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Gas Sensor Construction from CusN Thin Films
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https://doi.org/10.18280/rcma.350310 ABSTRACT

In this study, CusN films were formed on glass substrates at room temperature using Ar
+ N2 working gas discharges to generate CusN films on glass substrates at ambient
temperature. CusN particles were created using a DC magnetron sputtering technique. A
thorough investigation was conducted into the sensitivity of CusN generated in this
manner to NO: and NHs gases at various temperatures. The results show that the
synthesized product exhibits high sensitivity and fast response/recovery time at an
ambient temperature of 200°C. Furthermore, compared to the comparable particles, the
CusN sheets exhibit a greater sensitivity to NO2 gas. CusN plates have the potential for
sensor applications, as demonstrated by this. The best film for sensing the oxidizing gas
(NO2) was copper nitride, which showed that the sensitivity was equal to 37.78% at a
temperature of 200°C, and the spray deposition energy was also 0.05 mJ. While for the
reducing gas (NHs), the sensitivity of the copper nitride film was 26.88% at a temperature
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of 200°C.

1. INTRODUCTION

The sped up course of industrialization has prompted a fast
expansion in toxin discharges and bothered ecological
contamination. Powerful techniques should be created to tidy
up contamination and safeguard the climate [1]. Recognizes
risky gases, including carbon monoxide (CO), oxygen oxides
(NOx), ozone and sulfur dioxide (SO;). Carbon monoxide.
Outside it causes air contamination, while inside breathed in
huge amounts is extremely hazardous to human wellbeing and
causes tipsiness [2]. Among the risky gases, nitrogen nitride
might be the most unsafe to the human body. Gas sensors are
generally used to recognize low convergences of combustible,
dangerous or poisonous gases and to screen ecological
contamination [3].

Copper nanoparticles (Cu) have gathered significant interest
due to their unique properties compared to their larger
counterparts. They are known for their antimicrobial and gas
sensor application. At the nanoscale, atoms exhibit enhanced
properties primarily due to their increased surface area [2]. Cu,
in particular, have become one of the most utilized metal
nanoparticles in various medical applications. They play a
crucial role in applications such as cancer diagnosis and
treatment, as well as in biological applications, including the
inhibition of bacteria and fungi. These nanoparticles have
shown potential in the field of medical diagnostics and therapy,
as well as in combating infections [3].

There is little data available in the writings on the addition
of progressive metals (TM) in Cu3N (TM,Cu)N, although
copper nitride has been generally considered. Cu3N has been
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proposed as an interesting substrate for various
nanoelectronics and nano-gadgets such as twisted cave
junctions [4, 5].

Various studies have shown the possibility of obtaining a
variety of non-equilibrium microstructures and phase
compositions in films prepared by DC magnetron sputtering.
In this work, CusN films are experimentally grown by DC
magnetron sputtering, and we report the fusion of CuszN
particles and platelets and their sensitive NO, and alkali
properties. The results show that the mixed CusN particles and
plates have potential in sensor applications for NO, gas
detection [6].

For films to be sufficiently effective, media with high
optical capacity [7] and copper dots [8] are required. To
combine thin films with reasonable effectiveness, different
techniques have been used: subatomic wave epitaxy [9, 10],
core layer affidavit [11], beat laser testimony, reactive DC [12]
and mostly used for HF filtering.

2. EXPERIMENTAL DETAILS

A low-pressure gas discharge device known as a magnetron
sputtering system was employed for this project. A stainless
steel anode disk for deposited glass substrates, a copper target
(cathode), and an evacuated chamber are all included. In front
of the cathode was the anode, which generates the electric field
necessary for the gas discharge. Using the predetermined
conditions of 660V, 8 <10 mbar of chamber pressure, and the
associated 3 kV DC power supply. Because it does not react
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with the target material, argon gas is frequently used in
sputtering processes to create thin films. The reactant and the
substance combine to form compounds when a gas, like
oxygen , reacts with the target substance is added. When
sputtering Cu thin films, using the mixture ratios of Ar +O,.
The most important advantages of the plasma magnetron
sputtering are the purity of the deposited material, as well as
the adhesion to the surface of the thin films and the Thin films
were prepared under vacuum pressure 8x102mbar. The
optimum conditions through which the thin films of the gas
sensor were prepared were under voltage 660V, pressure 810
’mbar and current 40mA, as shown in Table 1.

Table 1. Optimal conditions for preparing CuzN thin films

Conditions Values
Working Pressure 8.2x102mbar
Discharge Voltage 660V
Discharge Current 40mA
Inter-Electrodes Spacing Scm
Flow Rate of Ar/N2 30/70 scem

Sputtering Time 120 minute

3. SUBSTRATE PREPARATION

Microscope plates used are made of borosilicate glass with
dimensions of 25.4 mm X 76.2 mm X 1.0 mm and they were
prepared by Barcopharma, China. The substrates are strictly
cleaned up before being coated with the film.

