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Abstract: The enhancement of the optical tweezing by the surface plasmon polariton (SPP) has played an
important role in the performance improvement of the plasmon force propulsion (PFP) technology. In order to
study the effects of the antenna configurations on the optical tweezing enhancement by the SPP, a numerical mod-
el to solve the electromagnetic wave transmission and the optical gradient force induced by the SPP field has been
established. Based on this model, the pattern of the SPP electric field under different antenna configuration was
analyzed numerically, and a direct mathematical relationship was built between the SPP field pattern and the opti-
cal tweezing effect. According to the mechanism above, the optimization strategy of the optical gradient force un-
der different antenna configurations was obtained. A nano—particle image velocimetry test was conducted to verify

the mechanism and optimization strategy proposed by the present study. The antenna material was Ag, the sub-
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strate material was Si0O,, and the nano—particle material was Ag. The transportation of the nano—particle along the

antenna channel could be clearly observed by the PIV test. The main conclusion shows as follow: (1) The en-

hancement mechanism of the optical gradient force is associated with two parameters, the SPP electric field inten-

sity and the gradient of the field intensity. With the asymmetry of the antenna structure increasing, the former pa-

rameter increases first and then decreases, and the latter parameter is growing all the time. (2) The calculation

error of the push force of the nano—particle ranges from 5.5% to 13.8% approximately, and the calculation results

are consistent with the measuring results. On one hand, the mechanism and optimization strategy proposed by the

present study can be validated ; on the other hand, the PFP technology can be proved feasible.

Key words: Plasmonic force propulsion; Surface plasmon polariton; Optical tweezing effect; Numerical

calculation; Particle image velocimetry test
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Fig. 1 Configuration of the metal-dielectric antenna system
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Fig. 2 Characteristics of the impact of the antenna configurations on both the average field intensity and the average of the

field intensity gradient in SPP
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Fig. 5 Diagram of the PIV test system for nano-particles
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Table 1 Operation parameters of the high-speed camera

Shooting Resolution  Max recording .
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speed/(fps/s)  ratio/pixel time/s
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Fig. 6 Images of the positioning process for nano-particles

by the electron microscope
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Table 2 Comparison of the nano-particle kinestate

parameters in measurement and calculation

Parameter Case A Case B
v,..(test)/(cm/s) 594.7 101.7
F(test)/N 1.60x107" 2.7x10713
F(calculation)/N 1.89x107" 3.3x107"°
Relative error/% 18.1 22.2
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Fig. 7 PIV photos of the nano-particle transportation in case A
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Fig. 8 PIV photos of the nano-particle transportation in case B
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Fig. 9 PIV photos of the nano-particle transportation with the antennas installed reversely
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