ISSN 1726-5749

SENSORS 4/

TRANSDUCERS

VIOUETNISENSINGIECNPIogIes

International Frequency Sensor Association Publishing és-i




~IEeR

[

Sensors & Transducers

Special Issue
April 2008

WWW.SEﬂSOI’SpOI’taLCOI’n

ISSN 1726-5479

Editor-in-Chief: Sergey Y. Yurish
Guest Editors: Subhas Chandra Mukhopadhyay and Gourab Sen Gupta

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

Editors for North America

Datskos, Panos G., Oak Ridge National Laboratory, USA
Fabien, J. Josse, Marquette University, USA

Katz, Evgeny, Clarkson University, USA

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

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

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

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

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

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

Chen, Jiming, Zhejiang University, China

Chen, Rongshun, National Tsing Hua University, Taiwan

Cheng, Kuo-Sheng, National Cheng Kung University, 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

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

Dickert, Franz L., Vienna University, Austria

Dieguez, Angel, University of Barcelona, Spain

Dimitropoulos, Panos, University of Thessaly, Greece

Ding Jian, Ning, Jiangsu 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, University 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

Hashsham, Syed, Michigan State University, USA

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

Jiao, Zheng, Shanghai University, China

John, Joachim, IMEC, Belgium

Kalach, Andrew, Voronezh Institute of Ministry of Interior, Russia

Rodriguez, Angel, Universidad Politecnica de Cataluna, Spain

Rothberg, Steve, Loughborough University, UK

Sadana, Ajit, University of Mississippi, USA



Kavasoglu, Nese, Mugla University, Turkey

Ke, Cathy, Tyndall National Institute, Ireland

Khan, Asif, Aligarh Muslim University, Aligarh, India

Kim, Min Young, Koh Young Technology, Inc., Korea South

Ko, Sang Choon, Electronics and Telecommunications Research Institute, 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, Universidade NOVA de Lisboa, Portugal

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 Autdnoma de Puebla, Mexico

Moradi, Majid, University of Kerman, Iran

Morello, Rosario, DIMET, University "Mediterranea" of Reggio Calabria, Italy

Mounir, Ben Ali, University of Sousse, Tunisia

Mukhopadhyay, Subhas, Massey University, New Zealand

Neelamegam, Periasamy, Sastra Deemed University, India

Neshkova, Milka, Bulgarian Academy of Sciences, Bulgaria

Oberhammer, Joachim, Royal Institute of Technology, Sweden

Ould Lahoucin, 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, ltaly

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

Sensors & Transducers Journal (ISSN 1726-5479) is a peer review international journal published monthly online by International Frequency Sensor

Sadeghian Marnani, Hamed, TU Delft, The Netherlands

Sandacci, Serghei, Sensor Technology Ltd., UK

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

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

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 University 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 Institute 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

Vazques, Carmen, Carlos Il 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 University 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

Ymeti, Aurel, University of Twente, Netherland

Yu, Haihu, Wuhan University of Technology, China

Yufera Garcia, Alberto, Seville University, Spain

Zagnoni, Michele, University of Southampton, UK

Zeni, Luigi, Second University of Naples, Italy

Zhong, Haoxiang, Henan Normal University, China

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

Zhou, Zhi-Gang, Tsinghua University, China

Zorzano, Luis, Universidad de La Rioja, Spain

Zourob, Mohammed, University of Cambridge, UK

Association (IFSA). Available in electronic and CD-ROM. Copyright © 2008 by International Frequency Sensor Association. All rights reserved.



Sensors & Transducers Journal /

‘—/ [

Volume 90 Www_sensorsportal_com ISSN 1726-5479
Special Issue
April 2008

Special Issue on Modern Sensing Technologies
Editorial
Modern Sensing Technologies
Subhas Chandra Mukhopadhyay and Gourab Sen GuPta.................ccovieiiiiiiiiiiiiiiiiiiiiii e, I
Sensors for Medical/Biological Applications
Characteristics and Application of CMC Sensors in Robotic Medical and Autonomous
Systems
X. Chen, S. Yang, H. Natuhara K. Kawabe, T. Takemitu and S. Motojima ............c.ccccccvevvecineennne. 1
SGFET as Charge Sensor: Application to Chemical and Biological Species Detection
T. Mohammed-Brahim, A.-C. Salaiin, F. L& BiR@AN..................ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 11
Estimation of Low Concentration Magnetic Fluid Weight Density and Detection inside
an Artificial Medium Using a Novel GMR Sensor
Chinthaka Gooneratne, Agnieszka tekawa, Masayoshi Iwahara, Makiko Kakikawa and
N0 (01 1T 111 - To - ISR 27

Design of an Enhanced Electric Field Sensor Circuit in 0.18 um CMOS for a Lab-on-a-Chip
Bio-cell Detection Micro-Array

S. M. Rezaul Hasan and Siti Noorjannah 1brahim..................coooiiiiiiiiiee

Wireless Sensors

Coexistence of Wireless Sensor Networks in Factory Automation Scenarios
Paolo Ferrari, Alessandra Flammini, Daniele Marioli, Emiliano Sisinni, Andrea Taroni.....................

Wireless Passive Strain Sensor Based on Surface Acoustic Wave Devices
T. Nomura, K. Kawasaki @Nd A. SQITOR ..............ooeeeeeeeeeeeeeeeeeeeeeeeeeeeee ettt eeeteee e

Environmental Measurement OS for a Tiny CRF-STACK Used in Wireless Network
Vasanth lyer, G. Rammurthy, M. B. SEHNIVAS...........cccuuuieioeiieeeiie e eseteeeaa e aea e asea e anseen

Ubiquitous Healthcare Data Analysis And Monitoring Using Multiple Wireless Sensors
for Elderly Person
Sachin Bhardwaj, Dae-Seok Lee, S.C. Mukhopadhyay and Wan-Young Chung.............cccccuuun......

