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UV Curable Resins with Degradable Property and Their Application

for Sacrificial Materials

MERKRE
BHF ERX

MEEHS: 00081331

WHFERCR O (Fn0)

( SHIRAT MASAMITSU )
KERFFILKE - KFBRTEHER - i

365nm JEHES CAEHE - L35 A3, 254nm YRS & D UM T 254nm YEIRH & Z e < IEMZ XD
ZRIEREE MR U, IR 3 2 505 rTRB 7R MR 2R M E LB LABTE 2 351 - R L. 2 DG -
LR R E 2 S L, 6112, 2D ORI 2B EHIIS T D 80 5
A 7V v N HBEREHE T — L ROERIC K E R T 7 L— MBS L TORIHAZRGIL .,

AR B CH D EEH BN LT,
WFFERRR O (30

Novel resins which are curable on irradiation at 365 nm and are degradable on irradiation at 254 nm

were designed and synthesized.

The UV curable and degradable properties of the resins were

studied.  The resins were used as template resins for making the replicated resin mold for UV imprint
lithography. It was shown that the degradable resins have a potential as sacrificial materials.
AT ERR
(SHEHAL - M)
[ERESES [REERES & #t
2009 4 10,500,000 3,150,000 13,650,000
2010 4E 2,400,000 720,000 3,120,000
2011 4EJE 2,100,000 630,000 2,730,000
woE 15,000,000 4,500,000 19,500,000

W8 b

FHFE OSF - fIE - MEHMES: - "o T - dHERDE
F—U— b @oIMEERK, S LR, 286 & off. BREEMTEE St ) v AR

1. AFZEBRAE 4 FI D 5

N K ABREE R L VB L3 B8, £ D
%, WY AE AT LFICKY AEEL T
AN RIRIZ 72 D L 9 7e iR I BI 3 D iF%E
BUIBEIZW S D T 5, fiRZEETT
LT, FE—), TEZ—ILEBIVEL<
—NAEREAT D ZERMET AR X URED
BREEIE, = H ) — v/ K/ BEERIR AR
THEET 2 LRAI AR S0 D, — ., A%
DAL LEFAND Z L Buc ko xy
N — JREEDRET 5% E LT, H2HkE
FOEIH|T L a—LDH VR T AT )L

AT DT RF ALE Y & BEKY
ERAG DR RBME SN TWD, BVt
HL LT, InR"w— ORI AT L% H
W REROHEFH B 5,

ZUEHEE TR D Y H— & L THE R,
NG T D R E L CTEG DWW R
LW RO E D RICET @S H IR
DThV, BAIZZNETIO, SERIAIC X
DEAABERYT A N EESEY A AT
MISHIZAT DR Y ~—1%, RGN A
JEL LTHEMTHD Z L 2WME L TWDHH,
AU <w—EEIImOTROENTEY, F26



OB b EMECH D720, MEHE LTOIGH
IR BTV,

2. WO HB

AWFFETIE, 365 nm YeIRH CRE(LI 53,
*ﬁ\%4m%%%%5%ﬁ%4m%%%
EBDOOFHIC X 0 ZEEREIE D REE L. TAAITC
@f#é%ﬁn%@ fRZERB I AR LG &
HEF - AT D LT, E O LR
fiREE 2 T4 5, S HIC, 2 BRI
PERBE~DICH 2 WETT 5. B BHT
MEMS SCHRARS i AR & RF L 2 ds ) T —IRFIIC
REEA & L TR L, ZTOH%EVERLS b
DThHD, FREREREEH T 5 bR %,
EVERE R A R E LTS 250 5
XF ATV )T T T o — R
E LT, FRIChD TRl 7e A 95—V Kb
BRIBEE—NV FE2ERT 00T
L— hE—/V FHBEMEIE LToFIH L
ZOVERE R R L 7=,

3. WFED kL
AWFFEORER L, FERETE & ISR S
XD, FEBERFIE CIL, Xd DWW ITEC LV fi#
BT 2ERELZ LS ERE ) v — %2 fx
SFEREF L. AT D &R, ENHE
~@tEAﬁ&kioﬁméﬂéz/Fv
~7%ﬁ%%ﬁ#éo%/v~$§mmw1
X, T PCAONERMETA T 5, LG
EXEDFENTIZ, — %I, R Y ~—ORAEE R
E@v%my—ﬁiﬁfﬂm%hé@\z
N — 27 OEEEAEENET S H O TIE
7RV, ARAFGERI G CTd HIENE - LR Y ~—
DR - A b cE pEEFIAL, 28
TEt s 2 AT 9 5 ik 2 ffeNr L. UK
BO/NSDHEERFHCET 5, ISHMFECIE
MEBIENSIERI LT v 7L — hE—L
RZBW, er 7Y o HEREEE—L
N OVERLE A BF T 5,

