BETRRZE ST EMHE T L AMIA
ARABBEE—IL K (£E) MHOBRRE

B/ INRSLR: T

M AT A TR

it M
(CFRL 28 8 — et 7EBJE B8Rk AF-2016008)

F—D— K TR, FIATV N, BRI, TAFEE, REAR, LK, &8

1. AROEMEER

BT L AML (F /A TV ) VT TT4)
. BRICERALESRTWD a7 b T 4 A7 ARLL

Sz, RS MEMS DREES DORIET A 2, @
KEGEM SRV A REEEAREB ARG LY— FeT 1 A
T A HNHET 1 Vb, OFFE Y 1 /L ARAE ST 7
SV LR 3 Ot BE - B L — MED A

AFGHF Y NESOFEREPIEIFIN TS, T/
ATV NI Y TTT 00F, kRO ERH WL T +
N YT I T il OFEREEBME—/LNCLS
IMLREDRIE ST S PMMEHTE, Ok =2 2 MeaiE:
RTE, @ZWonRKE - T, KU@A— ~v
F—F = TOREEMLEDOR RN H D,

LB E—V REHWDSTF /247 M
TEERET H72DI00E, RS RIGHEI ORI R R -
FI) OARIRAC F OB RFIZ RIS 215 - hl oy D B2
DL RoTWS (K1),

:

HREMBEALE R () H 2 i L
]

RETRHY
| .

10 pm 10 um
—_

[Ceseses

|

K1 HRE@EeE—1L Rckd
BEHR B AT AN B D HIssh S

FIATIV NI T T T4 T4 NI TTT ¢
EEVEMT B ATHHD T FE VYA M
BEORNIC, &ia, AREE, ROV BRI AREL D &
RERIR O KEET—/L ROFEEZ 5 X370 7T
Hb, T BV RITHABEEEHE5T5 2 & T,
KifaZ e L, LY R MBHI A RIS /0 fif 7 A 3R
FFROBEHNRARE & 72 D,

FIATIV NI YT T T 0 T AFZEEE VR
MBI OWHFEER & 5T 5,

2. AREBME—IL FHMBEDOEESE - 1
2:-1 HREBHEE—IL F#HH

T AF T —/V ROMEHT, FpELE L CTRIYEiiZE L
R S8 Hydroxypropyl cellulose (HPC). L&A
B ESELE /) ~—& L THBME T kSR
2-Methacryloyloxyethyl isocyanate (MOI)., ¥&#te L C
B L2 RR 4B Methy] ethyl ketone (MEK). filif: &
L TR B bk a8 Triethylamine (TEA) Z V7=,
HPC (2 MEK ZRA &, 940 43R, 60 CTHEHE. MoI &
TEA 2% C 60£5 CT 60 M Lz, BERSHEET
20%, HPC DKEEFHD—iE A X 7 UV HITERR LB E
T b L e — X 2 ARk L, TPU-Cel (X 2) 21537,

4 2

H—‘\
\%?Q;Sjm%xﬁjx
CHzCHCH; OCHCHIOH)YCH;

X2 Eiw—RARHTRABEEE—V REEO 55

22 HREBBEE—IL FHBORBBEEYS
M 312 H ABiEE—/v MBI ORIEIEE R T,

Prosuried condithn
Mester template Arbient Bmportus
(5ilizon ppits) 200 10minetne (RSO
Ldild
T I_EI I:> & I:> I
1.Cisperse | | 2.Prowue | | 4 Demoliing |
Presswcieed candlibn. @
Unlex v Awhisnt #mpsmton
1000KY 0saconds

N
e
T © i =72
Undorayer T

TV irradindien conditlon.

20mVicm® (365nm) 100seconds

8. Domolding 7. Curing Py — | 5. Disporee |

B3 AT —/L FEEL O T




TPU-Cel D@EITEH3IREE Z ML T THI 60%E THEiw,
TPU-Cel DETEATEEE IS LT 3wt%d B s bak T3
2ftHL 2 2-Azobisisobutyronitrile (AIBN) Z 1A L7-.
ZETPU V7Y IE—)L ROEE LT, ZOME 25
WICEHAL, Y arviilovAZ —F—/L FEHWT En
5 10 43[# 3000 N THE L. 10 43/ 130°C T L, = A
B —F—)L RERD BRIz, RIZ, T AERICTERZ
WALV A M) 2L, TPU LU BE—/L R
Z VT S 60 B 1000N THE L., ME L7z £ £
JEFEEE T CH 7 AEBEI 5 100 FORT 20mV/cm2 @ UV
(365nm) BAS L7z, fBRICL U A MBS LT U B E—
IV REELD BRW Tz,

