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Herein, ZnO nanoflowers without any doping and modification were synthesized by hydrothermal method. The
room temperature nitrogen dioxide sensor with high sensitivity, selectivity and long-term stability was prepared
by combining ZnO nanoflowers with interdigital electrodes. The average diameter of the ZnO nanoflowers was
about 0.9-1 um. In addition, the gas sensing properties of the nitrogen dioxide gas sensors at room temperature
were investigated. Compared with other ZnO sensors, the sensor based on the ZnO nanoflowers revealed out-
standing sensing response to NO,, giving a response of 0.05-6 ppm. The sensor exhibited a lower detection limit

of 0.05ppm and had an ultra-high response to 1 ppm NO, at room temperature. The response was only de-
creased by 16% of the initial value after 40 days of measurement. The Schottky barrier could be the key factor
for the excellent NO, sensing properties, which was formed between the Au electrodes and ZnO nanoflowers.

1. Introduction

It is well known that nitrogen dioxide (NO,) in the air can cause
various environmental problems and harm human health [1]. NO, can
react with gaseous pollutants to form photochemical smog. More ser-
iously, NO, can react with water in the air to form acidic solutions,
which in turn forms acid rain [2]. These two environmental phenomena
seriously affect human life. NO, is harmful to human health when the
concentration is greater than 3 ppm [3,4]. When NO, gas is inhaled by
the human, it will produce strong stimulation and corrosion effects on
lung tissue, and even cause pulmonary edema. Even 1 ppm of NO, can
have serious effects on the human organs. Therefore, the lower detec-
tion limits are necessary for ideal sensors [5-7]. Nitrogen dioxide is a
type of nitrogen oxide that is likely to be primarily produced in human
activities and natural behavior [8]. In addition, the detection of NO, is
essential for air quality control and environmental safety purposes [9].
NO, sensors should be developed in the direction of high sensitivity and
high selectivity. Therefore, the monitoring of NO, has been a long-term
important topic.

Usually, the gas sensors need to be heated when they are working.
The purpose is to accelerate the process of gas adsorption and extrac-
tion to improve the sensitivity and reaction speed of the devices. The
ZnO-based sensors typically operate at high working temperatures
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(typically 200-600°C) [4]. However, high temperature operation has
many disadvantages, for example, it tends to increase the energy con-
sumption and reduce the longevity of the devices, which impose great
limitations on the large-scale application of the devices. More im-
portantly, when the sensors detect flammable gases, high temperature
operation may bring about the risk of gas explosion. Therefore, the
society has put forward higher requirements for gas sensors. In addition
to higher sensitivity, lower energy consumption, lower cost and other
basic requirements, lower operating temperatures are also essential.
Consequently, it is important to reduce the operating temperature to
room temperature by different methods.

The most common and practical sensors are the metal oxide semi-
conductor sensors, which have many advantages, such as good working
stability, high sensitivity, simple manufacturing process, etc. Common
metal oxide semiconductors include ZnO, SnO,, TiO,, CuO, Fe,Os,
WO3, GayO3 and V,0s [10-15]. Among all the oxide semiconductors
mentioned above, ZnO is known for its wide band gap of 3.37 eV. ZnO
has unique properties and broad application prospects, and it has a
wide range of applications in sensors, thin film transistors, light-emit-
ting diodes and solar cells [16-18], etc. It is extensively used as a gas
sensing material due to its high conductive electron mobility and ex-
cellent chemical and thermal stability under sensor operating condi-
tions. Among many gas-sensitive materials, ZnO has attracted the
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attention of many researchers due to its large specific surface area and
obvious surface effects. And ZnO sensors have been widely used in the
study of a variety of flammable gases and harmful gases. As far as we
know, there are few studies on room temperature NO, sensors with
high response based on pure ZnO materials.

In this paper, the pure ZnO nanoflowers without any doping and
modification were prepared by the hydrothermal method. The NO, gas
sensor was formed by coating ZnO nanoflowers on the interdigital
electrodes. The microstructure and morphological properties were
analyzed by XRD, XPS, SEM and TEM, respectively. It can be seen from
the gas sensing performances that the sensor exhibited good sensing
properties to NO, at room temperature. Furthermore, a detailed me-
chanism of the NO, reaction was also discussed in the paper. The high
response maybe attributed to the Schottky barrier formed by the metal-
semiconductor contact.

