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Abstract: The present work deals with the effect of nozzle to substrate distance on structural, 
morphological and optical properties of nanocrystalline zinc oxide thin films deposited by chemical 
spray pyrolysis technique. The XRD analysis revealed that all the films are polycrystalline and are 
preferentially oriented along (002) plane. This study further the grain structure has considerably 
improved at nozzle to substrate distance of 28 cm. The morphological observations supported well 
about importance in grain size with changing nozzle to substrate distance and revealed an average 
particle size 250 nm. Further, analysis of optical data indicated that the band gap of ZnO films is lying 
in the range of 3.32 eV to 3.19 eV and found to be dependent of nozzle to substrate distance. 
Copyright © 2012 IFSA. 
 
Keywords: Semiconductors, Thin films, Spray pyrolysis, X-ray techniques, Optical properties. 

 
 
 
1. Introduction 
 
The increasing use of transparent conducting oxide (TCO) films for liquid crystal display, silicon solar 
cells, energy windows has promoted many studies on the preparation and characterization of the less 
expensive and stable TCOs [1]. Among these TCOs, ZnO is an outstanding semiconductor attracting 
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much attention due to its interesting properties such as wide band gap of 3.37 eV at room temperature 
with large exaction binding energy (60 meV), high chemical stability, low dielectric constant, large 
electrochemical coupling coefficient and high luminous transmittance [2]. It offers noticeably high 
chemical, mechanical and thermal stabilities [3]. Due to which it has become a promising material for 
several technological applications such as ultraviolet (UV) / blue emission devices, solar cells, 
piezoelectric devices, acousto-optical devices, acoustic resonators, chemical sensors, electro-
luminescence displays, heat mirrors and Schottky diodes [4-6]. It also has other major advantages, 
such as the amenability to wet chemical etching, a high radiation resistance, and relatively low costs 
[2]. Due to high electron mobility and good transparency it is utilized in paints, rubber, catalysts, 
sensors, varistors, and so forth [2]. 
 
Several techniques have been used for growing ZnO films, like metal organic chemical vapor 
deposition, spin coating, thermal oxidation, magnetron sputtering [7], molecular beam Epitaxy, sol-gel 
process and spray pyrolysis [8]. Among them, the chemical spray pyrolysis method is one of the most 
promising routes due to its low cost, environment friendly. Main objective of present work is to 
investigate the effect of nozzle to substrate distance on structural, morphological and optical properties 
of ZnO thin films. 
 
 
2. Experimental Details 
 
In this investigation, the ZnO thin films were deposited on preheated amorphous glass substrates using 
P C controlled spray pyrolysis set up supplied by Holmark (Cochin, India). A 0.5 M solution of zinc 
acetate (AR grade) in a mixed solvent (75 % methanol and 25 % double distilled water) was used as a 
precursor. Compressed air was used as the carrier gas. The ZnO films were deposited at optimized 
temperature of 450 0C by varying the nozzle to substrate distance to 30 cm, 28cm and 26 cm and the 
deposited films were termed as ZD1, ZD2 and ZD3 respectively. The precursor solution was atomized 
into the fine droplets and carried to the preheated glass substrates. The various optimized preparative 
parameters in the film deposition are listed in Table 1. 
 
 

Table 1. The optimized preparative parameters for the spray deposited ZnO thin films. 
 

Spray parameters Optimum value / item 
Substrate temperature 450 0C 
Molar concentration 0.5 M 
Spray rate 3 ml/min. 
Spray time 10 min 
Solvent Distilled water 
Carrier gas Compressed air 
Gas pressure 1.2 kg/cm2 
Nozzle Glass 

 
 

X-ray diffractometer (Rigaku Mini- II) was used to analyze the crystalline orientation and the 
crystalline plane spacing of the films. The XRD measurements were performed in a standard θ-2θ scan 
using a Cu kα radiation (λ = 1.5406 Å) over the range of 200 to 800. The microscopic features were 
observed through a scanning electron microscope (JEOL-JSM-5600). The optical studies were carried 
out by using UV-VIS spectrophotometer (Schimatzu Japan) in the 300 to 950 nm wavelength range. 
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3. Results and Discussions 
 
3.1. Structural Analysis 
 
The XRD patterns of as deposited ZnO thin films with varying nozzle to substrate distance are shown 
in Fig. 1. 
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Fig. 1. XRD patterns of as depostied ZnO thin films. 
 
 

The sharp and intense peaks indicate the samples are polycrystalline in nature. The XRD peaks for 
(100), (002) and (101) planes showed hexagonal wurtzite structure for as deposited ZnO films. It is 
evident form XRD patterns that as nozzle to substrate distance decreases from 30 cm to 28 cm, the 
intensity of (002) peak increases sharply and with further decrease in distance to 26 cm, intensity of 
(002) peak decreases.   
 
