


  
  

SSeennssoorrss  &&  TTrraannssdduucceerrss  

  

Volume 9, Special Issue, 
December 2010 

www.sensorsportal.com  ISSN 1726-5479 

 

Editors-in-Chief: professor Sergey Y. Yurish, tel.: +34 696067716, fax: +34 93 4011989, e-mail: editor@sensorsportal.com 
 

Editors for Western Europe 
Meijer, Gerard C.M., Delft University of Technology, The Netherlands 
Ferrari, Vittorio, Universitá di Brescia, Italy 
 

Editor South America 
Costa-Felix, Rodrigo, Inmetro, Brazil 
 
 

Editor for Eastern Europe 
Sachenko, Anatoly, Ternopil State Economic University, Ukraine 

Editors for North America 
Datskos, Panos G., Oak Ridge National Laboratory, USA 
Fabien, J. Josse, Marquette University, USA 
Katz, Evgeny, Clarkson University, USA 

 

Editor for Asia 
Ohyama, Shinji, Tokyo Institute of Technology, Japan 
 

Editor for Asia-Pacific 
Mukhopadhyay, Subhas, Massey University, New Zealand 

 

 
Editorial Advisory Board 

 
Abdul Rahim, Ruzairi, Universiti Teknologi, Malaysia 
Ahmad, Mohd Noor, Nothern University of Engineering, Malaysia 
Annamalai, Karthigeyan, National Institute of Advanced Industrial Science and 

Technology, Japan 
Arcega, Francisco, University of Zaragoza, Spain 
Arguel, Philippe, CNRS, France 
Ahn, Jae-Pyoung, Korea Institute of Science and Technology, Korea 
Arndt, Michael, Robert Bosch GmbH, Germany 
Ascoli, Giorgio, George Mason University, USA 
Atalay, Selcuk, Inonu University, Turkey 
Atghiaee, Ahmad, University of Tehran, Iran 
Augutis, Vygantas, Kaunas University of Technology, Lithuania 
Avachit, Patil Lalchand, North Maharashtra University, India 
Ayesh, Aladdin, De Montfort University, UK 
Bahreyni, Behraad, University of Manitoba, Canada 
Baliga, Shankar, B., General Monitors Transnational, USA 
Baoxian, Ye, Zhengzhou University, China 
Barford, Lee, Agilent Laboratories, USA 
Barlingay, Ravindra, RF Arrays Systems, India 
Basu, Sukumar, Jadavpur University, India 
Beck, Stephen, University of Sheffield, UK 
Ben Bouzid, Sihem, Institut National de Recherche Scientifique, Tunisia 
Benachaiba, Chellali, Universitaire de Bechar, Algeria 
Binnie, T. David, Napier University, UK 
Bischoff, Gerlinde, Inst. Analytical Chemistry, Germany 
Bodas, Dhananjay, IMTEK, Germany 
Borges Carval, Nuno, Universidade de Aveiro, Portugal 
Bousbia-Salah, Mounir, University of Annaba, Algeria 
Bouvet, Marcel, CNRS – UPMC, France 
Brudzewski, Kazimierz, Warsaw University of Technology, Poland 
Cai, Chenxin, Nanjing Normal University, China 
Cai, Qingyun, Hunan University, China 
Campanella, Luigi, University La Sapienza, Italy 
Carvalho, Vitor, Minho University, Portugal 
Cecelja, Franjo, Brunel University, London, UK 
Cerda Belmonte, Judith, Imperial College London, UK 
Chakrabarty, Chandan Kumar, Universiti Tenaga Nasional, Malaysia 
Chakravorty, Dipankar, Association for the Cultivation of Science, India 
Changhai, Ru, Harbin Engineering University, China 
Chaudhari, Gajanan, Shri Shivaji Science College, India 
Chavali, Murthy, N.I. Center for Higher Education, (N.I. University), India 
Chen, Jiming, Zhejiang University, China 
Chen, Rongshun, National Tsing Hua University, Taiwan 
Cheng, Kuo-Sheng, National Cheng Kung University, Taiwan 
Chiang, Jeffrey (Cheng-Ta), Industrial Technol. Research Institute, Taiwan 
Chiriac, Horia, National Institute of Research and Development, Romania 
Chowdhuri, Arijit, University of Delhi, India 
Chung, Wen-Yaw, Chung Yuan Christian University, Taiwan 
Corres, Jesus, Universidad Publica de Navarra, Spain 
Cortes, Camilo A., Universidad Nacional de Colombia, Colombia 
Courtois, Christian, Universite de Valenciennes, France 
Cusano, Andrea, University of Sannio, Italy 
D'Amico, Arnaldo, Università di Tor Vergata, Italy 
De Stefano, Luca, Institute for Microelectronics and Microsystem, Italy 
Deshmukh, Kiran, Shri Shivaji Mahavidyalaya, Barshi, India 
Dickert, Franz L., Vienna University, Austria 
Dieguez, Angel, University of Barcelona, Spain 
Dimitropoulos, Panos, University of Thessaly, Greece 
Ding, Jianning, Jiangsu Polytechnic University, China 
Djordjevich, Alexandar, City University of Hong Kong, Hong Kong 
Donato, Nicola, University of Messina, Italy 
Donato, Patricio, Universidad de Mar del Plata, Argentina 

