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Abstract: Vanadium dioxide (VO,), as a transition metal oxide, has thermochromic property, which undergoes
metal to insulator transition (MIT) in response to external temperature changes, and is accompanied by numerous
changes in physical property. It has attracted widespread attention in the field of smart windows. In recent years,
research on the preparation method of VO,, the phase change mechanism, and the improvement of optical
performance is quite rich. However, practical applications still face technical bottlenecks and challenges such as
higher intrinsic transition temperature (7.), lower luminous transmittance (7},,), insufficient solar modulation
ability (ATy,), nonideal metastability and durability, and uncomfortable color for human eyes (brownish yellow). At

present, there are many researches related to the improvement of the performance of VO, itself owing to its
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insufficient optical property, and general methods for improving its performance such as elements doping,

multilayer film structure design, and microstructure design have been widely adopted. This review summarizes the

general performance improvement strategies of VO, film, and highlights the latest research progress of VO,-based

smart window service performance, low-temperature flexible preparation and color modulation in practical

applications. Future development trends are also discussed in terms of skin comfort and environmental friendliness.
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Fig. 2 Element doping of VO,
(a) Comparison of the optical hysteresis at 2000 nm of VO, film and W-doped VO, film"; (b) Transmittance hysteresis loops at 1=2000 nm for

V1.Mo,0, films!"%; (c) Temperature dependent transition hysteresis loops for the pure and Mg-doped VO, films grown on ZnO substrates

[14]
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Fig. 3 Multilayer film structure design

(a) 3D surface image of the luminous transmittance (7ium, 1) calculation of the Cr,03/VO, (80 nm)/SiO, multilayer structure on the thickness

design of Cr,0; (bottom layer) and SiO (top layer); (b) Transmittance spectra (350-2600 nm) at 25 (solid lines) and 90 C (dashed lines)
for the CVS structures with various thicknesses of SiO, layers*®’; (c) Schematic illustration of H,0/VO, film; (d) Transmittance spectra of

VO, films with and without H,O layer'®"; (e) Schematic illustration of SA/Glass/TVT structure; (f) Transmittance spectra in visible-NIR

region at room temperature (25 “C) and 95 ‘C of SA/Glass/TVT structure®. SA: Si0,/AZO (300 nm)/Glass
Colourful figures are available on website
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Fig. 4 VO, microstructure design
(a) Schematic illustration of the as-prepared 3DOM (3D Ordered Macroporous) VO, (M) film; (b) Photographs of the VO, (M) films on glass slides;
(c) Optical transmittance spectra of the VO, (M) films with 3DOM structures®"); (d) Schematic of fabrication route for nanoporous VO, films;
(e) Optical photograph of the nanoporous VO, films on quartz; (f) Transmittance spectra of the nanoporous VO, films'*?!
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(c) Schematic illustration of the graphene-supported VO, film™*®!
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