The crystallite sizes (D) calculated using Scheers’ formula was found to be in nm range which proves 
the nanocrystalline nature of ZnO films. Further it is observed that, the crystallite size went on 
increasing with decrease in nozzle to substrate distance from 30 to 28 cm becomes 27.7 nm and further 
decreasing the distance to 26 cm, the crystallite size decreased. The films thickness listed in Table 2 
shows that thickness increases with decreasing nozzle to substrate distance becomes maximum at 28 
cm and further decreased with decrease in nozzle to substrate distance. This trend in thickness supports 
well the observations marked by XRD analyzed crystallite sizes. The lattice constants ‘a’ and ‘c’ were 
calculated. The observed ‘a’ and ‘c’ values are in good agreement with the standard values taken from 
the Joint Committee of Powder Diffraction Standards (JCPDS) card 75-0576. Typically, ‘a’ changed 
from 3.2332 Å to 3.2762 Å and ‘c’ from 5.1802 Å to 5.2434 Å as nozzle to substrate distance was 
changed from 30 cm to 26 cm. 
 
 
3.2. SEM Studies 
 
Fig. 2a-c represents micrographs of ZD1, ZD2 and ZD3 samples. Micrograph shows a randomly 
oriented flake like grains with three different grain sizes. Intergranular space is visible along the 
surface and it contributes to surface roughness. Micrograph of ZD2 for nozzle to substrate distance  
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28 cm is found to be consisting of aggregations of small rounded grains with 250 nm average size, 
separated by small voids with decrease in distance to 26 cm, surface morphology changed and which is 
more or less similar to that of ZD1 (Fig. 2a). A clear tendency in change of morphology is seen with 
changing the nozzle to substrate distance. These surface properties have strong impact on the optical 
properties such as transmittance, absorbance and reflection. 
 

 

  
 

(a) ZD1 
 

 
(b) ZD2 

 
 

(c) ZD3 
 

Fig. 2 (a-c). SEM images of ZnO thin films at various nozzle to substrate distances. 
 
 
3.3. Optical Properties 
 
Fig. 3 shows the optical transmittance spectra of ZnO films, deposited at different nozzle to substrate 
distances. All the as deposited layers showed good transmittance in the visible region. With decreasing 
nozzle to substrate distance from 30 to 28 cm, the transmittance increased to 90 % and with further 
decrease in distance to 26 cm, the transmittance reduced to 80 %. The decrease in transmittance may 
be due to the enhanced surface scattering, surface roughness and thickness induced absorption [9-10]. 
 
The plot of (αhν)2 vs. hν for all the ZnO samples is shown in Fig. 4. The plot was linear and the 
extrapolation of the straight portion in graph to the energy axis at α = 0, gave the energy band gap. The 
energy band gap values are tabulated in Table 2. It is observed that band gap is dependent on nozzle to 
substrate distance. 
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Fig. 3. Optical transmittance spectra of spray deposited ZnO thin films. 
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Fig. 4. Variation of (αhν)2 versus hν for ZnO thin films. 
 
 

Table 2. Some physical parameters of spray deposited ZnO thin films. 
 

Lattice parameters ZnO (Hex.) Sample 
Code 

Thickness 
(nm) 

Cryst. size 
(nm) a c c/a 

Energy band
gap (eV) 

ZD1 410 23.8 3.2332 5.1802 1.602 3.32 
ZD2 450 27.7 3.2762 5.2434 1.600 3.19 
ZD3 425 25.5 3.2433 5.2078 1.605 3.25 

 
 

4. Conclusion 
 
The effect of nozzle to substrate distance on structural and optical properties of ZnO is discussed. The 
crystallite sizes, intensity of 002 plane ad lattice parameters are influenced by nozzle to substrate 
distance. Morphological studies also showed that intergranular gap and size of grain is altered with 
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nozzle to substrate distance. The optical studies revealed the energy band gap and transmittance are 
nozzle to substrate dependent. 
 
 
Acknowledgement 
 
One of the authors E. U. Masumdar likes to express sincere thanks to UGC, New Delhi, for financial 
assistance to major research project on ZnO F. No. 38-174/2009 (SR). 
 
 
References 
 
[1]. B. J. Lokhande, P. S. Patil, M. D. Uplane, Studies on cadmium oxide sprayed thin films deposited 

through non-aqueous medium, Mater. Chem. Phys, 84, 2004, pp. 238-242. 
[2]. Ankit Goyal, S. Kachhwaha, ZnO thin films preparation by spray pyrolysis and electrical 

characterization, Materials Letters, 683, 2012, pp. 354-356. 
[3]. T. V. Vimalkumar, N. Poornima, C. Sudha Kartha, K. P. Vijayakumar, On tuning the orientation of grains 

of spray pyrolysed ZnO thin films, Applied Surface Science, 256, 2010, pp. 6025–6028 
[4]. Emin Bacaksiz, Serdar Aksu, Salih Yılmaz, Mehmet Parlak, Mustafa Altunbaş, Structural, optical and 

electrical properties of Al-doped ZnO microrods prepared by spray pyrolysis, Thin Solid Films, 518, 2010, 
pp. 4076–4080. 

