Chinese Physical Society

Hll#!ﬂ Acta Physica Sinica

@ Institute of Physics, CAS

SBR[ E R RFTAVH & R E =R NO, BURSFE

AW SRBEK RE YW

Tungsten oxide nanowire gas sensor preparation and P-type NO- sensing properties at room tempera-
ture

Zhao Bo-Shuo Qiang Xiao-Yong Qin Yue Hu Ming

5| {5 & Citation: Acta Physica Sinica, 67, 058101 (2018) DOI: 10.7498/aps.20172236
1E 251515 View online:  http://dx.doi.org/10.7498/aps.20172236
AP 4% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2018/V67/15

AT RE RSB B L&
Articles you may be interested in

Gd £ 4 ZnO GK Lt it 5 P o ) 28— 1R SR PR 7T
Magnetic coupling properties of Gd-doped ZnO nanowires studied by first-principles calculations
YE=4.2015, 64(17): 178103  http://dx.doi.org/10.7498/aps.64.178103

Eu B2k Si 9K LR BUROL R
Photoluminescence properties of Eu doped Si nanowires
PP 27 H%.2015, 64(14): 148103  http://dx.doi.org/10.7498/aps.64.148103

T Cu GIARLART X S AT B B3
Calculation of coherent X-ray diffraction from bent Cu nanowires
YH 24,2015, 64(13): 138102  http://dx.doi.org/10.7498/aps.64.138102

AUPd AL -1 Ay HE AR ) 25 B 0 K 2 B e 39 B A I
Preparation of boron nanowires using AuPd nanoparticles as catalyst and their field emission behavios
YE = 4.2014, 63(4): 048102  http://dx.doi.org/10.7498/aps.63.048102

ZnO K LR I (1) i S B0 R T SN2 ik A o0 R E 7
Relationships between synthesizing parameters, morphology, and contact angles of ZnO nanowire films
YP2EH%.2013, 62(21): 218102  http://dx.doi.org/10.7498/aps.62.218102


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.20172236
http://dx.doi.org/10.7498/aps.20172236
http://wulixb.iphy.ac.cn/CN/Y2018/V67/I5
http://wulixb.iphy.ac.cn/CN/abstract/abstract65104.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract64771.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract64533.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract57989.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract56529.shtml

# 32 % R  Acta Phys. Sin. Vol. 67, No. 5 (2018) 058101

FALIEPR L S B RsmH F R E
=B NO, BURFFE
W BmA EE HH

(REERZFMAB 70, REE 300072)
(20174 10 A 15 Hi#; 2017 45 12 A 21 Hi2 &)

YRR 5 1 ) B ALES A = B AR T AR SRR B RE 77, 7R S ARAL A AUISAS B T 2098 A SR FH Wl Ik
5t G R A E B AP D AL T B S R FAEK SRR, 8 AR 5 P E AR, AR
IR ST EAL S A K 2R S B R . SR T B X R AT A X B RO HL T BRI A AT A RN E
S5 H T BB R AR RO AR R AR S5 1, IR B AEM RS B fe. SRR RE, iRk
AT A K 2 B MG A FRAIG, 300 °C L 400 °CHB K A L 4 it 2, N BRI S EL, G
THRAMBURM. W NO2 A BMERE, i Xt S H 300 ©C B KR Tl A PIREAE R T
T BAR LT ISR, %46 ppm (1 ppm = 107°) NO2 ik % 2.5, SH& MR 0.5 ppm NO ik 1.37.
AN YPUREIE IR TR E WP Rma R, & OV A 9IR R R T A SR s R BLR, 28 /U
LT RO B T AT R

KA AR, GOKREL, NOo SRS, MR

PACS: 81.07.Gf, 07.07.Df, 85.35.-p

15 =

TR, HEE Tl A R ANB R I L
T, TR RS A BRI A UL RIS R AR R
mEHR, AP INO,, SO, %4 B A FHA 4k
RN BT, R AT R p ™ s .
FUIE FH T NO,, 141545 JEE e 0 A 428 T4 A% J 2
U RL AN BB AP A AT A v i K 1

LR E R AN T hp, A (WO3)
BT HEE THAERZ RN S, SBEHATEEHA
BB R AFEZ FE L), AT NOy R —
SR S5 AT AR B PR i SRS, 2 — T L
SR (B, SR SRR RS 0 TARR A
SRE R V) IR T AR R BRI ST P IR, AT
I I B 1 SOV K BRI WO s BB AR AR IR
JE, CUIRAS T BUF IR FORCR . R R K S K

* [ER H AR S (HHES: 61271070) BEBIAGURAEL
T #E/E#. BE-mail: huming@tju.edu.cn

© 2018 FEYIEF S Chinese Physical Society

DOI: 10.7498 /aps.67.20172236

FIAALAES, PR AR B 90K ERSE, th T B
KB Ll 2R AR K R E 7 18] AR S5 R RE AR
ELAL, AT B SR B T AR R B T B v U
R AR BRI AR R B 0= 12) 5 gh[A] I,
it T AR IR ) R SR B 90 K 2 R D AR Y
R Sl R N ER, R R I O fE,
H AR R

—RAEOLT, WO & —F N & g ik
Yok SRR R BT &R | 314K (MOS)
1 Ji B A A RHE AN [F] SR BT L BEAE 1 A2
P U341 3 T N B ek, 2 B B T AUk
i, PR E E BRI ER I BT S
Fe kTR RIS R A, & Ry 5 R R
W BT SRCRR P, 3RS 582 10 E d B 7 if AEAS FLPEL T
B, 1Mo P RS AR RS AR A

ERASCSE R I, WOz Pkt 2RI P

http://wulizb.iphy.ac.cn

058101-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20172236
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 67, No. 5 (2018) 058101

R TR RERFE . A SO I A AR AT ) 2%
WOz K2k, I B MR NOy LB AR LA
AR R I, WOs 23R B 2 P-HL MOS F Wi 5 4R
P, I HAE S T X NOo AR R I H B v 1) R
JE. AT RTT R BE S N Oy SR e R B
il N TARR B R AL T —MoE BT TR .

