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Media New York 2016 deposition was done three times to investigate the role of deposition time
toward gas sensing properties. Structure, morphology, and composition of the
ZnO thin films are characterized using X-ray diffraction, scanning electron
microscopy, and energy dispersive spectroscopy, respectively. From the mor-
phology characterization, the ZnO nanostructure from two-times CBD and
three-times CBD process shows different sizes and densities of nanorods com-
pared to the ZnO thin film from one-time CBD process. Increasing thickness of
thin film is also observed in two-times CBD of ZnO. The gas sensor character-
ization test results show that the ZnO thin films from two-times CBD can
improve the sensing response to be 93% for SO, gas at 70 ppm of concentration
at working temperature of 300 °C, which is an increase of 15% compared to ZnO
thin films from one-time CBD. At different operation temperatures, the response
of two-times CBD ZnO nanorod increases 20-40% over one-time CBD ZnO
nanorod. The three-times CBD ZnO nanorod showed non-order and high-
density nanostructure yielding low resistance value and cause low sensor
response.
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Introduction

Recently, greenhouse gas emissions from fossil fuel
combustion have caused major pollution problems,
forcing environmental researchers to concentrate
their efforts on overcoming such problems. Sulfur
dioxide (SO,) is one of the most hazardous pollutants
for human health and the atmosphere [1, 2]. The most
significant anthropogenic emission sources of SO, gas
are the combustion of sulfur-containing fossil fuels,
smelting sulfide ores, petroleum refining, and vol-
canic smoke [3-5]. Moreover, other less significant
sources include chemical and industrial process,
allied products manufacturing, industrial processes,
metal processing, and vehicle emissions [6]. Exposure
to SO, gas may cause immediate bronchial constric-
tion, narrowing of the airways, increased pulmonary
resistance, and possibility of increased airway reac-
tivity [5]. Given these dangers, it is urgently neces-
sary to «create accurate monitoring of SO,
concentration. SO, gas monitoring applications need
sensors and data acquisition systems that detect the
presence of SO, gas in any concentration. Moreover,
high performance SO, sensors that increase the
accuracy and reliability of the monitors are highly
sought after.

Recently, semiconductor nanostructures have
attracted interest for use in sensor materials, specifi-
cally as potential system devices for high perfor-
mance nanoelectronics. Among them, zinc oxide
(ZnO) has proved to be one the most promising
materials for various applications, including gas
sensors. ZnQO is a metal oxide semiconductor material
that has a wide band gap (3.3 eV), high exciton
binding energy around 60 meV, with wurtzite crystal
structure and piezoelectric properties [7-9]. These
unique properties have potential for use in various
sensors and actuators [10]. The sensitivity of gas
sensor materials largely depends on the amount of
gas adsorbed on the material’s surface. In recent
development of sensor materials, the nanostructure
modifications have yielded better sensing perfor-
mance [11-13]. One technique in the improvement of
sensing performances is to increase the interactive
specific surface layer of the sensor material by con-
structing nanostructure metal oxides, resulting in
enhanced sensitivity through more depletion of the
absorbed carrier trapped on the surface of the
nanostructure. Efforts have been directed at fabri-
cating one-dimensional (1D) nanostructures, such as

@ Springer

J Mater Sci (2017) 52:4543-4554

nanowires, nanorods, nanotubes, or nanosheets
because of their unique physical and chemical prop-
erties [14, 15]. The controlled synthesis of multidi-
mensional semiconductors has attracted much
attention due to their unique structure and mor-
phology, which provides a higher surface to volume
ratio [16], so they can absorb more gas.

Moreover, the ZnO nanostructure can be prepared
or synthesized using various methods that yield dif-
ferent morphologies such as nanowires, nanobelts,
nanotubes, nanorings, nanosprings, and nanohelices
[17, 18]. By manipulating the nanostructure of ZnO,
the sensitivity of ZnO as part of a gas sensor can be
enhanced [19-22]. However, the role of deposition
time of ZnO toward gas sensing properties has not
been reported according to our knowledge. Taking
advantage of the increased access between environ-
mental SO, and a nanostructure of the sensor’s sen-
sitive layer [23], we have prepared the nanostructure
of ZnO with different deposition times to know the
role of deposition time and to create a better sensing
performance for SO, gas detection. In this paper, we
report on the fabrication of a novel modified nanos-
tructure of ZnO using the repeated chemical bath
depositions technique. The different deposition times
of ZnO nanostructure yields ZnO nanostructure thin
film with short nanorods, long nanorods, and double-
layer nanorods depend on how many depositions
have been performed. The higher surface area of ZnO
long nanorod from two-times CBD ZnO nanorod
should yield better access for the target gas to make a
reaction on the sensitive layer of ZnO thin film.
Compared to the ZnO short nanorod, the long-rod
ZnO thin film can improve the sensing performance
of the ZnO for the SO, gas. Subsequently, the sensing
properties and response of this long-nanorod ZnO
sensor for SO, gas are investigated, and they confirm
improvement in the sensor’s performance.

