ISSN 1726-5479

SENSORS 3

TRANSDUCERS

IVSICAI A CHEMICAISENSOIS

SV ITEIESSISENSOr NEetWorks

International Frequency Sensor Association Publishing dﬁ



http://www.sensorsportal.com/HTML/DIGEST/Journal_Subscription_2012.htm

T

g—-’ q
Sensors & Transducers

Volume 14-1, Special Issue www.sensorsportal.com ISSN 1726-5479

March 2012

Editors-in-Chief: Sergey Y. Yurish, tel.:

Editors for Western Europe

+34 93 413 7941, e-mail: editor@sensorsportal.com

Editor South America

Meijer, Gerard C.M., Delft University of Technology, The Netherlands Costa-Felix, Rodrigo, Inmetro, Brazil

Ferrari, Vittorio, Universita di Brescia, Italy

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 Africa
Maki K.Habib, American University in Cairo, Egypt

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

Azamimi, Azian binti Abdullah, Universiti Malaysia Perlis, Malaysia

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

Bouchikhi, Benachir, University Moulay Ismail, Morocco

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

Calvo-Gallego, Jaime, Universidad de Salamanca, Spain

Campanella, Luigi, University La Sapienza, Italy

Carvalho, Vitor, Minho University, Portugal

Cecelja, Franjo, Brunel University, London, UK

Cerda Belmonte, Judith, Imperial College London, UK

Chakrabarty, Chandan Kumar, Universiti Tenaga Nasional, Malaysia

Chakravorty, Dipankar, Association for the Cultivation of Science, India

Changhai, Ru, Harbin Engineering University, China

Chaudhari, Gajanan, Shri Shivaji Science College, India

Chavali, Murthy, N.I. Center for Higher Education, (N.I. University), India

Chen, Jiming, Zhejiang University, China

Chen, Rongshun, National Tsing Hua University, Taiwan

Cheng, Kuo-Sheng, National Cheng Kung University, Taiwan

Chiang, Jeffrey (Cheng-Ta), Industrial Technol. Research Institute, Taiwan

Chiriac, Horia, National Institute of Research and Development, Romania

Chowdhuri, Arijit, University of Delhi, India

Chung, Wen-Yaw, Chung Yuan Christian University, Taiwan

Corres, Jesus, Universidad Publica de Navarra, Spain

Cortes, Camilo A., Universidad Nacional de Colombia, Colombia

Courtois, Christian, Universite de Valenciennes, France

Cusano, Andrea, University of Sannio, Italy

D'Amico, Arnaldo, 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

Dighavkar, C. G., M.G. Vidyamandir’s L. V.H. College, India

Dimitropoulos, Panos, University of Thessaly, Greece

Ding, Jianning, Jiangsu Polytechnic University, China
Djordjevich, Alexandar, City University of Hong Kong, Hong Kong
Donato, Nicola, University of Messina, Italy

Donato, Patricio, Universidad de Mar del Plata, Argentina
Dong, Feng, Tianjin University, China

Drljaca, Predrag, Instersema Sensoric SA, Switzerland

Dubey, Venketesh, Bournemouth University, UK

Enderle, Stefan, Univ.of Ulm and KTB Mechatronics GmbH, Germany
Erdem, Gursan K. Arzum, Ege University, Turkey

Erkmen, Aydan M., Middle East Technical University, Turkey
Estelle, Patrice, Insa Rennes, France

Estrada, Horacio, University of North Carolina, USA

Faiz, Adil, INSA Lyon, France

Fericean, Sorin, Balluff GmbH, Germany

Fernandes, Joana M., University of Porto, Portugal

Francioso, Luca, CNR-IMM Institute for Microelectronics and Microsystems, Italy
Francis, Laurent, University Catholique de Louvain, Belgium
Fu, Weiling, South-Western Hospital, 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
James, Daniel, Griffith University, Australia

Janting, Jakob, DELTA Danish Electronics, Denmark

Jiang, Liudi, University of Southampton, UK

Jiang, Wei, University of Virginia, USA

Jiao, Zheng, Shanghai University, China

John, Joachim, IMEC, Belgium

Kalach, Andrew, Voronezh Institute of Ministry of Interior, Russia
Kang, Moonho, Sunmoon University, Korea South

Kaniusas, Eugenijus, Vienna University of Technology, Austria
Katake, Anup, Texas A&M University, USA

Kausel, Wilfried, University of Music, Vienna, Austria
Kavasoglu, Nese, Mugla University, Turkey

Ke, Cathy, Tyndall National Institute, Ireland

Khelfaoui, Rachid, Université de Bechar, Algeria

Khan, Asif, Aligarh Muslim University, Aligarh, India

Kim, Min Young, Kyungpook National University, Korea South
Ko, Sang Choon, Electronics. and Telecom. Research Inst., Korea South
Kotulska, Malgorzata, Wroclaw University of Technology, Poland
Kockar, Hakan, Balikesir University, Turkey


http://www.sensorsportal.com/

Kong, Ing, RMIT University, Australia

Kratz, Henrik, Uppsala University, Sweden

Krishnamoorthy, Ganesh, University of Texas at Austin, USA

Kumar, Arun, University of Delaware, Newark, 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, Fengyuan (Thomas), Purdue University, USA

