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Abstract:

Thin films currently play an important role in the field of gas sensors. Thin films are changing the physical, electrical,
structural, and gas sensing properties of the functional material. The current study explicates on the fabrication of NiO thin
films by using thermal evaporation method and investigates their electrical and gas sensing properties. The films were
fabricated on glass substrate. After fabrication, in a muffle furnace the films were annealed for 3 hours at 400°C. Resistivity,
temperature coefficient ratio (TCR), and activation energy were used to investigate the electrical properties of fabricated NiO
thin films. Gas sensing studies were carried out in the presence of NH3, LPG, NO2, and methanol in the surroundings of NiO
thin films at various surrounding temperatures. The characteristics of sensitivity, selectivity, and response and recovery time
were investigated. The maximum sensitivity was found to be NO; gas. The sensitivity was 82.65% at 100 °C to NO; gas of
concentration 200 PPM. The response and recovery time were found to be ~ 05 sec and ~ 13 sec respectively.
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INTRODUCTION:

Nano materials have been used in gas sensors for decades. The potential for employing nano materials with
dimensions of less than 100 nm in a variety of applications is now being studied in a variety of fields [1]. The synthesis of the
material is the first criterion in any new nanoparticle investigation. Many researchers used various approaches of synthesis like
physical and chemical routes. These routes also contain different methods of synthesis [2]. Films are divided into two
categories based on the thickness of the deposited material layer on the substrate: thick film and thin film. Thin films have a
diameter of 50 nm to 300 nm; whereas thick films have a diameter of 15 um to 80 pum [3, 4]. Thin films can be prepared using
the physical vapor deposition process. It covers a number of vacuum deposition techniques. When using the physical vapor
deposition process, the phase of the material changes from solid to vapor, then back to solid during the formation of the thin
film, this is vapor condensation on the substrate. Glass or alumina can be utilized as a substrate. One of the most significant
advantages of the physical deposition method is that no chemical process is required for the fabrication of thin films. The PVD
process is quite convenient, and it may be used to make thin films out of a variety of materials. The nano structure of several
metal oxide semiconductors can also be fabricated using this technology. lon sputtering, thermal evaporation and arc discharge
are the three types of PVD methods. PVD is used in a variety of fields, including mechanical item manufacture, optical,
electrical, chemical coating, textile, firearms, and solar panels, medical, industrial, jewellery purposes, battery and fabrication

of microelectronic devices [5-7].
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Nickel oxide (NiO) is a prevalent p-type semiconductor with a 3.6-3.8 eV band gap. At ambient temperature, the p-
type conductivity ranges from 1074102 S cm™. Electrical conductivity is dependent on the concentration of Ni(lll) centers
that act as holes carriers, resulting in a wide spectrum of conductivities [8, 9]. Some of the observers also find out the band
gap of NiO as 3.6 to 4 eV. NiO is a renowned semiconductor because of its many applications in photo catalysis, batteries,
electro chromic displays, and gas sensing. NiO is also useful as a catalyst and ferromagnetic layers in aircraft low weight
engineering structures, and alkaline battery cathode materials.CVD, CBD, RF sputtering; pulsed laser deposition, plasma
deposition; electrochemical deposition, spray pyrolysis and the sol-gel method have all been used to make NiO thin films [10].

Nitrogen dioxide (NO,) is oxidizing gas. It's a potential oxidizing agent that decomposes into nitrogen and oxygen
when heated. The identification of NO, has sparked widespread worry because NO; is toxic to plants and living things'
respiratory systems. Acid rain is one of the most serious environmental issues; nitrous dioxide and other types of nitrous oxide
are the primary sources of acid rain in the atmosphere. Prompt industrialization results in the discharge of highly poisonous
and flammable gases. The discharge of various polluting gases from industry is the primary source of air pollution. So, the
building of an extremely effective NO2 gas sensor is very essential [11, 12, 23].

The current research work focus on the fabrication of NiO thin films by using thermal evaporation method and
studied electrical and gas sensing properties of fabricated NiO thin films.

Il. EXPERIMENTAL WORK:

Fabrication of NiO thin films by thermal evaporated method:

Commercial nanocrystalline NiO nano powder (99.9% purity) was utilized as the functional material for fabrication
of NiO thin films in this study. The thermal evaporated method was used to fabricate NiO thin films. A typical vacuum system
was used, which was evacuated to 10-6 mbar using a rotary and diffusion pump setup. The chamber was vacuumed, and
glass substrates were employed for deposition. The substrates were cleaned with acetone and an IR lamp before being placed
into the deposition chamber. The substrates were exposed to an IR lamp for 30-35 minutes. After that, NiO powder was placed
in tungsten filament using a suitable arrangement and a high voltage power source, which served as the evaporation target. The
obtained thin films of NiO were annealed in a muffle furnace at 400°C and used for future research work.