Experimental
Materials

The precursors that were used in this study are Zinc
Acetate tetrahydrate (Zn(CH;COO),-4H,0), Zinc
Nitrate hexahydrate (Zn(NO;),-6H,0), Hexa Methyl
Tetra Amine (HMTA), Diethanol Amine (DEA), and
Ethylene Di Amine (EDA). The solutions that were
used as solvents are Ethylene Glycol, Ethanol, and DI



J Mater Sci (2017) 52:4543-4554

Gas Target

4545

Standard
Meter

Sensor Material, L

heated 200-300 C

&

| O

Gas
Compressor

\

Characterization
Chamber

Acquisition

Figure 1 Schematic diagram of the apparatus for SO, gas sensing characterization.

water. All chemicals were of analytical grade and
used without further purification. Alumina (Al,O3) is
used as a substrate for the sensor devices in this
study. The substrates were cleaned with soap, etha-
nol, and distilled water using ultrasonic cleanser. For
the synthesis process of the ZnO nanorod structure,
the simple cylindrical glasses with a controllable
heater were used.

Synthesis methods

First, the silver electrode is prepared on the alumina
substrate. The silver inter-digitated array electrode
having finger gap at 0.5 mm was deposited onto
alumina substrate by screen printing method, and
was dried at 400 °C for 30 min. In a typical reaction,
0.2 M Zn(CH3COQO),-4H,0 was dissolved in 60 ml of
Ethylene Glycol and then Diethanol Amine (DEA)
was added into the mixture solution. The mixture
solution was stirred at 70° C for 30 min, and the
resulting solutions were cooled to room temperature.
The substrate then underwent a dip-coating process
for two times using the resulting mixture solution for
10 s. The speed of dip coating was 0.05 cm/s. The
deposited thin films were dried at 120 °C for 15 min,

and continued in calcination at 450 °C for 30 min to
yield the ZnO seed. A solvent for the first Chemical
Bath Deposition (CBD) process prepared by adding
0.015 M of Zn(NO3),-6H,O into 60 ml solution con-
sisting of DI water and ethanol (the mol composition
of DI water:ethanol is 3:1). After 30 min of stirring,
0.02 M of the HMTA was added into the mixture
solution and stirred once again for 30 min. After that,
this resulting solution was added by EDA and stirred
once again for 30 min. The Al,O3 substrate, with the
Zn0O seed at the surface from the first process of dip
coating, was immersed into this solution 90 °C for 1 h
to get one-time CBD sample. The resulting substrate
with the short nanorods was then dried in room
temperature and immersed into ethanol and calci-
nated for 1 h at 450 °C.

For the two-times CBD and three-times CBD sam-
ples, a solvent for the CBD process was prepared by
adding 0.02 M of Zn(NO3),-6H,0 into 60 ml solution
consisting of DI water and ethanol (the mol compo-
sition of water:ethanol is 3:1). After 30 min of stirring,
0.02 M of HMTA was added into the mixture solu-
tion. This solution was mixed for another 30 min.
After that, this resulting solution was added by EDA
and stirred once again for 30 min. Al,O; substrates
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Figure 2 Step by step of deposition process for ZnO nanorod thin films to fabricate one-time CBD, two-times CBD, and three-times

CBD.

with ZnO nanostructures thin film from one-time
CBD were immersed into the solution for 16 h at
90 °C to get two-times CBD sample. After that, the
films were dried at room temperature and immersed
into the ethanol and calcinated for 1 h at 450 °C. For
the three-times CBD process, the second CBD process
was repeated, and after the second calcinations, the
Al, O3 substrates with ZnO nanostructure thin film
from two-times CBD were immersed again into the
solution for another 16 h at 90 °C to get three-times
CBD samples.

