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ABSTRACT

In high-precision laser machining process in semiconductor and display device manufacturing, thermal plume may
arise from high heating zone around laser application point and it may significantly affect the surface contamination
by micron-sized fume dust particles in laser surface machining. The present numerical study investigates this thermal
plume flow by employing three-dimensional large eddy simulations and also fume dust particle dispersion through
particle tracing techniques. The numerical results show the laminar to turbulent transition characteristics of buoyant
thermal plume and fume dust particles rising and falling on the machining surface. The influences of laser power on

surface scattering of fume dust particles are closely examined for the dust particle size ranging from 10 to 90 um.
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Fig. 1. Schematic diagram of fume dust particle dispersion
due to rising thermal plume in surface laser
machining process.
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Fig. 2. Numerical visualization of thermal plume flows using
contours of air flow velocity for three levels of laser

power (5, 10, and 20 W).

Fig. 3. Numerical visualization of fume dust particle
dispersion by thermal plume flows for three levels of
laser power (5, 10, and 20 W). The fume dust

particle size is 50 pm.
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Fig. 4. The scatter distributions of fume dust particles dispersed by thermal plume flow and landed over laser machining
surfaces for laser power of 5 W (a-d), 10 W (e-h), and 20 W (i-1) from particle tracing simulations. The fume dust

particle sizes range from 30 to 90 pm.
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Fig. 5. Distribution of dispersion distance from laser application point for fume dust particles landed over laser machining
surfaces for laser power of 5 W (a-d), 10 W (e-h), and 20 W (i-1). The fume dust particle sizes range from 30 to 90

pm.
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Fig. 6. Effects of laser power and particle size on the percentages of fume dust particles landed over laser machining surface:

laser power of (a) 5 W, (b) 10 W, and (c) 20 W.
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