2. Experimental
2.1. Chemical reagent

All chemicals reagents in the experiment were with analytical re-
agent grade without further purification and treatment. Zinc nitrate
hexahydrate (Zn(NO3),6H0), glycerol (C3HgO3), sodium hydroxide
(NaOH) were purchased from Sinopharm Chemical Reagent Co., Ltd.
The ethyl alcohol (C;HsOH) was purchased from Beijing Chemical
Works.

2.2. Synthesis of ZnO nanoflowers

The ZnO nanoflowers were synthesized by hydrothermal method.
Glycerol, ethanol and deionized water were blended in a ratio of 7: 7:
10, and the mixture was stirred for 1 h at room temperature to form a
transparent solvent. 0.52 g of Zn(NO3)>6H,0 and 0.8 g of NaOH were
successively added to the mixed solution under vigorous stirring, and
the stirring time was 1 h to ensure uniform mixing. The obtained mix-
ture was transferred into a stainless steel autoclave with a 50 ml Teflon-
lined, and then the autoclave was placed in an environment of 120°C for
12h. After naturally cooling to room temperature, the obtained pre-
cipitates were washed through centrifugation several times with
ethanol and distilled water alternately, then the precipitate was dis-
solved in ethanol and dried at 80°C for 12 h. And then the white product
was collected and annealed at 450°C for 3 h to obtain ZnO nanoflowers.

2.3. Characterization

The crystal structure of sample was recorded by X-ray diffraction
analysis (XRD, scanning speed of 10°/min, scanning range from 20°-80°,
using Cu Ka radiation at 0.15418 nm, Rigaku). Field emission scanning
electron microscopy (FESEM) on a JSM-7500 F (JEOL) microscope op-
erating at an accelerating voltage of 15kV was used to observe the size
and morphology of the as-prepared products. Transmission electron
microscopy (TEM) and high-resolution transmission electron micro-
scopy (HRTEM) observations were carried out on a JEM-2200FS ap-
paratus (JEOL) operating at 200 kV. The surface elemental composition
of the as-synthesized samples was studied in detail using X-ray photo-
electron spectroscopy (XPS, Thermo ESCALAB 250XI). The absorption
spectra was recorded on a SHIMADZU UV-2550 UV-VIS spectro-
photometer.

2.4. Fabrication and measurements of gas sensors

The ZnO gas sensor was fabricated by coating the obtained speci-
mens on the interdigital electrodes. The schematic structure of the in-
terdigital electrode is shown in Fig. 1(a). First, the as-synthesized
product was ground and mixed with deionized water to form a slurry.
Thereafter, the slurry was uniformly coated on the surface of the
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interdigital electrode with a brush to form a sensing film. The gold
interdigital electrodes were prepared on an Al,O5 (8 X 8 mm?) sub-
strate by the radio frequency magnetron sputtering. The number of the
interdigital electrode pairs was 12, the width of the interdigital elec-
trodes was 80 um, and the distance between the adjacent interdigital
electrodes was 70 um. The gold electrode was composed of Ti/Cu/Ni/
Au with a total thickness of 4 um. The gold electrodes (without the
sensor material) on both sides of the interdigital electrode are not in
contact, so we believe that the interdigital electrodes are insulated.

After drying in air for 30 min, the well-coated interdigital electrode
was calcined at 450°C for 3 h in the muffle furnace with a heating rate
of 3°C/min, in order to improve stability of the sensing film. Except for
special notes, the tests were performed at temperature of 25°C and
humidity of 50% RH. The sensing characterization system is as de-
scribed in Fig. 1(b). A Fluke 8846a (Fluke Co.) was used to record the
resistance changes of the sensor in different gases of low concentration,
especially in the pristine air and a given amount of the target gases. The
maximum recordable measuring resistance of Fluke 8846a is 1000 MQ.
The Hioki SM-8213 resistance meter was used to measure the resistance
of 1000-1800 MQ2. When the measured value exceeded 1800 MQ, the
measured value of the instrument was unstable, so only the resistance
value below 1800 MQ was measured. The sensor’s response in this
paper is defined by parameters Ry/R,, where R, and Ry are the re-
sistances of sensor in air and test gas, respectively. In addition, the
response time is defined as the time required for the resistance to
change to 90% of the total saturation change after the sensor is exposed
to the target gas while the recovery time represents the time required
for the resistance to return to 10% of the total saturation change after
the sensor is released into the air.