Characterizations of fabricated NiO thin films:

Electrical characterizations of NiO thin films:

The following parameters were used in the electrical study:

Resistivity

TCR (thermal coefficient of resistance) and

Activation energy at high and low temperatures

Equations 1, 2 and 3 were used to derive resistivity, temperature coefficient of resistance (TCR), and activation energy,
respectively [13].

Where,
p = Resistivity of prepared film, R = resistance at normal temperature,
b = breadth of film, t = thickness of the film, L = length of the film.

TCR = 1(“) /°C 2
R, AT

Where,
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AR = change in resistance between temperature T;and T,

AT = temperature difference between T, and T, and R, = Initial resistance of the film sample

E=-"29R < kT ®)
log Ro

Where,
AE = Activation energy, R = Resistance at elevated temperature, Ro = Resistance at 0°C.

Gas sensing study of NiO thin films:

With the use of a static gas sensing device, the properties of gas sensing were investigated. The sensing component
was made of NiO thin films. The thin film's resistance was determined at different operating temperatures in an air atmosphere
as well as in the presence of a gas of interest (at various ppm quantities). Ra denotes film resistance in air, while Rg denotes
film resistance in a gaseous environment. Half-bridge method was used to determine the resistance of thin film. Figure 1

depicts a schematic design of the electrical and gas sensing static system that was employed in this study.
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Figure 1 : Schematic diagram of electrical and gas sensing system.

Gas sensing experiments were conducted in a static gas system under standard controlledenvironments conditions. To
determine the gas response (Sensitivity), the electrical resistance of thin films was measured in air (Ra) and in the presence of
NO; gas (Rg) by using the equation 4 [15, 25].

Rair‘Rgas

S%=

air

I11. RESULT AND DISCUSSION:
Electrical Characterization:
Resistivity:
Different factors influence the film's resistivity, including the fabrication technique, system parameters, doping
material, annealing temperature, and even monitoring conditions [16]. Equation 1 was used to compute the resistivity of the

fabricated NiO thin films.
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Figure 2 : Resistance v/s temperature of fabricated NiO thin films

Half bridge method was used to determine the DC resistance of NiO thin films as a function of temperature. The
resistance of the film falls with temperature, and the drop in resistance with rising surrounding temperature indicates
semiconductor behavior, as seen in the Figure 2. Semiconductor behavior of fabricated NiO thin films may possible due to the
electrons receiving enough energy to penetrate the grain boundary barrier, lowering the thin film's effective resistance to a
consistent level at high temperatures [14, 15]. The resistivity of NiO thin film was calculated 1.16009 Q-m.

Activation energy:

From Figure, it has been observed that as temperature raises, the resistivity drops, which is the natural property of
semiconductor materials with a negative thermal coefficient of resistance, whereas the densities of carriers increase [17]. In
both heating and cooling cycles, the plot is reversible according to the Arrhenius equation the activation energy value of
fabricated NiO thin films is found to be 0.172012 eV at lower temperature region (LTR) and 0.396223eV at higher temperature
region (HTR).

Temperature coefficient of resistance (TCR):
The temperature coefficient of resistance (TCR) of NiO thin films was calculated using a DC electrical resistivity graph using
equation 2. The temperature coefficient of resistance for NiO thin films is foundto  be -0.022016/ °C. TCR of NiO thin film

was found to be negative shows semiconducting nature of the material [18].

Table-1: Electrical outcomes of fabricated NiO thin films

Resistivity (Q- TCR (/°C) Activation energy (eV)
m) LTR HTR
1.16009 -0.022016 0.172012 0.396223

Gas sensing study of fabricated NiO thin films:
Sensitivity:

The NHs, NO,, LPG, and methanol gases were exposed on the fabricated thin films of NiO with the use of a static
system in order to evaluate the effects of thermally evaporated parameters on the gas sensing properties of NiO-based sensors,
as seen in Figure 1. Among NHs, NO,, LPG, and methanol gases NO, shows more response to the fabricated NiO thin films.
The different NO, gas-sensing tests were performed where gas was taken. The sensors were exposed to various NO;
concentrations (100, 200, 300 and 400 ppm) and at various working temperatures (50, 100, 150, 200, and 250 ° C). While the
working at constant temperature, followed by a recovery exposure period in dry air. Through the inlet, nitrogen dioxide was

inserted into the gas sensor characterization system's testing chamber. The sensitivity of the sensors was determined by
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comparing the sample's resistance in the NO, gas atmosphere to its resistance in air. The sensitivity (S) values were determined
using the equation 4.