2-3HREAEE—I FHEOELDHT

B4 4 (2 ABIMEE — /b FRELOD FTIR A7 R L &R
T HABEMETE —/L FHME OB ESHTITIE, FTIR 25947
EEZ -, FTIR #& (2 Perkinelmer # Spestrum two.
ATR 25112 S. T. Japan # GladiATR % V>, TPU-Cel01

L A3 2 N L 7o, PIAESK 5000-800 cm-1, 53 %HE 4 em—1,

FOFEH R 4 Bl Z&4CTHIE LT,

0s
— Injection of
0.4 MO
— I minube
— 03 I tnitabes
- Peak of H-M-C=0 10 tnitiubes
= | — Z0 minmbes
=02
= eale of C=C
o s
= Peale of N=C=0
1o 1500 2000 2500
-0.1 Wavenumber (crrl)

X4 HAZBEMEE—/L RO FTIR A7 MLk
(b 2HE R RO RER & O BIRR

235072150 cm ' {2 MOI DA ¥ 27 F— h &, 168071620
em |2 MOL D —TEFEA . 1550 cm M IZ W L & LSS ORI &
RUT, MOL DA Yo7 F— hEO Y — 7 1%, FEERE &
D Uiz, A o7 32— MEDPKERR & IR L., Bl
FEEIL IR olele EZEZBND, VL X UREEDOE— T M
W & LI L 7=, Zaud& V| HPC DkEEI: & MOT DA

VTR —MERKIE L, YL E URER R LT 2 & T,

HPC IZ A & 7 U VEESE A Siuiz L HERIT 2,

FZMI O _FEHEEOE—7 DL Tz R’
BIOEIEIZ X 5 FTIR A7 MAOZERITIFEA R0 E
EBZOND, o T, AX T UNKEERTHEE I
bt/ m—2 TPU-Cel DAMAFTEBY TEZZ L&
TR LTz,

2- 4 HRAEBEE—IL FHEOMIER
K3OREECLY ELr— AR A FEEE—L R

MBIOREIN T 2T - 7ol R 2K 5 1R T, RIFREIEIE
KRELNTHDZ RN oT, v~ A X —F— )L K&
WCTPU L7V A=/ RIZ5um & lum DTA 7T
VRANR=ANG =BT 5H Z LI LT,

5 um line & space

1 pm line & space

Top view

Cross
section

X5 EAwr—RARTAFBEMEE—/V RHEIOIN TR

3. ARBEBEEE—I FHHEEZRVBESHHEO
EBRAE - BR
3 - 1 HRER S M

BRERH AR & LR MR s Ok is 2K 6 12
AT, ERIE LT 2 BEEOESHLEEH VW, (a)
Trehalose derivatives 16. 0 wt%, 2 /b2 — A% &> (b)
Glucose derivatives 8.01 wt%, RA4F72@BAMEEZE57-0D
12 (c) Isobornyl methacrylate 70 wt%. M UONYGEERFEAEH
L L T() 2-Hydroxyl-2-methyl-1-phenyl-propane-1-ol
5. 45 wih ARG « HikE i U CHEN L7z, B STl
MR RZRIL 24. 1 wth TH o7,

(a) (b)
CHLOR M ={EHC!
—a 2 <,

R—0— O —O—C M, —CH— 0 ——R  RiOsgCHCly— 0 o O —LHy
aR q"“—u.cq.c—p_-_n e
p— SeHEHIRR e
R COCH=CH;
(c) (d)

] CH,
Il

C—C—0OH

»
8 |
cHy CHy
THy

6 ABBIEE —/L FHRIOM AP 72
HeBE LR TR DL H i

3 - 2 EREM P ORI &M

T U NTADRRE 72 HHEFEMHEAN T2 h TrE L
Y7V a— ) AFNT—FT LT T — b (PGMEA) ., B
FOvzuRva o EzEznEn 10 wihda SE ek
PERIE 2 WIS Bl e L TR~ A X —F— /L RB IOV
HABBEE—N RTAL TV v Metiotz,

FEEKIZ R, (D120 B WV S Lzv ) oo
— AR LT H A BEEE— L R 2T 5, QA7



U v RNEEE LINIP-500T (U VT v 7 Py 82 Thn b
AP~ AL —F—) R HIDRRET 35 kef 75, 130 C
TREMA 300 AT o7z, (Q)EERIAATV, W AFZEMEE—
N RES, @) AT AEBBEET— RO _LISEIRBERA
Chemlease 70 (Chem Trend) %% L 24 W& L7z, (5)
HAFZBMEE—/L FIZ7® b, POMEA, BL O 7 a2
VAU EENEN 10 wibE A S AL IERE & s
GHELE LCBATT D, (6) 120 UV BE L= T 24
ALY T, 60 RME 1 kef TNELE, (DHT X
ERENDAZANT A T 07N EEE (SN
ENERGY - DGM2501A-01) & AV T 60 # 200 mW/cm2 D
(200-650 nm) & FRE L7z, B) BRI H AF@EE—V K
EROERE, W7 AREBRERD T A &A= (IF2 u
m ZHES - A CBE L., 20%G)-60) D
FlEZ RV IR L T~V B LIRET&E 5 Y B —
YT o REEE T L2,