Li, Genxi, Nanjing University, China

Li, Hui, Shanghai Jiaotong University, China

Li, Xian-Fang, Central South University, China

Li, Yuefa, Wayne State University, USA

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, Songgin, Southeast University, China

Lodeiro, Carlos, University of Vigo, Spain

Lorenzo, Maria Encarnacio, Universidad Autonoma de Madrid, Spain

Lukaszewicz, Jerzy Pawel, Nicholas Copernicus University, Poland

Ma, Zhanfang, Northeast Normal University, China

Majstorovic, Vidosav, University of Belgrade, Serbia

Malyshev, V.V., National Research Centre ‘Kurchatov Institute’, Russia

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 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

Mrad, Nezih, Defence R&D, Canada

Mulla, Imtiaz Sirajuddin, National Chemical Laboratory, Pune, India

Nabok, Aleksey, Sheffield Hallam University, UK

Neelamegam, Periasamy, Sastra Deemed University, India

Neshkova, Milka, Bulgarian Academy of Sciences, Bulgaria

Oberhammer, Joachim, Royal Institute of Technology, Sweden

Ould Lahoucine, Cherif, University of Guelma, Algeria

Pamidighanta, Sayanu, Bharat Electronics Limited (BEL), India

Pan, Jisheng, Institute of Materials Research & Engineering, Singapore

Park, Joon-Shik, Korea Electronics Technology Institute, Korea South

Penza, Michele, ENEA C.R., Italy

Pereira, Jose Miguel, Instituto Politecnico de Setebal, Portugal

Petsev, Dimiter, University of New Mexico, USA

Pogacnik, Lea, University of Ljubljana, Slovenia

Post, Michael, National Research Council, Canada

Prance, Robert, University of Sussex, UK

Prasad, Ambika, Gulbarga University, India

Prateepasen, Asa, Kingmoungut's University of Technology, Thailand

Pugno, Nicola M., Politecnico di Torino, Italy

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, Kosali, Joseph Fourier University of Grenoble, France

Rastogi Shiva, K. University of ldaho, USA

Reig, Candid, University of Valencia, Spain

Restivo, Maria Teresa, University of Porto, Portugal

Robert, Michel, University Henri Poincare, France

Rezazadeh, Ghader, Urmia University, Iran

Royo, Santiago, Universitat Politecnica de Catalunya, Spain

Rodriguez, Angel, Universidad Politecnica de Cataluna, Spain

Rothberg, Steve, Loughborough University, UK

Sadana, Ajit, University of Mississippi, USA

Sadeghian Marnani, Hamed, TU Delft, The Netherlands

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

Sandacci, Serghei, Sensor Technology Ltd., UK

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

Schneider, John K., Ultra-Scan Corporation, USA

Sengupta, Deepak, Advance Bio-Photonics, India

Seif, Selemani, Alabama A & M University, USA

Seifter, Achim, Los Alamos National Laboratory, USA

Shah, Kriyang, La Trobe University, Australia

Sankarraj, Anand, Detector Electronics Corp., USA

Silva Girao, Pedro, Technical University of Lisbon, Portugal

Singh, V. R., National Physical Laboratory, India

Slomovitz, Daniel, UTE, Uruguay

Smith, Martin, Open University, UK

Soleymanpour, Ahmad, Damghan Basic Science University, Iran

Somani, Prakash R., Centre for Materials for Electronics Technol., India

Sridharan, M., Sastra University, India

Srinivas, Talabattula, Indian Institute of Science, Bangalore, India

Srivastava, Arvind K., NanoSonix Inc., USA

Stefan-van Staden, Raluca-loana, University of Pretoria, South Africa

Stefanescu, Dan Mihai, Romanian Measurement Society, Romania

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

Thirunavukkarasu, 1., Manipal University Karnataka, India

Thumbavanam Pad, Kartik, Carnegie Mellon University, USA

Tian, Gui Yun, University of Newcastle, UK

Tsiantos, Vassilios, Technological Educational Institute of Kaval, Greece

Tsigara, Anna, National Hellenic Research Foundation, Greece

Twomey, Karen, University College Cork, Ireland

Valente, Antonio, University, Vila Real, - U.T.A.D., Portugal

Vanga, Raghav Rao, Summit Technology Services, Inc., USA

Vaseashta, Ashok, Marshall University, USA

Vazquez, Carmen, Carlos 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, Pacific Northwest National Laboratory, USA

Wang, Mi, University of Leeds, UK

Wang, Shinn-Fwu, Ching Yun University, Taiwan

Wang, Wei-Chih, University of Washington, USA

Wang, Wensheng, University of Pennsylvania, USA

Watson, Steven, Center for NanoSpace Technologies Inc., USA

Weiping, Yan, Dalian University of Technology, China

Wells, Stephen, Southern Company Services, USA

Wolkenberg, Andrzej, Institute of Electron Technology, Poland

Woods, R. Clive, Louisiana State University, USA

Wu, DerHo, National Pingtung Univ. of Science and Technology, Taiwan

Wu, Zhaoyang, Hunan University, China

Xiu Tao, Ge, Chuzhou University, China

Xu, Lisheng, The Chinese University of Hong Kong, Hong Kong

Xu, Sen, Drexel University, USA

Xu, Tao, University of California, Irvine, USA

Yang, Dongfang, National Research Council, Canada

Yang, Shuang-Hua, Loughborough University, UK

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 © 2012 by International Frequency Sensor Association. All rights reserved.