4. WFFERE

fRZENGRE 243 9 D YR LR 2 3% 5« BAk
L. EORHEZ RN 5 50T & . 45%H
BB B E U CHER 5 72 O 05 A
FehEhE LT, BT, JEH D VITEL
Ki@%%ﬁéaﬁﬁ%aﬁgﬁﬁ%/v
—Ffl AR LA LT, 61, £h
b/ ~v—DONES ﬂ&k;m%ﬁéhé
X WU — 7 iEE ORRNTCLEAE - AL L7 gt
NE D3R « TR FR 2780 L7, IGHarsE T
1T, MHERIIEET 7 L— FE—L NN
MBS LTHW, Sta 7Y o - HE RS R
E—/L ROVERGEZBRR LT,

(1) fRLEREZ B T 2 e b filE DR%ET -
A&t%@?ﬁ
b kA VEUb dha DRI HREA T
Kﬁ?é%ﬁ%%/?— FXEl - ARk LTz,
IREOREG & LT, B3/ LR R
AT NVAEG . B SRR AT VEES . ~3
ThEH =N AT NAER R W, EAEL
LCiX, JVHNVEENRARER, 727U T7—
AKX T YT —h, AFLUEEREL, 1
WCEBOEAEEZATHHLOEERK
Lz T, WFALEEDFRERIRX
HL AKXV FT— NEEB 1D TFRNICHETS
E/v—bER LT, BTORE LTI, B
PR T v R U ~—Tl e Lz, REAA
E ) v —D{bFEEEZ X 1 ITRT,

SHa ) i < "
SOLL ol o Lo
Cl

Hz

CH3 ”

ﬁ CHg CHy ©
(:Hg—ﬁ—c—o—?—cHz—CHz-(I:—o—c—ﬁ—CH3
CH, CH3 CHs CH,

cH3 EH-OCH,CHy—0— @

1
R-CH,CH,0— CHOCO OCH OCH,CH,—R

R 7 "
CH3—CH-O- CHZOCHZ O— CH CH3 R=—-0—C—C—CHjg

Q**@ H

—0- CH2CH20 Erchy

1. AMEREERET ) ~— O]

(2) HLEE - wi{k & BT
AR LEZVWTFROE /) ~—b TP
BRIAHIAAE T C 365 nm YexMBHT5Z 21
2K - Ak L CIBEANC RIS o T2,
CHOOFEEINHOLERT 7 VLT )
T —RARZ T VLT ) —DFEEB LR LT
Holz, 448 - WLEIIE ORI, BB B
UM ERREH S OB L 0 T o7, 53D
VIR VR AT VREEROH 3R AT
IVEE & AT D LR CiX, 200°0CLL Lo
BT R - b LT, £7-. ~I 7 k&%
— VT AT NHAESERTH LD TIE, 180°C
FREE DINENC iR « AT b Uiz, B84 - ik
WG %2 X W ARWIRE ComEc L v 45 fig+
L0 {bRE LT, £/ ~v—, SEAHN



WA, SRR AERN DR D REME LT, =
DR TIE, KEEBALAANZ 365 nm TS L,
AR % 2845 - b 35, —F. XEILEA
IZ. 365 nm JETIXSET . 254 nm Y& T
IS5, BEEASIEIC 254 nm YeAMRH L TH
HIZRE 2 AR STt ARV R Thn
A5 Z LT, wALBIIE D P b E R LT,
F3MAINIR U EET AT ILEEERE 3 R
e 27 V& %A DL REIE TIX.
L100°CREEE DIMENT o3l « AIEAL CT&E T2, *
77 NI TEE— LT RTFNGEES R T A
JE Tl 40°CREFE DIMEL T o fif - Ik TE %
ZENbroT,