3. Results and discussion
3.1. Structure and morphology

The XRD pattern of the obtained ZnO sample is shown in Fig. 2. It
can be seen from the figure that all diffraction peaks of the obtained
material could be matched with the PDF standard card of hexagonal
wurtzite ZnO (JCPDS Card No. 5-664). The diffraction peaks at 31.78,
34.46, 36.28, 47.58, 56.58, 62.90, 66.42, 67.94, 69.08, 72.62 and
76.96° could be assigned to (100), (002), (101), (102), (110), (103),
(200), (112), (201), (004), and (202) planes of hexagonal wurtzite ZnO,
respectively. The lattice parameters of the above-mentioned wurtzite
ZnO were a = 3.249 /ok, b = 3.249A, ¢ = 5.205 A. No other peaks were
found in the XRD pattern, which indicated that the as-prepared ZnO
had high purity and good crystallinity.

The UV-vis absorption spectrum of the prepared ZnO sample is
shown in Fig. 3. The UV-vis absorption spectra of the pure ZnO na-
noflowers (shown in Fig. 3(a)) showed a clear absorption shoulder in
the UV region (300-400 nm), which was the band edge absorption of
the pure ZnO materials. It can be seen that the ZnO sample had less
absorption in the visible region. From the absorption spectrum, the
optical band gap (E;) of the obtained ZnO could be estimated from the
Tauc’s formula by [19] :

ahv = B(hv-E,)® 1)

Where a is the optical absorption coefficient, h is Planck constant, v is
the frequency of incident photons and B is a constant. By consulting the
literature, it is known that the value of n depends on the type of the
transition in the semiconductor. When the measured material belongs
to an indirect transition, n = 2, while when it belongs to a direct
transition, n = 1/2 [20]. According to the above instructions, the n
value of ZnO is determined to be 1/2. As shown in the Fig. 3(b), the
band gap of ZnO nanoflowers is about 3.19 eV. This value is lower than
the value (3.37 eV) for most reported ZnO, which may be due to the
structural defects in the preparation of materials.

XPS was used to examine the chemical state of elements and
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Fig. 1. (a) Schematic diagram of the interdigital electrode; (b) Schematic diagram of the sensing characterization system.
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Fig. 2. XRD patterns of the PDF 5-664 data and ZnO.

chemical composition of the ZnO samples. As shown in Fig. 4(a), full
range XPS peaks corresponding to C, O and Zn was clearly observed in
the survey spectrum. Furthermore, we can see that there are no other
peaks except the target peak, which indicated that no impurity elements
were introduced into the samples. All binding energies in the XPS
analysis required charge correction, with a standard peak of C
(284.5eV) as the calibration peak [21]. The XPS spectrum of Zn 2p
(shown in Fig. 4(b)) was divided into two peaks, corresponding to the
Zn 2p, > and Zn 2p3 » states of Zn 2p orbits, respectively. The two fitted
peaks were respectively located at 1021.86 and 1044.87 eV, which
were ascribed to Zn?* in wurtzite ZnO. As for O 1s spectrum in
Fig. 4(c), it was corresponded to three type oxygen species (the lattice
oxygen Oy, defective oxygen (oxygen vacancies) Oy and the chemi-
sorbed oxygen species O¢). The central positions and the relative per-
centages of the three type oxygen species were shown in Table 1. The
relatively high percentage of defective oxygen species component
means that the oxygen vacancies are abundant in the sample. This is
consistent with previous reports that the metal oxides prepared hy-
drothermally under alkaline conditions are prone to produce oxygen
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which revealed the refined structures of products. Fig. 6(a) is the TEM
image of two ZnO nanoflowers, and the illustration is the partial en-
larged view of the nanoflowers. It could be clearly seen that the wrin-
kles on the surface of the samples. Fig. 6(b) shows the high resolution
TEM (HRTEM) image of the prepared ZnO samples. The ordered lattice
fringes of wurtzite hexagonal phase ZnO were observed. Ordered lattice
fringes of wurtzite hexagonal phase ZnO were observed with a lattice
spacing of 0.28 nm, corresponding to the (100) lattice plane of ZnO
(JCPDS No. 5-664).

