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1- laser ablation
2-vapor transport
3-solvothermal
4-Coulomb blockade

5-template- assisted electrochemical synthesis

6-chemical vapor deposition (CVD)
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) -self-assembly of nanoparticles
Y-DNA based templating

Y- vapor-liquid-solid (VLS)

¢- solution-liquid-solid (SLS)
S-vapor-solid (VS)
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1- thermally activated CVD (TACVD)
2-plasma enhanced CVD (PECVD)
3-photo-assisted CVD (PACVD)
4-laser-assisted CVD (LACVD or LCVD)
5-Atomic Layer Epitaxy

6-metal-organic CVD (MOCVD)
7-pulsed injection MOCVD

8-aerosol assisted CVD
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1-Flame assisted chemical vapor deposition (FACVD)
2-Electrochemical vapor deposition (EVD)
3-Chemical vapor infiltration
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1-Molecule-based chemical vapor deposition (MB-CVD)
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1-chemical sensors
2-piezoelectric transducers
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1- Field effect transistors
2-p-n junctions

3-bipolar junction transistors
4- complementary inverters
5-resonant tunneling diodes
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1- X-Ray diffraction

2-Field Emission Scaning electron microscope
3-Transmission electron microscope

1-Joint Committee of Powder Diffraction Society

Y&



Bruker- Jowo X g5, (oly oiws 31 oledyg0 (@) A =) IS
Wiged 28,5 18 e () laels olKiils ;0AXS

Sosh Dlmbo G abold jl cenl 0¥ (el ) ok o ) 456d ol s jslaie @
t 00 & STy el 5l Gl e Sguaie cpl (gl el ails £ (d)

20y SiN(Gq) =4 (\-))
(ool asgly 0 (V=Y USLe) hKE slewly jo jalne Slrbo po alold dh alal, ol jo 0,5 oolazul
Sl o oy el 5l oolisial L 5 0 0 polne b 0581 el X 555 ryo Jsb A 5 il asiye

DAl 668 it o sl

1 4h?+hk+k? 12
5[ 22 ]+C—2 (Y-))

Ay

2l 1) L 5 g0 ool a5 glaculi € @ g oo

Yy



dsing

B ° ® ® *—

[20] Sl 558 cpols ol gl (a4t S clois Y v =) U3

Sl JouS (3958 (g 9%y Se Y-V-)
(S5 i) (LS (sloyg Sl 1 a8,k gie 5 (diagy (39,550 (slo gSag Sioa M
EorSl o oSy Son o wed (oo Jol> S and; b gl S g LS JeS S 5
Sib oy p e S9N g adg sl (S plae S Jlesl Sl Slase ST (ot
Jlail g oads (5 58 iy a0l o B mhaw 2 (698 Gl S Jlosl L ogd oo ool
0 S )l jladie 30,5 oo olml oy mSUN 51 (55 JLs 5 asdly (alidl 5l mhasl (G5 B oauay
4758 0yt 5%55] S (sl Ypmmo 0l (K 00 Jloel (S8 e (S & anld ol 5o
@S el gl 0,5 eolinl 15 sl S8 b g3l 5l sl Y (g xS Lz adgs sl i
o ylane SaS 4 s o |, oaid alom) (sl yg 2SI sl S YU L D 4y 8 S5y apS]
3,95 0 Al 50 00,8 Ay srwlie (S9Nl aSG L 5 00,5 (Sl ((emeblioe il 4 pgas po) cumrloline
o SogSI agl lagyg i ogdle digd so adgi gl Slesg xSl esle b (g SN a5 L
Wigh oo pble mhuw (o5 5l a8 45l slaye xSl g3y a5)lo a2y 5 (ES5L) ads 0aiSTy
Slagg Sl 5 &5 (hge )3 witus digel mhw S Sne b (ol Slasie | Sledlbl g5l
Slge cigad (g3lw ool o [V Varal o 0ols oliowd oS 5 b abaly yo Sledbl (sol> 0aiSTy

