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Fig. 1. (a) Experimental setup of optical modulation angle resolved terahertz time-domain spectroscopy; (b) schematic diagram;

(¢) X-ray diffraction spectrum of single crystal VO,.
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Fig. 2. When the incidence angle of the terahertz pulses was fixed at 30°, the variations for (a) the transmitted terahertz temporal

waveforms; (b) the zoomed in temporal transmission waveforms; (¢) modulation depth under different optical modulation fluences;

(d)—(f) the corresponding reflection spectra.
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Fig. 3. (a) The effect of the rotating sample azimuth on the transmission signal; (b) with the increase of the fluence, the variation of
peak value of the reflected signal, the transmitted signal, and the terahertz absorbed by the sample; (c) the linear increasing con-
ductivity with respect to the pump fluence under two exemplified frequencies 0.79 and 1.09 THz; (d) the wide-spectrum extinction

coefficient, (e) refractive index, (f) conductivity of single crystal vanadium dioxide in terahertz region under the different pump flu-

ences.
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Fig. 4. Experimental results for terahertz modulation in polycrystalline vanadium dioxide illuminated by various modulation flu-

ences: (a) The transmitted THz signal peak values as a function of the illumination time and crystal cooling time under various

modulation fluences, respectively; (b) modulation fluence dependent on THz modulation depth.
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Fig. 5. The crystal structures of different phases of vanadium dioxide and the corresponding band structures.
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Fig. 6. Schematic diagram of Peierls-type phase transition. (a) Thermal excitation directly leads to the excitation of phonons or

photoexcitation with 800 nm (1.55 eV) pump pulse results in the excitation of free electrons and indirectly results in excitation of

phonons, which map the insulating lattice onto the metallic lattice. (b) If the external environment always provided the latent heat,

the phonons would diffuse from the nucleation center to the surroundings until the phonon density exceeded the critical density and

destroyed the monoclinic structure to complete the insulating metal transition and realized the expansion of the metal domain.
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SPECIAL TOPIC—Terahertz spintronic optoelectronics

Study of phase transition of single crystal and polycrystalline
vanadium dioxide nanofilms by using continuous
laser pump-terahertz probe technique®
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Abstract

As a typical phase transition material, vanadium dioxide has attracted much attention in the study of
metal-insulator transition behavior since its phase transition temperature is close to room temperature. The
experimental results of various modulation provide important clues to studying the vanadium dioxide phase
transition mechanism. These experiments not only deepen the understanding of the strong correlation between
electrons with different spins in various transition metal oxides, but also make an opportunity for exploring
their potential practical applications. Although the phase transition mechanism of vanadium dioxide is still
controversial, one has already made tremendous efforts to understand the mechanism of metal-insulation phase
transition in the past few decades, which is stimulated from various experiments on vanadium dioxide
modulation. Here in this work, the single crystal and polycrystalline vanadium dioxide are investigated. Their
modulation mechanisms are studied by using the continuous laser pumping-terahertz probe technique, and it is
found that the absorption behaviors of terahertz pulses at the same pump fluence are obviously different. After
systematically discussing the representative phase transition mechanism, it is found that the phase transition of
single crystal vanadium dioxide is attributed to the Mott-type phase transition dominated by the electronic
structure, and that the polycrystalline vanadium dioxide originates from the Peierls-type phase transition
occurring during the lattice distortion. In the past, most of the optical modulation was implemented under the
condition of femtosecond laser pumping. The new optical modulation method given in this work, is a
supplement to previous all-optical modulation experiment and more likely to be conducive to a more in-depth
understanding of the modulation mechanism of vanadium dioxides.

Keywords: terahertz wave, optical modulation, vanadium dioxide, phase transition
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