548 55 7 R - B N -1 Vol. 48, No.7

I

2020 £ 7 A JOURNAL OF THE CHINESE CERAMIC SOCIETY July, 2020

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/.issn.0454-5648.2020.07.20200017

15731l B UUBRA Bl #4515 2% B SRR LR

THRE B 8 KRE K &
(BTRHEAR, b TS SR P 5 A5, A 610054)

B E: FH&ES TREBTIENEPAD)H & 1S B 2% A I(VO)MiR . KA X SHZRATSS . JbRTRe. R 7R
Raman St 3% S RALEARXTANF & BB A VO, ML REREAT T W FE . 45 RE W] A PAD J73A# % 1) VO, MEIE BT B AT,
HAE BRI AR Raman Yl RoR, #5504 1.0%(BE/R S E0 BB P I M2 A A2z ililss REoR, 45
BARI VO, HERARAZ IR IR T FE, FHBAY 0.3%(BE/R P BORSES 1, MIASEEE FEE 10 'C, HBEEMBZEKIN, VO, #
PR RS ] 8 B PS5 9/

KERIR: ZHEAL: MR B MARIREE: PWREZ
PEISES: TQI3S.11 XHERERD: A XEHS: 0454-5648(2020)07-1074-07
4% HARATE]: 2020-04-13

Preparation of Tungsten-doped Vanadium Dioxide Films by Polymer-assisted
Deposition Method
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Technology of China, Chengdu 610054, China)

Abstract: Tungsten (W)-doped vanadium dioxide (VO,) films were prepared by a polymer-assisted deposition (PAD) method. The
morphology and phase transition of the doped VO, films with different tungsten concentrations were characterized by X-ray
diffraction, X-ray photoelectron spectroscopy, scanning electron microscopy and Raman spectroscopy. The results indicate that
tungsten atoms are incorporated into the VO, films via the PAD method, and the fabricated VO, films also show great crystallization
characteristics. Based on the results by Raman spectroscopy, the M2 phase appears during the phase transition in the 1.0% (in mole)
W-doped VO, films. The results by electrical test indicate that the phase transition temperature of W-doped VO, films is reduced by
10°C as tungsten ions doped are increased by 0.3% (in mole), and the higher the doping concentration of tungsten is, the narrower the
width of the phase transition thermal hysteresis loop will be.
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Fig. 1 XRD patterns of the W-doped and un-doped VO, films
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concentration



248 B 7 W

DRSS w0 TRIBIIBNERI &S E A AL + 1077 -

ME 2b AT, 54 W JGERIIEES I T BRI
2ANE, 371 5 35.0eV. X 2 MES NS TR
W 4fsn FIW 4f50 RFIEIE . BEBRIB AR S G WS
TR+e , RUME W BT C& R IN5
il Zh A BRI XRD WA A, BB T Egit
AN A&, FRARIE BOAR S . 5
Gh, K 2b AT I, BEE W BRI, O, W, V
JCER WAL IS M Be T BN T M #83l, X2l T W
BER VBT,
23 EERERSHR

Bl 3 kB A VO, BB EH 0.3%-.0.8%
(1) VO, I SEM RIES R . WK 3 AL, K5
FMERR B, SRR/N K, BAE
WAy L. (H2 B e R e, W IT IR AL,
FLIR & B AP AR 2 /N iR, 1% f R 3 70 7E LT
o, AR NSRBI . HRENSE
RIIGINE] 0.8% 0, Rt FLIA AR E— 29K, &
KEAAHT 500 nm, FLJE B o R Kb, HAR
LA FER 2 A ERIEES . XU ITREN S
F MR AR AR KRS, (015 M B0
R Z AR ZIANERE FIRK) XRD 5 XPS 45
FATE, VLIS O It N VO, Siig . 1
YEZ MR THNG, BN ETFAESER
R s N 1P 7% Aa o S i 4 AL R
2.4 TR Raman Jig o