Sensors & Transducers Journal /“

Contents

Vqur_ne 141 Www_sensorsportal_com ISSN 1726-5479
Special Issue

March 2012

Research Articles

Physical and Chemical Sensors & Wireless Sensor Networks (Foreword)
S€rgey Y. YUIISA, PEIIE DINi........ccc.neeeeeeeeeeeeeeeee ettt a e e e e e e e I

From Smart to Intelligent Sensors: A Case Study
Vincenzo Di Lecce, Marco CalabreSe .............cooooe ettt e e 1

Smart Optoelectronic Sensors and Intelligent Sensor Systems
N =T(e L2 A A 7 L1 £ PSPPI 18

Accelerometer and Magnetometer Based Gyroscope Emulation on Smart Sensor for a
Virtual Reality Application
Baptiste Delporte, Laurent Perroton, Thierry Grandpierre and Jacques Trichet................ccccecuuvene... 32

Top-Level Simulation of a Smart-Bolometer Using VHDL Modeling
Matthieu Denoual and [IPALICK ALLI@ ...........ooee e 48

A Novel Liquid Level Sensor Design Using Laser Optics Technology
Mehmet Emre Erdem and DOJan GUNES ..............couicciuueeeie e cciiiee e e s e sitaeae e e e e e s ssiaare e e e e e e s snnenaeees 65

Recognition of Simple Gestures Using a PIR Sensor Array
Piotr Wojtczuk, Alistair Armitage, T. David Binnie, Tim Chamberlain ................cc.ccccoovevereeeeesscinnennn. 83

Sinusoidal Calibration of Force Transducers Using Electrodynamic Shaker Systems
Christian Schlegel, Gabriela Kiekenap, Bernd Gléckner, Rolf KUmme...............ccccceevicviniencinecen 95

Experimental Validation of a Sensor Monitoring Ice Formation over a Road Surface
Amedeo Troiano, Eros PasSero, LUCA MESIiN..............couueeieeeeeiieeeeeeeeeee ettt 112

Acoustic Emission Sensing of Structures under Stretch
Irinela Chilibon, Marian Mogildea, George MOGIldea ..................coeeeeceereeeieeeeeiecciieieae e, 122

Differential Search Coils Based Magnetometers: Conditioning, Magnetic Sensitivity, Spatial
Resolution
Timofeeva Matria, Allegre Gilles, Robbes Didier, Flament Stéphane..............c..ccocccvvvveereeeeesccnnnnnn. 134

Silicon Photomultipliers: Dark Current and its Statistical Spread
Roberto Pagano, Sebania Libertino, Giusy Valvo, Alfio Russo, Delfo Nunzio Sanfilippo, Giovanni
Condorelli, Clarice Di Martino, Beatrice Carbone, Giorgio Fallica and Salvatore Lombardo............. 151

An Integrated Multimodal Sensor for the On-site Monitoring of the Water Content and

Nutrient Concentration of SoilbyMeasuring the Phase and Electrical Conductivity

Masato Futagawa, Md. Iqramul Hussain, Keita Kamado, Fumihiro Dasai, Makoto Ishida, Kazuaki

SAWEAUA. ...ttt 160

Design and Evaluation of Impedance Based Sensors for Micro-condensation Measurement
under Field and Climate Chamber Conditions
Geert Brokmann, Michael Hintz, Barbara March and Arndt Steinke...............ccccoooiiiiiiciiiieeeeee, 174


http://www.sensorsportal.com/

A Parallel Sensing Technique for Automatic Bilayer Lipid Membrane Arrays Monitoring
Michele Rossi, Federico Thei and Marco Tartagii..............cc.uueeeeeeee e 185

Development of Acoustic Devices Functionalized with Cobalt Corroles or

Metalloporphyrines for the Detection of Carbon Monoxide at Low Concentration

Meddy Vanotti, Virginie Blondeau-Patissier, David Rabus, Jean-Yves Rauch, Jean-Michel Barbe,

SYIVAIN BAIANAIAS ...ttt ettt e e ettt a e e e e ettt e a e e e aaaaaees 197

Group IV Materials for High Performance Methane Sensing in Novel Slot Optical
Waveguides at 2.883 pm and 3.39 ym
Vittorio M. N. Passaro, Benedetto Troia and Francesco De Leonardis ............ccceeeeeeeeeeeereceeeeeeneeennn. 212

The Impact of High Dielectric Permittivity on SOl Double-Gate Mosfet Using Nextnano
Simulator
Samia Slimani, BOUAZA DJEIOUII..................occuueeeeeieeeeeee et eta e e ste e 231

A Novel Sensor for VOCs Using Nanostructured ZnO and MEMS Technologies
H. J. Pandya, Sudhir Chandra and A. L. V@S .........ueeeeuwe oottt a e e aasiseaaaaas 244

Lag 7Sro3MnO; Thin Films for Magnetic and Temperature Sensors at Room Temperature
Sheng Wu, Dalal Fadil, Shuang Liu, Ammar Aryan, Benoit Renault, Jean-Marc Routoure, Bruno
Guillet, Stéphane Flament, Pierre Langlois and Laurence MEchIn..............c.ccooccveeeevciineesciineee 253

Cell-Culture Real Time Monitoring Based on Bio-Impedance Measurements
Paula Daza, Daniel Canete, Alberto Olmo, Juan A. Garcia and Alberto Yufera...........cccccccovvuvveennn. 266

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).