Dong, Feng, Tianjin University, China 
Drljaca, Predrag, Instersema Sensoric SA, Switzerland 
Dubey, Venketesh, Bournemouth University, UK 
Enderle, Stefan, Univ.of Ulm and KTB Mechatronics GmbH, Germany 
Erdem, Gursan K. Arzum, Ege University, Turkey 
Erkmen, Aydan M., Middle East Technical University, Turkey 
Estelle, Patrice, Insa Rennes, France 
Estrada, Horacio, University of North Carolina, USA 
Faiz, Adil, INSA Lyon, France 
Fericean, Sorin, Balluff GmbH, Germany 
Fernandes, Joana M., University of Porto, Portugal 
Francioso, Luca, CNR-IMM Institute for Microelectronics and Microsystems, 

Italy 
Francis, Laurent, University Catholique de Louvain, Belgium 
Fu, Weiling, South-Western Hospital, Chongqing, China 
Gaura, Elena, Coventry University, UK 
Geng, Yanfeng, China University of Petroleum, China 
Gole, James, Georgia Institute of Technology, USA 
Gong, Hao, National University of Singapore, Singapore 
Gonzalez de la Rosa, Juan Jose, University of Cadiz, Spain 
Granel, Annette, Goteborg University, Sweden 
Graff, Mason, The University of Texas at Arlington, USA 
Guan, Shan, Eastman Kodak, USA 
Guillet, Bruno, University of Caen, France 
Guo, Zhen, New Jersey Institute of Technology, USA 
Gupta, Narendra Kumar, Napier University, UK 
Hadjiloucas, Sillas, The University of Reading, UK 
Haider, Mohammad R., Sonoma State University, USA 
Hashsham, Syed, Michigan State University, USA 
Hasni, Abdelhafid, Bechar University, Algeria 
Hernandez, Alvaro, University of Alcala, Spain 
Hernandez, Wilmar, Universidad Politecnica de Madrid, Spain 
Homentcovschi, Dorel, SUNY Binghamton, USA 
Horstman, Tom, U.S. Automation Group, LLC, USA 
Hsiai, Tzung (John), University of Southern California, USA 
Huang, Jeng-Sheng, Chung Yuan Christian University, Taiwan 
Huang, Star, National Tsing Hua University, Taiwan 
Huang, Wei, PSG Design Center, USA 
Hui, David, University of New Orleans, USA 
Jaffrezic-Renault, Nicole, Ecole Centrale de Lyon, France 
Jaime Calvo-Galleg, Jaime, Universidad de Salamanca, Spain 
James, Daniel, Griffith University, Australia 
Janting, Jakob, DELTA Danish Electronics, Denmark 
Jiang, Liudi, University of Southampton, UK 
Jiang, Wei, University of Virginia, USA 
Jiao, Zheng, Shanghai University, China 
John, Joachim, IMEC, Belgium 
Kalach, Andrew, Voronezh Institute of Ministry of Interior, Russia 
Kang, Moonho, Sunmoon University, Korea South 
Kaniusas, Eugenijus, Vienna University of Technology, Austria 
Katake, Anup, Texas A&M University, USA 
Kausel, Wilfried, University of Music, Vienna, Austria 
Kavasoglu, Nese, Mugla University, Turkey 
Ke, Cathy, Tyndall National Institute, Ireland 
Khelfaoui, Rachid, Université de Bechar, Algeria 
Khan, Asif, Aligarh Muslim University, Aligarh, India 
Kim, Min Young, Kyungpook National University, Korea South 
Ko, Sang Choon, Electronics. and Telecom. Research Inst., Korea South 
Kockar, Hakan, Balikesir University, Turkey 
Kotulska, Malgorzata, Wroclaw University of Technology, Poland 
Kratz, Henrik, Uppsala University, Sweden 
Kumar, Arun, University of South Florida, USA 



