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Abstract: To achieve high spatiotemporal resolution characterization of ultrafast material dynamics,
a self—designed picosecond time-resolved ultrafast fluorescence spectroscopy system was constructed
based on a confocal micro—Raman spectrometer. The system integrated a femtosecond laser excitation
source, a confocal Raman spectroscopy module, and a time—correlated single—photon counting de-
tection module. Through optical coupling and synchronized signal acquisition, it enabled submicron
spatially resolved Raman spectroscopy and imaging, photoluminescence spectroscopy and imaging,
and picosecond time—resolved fluorescence lifetime measurements. Experimental results demonstrat-
ed that the system could obtain carrier recombination dynamics on the picosecond scale. It also sup-
ported multimodal scanning imaging combining Raman and fluorescence measurements. This estab-
lished a three-dimensional “space-time-spectrum” characterization platform. The system provides
key theoretical support and an experimental paradigm for the innovative design and performance opti-
mization of various advanced optoelectronic materials and devices.
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Table 2 Confocal micro—raman spectrometer specifications

Item Parameter
Spectral range 220-1 700 nm
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Fig. 1  System overall excitation optical path design schematic diagram and detection spectrometer physical diagram
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