Ol ol cnl e Wgd oo 0ols b Db 5LIT L Mo 000,55 S3L Y b diges o Ygons Loyl

YA



Y Sy 59y Wb loyog i ) oladiged g 058050 (SO Sl Jlasl 4l g ged o b o5 e
ol el YU b Jles b Slabe 5l o)le wub baaiges igd Sis SLlS 5 oud Lisy blu, 3k
5SSl led M) S8 il oaileBl (i, slaphd 5 JI eanS Sl sladsle
oles 1y ol 5l (Sless 7,k o jon & (FESEM ; Hitachi S- 4160) Jloe Joud  cing, (59,5

el 0l

(<)

[T Y

/.
fl/vt I
/N

43l (59,3801 3o LISST

ch hslsdyze o ol 8,5 IS FESEM) (lave JonS (stagy (595501 55 Sonsl (aaled (il VY -1 UG
aiged g U 59,581 aSy )b joue s L10 slixl 5l Sl yy9ai () 9 o)l oBKiils jo la aigal

S92 (955 @gSng e Y-V
S0 ke g Sy 5l (P98I AL S oS el (55wg S (6500 (S92 5Smg Se
digad 3l 908 Sopg S (S ey 5l pugal WS (o0 SR T b jses e 50 5 WS o0 y5es
29 398 en S e Gl ygtld amio wile gyl ppgal asld Sy hwg pgal 5 09l o0 Lo
bl TEM Logd so 65l 50T o je0 aiils S SO sabiwg b S350 Y SO (59,
L Lo 2SIl s9ngs zoe Job a5 0500 5)98 SlagSws s 4 Cand YU Sl 2999 L (650 2 9

Y4



Sz G &S eanlin 5 1, Sldp a5 wiS oo Sbml )5 lp ) bl cnl 5 025 oo 5o 5
by csalin JB tod (05SesS 5l SSeeS pln he es &5 Ll 5l gt o (S5
b gee ol 05Sug e 5 i S9SIl DSy S nlply il 68 slo 058 S
55 axts o )5 Loyl el gla Sy ol aatie gly gdies 3 lpl (HR-TEM) YU £os
-l sl TEM (g )lo gl wins )5 & SEM gl 4y Cond (8 (55000 Oy wlsl oo
031l )5 5l 51 el (oaio Sledbl 15 wbl o dube e gdns Sy (gl lislugil g
Laogs asbiphl cnl o oad 0,5l HRTEM ol amo e ooty ) Jli S (6,5 el

slodds 428 5 Wzl oy 5:le RMIT oSl s JEOL 2100F HR-TEM

| riluiag! 5398 (s el F-Y-)
09 dedr L) (Sl (SiseSily cod olge 5l e 6095 a4 03 oS 4 iluiioglgied
ol 355 35 oo G ol s 53 oo iorm 5 250 S 3k Jolor o8 (Uit i 5
lgeyd capd co Lo w4 oole yo (65, ol g g)le JLSle 0,00 yo 1) gauae SleMbl 1l ol
Sml o b LBL g la oalBl 3525 5 09800 ymie )19 Lo sboml & glaS” Sl )0 o psby
9 0ni ;5 b oaies slajl s A aiilgi e ajl 5l 09,8 (oo 00le (55,1 BB )5 (65, sl
S35 g s e T BaeeSs T res (540 35 & sslogzs & slal 5 antly 4tls suge 4, |,
SLasls 58 ()l SIS Las 45 Ygane ros slajli g codyl i b il Ll & S5 GosaS

il slacaS 55k GoeeS slojly 5 (oiulipd sloaS 55k 50 Ysane Gaae slojl s aSolu]

1- High Resolution TEM
2-Photoluminescence
3-Deep level

4-Shallow level
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Y- Oliver W. Johnson

2- Electrochemical sensors

3- Catalytic combustion sensors

4- Infrared sensors

5- Diffusion fuel cell sensors

6- Electrolyte-based potentiometric sensors
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1- Solid state gas sensors
2- spectroscopic system
3- optical gas sensor
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1- parts per million

2- parts per billion

3- online

4- Nuclear Magnetic Resonance
5-porphyrins

5- phtalocyanines

7- thickness- mode transducers
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Liquefied Petroleum gas (LPG) sensing by Tin Oxide nanostructure

sensor
Barzegar, Maryam'; Rahmani, Mohamad Bagher?; Khakzad Gharamaleki, Milad?; Haratizadeh,

