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In recent years, research of metal oxide semiconductor-based sensors has focused on morphology modification
of thin film structures. One of the promising materials that is being developed is SnO2. In this research, nanostruc-
tured SnO; thin film was grown using the ultrasonic spray pyrolysis and chemical bath deposition methods with
and without external magnet assistance (0.1 T). As precursor solution of the ultrasonic spray pyrolysis process,
the SnClz-2HO is dissolved in distilled water, with pH varied by adding 37% HCI solution. The precursor solution
for the chemical bath deposition process was SnCly-2H2O, which is dissolved in urea solution with pH customized
by adding the NaOH solution. All resulting nanostructured SnO2 thin film samples were characterized by using
X-ray diffraction and scanning electron microscopy techniques. The resulting morphologies of SnO2, prepared by
chemical bath deposition, using magnetic field, HMTA framework-assisted chemical bath deposition, and ultraso-
nic spray pyrolysis are spherical, cubic, and spherical, respectively. The sensor response pattern of nanostructured
SnO; thin films, prepared by all tested methods, to 30 ppm CO, is similar in that the response increases with the
increase of working temperature. The SnO2 thin film prepared by ultrasonic spray pyrolysis method shows the
greatest sensitivity value of 95.12%, with a response time of 216 seconds and a recovery time of 558 seconds, at

working temperature of 300 degrees Celsius.
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1. Introduction

Recently, in almost all countries around the world, the
numbers of vehicles has increased significantly. The ma-
jority of vehicles use gasoline or oil as a primary fuel.
The incomplete combustion process of fuel produces CO
gas that is harmful for our health and the environment.
The increasing number of vehicles will increase the total
amount of CO gas emission per year. Besides that, the
large number of factories also increases the total amount
of CO gas emission per year. Therefore, gas monito-
ring system is highly required to monitor and to reduce
the risk of this harmful gas. In air pollution monito-
ring systems, the gas sensor has a key function in de-
tecting and measuring the concentration of the targeted
gas. A promising monitoring gas sensor is a metal ox-
ide semiconductor-based sensor. Among the metal oxide
sensors, SnOs has been the most studied sensitive layer.

SnOs is a typical n-type semiconductor with a wide
band gap of 3.6 eV [1-7]. SnOs has been identified as
a potential semiconductor material with many applicati-
ons, including acting as a supercapacitor [8], catalyst [9],
energy storage [10] and as gas sensor [11]. SnO; is prefe-
rable and has been investigated by many researchers for
gas sensor application because SnOs is highly sensitive
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to various pollutant gases. The relatively lower working
temperature of SnOy and higher performance, compared
to other metal oxides, make SnO, important as a po-
tential high performance gas sensor material. Moreover,
the SnOs’s stability has led to further studies, aimed at
making it perform better and to consume less energy.

Studies show that the morphology, structure and size
of metal oxide materials have been proven to influence
the sensing performance of SnOg [12]. The recent de-
velopments of tin dioxide sensors have been focused on
the increasing surface area, so that the interaction bet-
ween targeted gas and the sensitive layer of tin dioxide
increases [3]. The more interaction between pollutant
gas particles and the surface of the sensitive metal oxide
layer, the higher is the sensitivity of the sensor.

One approach to increasing the surface area of the me-
tal oxide is to modify the morphology of the metal oxide
surface using the nanostructured pattern. The goal of
this surface modification is to control the active surface,
because increasing the contact area between material and
target gas will provide more surface-active area sites for
the sensing reactions. The larger space in the inside part
in the nanostructure will provide a better transport chan-
nel, so that the gas diffusion of target gas molecules be-
comes more suitable for gas sensor application [12].

This paper explains the synthesis of SnOs thin film
nanostructures by two different techniques. The chemi-
cal bath deposition (CBD) and ultrasonic spray pyroly-
sis (USP) methods can be used to yield a different types
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of nanostructure of SnOy thin films. The resulting na-
nostructured thin films obtained both by chemical bath
deposition and ultra spray pyrolysis, have been tested for
CO gas detection. The effect of different nano patterns
of the nanostructured SnO5 thin films have been studied
and the results indicate that the sample prepared by USP
shows the highest sensor response.

2. Materials and equipment

SnCly-2H50, hydrochloric acid (HC1), sodium hydrox-
ide (NaOH), urea, and hexamethyl tetra amine (HMTA)
were obtained from Merck. All raw materials that were
used in this research, including ethanol, acetone, and
double distilled water, were analytic reagent grade and
were used without any purification.

The schematic synthesis procedure can be seen in the
Fig. 1, where the amount of SnCly-2H,0O was dissolved
in double distilled water and was stirred for 30 min.
HCI was then added dropwise until the pH of solution
reached 1. Then the solution was stirred for another
30 minutes.

