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Abstract
i k, SnO, thin films : .
In this wor 2 were deposited onto microspores glass substrate

) lysis technique. The fi i

11250 C by spray pyro 0y . que. The films were studied aft ing i

qir at temperatures 200°C, 25(_J C and 300°C for 15 min. These fih(:savrxlrg:: Itl:s% 12

£ 1,5 gas at different operating temperatures ranging from 50-300°C. The film
mum sensitivity to H,S gas. The effect of annealing temperature on

showed maxi :
the optical and gas sensing properties of the films were studied and discussed.

it was found that the annealing temperature significantly affects the sensitivity of
the SnO, to the H,S. The sensitivity was found to be maximum for the film
annealed at temperature 250°C. The quick response and fast recovery are the main

features of this film.
Keywords: Annealing, spray pyrolysis technique, sensing, sensitivity.

Introduction
Since the last decade there has been a great deal of interest in the preparation
because tin dioxide based thin films

of inexpensive thin films of SnO,: This is

with large band gap (Eg>3eV) n-type semiconductors are attractive from the

scientific and technological point of view [1].It has been widely used for various
trode for solar cells

catalytic applications such as a transparent conductive elec :
2], a gas sensing material for gas sensors devices [3], transparent conducting

electrodes [4], photochemical and photOConductive c_levices in Ii.quid crystal
display [5], gas discharge display, lithium-ion batteries, etc."I.‘hexr properties
depend on their microstructure, the quantity of doped impurities and the size
effects of their particles. A variety of techniques have been use?t to deposit tin
oxide (SnO,) thin films. These include spray PYYOI}’S‘S [f.]/ uv?sggfio?fg]y
Pyrolysis [71, chemical vapour deposition [8], actgfateld rc;a[cl f;fn Z thgds Among,
ion-beam assisted deposition, sputtering [10], and sol-g€ :

these techni 5 roved to be. sirpple, reproduciblg anld

N echniques, Sﬁ aZ gl);table for large area application. Bgsxdes thte; 'ls'ltmll? e

o pensive, as we ¢, high growth rate and mass production capabiil y tor
perimental arrangement, for industrial a

11 lications.
Lar i ke them usefu tria s well as solar cellapp lcf.: 110
ge area coating makeé up the posSlblllty to control the film morphology

In addit; lysis opens -
ina dition, spray pyroly em.'ﬁls’,’,o@gmall.com

: : il: gse
*Corresponding Author: fAlgﬁilegNo': 81019]534407
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ize in the nm range. Spray pyrolysis is a versatile t;chmqu € for
deposition of metal oxides. Till now, many researchers have E);e}:ia}re 'dSn(.)z Using
chemical spray pyrolysis. For example, they have grown tin dioxide filmg

es glass substrate. However, metal oxides whig,

lysis on microspor ] s ] !
;};Lzybsg:(;syed for nearly four decades for gas sensing ability was first filSCOVered
by Seiyama who reported that ZnO thin films exmbl(ti i}f\\anges in the;)r electricy)
ivi ith 1l amount of reducing gases and the same year by Tagy,; .
conductivity with sma , pellets respond similarly[12, 13], The:e]

who reported that partially sintered SnO
were tlrﬁe beginning of a rapid gas sensor development phase. Also some recent

studies on the sensing properties of pure nanocrystalline' SnO, thin. f.ilms towarg
ct the general trend that higher sensitivity js tq be

H,S and H, seems to contradi e ‘
expected for smaller crystals, and it was,'therefore: conclude that sfmall size of
crystals was an essential but not sufficient condition for the achievement of
maximum gas sensitivity and fast response [14, 15]. |

Therefore, our objective in this work was to prepare San thin films by the
spray pyrolysis method and to investigate the mfl}lence of various exposure times
of H,S gas and corresponding flow of current in Fhe .sample. Also this Paper
demonstrates the H.,S sensing properties of SnO, thin films. The results of these

and particle s

studies are presented here.

Experimental

Materials and Method
Materials used were SnCl,.5H,0, HCl, H,O,, and H,S gas. Double distilled

(DD) water was used in all the experiments.

SnO, Thin Film Preparation
Cleaning of Glass Slide: For thin film deposition we used microspores glass

slide as a substrate. Cleaning solution is 3HCL:1H,O,and the glass slides were
dipped into the cleaning solution for overnight. Then wash the glass by DD water
and put it under sunlight for an hour.

Weighing of Glass: After cleaning glass slide measure the weight of glass
slide in which we want to deposit the film.

Details of Spray Pyrolysis System

’.I'he schem'atic experimental set up of the spray pyrolysis system built in our
lab is shown in figure 1. It consists of substrate heater, variac, compressor,
pressure, reg_ulator, motor with controller and power supply. Due to air pressure
s, a vacuum is created at the tip of the nozzle to suck the solution from the tube
after which the spray starts. The spray funnel is fixed at an appropriate distance
from the substrate. The precursor solution was sprayed on to the substrate in aif
as small Qrops and. around a high temperature zone where thermal decomposition
and possible reaction between solutions occur, through compressed air. The flow
rate was controlled through air compressor regulator P .