Kumar, Subodh, National Physical Laboratory, India 
Kung, Chih-Hsien, Chang-Jung Christian University, Taiwan 
Lacnjevac, Caslav, University of Belgrade, Serbia 
Lay-Ekuakille, Aime, University of Lecce, Italy 
Lee, Jang Myung, Pusan National University, Korea South 
Lee, Jun Su, Amkor Technology, Inc. South Korea 
Lei, Hua, National Starch and Chemical Company, USA 
Li, Genxi, Nanjing University, China 
Li, Hui, Shanghai Jiaotong University, China 
Li, Xian-Fang, Central South University, China 
Liang, Yuanchang, University of Washington, USA 
Liawruangrath, Saisunee, Chiang Mai University, Thailand 
Liew, Kim Meow, City University of Hong Kong, Hong Kong 
Lin, Hermann, National Kaohsiung University, Taiwan 
Lin, Paul, Cleveland State University, USA 
Linderholm, Pontus, EPFL - Microsystems Laboratory, Switzerland 
Liu, Aihua, University of Oklahoma, USA 
Liu Changgeng, Louisiana State University, USA 
Liu, Cheng-Hsien, National Tsing Hua University, Taiwan 
Liu, Songqin, Southeast University, China 
Lodeiro, Carlos, University of Vigo, Spain 
Lorenzo, Maria Encarnacio, Universidad Autonoma de Madrid, Spain 
Lukaszewicz, Jerzy Pawel, Nicholas Copernicus University, Poland 
Ma, Zhanfang, Northeast Normal University, China 
Majstorovic, Vidosav, University of Belgrade, Serbia 
Marquez, Alfredo, Centro de Investigacion en Materiales Avanzados, Mexico 
Matay, Ladislav, Slovak Academy of Sciences, Slovakia 
Mathur, Prafull, National Physical Laboratory, India 
Maurya, D.K., Institute of Materials Research and Engineering, Singapore 
Mekid, Samir, University of Manchester, UK 
Melnyk, Ivan, Photon Control Inc., Canada  
Mendes, Paulo, University of Minho, Portugal 
Mennell, Julie, Northumbria University, UK 
Mi, Bin, Boston Scientific Corporation, USA 
Minas, Graca, University of Minho, Portugal 
Moghavvemi, Mahmoud, University of Malaya, Malaysia 
Mohammadi, Mohammad-Reza, University of Cambridge, UK 
Molina Flores, Esteban, Benemérita Universidad Autónoma de Puebla, Mexico 
Moradi, Majid, University of Kerman, Iran 
Morello, Rosario, University "Mediterranea" of Reggio Calabria, Italy 
Mounir, Ben Ali, University of Sousse, Tunisia 
Mulla, Imtiaz Sirajuddin, National Chemical Laboratory, Pune, India 
Nabok, Aleksey, Sheffield Hallam University, UK 
Neelamegam, Periasamy, Sastra Deemed University, India 
Neshkova, Milka, Bulgarian Academy of Sciences, Bulgaria 
Oberhammer, Joachim, Royal Institute of Technology, Sweden 
Ould Lahoucine, Cherif, University of Guelma, Algeria 
Pamidighanta, Sayanu, Bharat Electronics Limited (BEL), India 
Pan, Jisheng, Institute of Materials Research & Engineering, Singapore 
Park, Joon-Shik, Korea Electronics Technology Institute, Korea South 
Penza, Michele, ENEA C.R., Italy 
Pereira, Jose Miguel, Instituto Politecnico de Setebal, Portugal 
Petsev, Dimiter, University of New Mexico, USA 
Pogacnik, Lea, University of Ljubljana, Slovenia 
Post, Michael, National Research Council, Canada 
Prance, Robert, University of Sussex, UK 
Prasad, Ambika, Gulbarga University, India 
Prateepasen, Asa, Kingmoungut's University of Technology, Thailand 
Pullini, Daniele, Centro Ricerche FIAT, Italy 
Pumera, Martin, National Institute for Materials Science, Japan 
Radhakrishnan, S. National Chemical Laboratory, Pune, India 
Rajanna, K., Indian Institute of Science, India 
Ramadan, Qasem, Institute of Microelectronics, Singapore 
Rao, Basuthkar, Tata Inst. of Fundamental Research, India 
Raoof, Kosai, Joseph Fourier University of Grenoble, France 
Reig, Candid, University of Valencia, Spain 
Restivo, Maria Teresa, University of Porto, Portugal 
Robert, Michel, University Henri Poincare, France 
Rezazadeh, Ghader, Urmia University, Iran 
Royo, Santiago, Universitat Politecnica de Catalunya, Spain 
Rodriguez, Angel, Universidad Politecnica de Cataluna, Spain 
Rothberg, Steve, Loughborough University, UK 
Sadana, Ajit, University of Mississippi, USA 
Sadeghian Marnani, Hamed, TU Delft, The Netherlands 
Sandacci, Serghei, Sensor Technology Ltd., UK 
Schneider, John K., Ultra-Scan Corporation, USA 
Sengupta, Deepak, Advance Bio-Photonics, India 
Shah, Kriyang, La Trobe University, Australia 
Sapozhnikova, Ksenia, D.I.Mendeleyev Institute for Metrology, Russia 
Saxena, Vibha, Bhbha Atomic Research Centre, Mumbai, India 

Seif, Selemani, Alabama A & M University, USA 
Seifter, Achim, Los Alamos National Laboratory, USA 
Silva Girao, Pedro, Technical University of Lisbon, Portugal 
Singh, V. R., National Physical Laboratory, India 
Slomovitz, Daniel, UTE, Uruguay 
Smith, Martin, Open University, UK 
Soleymanpour, Ahmad, Damghan Basic Science University, Iran 
Somani, Prakash R., Centre for Materials for Electronics Technol., India 
Srinivas, Talabattula, Indian Institute of Science, Bangalore, India 
Srivastava, Arvind K., Northwestern University, USA 
Stefan-van Staden, Raluca-Ioana, University of Pretoria, South Africa 
Sumriddetchka, Sarun, National Electronics and Computer Technology Center, 

Thailand 
Sun, Chengliang, Polytechnic University, Hong-Kong 
Sun, Dongming, Jilin University, China 
Sun, Junhua, Beijing University of Aeronautics and Astronautics, China 
Sun, Zhiqiang, Central South University, China 
Suri, C. Raman, Institute of Microbial Technology, India 
Sysoev, Victor, Saratov State Technical University, Russia 
Szewczyk, Roman, Industrial Research Inst. for Automation and Measurement, 