Capacitive Sensors

Resistive and Capacitive Based Sensing Technologies
Winncy Y. DU @nd SCOMt W. YEIICH .........cocueeeeeeeeee ettt et e a e ennea s

39

48

61

72

87

100



A Versatile Prototyping System for Capacitive Sensing
Daniel Hrach, Hubert Zangl, Anton Fuchs and Thomas Bretterklieber .................cccovoeieiieeianccinen..

The Physical Basis of Dielectric Moisture Sensing
J. H. Christie and |. M. WOOAREAQ ...............occeiiieieeeeeee ettt

Sensors Signal Processing

Kalman Filter for Indirect Measurement of Electrolytic Bath State Variables: Tuning Design
and Practical Aspects

Carlos A. Braga, Jodo V. da Fonseca Neto, Nilton F. Nagem, Jorge A. Farid

and Fabio NOQUEITa Q@ SilVaA ...........cccceeeeeeeeeeee ettt e ettt a e e e e sttt aaaeeessneees

Signal Processing for the Impedance Measurement on an Electrochemical Generator
El-Hassane Aglzim, Amar Rouane, Mustapha Nadi and Djilali Kourtiche ..............c.ccccocoooviviviieenn.

Gas Sensors

Gas Sensing Performance of Pure and Modified BST Thick Film Resistor

G. H. Jain, V. B. Gaikwad, D. D. Kajale, R. M. Chaudhari, R. L. Patil, N. K. Pawar, M. K. Deore,
S. D. ShiNde @nd L. A. PALl............oooomeeeeeee ettt
Zirconia Oxygen Sensor for the Process Application: State-of-the-Art

Pavel Shuk, Ed Bailey, UIFCH GUER ............coceeeeeieeeeee ettt ettt

Image Sensors

Measurement of Digital Camera Image Noise for Imaging Applications
Keniji Irie, Alan E. McKinnon, Keith Unsworth, lan M. Woodhead.................c.coovvvveviiininininnn

Calibration-free Image Sensor Modelling Using Mechanistic Deconvolution
Shen Hin Lim, TOMONGIT FUIUKAWA ..............couueeeeeeeeeeeeeeeee ettt ettt e e tetea e e e e e e eee s

Miscellaneous

Functional Link Neural Network-based Intelligent Sensors for Harsh Environments
Jagdish C. Patra, Goutam Chakraborty and Subhas Mukhopadhyay.............c..ccceeevvvvuveeneeeeessernennn,

MEMS Based Pressure Sensors — Linearity and Sensitivity Issues
Jaspreet Singh, K. Nagachenchaiah, M. M. NQYaK..............cooouummeimiieeeieiieieeaeeeeeeiaa e

Slip Validation and Prediction for Mars Exploration Rovers
=T oo B = o FO PP

Actual Excitation-Based Rotor Position Sensing in Switched Reluctance Drives
IBrahim Al-B@RAGIY .........coo et a e e

A Portable Nuclear Magnetic Resonance Sensor System
R. Dykstra, M. Adams, P. T. Callaghan, A. Coy, C. D. Eccles, M. W. Hunter, T. Southern,
R L. WA ...

A Special Vibration Gyroscope
Wang Hong-wei, Chee Chen-jie, Teng Gong-qing, Jiang SRi=YU..............cccccummooiiiiiciiiiiniiieaesnen

An Improved CMOS Sensor Circuit Using Parasitic Bipolar Junction Transistors for
Monitoring the Freshness of Perishables
S. M. Rezaul Hasan and Siti Noorjannah 1brahim...................ccccooeeeeeviieeeeeieeeeeesiiieeeeee e

117

128

139

150

160

174

185

195

209

221

233

243

255

267

276



Sensing Technique Using Laser-induced Breakdown Spectroscopy Integrated with Micro-
droplet Ejection System
Satoshi Ikezawa, Muneaki Wakamatsu, Joanna Pawfat and Toshitsugu Ueda .................cccueee...... 284

A Forward Solution for RF Impedance Tomography in Wood
lan Woodhead, Nobuo Sobue, lan Platt, JORN CAFISHE..............cccceiieiiieiieiese e 294

A Micromachined Infrared Senor for an Infrared Focal Plane Array
Seong M. Cho, Woo Seok Yang, Ho Jun Ryu, Sang Hoon Cheon, Byoung-Gon Yu,
CRANG AUCK CRO ...ttt ettt e e e et e e et e e e e e e e e e e eeneas 302

Slip Prediction through Tactile Sensing
Somrak Petchartee and Gareth MONKMAN...............cccooeueeeeeneeeeeeeeeeeeeeeeeeee et 310

Broadband and Improved Radiation Characteristics of Aperture-Coupled Stacked
Microstrip Antenna for Mobile Communications

SGJAI KUMQAE PAIL ........ccccoooeeeeeee ettt e e e et ettt e e e e ettt aaaesssssteeaaaaeeas 325
The Use of Bragg Gratings in the Core and Cladding of Optical Fibres for Accurate Strain

Sensing

lan G. Platt and 1an M. WOOAREAU ...............ooowe ettt a e e e e esnneees 333

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. 90, Special Issue, April 2008, pp. 160-173

L e Sensors & Transducers

" ISSN 1726-5479

www.sensorsportal.com © 2008 by IFSA
http://www.sensorsportal.com

Gas Sensing Performance of Pure and Modified BST
Thick Film Resistor

“IG. H. JAIN, V. B. GAIKWAD, 'D. D. KAJALE, ‘R. M. CHAUDHARI,
’R. L. PATIL, °N. K. PAWAR, 'M. K. DEORE, *S. D. SHINDE and “L. A. PATIL

