ISSN 1726-5479

SENSORS 11

TRANSDUCERS

International Frequency Sensor Association Publishing @i




Ao

g—""'
Sensors & Transducers

Volume 110, Issue 11
November 2009

www.sensorsportal.com

ISSN 1726-5479

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

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

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

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

Editors for North America

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

Katz, Evgeny, Clarkson University, USA

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

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

Editorial Advisory Board

Abdul Rahim, Ruzairi, Universiti Teknologi, Malaysia

Ahmad, Mohd Noor, Nothern University of Engineering, Malaysia

Annamalai, Karthigeyan, National Institute of Advanced Industrial Science
and Technology, Japan

Arcega, Francisco, University of Zaragoza, Spain

Arguel, Philippe, CNRS, France

Ahn, Jae-Pyoung, Korea Institute of Science and Technology, Korea

Arndt, Michael, Robert Bosch GmbH, Germany

Ascoli, Giorgio, George Mason University, USA

Atalay, Selcuk, Inonu University, Turkey

Atghiaee, Ahmad, University of Tehran, Iran

Augutis, Vygantas, Kaunas University of Technology, Lithuania

Avachit, Patil Lalchand, North Maharashtra University, India

Ayesh, Aladdin, De Montfort University, UK

Bahreyni, Behraad, University of Manitoba, Canada

Baliga, Shankar, B., General Monitors Transnational, USA

Baoxian, Ye, Zhengzhou University, China

Barford, Lee, Agilent Laboratories, USA

Barlingay, Ravindra, RF Arrays Systems, India

Basu, Sukumar, Jadavpur University, India

Beck, Stephen, University of Sheffield, UK

Ben Bouzid, Sihem, Institut National de Recherche Scientifique, Tunisia

Benachaiba, Chellali, Universitaire de Bechar, Algeria

Binnie, T. David, Napier University, UK

Bischoff, Gerlinde, Inst. Analytical Chemistry, Germany

Bodas, Dhananjay, IMTEK, Germany

Borges Carval, Nuno, Universidade de Aveiro, Portugal

Bousbia-Salah, Mounir, University of Annaba, Algeria

Bouvet, Marcel, CNRS — UPMC, France

Brudzewski, Kazimierz, Warsaw University of Technology, Poland

Cai, Chenxin, Nanjing Normal University, China

Cai, Qingyun, Hunan University, China

Campanella, Luigi, University La Sapienza, Italy

Carvalho, Vitor, Minho University, Portugal

Cecelja, Franjo, Brunel University, London, UK

Cerda Belmonte, Judith, Imperial College London, UK

Chakrabarty, Chandan Kumar, Universiti Tenaga Nasional, Malaysia

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

Changhai, Ru, Harbin Engineering University, China

Chaudhari, Gajanan, Shri Shivaji Science College, India

Chavali, Murthy, VIT University, Tamil Nadu, India

Chen, Jiming, Zhejiang University, China

Chen, Rongshun, National Tsing Hua University, Taiwan

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

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

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

Chowdhuri, Arijit, University of Delhi, India

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

Corres, Jesus, Universidad Publica de Navarra, Spain

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

Courtois, Christian, Universite de Valenciennes, France

Cusano, Andrea, University of Sannio, Italy

D'Amico, Arnaldo, Universita di Tor Vergata, Italy

De Stefano, Luca, Institute for Microelectronics and Microsystem, Italy

Deshmukh, Kiran, Shri Shivaji Mahavidyalaya, Barshi, India

Dickert, Franz L., Vienna University, Austria

Dieguez, Angel, University of Barcelona, Spain

Dimitropoulos, Panos, University of Thessaly, Greece

Ding, Jianning, Jiangsu Polytechnic University, China

Djordjevich, Alexandar, City University of Hong Kong, Hong Kong

Donato, Nicola, University of Messina, Italy

Donato, Patricio, Universidad de Mar del Plata, Argentina

Dong, Feng, Tianjin University, China

Drljaca, Predrag, Instersema Sensoric SA, Switzerland

Dubey, Venketesh, Bournemouth University, UK

