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Effects of N doping on
electrochromic modulation properties of WO; thin film

WANG Wei, LI He-gin, TAO Lei, QIAO Kai, ZHOU Chu, ZHANG lJing,
TANG Qiong, HUANG Yi-gin, ZUO Min, LI Shi-wei

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

Abstract: N doped tungsten oxide (WOs: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
WO3: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 WO3: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.
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Table 1 Preparation parameters of WO3: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 WO3:N DC 2:5:25 2 100 0.5
3 WO3:N 4:5:25
4 WO3: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 WO3:N thin films prepared under 2 WO3N N

various N, flux

Table 2 N content of WO3:N thin films

Sample No. N, flux/(mL-min™Y)  Mole fraction of N/%
3 3 1 W—O(N) 1 0 0
398.6 eV N 1s
2 2 1.81
(399.7 eV) WN  NI1s
3 4 241
(397.3eV) W—O(N)?Z 2
399.7 eV N—N 4 6 2.80
1400 1200 1UUU ¥UU  6UU 40U 200 U 550 545 540 53> 153U 52> d2U
Binding energy/eV Binding energy/eV
55 50 45 40 35 30 25 415 410 405 400 395 390
Binding energy/eV Binding energy/eV
2 WOsN XPS

Fig. 2 XPS spectra of WO3:N thin films: (a) Full spectra; (b) O1s; (c) WA4f; (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

4

Table 4 Transmittance and responding time of devices

Fig. 5 Photographs of electrochromic devices in bleached and
colored states: (a) Undoped; (b) 2.80%N

Mole Transmittance/% Responding time/s 3
fra<’::|/i)/: of Blzta;c;Zed C:::t;ed AT  Coloring Bleaching
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