3.2. Gas sensing properties

In this research, all gas sensing property tests were carried out at
room temperature, except for working temperature measurement.
Fig. 7(a) showed the dependence of resistance of the sensor on the
temperature in the dry air (humidity of 21% RH). As with surface
controlled sensors, the resistance of the sensors decreased with in-
creasing temperature [25]. The response to 1 ppm NO, at 25°C-107°C is
shown in Fig. 7(b). The sensor exhibited the maximum response at
25°C. With the increase of operating temperature, NO, molecules began
to desorb, resulting in a decrease in gas response. The effect of humidity
on the gas-sensing performance of the ZnO nanoflowers sensor was
investigated. As shown in Fig. 7(c), we measured the response to 1 ppm
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Fig. 3. (a) The UV-vis absorption spectrum of the ZnO; (b) The estimated band gap energy of ZnO.
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Fig. 4. XPS patterns of ZnO nanoflowers; (a) XPS survey of scan spectrum; (b)
Zn 2p of ZnO nanoflowers; (c) O 1s of ZnO nanoflowers.

NO, in the humidity range of 25%-70%. The results showed that with
the increase of humidity, the reaction gradually increased. Fig. 7(d)
exhibits the response of the sensor to NO,, giving the response of
0.05-6 ppm. When the concentration of NO, is more than 6 ppm, the
resistance of the sensor exceeded the measurable range of the instru-
ment. The response gradually increased with the increase of NO, con-
centration. What’s more, the ZnO-based gas sensor exhibited a very
good linear relationship between the response and concentration within
the measurable range. The response curve of the sensor at low con-
centration is shown as the inset of Fig. 7(d).

Sensors & Actuators: B. Chemical 287 (2019) 191-198

The dynamic gas sensing transients of the ZnO nanoflowers-based
sensor to different concentrations of NO, are exhibited in Fig. 8(a).
When the concentration of NO, is 50 ppb, the response of the sensor
could reach 3.44, which indicated a low detection limit. Fig. 8(b) shows
the three reversible cycles of the sensor to 1 ppm NO,, which revealed
that the satisfying stability and repeatable of the sensor based on the
ZnO nanoflowers. The response time and recovery time of the ZnO
nanoflowers sensor (shown in Fig. 8(c)) were approximately 6 and
4 min, respectively. The response time and recovery time at different
NO,, concentrations could be seen in the Table. 2. It can be found that
the recovery time is longer at low concentrations, which may be related
to the difficulty in desorption of NO, at low concentrations. The long-
term stability of the gas sensor is also a very important parameter of the
gas sensors. In order to test the stability, we collected the response data
of ZnO-based gas sensors to 1ppm NO, for 40 days. As shown in
Fig. 8(d), the response was only decreased by 16% of the initial value
after 40 days of measurement. The reduction of gas response with the
number of days may be due to the influence of humidity on the sensor
[26]. This illustrated that the ZnO-based sensor is a promising candi-
date for the detection of NO, gas in the field of gas sensors.

Table. 3 displayed a comparison between the present sensor and the
other ZnO room temperature sensors which were reported in the pre-
vious literature. It is obvious that the sensor possessed high response,
which was superior to most of the reported ZnO room temperature
sensors. In addition, the detection limit (50 ppb) is also much lower
than other reported sensors. The comparison indicated the sensor had a
broad application prospect in NO, detection at room temperature.

Selectivity of the sensor is a key factor to evaluate the gas-sensing
properties of semiconductor materials for practical applications. Fig. 9
shows the selectivity measurements of the ZnO-based sensor to 1 ppm
different gases, such as nitrogen dioxide (NO), carbon monoxide (CO),
methane (CH,4), ammonia (NH3) and acetone (CH3COCHSs3). Selective
study of different tested gases showed that the response of the ZnO
nanoflowers sensor to NO, was obviously better than that of other
gases. It can be seen that the response to NO, was much higher than
other gases, which was almost 15 times larger than NH; and 20 times
larger than CO. It demonstrated that the selectivity of the sensor to NO,
was much superior.

3.3. Discussion of NO, sensing mechanism

The gas sensing mechanism of the ZnO sensors can be well illu-
strated from two aspects, one is the gas sensing property of ZnO na-
noflowers, the other is the depletion layer variation caused by the
Schottky barrier, which is formed by the metal-semiconductor contact
[19]. When ZnO nanoflowers contact with air, the surface of each ta-
pered ZnO column will form an electron depletion layer, forming a
narrow conduction channel. When the sensor is in contact with NO,
gas, the sensitive layer loses more electrons, which leads to a wider
depletion layer and a thinner conduction channel, resulting in the
measurable changes in resistance. It can be seen from the Fig. 5(a), the
ZnO nanoflowers cross each other, allowing the electrons to move
freely throughout the whole sensitive layer. This flower-like structure
allows the sensitive layer to have more voids, so that the NO, gas
molecules have more adsorption sites in the entire sensitive layer. Ac-
cording to the theoretical framework of the oxide semiconductor gas
sensor established by N. Yamazoe [33], the porosity of the sensitive

