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Study of Blind Holes Drilling on Flexible Circuit Board Using 355 nm
UV Laser
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Wuhan , Hubei 430074, China)

Duan Jun Zeng Xiaoyan Li Xiangyou

Abstract A 10 W and 355 nm Nd: YAG laser is used for the blind hole drilling experiment of a 4 layer flexible circuit
board (FPC). The interaction mechanism with UV laser and copper and polyimide (PI) is analysised, and the etching
depth of single pulse under certain conditions on polyimide and copper is simulated. The effects of the processing
methods on the micro-drilling quality are investigated and analyzed. Finally, the optimization of process parameters
are obtained, that firstly using the power of 3.9 W, the frequency of 80 kHz, then secondly using the power down to
1.4 W with other parameters unchanged. The recast layer roughness and the bottom surface roughness are
0.88966 yum and 1.063 pm respectively. The scanning electron microscope (SEM) photograph, the 3D profile of
bottom surface and the 2D profile of section of the blind hole measured by surface profile measuring system are given.
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Fig.1 UV laser micro-processing equipment
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Table 1 Main parameters of the laser

Laser parameters Parameter range

Wavelength /nm 355
Power /W 0~10
Repetition frequency /kHz 10~100
Pulse energy /] 0~0. 36
Pulse width /ns 10~60
Energy density /(J/cm?®) 0~208
Far-field divergence angle /mrad <1.2
Horizontal polarized ratio >100:1
Export spot /mm 0.9
Laser ellipseness =90 %
Quality factor <1.1
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Fig. 2 Profile structure of the FPC board



12 39 ik RS

355 nm EEAMFOLIN LA ML AR E LRI 3145

* 2 JEIEHFEA S

Table 2 Basic parameters of the rolling copper

Parameters Value

Substance Cu

Specific heat C,/[J/(kg+C ] 471
Thermal conduction £ /[ W/(m+T) ] 401
Density p /(kg/m?*) 8.9X10°
Absorption coefficient a.q/m™" 7.31X107
Reflectance(355 nm) R 0.415

# 3 PIEASHL

Table 3 Basic parameters of PI

Parameters Value
Substance PI

Specific heat C,/[J/(kgs C) ] 2000
Thermal conduction £ /[ W/(m+T) ] 0.385
Density p /(kg/m*) 1.42X10°
Absorption coefficient a./m™* 0.2X107
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Table 4 Empirical parameters of copper

K 7 FPCHE L a5ty m & K
Parameters Value Fig. 7 Structure schematic of FPC blind hole

Substance Cu 3.2.1 4 X#¥%
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Fig. 8 Results of using concentric circles scanning method. (a) Bottom surface morphology of the blind hole;

(b) section morphology of the blind hole
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Fig. 10 Results of excessive energy for second process. (a) Result of using slightly high energy;

(b) result of using exceedingly high energy
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(a) Photo of one piece; (b) enlarge photo of local area
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