Micron-precision in cleaving glass using ultrafast Bessel beams with
engineered transver se beam shapes
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Ultrafast lasers in association to beam shaping tdnown to be excellent candidates for transparetérial
processing [1]. Non-diffractive solutions such ass8el beams allows for precise energy depositioceshey
are robust to undesired non-linear effects andhag to not distort along the propagation [2]. Tbfters
important opportunities in laser-assisted cleaviing, mechanical medium separation after singlesgaser
illumination. Here we break the Bessel beam cyloadrsymmetry using a novel anisotropic and noffradfive
solutions to investigate both lateral intensity teitritions on material response and induced pringsgfect for
non-cylindrical defects. Using such beam shape,report a strong cleavability enhancement as welams
improvement of the final robustness of the sepdrgtass in comparison with Bessel beams. We demaiast
cleaving for laser-writing speed as high as 25mwitls ~1pum accuracy over the whole 20mm sample kengt

We engineer an Asymmetrical Bessel beam (ABB) shthpé exhibits a 3-hot spots transverse intensity
profile (Fig 1.a) and preserves non-diffractivepgedies of symmetrical Bessel beams (SBB) (Figahdb c). We
process 150um thick glass samples by a succesbiasey shaped pulses along a line, using diffebeams
shapes and beam orientations (Fig 1.d). The sampéefactured under a 3-points bending test (Fég Which
presses samples along the laser processed linel @igWe measure sample fracture toughness byumiegs
the sample deflection from the first contact tduia position. Our results exhibit unintuitive feeds: ABB-
parallel case (3-hot spots along the laser writlirgction, see Fig 1.d) leads mostly to sample bngawhile
ABB-orthogonal provides systematically a nice clegvfor pulse energies up to 12uJ. Scanning Elactro
Microscopy (SEM) pictures reveal that cleaving heqppexactly at the center of the central chanhelvalr the
sample thickness and on the whole sample lengtbh@sn in Fig 1.g therefore with 1 pum precisionisTtase
even provides a better cleavability than with udBassel beams and better preserves the toughnessavéd
edges. Finite Elements Methods (FEM) simulatiodevalus to attribute the high cleaving efficiency ttee
elliptical shape of the main laser-induced charfr 1.h), due to the elongated main lobe of theBABofile,
in agreement with [3].
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Fig. 1: a, b, c) Experimental transverse and lomijital profiles of Asymmetrical Bessel beam in al). Different

processing methods employed in our study. e) 3tf@nding test and f) schematic sample bendinGEd)l picture of a
cleaved sample edge (tilted view at 52°). Insetlest laser transverse intensity profile. h) FEMwdation of transverse
stress at main elliptical channel vicinity (onhpalf shown here; stress in arbitrary units).
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