The USP process can be explained as follows: the pre-
pared solution was placed in the container and it was
ultrasonicated until the droplets formed. The droplets
were then compressed until they reached the substrate,
which was heated to 500 degrees Celsius.

| SnCl,.2H,0 + H,0 | | SNCl.2H,0 + CO(NH,), + H,0 |

| Acidic control by HCl until pH =1 | | Base control by NaOH until pH =13 |
| Stirrer for 30 min | | Stirrer for 30 min |

Immersing alumina substrate in the
<alution at 75°C for 18 h

USP for 3 min at 500°C over the

alumina siihstrate

g
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>
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Calcination at 500°C for 2h |

Fig. 1. Flow chart of SnO2 synthesis process by ul-
tra spray pyrolysis (left) and chemical bath deposition
(right).

For CBD, the amount of SnCly-2H50 is mixed with
urea in double distilled water and was stirred for 30 mi-
nutes. NaOH solution was then added dropwise to the
solution until the pH reaches 13. Alumina substrate that
has been cleaned by ethanol and double distilled water
was immersed in the solution at 75 degrees Celsius for 18
hours. After 18 hours of immersion, the SnOs thin film
formed on the alumina substrate. The resulting sample
of the thin film was then rinsed several times with ethanol
and water to remove small pollutant particles. Finally,
the sample was dried and calcined at 500 degrees Celsius
for 2 hours.

In the magnetic field and HMTA framework-assisted
CBD, the process of synthesis is similar to CBD, ex-
cept that the HMTA is added into the solutions before

the base controlled processes. Moreover, the substrate
was also immersed in the solution placed over the
0.1 T magnet.
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Illustration of sensor characterization instru-

The crystal structure of the resulting nanostructured
SnO, thin films was determined by X-Ray diffraction
(XRD) using a Philips Analytical X-Ray with Cu K, ra-
diation (A = 1.54060 A) generated at 40 kV and 25 mA.
The machine was set to step scan mode with the step size
at 0.020 and the step time at 0.5 second for 20 interval
of 20°-90°.

The morphology of the nanostructured SnOs thin
films, prepared by both CBD and USP, were observed by
scanning electron microscopy (SEM) using JEOL-JSM-
6510 LV. Moreover the sensor performance was tested
using a sensor system shown in Fig. 2. Figure 2 describes
the gas sensor characterization scheme, which is compri-
sed primarily of a CO gas target source, mass flow con-
troller, reference chamber, standard measurement and
the test characterization chamber, where the sample was
placed. The sensor sample was installed in the test cha-
racterization chamber and connected to the voltage unit
via data acquisition systems. The sensor response was
measured in the presence of CO at various temperatu-
res to find the best operation temperature for the sensor.
The N, gas was used control the concentration of the CO
gas.

3. Results and discussion

The diffraction patterns of all nanostructured SnOs
thin films prepared by USP, CBD, and magnetic field
HMTA framework-assisted CBD have similar peaks, as
shown in Fig. 3. The peaks of all SnO, are relatively
sharp, but the sharpest peak comes from the SnOs thin
film prepared by the USP technique, indicating that the
crystallinity of this SnOs thin film is better than of the
others.

Moreover, all samples of SnOs thin films prepared by
all methods have a tetragonal rutile crystal structure,
which matches with JCPDS card no. 41-1445, where
the diffraction planes are (110), (101), (200), and (211).
From the XRD characterization, it can be seen, that there
is only one phase in the thin films. As a result, there is
no other crystal structures or impurities in the resulting
SnQO5 thin films.
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As the crystallinity is one of the most important pa-
rameters, that determines the response of sensors, the
good crystallinity of all these resulting nanostructured
SnO5 thin films predicts good potential for gas sensor
applications.
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Fig. 3. Diffraction pattern of nanostructured SnOs
thin films prepared by magnetic and HMTA frame-
work field assisted CBD (a), pure CBD (b), and USP
methods (c).
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Fig. 4. Various morphologies of nanostructured SnO2
thin films: spherical shape nanostructure, prepared by
USP method (a), spherical shape nanostructure prepa-
red by CBD method (b), and cubic-like pattern prepa-
red by magnetic field and HMTA framework assisted
CBD methods (c).

Figure 4 shows different morphologies of SnO, thin
films, prepared by USP, CBD, and magnetic field HMTA
framework-assisted CBD, respectively. The nanostruc-
ture of SnOs thin films, prepared by the USP method,
has a nanoscale spherical shape, with the average features
size of about 60 nanometers.

Figure 4a, shows that incomplete agglomeration had
occurred where little SnO5 particles join together with
the big particles. In the USP process, droplets of
Sn(OH)4 are generated in the ultra-sonicated solution.
The droplets deposited on the heated substrates start to
form the thin film.

On the other hand, in Fig. 4b the SnO5 nanostructures
from the CBD method also have spherical shape and a
larger size of about 70 nanometers. Unlike the SnO9
thin film prepared by USP, agglomerations of particles
are not visible and the particles are spread evenly over
the surface of the substrate in the case of SnOy prepared
by the CBD method.

Moreover, utilization of magnetic field and HMTA fra-
mework in the CBD process yield SnOs with a cubic
shape (Fig. 4c). In the CBD technique, at a certain
temperature, the Sn(OH), will attach to the substrate
surface during the immersion process, as shown in Fig. 5.