Figure 4 depicts the NO, gas sensitivity as a function of operation temperature. Figure 3 illustrates that the gas
response to NO; reaches its maximum response at a temperature at about 100 °C and the gas concentration was 200 ppm for
thin films. Furthermore, the NiO-based sensors were fabricated under various thermally evaporated conditions using the
thermal evaporation method.
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Figure 3 :Gas response vs. operating temperature of fabricated NiO thin films
Response and recovery time of fabricated NiO thin films:

The other two important qualities for a gas sensor are response time and recovery time, which are defined as the time
required to reach 90% of the maximum response when gas is in and 10% when gas is out, respectively. Figure 4 depicts the
fabricated NiO thin films sensor's response-recovery characteristic at its optimum operating temperature. The gas reaction
grows significantly with gas in and returns to its previous state with gas out, as seen in the diagram [19, 24]. According to the

definition above, the reaction and recovery time for NO; is approximately 05 and 13 seconds, as illustrated in Figure 4.
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Figure 4 :Response and recovery time of fabricated NiO thin films for NO; gas.

Selectivity:

Selectivity refers to a sensor's ability to respond selectively to a group of analytes /gases, or even to a single analyte
/gas. The Figure 5 shows the maximum selectivity to NO; gas. The selectivity of a sensor in respect to a certain gas is closely
related to the temperature at which it operates. The selectivity of a target gas to some other gas is described as K = Sx/Sy,

where Sx and Sy are the sensor's responses to a target gas X and an intrusion gas Y respectively.
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Figure 5: Selectivity of fabricated NiO thin films

NO- gas sensing mechanism of fabricated NiO thin films:

The NO; gas exhibits oxidizing properties, while NiO exhibits p type semiconducting behavior, with the bulk of
carriers being holes. The electrons injected into the valence band recombine with holes, decreasing the amount of charge
carriers and raising resistance. This research is taking place. When oxidizing gases are adsorbed on the surfaces of p-type
semiconductors, however, their electrical conductivity increases. Adsorbed oxygen acts as a surface acceptor state in a p-type
semiconducting oxide, trapping electrons from the valence band and raising the holes concentration [15, 25].The operating
mechanism of NiO material is based on changes in electrical resistance generated by changes in unbound electron density as a
result of analytic interactions between the analyte gas and the material's surface. The reaction of thin film surface to various
gases is a surface-related phenomenon, and increasing the specific surface area of the functional oxide might improve the gas
sensing effect [21, 22].The interaction between the sensor surface and the target gas molecules affects the sensitivity of MOS
based sensors. Because of the larger surface area, there is greater interaction between the sensor surface and the adsorbed
gases, resulting in increased gas sensitivity [26].

CONCLUSIONS:

NiO thin film could be prepared by physical vapor deposition technique on glass substrate.The fabricated NiO thin
film was maximum sensitivity to NO,gas at operating temperature 100°C and gas concentration was at 200 ppm. Response and
recovery time is also found very fast in seconds. The selectivity study showed that films were most selective to NO; against

NHs, LPG and Methanol. Nano form of NiO use as a NO; gas sensor fabrication as a sensing material.

References:

Bogue, R. (2014). Nanomaterials for gas sensing: a review of recent research. Sensor Review.

Ealia, S. A. M., & Saravanakumar, M. P. (2017, November). A review on the classification, characterization, synthesis of
nanoparticles and their application. In IOP Conference Series: Materials Science and Engineering (Vol. 263, No. 3, p.
032019). IOP Publishing.

Aleksandrova, M., Dobrikov, G., & Andreev, S. (2011). Comparative study of thin and thick film technology for organic light
emitting structures preparation. Int. J. Adv. Eng. Sci. Technol, 1(1), 48-54.

Le Coustumer, P., Chapon, P., Tempez, A., Popov, Y., Thompson, G., Molchan, I., & Francois-Saint-Cyr, H. (2012). Analysis
of thin and thick Films.

Messier, R. (1988). Thin film deposition processes. MRS Bulletin, 13(11), 18-21.

JETIR2108448 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | d614


http://www.jetir.org/

© 2021 JETIR August 2021, Volume 8, Issue 8 www.jetir.org (ISSN-2349-5162)

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21,

22,

23.

24,

25.

26.

Jilani, A., Abdel-Wahab, M. S., &Hammad, A. H. (2017). Advance deposition techniques for thin film and coating. Modern
Technologies for Creating the Thin-film Systems and Coatings, 2, 137-149.

Freund, L. B., & Suresh, S. (2004). Thin film materials: stress, defect formation and surface evolution. Cambridge university
press.