Kl 4a KRB 4 VO, ) Raman 115, [ 4b
K 4c NEBEN 0.5%F1 1.0%[H) Raman . & 4d
NO0C, NAHBE VO, HIER Raman X LEZE R .
M 4a FIEE 4d F RIS 2% B Raman J6i% o] I,
7E 194, 223, 308, 389, 496, 614cm ' 1 HL 7 Raman
U, B O I A A L R D R ZE A ) M
PSP MRS R BT, R Raman 3
S, S AR S, KAL) VO, BRI RS
TESEH K. oh, B 4d AT, BEAE RSB E RGN,
WAL IRFS , SR — IS . X TR T
LA N AR A, P BLE T U, H
THBEFHEFEERTAE T, S5 VO, &g
AR, A BN E] 1.0%I0, 7F 640 cm '
LT Raman 1§, M dc AT, 1.0 %8345 4410 VO,
S A THE R IR AR, ¥I7E 640 em ™! AR AE
Raman 1§, X5 C#ER[301H i1 M2 #HIT) Raman
WAL —E. AR, AR AN TR
BA RN S URC Y, AR, 5
M1 AHF R A2 [AIEAFAEAH AR R R

(a) Without W-doped

(b) 0.3% W-doped

(c) 0.8% W-doped
K3 AFESBET VO, MR SEM #F
Fig. 3 SEM imagess of VO, films with different W-doped
concentration

2.5 HIRBFMRESH

K 5 NS5 T VO, JER Y R BE BE R 2
ARAG 2L, Ferbati A S0 IE 5 TR i R oR THR I R
A S0 =R 2 ROR BRI AR . & 6 VAN
BET AN AR R R EE . WK 6 T
W, BEELBENGN, VO, MRIHEREEE
L NBE, Hob, RBAD ANPUEEAR AR N
55°C, M THBEN 0.8%HMf, WRLAHASE BT



+ 1078 - CRERR R 2540 J Chin Ceram Soc, 2020, 48(7): 10741080 2020 £

i BB 1.3 %EBAARRECE TR BK. S4h, EREARAZ RS AT R AR
—15°C. BUEKFE, BB 03 %MEET, VO KIS, MEGSBEIEM, HEEHRERMN 44
EARAR R FE T e 10 °C, HihfE FREMIEAE ek HE Qs 1 ME . 458 LTRSS R o)

=
— N
f E
on N
WW“-'-A/ 2 # e\ S—
= St S Vo =
2 %WM—-— [=) > ittt [=)
2 AR A g p oo | B
E——— - 0 F T ,
" o e — on
£ £
~ P =] =
. 8 51
200 400 600 800 1000 200 400 600 800 1000
Raman shift/cm™! Raman shift/cm™
(a) Without W-doped (b) 0.5% W-doped
%WW
Mm E
%—-NJ .y =
o NN s A § z
Rl e St evematemerrmca AN 2
S o R Aoy :"“—MW-.M,J\ %
= M ot et o =
Ll o S —— oc =
S —— 2
o DN | E
=S40
200 400 600 800 1000 200 400 600 800 1000
Raman shift/cm™ Raman shift/cm™
(c) 1.0% W-doped (d) Different W-doped concentration at 0 'C
K4 AFEEBET VO, MY Raman i
Fig. 4 Raman spectra of VO, thin film with different W-doped concentration
10° 60 - —=a— Cooling
—=&— Heating
“ 0 %
3 5 40
g g
< 10 =
£ :
5 = r
g1 2
| g
% 10 s O
£
[aW
10! 20 L
| ) ) ) | ) | ) ) ) 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 00 03 x(\(;(g/‘y 09 1213
Temperature/'C ?
B S RIFME B T UL B MRS P BEL L L 214 2 K6 VO, BEUHAR RS RN

Fig. 6 Phase transition temperature of VO, films changed with
W doping concentration

Fig. 5 Resistance-temperature hysteresis loops of the VO,
films doped with different amount of tungsten



248 B 7 W

DRSS w0 TRIBIIBNERI &S E A AL .

1079 -

., EARRA A CL R SRR . 24 WO ARHEA
TR AR, S EURE LR T, TR
W-V-O £ %. Hili T WE 742 VIR, fr
PASTHIR VO, BR 25 i O AEZE L 7, 51k
BT SRS O SR AR T, Al MR VO, 1 R
IR A o — AR AR Rk 2R K A2 BB, BRI £,
VL LR B I T B, BT S B VO, AHAR IR
AP R R D, (HEEH B RGN, HE
AR [ 28 B8 BEAEAE IR/ a3, AR TERI 7 °C
(0%)F] 4 C (0.8%). 454 SEM RIELER, £55 il
it VO, ki AE K AR B BRI . B3
BR[34TRT 0, 4 8 5 ph B T R0 O ORL 4 i, T4
BB R, SN R R A L, B
(109 1B B8 B

