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Preparation and properties of N-doped WO;
electrochromic thin film and device
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Abstract; N-doped tungsten oxide(WQO; :N) and Ti0), thin films were prepared on indium tin oxide(ITO) coa-
ted glass substrate by reactive magnetron sputtering and assembled into electrochromic devices. The struc-
ture, surface morphology, composition and chemical bonds of films were characterized by XRD, AFM and
XPS, respectively. The electrochromic properties of the devices were investigated by DC regulated power sup-
ply and spectrophotometer, The results indicate that WO, : N films are amorphous, whose scattering peaks
move as N content increases. With the increase of N content of WO; ;N film, the film surface gets rougher,
and this will decrease the transmittance of the device in bleached state. W and O elements exist in W*" and
(", 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. The device reaches the largest modula-
ting extent as the N content is 2. 80% , which is suitable for energy conservation glass.

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

’ ’ W 2
0WO, Mo W . WO,
. , A , W tsl ] [4]
. . - Ti WO, ,
WO, 1] , 6.9%. [5]
. WO, Ti.Mo Mo WO, .
:2015-03-19; :2015-04-09
: (KJ2009A091; KJ2012A228) ; (103~
4115100010)
(1990—), . , B

(1956—), s s s



5 . WO, 609
, o ) 1 h, e
N O , 1, WO,  TiO;, , 60°C
, N . N 24 h, .
O . , WO, D/MAX2500VL/PC X
tel, O N (X-ray ditfraction, XRD) (Cu-Ka
o ; CSPM4000
5 R (atomic forcemicroscope, AFM)
/ / / / . . ESCALAB250 X
(indium tin ox- (X-ray photoelectron spectroscopy, XPS)
ide, ITO) , Ti0, , WO;
WO, 7, WO, WYJC-5
N N - 1 °
N N &, Li* ’
) ; » LiT )
WO, , o +=3V, R
; . . 4 (CARY5000)
. ) WO, 9 .
Lo-to o
N, , S T
ITO WO, : By
TiO, . -
/ITO/TiO, /Li* / WO, /1TO/ o
[y A TiO,
1 Li?’%)ﬁ ITO
SEWO,
FJL560B1 o
: 99. 99 % w !
) Ar.0,; N,,
ITO WO, . 2
99.799% Ti , 9 1 WO,
ITO TiO, WO, XRD 5 )
15 min; 2X107*Pa, WO,
WO;,
, 2 Pa,
100 W, 0.5 h,N,,0O,.,Ar
0:5:25,2+5¢% 25,45+ 25,
6:5:25, TiO, :
, 1 Pa, 100 W,
0.5 h,
10 g 60 °C 10 h
., 20 mL 15 min, .
5 mL .1.25 g Li,COy 15 min, 5 N, WO, XRD

o 60 C


zhk
铅笔


610 ( ) 39
2 , WO, , o
o 24.4°.35.1°,53.1° 2.2 WO,
; N, ,24.4° WO, AFM 3
, N, 6 mL/min R N, 0.2.4.6 mL/min
; 24.9%, N 1.41.,1.62.,2.97.4. 82 nm,

NZ
0
(¢) 4 mL/min

3 s
N, .
WO, R N
WO, ,
Li" ,
2.3 WO, XPS
XPS WO,
4b , Ols
2 , WO, O

0
(b) 2 mL/min

(d) 6 mL/min

3 N, WO;
, 4a . Ols.W4f.Cls (
° ); Na
(O Nls N WO,
WO,
0,1. 81%. 2. 41%. 2. 80%, N,
o 6 mL/min , 2.80%,
Ols,W4f,Nls R
) 4b\ 4C\ 4d °
4 WO, XPS
530. 5,532 eV 4c , Waf W4f7/2.
Ol W4f5/2, 35.6.37.7 eV,



5 s WO. 611
WOt o4f el 5a , , 780 nm
4d , Nls 3 , , s N
3 , 1 398.6 eV 1.81% . 780 nm
N 1s (399.7 eV), ., N 2. 80% . N
, W.N Nls (397.3 V), 2.41%
W—OMN)I ;2 399.7 eV . , 430 ~ 800 nm
N—N , N8I, 3 s s
401 eV, , , N 2.80%
N N2 ’ H 1 100 nm ’
2.4 o
1
. /’% s
, A T z/% AT/ %
(AT=T —T ) 2 0 77,9 16.8 61. 1 3.0 11.3
. /ITO/TiO,/ 1.81 77,4 11.5 65.9 5.1 35.1
. 2.41 71.9 11.5 60. 4 1.5 26.0
Li / WO,/ITO/ ’ 2.80 76.9 8.1 68.8 3.7 15.2
390~2 000 nm AT ,
5 , AT 5b
‘ s R 5b , AT
° ’ 700 nm
AT 1 .
[19] . 500 nm
100 BR{O
- ——1.81% AT . 1 , N
—4—2.41% —~v2.80%
0L AN 2.41% ,
ol , AT
;1400 nm , AT
N
[ 40 =
= ’VK{\ =0 ——1.81% o N 2.41% ’
ol 9’%\&\%*2'4] % ——2.80 A)W AT , 2.80%
e 81 AT
0 C 1 - i L 1 1 0 D
400 800 1200 1 600 2000 7.7% 4.8
Anm WO, 3 , N
(@)
, N 2. 80%
80- b b
60_ b b
R ‘ . WO,
&
S 4r, e 2.41% .
] v 2.80%
201 4 2.80% .
O- L i 1 1 i
400 800 1200 1 600 2 000 ’ ’
A/nm , ,
(b) °
WO, s