(3) ZERET 7V 77— bONIZBIT
A AR
ZERET /) ~—I I EEEE LT, WA
WARABRTHWSR TS, [ LIEHE DR
PEIE, EEASMIC LV EIND A, [k
BHBIIAER « REhcdh 5o CEAEEICET
LIEMR ARG DTS TIE R, AIHHE TIL,
AW THFE UG RE A A 3 D L As
REDORFEZIER L, (LR Z 0L CTHED
N5 EERE D FONFRMNEND, el
W 2 EAEEE AT 2 Hik a2k
S LT, fEATRIEOEEE R 2 18T, AR
B2 BRET 7V 7— hOBLA T, BHHE
w3 U arid, BREOEEENmVE, EAS
HEEIIELS eo T, T2, BBAIREN R
Wi, BEAOHMHEITELS RD2ERDbo T,
52, LSS D% Tl s E
DEWEASNEZLZ ENbhoTz,
CH, CH,4

CHy=¢ (=CHz
O=C =0

GPC Analysis

2. BEAEEFHMNT OB

(4) a7V v N AR BE~DIEH
SR IZ YA 7Y v N ARIEE L
THWHILD, A7V FTIE, AT
— )V FICH LB R E T2 LICL bE
—)L ROVERNEE L 2o T 5, fifZEERE
PHTHBIRIL. AEE—L FITMHELTH
FRENEZ RO T, A 7Y > NHOEE
{EtiE e LCRIATE 5, —F, @ffiZafad
E— /v RO A 2l 72 (LA IS CTIERLC
THUXENETRITHEATE 5, M{bEET
BRE— FEERT 2 5L LT, 26
bR 27T 71— hrE—1 KL LT
Wb FEZEELE, T 7 L— M E—/L
R348 RIS & — L R oo ERLE TR T 4
LEHMEICH D, EEEK 3ITRT,

BEREDLE RAUVIELBITE

m o2t m -
M- 11 - filil

] ] ]
WREBBUVELEE UV i
In-m-m-m
HEMEE—LN E- Y ] ]
R t 4t
254 nm 365 nm

¥ 3. #HEEBEET—/L FOERE
ZDOFETIE, ARE—NVDO/NRE— %K
Wi L7277 L— hE— L R % fREEAE M Rt
JECTIERT 5, RIZ, 277 L—bhE—
)V RERWT, BFE—V REERT 5, 15
LILAHRIEE— /LRI, bEDARE—INLR
ERICANE = 2T 58E— L FTH
5, ZOHFETIEH, #ekLie7 7L —hE
—/L NI, RN O Lok, W LTI
DER<, ARE—/L RDO/RZ—2 (FRIE 20um
THS 1pm) EEBBIEE—L FORZ—2
EDEREFHOTIIL 2%REETH Y, &k
EREEEEE— L RSO, 51T,
WHOZERET 7 VI VIR Z v C, #E5ks
JEE—IL REMHST- A7V FTIE, B
oA TV R E = BB HZENT
X, KoERERERE—L FEHEDLT2D
WZIE, R LR DG YD 7 R AE RS
ZRAWET T L — bE—L R&2ff 5 FER
VT D, WALIAED D2 nRE LT, F
A=« ZUBIREBE RPN BTV S,
IR, FA—I - T AL R SRR
MEfE LI REREEE L, IUEED 1. 5%LL
TZER LZ, 20X 9 R RINHEEORTIE %2
AWTTF 7L — FE—L FEERT T,
X0 ERE MR — L RRERITE



