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Abstract: The objective of this study is to improve the hydrogen gas detection capabilities of thin films of zinc oxide (ZnO). The sol -
gel method was employed to synthesis ZnO thin films, which were then manufactured using the spin coating technique. These films
were subsequently analyzed using X - ray diffraction (XRD), Scanning electron microscopy (SEM), AFM, and UV - Vis spectroscopy to
assess their structural, morphological, and optical features. The gas sensing performance was assessed by subjecting the films to varied
quantities of hydrogen gas. The gas sensing behavior was identified by observing the resistance change following exposure to hydrogen
gas, using computer - controlled, domestically built hydrogen gas sensing equipment.
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1. Introduction

ZnO is one of the most studied materials now being used
and investigated as a potential material for a variety of
applications. ZnO is one of the most important metal oxides
at room temperature. ZnO is an inorganic compound that is
white, powdery, and insoluble in water. It is found as the
zincite mineral on the earth's surface [1, 2]. It's usually
found in powder form in paints, ointments, lubricants,
batteries, rubber, cosmetics, etc [3, 4]. One - dimensional
nanostructures have a large aspect ratio and surface area,
allowing electrons to conduct directly. ZnO has a bandgap of
3.37 eV and a high exciton binding energy of 60 meV.
Zn0 has hexagonal wurtzite structure. Because of its non -
stoichiometric defected structure ZnO has electrical
properties that vary with chemical composition. ZnO has
traditional n - type semiconductor properties [5, 6]. ZnO is a
piezoelectric material with a wide band gap. Because of
these qualities, ZnO has gained a lot of attention for its
potential applications in electrical and optoelectronic
systems, sparking a lot of interest in the previous 15 years.
Because of its low cost and ease of preparation, ZnO is one
of the most widely studied metal oxides for gas
sensing applications [7, 8]. Several deposition methods have
been reported to deposit ZnO on substrates, including radio
frequency (RF) sputtering [9], Pulse laser deposition (PLD)
[10], Sol - gel method [11].

For detailed structural analysis, the prepared samples were
characterized using XRD, SEM, AFM and Uv - Vis. We
intended to investigate the impact of ZnO thin film on gas
sensing properties in this study. Furthermore, the ZnO was
utilized as a gas sensor to sense the gases like Haz, NO, SO-,
and methanol. The ZnO thin film was found to be good gas
sensor for H; gases.

2. Experimental Procedure

The creation of an aqueous Zinc Oxide, solution 2M zinc
acetate dehydrate dissolved in the 2 - Methoxy Ethanol and
HCL. Subsequently, Mono Ethanolamine (MEA) was
incrementally introduced into the solution as a stabilizing
agent clear solution during a 3.5 hour period at 65°C. Then
the solution was put onto the pre - cleared glass substrate,
which was then spun for 40 seconds at room temperature at
2500 rpm. The solvent was then removed from the films by
drying them over a hot plate for 10 minutes at 105 °C
followed the procedure of spin coating deposition, until the
necessary film thickness for processing had been obtained,
the process of drying were repeated. The generated
multilayered ZnO films were annealed in muffle furnace
for about 1.30 hours at temperature 650°C.
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Figure 1: Flow chart for ZnO thin films deposition procedure

3. Structural Properties
3.1 XRD analysis

Fig. 2 depicts the XRD pattern of ZnO, which confirms the
formation of hexagonal crystal lattice zinc oxide based on
the obtained XRD data. We characterized all the prepared
materials using X - ray diffraction spectroscopy with a
Braggs scanning angle of 20 - 70°. The MoK radiations
having wavelength 1.54 A° were used to produce the X -
rays. Compare picks with JCPDS card no.00 - 036 - 1451.
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Figure 2: XRD pattern for Zinc Oxide thin films

The XRD of Zinc Oxide shown in fig.2, samples exhibited
varying diffraction peak intensities. This indicates strong
orientation peak of (002) in XRD pattern and other peaks
(100), (101), (102) and (103) also belongs to Zinc Oxide.
The difference in intensity of the diffraction peak might
indicate the difference in crystal size.

The diffraction peak was estimated from the FWHM of
(002) using the Scherrer formula to understand the
crystalline ZnO particles. [12]:

d=0.94/fcos0 .......... (D

Where A denotes the x - ray wavelength of 1.54 A, @
represents the Bragg diffraction angle of the (002) peak, and
B signifies the full - width at half - maximum (FWHM) of 6
(002) at around 34.5069, respectively.

Table 1: The XRD Table of zinc oxide thin films.

Pos. [°2Th.] | Height | FWHM [°2Th.] | d - Spacing (A%
31.8419 28.30 0.4723 2.81045
34.5069 116.48 0.3542 2.59926
36.3139 44.47 0.4723 2.47396
47.9165 7.03 0.9446 1.89853
62.8289 10.04 0.7085 1.47909

Table 1 shows the peak position with peak height, FWHM,
and d - spacing values.

4. Surface Morphology Properties

4.1 SEM Analysis
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Figure 3, presents SEM images of the surface of ZnO thin
films that were prepared using a spin - coating technique at
2500 rpm, followed by a preheating step at 105 °C for 10
minutes and a post - heating process at 650 °C for 1.5 hours.