'Department of Physics, Arts, Commerce and Science College,
Nandgaon, India 423 106,

*Department of Chemistry, K. T. H. M. College,

Nashik, India 422 002,
3Department of Physics, K.A.A.N.S. Arts, Commerce and Science College, Satana, India,

*Material Science Laboratory, Pratap College,

Amalner, India 425 401
*E-mail: gotanjain@rediffmail.com

Received: 15 October 2007 /Accepted: 20 February 2008 /Published: 15 April 2008

Abstract: Barium Strontium Titanate (BST-(Bagg7Sto.13)Ti03) ceramic powder was prepared by
mechanochemical process. The thick films of different thicknesses of BST were prepared by screen-
printing technique and gas-sensing performance of these films was tested for various gases. The films
showed highest response and selectivity to ammonia gas. The pure BST film was surface modified by
surfactant CrO; by using dipping technique. The surface modified film suppresses the response to
ammonia and enhances to H,S gas. The surface modification of films changes the adsorption-
desorption relationship with the target gas and shifts its selectivity. The gas response, selectivity,
response and recovery time of the pure and modified films were measured and presented.
Copyright © 2008 IFSA.

Keywords: Barium Strontium Titanate, Thick films, Ammonia gas sensor, H,S gas sensor, Selectivity

1. Introduction

The sensors are required basically for measurement of physical quantities and for use of controlling
some systems. Presently, the atmospheric pollution has become a global issue. Gases from auto and
industrial exhausts are polluting the environment. In order to detect, measure and control these gases,
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one should know the amount and type of gases present in the ambient. Thus, the need to monitor and
control these gases has led to the research and development of a wide variety of sensors using different
materials and technologies. Gas sensitive resistors based on semiconducting oxides are simple and
robust devices which owe their response to changes in charge-carrier concentration within a depletion
layer at the solid-gas interface, in turn caused by a change in the surface density of electron trap states
[1, 2]. They raise interesting questions of surface chemistry: the effects are considered due either to
change in the surface coverage of the adsorbed oxygen species, caused by a reaction with the gas, or to
adsorption of a gas species generating a new surface trap state.

Detection of ammonia (NHj3) is required in many applications including leak-detection in air
conditioning systems [3], sensing of trace amounts in air for environmental analysis [4], breath
analysis for medical diagnoses [5], animal housing and more. Generally, because it is toxic, it is
required to be able to sense low levels of NHj3, but it should also be sensitive to much higher levels.
NH; gas is very corrosive, often causing existing NHj sensors to suffer from drift, which have short
life times. The ammonia sensors that have been manufactured in the largest quantities are mostly based
on SnO, sensors [6-11]. Some of the well-known materials for ammonia sensors are pure ZnO [12,
13], SnO; [14], T10; [15], Cr,03-doped TiO, [16], etc.

A different approach to make selective metal-oxide gas sensor is by using metals or additives that
enhance the chemisorptions of specific gases. WO3 based sensing material is demonstrated to respond
to NHj3 [17-18]. Very low detection limits of 1 ppm for ammonia sensing have been reported using a
WO;3 ammonia sensor with Au and MoO; additives. This sensor is operated at an elevated temperature
of more than 400°C [18]. Most sensors have much higher detection limits. Normal detection of these
sensors ranges from 1 to 1000 ppm [18, 19]. Another type of widely used ammonia sensor, employing
electrolyte solutions with diaphragm electrodes, has major limitations due to the cost of fabrication and
its relatively poor sensitivity and selectivity. Similarly, Pd gate metal oxide semiconductor device is
also sensitive to ammonia but it does not offer sufficient selectivity, because ammonia is indirectly
detected by sensing the hydrogen after decomposition [20].

The pervoskite oxides (ABO;) were used as gas sensor materials for their stability in thermal and
chemical atmospheres. So, over a last decade, the pervoskite oxide ceramic such as BaTiO; [21-24]
and (Ba,Sr)TiOs3 [25-29] have created and promoted interest in chemical sensors. Modifications in
microstructure, processing parameters and also concentration of acceptor/donor dopant can vary the
temperature coefficient of the resistance and conductivity of ABO; oxides. Sensors based on ABO;—
type complex oxide material, of rare earth elements have an outstanding merit of its high sensitive and
selective characteristics. These characteristics can be controlled by selecting suitable A and B atoms or
chemically doping A’ and B’ elements equivalent respectively to A and B into ABOs to obtain A A';.
«ByB'1.yO3 compound [30, 31]. Jain and Patil [32] have reported the sensing behaviour of pure and
modified (Bag¢751033)Ti03, and showed that unmodified and modified (Bag¢7S1¢.33)TiO3 are sensitive
to H,S gas.

The present work is to explain the gas sensing performance of (Bagg7Srg13)TiO3 (BST) and modified
(Bag g7S1¢.13)Ti03 thick film resistors. In the present study, it has been observed that response to NH;
gas increases with increase in (Bagg7Sro13)TiO; film thickness up to certain limit, beyond that the
response decreases on further increase in thickness. However, Roy et al [29] reported that the NH; gas
response goes on increasing with film thickness. The NH3 gas response varied depending upon the
thicknesses, micro-structural variations, operating temperature and the concentration of gas.
(Bag7S1r0.13)TiOs thick films were surface modified using chromium trioxide (CrOs) solution by
dipping technique. The surface modification shifts the response of (Bags7Sro.13)TiO5 thick film from
NHj; to H,S gas.
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2. Experimental
2.1. Powder Preparation

Barium Strontium Titanate (BST-(Bagg7Sro13)TiO3) ceramic powder was prepared by
mechanochemical process, explained elsewhere [33]. The XRD spectrum of as prepared powder
confirmed the sub microcrystalline pervoskite phase. The composition ratios (Ba/Sr) of the as prepared
powder were confirmed using the microarea EDS analysis.

