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Abstract 

ZnO and ZnO:N thin films were deposited on plane glass substrate using RF sputtering method. The crystalline structure and 

surface morphology of the film was investigated using XRD and SEM. The XRD patterns of ZnO thin films have largest 

crystalline orientation for the (002) peak and shows wurtzite structure. The ZnO thin films composed of dance packing, 

grains without any cracks indicating uniform grain size distribution. The transmittance and absorbance of ZnO thin film was 

measured using UV-VIS-IR spectrophotometer in the wavelength range 200 nm-800 nm. The band gap of ZnO film was  

3.26 eV calculated by Tauc’s plot method. Photoluminescence property was also investigated at the excitation wavelength 

325 nm. A.C. conductivity measurements carried out on the ZnO/ZnO:N thin films at room temperature in the frequency 

range 10 KHz to 0. 1MHz. This measurement also helps to distinguish between localized and free band conduction.  

The study demonstrated that ZnO and ZnO:N thin films fabricated by RF sputtering method can be used in electronic  

and optoelectronic applications due to high transmittance in visible region, large bandgap and localized conduction. 

Copyright © 2016 VBRI Press. 
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Introduction 

Zinc oxide (ZnO) is a unique semiconductor material that 

exhibits numerous useful properties for applications in 

solar cells, optoelectronics, sensors and biomedical 

sciences [1, 2]. ZnO is a type II-VI semiconductor, has a 

large band gap (3.37 eV) and a high excitation binding 

energy (60 meV) [3]. ZnO with a wurtzite structure is 

naturally an n-type semiconductor because of a deviation 

from stoichiometry due to the presence of intrinsic defects 

such as O vacancies (VO) and Zn interstitials (Zni) [4]. 

The n-type doping of ZnO is relatively easy compared to 

p-type doping. The p-type doping in ZnO may be possible 

by substituting either group-I elements (Li, Na, and K) for 

Zn sites or group-V elements (N, P, and As) for O sites. 

Among possible acceptor dopants, nitrogen is a good 

candidate for producing a shallow acceptor level in ZnO 

[5]. Lim et al. discussed about high performance thin film 

transistor on nitrogen doped ZnO thin films [6].  Xu et al. 

used NO as the dopant source to deposit p-type ZnO thin 

films [7]. But very few studies reported AC conductivity 

of ZnO and ZnO:N thin films. There are various 

techniques, which were used to synthesize N doped ZnO 

thin films such as chemical vapor deposition (CVD) [8], 

pulsed laser deposition (PLD) [9], molecular beam 

epitaxy (MBE) [10,11], metal organic chemical vapour 

deposition (MOCVD) [12], radio frequency (RF) 

magnetron sputtering [13,14] and the sol-gel technique 

[15]. Among these techniques RF magnetron sputtering is 

best technique to obtain p-type conductivity with high 

carrier concentration, mobility and good result of AC 

conductivity at high frequency [16].  

In this paper, we deposit thin films using RF sputtering 

method and studied structural, optical and AC 

conductivity of ZnO and ZnO:N thin films. The effect of 

frequency on AC conductivity at different concentration 

of nitrogen also investigated. All the properties are 

investigated at room temperature. 

 

Experimental  

ZnO powder (Loba chemical, 99.99 % purity) was used to 

prepare the ZnO targets for the thin films produced by RF 

sputtering. An amount of 25 g of ZnO powder was taken 

in a disc and compressed up to a pressure of 10 ton by 

using a palletize machine. The prepared target was 

sintered at 450
°
C for 5 h. The sintered target was used for 

the deposition of the thin films by RF sputtering.  

A coating unit (planer magnetron sputtering unit modal: 

12ʺ MSPT) was used. Argon (Ar) gas of high purity was 

used as sputtering gas. The ultrasonically cleaned glass 

substrates were used to the deposition in the sputtering 
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chamber. The sputtering chamber was first pump down 

from atmospheric pressure to a base pressure of 5×10
-6

 

Torr, then Ar gas was introduced into the chamber. When 

the pressure of the chamber has reached ~5×10
-2

 Torr, the 

RF power supply was switched ON and the power was 

hold at 160 W for 30 min. The thin films were deposited 

on the glass substrates. The thickness of sputtered thin 

films was about 200 nm. Nitrogen (N2) gas was supplied 

by mass flow controlled (MFC) inlets. N2 was added with 

increased in the flow rates, with exhaust part adjusted to 

maintain constant chamber pressure. 3 SCCM N2 and  

5 SCCM N2 doped thin films, N2 gas was used in 

conjunction with Ar gas. 