3 - JWMEEEMHEDOMIFER

B 71 H A FEWPEE— L R0 DA A 2 56T
D WIR R DR RP)EERIC X B AR R % T,
FRMERAT ' by PGMEA, BX > ruxXv X k%
NEN 10 wtbE A SE e bERIE 2 aie~ A ¥ —F
— IV FBLIOHT ABERMEE—/V FTIEE LT A L&A
—Z (lF 2 um ZBIE L, ARYAX—F—)L F T
SIADFAE LTen, BRMEER T2 b 2R LSS,
K AFMET — L R TIIERIEAEH S, 85 100 [F 2L E
DEEG N FRETH o T2, H AFBRMETE — /L R b iR E
M OB R IhEE D 16 LD 7= DR B E O Bt & 8
LD EE LM LT,

Observation

e

Gas permeable mold number of nanoimprint process cycles

O T
I

=

Gas permable mold adhesion

Volatile solvent

Acetone 4 H

10%

PGMEA ’ }

L

i
¥
i
i

10%

ep——— =

Cyclopentane {
10% |
1

7 AGEYEE = N DRV 2 S AT D
PR G OERGRRRIEUT X D M AVERHH

=

X 8\, BRASTHE 2 & R PEABEO W SN RIK £ & 2 5
N5 HAFEEMETE— IV R ORI Y T OA A —
TR,

o Tt b ARERTA OB L HE .
7 A Z e — v R OS5+ & OFAEAERIZ/NS <

FEESR A H— RN2iEl LTz EHERl S 72729,
TR 10 wthE AT D BAREA O E R R
DRIBICEETE L EDbR D,

o TnvtlLiSYa—lE)AFINLNT—TNT LT —
b & YEHR A D FEEFRVER I H W25 A1, P
OERMERBEL D bE W=D, REBRTHWET
02 ARG T ABEEE— LV R 2@l LT+
DICFEEET, T ARAFBEMEE—V FMHPICERAF L
FTWeHEBZEZTND, SBOMKE L TR, A
BT — L RH & R LT B Hif & 5m L C iz
Ry TETREILTHENZEE DT D Z & THIRER
DB RNEEBGET H 2 EBHFIN D,

® U H U EIREM OIS AV 5
FlE, WEDR BRI 2205 T, Ik bEEE K
AR NGER L o722 ARG EMET—L
KM D5 & O EAERIIRE . T AFZEEE—
v RMOERRANZ —2 Il T D EHERI STz,

(c)Cyclopentane
a) Acetone b) PGMEA p
.
LS
N\ (?
Boiling point 57 °C Boiling point 146 °C Boiling point 49 °C

e TR b d R fi5s:n 9 HOE
» N o HEPE W D PRI o Seen

et
1.Dispense 2. Demolding 3, Dispense 1. Dispense 2, Demolding 3. Dispense |- Pispense 2. Demoiding 3, Dispense

A3
A

4. lligh accuracy Imprinting 4. Gas permeable mold adhesion 4 Gas permeable mold adhesion

X8 HRERGA ) DIV B O PR &
T ABIENEE — /v P OFRIEE ) DA A—2

4. F&H

FIATV NI YT T T 4 A ABREE—V R
FBE % & DRI TR 2 B %8 U 7z, AHAT & Film
EHET v —F 0 v 7R 15 EED, AR 2
20T, 18 B0 RFEEBI N SR 2520 T, il
BRI 0 PE B HE IR A R T & T,

Mt - FREMEICZ UL MR 7T A F v 7 B R
5y TR WD SRR B & Y T D SRR R = —
ABTREBRNZHILR L THE Y | @SR B ORI A B O
BEOEO M ETERT DT /AT VNIV TTT 4
FAH A FERMEE—V RHEHIEZ THD Z LB ahot,
At ERIEIRIEDME 2 72 0o T2 IRBEHHEE O R 2 LT
fERSND a2 Ry RiCHBEEF 5 TcE s X5k
0 BRBEICHE LW EIEHAIC X 0 BRIRE R O BRI R
WIFFCX 5, MIRREMOFEZ D | HIROR A HI
MR FEEDOKRE eERIZEIT B,



i

AWFFENT A RIE N KEME O 28 45—
JEBHFE B AL AF-2016008 OB &= 1F, B T3l 22
RS B OB 2 £$ 5, JSPS BHFE: JP16K04920, JSPS
TEM R EEA— T = b=y THFESE CK
EH - ~¥—), JST WA R v 7 F A
A-STEP HURFEFE N o —7 a7 T A ROSGHREE
ST /mao—7Fy N7 4—5) HA 7 X—v
3 VRIS u ST A TeReEF /T axs b kil
RLEDOIL VAT 07T A OXRIZEY EiiShi,
F7m. TFREWEEWET XY A K5 Carlton Grant
Willson #d% & FILRNIKY: 0 G FEERICE
LHL RT3,

