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Structure and Optical-Electric Properties of VO, Films Prepared by Annealing V Films

YUAN Wenhui', LIU Baoshun®
(1. Wuhan Global Sensor Technology Co. Ltd., Wuhan 430205, China;
2. State Key Laboratory of Silicate Materials for Architectures, Wuhan University of Technology, Wuhan 430070, China)

Abstract: Metal V films were prepared on quartz substrates via magnetron sputtering, and then converted to VO, films via vacuum
annealing. The effect of annealing temperature on the surface morphologies, crystalline structures, optical properties and electric
properties of VO, films was investigated. The results show that the crystallinity of the films increases with the increase of annealing
temperature from 300 C to 450 C. The films annealed at 400 ‘C and 450 ‘C are a pure monoclinic phase. The grains grow better
and the grain boundaries are clear. The valent states of V element for different samples include +4 and +5 states. The presence of V°*
in the films is due to the oxidation in atmosphere. The annealing temperature has little effect on the visible transmittance, but the solar
modulation efficiency increases. The metal-insulator transition (MIT) temperature and the resistance of semiconductor phase increase
with increasing the annealing temperature. The resistance change amplitude across the MIT for the films annealed at 400 C and
450 ‘C is more than 2 orders of magnitude. The hysteresis width and the MIT temperature of the film annealed at 450 C are 14.6 'C
and 61.0 ‘C, respectively.
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Fig. 1 XRD patterns and Raman spectra of the VO, films annealed at different annealing temperatures
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Table 1 Thermochromic properties of TiO, films prepared
by annealing at different temperatures

Annealing

emperature! € Tum(20°C)  Thm(90°C)  ATi/%  AT(2 500)/%
300 33.0 324 39 31.6
350 37.0 324 8.1 56.9
400 37.1 304 9.7 56.1
450 367 316 10.0 632

Tum(20 C): Average visible transmittances of the VO, films at 20 'C;
T1um(90 C): Average visible transmittances of the VO, films at 90 'C; ATy,:
Modulation efficiency of the VO, films before and after the metal insulator
transition (MIT); A7(2500): Transmittance change at 2 500 nm before and

after the MIT.
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Fig. 4 Ultraviolet-visible-near infrared (UV-Vis-NIR) spectra
of VO, thin films measured at 20 ‘C and 90 ‘Cand
resistance—temperature curves
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Table 2  Metal-insulator transition temperature and
hysteresis width
Annealing
remperaturel C Td/ C Tew/ C Tey C AT/ C
300 47 49.8 43.46 6.3
350 50 54.7 44.00 10.7
400 59 62.8 55.20 7.6
450 61 68.3 53.72 14.6
Tc: Critical MIT temperatures of the VO, films; 7¢p: Critical MIT

temperatures of the VO, films upon heating; Tcp: Critical MIT
temperatures of the VO, films upon cooling; AT: Hysteresis width of the

resistance- temperature curves.
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