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Figure 1 (Color online) Various types of ultrafast electron microscopy. (a) A typical UEM [13], Copyright©2005, National Academy of Sciences,
USA; (b) a Movie-Mode Dynamic TEM [19]; (c) a RF Cavity Based Laser-Free UEM [20].
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Figure 2 (Color online) Development of the ultrafast electron pulse
duration.
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Figure 3 (Color online) Attosecond electron microscopy. (a) (1) The attosecond electron microscopy setup, (II) the method of generating
attosecond laser pulse combing the polarization-gating scheme [26]. (b) () Schematic of the interaction between electrons and laser pulse on a
graphene film, (1) the measured diffraction pattern of a multilayer graphene sample [26]. (c) Attosecond electron diffraction experiments and
calculations for the graphene [26]. (d) The combination of a continuous optical field with a transmission electron microscope [29]. (¢) Measured
images for the sample’s response to the optical field within one cycle [29]. (f) Schematic illustration of the principle of the FREHD [28]. (1)
Schematic of the focused electron beam and the co-propagating laser beam passing through the sample and the reference sample, (II) side view of the
piezoelectric-controlled holder, (IIT) the geometry of the experimental configuration, (IV) matching of the phase fronts of the laser and the modulated
electron wavefunction at the reference membrane, (V) top: quantum coherent electron phase modulation caused by stimulated inelastic scattering at
the nanostructure (here, a plasmonic nanoprism); bottom: the amplitude of the total phase modulation is measured by raster scanning, and the kinetic
energy spectrum is recorded for each plane position and a set of reference phases.
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To achieve direct visualization of the dynamic motion of microscopic particles inside matter, researchers are constantly
exploring new experimental methods and technologies with higher temporal and spatial resolution. Attosecond electron
microscopy combines ultrafast laser pulses and electron pulses, based on a pump-probe scheme, to provide both
attosecond temporal resolution and atomic-level spatial resolution simultaneously, thereby providing key experimental
parameters and technical methods for in-depth understanding of the microscopic mechanism and dynamics of matter, and
achieving a fundamental understanding, manipulation and application of macroscopic physical properties. Attosecond
electron microscopy has become an international research hotspot since its inception. In this study, the cutting-edge
research progress of ultrafast electron microscopy, the generation of attosecond electron pulses and the attosecond
electron microscopy will be briefly introduced.
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