Seed SnO»

Fig. 5. [Illustration of nanostructured SnO2 thin film
growth process by CBD method.

In general, the SnO, particles actually have paramag-
netic properties and their morphology is affected by the
magnetic field. In the case of magnetic field and the
HMTA framework-assisted CBD method, the magnetic
field not only influences the morphology pattern, but also
makes the growth of SnO faster. Therefore, nanostruc-
tures of SnOy thin films, prepared by magnetic field and
HMTA framework-assisted CBD, have a bigger size, com-
pared to those prepared by other methods. The cubic
structure of SnOy thin film is caused by the framework
template of HMTA, that can form three-dimensional pat-
tern of framework in the water solvent. The illustration
of the step by step process of the growth of SnOy thin
films, prepared by magnetic field and HMTA framework
assisted CBD, is shown in Fig. 6.

Seed SnO» jﬁf HMTA framework
© sno, - Magnetic field

Fig. 6.

Illustration of nanostructured SnOz thin film
growth by magnetic field and HMTA framework assisted
CBD method.

The response dynamics of SnOs thin film, prepared
by the CBD method, with respect to 30 ppm of CO at
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RT (300°C) is shown in Fig. 7a. The pattern of dyna-
mic response from the SnOs samples prepared by CBD
and samples prepared by magnetic field, and HMTA
framework-assisted CBD are similar. In this pattern the
response increases as the working temperature increases.

At all temperatures, the response of SnQO, thin films
prepared by CBD is higher than that of SnO; thin
films prepared by magnetic field and HMTA framework-
assisted CBD. This is caused by the differences of their
morphology. The big size and cubic shape of SnOy may
lead to the low specific surface area and a smaller num-
ber of adsorption sites, so that the response is lower than
that of the nano-spherical-shaped SnO5 thin film, prepa-
red by CBD.
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Fig. 7. Response dynamics with respect to 30 ppm of
CO gas, for SnO2 thin film prepared by CBD (a) and
by USP (b).

Figure 7b shows the dynamic response of SnOs pre-
pared by the USP method, which is higher than that of
the SnOs thin films prepared by CBD, where the sensor
response increases as the working temperature increases.
Because of the similar morphology of nanostructured thin
films, we can compare the response dynamic of SnOq
thin films prepared by CBD method and USP method,

as shown in Fig. 8.
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Fig. 8. Response dynamic of SnO; thin film prepared

by CBD technique, compared to that of SnO2 thin film
prepared by USP.

The sensor response of SnOs thin film prepared by USP
technique with respect to 30 ppm of CO is higher than
the response of SnOy thin film prepared by CBD techni-
que. This is because the particle size of SnOs thin film
prepared by USP is smaller than that prepared by CBD,
as was explained earlier. As a result, the specific surface
area of SnOy prepared by USP will be higher than that
of the SnOs prepared by CBD.

The CO sensing mechanism can be explained as fol-
lows: in the ambient atmosphere, the oxygen, adsorbed
on the surface of SnOs, takes electrons from the con-
duction band of SnOs, and becomes O~. When CO is
present, CO adsorbs to the surface, interacts with O~ to
become CO,, and releases an electron back to the con-
duction band, as shown in Eq. 1. This process could
change the resistance of SnOs, which determines the re-
sponse.

CO+0" —» COg +e. (1)

At higher temperatures, oxygen and CO gas have more
energy to be adsorbed on the surface of SnOs, so at hig-
her temperatures, more interaction between oxygen ion
and CO occurs and thus the response increases with in-
creasing temperature. Figure 9 shows the comparison of
CO gas sensor responses at all studied temperatures for
all prepared samples. It is clear that the SnO5 thin films
prepared by USP have a higher response at all working
temperatures, compared to SnOs thin films prepared by
other methods.
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Fig. 9. Response, as a function of working tempera-
ture, of SnO; thin films prepared by magnetic field and
HMTA assisted CBD (a), pure CBD technique (b) and
USP technique (c).

4. Conclusions

Morphology modification of SnOy nanostructure has
been successfully done by ultrasonic spray pyrolysis and
the chemical bath deposition method. The morphology
of SnOs by CBD could be changed by the added effect
of a magnetic field and HMTA framework. The resulting
SnOs morphologies of samples prepared by CBD, magne-
tic field, HMTA framework-assisted CBD, and USP are
spherical, cubic, and spherical, respectively.
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The sensor response patterns of nanostructured SnOq
thin films with respect to 30 ppm of CO, for samples pre-
pared by all tested methods are similar. In these patterns
the sensor response increases with the increase of the wor-
king temperature. The highest response was obtained
with the SnOs thin films prepared by USP technique.
On the other hand, the SnO, thin film sensor reaches
the lowest response for the SnO; thin film prepared by a
magnetic field and HMTA framework-assisted CBD. The
difference of responses is greatly influenced by the size
and shape of the nanostructure of thin films morphology.
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