Step 1 is achievable by using running water to allow rinsing
of any contaminant of planktons that occur naturally in the
environment. Contact with commercial cleaning agents must
be avoided with even the last chemicals interfering with the
adhesion and the same is likely to cause surface scratches
which are defective in consequent uniformity.

Step 2 is ultrapure water immersion and the washing with
an ultrasonic irradiation during 15 min.

Step 3 reports that the transfer of the substrates is done on
the layer of 99% ethanol, which is then subjected to the 30 min
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of the ultrasonic treatment to deanchor the persistent
biocontaminants that are still on the surface.

In Step 4, special drying paper is used to make sure that the
volatiles are removed before the particulate falls on the quartz
substrates.

On the whole, the methodology described offers a reliable
substrate surface devoid of contaminants that is good to
produce homogeneous thin-film coatings.

4. SENSOR TEST PROCEDURE

The method of test setup utilizes the following:

1. The sensor is properly mounted in the heater once the test
chamber is opened. The chamber is then sealed and an
aluminum foil sheet constitutes the basic electrical contacts
between the pin feed-through and the sensor.

2. Between the two electrodes a bias potential of about 6
volts is applied.

3. The rotary pump is switched on in order to evacuate the
testing chamber to a level of about 1 mbar of pressure. The
sensor is adjusted to the desired operating temperature by
means of a temperature controller. The electrical circuit of the
scheme of measuring the gas detection is shown schematically
in Figure 1.

4. The rate of flow is controlled by needle valves to air and
the tested gas; The volumetric concentration of (1, 2 and 3)
percent test gas is added to the air.

5. The current variation is measured with the help of the
digital multimeter of type UNI-UT81B connected to the PC.

6. The digital multimeter records the biasing of current flow
in air the first time. Next, the NO> or NHj3 test gas is also
activated and the current does not change much during the next
several seconds. The test gas is then switched off in order to
note the recuperation time.

7. The measurements described above are repeated in the
case of the other concentration of the test gas as shown in
Figure 1.

Additionally, Figure 2 illustrates the optimal condition for
sputtering CusN, which is crucial for achieving the desired
film properties.
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Figure 1. Schematic diagram of gas sensing and the electrical circuit setup [13]



Figure 2. The optimal condition for sputtering CusN

4.1 Results

The X-beam defraction of damaged CusN in the weak films
is shown in Figure 3. Such movies had been 1. grown in pure
Ar(70)/N»(30) and pure Ar(50)/N»(50) gas mixtures,
respectively, at room temperature on glass substrates by the
thermal decomposition of organometallic precursors. The
nanocrystalline nature of the produced material is also
confirmed by the diffraction pattern, the occurrence of which
at the commensurate angle between the monoclinic lattice
parameter of nanoparticles Cu3N. The crystallite dimensions
calculated by the Debye-Scherrer equation (D =
0.9)/lambda/theta cos0, where lambda is the wavelength of the
X-rays, beta is the full width at half maximum (FWHM) in

radians and theta is the Bragg diffraction angle, are 9.5-17.9
nm. The reference [14] shows the XRD pattern of a perfectly
pure sample of copper in question of the best quality. The films
produced at various gas mixture ratios (Ar/N,) have a
prominent (200) in their XRD spectra. Orientation. The films
exhibit a preference for the (100) orientation, as indicated by
the XRD spectra. However, the (200) peak becomes more
pronounced for varying gas mixtures (Ar/N,). The mobility of
the Cu and N atoms involved in the film growth process is
thought to be the primary determinant of the preferred
orientation of the as-deposited copper nitride films. It is
anticipated that this mobility will depend on both the kinetic
energy of the N and Cu atoms as well as the ratio of their
numbers that reach the substrate [15], as shown in Table 2.

Table 2. X-ray diffraction characteristics of CusN thin films on glass substrates at various Ar/N> gas mixture ratios

Gas (Ar/N2) 20 (Deg) FWHM (Deg.) dhkl Exp.(A) C.S(nm) dhklStd.(A) hkl
35.1278 0.6600 2.5526 12.6 5.7720 (200)
(50/50) 21.6383 0.6400 4.1037 12.6 4.3830 (001)
24.4521 0.4000 3.6375 20.3 2.7685 011)
(70/30) 34.8430 0.6700 2.5728 12.4 5.7720 (200)
38.0753 0.8800 2.3615 9.5 4.3830 (001)
21.9077 0.4520 0.5400 17.9 4.3830 (001)
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Figure 3. The XRD pattern of CusN nanoparticles at various ratios of the gas mixture (Ar/N>)
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Figure 4. EDX pattern of CusN sample

