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Improvement of precision of three-dimensional ceramic microstructures employing silica
nanoparticle-mixed precursor
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ABSTRACT

A novel nanofabrication process has been developed using two-photon crosslinking (TPC) for the fabrication of three-
dimensional (3D) SiCN ceramic microstructures applicable to high functional 3D devices, which can be used in harsh
working environments requiring a high temperature, a resistance to chemical corrosion, as well as tribological properties.
After sequential processes: TPC and pyrolysis, 3D ceramic microstructures are obtained. However, large shrinkage due to
low-ceramic yield during the pyrolysis is a serious problem to be solved in the precise fabrication of 3D ceramic
microstructures. In this work, silica nanoparticles were employed as a filler to reduce the amount of shrinkage. In particular,
the ceramic microstructures containing 40 wt% silica nanoparticles exhibited relatively isotropic shrinkage owing to its

sliding free from the substrate during pyrolysis.

Key Words : Two-photon crosslinking (©] %A 7}32), 3D ceramic microstructures (3 2+ M| 2he] vlo] 2= A, silica
nanoparticles (2 8] 7F Y2, ceramic precursor (A 28] AT &)

1. MB

Aete] AES ¢33 7143, 33 EH =
BT, o& Agd vste nnF g FA
o] JLEA R FulH Axtd da gLFH
dA Zaa Aok 2EY &Y nEA T
% 502 aRyq J5e TN YE $5
Woet=Ag, WA, A& 7k Aty 9
Aol FUHEA NZE MdYy FuA Mgy
& AFFTA el o g2 A7t Adgsn
ok e B3 3 A FAe Ay o
28 IuA Age @4 AFIHOIA, A
o] EFE f7) nEA, e Mgy A7
(ceramic precursor)E o] &3}a] <Bio] Ate]olA] w}
o738 YWAOE 7AW (curing) NI F dIATE
Tt Aoz wsAlzle olEu w3.A4Y
FAol dvii~2]. Mg sedsk TEE §71 2
B2g o]&F A AS HrlnEAst A
(ultraviolet, UV) =& Fo| o8 7lag ¥, 243
A& AR Aty el A et o] FH A
¢ 2ARAFAAN "AdFHoz AAHE FrinER
2 QIR #5EAY, A e L= £
2o Aol oJF Azdote 9ol Yrh. FH,
Bgo] FARERAE Aty AFHE ol & AF

ARRE e A A7A A Uy, B

«

232 off fo e ol

-1567-

53 7t &, GE3 (pyrolysis) A A & T3] Mg}
9 o]l dojAA "ot o] FAFY AE stuF
Aol wet JA F2 R ALEE A & F 9
= Ado] Yok 22, oby AT 3 A9l A
9] mfol3 2 YA AFL o]FAAA gu glod,
a1 AR B 5 om FELR Ui FLE E
oA & Holrh

£ AFdA e o3 F¢ Bt E sHAE
Agty AFAE o] &3l vlo]3 2 ojste] L=
£ 71z @AS 3 Al Ay mlolaz HAS A
st ol @A FF Frtas @A (two-photon
crosslinking or polymerization)2 <F 100 nm &) AU X
2 7MAEA &g 3 2k elolaz ¥AL A
g+ e 8% 3FLE HrEa 3] F
Zole Ug ALE9 3 A9 Ay 4L A
Z&tr] st 22 olFA F FrtaA g 7HA
= SiCN Azt A7AE MFA Fgstd, ol 3
=5 #ha 3N 488 BHE B3k JA-3
34 o] $4% Mgty 3 24 vlojaz ¥
A Fol A7 UrH4] W ol PR Frtu
(two-photon crosslinking)E £3l] 3 A9 FA4& A
25§ Metgjoz AHgE HF &2 A
Al B2 557, ol2 A% wyo] LASA "ot

2 dATgxE ded ARAA L TF



AE A7 A F 49 FLs w9t
At AAE Azt AFAA st v
= (silica nanoparticles)& Z3ate] F£HES F0|
BHg EAEZ B RN A d28
NA AFEE v B4 (free sliding) 22
WY EA A2 FIE AAs

K-}
=

Hu

A

=

2 HroHe

ol oxl

2, AEAD R 2Y

1 ceramic microstructures

Three-dimensional
fabricated by
subsequent pyrolysis at 600°C; a) schematically
designed woodpile structure and b) polymeric
structure with no filler, ¢) ceramic woodpile

nano-stereolithography  or/and

structure with no filler. Ceramic woodpile structure
obtained from the mixed resin containing various
amount of silica filler for reduced shrinkage d) 20
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