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Recent Progress in the Nanoscale Additive Layer Manufacturing Process Using Two-
Photon Polymerization for Fabrication of 3D Polymeric, Ceramic, and Metallic Structures

SEe’, B £8°, Mg, aryF Y, ¥ER ]
Cheol-Woo Ha', Tae-Woo Lim?, Yong Son®, Suk-Hee Park®, Sang-Hu Park**, and Dong-Yol Yang'

1 830872l I A SN ARSHE (Department of Mechanical Engineering, Korea Advanced Institute of Science and Technology)
2 AMCAZ2 0| LCD AFYE (Divison of LCD, Samsung Display)
3 £ teZQE (Micro/Nanoscale manufacturing R&D Group, Korea Institute of Industrial Technology)
4 2aiEtn A SER  JUZY 9 SEIEATA (School of Mechanical Engineering, ERC/NSDM, Pusan National University)

P4 Corresponding author: sanghu@pusan.ac.kr, Tel: +82-51-510-1011

N}
T
;
o
jm=)
)
lu
hu
—

Manuscript received: 2016.2.25. / Revised: 2016.3.17. / Accepted: 2016.3.17.

Recently, many studies have been conducted on the nano-scale fabrication technology using two-
photon-absorbed polymerization induced by a femtosecond laser. The nano-stereolithography
process has many advantages as a technique for direct fabrication of true three-dimensional
shapes in the range over several microns with sub-100 nm resolution, which might be difficult to
obtain by using general nano/microscale fabrication technologies. Therefore, two-photon induced
nano-stereolithography has been recently recognized as a promising candidate technology to
fabricate arbitrary 3D structures with sub-100 nm resolution. Many research works for fabricating
novel 3D nano/micro devices using the two-photon nano-stereolithography process, which can be
utilized in the NT/BT/IT fields, are rapidly advancing.
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Fig. 1 Comparision of polymerization mechanism: (a)
Single-Photon absorbed polymerization, (b) Two-
Photon absorbed polymerization
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Fig. 2 Schematic diagrams of the nano-stereolithography
system
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Fig. 3 (a) 3D scanned data, (b) Sliced data, (c) Fabricated
microscale ‘Thinker’ by nano-stereolithography
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Fig. 4 SEM images of a novel micro-channel having
horizontal and vertical cross manifold micromixers

(CMM)

o] 545 WUkst] flste] mpolam AHE iR
F f2 DI Water ¢ A4 (Rhodamine B)7} 0.1 M
23ty e FPste]l #F Y. 5 &
E+ 0.02m/s® AT

o B Ao A Ao CMM 29 7] 2=
EA42l 9Z5F (Multi-Lamination Flow)E {+dt3] ¥
zZk &7 9ol Figs. 3-89F o] 2% H-CMM

(Horizontally Crossing Manifold Micromixer)9} 83 2]
V-CMM (Verticallly Crossing Manifold Micromixer) =
T/4% H/V-CMMS AZalgit). o] Fxo 52
whrolxl S AT FelE B¢ HCMME— E3}at
A
CMM< T3stiA g2 ol 87H«] RIS
RS A ek 14] DI water 9]- CRE)
e
Agsk= A l°i‘:} ]L
o] 4% vswE 5“%}7] 918k l"ﬁrﬂ
3t (Split and Recombine) Z}4S o8] A HHE 3|
of glot FAle wixl 2 F47} @Y H/V-CMM
of ofsf wA 2B & A e Gl Ak

Fig. 4 435 ouAE 8522 o|Fozl H-
CMM7} V-CMMO 2 FA% H/V-CMMS] E354
of ek FAIA Adfolrt. A Ade= FAE F
b ospole] oA sl wAqPELe AR H o2
B 250 pm ol A el A dHoMe] EF 5
g8l olw A& yetdt o]ek o] F mme 1 ZH
g dol7b a7 71Ee] WAl vlE] wig-
Aol A Eot & F e HARA, 7 &4 A
28 (u-TAS), 2o 3 (Lab-On-A-Chip) 2| 1L
A sl &8 2+ S Fo® Alndrh

N o

20 wt% Si0,

Fig. 5 Three-Dimensional ceramic microstructure fabricated
by nano-stereolithography process and subsequent
pyrolysis
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Fig. 6 (a) Top view of the triangular helical structure, (b)
and (c) SEM images of the triangular helix array,
(d) and (f) The blue, green, red and white
fluorescence shown by the microstructure imaged
by confocal microscopy
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are linked in parallel
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Fig. 7 Fabricated images: (a) Elastic actuator, (b) Cross-
Spring, (c) Linear spring actuator
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Fig. 8 (a) SEM image of the fabricated Ag conductor
and organic field effect transistors (OFETs), (b)
Metallic patterns which are fabricated on a
polyimide film
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