HbDEEZLND, BET— NZX, v—
—a—= RN AT N ek A
ICHELTEBY., a7 v o REIC
BENDHZERHETE S,

5. TR ERLE
(FZEfRE . BFge 03 B ORI ZE 35 12
=Y

CMEsSR 0 (BE 11 7)
1. H. Okamura, E. Yamaguchi, M. Shirai,
“Photo-cross-linking and De-cross-linking of
modified Polystyrenes having Degradable
Linkages”, React. Funct. Polym., &#A Y, 71
%, 480~488 (2011).
2. D. Matsukawa, H. Okamura, M. Shirai,
“Reworkable  Dimethacrylates with Low
Shrinkage and Their Application to UV Imprint
Lithography”, J. Mater. Chem., T#HA Y, 21
%, 10407~10414 (2011).
3. H. Okamura, M Shiai, “Reworkable Resin
Using Thiol-Ene System”, J. Photopolym. Sci.
Technol., &FA Y, 24 &, 561~564 (2011).
4. MM AHFET, “V U — 2 BUKIHE O A &
7VZ—hEZOUVA LT Y Y MHEA~DIR
A", 2y U= R ~—, EAY. 33 &,
74~78 (2011).
5. D. Matsukawa, H. Okamura, M. Shirai,
“Analysis of Chain Propagation in UV Curing
Using Reworkable Resin”, J. Photopolym. Sci.
Technol., &FA Y, 23 %, 125~128 (2010).
6. H. Okamura, M. Shirai, “Novel
Photo-Cross-Linkable  Dendrimers  Having
Thermal De-Cross-linking Properties”, Polymer,
HHH Y, 51 %, 5087~5094 (2010).
7. D. Matsukawa, H. Okamura, M. Shirai,
“Preparation of Replicated Resin Mold for UV
Nanoimprint Using Reworkable
Dimethacrylate”, J. Photopolym. Sci. Technol.,
HHH Y, 23 &, 781~787 (2010).
8. D. Matsukawa, H. Okamura, M. Shirai, “A
UV Curable Resin with Reworkable Properties:
Application to Imprint Lithography”, J. Mater.
Chem., &HH Y, 19 %, 4085-4087 (2009).
9. D. Matsukawa, H. Okamura, M. Shirai,
“Photocurable Oligo(hemiacetal ester)s Having
Methacrylate Side Chains”, Eur. Polym. J., &
FiAT Y ,45 %, 2087-2095 (2009).
10. H. Okamura, M. Shirai, “Photo- and
Thermal Curing of Trifunctional Methacrylate
with Degradable Property”, Res. Chem.
Intermediate, &#iA Y, 35 %, 865-878 (2009).
11. D. Matsukawa, H. Okamura, M. Shirai,
“Novel Reworkable Resins: Thermo- and
Photo-Curable  Di(meth)acrylates”,  Polym.
International, A& Y, 59 %, 263-268 (2009).

(P& (G 2814F)
1. WK, “VU—JBIZEEAZ 7Y T— b
DUVA 7Y ME~DISH”, 2 60 &5y
FHERRE:, 201145 A 25 A, KB
2. HESRERER, “BERLAKIZ Y —7RUVA 7Y v b
ME—/V RO OB, & 60 [Bl&E 574
WK, 2011 45 A 25 H, KBK.
3. H. Okamura, “UV Curing of Reworkable
Dendrimers”, RadTech Asia 2011, 201146 A 23
H, Yokohama, Japan.
4. S. Horii, “Duplication of Mold for UV Imprint
Lithography Using UV Curable Resin with
Reworkable Property”, RadTech Asia 2011, 2011
46 A 23 H, Yokohama, Japan.
5. H. Okamura, “Reworkable Dimethacrylates
Having Hemiacetal Ester Units”, RadTech Asia
2011, 2011 4£ 6 A 23 H, Yokohama, Japan.
6. D. Matsukawa, “UV Curing of Reworkable
Resin: Analysis of Chain Propagation”, RadTech
Asia 2011, 2011 %4 6 A 23 H, Yokohama, Japan.
7. H. Okamura, “Reworkable Resin Using
Thiol-Ene System”, The 28th International
Conference of Photopolymer Science and
Technology, 2011 4= 6 A 25 H, Chiba, Japan.
8. M. Shirai, “Novel Monomers with Degradable
Property and Their Applications to uv
Imprint Lithography”, Photopolymerization
Fundamentals 2011 (fAFFE0EH) , 2011 4F 6 A 27
A, Breckenridge, CO, USA.
9. M. Shirai, “Novel Resin Mold for UV
Nanoimprint:A Demolding Agent Free System”,
37th International Conference on Micro and
Nano Engineering, 2011 4 9 A 20 H, Berlin,
Germany.
10. M. Shirai, “UV Imprint Lithography:

Process, Materials and Applications”,
Korea-Japan Symposium on Frontier
Photoscience ~ (¥FF#{#H) , 2011 4F 10 H 29 A,

Seoul, Korea.

11 JIKRAE, “V T =7 BZERERAZ 7 ) T — |
DUVA T Y v MME~DISH—A 7V ok
ST CTOESHESMIT, 5 59 HES FTRF
WK%z, 2010 42 5 A 26 H, #ik.

12. M. Shirai, “UV Curable Monomers for
Imprint Lithography”, RadTech UV & EB 2010
Technology Expo and Conference ({BfFi#H) |
2010 4= 5 H 23 H, Baltimore, MD, USA .

