AL A A28 A3 S (2004 3 9)
Journal of the Korean Society of Precision Engineering, Vol. 21. No. 3 March 2004

olo| A= & =golA EIIOIJH FAtz=do|| wE g Z=td
A

oj2lg, =&, 018%"

Photopolymer Solidification Phenomena Considering Laser Exposure
Conditions in Micro-stereolithography Technology

In Hwan Lee", Dong-Woo Cho”, Eungsug Lee”

ABSTRACT

Micro-stereolithography technology has made it possible to fabricate a freeform 3D microstructure. This
technology is based on conventional stereolithography, in which a UV laser beam irradiates the open surface of a UV-
curable liquid photopolymer, causing it to solidify. In micro-stereolithography, a laser beam of a few m diameter is
used to solidify a very small area of the photopolymer. This is one of the key technological elements, and can be
achieved by using a focusing lens. Thus, the solidification phenomena of the liquid photopolymer must be carefully
investigated. In this study, the photopolymer solidification phenomena in response to variations in the scanning pitch of
a focused laser beam was investigated experimentally. The effect of layer thickness on the solidification width and
depth was also examined. These studies were conducted under the conditions of relatively lower laser power and
relatively higher scanning speed. Moreover, the photopolymer solidification phenomena for the relatively higher laser
power and lower scanning speed was investigated, too. In this case, comparing to the case of lower laser power and
higher scanning speed, the photopolymer absorbed large amount of irradiation energy of the laser beam. These results
were compared with those obtained from a photopolymer solidification model. From these results, a new laser-
scanning scheme was proposed according to the shape of the 3D model. Samples by each method were fabricated
successfully.

Key Words : micro-stereolithography(vlo]| 2.2 3 Z ), photopolymer (4 334 4=A]), laser scanning speed (|
o)A} o]% <), laser power (B0} A 3}4)), irradiation energy (FAF U A])
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Fig. 1 Schematic drawing of the developed micro-
stereolithography apparatus.
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Scanning of the focused laser beam by a
focusing lens on the surface of a photopolymer.
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Table 1 Experimental conditions for low irradiation

energy experiments.

Type of
Experiment Laser scanning L?lyer
, itch thickn-
Experimental p ess
conditions
Laser V(V‘d;h 200 | 300 | 400 | 300
scanning P@ b
conditions ite 1~8 | 1~8 | 1~8 4
(¢m)
Layer thickness 10~60

Laser power = 1 (N, scanning speed = 1 mm/s

scanning

nitch w : scanning width

L : solidified width
h : solidified depth
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Fig.3 Experimental setup for low irradiation energy
experiment.
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Fig. 4 (a) Width and (b) depth of the solidified

photopolymer according to the scanning width
and pitch for the low irradiation energy.
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Fig. § Experimental setup for the multi-layer

polymerization.
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Fig. 6 Effect of the layer thickness on the solidification

of the photopolymer.
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Laser power Scanning speed
()] (mn/min)
100 20~ 170
200 20~ 170
300 20~ 170

L : solidified width

scanning ]
solidified depth

path h
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Fig. 7 Experimental setup for high irradiation energy
experiment.
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Fig. 8 (a) Width and (b) depth of the solidified

photopolymer according to the laser power and
scanning speed in the high irradiation energy
experiment.
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Fig. 9 Solidified shapes using (a) multi-line fabrication
method and (b) single-line fabrication method.

Fig. 10 SEM photograph of a micro-link fabricated by
low irradiation energy method.
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