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Abstract: Optical fiber tweezers are widely used in biochemical analysis, life sciences, and other fields due
to their simple structure, flexible operation, and compact size. The hetero-core structure of the optical fiber
probe possesses inherent advantages in near-field evanescent wave optical trapping force, core beam coup-
ling transmission, and cross-synergistic application of microfluidic technology, which can realize the func-
tions of cell and subcellular particle collection and transportation, and can significantly improve the three-di-
mensional particle trapping capability as well as dynamic manipulation level. In this paper, the structural
characteristics and application technology research progress of optical fiber tweezers based on different core
structures are reviewed. This paper sorts and compares key technologies, including probe preparation, laser
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source, and coupling mode, in hetero-core optical fiber tweezers systems. It also summarizes and provides a

perspective on the role and development of hetero-core fibers with different structures in optical fiber tweezers.
Key words: optical fiber tweezers specialty fibers microparticle manipulation microfluid
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Fig. 1 Cross section diagram of common hetero-core fibers
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Tab.1 Summary of particle capture abilities of hetero-core optical fiber tweezers

(um)
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1.55 10 [16]
— 6 [17]
— 4-6 [28]
1.49 0.01-5 [19]
1.59 2 [20]
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Tab.2 Comparison of probe processing methods*-?4
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Fig. 3 Schematic diagrams of hetero-core optical fiber probe coupling structures. (a) Single-mode fiber direct fusion probe in
one core, and the two-core light is achieved after coupling; (b) single-mode fiber direct fusion dual-core probe, taper
welding area coupled through light®??; (c) single-mode fiber core-offset splicing multimode probe to generate asymmet-
ric Bessel-like beam by interference?;(d) single-mode dislocation splicing hollow ring core fiber probe™; (e) single-
mode fiber nanoprobe coupled hollow photonic crystal fiber®!
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Fig. 4 Probe structure based on multi-core fiber optical tweezers. (a) Cross section of plasma tapered dual-core optical fiber
tweezers ™; (b) three-core optical micro-hand structure and vortex field intensity distribution®®; (c) Four-core fiber end
face microscope photo, fiber diameter is 150 ym and diagonal core spacing is 65 pm; design of fiber tweezers' cross
section; a three-dimensional diagram of two convergent beams propagating from the processing diagonal fiber core.
The sphere in the convergent region represents a captured cell™*®
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Fig. 5 Structure and operating diagram of optical fiber tweezers with ring core structure. (a) Beak-shaped ring-core optic fiber
probe and particle force simulation diagram®¥; (b) hollow ring core optical fiber tweezers™™; (c) cross-section image of
annular core fiber, image of annular core fiber probe with silica microspheres, and schematic diagram of dark field op-
tical funnel®™; (d) schematic diagram of size measurement interference method based on coaxial ring double wave-
guide. M is the fiber end face, M, is the left side of the trapped microsphere, and MS is the microspherel*!
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Fig. 6 The structure and working principle of optical tweezers probe based on other core fiber structures. (a) Elliptical core
optical fiber tweezers rotating yeast cells by using LP;; mode laser 7; (b) schematic diagram of the principle of Bessel-
like beam generated by multimode interference; fabricated all-fiber Bessel beam generation and its geometric paramet-
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