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Influence of inner shell electron on material processing by soft X-ray free
electron laser
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In this project, we worked on processing using a soft x-ray laser, which
enables direct laser processing more precisely than conventional lasers. Since the photon energy of
the laser light is 10 times higher than that of conventional laser light, the physical process of
the processing was investigated. Laser direct micro-processing on the sub-micrometer scale was
achieved on various targets such as silicon, sapphire, and diamond. As a processing mechanism, it
was confirmed that the effect of absorption by inner-shell electrons determines the structure of the

material after laser irradiation and that the processing mechanism on the material surface differs
depending on the relationship between the photoionization energy and the binding energy. These
achievements open up soft X-ray processing as a new laser processing.
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