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Excitation of High-Order Optical Vortex Modes by Tilting Tapered and
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Abstract A method for exciting high-order optical vortex modes in an annular-core fiber is proposed. The method
involves controlling the tilt angle and the offset distance between the tapered and lensed single mode fiber (SMF)
and the annular-core fiber. Numerical simulation and experimental verification results show that the excitation of the
high quality second-order optical vortex mode can be realized by optimizing the tilt angle and the offset distance to
approximately 8° and 2 pm, respectively. This tilted offset excitation method based on a tapered and lensed SMF
can improve the coupling efficiency because of the focusing effect of the tapered and lensed SMF. Compared with
excitation by a standard SMF, an enhancement in the coupling efficiency of approximately 13% is found by using the
tapered and lensed SMF. The excited high-order optical vortex modes show considerable potential for high-
resolution microscopy, optical micromanipulation, optical sensing, etc.
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Fig. 1 Annular-core fiber supporting second-order mode. (a) Structure and refractive index profile of annular-core fiber;

(b) normalized field intensity profiles of LP,;, LP;;, LP; , and LPy; modes in annular-core fiber
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Fig. 3 Simulation results of tapered and lensed SMF. (a) Trend of coupling efficiency varies with horizontal distance

between fibers; (b) variation of mode field diameter during propagation of beam in tapered and lensed SMF and free

space (illustration shows variation of normalized mode field intensity)
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LP,; modes vary with tilt angle; (b) total mode coupling efficiency varies with tilt angle
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