2.1 FEBAHKENHIE

il £ A AR IR A A A K B SUROM B R LR
W 1R,

SEEG R A (100) dn Al P2 B i A 400 nm
1) AR A Z R A R SRR, E RS U
FIH 5 mm x 20 mm K7 TEATE, HA8 bR AER
THEBEURE XS A I HEAT I U, B — A EE A A U

1st oxidation

N HRTR R AR K TR A TR SRR AU K TR A
T8 PRI LA R TE 7K 25 AR 4 Sl et 7 i

VB e 5 A Rk v TR, 3T &R W
PERE. PR EK ] DPS-TIT ) 8 i 25 6o 08 4 42 ik
PEMENLIE S Fr RIUUR — 2 W . 8% 4% 1R A
AKREZ 4 x 107 Pa; TAEE2 Pa; AT Th R
100 W Wl S IFIE] 10 min. 4R 5 5% W5 5 HE AL T
2% WOs 4Kk, 1%, W& H W E 5 F
B LR S P 3T — ARE AR B, AR KA AL
WYk 2. B EIR KRB 700 °C, K58 120 Pa,
FHE#E 2 10 °C/min, RIGEEN1 h, BFiREZE
6 °C/min. H &k, HATH D HEAAE gk
LB FE AR IE N S1, S2 43 BITE S 4 iE 4T 300 °C
(S1) #1400 °C (S2) 1Bk 2 h 4bFE, {FAMASGIKLE
BE— AL, B RBEAT A R K AR 4K b
104 SO /E Xt .

2nd oxidation

an am K K

SiOy substrate Sputtering W film

Growing WO, nanowires

Pt electrode
. . Gas sensor
Growing WO3 nanowires

K1 SRR A AR ORI R B s ) & e

Fig. 1. Preparation process of silicon dioxide based tungsten oxide nanowire gas sensor.
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Fig. 2. Top view and cross section SEM image of tungsten oxide nanowires: (a) Sample SO; (b) sample S1;

(c) sample S2.
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Fig. 3. XRD spectra of tungsten oxide nanowires (S0)
without annealing treatment: (S1) 300 °C; (S2) 400 °C.
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Fig. 4. TEM images of tungsten oxide nanowires: (a) Sample S1; (b) sample S2.
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Fig. 5. XPS spectra of tungsten oxide nanowires sample S1.
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Fig. 6. Response curve of tungsten oxide nanowire gas
sensors to various concentrations NOg2 gas at room

temperature: (a) Sample S1; (b) sample S2.
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Fig. 7. (a) Response of SO, S1 and S2 to different
concentrations of NOg at room temperature; (b) rela-
tionship between response and operating temperature
of sample SO, S1 and S2 towards 6 ppm NOs.
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at RT.
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Abstract

Gas sensor has been widely used to monitor the air quality. Metal oxide semiconductor (MOS) is one of the most
popular materials used for gas sensors due to its low-cost, easy preparation and good sensing properties. However, the
working temperature of tungsten oxide gas sensor is still high, which restricts its applications in special environment.
Researchers try to lower the working temperature of WO3 by doping or changing morphology. Tungsten oxide nanowire
has great potential to be applied to the gas sensing field because of its high specific surface area. In this work, one-
dimensional WO3 nanowire structure is synthesized by sputtering W and followed by the twostep thermally oxidation
method. The first step of oxidation is carried out in vacuum tube furnace to obtain the WOz nanowires and the second
step of oxidation is an air annealing treatment in which we will control the temperatures (SO, without treatment; S1,
300 °C; S2, 400 °C) to study the morphologies and gas sensing properties. The obtained WO3 nanowires are investigated
by field emission scanning electron microscopy (FESEM), X-ray diffraction (XRD), X-ray photoelectron spectroscopy
(XPS), and transmission electron microscope (TEM) techniques. The SEM results indicate that WO3 nanowires grow
along different directions in space. Nanowires have an average length of 1 ym and a diameter of 40 nm. Besides,
nanowires have better crystallinity after higher-temperature (400 °C) annealing as indicated by the XRD results, which
means less surface defects and surface states. The XPS spectrum indicates the existence of oxygen vacancy in nanowires
after 300 °C annealing. The TEM results show that nanowires preferred growth direction is changed after different
annealing treatments and the crystal lattice of nanowires after 400 °C has better order than that of nanowires after
300 °C. The influences of annealing temperature in the second step on the sensing properties to variousconcentration
NO. gases are investigated at working temperature ranging from room temperature (RT) to 150 °C. The results show
that the WO3 nanowires after 300 °C annealing show better response than after 400 °C annealing and without annealing
treatment. The best response of nanowires to 6 ppm NO2 is 2.5 at RT after 300 °C annealing treatment, and the
lowest NO2 detection limit is 0.5 ppm. The room temperature enhancement in gas sensing property may be attributed
to the large WOs3 nanowire surface states caused by oxidation degree controlled twostep thermal oxidation method.
Besides, p-type response to testing gas is found. This might be caused by the lattice defect and the adsorption of oxygen
from atmosphere which leads to the formation of surface inversion layer. And the dominated carriers of nanowires will
convert from electrons into holes. In conclusion, these results demonstrate that the WO3 nanowires have great potential

applications in future NO2 gas detection with low consumption and good performance.

Keywords: tungsten oxide, nanowires, NOy gas sensors, response types
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