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Experimental and theoretical research on second harmonic optical
vortex generated by laser inscribed 3D holograms
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Abstract: Optical vortex is normally generated via a beam shaping process by irradiating a Gaussian beam through an
external optical element or structure. Laser induced photorefractive structures can direct endow beam shaping functions
inside materials, which can be stable and easy for the integration of devices. However, this is a method based on linear
diffraction and normally cannot obtain efficient second harmonic optical vortex. To solve this problem, firstly, the ef-
fects of laser writing parameters on the resolution and maximal depth of photorefractive structures were experimentally
investigated in lithium niobite. As a proof of concept, cross-shaped second harmonic vortex beams were obtained by il-
luminating a fundamental Gaussian beam through a 3D fork hologram. Then it was theoretically demonstrated that
phase-matched second harmonic vortex beams can be generated by utilizing the Bragg diffraction of fundamental beam
in the wavelength range between 1. 074~3. 716 pum.
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Fig. 1 Schematic diagram of experimental setup. Lithium ni-

obite crystal is mounted on a 3D translational stage (not shown

in the figure)
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photorefractive structures. (a) 3D lattice structure, (b) helix

Confocal transmission images of the laser inscribed

structure, (c) 3D flake structures and (d) spiral staircase

structure
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Fig. 5 (a) Noncollinear phase matching scheme by utilizing efficient Bragg diffractions in an oo-e process, (b) Typical cross-
shaped vortex SH beams generated by the 3D hologram. The topological charge of different orders is marked with corresponding
number, (¢) Bragg diffraction diagram of fundamental beam (FB) at CGH and the Phase-matching diagram, where k,, is the wave
factor of ordinarily polarized FB, k', is the wave factor of Bragg diffracted FB, G is the reciprocal lattice vector provided by the pe-
riodic CGH, k,, is the wave factor of extordinarily polarized second harmonic (SH) , and A is the period of the structure along z.

(d) Period (blue curve) and incident angle (red curve) needed for noncollinear phase matching at different FB wavelengths
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