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Fig. 1. (color online) XPS profiles of W-doped VO2

film: (a) Full spectrum scanning on the W-doped VO3

film; (b) peak fitting for V-2p on the W-doped VOq film;

(c) peak fitting for W-4f on the W-doped VO film.
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Fig. 2. (color online) XRD profiles: (a) VO2 film on
FTO; (b) W-doped VOq film on FTO; (c) comparison
of XRD profiles.
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Fig. 3. SEM images of W-doped VO3 film on FTO: (a) Surface SEM image; (b) cross-sectional SEM image.
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= BT RN H T R SRR S, R AR
TR BE R A0 L LABRIEHE N 57, 18 97 oK aE
I 25 28y R o AT 3G 00 T 5 RO T R
FE A Rk, 4559 VO, AT T i ik it 5 i
PERE RN BE BT T = R A AR R

T WA T ) R SO A R, AT & T
BI6 TRl 45 1. BN 10 mm x 7 mm (W 4E
JEFTOZEH S HEIHE, FTO K2 HAEZE i )2 S
LA [ £ B, 5 T2 5 45 VO TS 11 2 i T FHH
7 mm x 7 mm, 7 HLEFTO M543 VO, il )2 L i
FRAGE N 1T mm 1) Au B B2 A, R
IR E T2 E. =25 °CF, SR
[F] (14555 VO /FTO H#EFI VO, /FTO #5453 7l it
no—8 VHLE, il F 4200-SCS 74 2 T4k 2 H Al
W -V R 2. Wil 6 B, B it i R O
K, R B IEA BT, S22 36K (1) H IR AE B B
[ YR A RAR, B AR 29 N A B 2, Pl
FEHRAT FAN AR 5, E PRI AR 1 e 55 B A AN
). SO TR, e S AH A8 11 5 A7 E OB I R,
X 55 O AR (1) S AR AE — 2, Hop, VO, /FTO
T (%) FRRLIR W L R SN . 345 VO, /FTO ¥
JE AN VO /FTO T 5 A8 A8 22 1 8 H L 49 3 A
4.2F16.0 V. JEIE0E AT AN, 5 2% 0 I E A L RE
SRARAIAH AR {8 AR I A, RIS AR T VO,
JES () L BSOME R R . IR R G2 B RS BRI, B
FAE VO @k H FI TR BB N, 75 e I A
MO, BT B Ik 2 I FE, AT 5
VOq /FTO R A AR

SIS R I, MHARHTFE 545 VO /FTO M5 1)
FHEE 2 /N T KRB HEE. =T, Rajeswaran
24 23] o BB SRS AR5 4G VO T, R I
TR LR B R B s, X R B AMY
1 VO, 1 fm AR g ¥ R Az 1 AR 4k, XS St 1 IR
HEERW. WO A 2 R i, BAE

100
1071 E V4
10-2
<
£ {g-3
£ 10-3F
=
10-4F
—o— VOu(W)/FTO, FFH
—o— VOu(W)/FTO, Kk
L
10 —— VO,/FTO, JHE
—7— VO,/FTO, JE
10-6 1 1 1 1 1
0 2 4 6 8
HE/V

K6 =i FBHVO/FTO #MIEA VO /FTO R
IV R 2

Fig. 6. I-V characteristics of W-doped VO3 film on
FTO and VO3 film on FTO at room temperature.
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Abstract

The phase transition characteristics of tungsten-doped vanadium dioxide film driven by an applied voltage are
studied in the paper. A high-quality film is successfully deposited on an FTO (F:SnO3) transparent conductive glass
substrate by direct current magnetron sputtering and post-anneal processing. First of all, an FTO substrate is placed in
the chamber of magnetron sputtering system after being cleaned and dried. Then W-doped vanadium film is fabricated on
the substrate with V-W alloy target with 1.4% W by mass fraction. In the process of magnetron sputtering, the operating
pressure is kept at 3.0 x 10~* Pa, and the operating voltage and current are 400 V and 2 A, respectively. Finally, W-doped
VO film with a thickness of about 310 nm is prepared by being annealed at 400 °C in air atmosphere for 2.5 h. In
order to explore the crystal structure, element constituents, surface morphology, roughness and photoelectric properties
of W-doped vanadium dioxide film, it is respectively characterized by X-ray photoelectron spectroscopy (XPS), X-ray
diffraction (XRD), scanning electron microscope (SEM), atomic force microscope (AFM) and semiconductor parameter
analyzer. The XPS analysis confirms that there are no other elements except vanadium, oxygen, carbon and tungsten on
the surface of W-doped VOs film. The XRD patterns illustrate that tungsten-doping exerts an influence on the crystal
lattice of VOg2, but the film still prefers the orientation (110). The SEM and AFM images display that the film with
low roughness has a compact structure and irregular crystal particles. Tungsten-doping is found to be able to improve
the surface morphology of VO thin film significantly. In addition, a remarkable change in electrical resistivity and a
narrow thermal hysteresis loop are also obtained in the metal-semiconductor phase transition. Further, the influences
of tungsten-doping on the phase transition properties of the film are analyzed. The experiment demonstrates that the
threshold voltage at which the phase transition of W-doped VO3 film occurs is 4.2 V at room temperature when the film
is driven by an applied voltage ranging from 0 V to 8 V. It can be observed clearly that the current changes abruptly
by two orders of magnitude. As the ambient temperature rises, the threshold voltage of phase transition drops and the

current varies slightly. The optical transmittance curves show the distinct differences under applied voltage at different
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temperatures. It is found that the infrared transmittance difference reaches up to a maximal value of 27% at 50 °C
during phase transition, while it increases by only 23% at 20 °C in a wavelength range of 1100-1500 nm. All these
outstanding features indicate that W-doped VO film has excellent properties of electrically-induced phase transition.
Compared with undoped-VO: film, the W-doped VO3 film is predicated to have a wide range of applications in the
high-speed optoelectronic devices due to its advantages of lower phase transition temperature, resistivity and threshold

voltage.

Keywords: tungsten-doped VO, film, electrically-induced phase transition, threshold voltage, optical

transmittance

PACS: 81.05.-t, 72.80.Ga, 71.30.4+h, 68.55.-a DOI: 10.7498/aps.66.238101
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