Poland 
Tan, Ooi Kiang, Nanyang Technological University, Singapore, 
Tang, Dianping, Southwest University, China 
Tang, Jaw-Luen, National Chung Cheng University, Taiwan 
Teker, Kasif, Frostburg State University, USA 
Thirunavukkarasu, I., Manipal University Karnataka, India 
Thumbavanam Pad, Kartik, Carnegie Mellon University, USA 
Tian, Gui Yun, University of Newcastle, UK 
Tsiantos, Vassilios, Technological Educational Institute of Kaval, Greece 
Tsigara, Anna, National Hellenic Research Foundation, Greece 
Twomey, Karen, University College Cork, Ireland 
Valente, Antonio, University, Vila Real, - U.T.A.D., Portugal 
Vanga, Raghav Rao, Summit Technology Services, Inc., USA 
Vaseashta, Ashok, Marshall University, USA 
Vazquez, Carmen, Carlos III University in Madrid, Spain 
Vieira, Manuela, Instituto Superior de Engenharia de Lisboa, Portugal 
Vigna, Benedetto, STMicroelectronics, Italy 
Vrba, Radimir, Brno University of Technology, Czech Republic 
Wandelt, Barbara, Technical University of Lodz, Poland 
Wang, Jiangping, Xi'an Shiyou University, China 
Wang, Kedong, Beihang University, China 
Wang, Liang, Pacific Northwest National Laboratory, USA 
Wang, Mi, University of Leeds, UK 
Wang, Shinn-Fwu, Ching Yun University, Taiwan 
Wang, Wei-Chih, University of Washington, USA 
Wang, Wensheng, University of Pennsylvania, USA 
Watson, Steven, Center for NanoSpace Technologies Inc., USA 
Weiping, Yan, Dalian University of Technology, China 
Wells, Stephen, Southern Company Services, USA 
Wolkenberg, Andrzej, Institute of Electron Technology, Poland 
Woods, R. Clive, Louisiana State University, USA 
Wu, DerHo, National Pingtung Univ. of Science and Technology, Taiwan 
Wu, Zhaoyang, Hunan University, China 
Xiu Tao, Ge, Chuzhou University, China 
Xu, Lisheng, The Chinese University of Hong Kong, Hong Kong 
Xu, Tao, University of California, Irvine, USA 
Yang, Dongfang, National Research Council, Canada 
Yang, Shuang-Hua, Loughborough University, UK  
Yang, Wuqiang, The University of Manchester, UK 
Yang, Xiaoling, University of Georgia, Athens, GA, USA 
Yaping Dan, Harvard University, USA 
Ymeti, Aurel, University of Twente, Netherland 
Yong Zhao, Northeastern University, China 
Yu, Haihu, Wuhan University of Technology, China 
Yuan, Yong, Massey University, New Zealand 
Yufera Garcia, Alberto, Seville University, Spain 
Zakaria, Zulkarnay, University Malaysia Perlis, Malaysia 
Zagnoni, Michele, University of Southampton, UK 
Zamani, Cyrus, Universitat de Barcelona, Spain 
Zeni, Luigi, Second University of Naples, Italy 
Zhang, Minglong, Shanghai University, China 
Zhang, Qintao, University of California at Berkeley, USA 
Zhang, Weiping, Shanghai Jiao Tong University, China 
Zhang, Wenming, Shanghai Jiao Tong University, China 
Zhang, Xueji, World Precision Instruments, Inc., USA 
Zhong, Haoxiang, Henan Normal University, China 
Zhu, Qing, Fujifilm Dimatix, Inc., USA 
Zorzano, Luis, Universidad de La Rioja, Spain 
Zourob, Mohammed, University of Cambridge, UK 

 
 
 
 
 
 

 
 

Sensors & Transducers Journal (ISSN 1726-5479) is a peer review international journal published monthly online by International Frequency Sensor Association (IFSA).  
Available in electronic and on CD. Copyright © 2010 by International Frequency Sensor Association. All rights reserved. 



  SSeennssoorrss  &&  TTrraannssdduucceerrss  JJoouurrnnaall  
 
  

  

CCoonntteennttss  
  

Volume 9 
Special Issue 
December 2010  

www.sensorsportal.com  ISSN 1726-5479 

 
 

Research Articles 
 
Modern Sensing Technologies - III 
Subhas Chandra Mukhopadhyay, Aime Lay-Ekuakille, Anton Fuchs ................................................  I 
  
Composition and Detection Rate of a Symmetry Axis Localization Algorithm for Digital Images 
Norbert Eidenberger, Daniel C. H. Schleicher and Bernhard G. Zagar .............................................  1 
  
Formulation and Characterization of Cu Doped ZnO Thick Films as LPG Gas Sensor 
A. V. Patil, C. G. Dighavkar, S. K. Sonawane, S. J. Patil and R. Y. Borse ........................................  11 
  
Characterization of Microbubble Contrast Agents for Echographic Imaging through Time-
Scheduled Size Distribution Measurements 
Francesco Conversano, Roberto Franchini and Sergio Casciaro......................................................   21 
  
Production and Characterisation of Multifunctional Textile for Masonry Retrofitting and Health 
Monitoring 
Angela Coricciati, Paolo Corvaglia, Alessandro Largo, Michele Arturo Caponero, Giovanni Fardin .  28 
  
Al-doped TiO2 Thick Film Resistors as H2S Gas Sensor 

Chandrakant Dighavkar, Arun Patil, Sunil Patil and Ratan Borse ......................................................  39 
  
