Chinese Physical Society

Mﬂﬁﬂ Acta Physica Sinica

Institute of Physics, CAS

ENRG/EUNPAAREE S RIEE &S5 SRR

K W XNE T ALE

Synthesis and gas-sensing properties of the silicon nanowires/vanadium oxide nanorods composite
Zhang Wei-Yi Hu Ming Liu Xing LiNa Yan Wen-Jun

5| {5 & Citation: Acta Physica Sinica, 65, 090701 (2016) DOI: 10.7498/aps.65.090701

TE 281715 View online:  http://dx.doi.org/10.7498/aps.65.090701
23y 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/19

EATRERCL B B S &
Articles you may be interested in

UM A 55075 B - B0 380N 8 R R AR S A28 B
Improvement and application of top-gated graphene ion-sensitive field effect transistors
PP 2242016, 65(8): 080701  http://dx.doi.org/10.7498/aps.65.080701

KT 2L AR T RIBCIEON A3 AU SERT 5O 7 OGS 1) CO B s R R A MBI 7T

Research on high sensitivity detection of carbon monoxide based on quantum cascade laser and quartz-
enhanced photoacoustic spectroscopy

VP27 4%.2016, 65(6): 060701  http://dx.doi.org/10.7498/aps.65.060701

LT HEL S AR VR V2 A0 S T FR WD LD IR B Bl A S 50 O NO, A% s ¥t At AL

Design and optimization of off-beam NO, QEPAS sensor by use of E-MOCAM with a high power blue
laser diode

YE = 4.2015, 64(13): 130701  http://dx.doi.org/10.7498/aps.64.130701

73 IS IR G 22 4 PO IR 15 A MEE T 0 7
Study on compensation method of beam deviation in division of time imaging polarimetry
VP22 4%.2015, 64(6): 060701  http://dx.doi.org/10.7498/aps.64.060701

FL T IR P A U R DG ET B B 10 L -3 S i S R AR R I T AL

Refractive index sensing characteristic of a hybrid-Fabry-Péot interferometer based on an in-fiber ellip-
soidal cavity

YE % 4.2014, 63(24): 240701  http://dx.doi.org/10.7498/aps.63.240701


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.090701
http://dx.doi.org/10.7498/aps.65.090701
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I9
http://wulixb.iphy.ac.cn/CN/abstract/abstract67064.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67064.shtml
http://dx.doi.org/10.7498/aps.65.080701
http://wulixb.iphy.ac.cn/CN/abstract/abstract66820.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66820.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66820.shtml
http://dx.doi.org/10.7498/aps.65.060701
http://wulixb.iphy.ac.cn/CN/abstract/abstract64594.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64594.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64594.shtml
http://dx.doi.org/10.7498/aps.64.130701
http://wulixb.iphy.ac.cn/CN/abstract/abstract63699.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63699.shtml
http://dx.doi.org/10.7498/aps.64.060701
http://wulixb.iphy.ac.cn/CN/abstract/abstract62400.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62400.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62400.shtml
http://dx.doi.org/10.7498/aps.63.240701

32 % R  Acta Phys. Sin. Vol. 65, No. 9 (2016) 090701

REAR S/ F IR S A PPR &
5SS AERIZT
WEAT WA XE FH EAXE

(REEREBE TR TR, KiE 300072)

(2015 4E 11 A 7 HYEl; 2016 4£ 2 A 2 HikRIE4R )

R FH AR BRI 20 <6 Ja il B 2 ki A p BB R ) 4% 1 REGAORER PR B, S DABEATE N2, 38 P A
(7 I ) <5 TR LR I HEAT TR K EALAL PR, 2 K 26/ E LK S A AR SR i 7 B
A X RATHACRAE 722 A BRI, 45 RRINZ S IR T AR LR AR, A F T UL,
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PACS: 07.07.Df, 71.20.Nr, 73.40.Lq, 81.07.Bc
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Fig. 1. (color online) Schematic depiction of the fabrication process of SiNWs/V20Os nanorods

nanocomposite gas sensor.
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Fig. 2. SEM images of SiNWs and SiNWs/V205
nanorods nanocomposites: (a) SiNWs; (b) S1; (c) S2

(inset: crosssection view).
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Fig. 3. (color online) XRD patterns of SiINWs/V20s5

nanorods nanocomposites.
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Fig. 4. The dynamic response of the gas sensors (sample SiNWs, S1 and S2) to various concentrations of

NO2 at room temperature.
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Fig. 5. Relationship between the sensitivity of gas sen-
sors (sample SiINWs, S1 and S2) and NO2 concentra-

tion at room temperature.
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Fig. 6. (color online) Sensitivity of gas sensor (sample

S1) to various gases at room temperature.
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Abstract

As air pollution is becoming more and more serious in recent years, gas-sensing devices have attracted intensive
attention. In particular, NOz is one of the most toxic gases in the atmosphere, which tends to produce acid rain and
photochemical smog. Thus, there is a strong demand of cheap, reliable and sensitive gas sensors targeting NOz. Gas
sensors fabricated on silicon substrates with room-temperature operation are very promising in power saving, integrated
circuit processing and portable detectors. More important, the silicon nanowires (SiNWs)-based devices are compatible
with very large scale integration processes and complementary metal oxide semiconductor technologies. In the present
work, the novel nanocomposite structure of (SiNWs)/vanadium oxide (V20Os5) nanorods for NO2 detection is successfully
synthesized. The SiINWs are fabricated by a combination of nanosphere lithography and metal-assisted chemical etching.
Vanadium films are deposited on SiNWs by DC magnetron sputtering, and then V2Os nanorods are synthesized with
subsequent thermal annealing process for full oxidation in air. The morphology and crystal structure of product obtained
are characterized by field-emission scanning electron microscopy and X-ray diffraction. The characterization results
indicate that V2Os nanorods are uniformly distributed on the surfaces of SINWs. The increased specific surface area
of SiNWs/V205 nanocomposite provides more adsorption sites and diffusion conduits for gas molecules. Therefore,
the novel structure of the nanocomposite is conducive to gas-sensing. In addition, the sputtering time has an obvious
influence on the morphology of vanadium oxide. With the increase of the sputtering time, the specific surface area and the
number of p-n heterojunctions formed in the nanocomposite are both less than those of nanocomposite with appropriate
sputtering time. The gas-sensing properties are examined by measuring the resistance change towards 0.5-4 ppm NOa2
gas at room temperature by the static volumetric method. Results show that the nanocomposite with shorter deposition
time has better gas-sensing properties to low-concentration NO2 gas than those of bare SINWs and nanocomposite with
longer deposition time. On the contrary, the responses of the nanocomposite to other high-concentration reducing gases
are very low, indicating good selectivity. The enhancement in gas sensing properties may be attributed to the change in
width of the space charge region, which is similar to the behavior of p-n junction under forward bias, in the high-density
p-n heterojunction structure formed between SiNWs and V2Os nanorods. In conclusion, these results demonstrate that
the SiINWs/V205 nanocomposite has great potential for future NOs gas detection applications with low consumption

and good performance.
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