! Department of Physics, Shanrood University ot |echnology, 3619995161, Shahrood
? Department of Robotic & Electrical Engering, Shahrood University of Technology, 3619995161, Shahrood,

Abstract

Sense of the flammable gases such as Liquefied Petroleum GAS (LPG) is a great interest for gas
and petroleum industries. Recently, nanostructured gas sensors were developed for using the
flammable and toxic gases. Tin oxide (SnO;) 1D nanostructures were successfully fabricated for
gas sensor application by chemical vapor condensation (CVC) technique using a double zone
electrical furnace. Alumina and quartz were used as substrate for SiO, 1D-nanostructures.The
response of the SnO, nanorod gas sensors was checked at different temperatures ranging from 25
°C up to 400 °C, to optimize the sensing efficiency .The results show that the sensitivity of nanorod
gas sensor to Liquefied Petroleum GAS (LPG) depends on substrate material and working
temperature.

PACS No. 81,51
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Tin Oxide 1D Nanostructure Synthesis For Gas Sensing
Application

M. Barzegar®,H. Mousavi®,H. Haratizadeh®, M.B. Rahmani®
®Department of Physics, Shahrood University of Technology, 3619995161, Shahrood, Iran
E-mail:hamid.haratizadeh@gmail.com

Abstract. Tin oxide (SnO;) 1D nanostructures have been successfully fabricated for gas
sensor applications by chemical vapor condensation (CVC) technique using a double zone
electrical furnace. Alumina, quartz and Au-coated Si (100) have been used as substrates.
The X-ray diffraction and scanning electron microscope have been employed to
characterize the synthesized products. Nanostructured gas sensor devices have been
fabricated by using Tin Oxide nanostructures as active layer and gold as the electrode
contact. SnO2 NWs film loaded with Pd catalyst exhibits decreased response time (~ 15s)
to 1000 ppm of LPG at a relatively low operating temperature (200°C). Fabricated sensor
devices have been used for sensing the ethanol vapor and flammable gases such
asLiquefied Petroleum GAS (LPG). Enhanced performance is observed for SnO2 NWs
films loaded with 25 cc concentration of Palladium chloride solution that exhibited a high
response (~ 1000%) at an operating temperature, of 200°C. The response of the SnO;
nanowire gas sensors was checked at different temperatures ranging from 50 °C to 300 °C,
to optimize the sensing efficiency. Fabricated nanostructure gas sensor exhibits 30 and 100
sec LPG gas sensing response time and a fast recovery time as short as 10 and 25 sec for
Alumina and quartz substrate respectively.

Keywords: Tin oxide, gas sensor, 1D nanostructure, chemical vapor condensation
(CVC)
PACS: 81.07.Bc, 78.67.Qa, 81.16.Be
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Low-temperature ethanol gas sensor by Tin Oxide NWs film grown by
CvVD

M. Barzegar®, H. Haratizadeh®*, M. B. Rahmani

*Department of Physics, Shahrood University Of Technology, Shahrood, r£199901#) ,

Iran
*Hamid.haratizadeh@gmail.com

Abstract:Tin oxide (SnO;) nanowires have been successfully fabricated for gas
sensor application by chemical vapor condensation (CVVC) technique using a double
zone electrical furnace. Alumina, quartz and Au-coated Si (100) have been used as
substrates. The X-ray diffraction and photoluminescence spectroscopy (PL) and
scanning electron microscope have been employed to characterize the synthesized
products. Nanostructured gas sensor devices have been fabricated by using Tin
Oxide nanowires as active layer and gold as the electrode contacts. Fabricated
sensor devices have been used for sensing the flammable gases such asLiquefied
Petroleum Gas (LPG) and C,HsOH vapor. The response of the SnO, nanowire gas
sensors was checked at different temperatures ranging from 50 °C to 300 °C, to
optimize the sensing efficiency. Gas sensing performances was discused for both
gases. gas sensing parameters such as response time and recovery time and
operating temperature were estimated.