The deposited thin films by RF sputtering were used to 

investigate the structural, Optical and AC conductivity of 

ZnO/ZnO:N thin films. X-ray diffraction (X’pert Pro) was 

used to analyze crystalline structure of films and 

crystallite size. SEM (EVO-40 ZEISS) was used for the 

surface morphology. UV-VIS-IR spectrophotometer 

(Schimadzu-3600) was used for transmittance of thin 

films. The band gap of the sample was determined using 

Tauc’s plot method. The PL data was recorded using 

F-4600 FL spectrophotometer. The AC conductivity was 

also using measured LCR meter. All measurements were 

carried out at room temperature. 

 

Result and discussion  

 X-ray diffraction analysis 

Fig. 1 shows the X-ray diffraction of undoped and N 

doped ZnO thin films deposited at room temperature on 

glass substrate with different N2 concentration. It is 

evident that only (002) diffraction peak is indexed as the 

hexagonal wurtzite crystal structure of ZnO (JCPDS card 

no. 36-1451). Strong preferential growth is observed 

along (002) plane indicating that the films are oriented 

along c-axis [17]. 

As seen from figure, the diffraction angle of the (002) 

peaks shift towards small angle. The Crystallite size 

increases with N2 concentration of these films as 

estimated by Scherer’s formula (Equation 1) [18].  

 

 
Fig. 1. XRD pattern of ZnO/ ZnO:N thin films. 





cos

K
D                                                       (1) 

where, K is the constant taken to be 0.94, λ is the 

wavelength of X-Ray used (λCuα =1.54 Å) and β is full 

width half maxima (FWHM). 
 

Table 1. Crystallite size and bandgap of ZnO/ZnO:N thin films. 

 

 
 

The crystallite size increases with increase N2 

concentration from 29nm to 50 nm and the peak (002) 

shifted very little range may be due to generation of some 

strain. 

 

Surface morphology studies 

SEM image of undoped and N doped ZnO thin films are 

shown in Fig. 2. From micrograph, it is observed that 

there is growth of small square shape crystallites. The 

grain size increases continuously for undoped to doped 

ZnO samples. The grain size for 5 SCCM N2 doped ZnO 

thin films was observed 52 nm which is correspond to the 

crystallite size which is measured by the XRD analysis. 

Xiao et al. [19] find the same SEM results when nitrogen 

doped ZnO thin films deposited by plasma enhanced 

chemical vapour deposition. The element analysis is also 

done by EDX for the sample 3 SCCM N2. It is confirmed 

that the sample contains Zn, N in certain weight and 

atomic percentage. 

 

 
 

Fig. 2. SEM image and element analysis of N doped ZnO thin films. 

 

Sample   Diffraction 

angle (2θ) 

FWHM 

(degree) 

Crystallite 

Size (nm) 

Bandgap 

(eV) 

Undoped 

ZnO 

34.07 0.2856 29.09 3.26 

3 SCCM N2 

ZnO 

34.43 0.2448 33.97 3.18 

5 SCCM N2 

ZnO 

34.19 0.1632 50.92 3.25 
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Fig. 3. Transmittance Spectra of undoped/ N doped ZnO thin films. 

 

Optical studies 

The wavelength dependent optical transmission spectra of 

undoped and N doped ZnO thin films deposited at 

different nitrogen concentration are shown in Fig. 3. The 

films show an average transmittance of about 80%, 

indicating that they are transparent in the visible region. 

The maximum transmittance is observed for undoped 

ZnO thin film and it decreases with doping concentration. 

The optical interference pattern in transmittance spectra 

shows good smooth thin films.  

The optical energy band gap of the film was calculated 

from fundamental absorption edge of the films. For the 

allowed direct transition, the variation of α with photon 

energy (hυ) is obeys Tauc’s plot method [20]. 

 

                                               (2) 

where, A is the constant for direct transitation, Eg is the 

energy gap, h is Plank’s constant and ν is the frequency of 

incident radiation. The curve between (αhν)
2
 vs. hν is 

shown in Fig. 4.  