The crystal structure of the resulting thin films was
determined by X-ray diffraction (XRD) using a Phi-
lips Analytical X-ray with diffraction pattern of
CuKa radiation (2 = 1.54060 A) through 40 kV gen-
erators and 25 mA current. The machine is set to step
scan mode with step size at 0.020 and step time at
0.5 s for each 26 (20°-90°). The surface morphologies
of the thin films prepared for the seed only layer, one-
time CBD, two-times CBD, and three-times CBD are
observed by scanning electron microscopy (SEM)
using JEOL-JSM-6510 LV. Moreover, the sensor per-
formance characterizations are tested using the sen-
sor system as shown in Fig. 1. Figure 1 describes the
gas sensor characterization apparatus, which com-
prised primarily of a gas target supplier, mass flow
controller, standard measurement, and the test
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characterization chamber where the sample was put
inside. The sensor sample was installed in the test
characterization chamber and connected to the volt-
age unit via data acquisition systems. The sensor
response was measured in the presence of SO, at
various temperatures to discern the best operation
temperature for the sensors.

Results and discussion

The detailed deposition process of ZnO nanostruc-
ture is shown in Fig. 2. The ZnO seed layer was
grown on the substrate using the dip-coating tech-
nique. Subsequently, one-time CBD, two-times CBD,
and three-times CBD were deposited onto ZnO seeds
alumina substrate using the chemical bath deposition
method. The resulting ZnO, consisting of different
types nanorod structures, was observed as an SO, gas
sensor at various concentrations. The gas sensing
properties of different sensor thin films were tested in
the presence of SO, and ambient air at certain
working temperature. The sensor performances of
the seed ZnO thin films were also tested as
comparisons.

The XRD results from samples of one-time CBD,
two-times CBD, and three-times CBD on the alumina
(Al,O3) substrates were investigated after the CBD
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process and calcination at a temperature of 450 °C.
The XRD results of one-time CBD, two-times CBD,
and three-times CBD are shown in Fig. 3. The XRD
measurement results show that the phase formed by
one-time CBD, two-times CBD, and three-times CBD
of ZnO nanorod thin films are clearly polycrystalline
ZnO with diffraction peaks that can be indexed
mainly to the hexagonal wurtzite ZnO. The nanorods
effect for two-times CBD and three-times CBD is
shown in Fig. 3. It is clear that both nanorods have a
higher intensity and sharper peak compared to the
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Figure 3 The diffraction pattern of ZnO nanorod thin films from
three-times CBD (a), two-times CBD (b), and one-time CBD (c).

Figure 4 The SEM of layer
by layer of ZnO nanorod thin
films in different times of
deposition.

Al203 substrate
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nanorods from one time CDB. The higher intensity of
the peak from two-times CBD and three-times CBD
of ZnO nanorod thin film indicates more order of the
phase structure from their longer nanorods and
thicker layer.

The upside SEM micrographs of the seed layer,
one-time CBD, two-times CBD, and three-times CBD
of ZnO thin films are shown in Fig. 4. The SEM
results for the ZnO seed layer samples have pattern
of regular granule morphology. Based on Fig. 4, the
rods did not formed on seed layers. The rods started
forming on the one-time CBD process. The density of
the rods from two-times CBD is higher than the
density of one-time CBD ZnO nanorod thin film.
Moreover, after three-times CBD, the new nanorod
structure is grew above the layer of two-times CBD
nanorod layer and formed as second layer nanorods.
The morphology pattern of the long nanorods ZnO
thin film shows that the long nanorod structures are
more ordered compared to the short ZnO nanorods.
The cross section SEM image of the comparison of
seed layer, one-time CBD, two-times CBD, and three-
times CBD is shown in Fig. 5. The SEM results on
Fig. 5 show that the seed layer is very thin with the
thickness about 150 nm. The one-time CBD of ZnO
thin film has short rod size. The two-times CBD has
bigger and longer ZnO nanorod compared to that of
one-time CBD, while the three-times CBD has double
layer and non-order nanorod structure of ZnO. The
comparison of the thickness of ZnO nanorods at

ZnO CBD 3x

} ZnO CBD 2x

} ZnO CBD 1x

} ZnO seed layer

@ Springer



4548

J Mater Sci (2017) 52:4543-4554

Figure 5 The cross section SEM of ZnO nanorod thin films for seed layer (a), one-time CBD (b), two-times CBD (c) and three-times

CBD (d).
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Figure 6 Electrical properties of one-time CBD, two-times CBD, and three-times CBD (a), cross section SEM image of three-times CBD
ZnO nanorod thin film (b), and top view of FE SEM image of double layer nanorod of three-times CBD ZnO nanorods thin film (c).

different deposition times is shown in Fig. 5. The
nanorod of one-time CBD is short and the thickness is
about 1 pm. The second process permitted ZnO to
continue to grow on the first rods so that the thin film
thickness increased significantly to be 2 um. How-
ever, when the three-times CBD deposition is per-
formed, it seems that no increasing rod was observed.
In the case of three-times CBD, the second layer of
ZnO nanorod was formed to yield double layer and
more multi-junction joint structure of ZnO nanos-
tructure as shown in Fig. 6.

