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Effects of N doping on
electrochromic modulation properties of WO; thin film
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TANG Qiong, HUANG Yi-qin, ZUO Min, LI Shi-wei

(School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: N doped tungsten oxide (WO;:N) thin films were prepared on ITO coated glass substrate by reactive
magnetron sputtering. The structure, composition, chemical bonds and surface morphology of films were characterized
by XRD, XPS and AFM, respectively. Furthermore, WO3:N thin films were assembled into electrochromic devices, the
modulation properties were investigated by DC regulated power supply and spectrophotometer. The results indicate that
WO;:N films are in nanocrystalline structure, whose scattering peaks move right as N content increases. W and O
elements exist in W and 0%, respectively, whereas, there are three chemical states for N element, namely, neutral atom,
substituting O in W—O bond, and absorption onto film surface during deposition. With N content of WO5:N film
increasing, the film surface gets rougher, and this will benefit coloring reaction of the device. The device reaches the
highest modulation extent(68.8%, 7.7% higher than that of undoped device) at 2.80%N doping (mole fraction), which is
suitable for energy conservation glass.

Key words: WO;:N thin film; reactive magnetron sputtering; electrochromic device; energy conservation

[4] Ti
1 wo, Mo WO, W
W 51 PAIPITAK © - Ti
(23] WO, WO, 6.9%
(KJ2009A091 KJ2012A228) (XDA03040000)

2014-12-09 2015-07-08
0551-62901405 E-mail lhgjs@hfut.edu.cn



2472 2015 9
1l Mo WO;
Li’
N O 1 [16-17]
N (CARY5000)
0 [8-9]
WO;:N
WO; O N WO,
) 2
/ / / [10-11]
ITO(In,0;:Sn) 21 WO;:N
TiO, [121 WOs:N WO5:N XRD 1 AN,)
[13714] N, 1 WO;:N
20  24.4° 35.1°
53.1° N,
1 24 .4° N, 6 mL/min
24.9°
FIL560B1 sind a N
99.99%( ) W WO,
Ar O, N,
ITO WO;:N N, 2.2 WO;:N XPS
ITO X (XPS) WO;:N
TiO, XPS 2 Ols W4f
15 min Cls (Cls
2><10"* Pa ) N, N N,
1 Nls N,
[15] WO; TiO, WO, 2
60 24h N, 6 mL/min
D/MAX2500VL/PC X 2.80%(
(Cu K, ) ESCALAB250 Ols W4f Nis
X (XPS) WO;3:N 2(b) (c) (d)
CSPM4000 (AFM) Ols 530.5eV 532eV
wo; O o' "l waf
WYJC-5 +3V Waf 772 W4 5/2 35.6 eV
Li' 37.7eV wo a4 B2 NIs
1 WO;N TiO,
Table 1 Preparation parameters of WO;:N and TiO, thin films
Sample Gas flux ratio of Working Sputtering Coating
Film Power supply
No. N,:0,:Ar pressure/Pa power/W time/h
1 WO, 0:5:25
2 WO;:N DC 2:5:25 2 100 0.5
3 WO;:N 4:5:25
4 WO;:N 6:5:25
RF 1 100 0.5
5 TiO, 0:5:20

Note: DC and RF mean direct current and frequency power supply rate.
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Fig. 1 XRD patterns of WO5:N thin films prepared under 2 WO;N N
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Fig. 2 XPS spectra of WO;:N thin films: (a) Full spectra; (b) Ols; (c) W4f; (d) N1s spectra of 2.80%N thin film
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Fig. 3 Surface AFM morphologies of WO3:N thin films with various N contents: (a) 0; (b) 1.81%; (c) 2.41%; (d) 2.80%
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Fig. 4 Electrochromic transmittance and modulation of each

device: (a) Transmittance in bleached and colored states; (b)

Transmittance variation between bleached and colored states 5

Fig. 5 Photographs of electrochromic devices in bleached and

4 colored states: (a) Undoped; (b) 2.80%N
Table 4 Transmittance and responding time of devices

Mole Transmittance/% Responding time/s 3
ﬁa(;;)/l: of Bl:;l;ed C:tl:tr:d AT  Coloring Bleaching
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