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Abstract

Ultrafast spatiotemporal control of femtosecond propagating surface plasmons (fs-PSPs) is a pre-
requisite for achieving ultrafast information processing in photonic nanocircuit components.
Currently, most research focuses on manipulating the spatial direction of SPP transmission. In
contrast, relatively little research has been done on actively controlling the preferred launch di-
rection of SPPs on the time scale. The study of ultrafast spatiotemporal modulation of SPP’s pre-
ferred emission direction through nano-directional couplers has hardly been reported. Here, the
ultrafast spatiotemporal manipulation of the surface plasmon of two related structures is investi-
gated by simulation using finite-difference time-domain (FDTD) simulations, which solves the
problem of the singularity of the emission direction of the SPP and increases the degree of free-
dom of its ultrafast switching direction. This result is an important contribution to the optimiza-
tion of the existing ultrafast information processing system in plasma nanocircuit components and
even to the broadening of its application areas.
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Figure 1. Spatio-temporal control fs-PSP directional excitation schematic diagram
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Figure 2. (a) Light source time pulse signal; (b) Time monitor results at positions S1 and S2
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Figure 3. (a)~(c) Images of instantaneous near-field distributions of SPP directional couplers at different moments of time
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Figure 4. (a) Schematic of a structure capable of ultrafast spatio-temporal control; (b) Schematic of plane dimensions
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Figure 5. (a) Pulse time signals superimposed on two light sources; (b) Time monitor results for positions S1 and S3
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Figure 6. (a), (b) Instantaneous near-field distribution images for 250 fs and 500 fs
SPP directional couplers
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Figure 7. (a)~(c) Images of the instantaneous near-field distribution of the SPP directional coupler at three different mo-
ments, where S1 (red point) S2 (purple point), and S3 (black point) correspond to the positions in the structure picture
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