To know the electrical properties of all samples, the
resistances of each thin film ZnO nanostructure
samples were measured at 300 °C. The resistance of
one-time CBD, two-times CBD, and three-times CBD
are 10000, 11000, and 50 k€, respectively, as shown in
Fig. 6a. It is clear that the resistance of ZnO nanos-
tructure thin film decreases significantly at three-
times CBD. This phenomenon is yielded by the
existence of double layers nanorods that create multi-
junction joints at each nanorods as shown in Fig. 6b.
Therefore, the contacts between each nanorods form
electron accumulation layer which leads to the
decrease in resistance [24]. The low resistance of
three-times CBD affects its dynamic response to the
SO, gas exposure. Moreover, the nanorod pattern

@ Springer

was confirmed from upside SEM image that there is
no hollow in the structure as shown in Fig. 6c. This
typical non-hollow nanorod structure actually has
been observed in other studies prepared by similar
methods [15].

The resulting ZnO nanostructure thin films were
characterized for their sensing performance in terms
of their response towards SO, gas. The silver elec-
trodes were printed on the surface of Alumina sub-
strate before the synthesis process for the growth of
ZnO nanostructure thin films. As the sensor devices
were placed in the characterization chamber, the
chamber was heated to a certain temperature and
controlled by a PID temperature controller. The seed,
one-time CBD, and two-times CBD of ZnO nanorod
thin films were investigated to determine the sensing
performance of SO, gas. Each of the samples has been
tested for five times to make sure that the data are
valid. The dynamic responses of the samples give an
overview of the value of the resistance that occurs
with respect to the time of testing. The response of
the sensor was calculated using Eq. (1), where R is
sensor response; Ra is the resistance at air conditions,
and Rg is the resistance at target gas conditions.
Moreover, the sensitivity of the sensor (S) was
defined as the transient number of the gas response.
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Figure 7 The sensor response after exposure of 70 ppm SO, gas for seed layer (), one-time CBD (b), two-times CBD (c), and three-times

CBD (d) of ZnO nanorod thin films at the temperature of 300 °C.
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The sensor’s response of all samples after the SO,
gas exposure of 70 ppm at 300 °C is shown in Fig. 7.
The sensor response increases from ZnO seed layer to
two-times CBD ZnO nanorod structure, and after that
the sensor response decreases on three-times CBD
ZnO nanostructure. Due to the low resistance value
of three-times CBD ZnO nanorod sample, the resis-
tance changes of the sensor prior to exposure to the
S50, gas could not be significantly observed, thus
leading to a low sensor response. This phenomenon
is consistent with the barrier potential theory. The
barrier potential is actually formed in between two or
more rods that in contact [19], which could block
electron transport. When this was exposed to the air,
oxygen adsorption increased the barrier’s presence.
In the presence of SO, or reductive gas, gas molecule
reacted with oxygen ions to yield SO; and release the
electron back into the conduction band. It caused the
depletion layer to become narrow and decrease the
barrier potential, allowing electrons to move easily
[25-27]. The easy movement of electron in three-
times CBD nanorods ZnO thin films yields low
resistance value and low sensor response. Moreover,
its low sensor response will make this type of sensor

will not be further investigated for other sensor
properties.

Figure 8 shows the sensor sample’s typical
dynamic response for both one-time CBD and two-
times CBD ZnO nanorod thin films for the exposure
of the SO, gas at several different operation temper-
atures. The two-times CBD ZnO nanorod sensor
shows a higher response compared to the one-time
CBD ZnO nanorods at operation temperatures of 200,
250, and 300 °C. The detail data of sensor response,
time response, and time recovery are shown in
Table 1. It can be seen that the response sensor of
two-times CBD ZnO thin films has higher sensor
response at about 15, 20, and 40% than that of one-
time CBD ZnO thin films at working temperatures of
300, 250, and 200 °C, respectively. The response of
both sensors increases as the concentration of SO, gas
in contact with the sensors increases. It is also shown
in Fig. 8 that the response of the sensors increases
with increasing operation temperature. When tem-
perature increases, O, has more energy to adsorb on
the surface of ZnO, so there is more O~ on the sensor
surface causing increased reactions between SO, and
O~, which increases the sensor response. But above
300 °C, the resistance of the sensor tends to decrease
to the very small value, which leads to decrease the