2.2. Preparation of Thick Films

The thixotropic paste was formulated by mixing the fine powder of BST with the solution of ethyl
cellulose (a temporary binder) in a mixture of organic solvents such as butyl cellulose, butyl carbitol
acetate and terpineol etc. The ratio of inorganic part to organic part was kept at 75:25 in formulating
the paste. This paste was screen printed [24] on glass substrate in the desired pattern. The films were
fired at 550°C for 30min.

2.3. Variation of Thickness

The thickness of the films was measured by using the Taylor—Hobson (Talystep, UK) system. The
thicknesses of the films were observed in the range from 65—70 mm. The reproducibility in thickness
of the films was possible by maintaining proper rheology and thixotropy of the paste. Films of various
thicknesses were prepared by controlling the number of impressions of squeeze strokes. Different films
of thicknesses: 1BST(17um), 2BST(33um), 3BST(48um) and 4BST(63um), were printed. The
reproducibility in the thickness of the films was possible by maintaining proper rheology and
thixotropy of the paste.

2.4. Surface Modification of Films

The surface modified 2BST thick films were obtained by dipping them in a 0.1M aqueous solution of
chromium trioxide (CrOs) for different intervals of dipping time: 5, 10, 20 and 30min. These films
were dried at 80°C, followed by firing at 550°C for 30min. These surface modified films are termed as
‘Cr,03-modified’ BST films.

2.5. Characterization

The structural properties of the powder were studied using a Rigaku model DMAX-2500 X-ray
diffractometer (XRD) with Cu.Ka radiation, having A = 1.5406 A. The microstructure and chemical
compositions of the films were analyzed using a scanning electron microscope (SEM, JEOL JED
6300) coupled with an energy dispersive spectrometer (EDS, JEOL JED2300LA). The thicknesses of
the thick films were measured using a Taylor—Hobson (Talystep, UK) system. The sensing
performance of the sensors was examined using a ‘static gas sensing system’ explained elsewhere [24].
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3. Results and Discussion
3.1. Structural Analysis

Fig. 1 shows the X-ray diffractogram of screen-printed BST thick film fired at 550°C in air
atmosphere.

XRD analysis revealed that the material is polycrystalline in nature with tetragonal pervoskite phase.

The positions of the peaks matched well with the ASTM data book, card No. 34-11 and the average
grain size determined from Scherer formula is estimated to be 264 nm.
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Fig. 1. X-ray diffractogram of the BST thick film.

3.1. Microstructural Analysis

Fig. 2(a) depicts the SEM image of unmodified 2BST (thickness: 33um) thick film fired at 550°C. The
film consists of a large number of grains leading to high porosity and large effective surface area
available for the adsorption of oxygen species. Fig. 2(b) is the SEM image of the unmodified 4BST
film having larger thickness (63um), which is comparatively less porous and grains are agglomerated.
Effective surface to volume ratio would be decreased and less number of oxygen ions would be
adsorbed on film in Fig. 2(b) as compared to the film in Fig. 2(a).

Fig. 2(c) is the SEM image of a Cr,Os-modified 2BST (thickness: 33um) film for the dipping time
interval of 5min. The micrograph appears to consist of relatively small number of smaller particles
distributed around the larger BST particles. The small particles may be of Cr,Os. Fig. 2(d) is the SEM
image of a Cr,O03-modified 2BST (33pum) film for the dipping time interval of 20min.

3.2. Quantative Elemental Analysis of Unmodified and Modified Films

The quantitative elemental composition of surface modified films obtained by dipping technique were
analyzed using energy dispersive spectrometers have been presented in Table 1.

Stoichiometrically (theoretically) expected wt% of cations (Ba+Sr+Ti) and anions (O) are 85.02 and
14.98, respectively. The wt% of constituent cations and anions in as prepared BST and Cr,Oz-modified
2BST were not as per the stoichiometric proportion and all samples were observed to be oxygen
deficient, leading to the semiconducting nature of BST. It is clear from Table 1 that the weight
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percentage of Cr,O3 went on increasing with dipping time. The film with the dipping time of 20 min is
observed to be more oxygen deficient (5.92wt.%). This oxygen deficiency would promote the
adsorption of relatively larger amount of oxygen species favourable for higher gas response.

(©) (d)

Fig. 2. SEM images of unmodified: (a) 2BST (33um), (b) 4BST (63um) and surface modified dipped for:
(c) Smin and (d) 20 min 2BST (33um) films.

Table 1. Quantitative elemental analysis.

Elements (wt%) Dipping Time (min)
0 5 10 20 30
(Ba+Sr+Ti) 93.16 93.28 92.84 93.24 92.55
Cr 00 0.51 0.80 0.84 0.93
O 6.84 6.21 6.36 5.92 6.52
BST 100 99.2546 | 98.8307 | 98.7723 | 98.6407
Cr,0; 00 0.7454 1.1693 1.2277 1.3593
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3.2. Thermal Analysis

Fig. 3 shows the thermogravimetric profile of pure and Cr,Os-modified 2BST films. Table 2 lists loss
or gain in weight percentage of pure and Cr,Osz-modified 2BST films in the different ranges of
temperature observed from TGA. Comparatively a less weight loss and a more gain in the Cr,Os-
modified 2BST sample can be attributed to the adsorbed oxygen content.

