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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 detec-
tion 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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S, EEHARSHE R, o Sl
ZOGIRET A 1030 nm, Bl SEEE<300 fs, FeRfk Pulse width <300 fs

BREESE R 100 ), EEMRLE | Hav10 MHz )T, Sgaidg  Movimum pulse enerey 100 1]

Repetition rate 1 Hz- 10 MHz
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Table 2 Confocal micro-Raman spectrometer specifications

Item Parameter
Spectral range 220-1 700 nm
Spectral resolution <0.65 cm™
Spatial resolution <0.5 pm
Low wavenumber capability <10 cm™
Detectors CCD, near—infrared InGaAs array detector
Polarization control Fully automatic, spectral range 350-2 300 nm
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Fig. 1 Schematic diagram of system overall excitation optical path design and physical diagram of detection spectrometer
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Fig.2 Raman, PL spectra and scanning results of MoS;

A. Raman spectrum; B. PL spectrum; C. Temperature—dependent Raman spectrum; D. Raman mapping; E. PL mapping
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