BioMEMS 2010

ST IFSA offers
Microsystems Devices Driving
Healthcare Applications
The BioMEMS 2010 report is a robust analysis of the Micro Devices with the most advances to
develop solutions for vital bio-medical applications. The devices considered are:

Pressure sensors Microfluidic chips

Silicon microphones Microdispensers for drug delivery

Accelerometers Flow meters

Gyroscopes Infrared temperature sensors

Optical MeMs and image sensors Emerging MeMs (rfiD, strain sensors, energy harvesting)

Also addressed are the regulation aspects for medical device development.



http://www.sensorsportal.com/HTML/BioMEMS.htm

The 3rd International Conference on Sensor Device Technologies and Applications

A SENSORDEVICES 2012 ?"’F
u

19 - 24 August 201 2 - Rome, ltaly -
Deadline for papers: 5 April 2012 ! £ o E
— _ LR i o
. J TR TV AT S
Tracks: Sensor devices - Ultrasonic and Piezosensors - Photonics - Infrared - Geosensors - Sensor
device technologies - Sensors signal conditioning and interfacing circuits - Medical devices and sensors

applications - Sensors domain-oriented devices, technologies, and applications - Sensor-based
localization and tracking technologies .

http:/ /www.iaria.org /conferences2012 /SENSORDEVICES1 2.html

The 6th International Conference on Sensor Technologies and Applications

A SENSORCOMM 2012

IARIA
19 - 24 August 2012 - Rome, ltaly
Deadline for papers: 5 April 2012

Tracks: Architectures, protocols and algorithms of sensor networks - Energy, management and control of sensor networks -
Resource allocation, services, QoS and fault tolerance in sensor networks - Performance, simulation and modelling of sensor
networks - Security and monitoring of sensor networks - Sensor circuits and sensor devices - Radio issues in wireless sensor
networks - Software, applications and programming of sensor networks - Data allocation and information in sensor networks -
Deployments and implementations of sensor networks - Under water sensors and systems - Energy optimization

in wireless sensor networks
http://www.iaria.org/conferences2012/SENSORCOMM12.htm| l

The 5th International Conference on Advances in Circuits, Electronics and Micro-electronics

CENICS 2012

19 - 24 August 2012 - Rome, ltaly
Deadline for papers: 5 April 2012

-

IARIA

Tracks: Semiconductors and applications - Design, models and languages - Signal processing
circuits - Arithmetic computational circuits - Microelectronics - Electronics technologies - Special
circuits - Consumer electronics - Application-oriented electronics

http:/ /www.iaria.org/conferences2012/CENICS12.html


http://www.iaria.org/conferences2012/SENSORDEVICES12.html
http://www.iaria.org/conferences2012/SENSORCOMM12.html
http://www.iaria.org/conferences2012/CENICS12.html

Sensors & Transducers Journal, Vol. 14-1, Special Issue, March 2012, pp. 197-211

T Sensors & Transducers

" ISSN 1726-5479
www.sensorsportal.com © 2012 by IFSA
http://www.sensorsportal.com

Development of Acoustic Devices Functionalized
with Cobalt Corroles or Metalloporphyrines for the Detection
of Carbon Monoxide at Low Concentration

' Meddy VANOTTI, ! Virginie BLONDEAU-PATISSIER, * David RABUS,

! Jean-Yves RAUCH, 2 Jean-Michel BARBE, * Sylvain BALLANDRAS
"FEMTO-ST Institute, 26 chemin de I’Epitaphe, 25030 Besangon cedex, France
2 4ICMUB, 9 avenue Alain Savary, 21078 Dijon, France
E-mail: meddy.vanotti@femto-st.fr, virginie.blondeau@femto-st.fr, david.rabus@femto-st.fr,
jyves.rauch@femto-st.fr, Jean-Michel.Barbe@u-bourgogne.fr, sylvain.ballandras@femto-st.fr

Received: 25 November 2011 /Accepted: 20 December 2011 /Published: 12 March 2012

Abstract: Progresses in synthetic chemistry methodologies has pushed to develop a large variety of
artificial receptors of particular interest for chemical sensor applications. We investigate here the
behavior of gas sensors based on surface acoustic wave (SAW) devices. The use of Love waves that
are specially sensitive to surface perturbation enables to exploit the molecular recognition processes
occurring in non conductive sensing layers of cobalt corroles [5,10,15-Tris(2,6-
dichlorophenyl)corrolato]cobalt(III)] for CO detection. We have monitored phase variations of Love-
wave-based delay lines under various operation conditions and studied the detection efficiency of a
differential version of our sensors. A test bench also has especially been developed to allow for the
regeneration of the sensor by freeing the CO trapping sites and therefore to provide an accurate control
of the operation conditions. The detection threshold reached using the proposed SAW sensor is
experimentally found below one ppm. Copyright © 2012 IFSA.

Keywords: SAW sensor, Love wave, Gravimetric effect, CO detection, Carbon monoxide.