Ultrasound Signal Analysis Applied to Determine the Optimal Contrast Dose for Echographic 
Examinations 
Roberto Franchini, Francesco Conversano, Antonio Greco, Raffaella Verrienti, Sergio Casciaro ....  48 
  
Extended Phase Accordance Method: A Real-time and Accurate Technique for Estimating 
Position and Velocity of Moving Objects using Ultrasonic Communication 
Tomohiko Sato, Shigeki Nakamura, Masanori Sugimoto and Hiromichi Hashizume ........................  56 
  
Magneto-inductive Sensors for Metallic Ropes in Lift Application 
Aldo Canova, Francesco Ficili and Daniel Rossi................................................................................  71 
  
Studies on Gas Sensing Performance of Pure and Surface Chrominated Indium Oxide Thick 
Film Resistors 
D. N. Chavan, V. B. Gaikwad, S. D. Shinde, D. D. Kajale, G. E. Patil, G. H. Jain .............................  82 
  
Effect of Annealing Temperature on Gas Sensing Performance of SnO2 Thin Films Prepared by 
Spray Pyrolysis 
G. E. Patil, D. D. Kajale, S. D. Shinde, R. H. Bari, D. N. Chavan, V. B. Gaikwad, G. H. Jain ...........  96 
  
Measurement Using Conductive Polymeric Fibers in a Wearable Sensor Platform 
Ram Manoj Sarda, Thomas Donnely, Mansour Taherinahzahdi and Michael Haji-Sheikh ...............  109 
  
Three Dimensional Measurement of Aquatic Organisms Using a Single Video Camera 
Kikuhito Kawasue, Satoshi Nagatomo and Yuichiro Oya...................................................................  118 
  
 127 



Pain Sensing System for Animals 
Ibrahim Al-Bahadly, Subhas Mukhopadhyay and Khalil Alkhumaisi ..................................................  
  
Experimental Assessment of a Pneumatic Level-sensing Method for Closed Tanks Applied to 
Water and Wooden Pellets 
Gert Holler, Rudolf Brunnader, Bernhard Schweighofer, Hannes Wegleiter .....................................  151 
  
Synthesis and Characterization of Nanostructured ZnO Thick Film Gas Sensors Prepared by 
Screen Printing Method 
R. Y. Borse and V. T. Salunke............................................................................................................  161 
  
Sensitivity Limits of a Magnetometer with an Air-core Pickup Coil 
Kunihisa Tashiro, Shin-ichiro Inoue and Hiroyuki Wakiwaka .............................................................  171 
  
A Survey on Unobtrusive Measurements of the Cardiovascular Function and their Practical 
Implementation in Wheelchairs 
Eduardo Pinheiro, Octavian Postolache, Pedro Girão .......................................................................  182 
  
Multi-Sensor SLAM Approach for Robot Navigation 
Sid Ahmed Berrabah, Yvan Baudoin, Hichem Sahli ..........................................................................  200 
  
ZigBee Test Harness: An Innovative Tool for ZigBee Node Testing 
Andrea Ranalli, Claudio Borean .........................................................................................................  214 
  
Effect of Firing Temperature on the Composition and Structural Parameters of Screen Printed 
ZrO2 Thick Film Sensors 
S. J. Patil, A. V. Patil, C. G. Dighavkar, R. Y. Borse ..........................................................................  223 
  
Wide-band Induction Magnetometers Stability 
Vira Pronenko and Yevhen Vasiliev ...................................................................................................  233 
  
Experimental Performance Measurements of Home Photovoltaic Plants: A Case Study 
C. Calò, C. Chiffi, G. D’Aniello, A. Lay-Ekuakille, P. Vergallo, A. Trotta ............................................  240 

 
Authors are encouraged to submit article in MS Word (doc) and Acrobat (pdf) formats by e-mail: editor@sensorsportal.com 
Please visit journal’s webpage with preparation instructions: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm 

 
International Frequency Sensor Association (IFSA). 
 

  



  
  
  

  
  
  

 



Sensors & Transducers Journal, Vol. 9, Special Issue, December 2010, pp. 161-170 

 161

   
SSSeeennnsssooorrrsss   &&&   TTTrrraaannnsssddduuuccceeerrrsss  

ISSN 1726-5479
© 2010 by IFSA

http://www.sensorsportal.com   
 
 
 
 
 
 

Synthesis and Characterization of Nanostructured ZnO Thick 
Film Gas Sensors Prepared by Screen Printing Method 

 
*R. Y. BORSE and V. T. SALUNKE 

Thin and Thick Film Laboratory, Department of Electronic Science, M. S. G. College Malegaon 
Camp, Malegaon, Dist- Nasik, (MS) 
*E-mail: ratanborse@rediffmail.com 

 
 

Received: 27 September 2010   /Accepted: 30 November 2010   /Published: 30 December 2010 
 

 
Abstract: Nanosized ZnO was prepared by self propagating solution combustion synthesis method. 
The synthesized ZnO thick films were deposited on alumina substrate by using standard screen 
printing technique and fired at 700 0C. The films were characterized by X-ray diffractometer (XRD), 
Scanning Electron Microscopy (SEM) and energy dispersive analysis of X-ray (EDAX). The electrical 
behaviors of ZnO thick films were investigated. From XRD spectra it is revealed that ZnO films are 
polycrystalline in nature. The average grain size of 87.44 nm has been estimated for the film fired at 
700 0C using Scherrer’s formula. EDAX clearly shows the peaks corresponding to Zn and O element 
which confirms the successful growth of ZnO films. Gas sensing study for these samples shows high 
sensitivity and selectivity towards NO2 at all operating temperatures. The resistivity, TCR and 
activation energy of the ZnO films have been evaluated and discussed. Copyright © 2010 IFSA. 
 
