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Fig. 1 A scheme for fabricating MPHPS-derived
silica micro/nano patterns wvie UV imprinting

lithography and hydrolysis

'"H-NMR (600 MHz, CDCI,,8):6.05 +5.55
(C—CH,), 5.9 ~5.7 (Si—CH—CH,), 4.8 ~
4.5 (Si—H), 4.2~4.1 (—CH,—0), 4.1 ~4.0
(—CH,—N), 3.8 ~3.2 (—CH,—NH), 1.85
(CH,—CH)."C-NMR (600 MHz, CDCI,,5) :167
(C—0), 155 + 152 (CO—NH), 136 + 125
(CH—CH,), (137 ~134) + (129 ~125) + 76

+ (21 + 19 + 15) (xylene), 64 (CH,—O0), 42
(—CH,—), 18 (—CH,). FTIR: 1173 + 930
em ' (Si—N—Si), 2137 em ' (Si—H), 3383 +
825 ¢cm ™' (N—H), 2855 + 2959 + 2957 cm ™'
(C—H), 1711l em ' (C=0, C=2C), 2153 +
1363 cm ' (N=C=0), 1117 em ' (—C—N =
C), 3383 + 1711 + 1530 + 1314 em ™' (CO—
NH), 1095 ¢m ™' (Si—0—Si).
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Fig. 2 'H-NMR spectra of (a) ICMA, (b) PHPS and (c¢) MPHPS
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Fig. 6 Atomic force microscopy images of MPHPS patterns fabricated by imprinting lithography with various pressures: (a) 0. 01 MPa, (b)

0.08 MPa, (c) 0.23 MPa and (d) the corresponding profile of the of the obtained microstructure height and the imprinting pressure
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Fig. 7 Scanning electron micrographs of imprinted MPHPS

patterns with various sub-100 nm feature sizes: (a) 90 nm and

(b) 70 nm

2.3 MPHPS Rk R E S1F %8
A 4 1Y) MPHPS it/ 94 K 458 & T 2K %Kk

AR, R A K % Ak 8 (b) MPHPS K fiff
Ja ) FTIR S 3% ml DL g8 1) ik R 8 7F 1173 +
930 cm ' ¥ W W W F1 N—H 7F 830 e¢m ', Si—H
FE 2150 cm ™) I YA I 5 A At T £ P 8 () A ik
55, 1M1 1095 cm ™" &b 8 W 5 3 3 0 1 B, AT A

Si—O—Si {1 45 AF W i s . XPS, 53 5l XF 7K fif

+
&a

1 1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm ™)
Fig. 8 FTIR spectra of (a) UV cured MPHPS and (b)
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Fig. 10 The whole view of the MPHPS-derived
Si—O microstructure fabricated by UV imprinting

lighography

Table 1 Mechanical properties for various related materials used as imprinting replica

Si wafer Si0, wafer Si0,-Ti0, ! Cured MPHPS MPHPS-derived silica
Elastic modulus x 10 = ( MPa) 60. 77 40. 19 56.36 35.497 115. 135
Hardness x 10~ (MPa) 6.59 3. 14 6 2.636 4.535

B P 2% 5~ MPHPS 7T % i /K i, J5 7 4 A i
SiNj 330040 Co. 5 e 22 SiO, 5, ik %R & W) 45 44 7]
Tk S TE AL 285 4 e A, BEE 2 42 i B 4.5 % 107 MPa,
SLPEAR i 3] 115 x 107 MPa, 375 B, A] i 2 7 A2 7= %
S 3G A5 A X T BB AR 1 K

3 it

A4 I FTIR,'H-NMR , ” C-NMR 4§ J5
RRAE T HADGHE M RN E R ER L) 2 E R
REA(SE (MPHPS) |, I FH & %8 AF F B AY it Jin 4%
JINFRY i) AR AR R FE B 70 nm (R B/ 0K SE A . FE
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HIGH RESOLUTION SILICA IMPRINTING MOLD FABRICATED
FROM A PHOTOCURABLE PERHYDROPOLYSILAZANE

FANG Qingling'?, LI Xiaodong', LI Yihe', KIM Dong-Pyo’"’
(" Department of Chemistry and Biology, College of Science, National University of Defence Technology, Changsha 410073)
(* Department of Fine Chemical Engineering and Chemisiry, * Graduate School of Analytical Science and Technology ,

Chungnam National University, Daejeon 305-764 , South Korea)

Abstract Towards the low-cost fabrication of a hard imprinting mold with micro-and nanostructures,a novel
photocurable inorganic polymer was modified from perhydropolysilazane ( PHPS) by grafting with 2-
isocyanatoethyl methacrylate (ICMA) in this paper. The as-modified product was characterized by the methods
of FTIR,'H-NMR,"” C-NMR and 2D-'H-'"H-NMR ( COSY ). The new peaks at § =3.2 ~ 3.8 on' H-NMR
spectra of the product were assigned to be the NH—CH, group,and § =152 ~ 158 on " C-NMR spectra was
assigned to be the CO—NH group. In the FTIR spectra, the absorbing peaks at 2153 and 1363 cm ' (N=C =
0),1117 em ™' (—C—N = C) of PHPS were obviously consumed after chemical modification, and the new
peaks at 1690, 1530 and 1314 c¢cm ' ( CO—NH) were appeared. Combined with the COSY analysis, it was
concluded that the UV sensitive methacrylyate group was successfully grafted to PHPS, and methacrylated
perhydropolysilazane ( MPHPS) was used to name the as-modified product here. MPHPS was then used to
fabricate the micro-and nanostructures via UV imprinting lithography using a fluoropolymer ( FP) mold with
microstructures , adding a pressure ranged in 0.1 ~ 0.4 MPa. The efficiency of the pattern transfer from FP
mold was increased by the pressure increasing, and the thoroughly pattern copy was realized at 0.23 MPa.
Besides , nanostructures with 90 nm,70 nm feature sizes were obtained at the pressure of 0. 4 MPa. Then the as-
prepared micro-and nanostructures were converted into Si—O inorganic phase by a followed hydrolysis
treatment. The converted product was concluded to be a composition of SiO, ; from XPS depth profile. The final
obtained mold was optical transparent,and with a hardness of 4.5 x 10’ MPa and a elastic modulus of 115 x
10° MPa.

Keywords Perhydropolysilazane, Photocurable, Hydrolysis, Micro-and nanostructures, Imprinting mold