ol



612

( ) 39

(1]

2]

(3]

[4]

(5]

(6]

(7]

@b WO,

(2) N, , WO,

(€D N, , N

, 2.80% Ols.W4f Nls

W —+6 ;O
WO, s N 3 s N
O W

4

(5) 2.80%

, 2. 80% WO,

Deb S K. Opportunities and challenges in science and tech—
nology of WOs; for electrochromic and related applications
[J]. Solar Energy Materials and Solar Cells, 2008,92(2):
245—258.
, , P WO;
[Jl. ,2011,26(3) :41—46.
Cai Guofa, Wang Xiuli,Zhou Ding, et al. Hierarchical struc-
ture Ti-doped WO; film with improved electrochromism in
visible-infrared region [ J ]. RSC Advances, 2013, 3:
6896 —6905.
Paipitak K, Kahattha C, Techitdheera W, et al. Character-
ization of sol-gel derived Ti-doped tungsten oxide electro-
chromic thin films[ J]. Energy Procedia,2011,9:446—451.
, , . WO, -Mo

[J]. ,2009,38(9):
1570—1574.
Mohamed S H, Anders A, Montero I, et al. Structural and
optical evaluation of WO,N, films deposited by reactive
magnetron sputtering[ J]. Journal of Physics and Chemistry
of Solids,2007.68(12) :2227—2232.

Valyukh I,Green S, Arwin H,et al. Spectroscopic ellipsom-

[8]

9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

etry characterization of electrochromic tungsten oxide and
nickel oxide thin films made by sputter deposition[ J]. Solar
Energy Materials and Solar Cells,2010,94(5) .724—732.
. s . L WOs
[J]. 42010,62(3) :43—46.
(. .2012,18(2)
165—171.
Zhang Jun, Wang Xiuli, Xia Xinhui, et al. Enhanced elec-
trochromic performance of macroporous WOj3 films formed
by anodic oxidation of DC-sputtered tungsten layers[ ] ].
Electrochimica Acta,2010,55(23) :6953—6958.
s s s A WO;
[yl
,2014,37(5):534—537.
Souza F L,Bueno P R, Longo E,et al. Sol-gel nonhydrolyt-
ic synthesis of a hybrid organic-inorganic electrolyte for
application in lithiunrion devices[ J]. Solid State Ionics,
2004,166(1/2) :83—88.
Wang C K, Lin C K, Wu C L, et al. Characterization of
electrochromic tungsten oxide film from electrochemical
anodized RF-sputtered tungsten films[J]. Ceramics Inter-
national,2013,39(4) :4293—4298.
Lee B G,Chio ] W,Lee S E,et al. Formation behavior of a-
nodic TiO; nanotubes in fluoride containing electrolytes
[J]. Transactions of Nonferrous Metals Society of China,
2009,19(4) .842—845.
Ye Weichun, Ma Chuanli, Wang Chunming, et al. Electro-
less deposition of W-doped Ag films onto p-Si(100) from
diluted HF solution[ J]. Transactions of Nonferrous Met-
als Society of China,2009,19(6):1474—1478.
Yang Lili, Ge Dengteng., Zhao Jiupeng, et al. Improved
electrochromic performance of ordered macroporous tung-
sten oxide films for IR electrochromic device[ J]. Solar En-
ergy Materials and Solar Cells,2012,100;251— 257.
Wang Jinzhong, Elangovan E, Franco N,et al. Influence of
oxygen partial pressure on properties of N-doped ZnO
films deposited by magnetron sputtering[ J]. Transactions
of Nonferrous Metals Society of China, 2010, 20 (12):
2326—2330.
Park M H,Kim S H. Temperature coefficient of resistivity
of TiAIN films deposited by radio frequency magnetron
sputtering[ J]. Transactions of Nonferrous Metals Society
of China,2013,23(2) :433—438.
Sun Xilian, Liu Zhimin, Cao Hongtao. Electrochromic
properties of N-doped tungsten oxide thin films prepared
by reactive DC-pulsed sputtering [ J]. Thin Solid Films,
2011,519(10) :3032—3036.



