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Abstract: This research analyzes and examines the use of plasmonic tweezers in the field of biotechnology, focusing
on an inclined twine-core plasmonic optical fiber tweezer. This tweezer was designed and modeled using COMSOL
software and through numerical simulations, it exhibits its capacity to trap polystyrene particles on a nano-scale. The
results obtained from the research show that changes in different parameters such as the wavelength used, the radius of
the trapped particle, and the refractive index of the medium used, lead to changes in the trapping force. The increase in
the refractive index of the environment and the dimensions of the particles causes a significant increase in the applied
force, especially in short wavelengths, the problem is more visible. These findings show that the proposed plasmonic
structure has a very high trapping force, and this has the ability to significantly improve compared to previous researches.
These advances in the field of biotechnology not only allow for more accurate and effective manipulation of nanoscale
particles, but also facilitate the creation of new technologies in the field of medicine and other biological sciences. These
developments will directly and indirectly help to improve diagnostic and treatment systems.
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Extended Abstract

Introduction

In the era of the plasmonic revolution, the use of
nanoparticles in biotechnology has been recognized as a
tool for scientific and technological innovations. Research
studies have shown that the physical and chemical
properties of nanoparticles are significantly influenced by
particle size. Noble metals like silver and gold, when
approaching the nanoscale, exhibit very strong absorption
due to the oscillation of conduction band electrons
between the nanoparticle surfaces, a phenomenon known
as surface plasmon resonance. The remarkable optical
properties created by gold nanoparticles have historically
been used for decorating church windows and ornamental
items, as seen in ancient objects like the Lycurgus Cup,
which displays dichroism based on whether light shines
from the front or the back. The color filtering effect caused
by light scattering and absorption by nanoparticles is
significant and clearly observable in the visible
wavelength range.

Governing Theory

The optical tweezer with a dual-core fiber includes a
single-mode fiber, a Mach-Zehnder interferometer, and a
dual-core fiber as the main components of the study, using
gold and air as the core and cladding to enhance particle
trapping. The image of this setup is like a Mach-Zehnder
interferometer with square function. The reason for
choosing a conical structure is due to the convergence of
light beams and the creation of a high gradient intensity at
the tip of the optical tweezer, as well as the increase in
trapping force at the tip of the plasmonic tweezer.

Simulation

In this section, the design and simulation of a dual-core
plasmonic optical tweezer in the COMSOL environment
are presented. Additionally, the behavior, gradient forces,
and scattering forces are precisely calculated and
analyzed. The use of plasmonic metallic nanostructures
with localized surface plasmon resonance (LSPR)
indicates significant achievements in particle trapping.
The strong and focused fields, especially in metallic
nanostructures with LSPR, can effectively act as
nanoantennas. In this research, a conical dual-core
plasmonic optical tweezer is designed and simulated to
trap nanoparticles. The primary objective of this study is
to enhance the optical gradient force in the system. To
achieve this goal, the light field distribution from the tip of
the conical fiber is calculated using the finite element
method, and the electric field intensity and the system's
gradient force are accurately examined and evaluated. This
research is fundamentally focused on the development of
optical technologies to improve the efficiency of trapping
and controlling nanoparticles. The simulation of the
structure is performed using COMSOL software

Structure Design

The design is based square equation. The structure was
designed in the COMSOL software, with a port placed at
the left input of the structure and a port at the output to
measure the power transfer from the input to the output of
the structure. Since the structure and excitation mode are
TM mode, the port settings are configured for TM mode,
and the wavelength is varied from 1 to 2 micrometers to
analyze the results.

Results

In this study, the effect of particle size on the trapping
forces in the plasmonic tweezers system was carefully
examined. The results showed that with the increase in
particle size, the calculated force in the x-direction also
increases. This change in forces indicates the significant
role that particle size plays in increasing or decreasing the
trapping forces. Interestingly, with a several-fold increase
in particle radius, it was observed that the amount of
trapping force decreases. This change in force behavior
shows that with an increase in particle size, the required
laser power also decreases. Specifically, larger particles
require more laser power. Consequently, the conducted
studies emphasize that the physical properties of particles
play an important role in the optical trapping phenomenon
of this system, and this information can be used as a
powerful tool to improve the performance of light-based
technologies and their various applications. The proposed
structure in this study has been able to create a
considerable force for particles with a size of 10
nanometers. This is related to the resonance of surface
plasmons and indicates the structure's ability in optical
trapping and manipulation of nanoparticles. In general,
this study clearly states that changes in particle properties
and the optical properties of the environment have a direct
impact on the trapping forces in the plasmonic tweezers
system, and this knowledge is valuable for improving
optical technologies and their various applications.

Conclusion

Surface plasmon polaritons are excited by surface
electrons at the interface between a metal and a dielectric.
Due to their mechanical capabilities at scales much smaller
than the wavelengths of ordinary light, they have found
numerous applications in nanophotonics. This article
examines the significant applications of these polaritons in
optically trapping dielectric nanoparticles using plasmonic
optical tweezers. Plasmonic optical tweezers can create
strong local fields at their tips and enhance optical fields,
enabling the trapping of particles much smaller than the
diffraction limit. This capability makes them a desirable
option for producing plasmonic optical tweezers at the
nanoscale. Plasmonic optical tweezers can trap smaller
particles compared to conventional optical tweezers and
make sub-diffraction limit trapping possible.
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