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Fig. 2. Band structure of (a) WO3 and (b) anoxic WO3 and (c) total state density.

058201-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 5 (2025) 058201

1.63 eV. THAFMRFIH R/ NG SEERSEER H 2.40—
2.80 eV B SLIRMEAH LA A, XJEH F DFT it
RS A7 AT BRI AR A4 T 5 21 HSCOR 2R WO,
AR 1) R RS 1Y FL 250 A, BE S5 T 4n
Kl 1(b) iR WO 1 Sk HEZE 8, FE7E A0 R 450
T TIIAESSALN WO, REHFSEH, Bt 2(b)
SR TTLLE W, BT RS M AETE, #1153 WOs 1
FORBEYGIE A FH7, [RIHFA17 S ) BE = AR A9 7 1)
T, el B YL EE FRIRE 0.76 eV, R I 42
R A T, R AL VL T PR RO RE Y, X
RESNFE RN Z S, G2 T, AR
TFIB R R, 25 ReAl 19 T8 BE AT BT T, e Y
AR, 3K EBH 1327 H ) FL A BT 08D,
IR BE G, M S R T 5 R 1
5. AH )25 A 0T LR 2(c) By RS2 XS
B, BEEPCKREES R 0 eV AL Ry, H A=)
AR BT, AR AR e SRS T B
AR T M RE R TR, PORBEH LT E
SAUFIEEB, XA PR R e 5 E LR,
R T BN R T SR S 55 4, BR8N
7 L MR RE 7 T A RO G F T 2 R R
B 2 SRR T, BRI A A WOs 1A
PP TERARE, A A TR B it R b i
(R AR .

3 KEr
3.1 WO, HRH&E5MKHE

ARSI FH R4 DR S R DU WO 5 . R
1 emx2 ecm K/MEALS) (ITO) T H B4 Jy JE
Ji. FER O 253 K TN B RS TN R A O R
15 min, JFFHESKRT. RIS WO, TR
BN WA IR CE A B S =, 4R 99%
AYASHR S5 RIE RS M 17 cm, A5 E 3x10°3 Pa,
PR AREEG A R s R %, &
AR R N 3:1. 78 2.2 Pa UUBUE 1A 300 W
TS I 28 10 S5 A1 T A WA T . IR S TR 1]
TR ZARFFRLIR (W e .

T 4 D S0 A 1 5 ) A R K AE A
B I e e W Gl AP O = B O aE =
£ 103 PaJ5, AL 5 min 25 TSI
SR SRJE A, IR I > A AR AT 300 °C
TR S5 T LA 5 °C /min 1 AR 6 % 41258 ok

3 h, FFAHIEEIR.

LB TR FEIRAN T - BRI S5 2 14 7
A R B AR A B AR AL PR B v ) A B S R AN R 3
JIE 7. ARG B - AR A 3R P B AR S M A 4 S A P
N o 8 R W S R e = S 1 71
J5J& = (13.56 MHz) H ji £k Bl A 2 1) (R A I A
YL, PRUEAR R IR 8 TAERI RIS, 2 PRk 4
PAEBEE B 23K (10—30 Pa) F, 7EA P4k
TGS P vy A AR, A LS A N
[T 25 a2y 1n] 77 AR S L 3. 28 SUR R G 1)
SUARSRAL RS, AP S0 F S i, A 2k
M BE A A BN SAR T, AR BOR AF B R 10 X4E
BT RAb R B A T B A AP BR, [RIRH A 1)
PEEPRAER, YREENREEE 10 Pa #1535
TR FRBCE I 5, 10 F1 20 W I Z4 A FHER
B TR ISP T AR R AR TR, DI % T
AT FL D) 2R A B A G TS () S ). A A B AR
TACPAE 114 ) B X T RSE2E 4 D A7 S i 1 58 7= 1] L Iz A
GG, 38 5 X 450—550 nm I B P I I Wi g
FEBIEA T LI S FRAE A2 (6 Mk B, AT S BN 4 55
PSRRI, e 459 B AT n] 45 4802 or R B A 43
T WO, T

it
1

SR TIO R

B3 A TSR E RGN A

Fig. 3. System diagram of plasma modification device.
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Fig. 6. SEM images before and after different processing.
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Fig. 8. WO; films before and after different treatment: (a) XPS and surface EDS atomic ratio; (b) film depth direction atomic ratio.
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Fig. 9. (a) Transmittance spectrum and (b) bandgap energy diagram of WOj; thin films before and after plasma treatment.
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Table 1. Results of four-probe conductivity tests for

various treatment schemes.
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Table 2. Design and test results of different plasma

treatment processes.
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Fig. 10. CV tests and charge quantities inserted and extracted for (a) initial preparation, (b) after annealing and (c) after plasma

treatment of WOj films at different potential ranges.
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Fig. 11. CV test and real-time spectral transmittance of WOj; films at (a) initial preparation, (b) annealing and (¢) plasma treat-

ment, and photographs of films at different voltages; (d) changes in current density (black curve), transmittance (red curve) and

switching time between colored and bleached WO; films at —1.0 V and + 2.0 V potentials for 30s after initial preparation, (e) an-

nealing and (f) plasma treatment.
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Abstract

In recent years, electrochromic materials have been extensively utilized in smart windows, displays, and
dimmable devices. WO;3;, as a typical electrochromic material has received significant attention. Existing
researches indicate that the concentration and distribution of oxygen vacancies in WO;3 are both important in
determining electrochromic effect. However, it has been reported that traditional preparation methods such as
annealing can significantly reduce the ability to modulate the crystallinity and optical performance. Hence,
proposing a novel approach to enhance the electrochromic properties of WOj; films holds important research
significance and application prospects. In this work, the electrochromic properties of WQO; thin films are
enhanced by increasing the oxygen vacancy concentration and forming its gradient distribution on the surface
through plasma treatment. Firstly, the oxygen vacancy concentration and distribution of the film are optimized
by regulating the power and duration of the plasma treatment. Secondly, the structure and optical properties of
the plasma treated WO, films are analyzed using X-ray diffraction (XRD), scanning electron microscopy
(SEM), and UV-Vis spectroscopy. Finally, the stability and response speed of each film during the
electrochromic cycle are evaluated via electrochemical tests. Through plasma treatment, the concentrations of
oxygen vacancies on the surfaces of WOj; films are all significantly increased, and a gradient distribution is
formed, which is conducive to enhancing the ability to inject and extract electrons. The treated WOj; films
demonstrate better electrochemical stability and chromic stability during the electrochromic cycle, and their
transparencies and electrochromic response speeds are also significantly enhanced. Additionally, by increasing
the concentration of oxygen vacancies through plasma treatment, the band gap of the film decreases and the
electrical conductivity increases, which further validates the effectiveness of modulating concentration of oxygen
vacancies on the electrical conductivity of WO; film. Overall, these results indicate that plasma treatment is an
emerging method of significantly improving the electrochromic properties of WOj films.

Keywords: WO3, oxygen vacancy, plasma, electrochromism
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