Keywords: “CVD; Tin Oxide; Gas sensor; LPG; C,HsOH vapor
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LPG Gas Sensing Properties of a ZnO Nanoparticles Thin Film

Hamed Aleebrahim®, Ahmad Moshaii !, Akbar Taffakh, Sara Abbasian®, Maryam
Barzegar?
'Department of Physics, Tarbiat Modares University, Tehran, P.O.Box 14115-175, Iran
Department of Physics, Shahrood University of Technology, Shahrood, Iran
*moshaii@modares.ac.ir

Abstract: Gas sensing properties of a ZnO nanoparticles thin film for Liquefied Petroleum
Gas (LPG) has been studied for different concentrations of the gas. The ZnO nanoparticles
have been prepared by a sol-gel method from zinc acetate dehydrate and
monoethanolamine as the starting materials. The thin film was made by spin coating of the
solution and post annealing of the samples at 5000C. The X-ray diffraction indicates that
the ZnO particles have a polycrystalline nature. Scanning electron microscopy (SEM) of
the thin film shows porous surfaces are formed by a crystalline particle size of
approximately 39 nm. We measured the change of resistivity of the ZnO thin film at 300°C
by changing the concentration of the LPG gas as a function of time and the results
demonstrate a good sensing characteristic above 200ppm concentration of the LPG gas.
Keywords: ZnO nanoparticles; Sol-gel ; Gas sensor; Liquefied Petroleum Gas (LPG).
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Enhancing Gas Sensing Properties of Nanostructured Tin Oxide Using
Pd as a Metal Catalyst

M. Barzegar®, H. Haratizadeh?, M.B. Rahmani?

& Department of Physics, Shahrood University of Technology, 3619995161, Shahrood, Iran
E-mail:hamid.haratizadeh@gmail.com

Abstract. Thin films of SnO, nanowires (NWSs) were successfully deposited using
chemical vapor deposition (CVD) process on quartz substrates. Field emission scanning
electron microscopy (FE-SEM) studies showed that the large amounts of quasi-one
dimensional nanostructures were composed of NWs. X-ray diffraction (XRD) patterns
have been employed to characterize the structure of synthesized products. High-resolution
transmission electron microscopy (HR-TEM) images confirmed that the SnO,
nanostructured thin films are single crystalline. For the first time, Palladium (Pd) ultra-thin
films successfully deposited in a solution, using simple and low cost method of spray
pyrolysis on SnO, nanowires, acting as a catalyst.

Enhancement in the performance of the fabricated sensor is observed for SnO, NWs films
coated with 25 cc of Palladium chloride solution with 0.02M concentration. Samples
exhibited a high response (~ 983%) at operating temperature of 200°C to LPG. Results
indicate SnO, NWs film coated with Pd catalyst shows decreasing in response time (~5s)
exposed to 1000 ppm of LPG at the relatively low operating temperature of 200°C.
Exposing to C,HsOH vapor, resulted very short response and recovery times of 3 s and 14
s, respectively. Also, for this gas a very high response value of about 21000% observed
which is remarkable to reported papers.

Keywords: Tin oxide, Palladium, Gas sensor, 1D nanostructures, Chemical VVapor
Deposition (CVD)

PACS: 81.07.Bc, 78.67.Qa, 81.16.Be
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Synthesis and Gas Sensing Applications of Ni-doped SnO,
Nanowires

M. Barzegar®, H. Haratizadeh?, M.B. Rahmani®
& Department of Physics, Shahrood University of Technology, 3619995161, Shahrood, Iran
E-mail:hamid.haratizadeh@gmail.com

Abstract. In this work we report the synthesis of metal-oxide Ni-doped SnO, nanowires
(NWSs) by CVD technique. Ni-doped SnO, NWs films were deposited on alumina and
quartz substrates, using a double zone electrical furnace. Prepared samples were
characterized by X-ray diffraction (XRD) and scanning electron microscope (SEM)
methods. Results of sensing measurements by exposing ethanol and LPG gases showed
that Ni-doped SnO, nanowires have a promising application for the fabrication of gas
sensors with good sensitivity and quick response and recovery times. In this report gas
sensing properties of the sensor fabricated from the as-prepared Ni-doped SnO, nanowires
were systematically investigated and compared with those of pristine SnO, nanowires.

