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Analysis of Transmission Infrared Laser Bonding for Polymer Micro Devices

Joo-Han Kim* and Ki-Hoon Shin*

*Dept. of Mechanical Engineering, Seoul National University of Technology, Seoul 139-743, Korea

Abstract

A precise bonding technique, transmission laser bonding using energy transfer, for polymer micro devices is
presented. The irradiated IR laser beam passes through the transparent part and absorbed on the opaque part. The
absorbed energy is converted into heat and bonding takes place. In order to optimize the bonding quality, the
temperature profile on the interface must be obtained. Using optical measurements of the both plates, the absorbed
energy can be calculated. At the wavelength of 1100 nm, 87.5% of incident laser energy was used for bonding
process from the calculation. A heat transfer model was applied for obtaining the transient temperature profile. It was
found that with the power of 29.5 mW, the interface begins to melt and bond each other in 3 sec and it is in a
good agreement with experiment results. The transmission IR laser bonding has a potential in the local precise bonding
in MEMS or Lab-on-a-chip applications.
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Fig. 1 A polymer micro device: cross—shape channel
and reservoirs as a micro—capillary device
for DNA analysis
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1. a plastic housing layer with four inlet ports and
four outlet ports,

a polymer cover layer with micro-valves,

a micro—channel layer,

a micro-reaction chamber layer,

a diffuser micro-pump layer,

a micro-mixing channel layer,

a glass or plastic substrate.
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Fig. 2 Schematic design of a Lap-on-a-chip
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Fig. 3 Schematic diagram of transmission laser
bonding
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Fig. 6 Experimental setup
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Table 1 Properties of acryl

Density 949 kg/m®
Reflective index ~ 1.4
Viscosity 6.6 x 10° m%/s
Specific heat 2.02 kd/kg - C
Thermal conductivity 0.1488 W/m®- C
Softening temperature 105 C

Table 2 Parameters for laser bonding

Power 29.5 mW
Power intensity 0.42 W/mm?
Raw beam diameter 20 mm

Aperture diameter up to 2 mm

Spatial mode for the raw beam Gaussian
Focused laser beam diameter 0.6 mm
Exposure time 1 -60s

Focal length of the lens 200 mm
Target position from the lens 240 mm
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Fig. 7 Photographs of the bonded samples with
transmission laser bonding. Laser irradiati
on time: (a) 3 sec, (b) 9 sec, (¢) 30 sec,
and (d) 60 sec
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