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% 1 % [General Introduction] TIIARILDERTHL 7 ny 7 aRf~v—) V7T 7 4 —WHNZ, Tuv’
ARV v—3I27 8 FAA OREMEA~DOBERTEINIC OV THIEL L. AR B R OERPE~S5 T
Do

% 2 #E [Chemically Directed Self-Assembly of Perpendicularly Aligned Cylinders by Liquid Crystalline Block
Copolymer] Tix, BFHY V777 4 =ikl k> TR a2 T A MM G SN Bl E, BKERY =F 1
VFAHT RPEO) BT Y RV AV U EEANLERY A X7 Y L— MM (PMA(A2))> 5 72 5 it Bt
P71y 7 2R ) = —(PEO-b-PMA(AZ)) ~HEIG SH 5 Z & T, fiFh. WONSHEN M THEIZ PEO U 24— R
ALV ORBEHIEZIT o IDAERDBERLN TN D, EHIT, PEO VU & — KA A A F 0 2 RINTE A
B, RV~w—xzyF 7l A0k, BEENCORIIC L - TRRHITV, EENICHM 2R L
FEET /Ky N7 LA ~MEEIEERRETH DL L 2R LTINS,

%5 3 # [Fabrication of High-aspect Silica Nanorod Array through Liquid Crystalline Block Copolymer Template Process |
TlX, PEO-b-PMA(AZ)EEA ST & UCTHW, Y ATV ERSEA Ay F o 7T A 2HAH L, EEE
WG AREF LIS Y I uy R7 LA BEOERICED LTV 5, RV G N RZEE TR OfE R
M5, PEO RAA LUy, MBI G L7 2 & 5 Z L S 68700 | PEO DR U ~ — {3
VAxy NU—ZHIZRVIAEND T, KT v A TERINT Y BT vy RIIRMY & OBEETHD
Z xBTS,

%5 4 % [Fabrication of Au Nanostructures by the Silica Nanorod Arrays as the 2nd Templates] Ti%, BEfFD Y ¥ 75
74 —ECEHERRECTH ST A XD RS BRIE R AL REME L CRBBEE LIERT 720, H3 ®
TEREINTZV Y BT/ my RT LA ZF2 e LTHW, A28y ZiEZEIG Lae) / iRz ER LT
Do KL TIEZO—HOTrv A%, ZEEE 7oAl LTREL TV, BoNME ki, 10nm 14 X
DAy TREEDPEIR ST ETH Y | 1 emx] em OFEH EIZ 100 (50 S DT/ Iy THEDPFEL TV D, A8y
HEERD ANTWAZ &b, #—F vy NaE 25 & THRABRMEIT, RBREE T D& ERMER T
EHAREMEEZRLTEY ., KX CTRETIZEEE Y o 2%, MEHCEFE L2VWRAEEW 22 2 TH D
ZEEBRITND,

%5 5 % [Characterization of the Three-Dimensional Au Nanostructures] Ti%, % 4 = CIERI S i=4&F / #EKRD
NFHIR R A B 2 72 AIHGEEIRIC 38 Tl N SO — R TOES-AIHE AT R VIE %32
T2, ZORNE, GO RME & i LT, RS2 /s T 2 DORr R EH &
— 7 BB Sz, 2 b ideT  EEofh, WSO REY 7 Xe U ChkT - ThoHEEXD
. BEELIZRRFRMEERL TS, EHIC, @0HEEZEIE, &7 /MENEOL S ITHEL
TV A, ZOIRFE % PR 5 72 D ITERA- AT HHIEE A X7 hVAIE &2 3R TR, HERE S 7 2SI |
WA TIEAT /BT, 40 nm &2 HERE S B 7256 T3l » T, SRENIEFICHELS 25 L, aiEs LT
WOHHS ZEVWALNERY | FBHAY ME, ROUEEBFHEBEEE» T/ HEERO R EBR R
XHENTWD,

%5 6 3 [General Conclusion] TlX, KiHIZRBITAMELFHEEL., SHOEEE R LT,

PLEZEF SI2, KX Tid, B ORIz RmER M S ) ¥ =M 7 oy BiiaE 2 5 & LT
B EINT= Y BT/ ay RT LA BHlz/eT v L — N e THLBETE T o 24 Lic, Ziux, 3kTo
GRMERE GO T, k0T ry 7 aR)v—F 7 L— b T rt R EBIHRRET 57 HRI G O ER
Tt ATHDHI LEERLTND,

%« FRSCEIE T, FI3C 2000 =& 3830 300 35 % 13 ORHIT 52, & L<ITFEIL 800 754 1 #HRHE L T2,
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Microphase-separated block copolymer films have drawn much attention as one of the promising
nano-sized template materials beyond the advanced top-down lithography. Novel concept of multiple
template processes utilizing silica nanorod arrays as reliable templates toward functional
nanomaterials is demonstrated in this study.

Firstly, = chemical epitaxy method is applied to liquid crystalline (LC)
poly(ethylene)-block-poly(methacrylate) with azobenzene mesogenes in their side chains
(PEO-b-PMA(Az)) so as to axially and laterally control the PEO cylindrical microdomains with its
(10) lattice spacing of 17.5 nm and areal density of 2 Tera-cylinders/inch®. Then the direction-defined
PEO cylinderical microdomains on the chemically patterned substrate are transferred into the gold
nanodot arrays with same conformation as the direction-defined PEO cylindrical microdomains.
Second, the silica nanorod templates are achieved by the use of the LC block copolymer films (as the
Ist template), and combining sol-gel and reactive ion etching processes in order to develop
perpendicularly oriented templates. The resulting silica nanorod array templates, which have diameter
of 25 nm and periodicity of 50 nm, are used as the 2nd template for fabrication of versatile gold
nanosructures, e.g. nanoholes, nanocups, toward plasmonic metamaterial application. Third,
three-dimensional gold nanostructures are developed from the silica nanorod templates by sputtering
of gold, and then its optical property is investigated by employing UV-vis spectroscope. The
transmittance and reflectance spectra of the three-dimensional gold nanostructures show completely
different optical response from that of gold film as a reference material, which reveals the
three-dimensional gold nanostructures would work as 10 nm-sized plaasmonic metamaterial with
response to visible light.

The present multiple template processes with the silica nanorod templates as the 2nd template
fabricated by the LC block copolymer films (the 1st template) would open wide variety of applications

in order to develop nano-sized mateirals across versatile reserach fields.
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