Keywords: CVD; Ni-dopant; SnO; nanowires; Chemical Gas Sensor; Ethanol; LPG
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Low-temperature ethanol gas senor by Tin Oxide NWs film grown using CVD

M. Barzegar®, H. Haratizadeh®*, M. B. Rahmani

4 Department of Physics, Shahrood University Of Technology, Shahrood, r£144401#1 , Iran

*Hamid.haratizadeh@gmail.com

Abstract: Tin oxide (SnO,) nanowires have been successfully fabricated for gas sensor applications by
chemical vapor condensation (CVC) technique using a double zone electrical furnace. Alumina, quartz and
Au-coated Si (100) have been used as substrates. The X-ray diffraction and photoluminescence spectroscopy
(PL) and scanning electron microscope have been employed to characterize the synthesized products.
Nanostructured gas sensor devices have been fabricated by using Tin Oxide nanowires as active layer and gold
as the electrode contact. Fabricated sensor devices have been used for sensing the flammable gases such as
Liquefied Petroleum Gas (LPG) and C,HsOH vapor. The response of the SnO, nanowire gas sensors was
checked at different temperatures ranging from 50 °C to 300 °C, to optimize the sensing efficiency. Gas
sensing performances was discused for both gases. gas sensing parameters such as response time and recovery

time and operating temperature were estimated.
Keywords: “CVD; Tin Oxide; Gas sensor; LPG”

Introduction

As an n-type direct wide band semiconductor (Eg = 3.6
eV at 300 K), SnO, is a key functional material that has
been used extensively for gas sensor[1]. SnO, gas sensors
have been usually fabricated in the form of thin films,
which demonstrated an acceptable level of sensitivity but
the response is relatively slow because it takes significant
time for a target gas to infiltrate into the SnO, particles
and adsorb on the surface [2-3].1D tin oxide
nanostructures have been synthesized by a variety of
techniques, including wvapor transport, carbothermal
reduction, molecule-based chemical vapor deposition
(MB-CVD), laser ablation of pure tin in an oxidizing
Ar/O2 atmosphere, oxidation of electrodeposited tin
wires, oxidation of tin vapors at elevated temperatures,
solvothermal synthesis,and electrospinning [4]. Due to

these  complicated fabrication  processes, their
commercialization and mass production is still in
question.

Here we report on the fabrication of a nanowire-based
SnO, gas sensor, in which Au electrical contacts to
nanowires are self-assembled and thus the sensors do not
need any expensive and complicated fabrication
processes. The growth mechanism of SnO, nanowires
was discussed. The gas sensing capability of the
nanowire-based SnO, gas sensor was demonstrated for
Liquefied Petroleum Gas (LPG), which is one of the most
dangerous gases and C,HsOH vapor.

Experimental

The growth process was carried out in a high-temperature
home-made two zone furnace tube. A horizontal quartz
tube was mounted inside the furnace . The mixture of
active carbon powder 0.5gr and fine SnO, powder 0.5gr
was placed into quartz boat and the substrates for growth
of nanostructures were put on the place 6-10 cm away
from the quartz boat. The substrates we used in these

experiments were Alumina, Silicon and quartz. After the
boat was inserted into the center of the quartz tube, the
quartz tube was first evacuated by a rotary vacuum pump
to 5 mTorr for 20 minutes. Then the furnace was heated
up to 1050 °C with the rate of 7.5 °C/min and maintained
for 120 min during the synthesis of the nanostructures.
Oxygen as active gas and Ar as carrier gas were
introduced to the furnace tube with a ratio of about 1 to 6
respectively and final pressure in the quartz tube was
controlled around 250 mTorr. Finally, the furnace was
cooled down to the room temperature and the products
were collected from different regions. Field emission
scanning electron microscopy (FESEM;Hitachis-4160)
and (Bruker AXS) X-Ray Diffraction (XRD) and PL
analysis were employed for structural analysis of the
synthesized of the SnO, nanostructures and gas sensing
measurements have been done by a home-made testing
apparatus consisting of a quartz test chamber with a
controllable heater, mass flow controllers, a PC-based
PSIP 86D multimeter. To achieve a good contact for the
electrical measurements, pairs of Au-electrodes is
deposited on SnO2 nanostructures samples (200 nm
thickness, 5 mm distance). Sample area is 1cm x 1cm.
The gas sensing properties were studied by measuring the
sensor with liquid petroleum gas (LPG) and ethanol vapor
at different temperatures (50-300 °C) .

