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Abstract: The laser machining process has been proposed as an advanced process for the selective fabrication
of electrodes without a mask. In this study, we adapt laser machining to metals that have different thermal
properties. Based on the results, the metals exhibit a different surface morphology, heat-affected zone (HAZ),
and a recast layer around the machined surface according to their thermal conductivity, boiling point, and
thermal diffusivity. Then, we apply ultrasonic-assisted laser machining to remove the recast layer. The
ultrasonic-assisted laser machining exhibits a better surface quality in metals with higher diffusivity than those
having lower diffusivity.
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Table 1 Selection of Metals according to thermal

conductivity
Thermal Conductivity
Element )
[10° W/mK]
Copper 39
Aluminum 2.2
Tungsten 17
Zinc 11
Nickel 0.7
1064nm 4
Ytterbium pulsed laser m
'! .‘ A\l“‘ :
Substrate Substrate Substrate
1. Melting 2. Marangoni 3Evap0ralmn
flow and and recast of
evaporation the material

Fig. 1 Mechanism of laser machining on metal
substrate
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Fig. 2 Reflectivity of metals at the wavelength of
irradiated laser source

Fig. 3 Laser ablation using an IR pulsed laser
according to conductivity of metal. (
50 um)
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Fig. 4 A comparison of HAZ of metals according
to thermal conductivity
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Fig. 5 Experimental system setup for ultrasonic assisted laser machining
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(a) SEM images of peripheral surface of laser
machined copper

(b) Measurement of particle covered area according

to vibration frequency using an image processing
program

Fig. 6 Effect of vibration frequency in ultrasonic assisted laser machining on bulk copper substrate.
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