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1. Introduction

Optical manipulation of dielectric particles has been
rapidly developed to cope with the increasing need for var-
ious applications such as optofluidics, optomechanics, and
biophotonics. Commercially available optical trapping units
are being widely used for both education and research pur-
poses, which are based on focusing a laser light with a high
numerical lens to provide a light intensity gradient [1].
Spatial light modulators are also being widely employed in
optical trapping to manipulate the light intensity on a
transverse plane [2]. However, current beam shaping tech-
nologies are using bulk optics, which cannot be used in a
microscopic environment. Fiber optic beam shaping has
been recently developed [3] and it can take advantage of
the inherent small form factor and flexible configuration of
the optical fibers.

In this talk, we will review Bessel-like beam generation
using optical fibers and discuss how it can be applied to
manipulate particles within a single droplet which cannot
be achieved by bulk optics.

2. All-fiber Bessel beam generators

There have been two schemes to generate Bessel-like
beams; 1) Fourier transformation of micro ring core at the
facet of hollow optical fiber (HOF) and 2) Multimode in-
terference along a coreless silica fiber (CSF) [3]. The prin-
ciples of these methods are illustrated in Fig. 1.
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Figure 1. Priniciples of fiber optic Bessel-like beam generation.
Top: Fourier transformation of ring core of hollow optical fiber
Bottom: Multimode interference along the coreless silica fiber
(CSF). Here SMF is single mode fiber.

Fiber optic Bessel-like beams generated by these
schemes had the central peak with the full-width at
half-maximum of 5~8um, and the non-diffracting length of
600~900um. Note that the optical fibers in the devices had
the seamless connections and the outer diameter was com-
monly 125 pum. In contrast to previous bulk optic methods,
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these fiber optic Bessel-beam generators (FOBG) can be
directly fed into a microscopic environment. In Figure 2,
applications of FOBGs are shown.
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Figure 2. (a) single FOBG trapping 4 cells. (b) particle collider
using two counter-propagating FOBGs. (c) three FOBGs to form
an open loop (d) three FOBGs to form a closed triangle.

Here we used single FOBG, two of them, and three to ma-
nipulate dielectric particles and cells within a single drop-
let.

3. Conclusions

We successfully developed microscopic Bessel-like
beam generators, where segments of optical fibers were
seamlessly spliced. Due to their small form factor, multiple
Bessel beams were multiplexed or crossed to allow a new
degree of freedom in optical manipulation
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