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(English abstract)
This work has focused on the diagnostic and simulation of ps-laser glass cutting. The free-electron
dynamics is discussed on irradiation with ultra-short laser pulses and is used to execute parameter



space analyses of the maximum free-electron density. The numerical ablation model including beam
propagation and nonlinear absorption is proposed and employed to study the interaction of
transparent dielectrics with ultra-short pulses. The ablation crater and the modification morphology
(damage region) are in good agreement with the experimental results.

Additionally there are also qualitative and more genera aspects, the study of the numerical model
demonstrated. First the critical electron density seems to be adequate and complex enough as a
criterion for material removal. Second, for small pulse durations (< 10ps) the ablation criterion was
found to be fluence-based, while for great pulse durations (> 10ps) the ablation criterion is intensity
-base. Third, the damage mechanism is identified as being volume damage (possibly micro-cracks)
induced by peaks of intensity patterns which themselves create peaks of electron density and
thereby lead to either thermo-mechanical load or thermal modification. Even if the model cannot
distinguish the exact damage mechanism, the results show, that this is not even necessary to show
the distribution and magnitude of the resulting damage. The model yet shows, that beam
propagation effects like interference patterns on the other hand play a major role in the damage
mechanisms.

For the future the numerical mode is intended to be used to optimize the experimental process with
respect to quality (cut kerf shape, breaking strength) and speed (feed, number of lines). The
diagnostic and simulation of ps-laser glass cutting will motivate the modification strategies to
current laser cutting technology. This will be accomplished by guiding modeling with appropriate
measurements and evaluation of those technologies in industry-oriented laser manufacturing
systems.
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