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The purpose of this study is to obtain the strong and stable welding of glass. This technology is very promising
for industrial production, and it can be used in microelectromechanical systems (MEMS) industries, such as the
sensor in electronic microcircuits. This study consists of 4 chapters, and the contents of each chapter are briefly
described as follows.

In chapter 1, the research background and motivation were introduced. At first, the history, characteristics and
principles of laser were described. Then, ultrashort pulse generation through mode-locking, and high peak power
pulses generation trough chirped pulse amplification (CPA) were introduced. Finally, the interaction of ultrashort
pulsed laser with glass, and research objective were described.

In chapter 2, the influence of numerical aperture on molten area formation, movement of absorption point,
molten area characteristics, and mechanical strength was investigated. Firstly, the analysis results of ray tracking
for numerical apertures and the measurement results of diameter of laser spot focused in glass were discussed.
Then, the formation phenomena of molten area were recorded by high-speed observation of laser beam irradiated
area, and the absorption rate was measured by the power meter. Moreover, molten area characteristics such as the
state, size, and shape were characterized. The mechanical strength was evaluated by three-point bending test and
pulling test. Finally, molten areas were characterized by etching rate and Young’s modulus.

In chapter 3, the free-electron density by numerical simulation was investigated. The variation of free-electron
density for various numerical apertures was simulated, which was combined with the characteristics of molten
area to explain the experimental phenomena in micro-welding of glass by picosecond pulsed laser.

In chapter 4, this study was summarized with conclusions, and the outlook of future work was also described.

It is concluded that large difference of peak electron density along laser beam indicates that the laser energy is
not absorbed simultaneously in the upper and lower parts of molten area. Therefore, the remarkable spike shape is
generated by N.A. 0.45, which results in low joining strength. In addition, small difference of peak electron density
along laser beam axis indicates the simultaneous absorption of laser energy, and continuous molten area are formed
inside molten part. Moreover, moderate peak electron density of N.A. 0.65 causes a long distance of high power

density in laser beam axis, and large size of molten area, which results in the high joining strength.
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