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Nano-structured WOz Thin Films Deposited by Glancing
Angle Magnetron Sputtering
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Abstract: Nano-structured tungsten oxide (WO;) thin films were deposited at room temperature by glancing angle
reactive magnetron sputtering and then annealed at 450°C in air. The films were characterized by field-emission
scanning electron microscope (FE-SEM) and X-ray diffraction (XRD). The WO; thin film deposited by DC magne-
tron sputtering at 80° glancing angle exhibited oblique nano-column structure, while deposited by pulsed DC mag-
netron sputtering at the same angle exhibits nano-pore structure. After annealing at 450°C for 3 h, the oblique
nanocolums are conjunct with each other but the nano-pore structured remains with bigger pore size. XRD analysis
reveals that WO, thin films deposited at room temperature demonstrate amorphous structure. The amorphous struc-
ture will transfers to monoclinic phase after annealing at 450°C for 1 h. Transmittance difference between coloriza-
tion and bleaching of nano-structured WO, thin film reaches 60% at wavelength of 600 nm. Electrochromic proper-
ties of nano-structured WOj; thin films are highly reversible.
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Fig. 2 Surface and cross-section images of WO; thin films
deposited by DC magnetron sputtering at 0 and 80° glancing

angles

Surface (a) and cross-section(b) images, deposited at 0 glancing angle;
Surface (c) and cross-section (d) images, deposited at 80° glancing
angle
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Fig. 3 XRD patterns of WO; film deposited by DC magnetron
sputtering at 80° glancing angle

(a) As-deposited; (b) After annealing at 450°C for 1 h; (c) After an-
nealing at 450°C for 3 h
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Fig. 4 Surface (a) and cross-section (b) images of WO; films
deposited by DC magnetron sputtering at 80° glancing angles
after annealing at 450°C for 3 h
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pulsed DC magnetron sputtering at different glancing angles

Surface morphologies of WO; films deposited by
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Fig. 6 Surface and cross-section images of WO; films depos-
ited by pulsed DC magnetron sputtering at 80° glancing angles
(a,b) as-deposited; (c,d) after annealing at 450°C for 1 h; (e,f) after
annealing at 450°C for 3 h

J - B S [FAE 5 SO 2 IR LA H, T AEgR
KRR ZE A, B o 2 B A R B 3R A T L
2, ST TR BNL, Sep] AEAKTE B RHE R 45
THEBAR AT A . 1% 2 450°C Huab i )5,
T B O, PRI E. KK, YKL ERE
30~50 nm 3G [ .
23 SWBERMNEAARAIBSLIE

B 7 5t A o=0 A1 80CH BL VT RE 72 Ik 5
DU WO5 IR AR IE S ORI . Uit
FRE o=0 B, 24 TAEGRiI=IRST, TIRATAS
BAREEN, R AR R N, EEEH
Bk, EPA 400 nm AL HIZE IS ZIKE] 58%. 80°
T AR DU T 3 B YR RAEIR S M s, BT
RAF IR T 9 50E FH, B0 5 a0 TR o K
600 nm Ab B F HEH 25%. HEE GG, 284k
SR, HRA S R AR B B, AR IS A I KL
N 85%, LRI IEL RAMZETIL, UK R
R AN AR R SR (i FE e A nl I . 7R E
WREMT, RGOS SBOEZMNEDFZE
HILF] 60% LA I o 8045 5 A ik vt B I 428 Wtk S U AR
WO; I (1) /AR A IE SIS i 8 Frs . HIE
7 FHEE, R A R B DR S T A A B g K L 4



FRW, F T AW TUROR G54 S A B T R 1307

12 1
100
- a=
80 - /N\

< _
7'3 60
s
£
= 40+ ) i )
2 : \
g —— Colorization

N Bleaching

1 L L L ' * I

0=
300 400 500 600 700 800

Wavelength / nm
100
0=80°
g T A
xX
?
2 60
8 60%
g ;
g 40 - —— Colorization
£ L ;i A Bleaching
20 i | \
0 1 . 1 . 1 L 1 . L
400 500 600 700 800
Wavelength / nm

K7 0 A 80U A ELUHE M UTAR WO R 1045 ()
HRO B HHOLIE -
Fig. 7 Transmittance spectra of colorization/bleaching states
of WO; film deposited by DC magnetron sputtering at 0 and
80° glancing angles

100
| 0=80°
80 ----- e
< ;
8 60 -
=1
£ 60%
S 40
£ —— Colorization
0 / 1 1 1 1 1 1 1 1 1 1
300 400 500 600 700 800

Wavelength / nm
Bl 8 80°THUN Ay kit BRI WA IR WO HEE 5 (/
HR A IE R OLIE K
Fig. 8 Transmittance spectra of colorization/bleaching states
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