Keywords: Nanostructures, Dextrose, ZnO, LPG sensor, Sensitivity. 
 
 
 
1. Introduction 
 
Zinc Oxide is a wide-band gap semiconductor metal oxide with wide range of optical and electronic 
applications. ZnO is an n-type semiconductor of wurtzite structure with direct band gap of about 
3.37eV at room temperature. Polycrystalline ZnO has found numerous applications such as related to 
surface acoustic wave devices, piezoelectric devices, varistors, planar optical waveguides, transparent 
electrodes, UV photo detectors, facial powders, gas sensors, etc. Out of these applications of ZnO, gas 
sensor devices have the sensitivity to various gases, high chemical stability, and suitability for doping, 
non-toxicity and low cost [1, 2]. 
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Zinc oxide (ZnO) is a multi functional material with a wide range of applications. ZnO films have 
attracted considerable attention because they can be made to have high electrical conductivity, high 
infrared reflectance and high visible transmittance. Low resistive zinc oxide films have been achieved 
by doping with different group III elements like aluminium, boron, indium, gallium or with group VII 
elements like fluorine [1]. Many techniques including evaporation, chemical vapour deposition, spray 
pyrolysis, sputtering, etc can be employed to deposit these films [2-5]. Due to the transparency in the 
visible range, high electrical stability, direct band gap (3.37 eV), absence of toxicity, abundance in 
nature, etc., ZnO is one of the versatile and technologically importance materials [6]. Controlled 
synthesis of semiconductor nanostructures in terms of size and shape has been strongly motivated and 
novel applications can be investigated dependent on their structural properties [7–10]. Among various 
semiconductor nanostructures, variety of nanostructures of ZnO has been investigated presenting it as 
richest family of nanostructures. It crystallizes in a wurtzite structure and exhibits n-type electrical 
conductivity [11]. ZnO nanomaterials with one-dimensional structure, such as nanowires or nanorods, 
are especially attractive due to their tunable electronic and opto-electronic properties, and the potential 
applications in the nanoscale electronic and opto-electronic devices [12]. 
 
Window layer [13], varistor [14], gas sensor [15-17], etc., are the reported applications. Researchers 
are now probing on this material as one of the alternative photoanode for dye-sensitized solar cells  
[18-20]. Zinc oxide has proven itself as one of the competitive and promising candidates to replace 
expensive materials like CdS, TiO2, GaN, SnO2, and In2O3 for applications such as solar cells [21], 
photocatalysis [22], ultraviolet laser [23, 24], transparent conductive oxides [25], spintronics [26], and 
gas sensors [27]. For gas sensor application, SnO2 has been the most investigated material. However, 
ZnO is particularly applicable to gas sensors because of its typical properties such as resistivity control 
over the range 10−3 to 10−5 cm, high electrochemical stability, absence of toxicity, and abundance in 
nature [28]. 
 
Zinc Oxide nanostructures could be synthesized by several techniques such as vapor deposition, 
oxidation, sputtering, and pulse laser deposition. We prepared nano-size ZnO powder by self 
propagating solution combustion synthesis method. The powder extracted is characterized and a thick 
film paste was prepared by adding suitable binder and solvent. Screen printing is a viable and 
economical method to produce thick films of various materials. The ZnO thick films are screen printed 
onto alumina substrate [29, 30]. 
 
Herein we report tailoring of various structural and morphological changes of ZnO using dextrose as 
fuel combustion. Their electrical and gas sensing study has also been carried out at various operating 
temperatures and is found to be good reducing gas sensor. 
 
 
2. Experimental 
 
2.1. Preparation of ZnO Nano Powder 
 
Zinc oxide nano structured powder was prepared by self propagating solution combustion technique. 
The starting materials are Zinc nitrate and Dextrose. Proper amount of zinc nitrate and dextrose are 
dissolved in water contained beaker and placed on a hot plate for 15 minutes as the solution dehydrates 
to form a deposition like a gel. Then the beaker was placed in a preheated muffle furnace at 400 0C. 
The solution boils, ignites with a flame and the entire reaction was completed within 5 minutes. The 
powder is amorphous in nature. Then the powder was calcinated at 650 0C to get nanocrystalline ZnO 
powder. The XRD pattern of this confirms the formation of ZnO [31]. 
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2.2. ZnO Thick Film Preparation 
 
ZnO thick films were prepared on alumina substrate by using standard screen-printing technique. The 
calcinated nanosized ZnO powder was crushed and mixed with glass frit and ethyl cellulose. The 
mixture was then mixed with butyl carbitol acetate to make the thixotropic paste. The paste was then 
screen printed on the alumina substrate. The films were dried under IR-lamp for 30 min and then fired 
at 700 0C for 30 min. 
 
