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Abstract Vanadium dioxide thin film undergoes an insulator-metal phase transition at about 68 °C, which is
accompanied by an abrupt and large change of optical properties especially in the infrared region. Vanadium dioxide
thin films have a potential application in smart windows due to the above unique thermochromic property. As a
result, vanadium dioxide thin films have become a hot research topic in smart windows. However, several
drawbacks such as small solar modulation ability, low luminous transmittance, high phase transition temperature,
and undesirable thermochromic stability have hindered the practical applications of vanadium dioxide thin films in
smart windows. In order to solve these issues, great efforts have been made by researchers in recent years. This
review focuses on the important preparation methods (magnetron sputtering method, chemical vapour deposition
method, sol-gel method, and hydrothermal method) and the strategies for improving the thermochromic properties
(doping, multilayer films, and composite films). We hope that this review can provide references to the researchers
who investigate the thermochromic properties of vanadium dioxide films as well as smart windows.
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Fig. 1 Transmittance spectra of VO, films with various

thicknesses™!
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Fig. 2 Relationship between phase transition properties and structure of VO, films. (a) XRD pattern of FTO/VO, film™;

(b) transmittance spectra of FTO/VO, film with transmittance at 1500 nm versus temperature shown in inset”; (¢) XRD

patterns of VO, films grown on glass at various oxygen pressures ; (d) resistance versus temperature for VO, films

grown on glass at various oxygen pressures
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V2O 5 SO] Pre-treat: soaked in ethanol
— . for 24h, washed in boiling
Add 0.5-1.5g CATB in 20ml sol, when hydrochloric acid and
] sticky, add 10mL ethanol, stir for 24 h aqueous ammonia for 0.5 h
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Fig. 3 Flow chart of synthesis procedure for porous VO, films"™”
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Table 1 Comparison among fabrication methods of VO, thin films

Method Temperature /°C Advantage Disadvantage T./°C T,./% AT, /%
« Higher-performance thin film « Expensive equipment 45" 520 91!
Magnetron + Being compatible to various . ) .
. « Vacuum atmosphere 46.1°" 36.1°7  9.27
sputtering 250-500 substrate
method"*"*" « Being easily integrated into
glass production process
) « Being easily integrated into . . - .
Atmospheric ) « Complex equipment 45.1" 52.37% 9.7
] glass production process
pressure chemical . N
o 450-600 + Not being easy to obtain high-
vapor deposition L
performance thin film
method " )
+No expensive vacuum systems
+ Good controlling of chemical o ) o . .
. « Specific precursors required 36" 80.6" 9.1
compositions
Sol-gel 500-600 Not being easily i di
; 500~ + Not being easily integrated into
method""*" ¢ y. € 560 71,60 8.6
glass production process
+ Being easy for metal doping 35"
«Low cost « Multiple steps 40.8 407 6.3
Hydrothermal 990-260 « Low temperature « Low impurity =60 54. 2" 10,6
method" " « Being easy to control

morphology and structure
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Table 2 Optical properties of typical samples with different M™"

M (%) Thickness (nm) Tiums (%) Tiumm (%) ATiym (%) Tsols (%) Tsotm (%) ATsor (%) Tc (°C) ATe (°C)
0 226 80.6 79.2 1.5 81.4 723 91 56 -

0.5 234 78.9 778 1.0 79.5 712 83 42 14

1 392 71.6 70.1 1.5 71.7 63.2 8.6 35 21

15 259 74.5 743 0.2 76.7 70.6 6.1 32 24
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