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Abstract 
In the field of gas sensor annealing temperature is a one of the most important factor, which influences structural 

property, crystallinity of material and gas sensing property of film. Hence, the present work elaborate effect of annealing on the 

structural, electrical and gas sensing properties of ZnO thin film developed by using thermal evaporation technique. ZnO thin 

films were prepared on alumina substrate. Prepared samples S2 and S3 were annealed at temperature 450oC and 550oC 

respectively in a muffle furnace for 2 hours. S1 is un-annealed prepared sample. The resistivity of the developed thin films 
increased with the increasing annealing temperature. Structural characterizations of thin films were studied using SEM, EDS and 

XRD standard tools. At a different ambient temperature and gases, gas sensing properties of ZnO thin films were 

investigated. The sample S3 exhibits more sensitivity of 87.47% at 150 oC to NH3 gas with sudden response (~ 09 sec) and 

recovery (~ 12 sec) time. 
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I. INTRODUCTION: 
 

For the past few decades, nanomaterials have played a vital role in the field of gas sensors (Baptista, 2018). The initial 

criteria of novel study of nanoparticles are the synthesis of the material. The development of systematic studies for the synthesis 

of metal oxide semiconductor nanoparticles is a current challenge synthetic procedures using bottom-up and top-down synthesis 
approach. Preparation of nanomaterials is a very important task hence; many researchers are using different synthesis methods 

like precipitation, co-precipitation, sol-gel, laser ablation, chemical vapour deposition, hydrothermal, and water–oil 

microemulsions, solvothermal, direct oxidation, electro deposition, sonochemical, microwave, colloidal, sputtering, ion beam and 

physical vapour deposition method. Physical vapour deposition method is also known as Physical vapour deposition transport 

(PVT). It mainly describes vacuum deposition methods (Baptista, 2018, Perrin, 2000). 

On the basis of the thickness layer of deposited material on the substrate, films are broadly classified into two ways one 

is thick film and another is thin film. Generally the diameter of the thick film is in the range of 15 µm to 80 µm and the diameter 

of the thin film is in the range of 50 nm to 300 nm (Becker, 2001).  Physical vapour deposition method is commonly used to 

prepare thin films. It describes a variety of vacuum deposition methods. In the physical vapour deposition method, phase of 

material changes from solid to a vapour and the phase again converted into solid at the time of preparation of thin film that is 

vapour condensation on the substrate. Substrate can be used as a glass or alumina. Sputtering and evaporation, these are the two 

common processes in physical vapour deposition (Shahidi, 2015, Yoke, 2015).  The one of the most important advantages of the 
physical deposition method is for the preparation of the thin film chemical process is not involved. PVD method is very 

convenient and this method is applicable to prepare thin films of various types of materials. This method is also applicable to 

prepare the nanostructure of many metal oxide semiconductors. PVD method is classified into three types- a) ion sputtering b) 

thermal evaporation and C) arc discharge (Baptista, 2018, Yoke, 2015).   

PVD technique is used in the different areas including mechanical for item manufacture, optical, electrical, chemical, for 

coating purpose, textile, firearms, solar panel, microscopy, medical/surgical, dental coating, industrial, jewellery and decorative 

purpose, fabrication of microelectronic devices, battery and fuel cell electrodes (Shahidi, 2015, Perrin,2000). 

Zinc oxide (ZnO) is n-type metal-oxide semiconductor belongs to the XII column of periodic table and its atomic 

number is 30.  It has a wider energy band gap 3.37eV and higher excitation binding energy.  In the last few decades, ZnO has 

been used in various applications like solar cell, battery, display, optical, bioscience, photo detector, material science and gas 

sensor because of their excellent properties like less expensive, sensitivity and versatility (Becker, 2001, Corkery, 2013). 
Ammonia (NH3) gas is an air pollutant that is frequently found in industrial and livestock products. Ammonia with 

concentrations greater than 25 ppm is a toxic gas for humans and animals and prolonged exposure to NH3 at unprotected levels 

can lead to lung disease in humans and animals, among other health problems (Corkery, 2013). NH3 is characterized by nitrogen 

sources for soil fertilizers, neutral agents in the oil industry, gas refrigerants in industrial systems, and many uses in the 

pharmaceutical industry. Ammonia gas increases air pollution and it effect on health of public, the development of recent 

platforms for ammonia sensing at low temperature has attracted attention (Andre, 2018). 