Results and Discussion

Fig .1 shows FE-SEM images of typical synthesized
nanostructures grown by the thermal evaporation process.
All prepared samples in Fig .1 have been synthesized in
the same conditions except for substrate materials and
places. Fig .1 (a) confirms the formation of nanowire with
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20-30 nm diameter and 4-5 pm lenght on Au-coated Si

FIGURE 1. a) SnO, nanowires on Au-coated Silicon substrate. b) SnO,
nanowire on Quartz substrate, ¢) SnO, nanowires on Alumina substrate.
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FIGURE 2. a) . XRD spectra of typical SnO2 nanotips synthesized on
an Au-coated Si substrate. b) PL spectra of SnO2 NWs sample.
substrate and Fig .1 (b) shows the typical nanowire with
average diameter 20 nm and a length up to several
micrometers on the Quartz substrate. Fig .1(c) indicates
synthesized SnO2 nanorods on Alumina substrate with
hexagonal shape and average diameter about 85 nm.
XRD analysis (Fig. 2.a) shows that all the diffraction
peaks for the product match the tetragonal rutile SnO2
profile (a = 4.738 and ¢ = 3.187) obtained from the
(Bruker AXS) that confirms the formation of SnO2
crystal structure for typical nanowires synthesized on an
Au-coated Si substrate 1(b). There are several papers in
the literature that report on the luminescence spectra of
SnO, with different morphologies. It is recognized that
oxygen vacancies play important roles in these
luminescence bands as well as gas sensing properties [6].
Fig. 2.b) shows the room temperature PL spectra acquired
from the SnO, NWs sample which shows a strong visible
PL band at 580 nm, which has been consistently
attributed to oxygen vacancies that are essential defects of
metal oxides[7].
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Gas sensing measurements

The devices were operated at different temperature from
room temperature up to 300°C. Before starting the
measurements, to avoid of the effect of humid in the air,

the gas sensors were maintained in pure N, (99.9999%)
gas flow at a rate of about 0.1 L/h at room temperature
for 10 minutes to stabilize the resistance. Then, LPG
gas/ethanol vapor has been introduced into the gas sensor
chamber for 5 minutes in any temperatures (Fig 4.). The
response of the SnO, gas sensors was first checked at
different temperatures ranging from 50 °C to 320 °C, to
optimize the best working temperature. Two different
kinds of substrates have also tested as insulating material
in fabrication of gas sensor and the results have been
discussed. The operating temperature has an obvious
influence on the response of the sensor, and its sensitivity
exhibits a peak at 250 °C to LPG, with a response value
of 15.50 which is so considerable to pervious reports [8].
Here we use the definition of sensor response as R = [
(Re - Rn)/Ry] where Ry and Rg are the resistance of the
nanowire exposed to nitrogen and the target gases
respectively [1].

LPG
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FIGURE 3. Gas sensor Sensitivity versus time for SnO, nanowire to
LPG and C,HsOH vapor
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Here Response (recovery) time is defined as the time
period needed for the device to undergo resistance
changing from 10% (90%) to 90% (10%) of the value in
equilibrium upon exposure to target gas [1]. Fig 5.
Indicates response time of gas sensor to both LPG and
ethanol vapor gas.
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Conclusions

SnO, nanostructures using for gas sensor applications
were successfully synthesized with an electrical tube
furnace under vacuum condition. SEM images and XRD
and PL spectra confirm the formation of SnO,
nanostructures and the gas sensing exhibits considerable
results for response time, recovery time as short as 20 sec
and 85 sec respectively to ethanol vapor. The optimized
sensitivity of SnO, nanowires based gas sensor devices
have been reached at 250 °C and 50 °C for LPG and
ethanol vapor gases respectively
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Abstract: Gas sensing properties of a ZnO nanoparticles thin film for Liquefied Petroleum Gas (LPG) has been studied
for different concentrations of the gas. The ZnO nanoparticles have been prepared by a sol-gel method from zinc
acetate dehydrate and monoethanolamine as the starting materials. The thin film was made by spin coating of the
solution and post annealing of the samples at 500°C. The X-ray diffraction indicates that the ZnO particles have a
polycrystalline nature. Scanning electron microscopy (SEM) of the thin film shows porous surfaces are formed by a
crystalline particle size of approximately 39 nm. We measured the change of resistivity of the ZnO thin film at 300°C
by changing the concentration of the LPG gas as a function of time and the results demonstrate a good sensing

characteristic above 200ppm concentration of the LPG gas.