1. Introduction

Carbon Monoxide (CO) is produced in various industrial and current-life processes by incomplete
combustion of organic materials. It is a colorless, odorless, tasteless and toxic gas that is highly
reactive with living tissues. Because of its properties, it is naturally not detectable by human olfaction.
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Its toxicity and undetectability make it a dangerous compound known as the “silent killer”. This
observation leads to the necessity of developing devices able to detect the presence of CO in the air.

A crucial point of the development of such sensors is the functionalization of its sensitive surface with
chemical processing allowing the trapping of CO molecules. In this context, new materials such as
metallo-porphyrins and metallo-corroles have been developed [5-8, 9]. These compounds behave as
the hemoglobin molecule which is the natural receptor involved in CO poisoning. These types of
macro-cycles interact with the toxic gas by coordination to the central metal atom.

In principle, gravimetric sensors disregard the electronic properties of the absorbing layer; only the
mass variations are detected by the molecular adsorption. Among gravimetric sensors, quartz
microbalances are the most exploited components for their simple preparation and operation. However,
the development of lab-on-chip analysis devices is currently expected as another way to investigate
different solutions on that topic. Surface acoustic waves (SAW) have so received a strong interest
during the last decades for gravimetric detection.

In this paper, the properties of gas sensors based on Love wave devices that can accurately detect a
toxic gas concentration in atmosphere are investigated by using the properties of non-conductive
sensing layers. By using functionalized SAW devices, we observe a few second time response when
switching from air to CO polluted atmosphere, with a phase shift several times larger than the baseline
noise level.

The theoretical background of the proposed development is first presented with a brief recall of the
sensor and system operation principles. The device functionalization and experimental assessment of
the system operation as well and result discussions are then reported, preceding the paper's conclusion.

2. Basic Principles of the Sensor

As explained in Introduction, this work is focused on the use of stratified devices that permit the use of
Love waves for the development of a CO micro-balance. The well-known sensitivity of Love waves to
gravimetric effects [3-4] and the fact that shear waves are not radiated in fluids render this kind of
device particularly attractive for gas detection. The mass sensitivity (also called gravimetric
sensitivity) of SAW devices is given by (1):

Af A
S ZTJ:'E (1)

where fj is the resonant frequency of the unperturbed SAW sensor, 4 is the chemically active surface,
Am and Af are the mass and frequency variations, respectively. In case of SAW sensors (Fig. 1.)
working at 125 MHz, the mass sensitivity is theoretically ten times higher than bulk acoustic wave
(BAW) Quartz-crystal-MicroBalance QMB (i.e. 250 cm?/g vs 25 cm?/g). In the present development,
we therefore have been using Love-wave delay lines operating at 125 MHz and exhibiting a bandwidth
of about 1 MHz. We note that the measurement of the frequency shift induced by mass loading of the
chemically active surface (where the wave propagates) of these delay lines is preferably achieved
using a synchronous detection approach for which the excitation and detection are achieved at the
frequency center of the delay line response and by tracking the resulting phase shift [10]. As the phase
of the Love wave is almost linear near the center of the delay line transfer function and considering
very small mass changes preventing any dispersive effects, it is possible to directly correlate its
changes with the mass load deposited on the said active surface using a proportionality factor. It is then
possible to monitor the phase shift of the wave induced by the mass loading with high accuracy [10].
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Sensitive zone

Guiding layer (Silica)

IDT

Substrate (AT cut quartz)

Fig. 1. Scheme of SAW sensor used in delay line configuration.

The Love-wave devices (Fig. 2.) used for the gravimetric detection consists in delay lines built on
(AT,Z) cut of quartz substrate. A 2.5um thick silica overlay is deposited onto the interdigited
transducers (IDTs) providing a propagation path which permit the guidance of the acoustic wave with a
minimum loss of the acoustic energy along the propagation. The Love wave is generated and detected
using respectively inverse and direct piezoelectric properties of quartz. The transducers consist in IDTs
composed of 50 pairs of electrodes (4-finger-per-wavelength) made of 200 nm thick evaporated
aluminum. The grating period is 10 um, i.e. a wavelength close to 40 pum yielding a frequency
operation in the vicinity of 125 MHz as the wave velocity approaches 5000 m.s™.

Fig. 2. Photograph of the SAW device using Love waves at 125 MHz.

3. Experiments
3.1. Functionalization of the SAW Sensor’s Sensitive Area

The sensitive layers deposited onto the devices used here are composed of cobalt corroles (Fig. 3.). In
previous studies [11] the CO trapping capability of different compounds such as porphyrines have been
investigated. The corroles are preferred since it presents three bridging carbon atom upon two pyrolic
units instead of four. This contraction of cycles gives the corroles special properties. Actually, the
macrocycle cavity is smaller than with porphyrines and the central metal atom is stabilized in a larger
oxidation degree. This results in a stronger coordination of the CO molecule with the cobalt atom at
the center of the macrocycle. In addition, contrary to porphyrines, cobalt corroles do not decompose
when exposed to humidity [8]. This behavior fits well with the long term use of a sensor.
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Fig. 3. Cobalt corroles used for the functionalization of the sensors.