In the current research work, the effect of annealing temperature on the electrical, structural and gas sensing properties of 

ZnO nanocrystalline thin films have been studied. 
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II.   EXPERIMENTAL WORK: 

 

Preparation of ZnO thin films by thermal evaporated technique: 

In this work, commercial nanocrystalline ZnO nano powder (99% purity) was used as the functional materials for 

preparing the ZnO thin film sensors. ZnO thin films were prepared by using thermal evaporated system. The system includes a 

conventional vacuum system, which was evacuated to 10-6 mbar by rotary and diffusion pump arrangement. The chamber was 

filled with vacuum and for deposition purpose alumina substrates were used. Before placing into the deposition chamber, the 

alumina substrates were cleaned using acetone and IR lamp. The substrates were placed 20-25 minutes under IR lamp. After that, 

ZnO powder place in molybdenum boat by some appropriate arrangement and using high voltage power supply, which was used 

as the target for evaporation. Then, prepared thin film samples of ZnO were annealed using muffle furnace at variation of two 
temperatures 450oC and 550 oC for sample S2 and S3 respectively and used further study.  

Characterizations of ZnO thin films: 

 

Electrical characterizations of nanocrystalline ZnO thin films: 

The electrical study were carried out by using following parameters – 

1. Resistivity  

2. Temperature coefficient of resistance (TCR) and  

3. Activation energy at high temperature and low temperature region. 

The resistivity, temperature coefficient of resistance (TCR) and activation energy was calculated using equations 1, 2 and 3 

respectively. 
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Where, ∆R = change in resistance between temperature T1 and T2, ∆T = temperature difference between T1 and T2 and Ro = Initial 

resistance of the film sample 

    R=Roe-∆E/KT                                                         (2.3) 

 

 Where, Ro = the constant, ΔE = the activation energy of the electron transport in the conduction band (eV), K = Boltzman 

constant and T = Absolute temperature. 
 

Structural characterizations of nanocrystalline ZnO thin films 

The developed ZnO Nanocrystalline thin films were characterized by FESEM, EDS and XRD to study the surface 

morphology, elemental composition analysis and structural properties respectively. The thickness of the thin films was measured 

by using Taylor-Hobson (Taly-step UK) system. The thickness of the films was observed in the nm range.  

Field Emission Scanning Electron Microscopy (SEM) {Model JOEL 6300 LA GERMANY} was utilized to characterize 

the surface morphology. The average particle size and diameter of nanoparticles were determined using Image-J software and 

SEM images of ZnO nanocrystalline thin films (Gao et al, 2000). The elemental analysis was carried out carried out using energy 

dispersive X-ray spectrometer EDAX (JOEL-2300, Germany). The specimen image can be obtained along with the elemental 

analysis of the selected area/features and distribution of selected elements.  

The thin films low angle XRD was used X-ray generator [Miniflex Model, Japan] Rigaku diffractometer (DMAX-500) 
was employed. The XRD gives 2 Ɵ values which were used for identification of different phases and corresponding structure of 

the material present in the developed films. The obtained values are compared with Joint Committee on Powder Diffraction 

Standards (JCPDS) data files. The crystallite size (D) was calculated by Debye Scherer’s formula equation 5 (Scarminio et al, 

1997). 
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Where, β = Full angular width of diffraction peak at the at half maxima peak intensity,  

λ =wavelength of X-radiation. 

Gas sensing study of nanocrystalline ZnO thin films 

The ammonia (NH3) gas sensing properties were studied using static gas sensing system. Nanocrystalline ZnO thin films were 

used as sensing component. The resistance of the thin film was measured in an air atmosphere as well as in the presence of gas (at 

different ppm level) of interest at different operating temperatures. Ra is resistance of film in air and Rg is resistance of film in gas 
atmosphere. The resistance of thin film was measured by using half-bridge method. Figure 1 shows schematic diagram of 

electrical and gas sensing static system used in the current research work. 
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Fig. 1: Schematic diagram of electrical and gas sensing static system. 