@ Springer
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Figure 8 The dynamic (a) 100-
response of the sensor at
various temperatures (a), and 80

sensor response as a function
of temperature (b) after the
exposure of 70 ppm SO, gas
for the one-time CBD and
two-times CBD thin films.
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Table 1 Response data of - -
one-time CBD and two-times T (OC) Response (%) trcsponsc (mln) trecovery (Il’lll’l)
CBD of ZnO thin films toward CBD 1x CBD 2x CBD 1x CBD 2x CBD 1x CBD 2x
70 ppm SO, gas
200 41 59.2 12.8 21 13.5 8
250 67 80 11 10 22 8
300 81 93 6 5.8 10.8 4.6

Figure 9 FE SEM images
and modeling the active layer
density of ZnO nanorods from
one-time CBD and two-times
CBD.
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sensor response [28]. Thus, we can conclude that the
optimum working temperature for SO, sensors is
300 °C. Moreover, the two-times CBD ZnO showed
better response at all operating temperatures com-
pared to that of one-time CBD ZnO as shown in
Fig. 8. This indicates that the higher changing of
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resistance happened on the surface of nanorods from
two-times CBD ZnO which is different with that on
the one-time CBD ZnO. This phenomenon can be
explained by comparing the density of active layer on
ZnO nanorod thin films.
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Density active site = n - nrt (2)

To know the active layer density of the ZnO
nanorods, we modeled the ZnO nanorods on a cer-
tain square of substrate with the assuming that the
nanorod is well ordered. Figure 9 shows FE SEM
images and the model of active layer nanorods from
one-time CBD and two-times CBD. From Fig. 9, it can
be defined that the diameters of one-time CBD and
two-times CBD are 10647 nm and 165.78 nm,
respectively. The three-times CBD is not included in
model because the resistance of ZnO nanorods is very
small compared to that of one-time CBD and two-
times CBD. From the model, the active layer density
can be calculated by Eq. (2), where n is number of
rod; r is radius of rod, and t is the length of rod.
According to the described model, it can be calcu-
lated that the number of rods in the certain SEM
space of one-time CBD and two-times CBD is 3356
rods and 1384 rods, respectively. If we consider the
height of rods from the SEM as shown in Fig. 5 and
the number of rods as described in the model, we can
get the density as a function of nanorods volume
times the number of nanorods (Eq. 2) as shown in
Table 2. It is shown in Table 2 that the active layer
density of two-times CBD is 58.44 which is more than
two times than that of one-time CBD.

Table 2 The active layer properties of ZnO nanorods from one-
time CBD and two-times CBD at 29.87 mm’

rrods (um) mnrod ¢ (um) Density (vol unit)
CBD 1x  0.053 3356 1 26.34
CBD 2x  0.082 1384 2 58.44

4551

The increasing response of the longer nanorod
resulted from two-times CBD can be explained by
considering the depletion layer theory. The depletion
layer is formed on the surface of ZnO nanorods.
According to the depletion theory, at certain tem-
perature, oxygen ions are chemisorbed to the surface
of nanorods: taking an electron from the conduction
layer, and creating a depletion layer on the surface. In
the case of the one-time CBD of ZnO nanorod thin
films, the depletion layer only formed on the surface
of ZnO nanorods [29]. When the surface is exposed to
50, gas, width of depletion layer decreased while the
electron conduction path, or conductance of ZnO
increased as shown in Fig. 10 [18]. As a result, the
sensor resistance decreases upon the exposure to SO,
gas. In case of two-times CBD of ZnO nanorods thin
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Figure 11 The sensitivity of the long nanorods of ZnO nanos-
tructure thin films at 300 °C.
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Figure 10 The illustration of the sensing mechanism on the exposure of SO, gas on the surface of two-times CBD of ZnO nanorod thin

films (a) and one-time CBD of ZnO nanorod thin films (b).

