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Fig. 1. FTO/VO2/FTO structure.
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Table 1. Optical properties comparison of VO2 /FTO composite films at a wavelength of 1250 nm under

different annealing conditions.
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Fig. 2. Spectra of XRD: (a) FTO thin film; (b) F74E, VO 2 (110) FEEHUA. iF FTO M VO, 1Y

VO3 /FTO composite films.

Bl 225 T FTO M R 5 T2 444 T il
%I VO, /FTO B4 MR X S 4475 (XRD), H
HEEJEON Cu K. B2 (a) NFTO # fi5 1) XRD &

sty VA G AL R % HORE, VO fEFTO R B
K it ) A% 7 1 BE R 2 BE A, T AR 15 B 40 A
LRI FTO AT IR BE U i 2 VO, FELH A A K.
Ut 75 FTO A i _F 3 i s Wb A1 < e, P AE
400 °C MR AIR A TR K2 h, AT LA %

198101-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 19 (2015) 198101

A AE K VO, /FTO B 4 .

N T MU S VO, JFTO 54 7 i) 45 74
FRAE, =i N A H SEM 43 5 5 46 JiE FTO i Al
VO, /FTO & & #i R 1) R 3 AT 7 W%, W
B3 Fr7R. ME3 (a) 0] BUA H, FTO # R
im A 2 FEAETEAR, HEFI'E 2. VO, /FTO & & i i
(141 4 FL B 2 A R R W 1 3 (b) FToR, VOq s A1 46
AKIEFTO AR E, 258 IREGM. 0
JFER R R, HIR ST 2978 200350 nm. BT
VO FIFTO & 14 45 1 AHALL, e % o Al i, VO,
JEF1E FTO IR TR A #, 3Z W /s 1)
FORE, A 45 O RR AT, /N BORL & Bl
ARG, £ FTO R TR 4 8 HLANR KA A B
TN FTO HIE A 2R R A BRI, FTO HER (2t
T VO MFEAR A A K, FIR FTO 4 F 8 VO,
i UL DK /NS 3815, AT 2R VO 15 22 T T
. M 3 AHEE H, FTO A BT VO, R
SESVREK, JFHMUE T VO R RITIES, X5
XRD &5 R —F.

(b) VO3/ETO

B3 HfMsEMEA  (a) FTO #EH; (b) VO3 /FTO
T AT

Fig. 3. Scanning electron micrographs: (a) FTO thin
film; (b) VO2/FTO composite films.
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Fig. 4. (color online) AFM image of VO2/FTO com-

posite films.
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Fig. 5. (color online) XPS spectra of VO2/FTO composite films: (a) full spectrum scanning on the surface

of VO3 film; (b) narrow spectrum scanning on the surface of VO3 film about vanadium and oxygen; (c)
peak fitting V 2p3/5 of the surface of VO3 film; (d) peak fitting O 1s of the surface of VOq film.
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Fig. 6. (color online) Transmittance with wavelength

change curves of VO3 and VO3 /FTO composite films.
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Fig. 7. (color online) Current with voltage change
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of 3 mm x 3 mm; (b) contact area of 6 mm X 6 mm;

(c) contact area of 8 mm X 8 mm.
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Fig. 8. (color online) Transmittance with wavelength

change curves of FTO/VO3/FTO structure.
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Abstract

VO, thin films have been studied for their semiconductor—-metal reversible transition from the monoclinic to the
rutile structure, where the electrical and optical properties undergo a drastic change by increasing the temperature or by
applying a voltage. VO film is becoming a promising material for optical switch, optical storage, optical modulator, smart
window, and micro-bolometer. The preparation procedures of the FTO/VO2/FTO structure in detail are as follows:
First, the F-doped SnO2 conductive glass (FTO) substrates are cleaned sequentially in acetone, ethanol, and deionized
water for 10 min using an ultrasonic cleaning equipment at a frequency of 20 kHz. When the FTO substrates was cleaned,
they are dried with nitrogen. Second, the dried FTO substrates are placed in the chamber of a DC magnetron sputtering
system equipped with a high-purity metal target of V (99.9%). After argon (99.999%) of 80 scem flux was discharged
with the current of 2 A and the voltage of 400 V for 2 min, the vanadium films are deposited on the FTO substrates.
Third, the prepared vanadium films are annealed for different annealing time in an atmosphere composed of different
proportions of nitrogen-oxygen. Then another layer thickness of 350 nm of FTO conductive film is deposited on the VOq
thin film by using the plasma enhanced chemical vapor deposition method. Finally, different sizes of the FTO/VO2/FTO
structure are prepared by using photolithography and chemical etching processes. The effect of different annealing time
and different proportions of nitrogen-oxygen atmosphere on the VO, thin films has been studied. X-ray diffraction
(XRD), scanning electron microscope (SEM), atomic force microscope (AFM), X-ray photoelectron spectroscopy (XPS)
and spectrophotometer are then used to test and analyze the crystal structure, surface morphology, surface roughness,
the relative content of the surface elements, and transmittance of the VO2/FTO composite films. Results show that a
relatively single component VO3 thin film can be obtained under the optimum condition. The current abrupt change

can be seen at the threshold voltage when the FTO/VO2/FTO structure is applied to voltage on both the transparent
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conductive films of the VO3 thin film. The threshold voltage is 1.7 V when the contact area is 3 mm x 3 mm, and
the threshold voltage increases as the contact area increases. When the contact area is 6 mm X 6 mm, the threshold
voltage of the thin film phase transition is 4.3 V; when the contact area is 8 mm x 8 mm, the threshold voltage of the
thin film phase transition is 9.3 V. Compared with the no voltage situation, the infrared transmittance difference of the
FTO/VO2/FTO structure under the effect of voltage is up to 28% before and after the transition. The structure remains
stable with a strong electrochromic capacity when it is applied with voltage repeatedly. This brings about many new

opportunities for optoelectronic devices and industrial production.

Keywords: VO /FTO, DC magnetron sputtering, threshold voltage, electric induced phase transition
PACS: 81.05.—t, 72.80.Ga, 71.30.+h, 68.55.—a DOI: 10.7498/aps.64.198101
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