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Surface Modification of Polymethyl methacrylate(PMMA) by Laser Surface
Treatment for Microfluidic Chip

OB 2R X
(Sung-Kwon Shin - Sang-Don Lee - Cheon Lee)

Abstract — After the advent of micro-Total Analysis Systems(ni-TAS) based on silicon, various polymer for
microfluidic chip has been studied. Polymer materials for microfluidic compared with silicon and glass, which were
traditional materials of a microfluidic chip, have the advantages of economical efficiency, simple manufacturing process
and wide materials selectivity corresponding to fluids. Surface energy of polymers are, however, lower than silicon or
glass. To overcome this problem, various surface modification methods have been investigated. The surface modification
using laser has the advantage of the simple experiment that only directly irradiated laser beam on the material surface
in the air. This work discuss the surface modification of polymethly methacrylate(PMMA) by 4th harmonic Nd:YAG laser
(A=266 nm, pulse) treatment. After the laser treatment, the PMMA surface was investigated using a contact angle
measuring instrument. The contact angle was decreased with a increase of the surface oxygen content. This result
means the surface energy of PMMA was increased by the laser treatment without changing of its bulk characteristics.
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Table 1 The experiment conditions for PMMA surface
mo-dification using 4th harmonic Nd:YAG laser(A=
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Experiment condition Value Table 2 The threshold condiion for PMMA the largest
Laser power 0.20-0.59 W surface modification using 4th harmanic Nd:YAG
Scan speed 33-5000 /s laser(A=266 nm).
Beam size(diameter) 5 mm Experiment condition Value
Number of Pulses 10-1500 Laser power 022 W
Fluence 100~-300 m)/cut Scan speed 100 mv/'s <
Beam size(diameter) 5 mm
Number of Pulses 500 >
NavAGLasedal 200 | 4@ | Mirror Threshold fluence 110 m}/cnt

1064 nm 532 nm 268 nm
Focusing
lens

Stage X-Y~Z
control Stage

l l)
Vibration isofation table
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Fig. 1 The schematic diagram of laser modification system.
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Fig. 2 The relationship between laser fluence and efch rate.
The largest surface modification at threshold fluence.
Linearly increase of etch rate to the nature logarithm
value of beam laser fluence more than threshold
fluence [7].
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Table 3 The contact angle and surface energy variation of
the PMMA before and after the 4th harmonic Nd:

YAG laser(A=266 nm) surface treatment.

Measurement Minimum Surface
Experiment value
condition Contact angle(8)| energy(F)
Untreated 75° (£1°%) 91.64 mJ/cnt
110 m}/cnf
59° (x1°) 110.29 mJ/cat
(Threshold)
Laser
150 mJ/cré
treated
(Surface 65° (£1°) 10357 mJ/caf
damage)

(c)
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Fig. 3 The optical microscope surface images of PMMA
before and after the 4th harmonic Nd:'YAG laser(A
=266 nm) surface treatment: (a) untreated (b) laser
treated at 110 mJ/ow(threshold fluence) (c) laser
treated at 150 mJjor
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