@ Springer



4552 J Mater Sci (2017) 52:4543-4554
Figure 12 Stability gas two- (a) (b)
times CBD of ZnO toward 1004 Tstday 7ihday 14thday 1 month 100-
70 ppm at 300 °C on 1st, 7th,
14th days, and 1 month (a), _. 80+
and SO, gas selectivity of long s 60 :,\E
nanorod of ZnO toward CO § g
gas (b). S 40 5

@ o

g 2

& 201 &

0 .
0 50 100 150 200 s02 co
. . Gases
Time (min)

films, the longer nanorods would yield much oxygen
into the surface wall of the rods so that the SO, gas
exposure can increase the width of depletion layer
and finally increase the sensor response. This phe-
nomenon is consistent with the previous explanations
about comparison of active layer density between
one-time CBD and two-times CBD. Table 2 shows
that the active layer density of two-times CBD ZnO
nanorod thin film is higher than the active layer
density of one-time CBD ZnO nanorod thin films.

The two-times CBD sensor’s response to different
concentrations of SO, gas is shown in Fig. 11. It
clearly shows that the response sensor increases with
an increase in SO, concentration from 10 to 70 ppm.
The heightened response from 10 to 70 ppm of SO,
gas is explained by diffusion theory, which states that
diffusion rate or adsorption rate increases as the
gradient concentration increases. This causes the
surface reaction to become faster and the response
time to decrease [30]. The measurements show that at
a 10 ppm concentration of SO,, the long ZnO
nanorod sensors can yield slow response. Moreover,
it is shown at the inset of Fig. 11 that at 70 ppm
concentration of SO,, the ZnO surface starts to satu-
rate because the whole surface has reacted with
gasses so the response will remain the same despite
the increase in SO, concentration.

Rso,

Selectivity of SOy = ———2—.
Y ? Rso, + Rco

(3)

The detail data of time response and time recovery
of the sensors at an SO, concentration of 70 ppm are
presented in Table 1. For both one-time CBD and
two-times CBD nanorods of ZnO thin films, almost
all time response and time recovery decreases with
increasing temperature. When temperature increases,
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the SO, has more energy and become more energetic,
so the reaction time decreases. Moreover, time
response and recovery of two-times CBD of ZnO thin
films is shorter than that of one-time CBD of ZnO
because the long nanorods of ZnO two-times CBD
provide more diffusion paths than the short one, so
the reaction between the gas and the surface is faster.
To evaluate the sensor’s stability and repeatability,
the sensor response of two-times CBD at an SO,
concentration of 70 ppm and a temperature of 300° C
was performed. The sensor response was measured
during certain periods on the one day, seventh day,
fourteenth day, and after one month as shown in
Fig. 12. This stable performance shows that the sen-
sor has good durability during certain time of usage.
The sensor’s response values remain the same but the
response time seems to take longer with more time.
But, these differences are relatively small because the
sensor has good repeatability. Additionally, the two-
times CBD ZnO nanorod thin film has lower response
to CO gas than to SO, gas (Fig. 12). The selectivity
property of long ZnO nanorods is shown by the
formula in Eq. (3) [31]. For SO, and CO, the selec-
tivity of ZnO nanostructure is 0.82 and 0.18, respec-
tively. This means the two-times CBD ZnO nanorod
thin film has high selectivity towards SO, gas com-
pared to CO gas.

Conclusions

Our experiment tests the synthesis of the different
lengths of nanorods of ZnO thin films as the surface
material for SO, gas sensors. The ZnO nanorod
structure thin films were successfully fabricated
using the triple-stage Chemical Bath Deposition
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(CBD method). The CBD technique was performed
one to three times using Zinc (CH;COOH),-4H20
and Zn(NO3)-4H,O with the addition of HMTA and
EDA. XRD results showed that the two-times CBD of
ZnO thin films has better crystallization than short
nanorods of ZnO thin films. The ZnO nanorod cre-
ated from one-time CBD has short nanorod structure,
while the ZnO nanorod created from two-times and
three-times CBD process has longer nanorod and
larger diameter. The two-times CBD of ZnO thin
films shows higher response in all various concen-
trations of SO, gas compared to the one-time CBD
ZnO nanorods thin film. The gas sensor characteri-
zation test results show that the two-times CBD of
ZnO improves sensor response to 93% for SO, gas at
a concentration of 70 ppm and temperature of 300° C,
which is an increase of 15% over the one-time CBD
ZnO nanorods thin films. At different operation
temperatures, the response of two-times CBD ZnO
nanorods increases 20-40% over the one-time CBD of
ZnO nanorods. Additionally, the sensor response
increases as the concentration of SO, increases from
10 to 70 ppm. These results show that longer ZnO
nanorods will increase the performance of SO, gas
sensing, and are a better choice for accurate and
reliable gas-sensing devices.
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