ISSN 1726-5479

SENSORS 210

TRANSDUCERS

Pttt e el . -\.:—...—
B85 g Tt T R 88 3R B i
£ ‘---'."..:;.ll.. e
# e - |‘ . -_‘ H
. - - - -
r . A ;
L . gt u :
=
O r"' h -
L}
" 'Irt.: ' = .
i -
L]
h Es b :
g B
. g :
= e
- - .
~§

International Frequency Sensor Association Publishing




Ao

g—-“"
Sensors & Transducers

Volume 113, Issue 2,
February 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, Universita 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, VIT University, Tamil Nadu, 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, Universita 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

Kim, Min Young, Kyungpook National University, Korea South

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, Chongging, 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

Khan, Asif, Aligarh Muslim University, Aligarh, India

Sapozhnikova, Ksenia, D.l.Mendeleyev Institute for Metrology, Russia

Saxena, Vibha, Bhbha Atomic Research Centre, Mumbai, India



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 VVigo, 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, lvan, 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 Auténoma 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

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 VValencia, 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

Seif, Selemani, Alabama A & M University, USA

Seifter, Achim, Los Alamos National Laboratory, USA

Sengupta, Deepak, Advance Bio-Photonics, India

Shearwood, Christopher, Nanyang Technological University, Singapore

Shin, Kyuho, Samsung Advanced Institute of Technology, Korea

Shmaliy, Yuriy, Kharkiv National Univ. of Radio Electronics, Ukraine

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-loana, 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, Zhigiang, 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

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

Vaseashta, Ashok, Marshall University, USA

Vazquez, Carmen, Carlos 111 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, Advanced Micro Devices, 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, Wugiang, 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).
Auvailable in electronic and on CD. Copyright © 2009 by International Frequency Sensor Association. All rights reserved.



Sensors & Transducers Journal /-

‘-—-’ f
Volume 113 Www_sensorsporta| .com ISSN 1726-5479
Issue 2
February 2010
Research Articles
Biosensors and Biochips for Nanomedical Applications: a Review
Sarmishtha Ghoshal, Debasis Mitra, Sudip Roy, Dwijesh Dutta Majumder.............ccccccveeeiiiiiiieneenn. 1

Crossed-Optical-Fiber Oxygen Sensors with Intensity and Temperature Referencing for Use
in High-Spatial-Resolution Sensor Arrays
Maria Veronica Rigo, Robert Olsson and Peter GEISSINGET .........uuvveiiiiiciieieeee e e 18

Humidity Response of Polyaniline Based Sensor
Mamta Pandey, Atul Srivastava, Anchal Srivastava, Rajesh Kumar Shukla ...............cccccceeiiins 33

Epoxy Resin Modified Quartz Crystal Microbalance Sensor for Chemical Warfare Agent
Sulfur Mustard Vapor Detection
Rajendra Bunkar, K. D. Vyas, V. K. Rao, Sunil Kumar, Beer Singh, M. P. Kaushik.......................... 41

Humidity Sensing Properties of CuO, ZnO and NiO Composites
Vedhakkani Jeseentharani, Boniface Jeyaraj, John Pragasam, Arunachalam Dayalan,
Karachalacheruvu Seetharamaiah Nagaraja. .........ccccieiiiiiiiiiiiiiiieieiinreeeeeesaesnnrnsseeseessessnnsnssens 48

Optical Behavior by Congo Red Doped in Polymer and Sol-Gel Film
A. Kazemzadeh, R. Kashanaki and M. R. Hassanzadeh...............cccoviiiiiii i 56

Ammonia Gas Sensing Characteristics of Chemically Synthesized Polyaniline Matrix

Ravindra G. Bavane, Mahendra D. Shirsat, and Ashok M. Mahajan. ..........cccccccooeviviiiiineeeiiniciinenn, 63
The Use of Calixarene Thin Films in the Sensor Array for VOCs Detection and Olfactory
Navigation

Alan F. Holloway, Alexei Nabok, Abbass A. Hashim, Jacques Penders ...........cccccceeeeiiiiiiiiieeneeeennn, 71

Synthesis of WOs-Polyaniline Composites and their Gas Sensing Properties
I N - 1] R TR = -1 =T - Vo o] - T SO 82