 

 
 

Fig. 4. Optical bandgap of undoped/ N doped ZnO thin films. 

 
 

Fig. 5. PL results of undoped/ N doped ZnO thin films 

 

The bandgap is maximum 3.26 eV for undoped ZnO as 

doping occur first the bandgap decreases to 3.18 eV as 3 

SCCM N2 and further increases if doping concentration of 

nitrogen increases. Fig. 5 shows the PL spectra undoped/ 

N doped ZnO thin films. The broad emission band is 

observed ranging from 380 nm- 500 nm they are near-

band-edge (NBE) ultraviolet emission. All the films 

exhibit a predominant NBE emission at around 3.2 eV. 

This indicates that all the films have high optical quality. 

Stavale et al. [21] find the similar PL results for N doped 

ZnO. He observed that 730 nm defect peak is revealed in 

addition to the band recombination peak at 373 nm.  

The intensity of the defect peak increases when 

growing the film at reducing conditions or inserting 

nitrogen into the oxide lattice. The films have near 

ultraviolet PL peaks in agreement with the optical 

bandgap of the films. The peak wavelength becomes 

shorter with decreasing doping concentration and 

increasing nitrogen flow rate, while at the same time the 

PL intensity decreases. This factor can be use to designers 

of optoelectronics devices optimized for specialized 

applications. 

 

AC conductivity 

The AC transport properties, ac conductivity are an 

important parameter, used to characterize the dielectric 

properties of materials. Measurement of AC conductivity 

of semiconductors has been extensively used to 

understand the transport mechanism in these materials to 

investigate the nature of defect centers [22], since they 

play a major role in the conduction process. A.C. 

measurements provide information about the interior of 

the materials in the region of relatively low conductivity. 

This measurement also helps to distinguish between 

localized and free band conduction. In the case of 

localized conduction, the a.c. conductivity increases with 

frequency, while in the free band conduction the 

conductivity decreases with frequency. This increase in ac 

conductivity may relate to the interfacial polarization and 

electrical conduction. AC conductivity is calculated by 

using the relation, 

    
gEhAh  

2
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S = t /R×a                                                                        (3) 

where t is the thickness, a the area of cross-section and R 

the bulk resistance of the sample. 

It is seen that a.c. conductivity increases with the 

increase of frequency. The a.c. conductivity is found to 

depend on frequency as.  

σ(ω)=Aω
s
                                                                     (4) 

where, exponent s is found to be temperature dependent 

and has a value s=1, A is a constant which independent of 

frequency and dependent on temperature and ω is angular 

frequency.  

AC conductivity measurements carried out on the 

undoped/N doped ZnO thin films prepared by RF 

sputtering at room temperature in the frequency range 

(10 KHz to 0. 1MHz). Fig. 6 shows the variation of a.c. 

conductivity for undoped and N doped ZnO thin  

films within frequency range 10 KHz to 0.1MHz.  

The conductivity exhibits a nearly frequency- 

independent behaviour at low frequency region and 

dispersion at higher frequency. The maximum 

conductivity of 2.4 × 10
–6

 S cm
–1

 was achieved for 

samples with 5 SCCM N2 doped ZnO film thin film.  

 

 

Fig. 6. AC conductivity of undoped/ N doped ZnO thin films. 

 

Conclusion 

ZnO and nitrogen doped ZnO thin films successfully 

synthesis on glass substrate using RF sputtering method. 

The single crystalline thin films are obtained 

corresponding to the peak (002) which satisfied the 

condition of hexagonal wurtzite structure. The crystallite 

size increases from 29 to 50 nm as nitrogen flow rates 

increased to 5 SCCM N2. SEM results confirm the dense 

and smooth surface obtained for nitrogen doped ZnO thin 

films. The films are about 80 % transparent in the visible 

region. The bandgap varies in the range 3.18 to 3.26 eV 

with different flow rates of nitrogen. The big hump of PL 

peak of ZnO in obtained in the range 350-550 nm. In 

Nitrogen doped thin films AC conductivity increases with 

increasing frequency. This type of variation is indicative 

of localized conduction because in case of free band 

conduction a.c. conductivity decreases with increasing 

frequency. 
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