DIEADES

1. Satoshi Takei: “Fabrication of moth—eye gold
nanostructures by nanoimprint lithography using
solvent—-permeable porous cross—1link molds
derived from hydroxypropyl—-cyclodextrin” Appl.
Phys. Express, 12 (2019) 1-5
https://doi. org/10. 7567/1882-0786/ab050e

2. Murayama, Ikuo Motono, Kento Mizui, Kenji Kondoh,
Makoto Hanabata, Satoshi Takei: “Gas permeable
microimprint template derived from cellulose
nanofiber derivatives for mechanical
properties” Journal of Nanomaterials, (2019)
5180460, 7 pages
https://doi. org/10. 1155/2019/5180460

3. Satoshi Takei, Shinya Nakajima, Makoto Hanabata:

“High-resolution patterning of silver nanopaste
containing volatile solvents achieved with
gas—permeable mold” Microelectronic Engineering,
190(2018) 68-72.

4. Shinya Nakajima, Satoshi Takei, Soichiro
Takamatsu, Kento Mizui, Toshitaka Oka, Yoko
Matsumoto, Atsushi Sekiguchi, Makoto Hanabata:

“Ultraviolet nanoimprint gas—permeable
templates derived from cellulose with acrylate
and methacrylate groups to reduce void defects”
Jpn. J. Appl. Phys., 57 (2018) 086503:1-086503:6.

5. Naoto Sugino, Shinya Nakajima, Kento Mizui,
Makoto Hanabata, Satoshi Takei:

“Characterization of gas permeability of gas
permeable metal plate in photo—imprint
lithography” Journal of Photopolymer Science and
Technology, 31 (2018) 575-580

6. Kento Mizui, Kazuho Kurematsu, Shinya Nakajima
Makoto Hanabata, Satoshi Takei: “Reduction of
defect for imprinted UV curable resin including

volatile solvents using gas permeable mold

10.

11.

12.

13.

14.

15.

derived from cellulose” Journal of Photopolymer
Science and Technology, 31 (2018) 289-294.
Satoshi Takei: “Safety-oriented
photolithography of water soluble resist using
water—coating and water—developable processes
for edible pharmaceutical polymer films” Appl.
Phys. Express, 11 (2018) 086501:1-4.
Satoshi Takei and Makoto Hanabata:
“High-resolution nanopatterning of
biodegradable polylactide by thermal nanoimprint
lithography using gas permeable mold” AIP adv.
7 (2017) 035110.1-7
Yuhei Arai, Syoji Ito, Hajime Fujita, Yusuke
Yoneda, Takahiro Kaji, Satoshi Takei, Ryota
Kashihara, Masakazu Morimoto, Masahiro Irie and
Hiroshi Miyasaka: “One—colour control of
activation, excitation and deactivation of a
fluorescent diarylethene derivative in
super—resolution microscopy” Chem. Commun. 53
(2017) 4066-4069 DOI: 10.1039/C6CC10073B.
Satoshi Takei, Naoto Sugino, Makoto Hanabata
Akihiro Oshima, Miki Kashiwakura, Takahiro Kozawa,
and Seiichi Tagawa: “Ecofriendly
ethanol-developable processes of electron beam
lithography using positive—tone dextrin resist
material” Appl. Phys. Express, 10 (2017)
076502:1-076502: 4.
Naoto Sugino, Satoshi Takei, Shinya Nakajima
Makoto Hanabata, Takao Kameda, and Atsushi
Sekiguchi: “Characterization of gas permeable
template material for nanoimprinting” Journal of
Photopolymer Science and Technology, 3 (2017)
275-280.
Satoshi Takei: “High volume manufacturing of
optical MEMS devices using biomass nanopatterning
materials and ecofriendly water—developable
lithography processes” Proc. SPIE (2018)
10787-27.
Naoto Sugino, Takao Kameda, Satoshi Takei:
“Internal structure of metal material with gas
permeability function related to MEMS devices”
Proc. SPIE (2018) 10787-28
Takao Kameda, Naoto Sugino, Satoshi Takei:
“Utilization of gas permeable metal plate for the
purpose of reduction of transfer defect in MEMS
electronic device” Proc. SPIE (2018) 10787-29.
Kento Mizui, Haruo Sato, Makoto Hanabata, Satoshi
Takei: “Gas permeable mold for defect reduction
in nanoimprint lithography” Proc. SPIE (2019)
10958-43.