The film with the content of Cr,O3 (1.2277wt%) has been observed to contain the smallest amount of
oxygen (5.92wt%, Table 1), which could be attributed to the largest deficiency of oxygen in the film. It
is, therefore, quite possible that the material would adsorb the largest possible amount of oxygen,
showing a relatively less weight loss. The Cr,O3 on the surface of modified sample would form misfits
regions between the grains of BST and could act as an efficient catalyst for oxygenation.

% 1 Method : TG-RT-900@10deg-Air

30.0-900.0 € 10. C/ min,Air,50.0 mliimin

1023
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1004 CrOg+BST
99
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0o 0 B0 T A B 0N B0 T B
Fig. 3. TGA of pure and Cr,O3;-modified 2BST films.
Table 2. Thermal analysis.
Temp. Pure 2BST Temp. Cr,0;-modified 2BST
(C) [ Loss Wt%) | Gainwt%) | (O [ Loss (wt%) | Gain (Wt%)
30-25 1.20 -- 30-125 1.0 -
125-245 ~ 1.20 125-245 ~ 1.2
245-290 0.20 — 245-290 0.2 —
290-340 - 0.20 290-340 — 0.4
340-900 2.25 - 340-900 0.6 —

4. Gas Sensing Performance of Unmodified BST films
4.1. Unmodified BST Films
4.1.1. Gas Response with Operating Temperature

Gas response or sensitivity of a sensor is defined as the ratio of the conductance change upon exposure
to a test gas to the conductance in air.

Fig. 4 shows the variation in NH; gas (300 ppm) response with operating temperatures (for films of
various thicknesses). It is noted from the graph that the response goes on increasing with the increasing
temperature, and attains a maximum at 300°C, and decreases with further increase in operating
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temperature for all thicknesses and film thickness of 33 um is found to be most sensitive for sensing
NH; gas.

9 _e—1BST
8 —m—2BST
7 —A—3BST
g —©—4BST

17 ym

)
33 um)
48 um) NH; gas
63 um)

Gas response
= N W b O
o O O O O

o

100 150 200 250 300 350 400 450
Temp(°C)

Fig. 4. Variation of NH; gas response with operating temperature for 300 ppm.

The variation in gas response with film thickness, and the sudden change in response at a particular
thickness may be due to optimum porosity. The porosity appears to increase with increasing film
thickness. Beyond a certain limit of thickness, the porosity may decrease due to densely populated
particles, which could easily agglomerate. The increased porosity could promote the in-pore adsorption
of oxygen, which could then improve the adsorption-desorption of the target gas.

4.1.2. Response and Recovery with Gas Concentrations

The time taken for the sensor to attain 90% of the maximum change in resistance upon exposure to the
gas is the response time. The time taken by the sensor to get back 90% to the original resistance is the
recovery time [34].

Fig. 5 shows the response and recovery profiles of the most sensitive unmodified 2BST film to
ammonia gas at 300°C, and it is observed that the response and recovery time increase with gas
concentration.

Ga:z OFF
307
l —— 10ppm
. ETH-E TR NH; gas —m— Z0ppm
= / A —&— 50ppm
¥ . —x—100ppm

Gasresponse

Gas ON

Fig. 5. Response speed of the (2BST) film at different NH; gas concentrations.
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Table 4 shows the values of response and recovery times of different gas concentrations. It is revealed
that for lower gas concentration the response and recovery times have been observed to be shorter, and
become longer as gas concentration increases. The smaller the gas concentration the faster would be
the oxidation of NH3 gas and hence quick response and immediate recovery of the sensor are noted.

Table 4. Response and recovery times with gas concentrations.

Gas concentration Response Time | Recovery Time
(ppm) (%) (s)
10 3 10
20 4 16
50 5 20
100 6 32

4.2. Cr,05-modified BST Films
4.2.1. Gas Response with Operating Temperature

Fig. 6 shows the variation of gas response of unmodified (pure) and Cr,Os-surface modified 2BST
films to H,S gas (300 ppm) with operating temperatures. The unmodified 2BST film showed weak
response (S=26) to H,S gas at 350°C, while the Cr,O3-modified BST films showed higher response
(S=73) at 350°C. The surface modification would have enhanced the response to H,S gas. The H,S gas
response of Cr,O3-modified 2BST goes on increasing with dipping time attains maximum (20 min)
and, decreases on further increase in dipping time interval as indicated in the graph.

80

—4— SmMin(Cr203)
0 —m—10min(Cr203)
60 —k— 20min(Cr203)
2 g 30min(Cr203)
= Pure2B3T
2 40
g
- 30
L]
@ 20
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':I ! T T T
100 200 300 400

Temp(®C)

Fig. 6. H,S gas response of pure and modified 2BST films with temperature.

4.2.2. Gas Response and Dipping Time

Fig. 7 shows the variation of NH3 and H»S gas response of the Cr,Os-modified 2BST films operated at
350°C and treated for the different intervals of time for modification. It is clear from figure that the
response to NHj gas goes on decreasing, and response to H,S gas goes on increasing with the increase
of dipping time interval, NHj3 response reaches to maximum at 20 min then decreases with further
increase in dipping time. Unmodified sample is more sensitive to NH3 while Cr,O3-modified sample is
more sensitive to H,S. The shifting of response of the modified film to H,S gas could be attributed to
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conversion of Cr,O; into Cr,S;, which is conducting in nature. Surface modification would have
altered the adsorbate-adsorbent interactions so as to obtain unusual selectivity and sensitivity effects to

H,S gas.

Gas response
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Fig. 7. Variation of NH; and H,S gas response with dipping time.

4.2.3. Selectivity of Pure and Cr,0O3-modified BST Films

The ability of a sensor to respond to a certain gas in the presence of other gases is known as selectivity.

