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Figure 1 (Color online) Typical plasmonic functional elements. (a) Nano-resonator [33]; (b) waveguide [34]; (c)—(e) plasmonic switch [48]; (f)—(g)
ultrafast spatiotemporal control of directional launching of surface plasmon polaritons in a plasmonic nano coupler [35].
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Figure 2 (Color online) Near field imaging of SPP focusing lens using PEEM. (a) Spatial-temporal evolution of SPP in elliptical focusing lenses
[63]; (b) distribution of the E, component of the short-range SPP field simulated by FDTD; (c) short-range SPP focus [64]. Insert: SEM image of
concentric ring plasmonic focusing lens. (d) SPP induces electron emission; () photoelectron spectroscopy [65], insert: Log-log plot of the PE signal

intensity as a function of the laser power.
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Figure 3 (Color online) Spatiotemporal imaging and manipulation of higher-order plasmonic vortex fields. (a) Spatiotemporal imaging of higher-
order plasmonic vortex fields [37]; (b) plasmonic composite lenses manipulate vortex field topological charges [71]; (c) ultrafast manipulation of

topological charges in higher-order plasmonic vortex fields [38].
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Figure 4 (Color online) Ultrafast spatiotemporal imaging of plasmonic fields and spin skyrmion dynamics. (a), (b) Ultrafast vector imaging of
plasmonic skyrmion dynamics [14]; (c)—(e) plasmonic topological quasiparticle on the nanometre and femtosecond scales [31].
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Figure 5 (Color online) Ultrafast spatiotemporal evolution of carriers in semiconductor heterostructures. (a) Schematic diagram of spatiotemporal-
and energy-resolved PEEM [15]; (b), (c) spatiotemporal imaging of ultrafast electron transfer between GaAs and InSe; (d) schematic diagram of
spatiotemporal imaging of the ultrafast electron transfer between gold and monolayer WSe,, insert: photoelectronic image captured by PEEM. (e) The
curve of photoemission signal with time delay [41].
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Figure 6 (Color online) Ultrafast spatiotemporal evolution of carriers
in monolayer TMD semiconductors. (a) Spatial heterogeneity of the
carrier dynamics in monolayer WSe, [39], insert: the position of
extracting dynamic signal; (b) spatial distribution of carrier relaxation
lifetime in fast and slow processes; (c) the monolayer WS, optical and
PEEM images; (d) carrier dynamics of monolayer WS, at different
spatial locations, insert: normalized dynamic signal; (e) the carrier
lifetime of fast and slow relaxation processes at different positions [40].
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Ultrafast photoelectron imaging with high spatiotemporal and
energy resolution
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The foundation of the development of flexible semiconductor and micro-nano ultrafast response devices in the post-
Moore era is to measure and manipulate ultrafast optical physical processes in new materials and devices with extreme
spatiotemporal small-scale. The spatiotemporal- and energy-resolved photoemission electron microscopy (PEEM)
combines the pump-probe optical scheme with the electron microscopic imaging technology and possesses femtosecond-
nanometer time-space resolution. It has evolved into an excellent ultrafast microscopy technique for investigating
nanophotonics and low-dimensional device physics, leading to the revolutionary development of plasmonics,
semiconductor science and related cross-disciplinary studies. In this review, we have summarized the application of
PEEM in micro-nano plasmonic function devices, high-order plasmonic vortex fields, plasmonic skyrmion, and low-
dimensional semiconductors. Finally, we discussed the future opportunities of PEEM.

the spatiotemporal and energy-resolved photoemission electron microscope, plasmonic function devices, high-
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