[5]. T. Prasada Rao, M. C. Santhosh Kumar, Physical properties of Ga-doped ZnO thin films by spray 
pyrolysis, Journal of Alloys and Compounds, 506, 2010, pp. 788–793. 

[6]. B. Wacogne, M. P. Roe, T. J. Pattinson, C. N. Pannell, Effective piezoelectric activity of zinc oxide 
films grown by radio-frequency, Appl. Phys. Lett., 67, 1995, pp. 1674. 

[7]. S. Tan, B. Chen, X. Sun, X. Hu, X. Zhang, S. J. Chua, Properties of polycrystalline ZnO thin films by 
metal organic chemical vapor deposition, J Cryst Growth, 281, 2005, pp. 571-576. 

[8]. D. Mishra, K. C. Dubey, R. K. Shukla, Anchal Srivastava, Atul Srivastava, Growth and characterization of 
nanocrystalline ZnO thin films by spray pyrolysis: Effect of molarity of precursor solution, Sensors and 
Transducers Journal, 105, 2007, pp. 119-126. 

[9]. Y. C. Liu, S. K. Tung, J. H. Hsieh, Influence of annealing on optical properties and surface structure of 
ZnO thin films, J. Cryst. Growth, 287, 2006, pp. 105-111. 

[10]. M. A. Barote, A. A. Yadav, E. U. Masumdar, Synthesis, characterization and photoelectrochemical 
properties of n-CdS thin films, Physica B, 406, 2011, pp. 1865-1871. 

 
__________________ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2012 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved. 
(http://www.sensorsportal.com) 

 



 

 
 
 

 

http://www.sensorsportal.com/HTML/IFSA_Publishing.htm
http://www.sensorsportal.com/HTML/BOOKSTORE/Digital_Sensors.htm


Sensors & Transducers Journal

 
 

Guide for Contributors 
 

 
 
Aims and Scope 
 
Sensors & Transducers Journal (ISSN 1726-5479) provides an advanced forum for the science and technology 
of physical, chemical sensors and biosensors. It publishes state-of-the-art reviews, regular research and 
application specific papers, short notes, letters to Editor and sensors related books reviews as well as 
academic, practical and commercial information of interest to its readership. Because of it is a peer reviewed 
international journal, papers rapidly published in Sensors & Transducers Journal will receive a very high 
publicity. The journal is published monthly as twelve issues per year by International Frequency Sensor 
Association (IFSA). In additional, some special sponsored and conference issues published annually. Sensors & 
Transducers Journal is indexed and abstracted very quickly by Chemical Abstracts, IndexCopernicus Journals 
Master List, Open J-Gate, Google Scholar, etc. Since 2011 the journal is covered and indexed (including a 
Scopus, Embase, Engineering Village and Reaxys) in Elsevier products. 
 
 
Topics Covered 
 
Contributions are invited on all aspects of research, development and application of the science and technology 
of sensors, transducers and sensor instrumentations. Topics include, but are not restricted to: 
 

 Physical, chemical and biosensors; 
 Digital, frequency, period, duty-cycle, time interval, PWM, pulse number output sensors and 

transducers; 
 Theory, principles, effects, design, standardization and modeling; 
 Smart sensors and systems; 
 Sensor instrumentation; 
 Virtual instruments; 
 Sensors interfaces, buses and networks; 
 Signal processing; 
 Frequency (period, duty-cycle)-to-digital converters, ADC; 
 Technologies and materials; 
 Nanosensors; 
 Microsystems; 
 Applications. 

 
 
Submission of papers 
 
Articles should be written in English. Authors are invited to submit by e-mail editor@sensorsportal.com 8-14 
pages article (including abstract, illustrations (color or grayscale), photos and references) in both: MS Word 
(doc) and Acrobat (pdf) formats. Detailed preparation instructions, paper example and template of manuscript 
are available from the journal’s webpage: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm Authors 
must follow the instructions strictly when submitting their manuscripts. 
 
 
Advertising Information 
 
Advertising orders and enquires may be sent to sales@sensorsportal.com Please download also our media kit: 
http://www.sensorsportal.com/DOWNLOADS/Media_Kit_2012.pdf 

http://www.sensorsportal.com/


http://www.sensorsportal.com/HTML/BOOKSTORE/Advance_in_Sensors.htm