Fig. 8 shows the histogram of selectivities of the pure and Cr,Os-modified 2BST film. It is clear from
the histogram that the pure BST is more selective to NH; while Cr,O3-modified is more selective to
H,S gas. Cr,03 misfits on the surface of the 2BST film would be responsible for the shifting from NHj3

to H>S.

Gas response
&

0 o CIT I e
NH3 LPG H2S coz co Ethanol H2
O PureBST 69 2.3 26 1.4 1.2 36 2
B Emin{Cr203} 19 25 33 1.5 1.3 3.8 21
O10min(Cr203) | 17.6 27 473 1.8 1.4 4 23
O 20min(Cr203) | 16.8 3 T3 2 1.5 42 25
B 30min{Cr203) 11 28 588 1.9 15 4 2
Lases

Fig. 8. Selectivity of the pure and Cr,0Os;-modified 2BST film.
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4.2.4. Response and Recovery Time of Cr,Os;-modified BST Film

The response and recovery profile of the most sensitive Cr,Os-modified 2BST film (20 min) is
represented in Fig. 9.The response was quick (3 s) and the recovery time was 18s, at 350°C to H,S gas
for 30-ppm gas concentration.

Ippm:Hz 5
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Gas response
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Fig. 9. Response and recovery of the Cr,O3-modified 2BST film.

The unmodified sample is more sensitive to NHj3 gas while Cr,Os-modified sample is more sensitive to
H,S gas. The shift in the response of the modified film to H,S gas could be attributed to surface
modification. Surface modification would alter the adsorbate-adsorbent interactions and allows
unusual selectivity and high sensitivity to H,S gas.

5. Discussion
5.1. BST as a NH; Sensor

The sensitivity of (Bags7Srg13)TiO; to NH3 could be attributed to the high oxygen deficiency and
defect density and leads to increased oxygen adsorption. The larger the amount of oxygen adsorbed on
the surface, the larger would be the oxidizing capability and faster would be the oxidation of NH3 gas.
The reactivity of NH; would have been very large as compared to H,S gas with the surface under the
same condition. Hydrite (NH3) may have lower sensitivity than hydrogen exposed on particular metal
oxide under the same condition [33]. The lower response to NH; may be related to firm binding state
preventing fast decomposition and water formation. NH; could dissociate under certain favourable
circumstances into (NH,)” and H' irreversibly. The reaction of released hydrogen with adsorbed or
lattice oxygen could increase the conductance leading to higher sensitivity to NH;. NH;3 undergoes the
following reaction on exposure to metal surface:

2NH3+ O'y¢s + O, — 2NO;, + 3H,0 + 5S¢ (1)

The equation (1) represents the chemical reaction involved in the unmodified BST to sense NHj3 gas.
NH; molecule has a lone pair of electrons. In comparison with other gases, NH; can readily donate the
unpaired electrons to the metal ions of base material, which has unfilled orbits to form coordination
complex. Furthermore, the coordinated NH; molecules easily react with oxygen adsorbates (O ngs) and
the electrons bonded with adsorbed oxygen are returned back into the sensor, increasing the sensor
conductivity.

The adsorbed oxygen on the surface of catalyst can be of several forms: O,, O, ,0” and O”. Of these
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species, O, is quite inactive because it is in very low concentration. If reducing agent is introduced, the
O disappears very quickly relative to O™ indicating the O" to be more active than O,". The lattice
oxygen, 0%, can also be reactive with the incoming reducing agent.

5.2. Cr,0s-modified BST as a H,S Gas Sensor

The chromium trioxide (CrO;3) on the surface of the BST film is not thermally stable above its melting
point (197°C) losing oxygen to give Cr,0; after a series of intermediate stages [35]. The H,S gas is
reducing in nature. It reduces Cr,Os; into Cr,S; or CrS, which are metallic in nature and more
conducting than Cr,0s. This can be represented as:

Cr,03 + 3H,8 — CraS; + 3H,0 )

or
Cr,05 + 2H,S — 4CrO + 3S0, 3)
CrO + H,S — CrS + H,0 (4)

Due to the reduction of chromium oxide into sulphides, the film resistance would decrease suddenly
and largely. This can be attributed to the high response of Cr,O3-modified BST film to H,S.

Upon the subsequent exposure of sensor to air ambient at elevated temperatures, sulphides got
oxidized and could be recovered back to oxides as:

2CI’283 + 902 —> 2CI‘203 + 6802 (5)

2CrS + 30, — 2CrO + 280, (6)

The separate chemical identities (Cr,O3) on the surface can create artificial surface states in the midgap
region, leading to unusual physical and chemical properties. For example, the adsorption energy can be
higher for the misfit regions, and the discontinuity in the adsorption potential can give rise to unusual
selectivity effects for Cr,Os-modified BST based semiconducting oxide sensors. There would be
optimum number of Cr,O3; misfits (in case of film dipped for 20 min) distributed uniformly on the
surface of the film. Cr,Os; misfits could act as catalyst for oxygenation leading to an increase in
resistance by electron transfer from surface state to oxygen species. Due to the Cr,O; misfits, the
number of oxygen ions adsorbed on the surface would be largest. When H,S gas comes in contact with
Cr,05-modified BST surface, it undergoes oxidation releasing electrons, decreasing resistance of the
sensor and enhancing the response to H,S. The reactivity of H,S gas is expected to be high as
compared to NH3 under the same conditions section if it is necessary.

5.3. Effect of Dipping Time on Cr,0; Dispersion
Fig. 10 illustrates the effect of dispersion of surface additive on the film conductivity. Uniform and
optimum dispersion of an additive dominates the depletion of electrons from semiconductor. Oxygen

adsorbing on additive (misfit) removes electrons from additive and additive in turn removes electrons
from the nearby surface region of the semiconductor and could control the conductivity.
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Fig. 10. Dispersion of additives.

