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Abstract A simple method of fabricating high—aspect-ratio all-silicon grooves using lens—focused femtosecond
laser irradiation and wet etching is demonstrated. Firstly femtosecond laser is focused on silicon surface to induce
structural changes inside silicon. Then laser—induced structural change regions are selectively removed by
hydrofluoric acid (HF) etching to form high—aspect-ratio silicon grooves. Finally, optical microscope and a scanning
electronic microscope are employed to characterize the morphology of the grooves, respectively. The dependences
of the grooves aspect ratios on the laser irradiation parameters, such as the laser average power, scanning velocity
and the lens numerical aperture, are investigated. By optimizing the laser irradiation parameters, grooves with depth
of 291 pwm and aspect ratio of 25.3 are produced. Compared with microscope objective lens, lens owns longer
working distance, which can keep it from being polluted by the debris erupting from specimen during laser
irradiation. Besides, lens has the advantages of low cost and large aperture.
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Fig.1 Technological process for the fabrication of the silicon-based grooves
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Fig.2 Morphology of structure changes and the chemical selective etching induced grooves. (a) and (b) Optical microscope images of
structure change regions before and after chemical etching induced by lens (/=30 mm) focused femtosecond laser, (¢) SEM images of
(b); (d) and (e) optical microscope images of structure change regions before and after chemical etching induced by microscope
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Fig.3 Influences of laser average power on (a) groove depths and width and (b) aspect ratio of groove
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Fig.4 Influences of scanning velocity on (a) groove depth and width and (b) aspect ratio of groove
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Fig.5 Influences of lens NA on (a) groove depths and widths and (b) aspect ratio of groove
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