 

III. RESULT AND DISCUSSION: 

 

Electrical Characterization: 

Resistivity 

 
Fig. 2 (a) Resistance verses temperature of un-annealed thin film, (b) and (c) annealed thin films. 

Figure 2 shows the variation of resistance S1, S2 and S3 samples with temperature for ZnO films. The DC resistance of ZnO thin 

films was measured by using half bridge method as a function of temperature. From figure, it clearly observed that resistance of 

the film decreases with temperature and decrease in resistance of film with increase in surrounding temperature indicate 

semiconductor behavior. It may be because the electrons receive enough energy to cross the barrier at the grain boundary, thus 

reducing the effective resistance of the thin film to a stable level at high temperatures (Rahman et al, 1997 and Fujihara, 2004).  

The resistivity of samples S1, S2 and S3 were calculated 1.8 ×10-4 Ω-cm, 5.6 ×10-3 Ω-cm and 3.6 ×10-1 Ω-cm respectively. As 

seen from result the resistivity was found highest to S3 sample.  The resistivity of un-annealed S1 sample found very low as 

compare with S2 and S3 samples. The resistivity of the films increases with increasing annealing temperature of S2 and S3 

samples. This can be attributed to the oxygen vacancies reduce because of increasing the annealing temperature in ZnO thin films, 
similar results have been reported Bouhssira, et al. (2006), Asghar et al. (2008) and Zaier , et. al. (2015) have reported similar 

results. 

Activation energy 

Figure 3 shows the plot is reversible in both heating and cooling cycles obeying the Arrhenius equation. 

 
Fig. 3 (a) log R versus reciprocal of temperature of un-annealed thin film, (b) and (c) annealed thin films. 

The activation energy of un-annealed S1 sample found very low as compare with S2 and S3 samples. The activation energy of the 

films increases with increasing annealing temperature of S2 and S3. Table 1 shows the activation energy of S1, S2 and S3 

samples at high and low temperature region.  
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Temperature coefficient of resistance – TCR of ZnO thin films is calculated by using equation 3. 

 
Fig. 4 TCR of nanocrystalline ZnO thin films 

The temperature coefficient of resistance was -0.00447 /0 C and -0.02743 /0 C, -0.05486 to S1, S2 and S3 samples respectively. 

TCR was found maximum to sample S3. TCR of nanocrystalline ZnO thin film obtained negative for all samples, the negative 

sign indicating semiconducting behavior of the film. Figure 4 shows the variation of TCR with ZnO thin films samples. It is found 

that TCR is negative and its value increased gradually with increase of annealing temperature, this indicate an electron emission 

process which always grown with increase in annealing temperature. 

Table 1 Summary of resistivity, activation energy and TCR for nanocrystalline ZnO thin films. 
 

 
 

Structural characterization: 

FESEM 

ZnO thin films prepared by thermal evaporated technique were observed to be non porous as per FESEM analysis as shown in 

Figure 5 (a), (b) and (c).  

 
Fig. 5 (a) FESEM of un-annealed, (b) and (c) annealed thin films. 

The average particle size of films was calculated by using image J software for spherical particles. The average particle size of 

ZnO thin films at sample S1, S2 and S3 were found 483 nm, 376 nm and 204 nm respectively.  

 

EDAX 

The EDAX result shows variation of Zn and O with un-annealed and annealed of ZnO thin films. From the EDAX spectra, it is 

found that mass % and atomic wt. % of Zn and O is nearly matched. As per Energy dispersive analysis by x-ray spectra, the 

sample S3 has more oxygen excess. It was found that ZnO thin films are non-stoichiometric. Table 2 gives quantitative elemental 

analysis of all samples. This excess oxygen might have been adsorbed during annealing of films. 

