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Abstract

Machining of fused silica glass by laser ablation using vacuum-ultraviolet (VUV) and ultraviolet
(UV) multiwavelength excitation is reviewed. Simultaneous irradiation of VUV and UV laser
beams accomplishs clean ablation of fused silica with little thermal influence. In this process, the
VUV beams have the most important role, although their energy is too small to ablate fused silica
by themselves. That is, high photon energy of the VUV heam induces electron excitation from the
valence band to the conduction band. The excited electrons are easily raised beyond the vacuum lev-
el by the UV beam irradiation due to the small electron affinity. Thus, the UV laser beam has strong
absorption to the excited-state formed by the VUV laser beam irradiation, resulting in photeioniza-
tion of constituent atoms and finally leading to clean ablation. The multiwavelength ablation pro-
vides great potential for high-quality microfabrication of not only fused silica but also the other
wide band-gap materials such as cryatal quartz, sapphire, lithium niobate, 5iC, and GaN.
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Fig. 1 Energy distribution of each wavelength of

the VUV Raman laser. The input energy of
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Fig. 2 Schematic illustration of the experimental
setup for ablation using VUV Raman laser.
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Fig. 3 SPM images of the samples ablated at 4.0
J/em? and 60 pulses by (a) VUV Raman laser
and (b) fourth harmonic of Nd: YAG laser.
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Fig. 4 Temporal variation of the transmittance of
266 nm beams during simultaneous irradia-
tion of the VUV beams. For reference, the
pulse form of the simultaneously irradiated
160 nm beam is also shown by the dashed
line.
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Fig. 5 Band structure of fused quartz. [V. L.
vacaum level, Ec: bottom of conduction
band, Ev: top of valence band, Eg: band gap,
e,: electron affinity.]
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