 
2.3. Structural and Morphological Studies 
 
2.3.1. X-Ray Diffraction Method 
 
The SnO2 thick films were characterized by X-ray diffraction technique from 20-80o [diffractometer 
(Miniflex Model, Rigaku, Japan) with CuKα, λ = 0.1542 nm radiation] with a 0.1o/step (2θ) at the rate 
of 2 s/step. The average crystallite size was determined using Scherrer formula [31], 
 
 




cos

94.0
D , (1)

 
where D is the average crystalline grain size; β is the full angular width of diffraction peak at the half 
maximum peak intensity (FWHM); λ is the wavelength of X-ray diffraction (1.542 Å); θ is the angle of 
diffraction. 
 
The surface morphology and chemical composition of the films were analyzed using a scanning 
electron microscope [SEM model JEOL 6300 (LA) Germany] coupled with an energy dispersive 
spectrometer (EDS JEOL, JED-2300, Germany). 
 
 
2.3.2. Electrical Behaviours and Gas Response 
 
The D.C. Resistance of the films was measured by using half bridge method in atmosphere at different 
temperatures [32, 33]. The gas sensing studies were carried out on a static gas sensing system [34, 35] 
under normal laboratory conditions. The NO2 gas response of ZnO thick films were studied in test 
assembly. The electrical resistances of a ZnO film in air (Ra) and in the presence of NO2 gas (Rg) were 
measured to evaluate the gas response (S) given by the relation: 
 
 

a
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R

RR
S


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where Ra is the resistances of the ZnO thick film sample in air and Rg is the resistances of the ZnO 
thick film sample in NO2 gas atmosphere. 
 
 
3. Results and Discussion 
 
3.1 Calcination, Drying and Firing of the films 
 
The calcination of the powder before the paste preparation and the firing process of the printed film 
can determine the sensitivity of the active layer of the film if it is used as a gas sensor. With 
calcination, grain boundaries are developed and the powder sinters to bigger agglomerates. This causes 
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a higher surface area after firing and therefore a higher sensitivity of a layer. This powder was milled 
after calcination. The calcination took from 1 h to 10 h [36]. A drying stage is required to remove the 
organic solvents, make the printed film adhere to the substrate and be relatively immune to smudging. 
After printing, the film was allowed to settle in air for a few minutes so that some of the volatile 
solvents were evaporated slowly at room temperature. The organic agent was still present in the paste 
at this stage. Drying took place at temperatures between 70-100 oC by placing films under infrared 
radiation [36]. 
 
The high temperature firing cycle is designed to remove the remaining organic binders, to develop the 
structural and electrical properties of the film and bond the film to the substrate. During this firing 
process the glass frit melts and grains of the functional materials are held together and also the film 
becomes bonded firmly to the substrate. There are three distinct regions in this firing cycle. Firstly the 
temperature slowly was increased towards the peak firing temperature. During this time the remaining 
organics were removed. This occurred at 350-400 oC. As the temperature reached 580-780 oC, the 
glass frit softens. Secondly the temperature remained constant for about 30 minutes. During this time 
the active material sintered and various reactions took place. The electrical properties of the film began 
to develop. Finally there was a cooling stage to room temperature that allows the glass frit to solidify 
[36]. 
 
 
3.2. Structural and Morphological Studies 
 
3.2.1. Composition of ZnO Thick Film 
 
Table 1 shows the composition of the films fired at 700 oC. The EDX spectrum showed the presence of 
only Zn and Oxygen along with Al and Si. From the analysis it was found that the ZnO films are 
nonstoichiometric. The deficiency or excess of any type of atom in the crystal results in a distorted 
band structure, with a corresponding increase in conductivity. Tin oxide looses oxygen on heating so 
that tin is then in excess. The oxygen, of course, evolves as an electrically neutral substance so that it is 
associated with each excess tin ion in the crystal; there will be two electrons that remain trapped in the 
solid material, thus leading to nonstoichiometry in the solid. This leads to the formation of the n-type 
semiconductor [37]. 
 
 

Table 1. Composition of the ZnO films at 700 0C firing temperature. 
 

Element Mass % At.% 
O 14.85 40.89 
Zn 83.23 56.08 
Al 0.30 0.48 
Si 1.62 2.54 

Total 100 100 
 
 
3.2.2. X-ray Diffraction Analysis 
 
Fig. 1 shows X-ray diffraction patterns of ZnO thick film deposited on alumina substrates and fired at 
700 oC. XRD pattern show the different peaks of ZnO phases. It has been observed that [101] 
reflections corresponding to 2θ = 36.17o is of maximum intensity for all film samples thereby a strong 
orientation with stacking of the plane along the c-axis, which indicates ZnO film had preferred 
orientation in the direction of [101] plane. The ZnO diffraction peaks for (100), (002), (101), (102), 
(110), (103), (200), (112), (201) crystal orientation are identified for film at angles 31.69, 34.20, 36.17, 
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47.41, 56.67, 62.84, 66.50, 68.17, 69.58 respectively. The XRD was carried out by PHILIPS PW1729 
X-ray generator Recorder PW 1840 diffractometer control, PM 8203A one line recorder. The standard 
interplaner spacing JCPDS data card Number 21-1486 matches with calculated values [38]. This 
clearly indicates that the structure of ZnO film is polycrystalline in nature. 
 
 

 
 

Fig. 1. X-ray Diffraction Pattern of ZnO Thick Film. 
 