Keywords: ZnO nanoparticles; Sol-gel ; Gas sensor; Liquefied Petroleum Gas (LPG).

Introduction

ZnO is a n-type semiconductor with a direct
band gap of 3.3ev and a large excitation binding
energy of about 60 mev [1-3]. This material due to
its versatile optical and electrical properties has
many applications such as light emitters in blue and
ultraviolent range, solar cells [4], photovoltaic
devices [5] and gas sensors [6-9]. Recently, the
nanocrystalline thin film of ZnO has attracted more
interests due to its remarkable gas sensing
properties of various hazardous and toxin gases
[8,10].

ZnO thin films can be prepared by various
methods including RF  Magnetron  sputtering,
chemical vapour deposition, ion-beam and electron-
beam evaporations, spray pyrolsis and sol-gel
[8,11,12]. However between these methods, the sol-
gel technique is more attractive due to its simplicity
and low cost preparation. Also it provides a good
control on the concentration and homogeneity of
the solution in addition to easy coating capability by
a simple spin coater [5,13].

In this paper, we study gas sensing properties of a
ZnO nanoparticle thin film for the flammable gas of
Liquefied Petroleum (LPG). After preparing the ZnO
nanoparticles by a sol-gel method from zinc acetate
dehydrate and monoethanolamine as the starting
materials, we make the thin film by spin coating and post
annealing of the samples. The X-ray diffraction and the
SEM image from the ZnO particles show that porous
surfaces with a polycrystalline nature are formed on the
glass substrates. Measuring the electrical resistivity of the
samples shows a good capability for sensing the LPG gas
above 200ppm.

Thin film preparation of ZnO nanoparticles

To prepare ZnO nanoparticles, we used a solution of
0.40M Zinc acetate dehydrate (Zn(CH3;COO),.2H,0)
mixed by ethanol and stirred at the room temperature for
about half an hour. When the solution turned to a milky
state, monoethanolamine (MEA) was added slowly to the
solution yielding a clear transparent homogeneous
solution. The molarity of MEA in the solution should be
the same as that of zinc acetate. Here, MEA plays a
stabilizing role for the sol solution of Zinc acetate.

The solution was stirred at 60°C for about 2 hours to
yield a clear and homogeneous solution. After cooling the
solution to the room temperature, it is ready to be served
for the spin coating process. We used normal glass lamel
as the substrate for thin films with a dimension of 25mm
x25mm. After pre-cleaning with a normal detergent, we
further cleaned the substrates in a diluted solution of
H,SO4 (5%) for 20 minutes using an ultrasonic stirrer.
We also repeated the same procedure by acetone and
deionised water and then the substrates were fully dried
inside an oven.

After preparing the cleaned substrates, the sol
solution of Zinc acetate was slowly dropped on a glass
substrate while it was rotating at 1000 rpm. We let the
substrate to rotate in this situation for 25 seconds. Then
the film was dried at 110°C for about 10min inside an
oven, for evaporating the remaining solvent from the
samples and removing undesirable organic residuals. The
whole procedure of coating and drying were repeated
twelve times to make the thin film with a desired
thickness on the substrate. The film was then annealed in
air at 500°C to be ready for the sensing process.

To provide two electrical contacts on the films, two
Au electrodes were deposited on two opposite sides of the
samples using the thermal evaporation technique. The
contact area in each side was 25x7.5 mm with a distance
of about 10mm between the electrodes covered by the
sensing material.
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Fig.1.The flow chart algorithm of preparation of the ZnO
nanoparticles thin film.

