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Fig.7 Fiber optic tweezers probe preparation process and the photo of a prepared fiber optic tweezers probe
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Fig.8 Schematic diagram of fiber optic tweezers experimental system
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Fig.10 Capture of 5 um diameter polystyrene particles at the probe tip.
(a)-(b) Capture of particles; (c)-(d) Manipulation of moving

particles
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(b) Capture of particles; (c)-(d) Manipulation of moving particles
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Fig.12 Ejection of 5 um diameter polystyrene particles

433 H22umMERE LR

2 pm FAR I ORESZ DG HUR J1 PR T, Bt
A, A 13 B . LA €5 R 2 B N 1 SIOREBONT T
A LU R0 4k B P9 09 TRORE A S AT (0.2 ) N,
B 0 W B O ET PR B, S B D RE

25 BT, SR LI BAL U i B AT
BRARER T LASEIINT AR 2., 5. 10 pm 9 2RI R ok
(AT , N TR) AR B B2 0 SORE G B A S 36 v il
B B 4 R IR B G2 AL RIS AIE T 3.2 79 Pk A 1)
A ey DX G B o A R . Herh 2 pm ROR 20
THORE AT LA S BRORE SR D) 6B, 5 pum SRR 9 SOk AT
LS B v 47t SR AN A 2 fih =X 3R, — 7 R g b W2 )

20240220-10



s Gk A2

www.irla.cn

% 53 %

- ‘
<(a) y
.
=0.2s
@
=0
A—

bete
-

. (b)
P13 %5 2 pm BRI IR LIRS LS T

Fig.13 Ejection of 2 um diameter polystyrene particles
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Design and particle manipulation of parabolic single-hole suspended-

core fiber tweezers

LI Hong'?, NIU Tiansen', ZHOU Yani’, XING Shimeng’, Lou Xiaoping'***

(1. Key Laboratory of the Ministry of Education for Optoelectronic Measurement Technology and Instrument, School of Instrument Science
and Opto-Electronics Engineering, Beijing Information Science & Technology University, Beijing 100192, China;
2. Beijing Laboratory of Optical Fiber Sensing and System, Beijing Information Science & Technology University, Beijing 100016, China;
3. Guangzhou Nansha Intelligent Photonic Sensing Research Institute, Guangzhou 511462, China)

Abstract:

Objective  Fiber optic tweezers have characteristics of compactness, high integration capability, and excellent
portability, rendering them advantageous in applications such as chemical analyses, biosynthesis, and drug
delivery systems. Single-hole suspension core fiber naturally integrates fiber waveguide and microfluidic channel,
which can not only capture particles but also store, transport, analyze, and detect particles such as cells or drug
molecules if applied in fiber optic tweezers. However, fiber-optic tweezers typically necessitate integration with
microchannels or microfluidic technologies to perform multidimensional manipulations like transportation and
sorting. The manufacture of microfluidic devices is complicated, and microfluidic devices and optical fibers as
mutually independent devices with low system optical coupling efficiency and integration. Therefore, a simpler
more efficient, and highly integrated method for particle or cell manipulation and transport is needed. For this
reason, this thesis carries out research on fiber optic tweezer technology based on single-hole suspension core

fibers to address the key issue of particle manipulation by suspension core fibers with hollow hole structures.

Methods  The particle manipulation principle of single-hole-suspended-core fiber optical tweezers is analyzed,
the analytical model of single-hole-suspended-core fiber optical tweezers is established from the mechanism of
the double-beam focused light field, the analytical calculation method of the light trapping force is determined,
and the characteristics of single-hole-suspended-core fibers with symmetric and off-core structures are analyzed at
the same time. A parabolic-shaped single-hole-suspended-core fiber optical tweezers probe is designed, and its
simulation model is used to calculate the optical field and optical trapping force, analyze the energy distribution
and the characteristics of the optical trapping force, and investigate the specific effects of the hollow aperture,
particle size, and core power on the optical trapping force manipulation performance. A parabolic-shaped single-
hole-suspended-core fiber probe with a diameter of 9 um at the tip of the probe was prepared by the CO, laser
melt-drawing cone method with pneumatic pressure control, and an experimental system was constructed to

realize the manipulation experiments on polystyrene particles with diameters of 2 um, 5 pm, and 10 um.

Results and Discussions  Simulations using Rsoft's Beamprop module were performed to analyze the optical
field intensity distribution of single-hole-suspended-core fiber optical tweezers with different hollow apertures

and core powers. The results show that increasing the hollow aperture enhances the light convergence effect

20240220-12
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(Fig.2). A model was established based on this simulation to investigate the effects of hollow aperture diameter,
particle size, and fiber core power on the force on the particles. It was found that, the large aperture facilitates the
provision of stable transverse and longitudinal capture points (Fig.4); Large-diameter particles facilitate
longitudinal capture, while transverse capture requires appropriately sized particles (Fig.5); And the power of the
suspension core has a significant effect on the transverse and longitudinal optical trapping forces, while the bias
core has a lesser effect on the optical trapping forces (Fig.6). Finally, through the preparation and experimental
verification of optical tweezers probes, it was confirmed that this parabolic single-aperture, dual-core, bias-
suspended fiber optic tweezers could effectively manipulate particles with diameters of 2 um, 5 um, and 10 pm,

and in particular showed the best performance for the manipulation of 5 um particles (Fig.12).

Conclusions A parabolic single-aperture dual-core biased suspended fiber probe structure is proposed. The
structural parameters of the probe are optimized through simulation analysis, which significantly affects the
optical tweezer optical field and capture force, and the optical tweezer probe is experimentally prepared, thus
verifying that the probe can flexibly manipulate particles with diameters of 2 um, 5 pm, and 10 um. In particular,
it demonstrates an excellent capture and ejection ability for 5 um particles. These optical tweezers probe enhances
the integration potential of fiber optic tweezers and brings new perspectives on particle manipulation and sorting

technology, which is of great scientific value.

Key words: fiber optic tweezers;  single-hole suspended-core fiber;  parabolic shape;  optical trap force;

optical manipulation
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