Effect of Firing Temperature on the Composition and Micro Structural Parameters of
Screen Printed SnO, Thick Films Resistors
A.S. Garde and R. Y. BOISE ...coiiiiiiiiiiiiiii ettt e s sttt e e e e e st e e e e e e s e s st b er e e e e e e e e annrateeeeeeanns 95

Influence of Firing Temperature on Compositional and Structural Characteristics of ZrO,
Thick Films Gas Sensor
S. J. Patil, C. G. Dighavkar, A. V. Patil, R. Y. BOISE ......ccuiiiiiiiiiiiiiiiiiic ettt 107

Development of Piezoelectric DNA-Based Biosensor for Direct Detection of Mycobacterium
Tuberculosis in Clinical Specimens
Thongchai Kaewphinit, Somchai Santiwatanakul, Chamras Promptmas and Kosum Chansiri......... 115

An Electrochemical Oxalate Biosensor Based on CA Membrane Bound Sorghum Oxalate
Oxidase
R. Chaudhary and C. S. PUNAIN ...t e e e e nree e e e 127



Detection of a BSA-Biotin-Conjugate by a Novel Immunosensor
Lok Hang Mak, Meinhard Knoll, Nico Dankbar, Tanja Fisbeck,Andreas Gorschliter........................ 140

Heat Treatment of Nanocrystalline ZnO and AZO Films Grown by Pulsed Laser Deposition

K. C. Dubey, Dharmendra Mishra, Anchal Srivastava and R. K. Shukla.. ...........ccccccccvvveiiiiiiivinnnnen. 150
A Model Linked to E. Coli Related to Electrostrictive Energy in Cancer Cell

T. K. Basak, T. Ramanujam, Suman Halder, Poonam Goyal, Prachi Mohan Kulshestha, Arpita

Gupta, S. Jeybalan, V. Cyrilraj, Sudhir Patil, Narendra MUStare.............ccccccceveeeeenicciiiieeee e 158
Electrical and Dielectric Properties of New Natural Cellulosic Fabric Grewia Tilifolia

Jayaramudu J., V. V. Ramana C.H. and Varadarajulu A... .........ccccceiiiieiiiiie e 167

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).

SENSORDEVICES 2010:

The First International Conference -
on Sensor Device Technologies and Applications

The inaugural event SENSORDEVICES 2010, The First International Conference on Sensor Device Technologies and
Applications, initiates a series of events focusing on sensor devices themselves, the technology-capturing style of sensors,
special technologies, signal control and interfaces, and particularly sensors-oriented applications. The evolution of the nano-
and microtechnologies, nanomaterials, and the new business services make the sensor device industry and research on
sensor-themselves very challenging.

Conference tracks

Sensor devices Medical devices and sensors applications

Sensor device technologies Sensors domain-oriented devices, technologies, and applications
Sensors signal conditioning and interfacing circuits Sensor-based localization and tracking technologies

Important dates

Submission (full paper): February 20, 2010

Notification: March 25, 2010 B
Registration: April 15, 2010 V

Camera ready: April 20, 2010 www.sensorsportal.com

http://www.iaria.org/conferences2010/SENSORDEVICES10.html




Sensors & Transducers Journal, Vol. 113, Issue 2, February 2010, pp. 150-157

T Sensors & Transducers
" ISSN 1726-5479

www.sensorsportal.com © 2010 by IFSA
http://www.sensorsportal.com

Heat Treatment of Nanocrystalline ZnO and AZO Films Grown
by Pulsed Laser Deposition

K. C. DUBEY, >Dharmendra MISHRA, *Anchal SRIVASTAVA

and 'R. K. SHUKLA
'Department of Physics, University of Lucknow, Lucknow-226007, India
*Amity School of Engineering & Technology, Amity University, Lucknow-226010, India
Tel.: +91-9452293385
E-mail: krishnacdubey@rediffmail.com

Received: 27 January 2010 /Accepted: 19 February 2010 /Published: 26 February 2010

Abstract: Repeated heating and cooling of the pulsed laser as-deposited ZnO and Aluminium doped
ZnO (AZO) films at temperatures below the deposition temperature modifies their structural, optical
and electrical properties while maintaining the c-axis orientation. Heat treatment affects the AZO films
only slightly and the minimum electrical resistivity occurs for 2at% Al doped film. The electrical
resistivity of undoped ZnO film decreases by a factor of more than half after heating. Unlike as-
deposited films the lattice constant decreases linearly with increased Al doping and the maximum
grain size is observed at 2at% Al doping. Absorption edges of the heat treated films show a small red
shift in comparison as-deposited films. Interestingly, for heat treated films minimum resistivity and the
largest grain size both occur at 2at%Al doping in ZnO. Copyright © 2010 IFSA.

