P EYFTTIA A 21 W A6 (2004F 6¥Y)
Journal of the Korean Society of Precision Engineering, Vol. 21, No. 6, June 2004.

uha R, e, A4S, /"

Directly Nano-precision Feature Patterning on Thin Metal Layer
using Top-down Building Approach in nRP Process
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ABSTRACT

In this study, a new process to pattern directly on a thin metal layer using improved nano replication printing (nRP)
process is suggested to evaluate the possibilities of fabricating a stamp for nano-imprinting. In the nRP process, any
figure can be replicated from a bitmap figure file in the range of several micrometers with nano-scaled details. In the
process, liquid-state resins are polymerized by two-photon absorption which is induced by femto-second laser. A thin
gold layer was sputtered on a glass plate and then, designed patterns or figures were developed on the gold layer by
newly developed top-down building approach. Generally, stamps for nano-imprinting have been fabricated by using the
costly electron-beam lithography process combined with a reactive ion-etching process. Through this study, the
effectiveness of the improved nRP process is evaluated to make a stamp with the resolution of around 200nm with
reduced cost.
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Fig. 1 (a) Schematic diagram of nano replication printing
system and (b) detailed diagram of nano-precise
feature patterning parts.
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Table 1 Principal specifications of nano replication
printing system.
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Fig. 2 Schematic diagram of voxel matrix scanning
method.
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Fig. 3 SEM image of voxels with (2) top view and (b)
inclined view. (the numbers in figure mean
exposure time of fs-laser respectively)
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Fig. 4 SEM image of voxels fabricated in the condition
of 8mW (the numbers in figure mean exposure
time of fs-laser respectively)
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Fig. 5 Experimental results of precision rate(R;) of each
voxel lines in the conditions
power(5mW) and exposure time(10ms).
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Fig. 6 (a) Bitmap format figure of England map and (b)
sectional voxel matrix transferred from the bitmap
file.

Table 2 Principal parameters of nRP process for England
map fabrication

PARAMETERS VALUES
Distance between voxels 24nm
Laser power SmW
Exposure time per voxel 2ms
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Fig. 7 SEM image of replicated England map on glass
plate.

duidd A7 Azd Y4 € JLx Fol
A7t S Aoz wdHo ¢ Fo] =xd
gud AFPHoz HEs WHI}EE 3
A du) AFeo ALde I fElw Wl
A Fo 2L FolA E3IE 3t WA} H=
A 597 9o PPz ddes A 9
e FEagto] AR fEiwe EAsjorst 7t
53k &, 3% freElwddd 2&59de] gle A
Sl #eolx Fo] Tyt HA ol FAE3
FA7F AeHA B d¥ol Uk wEAM £
AFAME 99 S5 AT HEE ALEHA
o} dlolA Fel 2Ho| F&5utd W wiz ol
glojopgt sl QA o] 7HE3dit). 28y Fig. 1 (a)
of Yeld nujg JvztE 2UEHY ¥ o 5%
gk o3l #lo]A Fe] Z3F-o HWo] Fig
A B3t 249 YXNE AF3HA wdstr] ¥
o}.

wetd B AFoME Fig 1 (b)Y 3F Fed
A F& ddo] EXHA F& REAAH z F
2H )R E o] g3le] olA Feo xHMo] AAFH
TE 33, olAL F& WHF o o|Fdte #
A e Jube AFAEAY. Fig 8o E4FQA =
EA2E YERRATH

2 vt Yo AAHE Yk AYUEE JMRAE
AZAE Hge FAHAZAL Table 2 ¢ FL3H
34tk Fig. 9ol 35 99 9o A" AHEdE&
33 @07 (Model : Eclipse ME600, Nikon)& AH&
stod 1000 ¥ Boisle 4 RAE& JEI Ao
o, A4 A71E Fig. 73 FL3ich

L 2 do e

Thin gold

er glas
Upper glass layer Focus of laser beam

Thin gold

Upper glass
RN layer Focus of laser beam

(b)

Fig. 8 Schematic diagram of process for focusing on thin
gold metal layer; (a) primitive focusing on upper
glass plate and (b) secondary focusing on the thin
gold metal layer to fabricate nano patterns.
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