3 £

K H & A B B 2% S5 24 K VO,
Ji. XRD 5 XPS 45 R 3% B il 46 1 BN AT VO,
HE, HEYE 752420 SEM g5 Rt — B3R,
5B D N A A Y, R R A
mn T A BRI RE, RS 2 M. AR iR
Raman 45 5RAE B T il % (19 VO, # IR AHAS {1 vl 108V,
HIEES B BN 1.0%(BE /R 7350l , 7E Raman Yl
640 com ' Ab A%< S B S5 ¥ Raman W6, T L 24 1 R
L, @5 15 8 T DL S I A AR iR FE ) R
2, TCURHFRCEIE R, B2 N EARAERE.

SE R

[1] BIERMANN S, POTERYAEV A, LICHTENSTEIN A I, et al
Dynamical singlets and correlation-assisted Peierls transition in VO,[J].
Phys Rev Lett, 2005, 94(2): 026404.

[2] WANG S, LIU M, KONG L, et al. Recent progress in VO, smart
coatings: Strategies to improve the thermochromic properties[J]. Prog
Mater Sci, 2016, 81: 1-54.

[3] GRANQVIST C G, LANSAKER P C, MLYUKA N R, et al. Progress
in chromogenics: New results for electrochromic and thermochromic
materials and devices[J]. Sol Energy Mater Sol Cells, 2009, 93(12):
2032-2039.

[4] JEROMINEK H, PICARD F, VINCENT D. Vanadium oxide films for
optical switching and detection[J]. Opt Eng, 1993, 32(9): 2092-2099.

[5] PARKIN I P, MANNING T D. Intelligent thermochromic windows[J].
J Chem Educ, 2006, 83(3): 393—400.

[6] KANAIJ B K, VIGNAUD G, GIBAUD A, et al. Thermally driven sign
switch of static dielectric constant of VO, thin film[J]. Opt Mater, 2016,
54: 165-169.

[71 GAVALAS S, GAGAOUDAKIS E, KATERINOPOULOU D, et al.
Vanadium oxide nanostructured thin films prepared by aerosol spray
pyrolysis for gas sensing and thermochromic applications[J]. Mater Sci

Semicond Process, 2019, 89: 116-120.

(8]

(]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

HUANG Z, CHEN S, LV C, et al. Infrared characteristics of VO, thin
films for smart window and laser protection applications[J]. Appl Phys
Lett, 2012, 101(19): 191905.

2RI, BUAIAK, T 227, S5 HVO, WA AR K ke i v [1].
FERR b 274K, 2019, 47(8): 1167-1174.

LI Kunpeng, ZHU Bailin, WANG Chongjie, et al. J Chin Ceram Soc,
2019, 47(8): 1167-1174.

BINIONS R, HYETT G, PICCIRILLO C, et al. Doped and un-doped
vanadium dioxide thin films prepared by atmospheric pressure
chemical vapour deposition from vanadyl acetylacetonate and tungsten
hexachloride: The effects of thickness and crystallographic orientation
on thermochromic properties[J]. Appl Phys Lett, 2007, 17(44):4652.
i, A8IE0L, RABT, & KIEHIR AVCo JLiBA% VOL(B)IEK
MOBE R L AL A P BE )] AR B 24, 2019, 47(11): 1670-1676.
YANG Qian, ZOU Zhengguang, WU Xingyu, et al. J chin Ceram Soc,
2019, 47(11): 1670-1676.

YANG Y, WANG L, HUANG H, et al. Controlling metal-insulator
transition in (010)-VO,/(0001)-Al,O; epitaxial thin film through
surface morphological Ceram Int, 2018, 44(3):
3348-3355.

LUY, XIAO X, CAO Z, et al. Transparent optically vanadium dioxide
thermochromic smart film fabricated via electrospinning technique[J].
Appl Surf Sci, 2017, 425: 233-240.

ZHU M, QI H, LI C, et al. VO, thin films with low phase transition
temperature grown on ZnO/glass by applying substrate DC bias at low
temperature of 250 °C[J]. Appl Surf Sci, 2018, 453: 23-30.
KRAMMER A, MAGREZ A, VITALE W A, et al. Elevated transition
temperature in Ge doped VO, thin films[J]. J Appl Phys, 2017, 122(4):
045304.