Deposition of SnO, Thin Film

heatigsftof QEILOS::: tlz Was taken as starting material; the clean glass s
© Increase the temperature of the glass slide to 300

[102]
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p“t ipe Cofor spray the vapour on the slide. After
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€ two Pipes conn
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the o ecter. The
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LR conicl et s b o ot
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oy At e oved from the heater. We can see that there js deposition of filn e
jide e Check its conductivity by using the avometer, After making th o
e slidel;e ‘e weight of glass slide. g the film
in ta -
ag?"

== L
heater

Fig. 1: Apparatus Arrangement of Spray Pyrolysis Method

Result and Discussion

Thickness Measurement: For determining the thickness of different films first
we have to measure the mass of glass substrate and deposited film substrate
respectively. Now measure the difference between the mass of deposited film and
non-deposited glass substrate. We know that density of the given material any

using the formula.
mass of deposite thinfilm-mass of glassslide
volume

Density p =

_Mf-Mb e (1)
At

When film is deposited by using spray pyrolysis meth9d nanoparticle are
deposited by layer and layer on the glass substrate. The thickness of layer can
be calculated by eq. (1). When we deposited thin layer on the glass substrate of
S.noz the conductivity vary with temperature. The thickness of prepared SnO, thin
film is 82 4nm,

Annealing: Annealing, in metallurgy and materials scienc.:e, isa heat treafrr}ert\;
inzlt alters the physical and sometimes chemical properties ol IIIla'tef/lca)llves
hea“?aSe Its ductility and reduce its hardness, making it more Workablei tt;nining a
Suitallr)llge a material to above its recrystallization temperah}fe' t?;mthe crystal
atice temperature, and then cooling, In annealing, atoms migré

) : tili
:rlzid the number of dislocations decreases, leading to the change In ductility
ness,

[103]
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Sensitivity v/s Temperature: To Tn'easure the efficiency (?f 83s sensor. §
graph has been plotted between sensitnn.ty' and teq\perature. Flgure 2 shows t e
with the increase of temperature, sensitivity also increases lme:ilr.ly' and Teachat
its saturation limit. With further increase of tempera ture the sensitivity decrease'e ;
It shows that sensitivity of the sensor is variable and is good only at a MaXim,, :\

temperature. .
However most recently, the authors of the r.elated technical papers hay,
a/Rg, in which Ra and Rg are the stEade

almost unanimously employed S = R _ _
e and gas contaminated air, respectiye,

state resistances of the sensor in pur
According to this definition, both Rg and Ra should be measured at °P9rating

temperature of the device, respectively.

S is temperature dependent, and tin oxide based gas SENSOTS are operateq ,
elevated temperatures. S increases with temperature_when the interaction g the
gas-solid interface is enhanced. However, at a certain temperature the thermg
carrier generation mechanism over shadows the same caused by the interactiqp
with the target gas. Also the thermal desorption of the target gas molecules frop,
the sensitive surface at higher temperatures becomes more significant and hinderg
the solid-gas interaction required for carrier generation. Hence, it is important
find the maximum sensitivity temperature for the sample devices fabricateq. In
Fig.2 the results of our sensitivity measurements at various operating temperatyreg

is presented.
Table 1: Sensitivity Measurements at Various Operating Temperatures

Voltage Temp Ra(resistances Rg(resistances Sensiﬁw?
°O) of the sensor of the sensor S=Ra/Rg
in air) (ohm) in gas) (ohm)
10V 100 1.18 7.5 0.157
10V 150 1.50 9.5 0.157
10V 200 1.66 10.5 0.158
10V 250 2.94 9.5 0.309
10V 300 1.28 8.5 0.151
0.35 -
03 -
025
£ 02
g 0.15
01 -
005
(R S A
0 50 100 150 'z:;o 50 300 “"3;0
i Temperature (°C)
116 2 Graph Showing Sensitivity Measurement at Various Operating Tempe®™"
[104]
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Fig. 3: Graph Showing the Exponential Decay of Current with Increase in

Exposure Time of H,S Gas

meai Lgrez tS}l\xows tl:lé?t _the exposure time of H,S ga

befree eXe sensitivity of the sensor for H,5 ga

exposure OfPOSUre time and current w

gas increas gas the current were found to

its saturaﬁss the value of current start decreasing exponentiall
n value.

te of exposure the g

Th.
1s happens because in the early minu
d current is found tob

OcCupied

ithpthe ft:ll:t}f.lree space of the specimen slide an
*Pace and wh, er exposure of gas more and more molecule of gas occupies
Valye decrea en all the free space of specimen slide is being occupied,

ses and reaches to its saturation value.
[105]
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Conclusion e .
We have prepared tin oxide thin films by a simple and convenien, .

We have successfully prepared SnO, films by spray-pyrolysis eth Sty
SnCl,-5H,0.The sensor exhibited excellent sensitivity and rapid r d “siné

The maximum . SSPonge ¢
presence of H,5 gas at low temperature. sensitivity wae obtqthe
at an operating temperature o 3

f 250°C for the exposure of H.S. The resultg o;ne i
H,S sensing stu

dies reveal that the SnO, film prepared by spray Pyrolysis the
'is a suitable material for the fabrication of the H,S sensor. ethg
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