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In order to achieve and maintain dimensional accuracy

in laser micro-machining, dominant

parameters such as laser power and laser focus position need to be monitored and controlled
real time. Also, in order to selectively machine multi-layered materials, the material being
presently machined need to be recognized. This paper presents an auto-focusing (AF) module to
keep laser focus on a large-area surface; a real-time laser power stabilizing module based on
optical aftenuation; and a laser-induced breakdown spectroscopy (LIBS) module. With these

monitoring modules, position error in laser focus on a 4”

silicon wafer was kept below 4um,

initially 51um, and laser power stability of a UV laser source was improved from 1.6% to 0.3%.
Also, the material transition from polyimide fo copper in machining of FCCL (flexible copper clad

laminate) was successfully observed.

Key Words: Auto-focusing (k% ZHMY), Laser Power Stabilization (MO|X &% ¢HH

31), Laser Induced Breakdown
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Fig. 1 Auto-focusing module installed to laser micro-
machining platform
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Table 1 Specifications for optical components of auto-
focusing module

Lase Stroke:
aser 635nm Actuator roxe
source 100mm
Photo Beam T>99.5%

350-1100nm .
detector combiner R >99.5%
Optical | Core: 4.3mm | Collimating
- F: 14.5mm
fiber NA: 0.12 lens
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Table 2 Conditions for measuring FWHM (full width half

maximum)
Laser power | Modulation frequency | Amplitude
t 2.0mW 50Hz 10pm
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wafer surface: (a) before auto-focusing, (b) after
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Fig. 3 Maximum focusing error: (a) before auto-focusing,
51pm, (b) after auto-focusing, 4pm
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Fig. 4 Laser power stabilizing module
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Fig. 5 Laser power stability (RMS): (a) without PID
control, 1.6% (b) with PID control, 0.3%
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module
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Fig. 8 LIBS module installed to laser micro-machining
platform
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Fig. 9 Characteristic peaks of FCCL: (a) polyimide and
(b) copper
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