Table 1
Fitting Results of O 1s XPS Spectra of the pure ZnO nanoflowers.
Sample Oxygen Species Binding Energy (eV) Relative percentage (%)
Pure ZnO nanoflowers 0Oy, (Zn-0) 530.431 73.7
Oy (Vacancy) 531.600 19.7
O¢ (Chemisorbed) 532.402 6.6
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Fig. 5. SEM images of ZnO nanoflowers.

layer can make the utilization efficiency of the sensitive body higher,
resulting in an improvement in sensor performance. Therefore, the
flower structure is part of the reason for the high response of the sensor.

When the ZnO was uniformly coated on the surface of the inter-
digital electrodes, the Schottky barrier is formed between the ZnO and
Au electrodes, resulting in an increase in the thickness of the electron
depletion layer at the Au electrodes/ZnO interface. And the superior
response to NO, at room temperature may be due to the decrease in the
activation energy of chemical adsorption on the gas surface [34]. Si-
milarly, the reason for the longer recovery time of ZnO sensors at room
temperature is that the activation energy of gas desorption is much
higher than that of thermal energy [35].

Oxygen molecules in the air will be physically-adsorbed on the
surface of the ZnO nanoflowers, and electrons will be captured from the
adsorption sites on the surface of ZnO to produce different chemisorbed
oxygen species at different temperatures [36]. The oxygen ions are
mainly existed in the form of O, at room temperature. The reactions
of eqn.(2) ~ (3) occur on the surface of ZnO as follows:

@
3

Oz(gas) — Oa(ads)
O2cads) + € —O2uas)

where O, is the oxygen adsorption, e~ are electrons [37,38]. It can be
seen that the above reactions capture free electrons from ZnO to pro-
duce chemical adsorption oxygen species. The absorbed oxygen mole-
cules on the surface of ZnO act as an acceptor, resulting in a decrease in
the amount of electrons in the conduction band, thereby changing the
resistivity of the sample. When the sensor is exposed to other tested
gases, its resistance will also change. And the change in resistance in-
creases with the increase of gas concentration [37,38].

The adsorption of oxygen leads to the formation of the built-in
potential barrier and the electron depletion layer on the surface of ZnO
material, as shown in Fig. 10 [39,40]. The dark gray area in the figure is

(a)

the depletion layer of ZnO in the air. The light gray area is the increased
width of the depletion layer when the sensor is transferred to NO,.
There is a certain relationship between the depletion width (L) and the
built-in potential barrier (V), which can be expressed by formula (4)
[41]:

1
2eV |2
1= (%) “@
where ¢ is the dielectric constant of ZnO, q is the electron charge, and
Ny is the donor density.

Because the work functions of Au and ZnO are not equal, the work
functions of Au and ZnO are 5.1 eV and 4.45 eV respectively [44-46].
Electrons in ZnO occupy higher energy levels than those in Au. The
electrons in ZnO will cross to Au to equal the two Fermi levels. Because
of the transfer of electrons, an electron depletion layer is formed at the
interface between ZnO and Au. The energy band of ZnO bents upward
to form a barrier to prevent electrons from crossing to Au, i.e. Schottky
barrier. When ZnO contacts with the gold electrodes, more electrons are
transferred to the gold electrode, thus forming a wider electron deple-
tion layer and a higher built-in potential barrier, as shown in Fig. 10
[47-49]. In addition, the oxygen species are more easily adsorbed on
the surface of Au electrode [50], capturing free electrons in ZnO and
producing more chemisorbed oxygen, so the contact of Au electrode
with ZnO will accelerate the reaction and improve the performance of
sensor.