Keywords: Heat treatment, Undoped and doped ZnO, Transparent conducting oxide, Pulsed laser
deposition

1. Introduction

Zinc oxide (ZnO) is n type semiconductor with optical transparency in visible region. ZnO offers itself
as transparent conducting electrode material for various applications such as solar cells, organic light
emitting diodes, flat panel display and gas sensors [1-4]. Recently, the lasing action was observed in
ZnO thin films which resulted into several studies on the application of ZnO in ultra violet (UV) lasers
and photo detectors [5]. ZnO is a non- toxic, inexpensive [6] and abundant material having chemical
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and thermal stability. The notable properties of ZnO are its direct band gap 3.27 eV at room
temperature and the high exciton binding energy of ~ 60 meV as compared to ZnSe (20 meV) [7] and
GaN (25 meV) [8]. In the past decades several techniques - pulsed laser deposition (PLD), molecular
beam epitaxy [9], thermal evaporation, organic chemical vapour deposition [10-12] magnetron
sputtering [13-15], atomic layer epitaxy [16, 17] have been employed to deposit thin films. However,
PLD has been realized to be comparatively more useful, in growing thin films of oxide material, owing
to its maintenance of stoichiometry, simplicity and control achieved by adjusting the laser fluency and
the pulse rate [18]. Authors have earlier reported the properties of as-deposited undoped and
aluminium doped ZnO films [19]. These films may associate metastable phases, inhomogeneity, stress
and other defects with themselves. Therefore the films were heat treated after a gap of one year. Effect
of cyclic heat treatment on the structural, transmission and electrical characteristics of these films have
been reported in this paper.

2. Deposition of Nanocrystalline Films

Ceramic pellets of undoped zinc oxide (ZnO) and Al doped zinc oxide (AZO) are prepared using
conventional cold pressing technique. Level of the doping is kept at 2, 3, and 5 at% respectively. Zinc
oxide and Alumina powder both are obtained from Aldrich chemical company, Inc. and are of 99.999
and 99.997 % purity respectively. The pellets are sintered at 800 °C for 4 hours for densification and
then polished to avoid occurrence of particulates due to their rough or irregular surface. The pellets
were ablated by third harmonic of Q switched Nd:YAG laser (Quantel YG 980) to obtain undoped and
doped films. The wavelen§th of laser pulses is 355nm, repetition rate is 10Hz and pulse duration is 6ns
with a fluence of 2J/cm®. Float glass substrate is kept at 6 centimetres from the target and its
temperature is maintained at 400 °C. Base pressure in the deposition chamber is 10 torr and oxygen
partial pressure is maintained at 10~ torr. Thickness of each of the four films i.e. ZnO, 2at%Al: ZnO,
3at%Al: ZnO and 5at%Al: ZnO is nearly 250 nm. All the films are subjected to post-deposition heat
treatment. Structural and electrical characterization along with optical transmission study of these four
film samples has been performed.

3. Heat Treatment of ZnO and AZO Films

The as-deposited films are subjected to thermal cycles in air atmosphere. Heat treatment of the films is
carried out at temperatures quite below the deposition temperature since at temperatures near or above
deposition temperature, partial loss of material due to re-evaporation of film or a discontinuity in the
film may occur. All the above as-deposited samples are heated up to 150 °C and then cooled back to
room temperature i.e. 30 C. Samples are again heated to 150 °C and cooled back. Three cycles of
heating and cooling is repeated to stabilize the variation in the resistance. Variation in resistance of
each of the samples during the thermal cycles is recorded directly using two probe pressure contacts
and is plotted in Fig. 1. The resistance of the undoped ZnO film at room temperature is 947 Q. As the
temperature of sample is raised gradually to 150 °C its resistance decreases to 855 Q along the curve a
as shown in Fig. 1. Further when the sample is cooled back the resistance starts increasing along curve
b showing a value of 949 Q at room temperature which is very near to its initial value. As the thermal
cycle is again repeated the film resistance follows the curve b. Again in next cycle the film resistance
varies along the curve c. Thus the electrical resistance of the sample film measured during heating and
cooling between room temperature and 150 °C, shows a hysteresis type of graph for resistance vs.
temperature. These traces of paths, however, come closer with repeated cyclic heating and cooling and
after three such cycles eventually follow the same path up to 70 °C during further heating and cooling.

