A Al AT AR 139,
AR A A AL

Jn/x w5 82-42-475-7140

N

BlH & 82-42-481-5665

A2 PCT/ISA/210 (F A £-3]) (200841 79)




stz

5

3= A o]

Z-
Z

PCT/KR2009/002077

= A]

)

A

Fol B 2| 2ALH 497}

5]

= 2% A7 Yol o

& ol%

RN

272

=1

o A Z AR R 5L A

PCT A17ZQ)@) 2] Aol whef o

A27]

) ‘M., ;&H <0 ‘mmE .
W% W WX 5 T
e - T W
T ol =
i | O wm o = Y
o ) < o ~ < o
) = ay = il el 5 E
T = - 10 o W o=
H_l ™ Mﬂw m_#.e A JI i H_l 3
o K W ;%w ~ i B pe JAI
Qﬂ M HAA "o ‘&l ‘Eu Mﬂ ‘I_ﬁl OL
Z.E MV o _ Ot H;l mU :ﬁ Jvmo
= : 3 [ TR i o
oW w o< % ®o o
I WW = S i g =
o o | 3 , AF T R
T Ty woom & A T =
S % o M i woT
— s 3 < 3
5 B T IR ¥ &
(A T % g = &
r ~ ©
o2 g G i =
ST o2 N B ]
ny ] il —_ : ~ ~ = Jl ) 1
Ex 2R E NN W 3 W 5
o R %o = il e = oy ol =) T o
G 73 W Mﬂ HM Ly 0 o v SO
P O P s A 5 B
S - I o I W ® o o T
P T O n| B a% = GO
o RS o ol JJo o T < N3
J o] B° A B % N - uumw o ﬂ%
ol ~o Th o T A i =T ) T 5
S S Y R =& oo
A+ Y 3 T T vl ol Wlb ﬁ.ol]ﬂ.:wr ® R
o = 0 — — = et -y o © A ARTE
=0 X o N o © o N = ol o+
L - A 5 oo E e T g%
A G o || = ~ B o il %l ° o
L N O ~ % ¥ ﬁ@ T TT
= Ko o < o A= o) o
¥ S = = i . %H {1 W
ﬂ MA ‘m ‘,lwmo ﬁa M il Jl T o ‘,M 1_ﬁl ;o., ;AT.: ;AT.: ~
T N = = | = & (- o ] o4 M
oo, s 1MO xe Mo ;Aﬂ_.e ~ ] Ww AET W = 0 _H_ _H_ _H_
iod | ﬂo M %ﬁ i ﬁﬂ_. W 75 A 03 = 5%
FHoHre o w| gy DT e =k
= B TR, L s R Y O
N o X w0 17 60 ol _ _ —T — %O
.. = 19¥ 715 s Bo = e L= 0 T o
WX o wL @ 2 > s ol o B
R ®q R Al FE N o 1 i =
oW Y oo w 3 T Mo o iy o =
X O |5z 00O O m
o | T C
o i~ = | - S e < o

(2)) (20084 79)

Ent
=

A &7 2 A

3|

A

212 PCT/ASA/210 (



SAEEE

= Al Z AR S A
B350 B 4n PCT/KR2009/002077
aag B9 $EHE B9
KR 10-0789661 B1 2007.12.28 US 2009-0246122 A1 2009.10.01
WO 2008-082269 A1 2008.07.10

214 PCT/ISA/210 (HH

O =

o T

& F714-A]) (200813 7¥)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - wo-search-report
	Page 58 - wo-search-report
	Page 59 - wo-search-report
	Page 60 - wo-search-report
	Page 61 - wo-search-report
	Page 62 - wo-search-report

