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Fig. 1. Schematic illustration of the crystal structure of CST seen from (a) the top view and (b) the side view; (c) experimental

setup for time-resolved ultrafast optical pump-THz probe spectroscopy; (d) the calculated band structure and (e) density of states

of CST single crystal by means of the first-principle with the Vienna ab Initio Simulation Package.
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Fig. 2. (a) The THz-TDS signal through the sample (blue) and the reference signal (red) without placing sample; (b) the calculated

refractive index of CST in THz frequency range.
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Fig. 3. (a) Temperature dependent THz transmission in time domain and (b) in frequency domain via Fourier transformation; 3D

plot of THz transmission of CST crystal at the azimuthal angle 0° (c) and 90° (d) at room temperature.
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Fig. 4. (a) The transient dynamics evolution AT/ T, under various pump fluence at 5 K, inset gives the fluence dependent modula-
tion depth at the delay time of zero, and the solid line is linear fitting; (b) the decay time constants obtained from biexponential
function fitting with respect to pump fluence; (¢) the THz transmission response at different temperature under pump fluence of
482 pJ/cm?, inset gives the temperature dependent modulation depth at the delay time of zero; (d) the decay time constants ob-

tained from biexponential function fitting at different temperature, the solid lines are guide to the eyes.
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Fig. 5. (a) The complex frequency-resolved sheet photocon-
ductivity (blue and red circle spots) with a fixed pump flu-
ence of 603 pJ/cm? measured at various pump-probe time
delays. The solid lines are the Drude-Smith model fitting;
(b) the complex frequency-resolved sheet photoconductivity
with a fixed pump-probe time delay of At = 2 ps measured

at various pump fluence.
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Table 1.
Drude-Smith model at different pump-probe delay

The fitting parameters based on the

time with a excitation fluence of 603 wJ/cm?.

MEPATLEN ¢ 4°5-0.3, KRV, 2T
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PR DN SEE 3 ] 18 SaE T 9 /), 2 B i ) )
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Jadi T3S LRI, DGR S BRIk E
SR )| R ) s e RS 8 | (1] D=y SN
AR E A S

# 2 fiz-ERWERIE] At = 2 ps, AEHIED

FF, 2T Drude-Smith FHEHUA IS EL

Table 2.
Drude-Smith model under different pump fluence at

The fitting parameters based on the

delay time At = 2 ps.

Delay time/ps w,/101 Hz T/fs c Fluence/pJ-cm?  w,/10" Hz T/fs c
2 8.62 127 -0.3338 241 7.30 85 -0.3212
5 7.82 109 -0.2768 362 8.36 91 -0.3076
20 5.12 76 —0.2294 482 8.50 114 -0.3929
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Fig. 6. (a) Illustration for THz emission spectroscopy with transmission configuration, and the fs pulse is incident on ab-plane of the
sample; (b) the peak-to-peak value of THz radiation with respect to the pump fluence, and the solid line represents linear fitting; (c) a
typical 3D plot of THz radiation. The purple line shows the projection of the THz wave on time, which indicates the radiant THz
wave is linearly polarized; (d) the Fourier transformation spectrum of THz waves corresponding to the horizontal and vertical direc-

tions in figure (c).
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SPECIAL TOPIC—Terahertz spintronic optoelectronics

Quasi-two-dimensional van der Waals semiconducting magnet
CrSiTe; studied by using THz spectroscopy
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Abstract

Quasi-two-dimensional van der Waals ferromagnetic semiconductor CrSiTe; with wide potential
applications in optoelectronics and nanospintronics has aroused the immense interest of researchers due to the
coexistence of intrinsic magnetism and semiconductivity. By combining untrafast femtosecond laser and
terahertz spectroscopy, including terahertz time-domain spectroscopy, optical pump-terahertz probe
spectroscopy and terahertz emission spectroscopy, we carry out systematic investigation into the van der Waals
ferromagnetic semiconductor CrSiTes crystal. The experimental results indicate that the conductivity of the
sample is robust against the temperature change and isotropic terahertz transmission in the ab-plane. Moreover,
it is also observed that the photocarriers induced by 800 nm optical pump exhibit a relaxation in the
biexponential form and the complex photoconductivity can be well reproduced by the Drude-Smith model. The
main relaxation channel of photocarriers is the recombination of electron-hole pairs. With femtosecond pulse
illuminating the surface of sample, a strong terahertz radiation signal with a broad band of 0-2 THz is
observed. The present study provides the responses of CrSiTe; to optical and terahertz frequency and offers

crucial information for the future design of CrSiTes-based electronic and optoelectronic devices.

Keywords: van der Waals ferromagnetic semiconductor, terahertz spectrum, time-resolved spectroscopy
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