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Development of Contour Offset Algorithm(COA) in nRP Process
for Fabricating Nano-precision Features

Tae Woo Lim", Sang Hu Park’, Dong-Yol Yang®, Shin Wook Yi™ and Hong Jin Kong™™*

ABSTRACT

In this study, a new algorithm, named as Contour Offset Algorithm(COA) is developed to fabricate precise features
or patterns in the range of several micrometers by nano replication printing(nRP) process. In the nRP process, a femto-
second laser is scanned on a photosensitive monomer resin in order to induce polymerization of the liquid monomer
according to a voxel matrix which is transformed from the bitmap format file. After polymerization, a droplet of ethanol
is dropped to remove the unnecessary remaining liquid resin and then only the polymerized figures with nano-scaled
precision are remaining on the glass plate. To obtain more precise replicated features, the contour lines in voxel matrix
should be modified considering a voxel size. In this study, the efficiency of the proposed method is shown through two
examples in view of accuracy.
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Fig. 1 Schematic diagram of nano replication printing
system.

Table 1 Principal specifications of nano replication
printing system.

ITEMS SPEC. MAKER
fs Laser 780nm, 80MHz, Spectra-Physics
80fs

Isolator Electro-Optic Tech.
Galvano mirror 0.0003° Scanlab

Shutter ~0.1ms Cambridge Tech.

Z-stage 100nm Pl

X/Y stage 10um Namil

Objective lens 100X, NA 1.2 China
Working plate 0.1mm (thickness) Fischer
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Fig. 2 Flowchart of nano replication printing process
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Fig. 3 Total two-photon absorption per transversal plane,
that is calculated by integrating the squared
intensity over the plane'?
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Fig. 4 SEM image of voxels in the condition of exposure
time(0.2ms), and laser power(SmW); top view
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Fig. 7 (a) Bitmap image of doughnut shape, (b) SEM
image of replicated doughnut shape without COA,
and (c) with COA.

Table 2 Principal parameters of nRP process.

PARAMETERS VALUES
Distance between voxels 24nm
Laser power SmW
Exposure time per voxel 2ms
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Fig. 8 (a) Bitmap image of a horse, (b) SEM image of
replicated horse figure without COA, and (c)
with COA.
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Fig. 9 (a) AFM image of a horse, (b) profile of the height
along the lateral line, and (c) along the
longitudinal line

Az Hdel risted HRE A7 A3
AFM(PSIA, XE-100)& 53t 4% o]n] =<l Fig.
9 (@9 712X AEAd BE Folo B¥XE 7
7} Fig. 9 ()% Fig. 9 (o)oll YAt SHE 3
Aol EZolx ¢F 300nm Row, o] Eole A
Z Al 2HY FolE 2E oA A9 Fol
g "ad meg FoAY ¥E 5 vk AWV E



=

;AT ARFEHA A2 A6k

AARez 12 Jehgen A2 FHEE
VNgo g ¥log ZAFF Folsl RelAe #Ado]
A= ol HolAY AR YAbdte H
olZ ] <ol A3 YehtE oz dAke
£ 19 A7g FVRHLEAN AANE 5 gle
glg ¥@9 g

B4 ARgez XY HYUEE ulgeE
3t Algd HE Y2 U gEZdY 59 vixH
sigo] a3 38T AEE £ e, &
A EB3FAH HEPE o83 PDMS(poly-
dimethylsiloxane) = =313, 232 34 dEd A

2} So) 3Rol @ Aol H4H v Yok

5. d&
£ A7 A Bl dAE T3 o0&
7 2e AL IUh
1) AEZ YoJAE o]&3td ojFA YL
4& ARste 2000m FE Ui EB313FA
< ME3R
2) B3 A AIUEE FEAN7)7) H8kq A

A HA Agwes F4d A9 T ¥4
AAE E3lo] s B A axrl d&S
& F .

Add yx B3I HdsE F39 &
Y AUEE ugoez 7E&Y Yx=FAH
AA S g & 2 HEAHE =28
Rog wadr)

3)

%7
B

2 d7e 21 A ZEE AL A
Ui dlEzds JlaARAdTe) A7H x4
A elstd S ed VA BEA A=Y
ygh,

Hozd

1. Maruo, S., Kawata, S., “Two-photon-absorbed near-
infrared photopolymerization for three-dimensional
microfabrication,” J. of Microelectromechanical
Systems, Vol.7, No.4, pp.411-415, 1998.

2. Kawata, S., Sun, H.B., Tanaka, T., Takada, K., “Finer

functional microdevices,” Nature,

features for

166

Vol.412, No.16, pp.697-698, 2001.

3. Sun, HB., Takada, K., Kawata, S., “Elastic force
analysis of functional polymer submicron
oscillators,” Appl. Phys. Letters, Vol.79, No.19, 2001.

4. Sun, H.B., Tanaka, S., “Three-
dimensional focal spots related to two-photon
excitation,” App. Physics letters, Vol.80, No.20,
pp.3673-3675, 2002.

5. Serbin, J., Egbert, A., Ostendorf, A., Chichkov, B.N.,
“Femtosecond

T., Kawata,

laser-induced two-photon
polymerization of inorganic-organic hybrid materials
for applications in photonics,” Optics letters, Vol.28,
No.5, pp.301-303, 2003.

6. Kaneko, K., Sun, H.B., Duan, X.M., Kawata, S.,
“Submicron diamond-lattice photonic  crystals
produced by two-photon laser nanofabrication,” Appl.
Phys. Letters, Vol.83, No.11, 2003.

7. Sun, S.B., Maeda, M., Takada, K., Chon, J. WM., Gu,
M., Kawata, S., “Experimental investigation of single
voxels for laser nanofabrication via two-photon

" photopolymerization,” Vol.83, No.5, pp.819-821,
2003.

8. Park, S.H, Lim, TW, Yang, D.Y,, Yi, S.W, Kong,
H.J., “Development of a replication
printing(nRP) process using a voxel matrix scanning
scheme,” The KSPE Autumn Meeting, pp.424-427,
2003.

9. Yi, S.W, Lee, S.K., Kong, H.J., Park, S.H., Jeong,
C.G., Lim, TW,, Yang, D.Y., “Three-dimensional
microfabrication with nano resolution using two-

nano

photon absorption of femto-second laser,” Optical
Society of Korea Summer Meeting, pp.64-65, 2003.
Yang, D.Y., Sohn, H.K., “Principles of recent rapid
prototyping processes,” J. of the KSME, Vol.39,
No.9, pp.28-31, 2000.

Chou, S.Y., Keimel, C., Gu, J., “Ultrafast and direct
imprint of nanostructures in silicon,” Nature, Vol.417,
No.20, pp.835-837, 2002.

Xia, Y., Whitesides, G.M., “Soft lithography,”
Angew. Chem. Int. Ed., Vol.37, pp.550-575, 1998.
Kong, H.J,, Yi, SW.,, Lee, SK., Yang, D.Y,, Park,
S.H., Lim, TW., “3-dimensional micro-fabrication
using two-photon absorption by femtosecond laser,”
Proc. of SPIE, Vol.5342, pp.137-145, 2004.

10.

11.

12.

13.