151



Sensors & Transducers Journal, Vol. 113, Issue 2, February 2010, pp. 150-157

1040 4
1020 A
1000 A
S0 -
9HD A m— Curve c
840 -
940 A
a0 -
880 -
BE0
840

= Curve a

Curve b

Resistance (ohm)

] 20 40 [0 a0 100 120 140 160
Temperature ('C)

Fig. 1. Variation of resistance with temperature for as-deposited undoped ZnO film during repeated heating and
cooling between 30 and 150 °C. Curves a, b and ¢ represent the first, second
and third cycle of heat treatment respectively.

The highly conducting as-deposited AZO films with a doping of 2, 3, and 5 at% have high
conductivity. Variation in the film resistance when these films are subjected to heating cycles is
negligible.

4. Characterization of the Films

The XRD patterns of the films are taken using X-ray powder diffractometer (SEIFERT
ISO-DEBEYEFLEX2002) using Cu-K,1 (A=1.540568 A) radiation. Surface morphology of films has
been carried out using Scanning Electron Microscope. The transmittance of the films is obtained in
200-900 nm region using UV-VIS spectrophotometer from Systronics.

4.1. Structural Properties

The X-ray diffraction patterns of the heat treated ZnO and AZO films are shown in Fig. 2. The ZnO
related reflections (20~34") in each pattern are obtained in (0002) plane, indicating a strong c-axis
orientation with hexagonal wurtzite structure. Each of the four films has retained their single
crystalline nature. The XRD peaks which occur at 34.5 1°, 34.54°,34.57°, and 34.60° for ZnO and AZO
samples respectively shift to higher values of 0 with increasing Al concentration in ZnO films. The
trend is opposite to that obtained for as-deposited films [19]. The c-lattice constant of heat treated
samples are 0.5194, 0.5190, 0.51846 and 0.51794 nm respectively. For ZnO sample it is equal to the
JCPDS value of 0.5194 nm and for AZO the lattice constants are lower. The respective grain sizes are
calculated to be 32.1, 36.9, 32.1 and 33.6 nm using Debye-Scherer equation.

4.2. Surface Morphology

Figs. 3a, b and ¢ show the surface morphology of as-deposited undoped ZnO, 2at% Al:ZnO and 3at%
Al:ZnO respectively. All the SEMs show uniform growth throughout the substrate with occasional
darker patches. For doped samples these patches become deeper. Cyclic heat treatment of these films
changes their surface structure. Cracks appear in the undoped film (Fig. 4a) due to segregation and
shrinking whereas the morphology of 2 at% Al:ZnO changes considerably (Fig. 4b) showing uniform
rod-like structures which may be due to grouping of grains. For 3at% Al:ZnO film (Fig. 4c)
rectangular structures of random sizes are seen.
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Fig. 3. SEM of as-deposited (a) undoped ZnO film; (b) 2at% Al:ZnO film; (c) 3at% Al:ZnO film.
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Fig. 4. SEM of heat treated (a) undoped ZnO film; (b) 2at% Al:ZnO film; (c) 3at% Al:ZnO film.
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4.3 Optical Properties

The optical transmittance of the heat treated films is measured at normal incidence taking air as
reference and is shown in Fig. 5. ZnO, 2at% Al:ZnO, 3at%Al:ZnO and 5at%Al:ZnO films show an
average transmission of nearly 65, 74, 75 and 80 % respectively, between 450 to 900 nm. Thus 5at%
Al: ZnO shows the maximum transmission among all the films. This trend is similar to that obtained
before heating the films. The respective sharp absorption edges occur at 384, 346, 334 and 330 nm. All
the films show a small red-shift as compared to their corresponding values for as-deposited films. The
band gaps for the respective samples are obtained as 3.23, 3.54, 3.59, and 3.61 eV as shown in the
inset.
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Fig. 5. Transmission spectra of undoped and Al doped ZnO films. Inset shows the optical band gap
with variation in Al doping in ZnO for as-deposited and heat treated films.

