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Short Abstract

In this paper an optical tweezer with the ability to manipulate and sense nanoparticles using the coupling of surface plasmons of two gold strips and its
nano-focusing is proposed. To investigate the performance of the proposed structure, at first the plasmonic modes have been calculated by the finite
difference Eigen-mode method and then using the finite-difference time-domain method and calculating Maxwell stress tensor the optical forces have
been obtained. The simulation results show that the proposed structure has the ability to trap and manipulate nanoparticles. Due to the dependency of
the trapping sites on the incident light frequency, the proposed structure, in addition to the ability to move nanoparticles by mechanical movement of
the optical tweezer, can also move nanoparticles by tuning the frequency. Also, the simulation results show that due to the dependency of the reflected
power on the refractive index of the trapped nanoparticle, the trapped nanoparticle can be sensed by analysing the reflected power. We believe this
structure can be used in various fields, especially in biological sciences, to study and move nanoparticles.
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1-  Short Introduction

After the first experimental observation of trapping micro-particles in 1970 by Ashkin, the winner of the Nobel prize in Physics in 2018, optical tweezers
attracted more attentions in various fields of sciences such as Bio- and nano-technology, physics, and chemistry to non-invasively trap, manipulate, and
sense micro and nano-objects. Conventional far-field tweezers suffer from the diffraction limit. To overcome the diffraction limit and make it possible
to trap nanometer-sized particles, near-field tweezers have been proposed. Meanwhile, plasmonic near-field tweezers based on gold strips have received
great attention owing to their simple structure, tight field confinement, and strong field enhancement that is essential for trapping nanoparticles.

2-  Proposed Work and Methodology

We are proposing a plasmonic tweezer that benefits from the focusing of two coupled surface plasmons excited between two gold strips. To investigate
the performance of the proposed structure, the plasmonic modes were calculated by the finite difference Eigen-mode method and then using the finite-
difference time-domain method and calculating Maxwell stress tensor, the optical forces were numerically calculated. By calculating optical forces and
the potential energy, we show that nanoparticles can be trapped at the equilibrium sites that depend on the incident frequency. We also show that the
reflected power from the tip of the proposed tweezer depends on the refractive index of the trapped nanoparticle.

3-  Conclusion

In brief, simulations show that in the proposed structure (i) the excited surface plasmons can be focused in sub-wavelength (~75%30 nm at wavelength
833 nm), (ii) nanoparticles can be trapped in the tip of the structure, (iii) nanoparticles can be manipulated along the length of the tip by tuning the
incident frequency (in addition of moving nanoparticles by mechanical movement of the optical tweezer), and (iv) nanoparticles can be sensed by
detecting the reflected power from the tip. We believe that this structure can be used in various fields, especially in biological sciences, to study and
move particles.
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