For optimum dipping time (20 min), the number of Cr,O; misfits would be optimum and would
disperse uniformly covering the complete film surface (Fig. 10(a)). An adequate dispersion of Cr,O3
misfits (20 min) on film surface would produce depletion region on the grain surfaces and conductivity
could be monitored systematically. The film conductivity would be very low in air and very high on
exposure of H,S gas (due to conversion of Cr,0O3 into Cr,S3) and therefore the sensitivity would be
largest.

For the dipping time smaller than the optimum, the number of Cr,O3 misfits would be smaller, their
dispersion would be poor and the depletion regions would be discontinuous and there would be the
paths to pass electrons from one grain to another (Fig. 10(b)). Due to this, the initial conductance (air)
would be relatively larger and in turn sensitivity would be smaller.

For the dipping time larger than the optimum, the number of Cr,O3; misfits would be larger. This
would mask and resist the gas to reach the base material (BST) giving lower sensitivity.

6. Summary and Conclusions

1) The unmodified 2BST film is selective to NH; sensor at 350°C.

2) The NH; gas response increases with the increase in film thickness and attains a maximum for
33 um and response decreases on further increase in thickness.

3) The unmodified BST thick films were surface modified (Cr,Os-modified) using dipping technique.

4) The Cr,03-modified BST sensor is selective to H,S gas suppressing the responses to other gases.

5) The sensing properties of a particular material could be altered by surface modification.

6) The unmodified BST thick films were surface modified (Cr,Os-modified) using dipping technique.

7) The Cr,O;-modified BST sensor selective to H,S gas suppressing the responses to other gases.

Acknowledgements

Authors are grateful to the Principal, Arts, Commerce and Science College, Nandgaon, Principal,
K. T.HM. College, Nashik, and also thankful to the Head of P.G. Department of Physics, Pratap
College, Amalner for providing laboratory facilities, for his keen interest in this research project.

171



Sensors & Transducers Journal, Vol. 90, Special Issue, April 2008, pp. 160-173

Author (GHJ) thankful to Dr. K.C. Mohite for his wholehearted co-operation in this research. Authors
sincerely thank to B.C.U.D., University of Pune for financial assistance to this research project.

References

[1]. D. E. Williams, Semiconducting oxides as gas-sensitive resistors, Sensors and Actuators B, 57, 1999,
pp. 1-16.

[2]. N. Barsan, M. Schweizer-Berberich, W. Gopel, Fundamental and practical aspects in the design of nano-
scaled SnO, gas sensors, Fresnius J. Anal. Chem., 365, 1999, pp. 287-304.

[3]. D. Kohl, Function and application of gas sensors, topical review, J. Phys., D34, 2001, pp. R125-R149.

[4]. N. Docquier, S. Candel, Combustion control and sensors, a review, Progr. Energy Combust. Sci., 28, 2002,
pp. 107-150.

[5]. J. Riegel, H. Neumann, H. M. Wiedenmann, Exhaust gas sensors for automotive emission control, Solid
State Ionics, 152/153, 2002, pp. 783-800.

[6]. P. K. Clifford, D. T. Tuma, Characteristics of semiconductor gas sensors I: steady state gas response,
Sensors and Actuators, 3, 1983, pp. 233-254.

[7]. H. P. Huebner, S. Drost, Tin oxide gas sensors: An analytical comparison of gas-sensitive and non-gas-
sensitive thin films, Sensors and Actuators B, 4, 1991, pp. 463-466.

[8]. R. K. Srivastava, P. Lal, R. Dwivedi, S. K. Srivastava, Sensing mechanism in tin oxide-based thick-film
gas sensors, Sensors and Actuators B, 21, 1994, pp. 213-218.

[9]. G. Sberreglieri, Recent developments in semiconducting thin-film gas sensors, Sensors and Actuators, B23,
1995, pp. 103-109.

[10].C. Imawan, F. Solzbacher, H. Steffs, E. Obermeier, Gas-sensing characteristics of modified-MoQOj; thin
films using Ti-overlayers for NH; gas sensors, Sensors and Actuators B, 64, 2000, pp. 193-197.

[11].K. Zakrzewska, Mixed oxides as gas sensors, Thin solid films, 391, 2001, pp. 229-238.

[12].S. Saito, M. Miyayama, K. Koumoto, H. Yanagida, Gas sensing characteristics of porous ZnO and Pt/ZnO
ceramics, J. Am. Ceram. Soc., 68, 1, 1985, pp. 40-43.

[13].H. Nanto, T. Minami, S. Takata, Zinc oxide thin film ammonia gas sensors with high sensitivity and
excellent selectivity, J. Appl. Phys., 60, 1986, pp. 482-484.

[14].R. Sanjines, V. Dermane, F. Levy, Hall effect measurement in SnO, film sensor exposed to reducing and
oxidizing gases, Thin solid films, 193-194, 1990, pp. 935-942.

[15].D. Manno, G. Micocci, R. Rella, A. Serra, A. Taurino, A. Tepore, Titanium oxide thin films for NH;
monitoring: structural and physical characterization, J. Appl. Phys., 82, 1, 1997, pp. 54-59.

[16].P. T. Moseley, D. E. Williams, A selective ammonia sensor, Sensors and Actuators B, 1, 1990,
pp- 113-115.

[17].X. Wang, N. Miura, N. Yamazoe, Study of WOs-based sensing materials for NH; and NO detection,
Sensors and Actuators B, 66, 2000, pp. 74-76.

[18].C. N. Xu, N. Miura, Y. Ishida, K. Matuda, N. Yamazoe, Study of WOs-based sensing materials for NH;
and NO detection, Sensors and Actuators B, 65, 2000, pp. 163-165.