These cobalt corroles were synthesized following literature method [8, 9]. The obtaining of the
sensitive compound can be made either by the synthesis of a precursor ligand followed by its
metalation using cobalt diacetate or directly from a cobalt ion. However, the first way will be preferred
since it gives rise to a more sensitive compound [9].

The cobalt (IIT) corroles have been fully characterized by X-ray photoelectron spectroscopy. Thin films
of this compound were deposited onto the surface of the delay lines by spray coating. Cobalt corroles
[5,10,15-Tris(2,6-dichlorophenyl)corrolato]cobalt(III), were dissolved in a proper solvent at 10° M in
dichloromethane. In order to control the amount of deposited metallocorroles, the resonance frequency
of a QMB was measured on-line during the deposition process via a high stability frequency counter. A
frequency variation of about 1 kHz was obtained for all deposited layers. XPS characterizations of the
device sensing surface have been performed before and after the corrole spray coating, providing
evidences of the presence of the sensitive compound onto the surface of the device (Fig. 4.). The XPS
spectrum relative to the bare device shows the presence of Si and O at its surface. After the sensitive
layer deposition, it is possible to observe two new peaks: one is characteristic of orbital 1s of the
nitrogen atoms and the other denotes the presence of Co (difficult to detect on such wide-range scan
but completely recognizable considering its own energy range). This observation is in agreement with
the fact that in the corroles, 4 atoms of nitrogen surround the organometallic atom. The peaks relative
to the silica substrate are less important after the deposition. Moreover, carbon quantity clearly
increases, proving the presence of an organic layer on the surface of the device.

3.2. Experimental Gas Sensing Setup

It has been shown that the cobalt corroles can trap carbon monoxide by coordination to the central
cobalt atom. Moreover, these compounds exhibit a remarkable affinity to CO versus O, and N, that are
the two main compounds that compose the atmosphere of the sensor when used in standard conditions.
One can note that the interaction between the corroles and the gas to detect is reversible and its
selectivity is improved by the application of vacuum conditions in the atmosphere of the sensor when
exposed to carbon monoxide. Consequently, the test bench has been developed to allow for placing the
reaction chamber under primary vacuum conditions to promote the regeneration of the CO trapping
sites. In Fig. 5, the experimental test bench specially designed for high sensitivity carbon monoxide
detection is presented.
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Fig. 4. XPS spectrum obtained before (A) and after (B) cobalt(IIl) corroles spray coating on SAW device.
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Fig. 5. Scheme of our specific toxic gas detection cell.
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During the tests, Love-wave-based sensors are exposed to changes of several experimental parameters
(temperature, flow, pressure, presence of gas). In order to extract the information concerning CO
adsorption, a specific differential setup is used [10]. By this way, influence of experimental parameter
changes limiting or even preventing the CO detection is minimized.

The cell is equipped with three mass flow meters driven by a controller allowing for the dilution of CO
with N, and O,. Moreover, a primary pump provides vacuum conditions yielding a faster regeneration
of the sensitive area of the sensors as explained above, making it reusable. Several monitoring element
are equipping the test chamber in order to control its internal pressure, temperature and flow
conditions.

3.3. Measurement and Differential Acquisition

Since the acoustic wave generated by the transducers is a surface acoustic shear wave with a horizontal
polarization, it reveals extreme sensitivity to perturbations occurring at the surface of the device. Any
modification of the acoustic wave propagation conditions inside or above the silica guiding layer
perturbs the physical characteristics of the wave and more specifically its phase velocity. Using a
network analyzer, one can determine the transfer function of the device and hence monitor the phase
shift induced by mass adsorption within the sensitive layer. By this way, information about the CO
loading onto the device’s surface is simply and rapidly obtained. By a matter of fact, increasing the
deposited mass at the device's surface leads to a shift-down of the delay line synchronism frequency.
Since the phase of the delay line is almost linear along frequency near the transfer function center, the
frequency down-shift due to mass adsorption can be detected by a phase shift at constant frequency.
Fig. 6 illustrates the way the measurements are achieved.

Fequency shift due
to mass loading |

Phase (AU)

Frequency (AU)

Fig. 6. Measurement of the phase shift consecutive to the mass loading on sensor (transfer function in phase
before (in blue) and after (in green) CO loading).

For all the achieved measurements reported here, the CO adsorption was characterized by mean of this
phase shift monitoring which is directly representative of the phase velocity changes of the wave. We
will particularly consider the velocity of the phase changes. The validity of such a procedure will be
evidenced later in the “Experiments” section. Using this information allows for a fast determination
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(some tenth of seconds) of the CO concentration in the tested gas, contrary to the total phase shift
evaluation that needs much more time to be achieved since the steady state takes several tenth of
minutes to be reached. As a consequence, CO detection will be characterized by the phase shift
velocity at the beginning of the phase shift decrease.

