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Abstract

Single-shot ultrafast imaging is expected to pave a way
to measure transient phenomena in femtoseconds to
nanoseconds domain in real-time. Among them, a
frequency-to-time encoding of Sequentially Timed All-
optical Mapping Photography (STAMP) is the only
method capable of direct 2D-burst imaging with both
high temporal and spatial resolution with a single-shot
basis. This study aims to reveal various ultrafast
nonrepetitive phenomena in real-time by applying the
modified version of STAMP utilizing Spectral Filtering
(SF-STAMP). SF-STAMP addresses the single-shot
measurements of photo- and THz-induced irreversible
ultrafast phase transition, that can be observed for the
first time by virtue of SF-STAMP’s notable features of a
single shot and ps-temporal and um-spatial resolution.
Moreover, a real-time in-situ measurement application
has been demonstrated by combining a conventional
high-speed camera and SF-STAMP. These results
highlight the STAMP method has advantages over other

single-shot ultrafast imaging methods.
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Fig. 1 Time scales in various ultrafast and high-speed

imaging techniques [7]
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Fig. 2 (a) SF-STAMP snapshot multispectral imaging
system composed of a diffractive optical element (DOE)
and a bandpass filter (BPF); (b) Concept of real-time
consecutive 1 kHz ultrafast 2D-burst imaging by the
combination of SF-STAMP system and a 1000-fps high-

speed camera.
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Fig. 3 (a) Schematic of single-shot measurement of
femtosecond laser pulse ablation of glass with spectrally
sweeping burst probe laser pulses. With 1000-fps HS-
camera, we observed each laser ablation shot.
Shockwaves (SWs) generated by laser-induced plasma
(SWair) and by ablation plume (SWpiume) are indicated
on images; (b) Measured pulse-by-pulse single-shot
burst images of laser ablation and shock-wave evolution
on glass by SF-STAMP with 300-ps interval spectrally
sweeping pulses (220x150 pixels). Horizontal column
corresponds to ultrafast single-shot snapshot with six
frames. Vertical column corresponds to HS-camera shots.
Number in vertical direction is equivalent to number of

cumulative pump pulses. Scale bar represents 50 um.
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Fig. 4 Measurements of irreversible THz-driven phase
transition dynamics in multilayer MoTe, by multiple
single-shot spectroscopy. Schematics of multilayer
MoTe, on the THz metamaterial structure with a single
THz pulse (410 kV/cm) excitation and single-shot
microscopic probes: 2D-burst imaging of SF-STAMP
and 1D-OSI. By probing the sample with a chirped laser
pulse and analyzing the reflected pulse, SF-STAMP and
1D-OSI can capture the irreversible phase transition with
a ~300-ps time window and 100-fs to 10-ps temporal

resolution.
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Fig. 5 Schematic of the time series in STAMP
development and the time scale for the measurement

target
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