 

XRD 
The XRD patterns shown in Figure 6 are used to study of crystal structure of prepared un-annealied and annealied ZnO thin films 

samples. Sample S1 shows poor peaks but sample S2 and S3 are shows more peaks with increase annealing temperature. The S1 

sample shows lower diffraction peak intensities compared to S2 and S3 samples. The peaks intensities increase with the rise 

annealing temperatures. From XRD pattern observed that diffraction peaks corresponds to the Wurtzite hexagonal nanocrystalline 

structure of ZnO (JCPDS card No. -06454).It has been observed that the optimum peak at 34.836 indicates that [002] for S3 

samples. The maximum peak intensities of an XRD pattern because of the better crystallinity for sample S3. As per structural 

analysis the grain size were calculated by using Scherrer formula. The grain size of thin film samples S1, S2 and S3 were found 

86 nm, 71 nm and 52 nm respectively. As per results grain size found minimum to Sample S3. 
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Fig. 6 (a) XRD pattern of un-annealed, (b) and (c) annealed thin films. 

Table 2 Summary of crystallite (grain) size, average particle size, atomic elemental analysis and specific surface area from SEM, 

EDAX and XRD data of ZnO thin films. 

Crystallite (grain) size, 

D nm (XRD) 

Average particle size, 

d nm (FESEM) 

Atomic % 

(EDAX) 

Zn O 

86 483 64.38 35.62 

71 376 54.94 45.06 

52 204 27.67 72.33 

From table 2, has been observed the grain size and average particle size was found reduced at sample S3. 

 

Gas sensing study ZnO thin films: 

Sensitivity 

 
Fig. 7 Sensitivity of nanocrystalline ZnO thin films 

The nanocrystalline ZnO thin film was exposed to various concentrations of NH3 gas. NH3 gas concentrations 50, 100, 150, 200 

and 250 in PPM were used. The sample S3 showed maximum sensitivity 87.47 % at operating temperature 1500C and gas 

concentration was at 100 ppm. The un-annealed sample S1 shows lower sensitivity as compare to samples S2 and S3. 

 

PPM verses Sensitivity 

 
Fig.8 Sensitivity verses NH3 gas concentration in PPM. 

 

Figure 8 shows the variation in sensitivity for nanocrystalline ZnO thin film to different concentrations of ammonia gas. The 

maximum sensitivity recorded at 100 PPM. It also observed that as ppm of ammonia gas increases sensitivity decreases.  

http://www.jetir.org/


© 2019 JETIR January 2019, Volume 6, Issue 1                                                        www.jetir.org (ISSN-2349-5162) 

JETIR1901D68 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 1877 
 

 
Fig. 9 Response and recovery time of nanocrystalline ZnO thin film for NH3 gas. 

 

Figure 9 shows the response time of nanocrystalline thin film was (~ 09 sec) while the recovery time was fast (~ 12 sec) for NH3 

gas.  

 

NH3 gas sensing mechanism for nanocrystalline ZnO thin film 

Dwivedi et al, Madhusoodanan (2015) and Andre (2018) reported the gas sensing mechanism of ZnO sensing material to 

ammonia gas. The change in value of resistance in gas atmosphere is the key point of metal oxide semiconductor (MOS) sensor.  

The value of resistance may be increase or decrease. Resistance of the thin film  depends on the nature of gas (oxidizing or 

reducing), type of sensing material (n type or p type) and chemical reaction (adsorption and desorption) of oxygen on the surface 
of sensing material.  ZnO is n type metal oxide semiconductor. The NH3 gas interacts with the surface of the ZnO thin film 

oxygen ions adsorbed on surface, which results in a change in resistance of the thin film. This change in resistance indicates the 

gas response of the film. 

 

CONCLUSIONS 

Nanocrystalline ZnO thin film could be prepared by physical vapour deposition technique on alumina substrate. The 

structural characteristics confirmed that the developed ZnO thin films are nanostructured in nature. The elemental analysis shows 

nonstoichiometric nature of films. The sample S3 of ZnO thin film was maximum sensitivity to NH3 gas at operating temperature 

1500C and gas concentration was at 100 ppm, because high resistivity and more TCR. It has been notice that increasing annealing 

temperature influences the electrical and structural properties of thin films. The changes in properties of thin film were useful to 

enhanced gas response. Response and recovery time is also found very fast in seconds. 
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