As mentioned above, a differential acquisition of the phase shift is performed to minimize the
influence of correlated parameters. As explained above, such a differential measurement requires two
delay lines composing the sensor. One of these delay lines is kept clean as a reference and the other
one is covered by spray coating with cobalt corroles yielding it sensitive to the presence of CO. The
response of the bare device and the functionalized one are respectively measured. A dedicated,
embedded instrument based on a full software control has been developed for the open loop
monitoring of delay lines, providing stability and accuracy comparable to a closed-loop approach
(based on resonators). A Direct-Digital-Synthesizer (DDS)-based frequency source provides a flexible
RF probe signal, while a low noise phase detector is fed by an amplitude-controlled signal. This low
noise electronics is used in parallel with a flexible wide-band I/Q demodulator for the preliminary
characterization of the transfer function of each sensor and selecting the optimum working frequency
used throughout the gravimetric detection experiment. In order to perform differential measurements,
both of the two transducers are probed simultaneously. Since the two devices experience different
working conditions, either due to manufacturing differences or due to the sensing layer coating, two
independent probe signals are generated using two independent detection tracks. Each RF signal is
split between a reference channel and a programmable attenuator tuned to generate an output signal
with a power close to that going through the SAW delay line used as measurement line. This
instrumentation features enough stability and accuracy to allow for the monitoring of the phase.
During the experiments, the transition from primary vacuum (10 bar) to atmospheric pressure by gas
injection (nitrogen or air) is accompanied by a decrease of temperature and obviously by a
modification of the chemical composition of the atmosphere in the test chamber. Even if these
modifications are much less effective than a CO adsorption on the sensor response, it is still likely to
perturb the measurement of the CO concentration on the test cell. As one can see in Fig. 7, the use of
the differential setup allows for minimizing the influence of changes of such correlated parameters.
Indeed, the differential signal exhibits a ratio of 8.2 (-0.23/-0.028) between the phase shift velocity
consecutive to the injection of CO and the injection of N contrarily to the signal from the detection
branch alone which gives a ratio of only 2.1 (-0.25/-0.12).

4. Results and Discussion

Results concerning the detection of low concentrations of carbon monoxide diluted in nitrogen or air
are reported in this section. We first present the preliminary results that have evidenced the capability
of the sensor to detect the presence of high CO concentrations under vacuum. Then, the detection of
this gas at low concentration and at atmospheric pressure in presence of different gas is reported.

4.1. Preliminary Tests

Preliminary tests were performed with high CO concentration in order to check the device signal
dynamics when loaded with a maximum concentration of the tested gas. The toxicity of CO at such
concentrations being so high, the experiments were led under vacuum to avoid any leakage in the
working environment. Starting from a 10 bar vacuum, the injection of CO is then achieved, reaching
a pressure of 10" bar.

Fig. 8 shows the signal directly from the detection branch alone (without differential processing), when
exposed to CO concentration from 200 to 13 ppm. The functionalized Love-wave sensor allows for the
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measurement of concentrations of some tens of ppm of carbon monoxide. The experiments show that
the detection of lower concentrations is hardly achievable using the detection branch alone. For this
first test campaign, the chamber’s volume was about 14 liters. This dimension was too large
considering the targeted CO concentration (some ppm) and the injected gas flow (100 sccm). It was
then necessary to wait several minutes before the homogenization of the melting gas, yielding severe
difficulties for the sensing element to accurately detect CO concentration smaller than 10 ppm.
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Fig. 7. A differential acquisition system is used to minimize the influence of changing experimental parameters
that prevent the CO detection: A) Phase variation obtained with bare device used as reference; B) phase
variation of functionalized device with cobalt corroles; C) Difference between two previous signals.
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Fig. 8. Detection of gas exhibiting a high CO concentration using the proposed Love-wave device
functionalized with cobalt corroles.

4.2. Detection of Low Concentrations of Carbon Monoxide

The capability of our functionalized device to detect ppm concentrations of carbon monoxide in
different experimental conditions is demonstrated here. A dilution of the toxic gas with nitrogen is first
performed, and the experiments were first led with low pressure in the test chamber (107 bar). Since
the sensor is expected to operate under standard room conditions, the tests have been performed at
atmospheric pressure and in presence of air in order to more closely simulate the final conditions of
use of such a sensor.

- Experimentations performed at low pressure:

The selectivity of the cobalt corroles for CO versus O, and N, is improved when the interaction
between the corroles and the different gases occurs in low pressure condition [8]. Indeed, under 5 Torr,
the selectivity of the corroles to CO is considered infinite. The selectivity of the sensitive compound is
characterized by (2);

M=(P12)02/(P112)co » (2)
where (P)2); is the partial pressure at half saturation of the “i” gas in the sensitive layer. One can notice
that the larger M is, the greater the affinity for carbon monoxide is. Its value decreases while the
pressure increase to reach 2557 for a pressure equal to 780 Torr. Detection of low CO concentration
has so been performed first under vacuum (10 Torr) and then, at atmospheric pressure. In that
purpose, CO is first diluted with nitrogen by mean of two mass flow meters driven by a controller. The
injection of both CO and N; in the test chamber with controlled flows allows for getting melting gas
with different CO concentrations. The gas injected in the chamber is so detected when flowing at the
surface of the device without increasing of the pressure since the primary pump assures vacuum
condition upon the experimentation. The obtained results are shown on Fig. 9 and 10.
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Fig. 9. Phase shift measurement under vacuum and CO injection.
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Fig. 10. Phase shift velocity measured under vacuum VS concentration of CO.

The resulting differential signals are shown in Fig. 6 as well as the phase shift velocities calculated by
linear regression (R? > 0.98). Performing the tests under vacuum enables the system to achieve a
detection of CO concentration of about 450 ppb.

