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PCBs (Printed circuit boards) have been widely used in electronic products such as wearables, smartphones, and table
computers. Recent trends of miniaturizing electric components require improvement of component density and electronic
functionality by decreasing the size of micro via holes (50-110 um), which interconnect electric signals between adjacent
layers in high density interconnection (HDI) PCBs. To generate micro via holes, we studied CO; laser drilling with the help
of pulse shape controlling using acousto-optic modulator (AOM). Pulse shape controlling is one of the key factors to reduce
heat effect during the laser drilling process. To increase laser absorption, the substrate was subjected to black oxidation
prior to CO, laser drilling. We designed a diffractive optical system using a circular aperture. Micro via holes were obtained
by optimizing the optical distance. The laser drilled via hole was studied both experimentally and theoretically.
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Fig. 1 Premium smart phone and main PCB board
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Fig. 2 Internal structures of HDI circuit board
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Fig. 3 Optical layout of HDI laser drill
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Fig. 4 Power stability of new CO, laser (Coherent, J5-V)
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Fig. 5 Pulse shape control by using on time and delay of AOM
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Table 1 Control parameters of the optical layout

Item Specification
Laser Frequency [kHz] 4.5
Duty [%] 8
Pulse energy [mJ] 4.22-10.4
F-theta lens [mm] 120 (Tele-centric)
Scanner angle [rad] +0.35
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Optical path [mm] 2,800
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Fig. 7 Experimental setup of the beam profile measurement
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Table 2 Optimal experimental results for via hole drilling

Hole Aperture AOM (Ist/2nd)  Power (1st)
(mm] (mm] [ us] (W]
50 2.8 25/18 19.18
65 34 25/18 26.53
78 437 25/18 33.45
80 4.6 25/18 37.28
88 5.43 25/18 43.39
110 6.22 25/18 47.34
Q2(-35mm, 35mm) Q1(35mm, 35mm)

Q4(35mm, -35mm)

Fig. 11 Microscopic view of the top and bottom image for 80 pm
via holes
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