13. D. Matsukawa, “Analysis of Chain
Propagation in UV Curing Using Reworkable
Resin”, Photopolymer Conference, 2010 4F 6 H
23 H, T

14. D. Matsukawa, “Chain Propagation in UV
Curing of Difunctional Mehtacrylates”, Coating
Science International 2010, 2010 4~ 6 A 30 H,
Noordwijk, Holland .



15. RJIKRAE, “V U — 27 B BIIRDO UV A
7N b DI KO ESESRT, 5 59 1
By fitimas, 2010 459 7 15 H, L.
16. [tz “fEx OB 2 AT 5 TR
VIEGHERY v —DER & ARG L OIS,
55 59 mIm 4y Titamas, 2010 429 H 15 A, FLIK.
17. WMMIEZ, “7 v N ~—EEE2H T2 /7 A%
(LB AERIIE”, 55 60 BIx > T —2 K ~—
AR, 2010 42 10 A 15 B, HIR.
18. M. Shirai, “UV Curable Monomers with
Degradable Property — Molecular Design and
Application to UV Imprint Lithography”, 1st
European Symposium of Photopolymer Science
(FEFF#E) , 2010 4F 12 A 1 A, Mulhouse,
France.
19.8#1EF, “V I —7BRKXfIEOUV T
ATV NV TTT 4 —~DIEH”, 58
B R 53 1 FRER RS, 2009 45 5 A 27 H, #.
20. AFIER, “V U —2REAT HRIGHEEU V
WEALASNE™, 55 58 HlE 7 AR IR RS, 20094F 5
A 27 R, fA.
21. AHFIER, “V U —I B EOU VT
A7V RO, B 58 mlE S E R
£, 200945 H 27 A, #hA.
22. BHER, “V T =7 MUVEUGER Y v — D
&S (BRREED 7, 5 58 [ElEaFERFIK
£, 200945 H 27 A, #hA.
23. AFIESR, “=RF I EEGL Y V- AE )
~—DUVF I ATV NI I TTT 4 —~D
ISHI”, 55 58 [RlE sy FRdime, 2009 4F 9 H 16 A,
AE
24. BHESR, “AF 7V T— b=y b ZMEHIC
BT AH~NITEX— LT RTF LAY v —D3HE
1 L RZUE", 55 58 [lm sy Fadimes, 2009 £F 9 1
16 H, fig
25. AFIER, “V UV —2REAT HRIGHEEU V
WAL DGR & E DI, 5 58 [BIE 4 T-71im
£,20094-9 A 16 H, fi&
26. AFHIEFR, “~I T L — )L AT )VENL &
HT2HHAX 27T — b OEKE YV U—7 K5
~OISH”, F 59 [l b U — 27 AU < —RE,
Fiez, 2009 4F 10 A 16 H, KIK.
27. M. Shirai, “Degradable Resist for UV
Nanoimprint Lithography”, The International
Conference on Nanoimprint and Nanoprint
Technology, 2009 4= 11 A 12 H, San Jose, CA,
USA.
28. M. Shirai, “UV Curable Resin with
Degradable Property (Invited)”, 11th Pacific
Polymer Conference 2009, 2009 4 12 A 7 H,/
Cairns, Australia.

(HE) Gtefth)

1. AHER GHEE) , v—xo—, "Gk
7 7 U VEHE OB%E & IGH”, 2011, pp. 77~86.
2. AFIER OHBE) v — A — “EoT
DLERG LI “, 2011, pp. 261~267.

3. AHEFR (HEE) v —x A v —, “LED-UV
WAL A & A RO BUR & BE—RN X A 4 —
N % T2 S8R L £ 46T, 2010, pp. 262~269.
4. AFFIEFT (GHE#AE) =R % R E 2,
CREL TR UM I oES 1, 2009, pp.
208~218.

5. AFIESR (HHEBE) v —T Ay —, “BHTO
BN « RN —2 ) — 7 2 2 U =", 20009,
pp. 10~22.

6. A IEFR (fHE) v— by — “Tx b
TR MAEHEFE OFT R, 2009, pp. 41~55.

(& DA
R—b_R— 5
http://[www.chem.osakafu-u.ac.jp/ohka/oh
ka7/index/index.html

6. WFIEHER
(1) WFzEfR s

M EFHE ( SHIRAT MASAMITSU )
KIRIFNEREE « KREBE TR - Bid%
g5 - 00081331

Q) g sriass

At BE<  ( OKAMURA HARUYUKI )
KIRIFSLR: « RyEBe Lkt - B
WrgeE 25 1 10316010