The examination of surface morphology in ZnO thin films
is essential because of its considerable influence on the
electrical and optical properties of optoelectronic devices.

Figure 3: SEM pictures for ZnO Thin film

This is a favorable condition for gas sensors, as larger
surface areas provide a larger reason for their use. The
average value of the crystalline size 1pm and 2um is
122.885 nm and 142.792 nm, respectively for ZnO thin film.

4.2 AFM Analysis
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Figure 4: AFM images of ZnO thin film annealed at 650 °C.

Surface morphology of ZnO films annealed at 650 °C was
shown in Figure 4. The films generated through spin coating
exhibit homogeneity, as demonstrated by AFM images in
both 2D and 3D captured at 1um. The pictures were
acquired by atomic force microscopy (AFM) measurement.
We observed that as the annealing temperature increased,
the ZnO films' surface morphology and roughness also
improved. The value of RMS roughness and Mean
roughness are 289.6 nm, 270 nm respectively.

5. Optical Properties
5.1 UV - Visible spectroscope

This part specifies all the foundations of mathematics for
optical constants using UV - Vis measurements.
The Famous Tauc formula is applied to calculate the energy
band gap value:

(ahv)2=A(hv-EQ)"....... 2)
where n is the index density of the states with A, h and v as
the absorption Constant, Plank constant and Frequency
respectively of incoming light and Eg is the energy gap.
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Figure 5: Absorbance and Band gap of Zinc Oxide Thin film
According to Fig.5, ZnO thin film, the absorption spectra
rises with increasing wavelength and this Fig. Depicts the Ll g o— Gas OUT
relation between (ahv) 2 and hv, where hv is the energy of 8 g -
the incident photon and a represents the optical absorption ' .
coefficients. The band gap determined using Eq. (2) was =154 .
3.28 eV for ZnO thin film. The ZnO thin films observed a E F
band gap, seen in Fig.5. [13]. @ 7 ; 1
ﬂJ -
. . 4.3 . -
Hydrogen (H2) sensing mechanism - E | |
Gas sensors were developed using figure type Cu - 8 1.2 L
integrated electrodes with a width and gap of 0.5 mm, which L= 1 .
were applied to epoxy glass substrates. Thin films of 111 GasIN =« ey
sensitive materials, such as ZnO, were applied to the 1.0 ' ;.. T
substrates using the spin coating technique at a rotation ' I
speed of 2500 rpm. The prepared sensors were strategically 0.9 : . . , , . . , ,
placed within a meticulously designed gas sensing chamber. -100 0 100 200 300 400 500 600 70O 800
Two high - quality copper wires were attached to an LCR Time (Sec)
meter (Aplab - MT 4080D) following their application to the

sensor electrodes with silver paste.

This enabled the observation of the sensing signal through
the measurement of resistance changes in the sensitive thin
film upon exposure to hydrogen gas at concentrations
between 0 to 2500 ppm. To record the | - V curves and
resistance variations, we used a Keithley electrometer in
conjunction with the Aplab - MT 4080D LCR meter.
Following extended exposure to hydrogen gas, the ZnO -
based sensing films showed remarkable stability and

repeatability as gas sensors, displaying a reliable response
pattern.

Figure 6: Response and Time - based sensors after exposure
to Hz gas for ZnO Thin film

We observed that the resistance of the sensing films varied
when exposed to hydrogen or air, indicating their n - type
semiconductor behavior. The sensing response to hydrogen
gas was calculated using the following equation:

Response = Ro/Ry
Here:
« Ry is the initial resistance of the sensing film

e Ry is the resistance of the sensor when exposed to
hydrogen gas

The calculated maximum response for hydrogen gas at room
temperature was ~1.66 for ZnO thin film (Figure 6).

The transient time, an essential parameter in sensing
technology, was established at 210 seconds to attain the
optimal response. Following exposure to hydrogen gas, the

gas sensor's initial state was restored by purging the chamber
with air. [14, 15].

After an extended duration of hydrogen exposure, the
developed sensor exhibited a stable response magnitude,
highlighting its dependability and appropriateness for H, gas
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detection at room temperature. The prepared sensor
consistently exhibited a notable response throughout a
prolonged exposure to hydrogen, underscoring its
dependability and appropriateness for detecting H, gas at
ambient temperature.

6. Conclusions

Sol - gel was used to create ZnO thin films, which were then
spin - coated on a glass substrate. The influences of
annealing treatment on furnaces effect on structural,
morphological, and optical properties of ZnO thin films
were investigated for gas sensing properties. XRD studies
discovered the hexagonal structure of prepared analyzed
ZnO thin film.

According to the SEM image the calculated average value of
the crystalline size 1pm and 2um were 122.885 nm and
142.792 nm, respectively for ZnO thin film. By AFM image
we observed the value of RMS roughness and Mean
roughness were 289.6 nm, 270 nm respectively. The band
gap values for all produced film was obtained to be 3.28 eV
for ZnO thin film. The determined peak response for
hydrogen gas at ambient temperature was ~1.66 for ZnO
thin films.
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