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Thin films of tin dioxide (Sn@ were deposited by DC magnetron sputtering on quartz substrate at
room temperature in different argomygen gas flow rate ratio i.e. Ar;& 100:20 sccm, 90:30 sccm,
80:40 sccm, 70:50 sccm and 60:60 sccnra¥ diffracion (XRD) patterns show that -aeposited

SnQ, thin films are amorphous. Pestn neal i ng process i n air at
semicrystalline Sn@that has tetragonal structure with spatial group of P42/mnm (136). Transmission
electron microscope @M) analysis confirmed that the semicrystalline nature of the films after
annealing was due to crystal growth. The surface morphology studied by field emission scanning
electron microscope (FESEM) shows that the increase of argon flow rate lead to iricoériten
thickness and the crack size on the films surface. From the humidity response teshjrShiloh that

was deposited at maximum argon flow and minimum oxygen flow rate i.e; Ar®0:20 showed
negative sensitivity gradient. This shows that & ha opposing behaviour fromtype semiconductor

due to its norstoichiometric state caused by high oxygen vacancies. Whilg BnOfilm that was
deposited at minimum argon flow and maximum oxygen flow rate i.e. Ar:00:60 showed the
highest sensitity (positive gradient) with slight fluctuation of repeatability. It was determined that at
argonroxygen flow rate ratio of Ar.@= 70:50 yielded a SnQhin film with high sensitivity (positive
gradient) and good repeatability towards relative humidipywig it is environmentally stable.
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1. INTRODUCTION

Tin dioxide (SnQ®) is a wide band gap-type semiconductor (€ 3.64.0 eV) with many
interesting properties. Optically, an undoped Stitn film is highly transparent with an optical


http://www.electrochemsci.org/
mailto:rozida@ukm.edu.my
mailto:rozida@ukm.edu.my

Int. J. Electrochem. SciMol. 11, 2016 6887

transmittance of >80% in visible range. The film also has low resistivity rangingfrorh0® - 100

gc m. , &mailms are low cost, chemically stable, mechanically hard and can resist high
temperature [5]. Therefore, Sp@in films are versatile for various applications such as solar cells,
optoelectronic devices, photocatalyst and sensors.

The use of Sngasmaterial in chemical sensor especially gas sensors has wide applications in
industries. Since Snvas introduced and patented as gas sensor in 1962 [8], it has undergone various
research and development to improve its quality as gas sensor. In the farmfiims, it has growing
popularity among researchers due to its flexibility and unique properties compared to bulk form.
Besides, the hygroscopic property of Sh@s also been reported. Artype semiconductor like SO
would increase in conductivitwhen interacting with water molecules [6]. Moreover Se&hibits
electronic conductivity at low temperature, thus $h&sed humidity sensor is expected [6]. However,
the hygroscopic properties of Spi@ the form of thin films are seldom reported anscdssed.

There are various deposition techniques used to prepargfil8n® such as spray pyrolysis,
spin coating, thermal evaporation, chemical vapour deposition and sputtering. Among of the
techniques, magnetron sputtering is known for its simplicitgyvides controllable critical process
parameters [9], high deposition rate, competitive costs, good reproducibility [10] and has wide range of
materials that can be deposited [4]. In magnetron sputtering, the process parameters are very importar
to producethin films with desired qualities. Parameters such as supplied power, type of reactive gas,
partial gas pressure, gas flow rate, substrate temperature and deposition temperature can be tuned
deposit thin films of different properties.

In this paper, mgnetron sputtered Sn@hin films were deposited at different flow rate ratio of
reactive and sputerring gas i.e. oxygen and argon. Its effect on the films morphology was examined.
Then, the response of the produced Stith films towards relative humiditwas also tested to
determine optimum parameter in producing St films with good hygroscopic properties.

2. MATERIALS AND METHOD

SnQ thin films weredepositen anunheatedjuartzsubstratdrom a 3.2 cm diametertin (Sn)
targetwith 99.999%purity usingDC magnetrorsputteringechnique.