ZOU Z, ZHANG Z, XU J, et al. Thermochromic, threshold switching,
and optical properties of Cr-doped VO, thin films[J]. J Alloy Compd,
2019, 806: 310-315.

ZHANG R, YIN C, FU Q, et al. Metal-to-insulator transition and its
effective manipulation studied from investigations in V, Nb, O,
bulks[J]. Ceram Int, 2018, 44(3): 2809-2813.

LIANG Z, ZHAO L, MENG W, et al. Tungsten-doped vanadium
dioxide thin films as
energy-saving functions[J]. J Alloy Compd, 2017, 694: 124-131.

DAI L, CHEN S, LIU J, et al. F-doped VO, nanoparticles for
thermochromic energy-saving foils with modified color and enhanced
solar-heat shielding ability[J]. Phys Chem Chem Phys, 2013, 15(28):
11723.

DANG Y, WANG D, ZHANG X, et al. Structure and thermochromic
properties of Mo-doped VO, thin films deposited by sol-gel method[J].
Inorg Nano-Met Chem, 2019, 49(4): 120-125.

BURRELL A K, MARK MCCLESKEY T, JIA Q X. Polymer assisted
deposition[J]. Chem Commun (Camb), 2008(11): 1271.

DU J, GAO Y, LUO H, et al. Significant changes in phase-transition
hysteresis for Ti-doped VO, films prepared by polymer-assisted
deposition[J]. Sol Energy Mater Sol Cells, 2011, 95(2): 469-475.

JIY D, PAN T S, BI Z, et al. Epitaxial growth and metal-insulator
transition of vanadium oxide thin films with controllable phases[J].
Appl Phys Lett, 2012, 101(7): 071902.

LIANG W, GAO M, LU C, et al. Enhanced metal-insulator transition

performance in scalable vanadium dioxide thin films prepared using a

engineering[J].

smart windows with self-cleaning and

moisture-assisted chemical solution approach[J]. ACS Appl Mater
Interfaces, 2018, 10(9): 8341-8348.



+ 1080 - TERR #h 24 ) J Chin Ceram Soc, 2020, 48(7): 10741080 2020 £
[25] SILVERSMIT G, DEPLA D, POELMAN H, et al. Determination of the variation of vanadium dioxide films[J]. ACS Appl Mater Interfaces,

[26]

[27]

[28

[29]

V2p XPS binding energies for different vanadium oxidation states (V"
to V'[J]. T Electron Spectrosc Relat Phenom, 2004, 135(2-3):
167-175.

MANNING T D, PARKIN I P, PEMBLE M E, et al. Intelligent
window coatings: Atmospheric pressure chemical vapor deposition of
tungsten-doped vanadium dioxide[J]. Chem Mat, 2004, 16(4):
744-749.

GU L, WANG J, DING J, et al. W-doped VO,(B) nanosheets-built 3D
networks for fast lithium storage at high temperatures[J]. Electrochim
Acta, 2019, 295: 393—400.

PICCIRILLO C, BINIONS R, PARKIN I P. Synthesis
characterisation of W-doped VO, by aerosol assisted chemical vapour
deposition[J]. Thin Solid Films, 2008, 516(8): 1992-1997.

ZHOU J, XIE M, CUI A, et al. Manipulating behaviors from heavy

and

tungsten doping on interband electronic transition and orbital structure

[30]

[31]

[32]

[33]

[34]

2018, 10(36): 30548-30557.

JIC, WU Z, WU X, et al. Terahertz transmittance and metal-insulator
phase transition properties of M2 phase VO, films induced by Cr
doping[J]. Appl Surf Sci, 2018, 455: 622-628.

LEE S, IVANOV I N, KEUM J K, et al. Epitaxial stabilization and
phase instability of VO, polymorphs[J]. Sci Rep, 2015, 6(7):
073112-073112-5.

HUANG Y, ZHANG D, LIU Y, et al. Phase transition analysis of
thermochromic VO, thin films by temperature-dependent Raman
scattering and ellipsometry[J]. Appl Surf Sci, 2018, 456: 545-551.
TAN X, YAO T, LONG R, et al. Unraveling metal-insulator transition
mechanism of VO, triggered by tungsten doping[J]. Sci Rep, 2012, 2:
466.

WU X, WU Z, ZHANG H, et al. Enhancement of VO, thermochromic
properties by Si doping[J]. Surf Coat Tech, 2015, 276: 248-253.