4.4. Resistivity at Room Temperature

The resistivity of the films is measured using four point-probe method. Variation of resistivity, p, of
the films after heat treatment with variation of Al content in the AZO samples at room temperature is
shown by curve a, Fig. 6. Resistivity of these films at the same temperature before heat treatment is
shown by curve b in the same figure. Minimum value of p is 2.79x10™* Q-cm and it occurs for heat
treated 2at. %Al: ZnO film. For undoped ZnO resistivity falls from 3x107 Q-cm to 1.47x107 Q-cm
after heat treatment. The change in resistivity for different concentrations in ZnO can be attributed to
granularity in the samples.
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Fig. 6. Variation in resistivity of as-deposited , heat-treated (curve a & curve b) undoped and doped ZnO films.

4.5. Sensitivity to Temperature

Sensitivity of heat treated films to temperature is investigated by four point probe method by studying
the variation in resistance of the film with variation in its temperature. For the purpose, voltage
developed across two probes placed linearly on the film is measured at every 5 °C between 30 to
150 °C for three different values of currents i.e. for 0.01, 0.1 and 1 mA. Variation in the sheet
resistance for undoped heat treated ZnO film is shown in Fig. 7. The curve shows negative temperature
coefficient of resistance (TCR) showing the semiconducting behaviour of undoped ZnO film. Such
variation for heat treated AZO films with 2, 3 and 5 at% doping are also shown in the same figure. As
the temperature rises from 30 to 150 °C the sheet resistance of AZO films increases showing a positive
TCR with a maximum change of 3 ohm in resistance. This indicates an absence of activation carrier
and confirms that all Al doped ZnO films are degenerate semiconductors where the conductivity is
mainly dominated by temperature independent scattering processes, such as ionized impurity scattering
and tunnelling through the grain boundaries.
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Fig. 7. Variation of sheet resistance with temperature for heat treated ZnO film show negative TCR.
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Fig. 8. Variation of sheet resistance with temperature for heat treated AZO films shows very small positive
TCR.

5. Results and Discussion

The ZnO and AZO films when subjected to repeated heating and cooling between 30 °C and 150 °C
i.e. at temperature below the deposition temperature their properties - structural, optical and electrical -
get modified. For as-deposited films, the XRD peaks shifts to lower angles [19] with increasing Al
doping whereas after cyclic heating this trend reverses and XRD peaks now shift to higher angles. This
trend affects the interplanar spacing also as it decreases with increasing Al concentration for heat
treated films whereas it was increasing for as-deposited films. Lattice constants also show similar
behaviour. After heating, lattice constant decreases linearly with increased Al doping. This behaviour
is attributed to the occurrence of substitutional incorporation of Al ion into Zn®" sites. Since radius of
Al ion (0.53A) is lesser than that of Zn®" ion (0.72A), substitutional incorporation of Al ion into Zn ion
sites leads to compression of lattice. As the film is heated the doped Al ion which got interstitially
placed in the as-deposited films diffuses in and gets placed on Zn ion sites thereby leading to increase
in the lattice parameter,. The grain size earlier showed increasing trend with increasing Al
concentration in ZnO but after heating this trend breaks. The size firstly increases at 2at% Al doping,
then decreases for 3at% Al doping and again increases for 5at% Al doping. The grain size is maximum
at 2at% doping. The heat treatment decreases the transmittance of the films. The sharp absorption
edges for corresponding films show a small red shift after heating in comparison to as-deposited films.
Inset in Fig. 3 shows a comparison between the band gaps of heat treated and as-deposited films. The
resistivity of heat-treated undoped ZnO film at room temperature drops drastically to 50 % as
compared to as-deposited film. It is interesting to note that for heat treated films minimum resistivity
and the largest grain size both occur at 2at% Al doping in ZnO.
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