NO, is higher than O, in terms of electron affinity, which makes
NO, possess higher electrophilicity [42,43]. The property can make
more electrons in the conduction band of ZnO transfer to NO,. In ad-
dition, O, has high activity and is easy to react with other types of
gases, which is conducive to gas interaction. When the sensor is exposed
to NO,, the NO, molecules will occupy on the sensor to form physi-
sorbed NO,:

ZnO (100)

0.28 nm

S

Fig. 6. (a) TEM images of ZnO sample; (b) HRTEM images of ZnO sample.
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Noz(gas) nd NOZ(ads)

NO,, concentration (ppm) Response  Response time Recovery time
(min) (min)

0.05 3.44 3 44

0.1 4.265 5 16

0.2 8.75 5 4

0.5 51.14 5 6

1 128.55 6 4

Moreover, NO, will capture electrons and react with adsorbed

oxygen species to produce adsorbed NOs(,qs), which can be commen-
tated as follows:

NOs(ags) + € — NOxas 5)
NOgz(ads) + Ozcaas) + 2€7 — NOsqds) + 20(ads) (6)

In addition, XPS spectra showed that there are abundant double
donor defects (Zn interstitial and O vacancy) in the samples. The donor
defects can effectively reduce the surface adsorption energy, improve
the surface activity and greatly increase the density of surface
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Table 3
Comparison of the sensing performance of the present sensor and that of devices reported in the previously literature (RT denotes room temperature).
Sensing material Method NO, Working temperature (°C) Response detection limit(ppm) Reference
concentration (ppm)
Mesoporous ZnO sheets Precipitation- 1 RT 2.3 1 [4]
calcination method
Ultrathin ZnO nanorods Hydrothermal method 1 RT 2 1 [27]
ZnO nanowires Chemical vapor deposition 20 RT 32 5 [28]
Polycrystalline ZnO Sol-gel method 20 RT 2.2 20 [29]
ZnO nanoparticles/ Wet chemical method 5 RT 1.256 5 [30]
GO
Hierarchical ZnO nanorods/PbS quantum dots ~ Wet chemical method 1 RT 2.22 1 [31]
(under NIR illumination)
ZnO nanosheets/ Electrochemical deposition 1 RT <6 0.1 [32]
porous silicon
ZnO nanoflowers Hydrothermal method 1 RT 128 0.05 This work

CH4I
CcO :|
CH3COCH3I
NH3:|
0 20 40 60 8 100 120 140
Response (Rg/R;)

Fig. 9. Selectivity measurements of the ZnO sensor to 1 ppm of NO, and other
typical gases at room temperature.

Before contact After contact

EF fermi level of ZnO after contact with Au
EFS fermi level of ZnO
E__fermilevel of Au E o vacuum level
E_ the conduction band bottom E the valence band top

Fig. 10. Schematic of the mechanism and the energy band structure at the
interface of ZnO and Au.

adsorption sites. It would result in the increasing of the built-in po-
tential barrier and the depletion layer, which make the resistance of the
sensor reaches a maximum value, and finally the sensor produces an
ultrahigh response to NO,.

Furthermore, the application of the interdigital electrodes can re-
duce the initial resistance of the gas sensor. The operating principle of
sensor is that the change of resistance value of sensor corresponds to the
change of gas concentration. Therefore, the selection of initial re-
sistance value of sensor is critical. If the initial resistance value of sensor
is too large in the working environment, it is likely to be affected by
environmental factors. Especially when the equivalent resistance value
of surrounding air is equal to the resistance value of sensor, the mea-
surement of components will be inaccurate. The application of inter-
digital electrodes can effectively reduce the initial resistance value of

sensor under working conditions, and it can also effectively increase the
rate of chemical reaction and accelerate the process of establishing
reaction, thus improving the performance of sensors and shortening the
reaction time. It turns out that the application of the interdigital elec-
trode does reduce the resistance of the sensor. Different from the sensor
in this paper, the resistance of the sensor fabricated on ceramic tubes
with the same material is beyond our measurement range. Therefore,
this paper can bring a new idea for sensor resistance reduction and
realization of room temperature sensor.

4. Conclusions

The ZnO nanoflowers without any doping and modification were
synthesized by hydrothermal method. When the ZnO samples were
uniformly coated on the surface of the interdigital electrode, the
Schottky barrier was formed between ZnO and Au electrodes, which
may be the reason why the sensor exhibited excellent NO,-sensing
properties. The response of the sensor to 1 ppm NO, could achieve 128
at room temperature. And the detection limit of the NO, sensor was
merely 50 ppb. More importantly, when the concentration of NO, is
50 ppb, the response of the sensor can still reach 3.44. The NO, gas
sensor had a quite high response and good selectivity. The application
and development of sensors composed of interdigital electrodes and
semiconductors will attract widespread attention in the field of gas
Sensors.
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