In Fig. 10, the slopes values are plotted versus the corresponding CO concentrations. One can see that
the results of the three series of test exhibit a linear behavior but the slope of these three series are not
the same. Judging from this observation, one can say that the repeatability of the experimentation
under vacuum isn't evidenced even if the coherence of the results is established upon each series of
test.
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- Experimentations performed at atmospheric pressure and using nitrogen for dilution:

In order to get even closer to the final conditions of the sensor operation, the previous tests have been
performed at atmospheric pressure. Knowing that the oxygen is the main compound capable to perturb
the trapping of CO in the sensitive layer, nitrogen is first used for the dilutions. Fig. 11 and 12 show
the results relative to these experiments.
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Fig. 11. Phase shift measurement under atmospheric pressure and in presence of CO diluted with nitrogen.
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Fig. 12. Phase shift measurement under atmospheric pressure VS concentration of CO.

Fig. 12 shows that the sensor’s response still presents a linear behavior for each series of test.
Furthermore, the slope obtained on the differential signal versus the concentration of CO is nearly the
same from one series to another. In addition, we emphasize that the sensitivity of the device is lower at
atmospheric pressure than under vacuum, as expected. Indeed, operating at atmospheric pressure
yields a 900 ppb CO concentration detection barrier. This observation allows one to infer that the
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detection at atmospheric pressure allow the repeatability of the experiments but scarifying the
sensitivity of the sensor by a factor of 2.

- Experimentations performed at atmospheric pressure and with synthetic air used for dilution of
carbon monoxide:

Still in the purpose of approaching the actual working conditions of the sensor, the later has been tested
under atmospheric pressure in presence of air. Exposing the sensor to the air before the injection of CO
can also validate the fact that cobalt corroles are able to coordinate CO molecules even if previously
and simultaneously exposed to oxygen. The air used for this experiment has been synthesized from
pure oxygen (20 %) and pure nitrogen (80 %). Figs. 13 and 14 report the observations made
concerning the capability of the sensitive layer to adsorb CO in presence of oxygen.
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Fig. 13. Phase shift measurement at atmospheric pressure and with CO diluted in synthetic air.
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Fig. 14. Phase shift velocity under atmospheric pressure vs. concentration of CO diluted in air.
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As shown in Fig. 14, the use of the sensor in presence of air does not degrade the detection threshold
of the device and therefore a 900 ppb detection barrier also is met. The repeatability of the experiment
was not observed in the present case. However, a linear correlation between the phase shift velocity
and the CO concentration in the gas is still observed.

- Influence of a variation of temperature on the sensor’s response:

Since Love-waves exhibit a temperature coefficient of frequency (TCF) close to 0 ppm.K’,
temperature changes should moderately influence the propagation of the acoustic wave. However, one
can observed that the organic sensitive layer is influenced by temperature variations. Consequently,
even if a variation of temperature has a rather small influence on the substrate, it can affect the sensor
response as shown in Fig. 15.
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Fig. 15. Phase shift due to a variation of temperature of the sensor’s atmosphere without any toxic gas injection.

- Detection of an accumulation of carbon monoxide:

It’s known that an overwhelming majority of intoxication by carbon monoxide occurring in everyday
life follows from regulation issue on heating system that results in faster or slower accumulation of
toxic gas in the indoor air. Until now, the capability of our CO detection device has been determined to
detect a progressive gas accumulation within the sensitive layer. Fig. 16 shows the results obtained
concerning that issue.

We can see that the injection of carbon monoxide at 9 ppm during 30 seconds induces a phase shift of
about 4AU (1AU = 3.6x10” ©). One also can observe that just after this first injection, the phase
recovers the same value as before the injection (Phase (before injection) — Phase (after injection) =
= 0.5AU). This behavior can be explained by the fact that the injection of CO is instantaneously
followed by the application of a nitrogen flow inducing desorption of the toxic gas from the sensitive
layer. As shown in the Fig. 16, longer exposures of the sensor to CO with a similar concentration
induce a quiet larger phase shift (7AU and 12AU). In addition, one must mention that just after the
second injection that last two minutes, the injections of both CO and nitrogen were stopped. By
operating along this way, there is no nitrogen flow at the surface of the device after the mass loading
and consequently no desorption of carbon monoxide. It is therefore possible to keep the phase
unchanged at the value reached after the CO injection. This last experiment allows concluding that the
system enables the detection of an accumulation of toxic gas and therefore answering one of the main
requirements for such a sensing element.
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Fig. 16. Phase shift (in arbitrary units) due to CO pulsed injection using nitrogen for dilution.

5. Conclusion

As a conclusion, the use of surface acoustic wave device coupled with the exploitation of new
materials for the selective trapping of carbon monoxide enables one to detect measure and monitor a
wide range of CO concentrations. Indeed, the use of cobalt corroles combined with acoustic devices
based on Love waves using quartz substrate operating at 125 MHz has allowed for selective detections
of ppm concentration of carbon monoxide. In addition, a test bench has been developed to perform the
detection under controlled conditions of pressure, temperature and gas flow. The obtained results are
promising and allow for sub-ppm CO concentration measurements. In order to improve our detection
device, studies concerning the deposition process of the sensitive layer are engaged. Moreover, the use
of acoustic resonators working at higher frequency will be tested as it is expected to increase the mass
sensitivity and the signal/noise ratio.
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