Table 1.Parameters used in magnetron sputtering during in€3 deposition

Parameters Details
Target Tin, Sn (99.999% purity)
DC power 30W
Deposition duration 40 min
Flow rate ratio of Ar:Q(sccm) 60:60, 70:50, 80:40, 90:30, 100:2

Deposition temperature Room temperat.:i
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ThemagnetrorsputteringsystemusedwasKurt J.L e s k BvD @5snodel.DC powerof 30 W
was suppliedand the films were depositedat different argonoxygen gasflow rate ratio, Ar:O, of
100:20sccm,90:30sccm,80:40sccm, 70:50 sccmand 60:60 scecm,for 40 min at room temperature.
The SnG films were then anneded at 5 0 O g @ir for 1 h. Table 1 showsthe summaryof the
depositionparametersised.

Both asdepositedand annealedSnG; thin films were characterizedor their crystal structure
using Bruker D8 AdvanceX-ray diffractometerwhich is equippedwith C u Kriddiationsource.The
surfacemorphologyand thicknessof the films depositedat Ar:O, = 100:20, 80:40 and 60:60 were
analy®d usingfield emissionscanningelectronmicroscopy(FESEM) (Supra55 VP). The detailsof
the morphdogy for the sampleswere analysed using transmissiorelectronmicroscope(TEM) using
JEOLU S A 3E3-2100F.
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Figure 1. (a) Block diagram of humidity sensing test systgiim) Component of the altage divider
circuitin the test chamber.
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Before the humidity response tests were carried out, interdigitated silver (Ag) electrodes were
deposited on top of the Spa@ms which method has been described elsewhere [2]. A Hurifie
humidity sensing test systemigF1(a)) was used to test thénhs for their sensitivity and repeatability
in changing humid environment at room temperattitee test chambeis consist of commercially
available humidity sensor to measure %RH anabltage divider circuit (i§. 1(b) to measureoltage
change (V)of the thin filmin dry and humid conditiorRy is a resistant with known resistance act as a
control while \{, is the voltage supplied by the DC sourthe resistance of thin film@&Rgy) was then
calculated from Eg. 1 shown below.

__ (Wx Ry
Re = 52 (1)

Both measurements are then acquired by the data acquisition system. To establish both dry anc
humid conditions,hie system has three valves labeled 1, 2 aid §as which act as dry air was made
to flow through alve 1in direction of (A)directly to the test chamber, thus create dry condition.
Valve 2and valve 3n the other handllow N, gas to flow through watéflled conical flask, creating
humid airto flow in (B) directiontowards the test chambdoth path (A) and (Bwere alterately
openedo test for thin film repeatabilityThe sensitivity, S was determined usingHue 2below:

5= ZRHmax"8RE o 40004 (2)
RRHmax

whereRgy is resistancef thin film at any %RH whileRrpmax IS maximum resistancachieved
by the thin filmat particular%RH.

3. RESULTS AND DISCUSSION
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Fig. 2 shows the XRD diffractograms of the-@eposited and annealed Srt@in films. The

absewe of diffraction peak in Fig2(a) indicates that the -@eposited thin film is amorphous in nature.
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Figure 3. Micrograph of topography of Jaasdeposited and (b) peashnealed Sn©thin film
deposited at Ar:@= 100:20

However

t he

slight-2dies pluggemd rattheadethSnfthint H e 2

films are composed of semicrystalline Snfdth tetragonal structure and spatial group of P42/mnm
(136). The increase in peak intensity with increasing argon flow rate indicated that the films have
increasing number of Sn@articles deposited on the substrate. The formation of (110) plane is very
important for sensor application because it helps to increase the oxygen vacancies at low temperatur
[12]. This is because the formation of oxygen vacancies on the surface pth8nfdms can enhance

the process of adsorption and desorption [6]. Timgsincrease in peak intensity corresponding to

(110) plane shows increment of oxygen vacancies on the films. -Bpaaihg for the (110) plane
calculated from the XRD diagram is 0.351 nm.