[19].M. Aslam, V. A. Choudhary, I. S. Mulla, S. R. Sainkar, A. B. Mandale, A. A. Belhekar,
K. Vijaymohanan, Study of WO;-based sensing materials for NH; and NO detection, Sensors and
Actuators A, 75, 1999, pp. 162-167.

[20].1. LundstrOm, M. S. Shivaraman, C. M. Svensson, A hydrogen sensitive Pd-gate MOS transistor,
J. Appl. Phys. 46, 1975, pp. 3876-3881.

[21].T. Ishihara, K. Kometani, Y. Nishi, Y. Takita, Improved sensitivity of CuO-BaTiO; capacitance type CO,
sensor, Sensors and Actuators B, 28, 1995, pp. 49-54.

[22].Z. -T. Tang, Z. -G. Zhou, Z. -T. Zhang, Experimental studies on the mechanism of BaTiO; based PTC CO
gas sensor, Sensors and Actuators B, 93, 2003, pp. 391-395.

[23].Z. -G. Zhou, Z. -L Tang, Z. -T. Zhang, Studies on grain boundary chemistry pervoskite ceramics as CO gas
sensors, Sensors and Actuators B, 93, 2003, pp. 356-361.

[24].G. H. Jain, L. A. Patil, M. S. Wagh, D. R. Patil, S. A. Patil, D. P. Amalnerkar, Surface modified BaTiO;
thick film resistors as H,S gas sensors, Sensors and Actuators B, 117, 2006, pp. 159-165.

[25].J. Holc, J. Slunecko, M. Hrovat, Temperature characteristics of electrical properties of (Ba,Sr)TiO; thick
film humidity sensors, Sensors and Actuators B, 26-27, 1995, pp. 99-102.

172



Sensors & Transducers Journal, Vol. 90, Special Issue, April 2008, pp. 160-173

[26].X. F. Chen, W. G. Zhu, O. K. Tan, Microstructure, dielectric properties and hydrogen gas sensitivity of
sputtered amorphous Bay ¢Sty 33TiO; thin films, Material Science and Engineering B, 77, 2000,
pp- 177-184.

[27].W. Zhu, O. K. Tan, Q. Yan, J. T. Oh, Microstructure and hydrogen gas sensitivity of amorphous
(Ba,Sr)TiO; thin film sensors, Sensors and Actuators B, 65, 2000, pp. 366-370.

[28].S. Agarwal, G. L. Sharma, Humidity sensing properties of, Ba, Sr)TiO; thin films grown by hydrothermal-
electrochemical method, Sensors and Actuators B, 85, 2002, pp. 205-211.

[29].S. C. Roy, G. L. Sharma, M. C. Bhatnagar, S. B. Samanta, Novel ammonia-sensing phenomena in sol-gel
derived Bag_sSry sTiO5 thin films, Sensors and Actuators B, 110, 2005, pp. 299-303.

[30].W. Yan, L. Sun, M. Lui, W. Li, Study of sensing characteristics of rare earth pervoskites for alcohol, Acta
Scientiarium Naturalium Universitaties Jilinesis, 2, 1991, pp. 52-56.

[31].L. Kong, Y. Shen, Gas sensing property of and mechanism of Ca,La,FeO; ceramics, Sensors and
Actuators B, 30, 1996, pp. 217-221.

[32].G. H. Jain, L. A. Patil, Gas sensing properties of Cu and Cr activated BST thick films, Bulletin of Material
Science, 29, 2006, pp. 403-411.

[33].G. H. Jain, L. A. Patil, Gas Sensing Performance of Barium Strontium Titanate Thick Film Resistors, In
Proceedings of the 2" International Conference on Sensing Technology (ICST ‘2007°), Palmerston North,
New Zealand, 26-28 November 2007, pp. 79-82.

[34].T. Ishihara, K. Kometani, M. Hashida, Y. Takita, Application of mixed oxide capacitor to the selective
carbon dioxide sensor, J. Electrochem Soc., 138, 1991, pp. 173-175.

[35].F. A. Cotton, G. Wilkinson, Advanced Inorganic Chemistry, Vol. 2, ond ed., Academic Press, New York,
1965, pp. 1347.

2008 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved.
(http://www.sensorsportal.com)

r.Combat ID & ¢
rorce lracking

Ju ne m“%.gma]%mhn Premiere at Tysons Corner « Vienna, VA

Three Reasons Why You Cannot Miss This Event:

1.  Hear the direction of future force tracking -'-""";
efforts from new program leaders A

2. Understand how the evolution of FBCB2 will meet
the demands of joint force and coalition missions

3. Learn how advancements in IF¥ and radar
technologies are improving combat ID

REGISTER TODAY | 800-882-8684 | www.ForceTrackingEvent.com



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 it is an open access, peer
review international journal, papers rapidly published in Sensors & Transducers Journal will receive a very high
publicity. The journal is published monthly as twelve issues per annual by International Frequency Association
(IFSA). In additional, some special sponsored and conference issues published annually.

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 6-14
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 Kkit:
http://www.sensorsportal.com/DOWNLOADS/Media_Kit_2008.pdf



-
|

wwosLsensorsportal.com

e-Impact Factor 2007:
156.504

Subscription 2008

Sensors & Transducers Journal (ISSN 1726-5479)
for scientists and engineers who need to be

at cutting-edge of sensor and measuring
technologies and their applications.

Keep up-to-date with the latest, most significant
advances in all areas of sensors and transducers.

Take an advantage of IFSA membership
and save 40 % of subscription cost.

Subscribe online:
http://www.sensorsportal.com/HTML/DIGEST/Journal_Subscription_2008.htm

www.sensorsportal.com





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