 
The XRD pattern was used to calculate the crystallite size of ZnO by using Debye Scherrer’s formula 
[31]. The average crystallite sizes of ZnO thick film is 86 nm (±2 nm) at 700 oC (±2 oC). 
 
 
3.2.3. Scanning Electron Microscopy 
 
 
Fig. 2 shows SEM images of ZnO thick film fired at 700 oC. Microstructural chacterization was carried 
out by using scanning electron microscopy. SEM indicated rod type microstructure with negligible 
porosity. However some residual, intragranular porosity was seen. The film fired at 700 oC has good 
adhesion. Therefore it is used for gas sensing. 
 
 

 
 

Fig. 2. SEM Micrograph of ZnO Thick Film. 
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3.2.4. Thickness Measurement 
 
The thickness of thick film samples measured by Tally-step method ranging from 8.14 µm, 21.86 µm 
and 35.64 µm for single layer, double layer and three layer sample respectively. The thickness, 
resistivity and resistance of the single layer, double layer and three layer samples were given below in 
Table 2. 
 
 

Table 2. The thickness, resistivity and resistance of the single layer, double layer  
and three layer samples. 

 

Thick film layer 
Film Thickness 

µm 
Resistivity 
104 (Ωm) 

Resistance 
104 (Ω) 

Single layer 8.14 16.58 32.59 
Double layer 21.86 5.275 3.861 
Three layer 35.64 2.65 1.19 

 
 
3.3. Electrical Characterization 
 
3.3.1. Electrical Resistivity 
 
Variation of resistance of ZnO film with temperature is shown in Fig. 3. The resistance of the film 
decreases as temperature increases. The TCR was calculated for temperature range 90 – 400 0C.  
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Fig. 3. Resistance vs. Temperature Variation of ZnO Thick Film. 
 
 

The Fig. 4 shows the graph of TCR versus temperature of the film. 
 
Fig. 5 shows graph of logR versus 1/T. The graph indicates two regions, low temperature region and 
high temperature region. The activation energy was calculated by this plot. 
 
TCR, resistivity and activation energy of ZnO thick film fired at 700 0C having thickness 35.64 µm for 
three layer sample is given in Table 3. 
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Fig. 4. TCR vs. Temperature of ZnO Film. 
 

Fig. 5. LogR vs. 1/T of ZnO Film. 
 
 

Table 3. Electrical Parameters. 
 

Activation Energy 
ΔE(ev) 

TCR 
(/°c) 

Resistivity 
ρ (Ωm) 

 LT region HT region 
0.22 2.65 x 104 0.02161 0.11839 

 
 
3.4. Gas Sensing Response 
 
3.4.1. NO2 Gas Sensing 
 
Fig. 6 shows the variation of response of pure ZnO fired at 700 oC to 1000 ppm NO2 gas with 
operating temperature. The gas response increases with temperature from 150 to 250 oC and then 
decreases with a further increase in temperature. The response of pure ZnO to NO2 gas is 20.29 at  
250 oC. In present work, every time prior to exposing the ZnO film to NO2, it was allowed to stabilize 
at an operating temperature for 15 min and the stabilized resistance was taken as Ra. After exposing 
the film to the NO2 gas, the changed resistance was taken as Rg. NO2 is oxidizing gas. It reacts with 
surface oxygen ions of the film. Oxidation of film decreases the number of free carriers. Therefore 
resistance of the film increases with oxidizing gas [39-41].The result of reaction of NO2 with 
polycrystalline ZnO is adsorbed NO3 with little NO2 or NO present on the surface of the oxide. The 
Zn↔NO2 interactions on ZnO are strong and Zn sites probably get oxidized and nitrated [42]. 
 
 

 
 

Fig. 6. Variation of Response with Operating Temperature for NO2 Gas at 1000 ppm. 
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3.4.2. Gas Response and NO2 Concentration 
 
The variation of gas response of the ZnO film sample with NO2 gas concentration at 250 oC 
temperature is represented in Fig. 7. This film was exposed to different gas concentrations of NO2. The 
sensitivity values were observed to increase continuously with increasing the gas concentration up to 
1000 ppm. 
 
 

 
 

Fig. 7. Variation of Gas Response of ZnO Thick Film with NO2 Gas Concentration. 
 
 

3.4.3. Selectivity for NO2 against Other Gases 
 
It is observed from Fig. 8 that the ZnO sample shows maximum response to NO2 (1000 ppm) at  
250 oC. Sample showed highest selectivity for NO2 against all other tested gases viz: NH3, LPG. 
Ethanol vapours, CO2, H2S. 
 
 

 
 

Fig. 8. Selectivity of ZnO Thick film sample for various gases. 
 
 
3.4.4. Response and Recovery Time 
 
The response and recovery times of ZnO film sample are represented in Fig. 9. The response was quick 
(~ 28 s) to 1000 ppm of NO2 while the recovery was fast (~ 35 s). The quick response may be due to 
faster oxidation of gas. Its high volatility explains its quick response and fast recovery to its initial 
chemical status. 
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Fig. 9. Response and Recovery of ZnO Thick Film Sample. 
 
 
4. Conclusions 
 
This work demonstrated the successful preparation of ZnO screen printed thick film shows good 
adhesive to alumina substrate employing a simple, inexpensive method and capability of the ZnO films 
for NO2 sensing. The film fired at 700 ºC exhibited good sensing performance to NO2. 
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