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Abstract The nanostereolithography process using a femtosecond laser has been shown to have strong merits for the direct
fabrication of 2D/3D micro structures. In addition, a femtosecond laser provides efficient tools for precise micromachining
owing to the advantages of a small and feeble heat effect zone.

In this paper, we report an effective fabrication process of 3D micro optical and fluidic devices using nanostereolithography
process composed of a dual stage system. Process conditions for additive and subtractive fabrication are examined. The

Piezo stage scanning system is used for 3D micro-fabrication in unit area of sub-mm scale, and the motor stage is employed

in fabrication on the scale of several mm. The misalignment between the pizeo- and motor- stages is revised through rotational

transformation of CAD data in the unit domain. Here, the effectiveness of the proposed process is demonstrated through

examples using 3D optical and microfluidic structures.
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Fig. 1 (a) Schematic diagram and (b) picture of
nanostereolithography system using dual stage.
© SAREK

339 W/FA vhol A el Aol #ak AT

Table 1. Components of dual stage system
Model Model

Physics
Instrument

Component Spec.

Travel : 0.4 mm
Resolution : 0.1 nm

Piezo stage

. P-622.ZCL
(z-axis)

Travel : 0.8 mm
Resolution : 0.1 nm

Piezo stage
(x/y-axis)

Physics

P-628.2CL
Instrument

Motor stage

88 ) erotech  ALS-130H  Lravel S em
(x/y-axis)

Accuracy : 300 nm

(optical shutter)E ©]-83}] 4 1 mse] =2 dlo|A
o] on/off& Ao} &F3ITt FEE MEE A #lojA Ml
& Fstdlzo] ofal FrfjE o] & dl=(Objective lens) =
EO7HA H=dl ol dt o] fr= A W] d9E W
Fozy 23 AUEE Fo]7] §13 Aot} 2Ho] 1L
A el A Ze AZHEt AstE e e gl H
Ao A7) 7 A A 2LE = 7] -S4 (numerical aperture;
NA) 1491 2% thE#=(oil immersion objective lens)
£ o8& st #eolAE AlHel HFsith
4 912 Ao} H 270 gl AFE-gF 22H| 0] A= Table
13} #eh Alfo] 1 4E Az}t 2=H o] A (piezoelec-
tric stage)E ©]-8-3}4] 0.1 nm AEE=Z 800 mx800 /m
x250 mo] A|EFF o] wis) dojA 2sdo] 7hsat
=% stk Bt A em] AlFG A A9 o
FTzHo] THE 98 XY RE 2Ho|AE Fefxs
Hlo]#] ofl dA8te] 50 mmx50 mm(X, Y)° B
- AEFHE o] &3ste] Alofsiglnt. = &g gt
= oz zH oA E T H olo] Zadk REH A
oA A5 o 2= A3 (accuracy), HHE = (repeatability)
7h refo ahe, @Ak AlAF Al BB 2H o] #] 919 9l
= Jollz2gH oA o] wE FF ol &g &gt E&
e 1gAoel Fasith EE|2H A= Ball-
A 7hol =9k i g =l Al 'S
, Azl W= 77} 300 nm, 75 nmE 7}
Aok B F A 2 g 1 AEES 918 1,0000H
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Fig. 2 (a) Parameter study; line width vs exposure
time. unit moving distance of stage is 20 nm.
(b) Unit line fabricated by two-photon curing
process with low power in the range of 30~
100 mW. (c) Ablated pattern at high power
in the range of 300 ~600 mW.
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Fig. 3 SEM images of 3D microstructures (Namdae-
mun) fabricated by (a), (b) two-photon curing
process and (c), (d) ablation process.
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Fig. 4 Schematic illustration of (a) the dual stage
system. and (b) sub-domains. Misalignment
between (c) the piezo stage vs. the motor
stage, and (d) the substrate.

(a) (b)

(© (d)

Fig. 5 (a), (b) Index patterns to revise the misalign-
ment. SEM images (c) before and (d) after
revision of the misalignment between pizeo
and motor stages.
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Fig. 6 Example of 3D micro optical system of
photonic crystal and waveguide, which is

fabricated by dual stage system.
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4.2 3D micro-fluidic system
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Fig. 7 Stiction of a 3D microstructure in a micro-
chanel.

© (d)
Fig. 8 (a), (b) Top view and ©, (d) inclined view of
3D microstructure in a micro-channel which is
fabricated by additive and subtractive process.
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