Awais, M., Dowling, D. P., Decker, F., & Dini, D. (2015). Electrochemical characterization of nonporous nickel oxide thin
films spray-deposited onto indium-doped tin oxide for solar conversion scopes. Advances in Condensed Matter Physics, 2015.
Mitoff, S. P. (1961). Electrical conductivity and thermodynamic equilibrium in nickel oxide. The Journal of Chemical
Physics, 35(3), 882-889.

Soleimanpour, A. M., Jayatissa, A. H., & Sumanasekera, G. (2013). Surface and gas sensing properties of nanocrystalline
nickel oxide thin films. Applied Surface Science, 276, 291-297.

Datir, A. M., Ghole, V. S., Koinkar, P., &Chakane, S. D. (2011). Nitrogen Dioxide Gas Sensor Based on Cobalt and Nickel
Phthalocyanine Working at Room Temperature. International Journal of Modern Physics B, 25(31), 4190-4193.

Hu, J., Zou, C., Su, Y., Li, M., Hu, N., Ni, H., ...& Zhang, Y. (2017). Enhanced NO 2 sensing performance of reduced
graphene oxide by in situ anchoring carbon dots. Journal of Materials Chemistry C, 5(27), 6862-6871.

Patil, A. V., Dighavkar, C. G., Sonawane, S. K., Patil, S. J., & Borse, R. Y. (2009). Effect of firing temperature on electrical
and structural characteristics of screen printed ZnO thick films. Journal of Optoelectronic and Biomedical Materials, 1(2),
226-233.

Patil, A. V., Dighavkar, C. G., Sonawane, S. K., Patil, S. J., & Borse, R. Y. (2010). Influence of Nb20O5 doping on ZnO thick
film gas sensors. Journal of Optoelectronics and Advanced Materials, 12(6), 1255-1261.

Nalage, S. R., Chougule, M. A., Sen, S., & Patil, V. B. (2013). Novel method for fabrication of NiO sensor for NO 2
monitoring. Journal of Materials Science: Materials in Electronics, 24(1), 368-375.

Hassan, A. J. (2014). Study of optical and electrical properties of nickel oxide (NiO) thin films deposited by using a spray
pyrolysis technique. Journal of Modern Physics, 5(18), 2184.

Chopra, K. L. (1969). Thin Film Phenomena McGraw-Hill. New York, 19692, 196.

Hakim, A., Hossain, J., & Khan, K. A. (2009). Temperature effect on the electrical properties of undoped NiO thin
films. Renewable Energy, 34(12), 2625-2629.

Chen, W., Zhou, Q., Wan, F., &Gao, T. (2012). Gas sensing properties and mechanism of nano-SnO2-based sensor for
hydrogen and carbon monoxide. Journal of Nanomaterials, 2012.

Cantalini, C., Post, M., Buso, D., Guglielmi, M., &Martucci, A. (2005). Gas sensing properties of nanocrystalline NiO and
Co304 in porous silica sol-gel films. Sensors and Actuators B: Chemical, 108(1-2), 184-192.

Law, M., Kind, H., Messer, B., Kim, F., & Yang, P. (2002). Photochemical sensing of NO2 with SnO2 nano ribbon nano
sensors at room temperature. Angewandte Chemie International Edition, 41(13), 2405-2408.

Zhang, D., Liu, Z., Li, C,, Tang, T., Liu, X., Han, S., ...& Zhou, C. (2004). Detection of NO2 down to ppb levels using
individual and multiple In,O3 nanowire devices. Nano letters, 4(10), 1919-1924.

Gomaa, M. M., Sayed, M. H., Patil, V. L., Boshta, M., & Patil, P. S. (2021). Gas sensing performance of sprayed NiO thin
films toward NO; gas. Journal of Alloys and Compounds, 885, 160908.

Kampitakis, V., Gagaoudakis, E., Zappa, D., Comini, E., Aperathitis, E., Kostopoulos, A., ...&Binas, V. (2020). Highly
sensitive and selective NO;, chemical sensors based on Al doped NiO thin films. Materials Science in Semiconductor
Processing, 115, 105149.

Urso, M., Leonardi, S. G., Neri, G., Petralia, S., Conoci, S., Priolo, F., & Mirabella, S. (2020). Room temperature detection and
modelling of sub-ppm NO; by low-cost nonporous NiO film. Sensors and Actuators B: Chemical, 305, 127481.

Mezher, S. J., Dawood, M. O., Beddai, A. A., &Mejbel, M. K. (2020). NiO nanostructure by RF sputtering for gas sensing
applications. Materials Technology, 35(1), 60-68.

JETIR2108448 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | d615


http://www.jetir.org/

