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Study on Chemical States of VO, Thin Films Prepared by Sol-gel Method
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(1.Department of Materials Science, Harbin Institute of Technology, Harbin Heilongjiang 150001; 2. Department of Material
Physics and Chemistry, Harbin Institute of Technology, Harbin Heilongjiang 150001)

Abstract: Thermochromic vanadium dioxide films were prepared by the inorganic sol-gel method. The effects of process
parameters such as drying temperature, vacuum heat treatment temperature and the sol concentration on the vanadium valences
in the VO, thin films were studied by X-ray photoelectron spectroscopy (XPS). It is shown that the extent of deoxidization of
V** in the thin films becomes more severe with the increase of drying temperature and vacuum heat treatment temperature
when the other process parameters are invariable. When the drying temperature, drying time, vacuum heat treatment time and
vacuum pressure are same, there is a critical vacuum heat treatment temperature of the deoxidization extent of V°* in the VO,
films with the decrease of sol concentration. The critical temperature is 480 when the sol concentrationis1 4~1 3. The
critical temperature is 450 when sol concentration is 1 3~1 2. The optimized process parameters to prepare high pure
VO, thin films are sol concentration 1 3, drying at 250 , 2 h, vacuum heat treatment at 450 , 3h and at the same time,

keep the vacuum pressure 0.5 Pa.
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Table 1 Treatment parameters of the thin films

/ /h / /h /Pa
1# 1:4 150 2
2# 1:4 250 2 500 3 0.5
3# 1:4 150 2 500 3 0.5
4# 1:3 250 2 450 3 0.5
S# 1:3 250 2 480 3 0.5
6# 1:2 250 2 400 3 0.5
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Fig. 1 The XPS survey scan spectra of 1# thin film
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Fig.2 The XPS spectra of V,0s gel thin film and VO, thin
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Table 2 Calculated atom percents of V and O
/ o
1%
O1ls 25631 17.428 66.97
2.028+0.304
V2p3/2 37492 51.699 33.03
O1s 21686 17.428 67.54
2.081+0.312
V2p3/2 30912 51.699 32.46
Ols 24281 17.428 67.62
2.088+0.313
V2p3/2 34489 51.699 32.38
O1ls 22834 17.428 65.49
1.898+0.285
V2p3/2 35694 51.699 34.51
O1ls 20844 17.428 67.04
2.034+0.305
V2p3/2 30404 51.699 32.96
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Fig. 3 The XPS spectra of VV2ps,, of the thin films
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Table 3 The simulated results of VV2ps,, of the thin films

V2pgy,
V5+ V4+ V3+

1# BE (eV) 517.20 515.62
(1:4-150 (%) 91.20% 8.80

-2h)  FWHM (eV) 158 1.60

24 BE (V) 5160  515.0
(1:4-250 (%) 92.18 7.82
-2h+500 FWHM (eV) 3.20 3.20
-3h-0.5Pa)

34 BE (V) 516.0
(1:4-150 (%) 100
-2h+500  FWHM (eV) 3.18
-3h-0.5Pa)

4 BE (eV) 516.00
(1:3-250 (%) 100
-2h+450 FWHM (eV) 3.20
-3h-0.5Pa)

5# BE (eV) 516.00 515.10
(1:3-250 (%) 7478 2522
-2h+480  FWHM (eV) 3.15 2.90
-3h-0.5Pa)

6# BE (eV) 515.90
(1:2-250 (%) 100
-2h+400  FWHM (eV) 3.20
-3h-0.5Pa)
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