Characterization of the thin films and sensing
measurements

The crystal structure and orientation of ZnO
nanostructures in the thin film have been investigated by
X- ray diffraction (XRD) method. Figure 2 shows the X-
ray diffraction pattern of the ZnO thin film. According to
the library standards of XRD, the pattern indicates the
growth of the nanoparticles along the three planes of
(002), (101) and (100). The most preferential growth
occurs along the plane (002).

Intensity

20 25 30 35 40 45 50 55 60
20 (degrees)

Fig. 2 XRD pattern of the ZnO thin film annealed at
500°C.
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The appearance of the three peaks in the XRD pattern
indicates that the ZnO thin film has a polycrystalline
structure. Also, the broad Gaussian shape background
seen in the pattern originates from the glass substrate.

Figure 3 shows an SEM image of the ZnO samples
under the scale resolution set at 500nm. The film exhibits
a porous ZnO nanostructures formed on the substrate with
a particle size of approximately 39nm, according to the
SEM data.

Fig. 3 SEM image from the surface of ZnO thin film
annealed at 500°C.

Gas sensing studies were carried out dynamically
from different concentrations of the LPG gas. Before the
sensing measurements, we measured the resistivity of the
thin film under a nitrogen bath over the sample. This
resistivity, Ry,, was considered as a reference resistivity
for the sensing experiments. Then the resistivity of the
sample, R;, was measured as a function of time for
different concentrations of the LPG gas. The sensitivity
parameter S is defined as

During the measurements, we periodically put off the
flow of the LPG gas, when we changed the concentration
of the gas in the reservoir. The operating temperature for
the experiments was set at 300°C using a normal
thermocouple-equipped heater.

The LPG gas sensing results have been shown in
Fig.4. The results are related to the three concentrations
of 200, 500 and 1000ppm. The minimum value of the
sensing parameter measured in the experiments is about
0.6 (indicating about 60% increment of the reference
resistivity by its exposure with the LPG gas). We also
reach the peak value of about 1.53 for the parameter S for
the case of 1000ppm.

Considering an equivalent RC circuit for the response
time of the sensor, we can measure the value of the
response time, t=RC, for different concentrations of the
LPG gas. Accordingly, we reach to a minimum value of
t=21s for the case of 500ppm identified as the response
time of the sensor for the LPG sensing.
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Fig. 4 Dynamical change of the sensitivity parameter S of
a ZnO thin film at 300°C, for different concentrations of
the LPG gas.

Conclusions

We fabricated ZnO nanoparticles thin film for gas
sensing measurement of the popular LPG gas. The ZnO
nanoparticles have been prepared by the sol-gel method
and the thin film was made by the spin coating technique.
The characterizations of the samples show that a
polycrystalline structure was formed on the substrate with
a particle size of approximately 39 nm. The measurement
of the electrical sensitivity under different concentrations
of the LPG gas show the sensing system has a time
response of about 21s and a minimum sensing capability
of 200ppm.
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Abstract
Gas sensors are devices that can convert the concentration of an analyte gas
into an electronic signal. Tin oxide (SnO,) is an important n-type metal oxide
semiconductor which has been utilized as sensor for several decades. In recent
years, there have been extensive investigations of nanoscale semiconductor
gas sensors. The size reduction of SnO, sensors to nanometer scale provides a
good opportunity to dramatically increase their sensing properties in
comparison with their macroscale counterparts.
In this work, two kinds of SnO, nanostructures (nanowires and nanorods)
were studied. SnO, nanowires were synthesized by CVD methodon Alumina,
ITO, Quartz and Si (1,0,0) substrates. SnO, nanowires with different
diameters were obtained. However, the aspect ratio (length/width) of
nanorods was significantly smaller than that of nanowires. Both nanowires
and nanorods were characterized scanning electron microscopy, Transmission
electron microscopy,X-ray diffractionand Photoluminescence spectroscopy.
The sensing performance of the synthetic SnO, nanostructures were
investigated by two gases: ethanol vapourand LPG. Both SnO, nanostructures
showed good sensitivity and selectivity to ethanol vapour. At high
temperature, the SnO, nanosensors were more responsive to LPG. Due to the
size dependence, SnO, nanowires with the smallest diameter is considered the

best sensor candidate among SnO, nanowires.
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