Therefore, the FE-SEM micrograph shows that the Cu have
sizes ranging from 9-12 nm. The average diameters of the
copper nanoclusters increase from 190 to 250 nm. From the
FE-SEM results, it was found that the particles consist largely
of nano-sized particles and some small particles instead of
micron-sized particles. This is because the force of DC forms
very small nano-sized particles [16, 17], as shown in Figures
4 and 5, the agglomeration of particles with high surface
roughness of the copper.
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Figure 5. FE-SEM images depicting the surface morphology
of CII3N

4.2 Measurement of NH3 gas and measurement of NO:z gas

In a CusN-based sensor, gas detection is controlled by the
surface. The surface response between CusN and gas
molecules is crucial for comprehending the gas-sensing
mechanisms. As chemisorbed oxygen is added to the surface,
its type and amount determine the resistance. Nevertheless, the
reaction mechanism for NO; is highly complex and involves
several intermediate steps. One can explore the optimal
operating temperatures for each sample to determine their gas-
sensing properties. As shown in Figures 6, 7 and 8, CusN
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samples react with NO». These measurements were conducted
at an operating temperature 200°C. All prepared models with
resistance variance are shown in Figures 6 and 7 [18, 19].
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Figure 6. Ammonia gas sensitivity assessment of CuzN gas
sensors across various Ar/N, mixture ratios

The illustrations above demonstrate that the resistivity of a
metal oxide semiconductor thin film rises upon the
introduction of a gas and falls upon its removal. This behavior
can be attributed to the following process: The CusN sensing




mechanism involves the adsorption of gaseous molecules on
the surface, resulting in electron transfer between the surface
and the gas molecules, which alters the electrical conductivity.
NH3, in this context, acts as a reducing agent. When the sensor
is exposed to ambient reducing gases, electrons generated
during the chemical reaction for adsorbed oxygen ion
formation are returned to the conduction band. In a p-type
metal oxide semiconductor sensor, this corresponds to
electrons moving into the valence band where they recombine
with holes, thereby decreasing the carrier concentration (holes)
and lowering the sensor's resistance (leading to increased
electrical conductivity). Figure 6 illustrates the models that
account for the observed changes in resistance [20, 21].
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Figure 7. Gas sensor measurements for CuzN using NH3 gas
at a different gas mixture ratio (Ar/N»)
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Figure 8. Variation of sensitivity for NO, prepared and NH3
gas for CuszN samples at a different gas mixture ratio

The origin of these findings lies in the fact that the resistance
levels rise with time of exposure to the gas and drop in time of
exposure to our gas: the target gas reacts with the surface of

metal oxide film by use of oxygen ions which are absorbed to
the surface changing the concentration of charge carriers in the
material. The given shift of carrier density affects the
conductivity (or resistivity) of the material, as it is depicted in
Table 3. Depending on the oxidizing gas used an increase or
decrease in conductivity of a P-type semiconductor occurs
when NO; gas (an oxidizing gas) is applied to it. This is due to
the fact that the oxygen ion can extract electrons out of the
metal oxide that increases conductivity in the semiconductor.
The results in Figure 7 shows that during reaction between an
oxidizing gas and an oxidizing semiconductor the resistance
decreases as the oxygen ion captures electrons on the surface
to create more holes inside the semiconductor. When a p-type
metal oxide semiconductor is therefore exposed to NO, the
semiconductor will be boosted in its conductance. Figure 8 [22,
23] lists all de-facto models and the respective variation of the
resistances.

Table 3. Gas sensor parameters for CuszN thin films at
different operating temperature against NH3; and NO; gas

Gas  Gas Ratio  Sensitivity Response Recover
Type (%) (%) Time (s) Time (s)
NHs 30/70 26.88 30 40
50/50 12.50 37 50
NO» 30/70 37.78 27 60
50/50 13.64 38 52

5. CONCLUSIONS

The capacity of CusN particles and plates to recognize NO»
and NH; was deliberately researched. The outcomes showed
that CusN behaved as a p-type semiconductor when prepared.
It was discovered that 200°C per plate was the ideal operating
temperature for CusN plates to detect NO,. Compared to CuzN
particles, CusN plates had a better affectability. This analysis
suggested that due to their excellent detecting capabilities and
low working temperature, CusN plates could be used to detect
NO; with little effort and little energy. If a mixture of Argon
and Oxygen gases is used, the response will be higher for the
gas sensor. The test FESEM is one of the most important
structural tests for the prepared thin films, on the basis of
which it is chosen whether the surface of the membrane is
suitable for testing it as a gas sensor or not.
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