Enderle, Stefan, Univ.of Ulm and KTB Mechatronics GmbH, Germany

Erdem, Gursan K. Arzum, Ege University, Turkey

Erkmen, Aydan M., Middle East Technical University, Turkey

Estelle, Patrice, Insa Rennes, France

Estrada, Horacio, University of North Carolina, USA

Faiz, Adil, INSA Lyon, France

Fericean, Sorin, Balluff GmbH, Germany

Fernandes, Joana M., University of Porto, Portugal

Francioso, Luca, CNR-IMM Institute for Microelectronics and
Microsystems, Italy

Francis, Laurent, University Catholique de Louvain, Belgium

Fu, Weiling, South-Western Hospital, Chongging, China

Gaura, Elena, Coventry University, UK

Geng, Yanfeng, China University of Petroleum, China

Gole, James, Georgia Institute of Technology, USA

Gong, Hao, National University of Singapore, Singapore

Gonzalez de la Rosa, Juan Jose, University of Cadiz, Spain

Granel, Annette, Goteborg University, Sweden

Graff, Mason, The University of Texas at Arlington, USA

Guan, Shan, Eastman Kodak, USA

Guillet, Bruno, University of Caen, France

Guo, Zhen, New Jersey Institute of Technology, USA

Gupta, Narendra Kumar, Napier University, UK

Hadjiloucas, Sillas, The University of Reading, UK

Haider, Mohammad R., Sonoma State University, USA

Hashsham, Syed, Michigan State University, USA

Hasni, Abdelhafid, Bechar University, Algeria

Hernandez, Alvaro, University of Alcala, Spain

Hernandez, Wilmar, Universidad Politecnica de Madrid, Spain

Homentcovschi, Dorel, SUNY Binghamton, USA

Horstman, Tom, U.S. Automation Group, LLC, USA

Hsiai, Tzung (John), University of Southern California, USA

Huang, Jeng-Sheng, Chung Yuan Christian University, Taiwan

Huang, Star, National Tsing Hua University, Taiwan

Huang, Wei, PSG Design Center, USA

Hui, David, University of New Orleans, USA

Jaffrezic-Renault, Nicole, Ecole Centrale de Lyon, France

Jaime Calvo-Galleg, Jaime, Universidad de Salamanca, Spain

James, Daniel, Griffith University, Australia

Janting, Jakob, DELTA Danish Electronics, Denmark

Jiang, Liudi, University of Southampton, UK

Jiang, Wei, University of Virginia, USA

Jiao, Zheng, Shanghai University, China

John, Joachim, IMEC, Belgium

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

Kang, Moonho, Sunmoon University, Korea South

Kaniusas, Eugenijus, Vienna University of Technology, Austria

Katake, Anup, Texas A&M University, USA

Kausel, Wilfried, University of Music, Vienna, Austria

Kavasoglu, Nese, Mugla University, Turkey

Ke, Cathy, Tyndall National Institute, Ireland

Khan, Asif, Aligarh Muslim University, Aligarh, India

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



Kim, Min Young, Kyungpook National University, 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, University of Vigo, Spain

Lorenzo, Maria Encarnacio, Universidad Autonoma de Madrid, Spain

Lukaszewicz, Jerzy Pawel, Nicholas Copernicus University, Poland

Ma, Zhanfang, Northeast Normal University, China

Majstorovic, Vidosav, University of Belgrade, Serbia

Marquez, Alfredo, Centro de Investigacion en Materiales Avanzados,

Mexico

Matay, Ladislav, Slovak Academy of Sciences, Slovakia

Mathur, Prafull, National Physical Laboratory, India

Maurya, D.K., Institute of Materials Research and Engineering, Singapore

Mekid, Samir, University of Manchester, UK

Melnyk, lvan, Photon Control Inc., Canada

Mendes, Paulo, University of Minho, Portugal

Mennell, Julie, Northumbria University, UK

Mi, Bin, Boston Scientific Corporation, USA

Minas, Graca, University of Minho, Portugal

Moghavvemi, Mahmoud, University of Malaya, Malaysia

Mohammadi, Mohammad-Reza, University of Cambridge, UK

Molina Flores, Esteban, Benemérita Universidad Auténoma de Puebla,
Mexico

Moradi, Majid, University of Kerman, Iran

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

Mounir, Ben Ali, University of Sousse, Tunisia

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

Neelamegam, Periasamy, Sastra Deemed University, India

Neshkova, Milka, Bulgarian Academy of Sciences, Bulgaria

Oberhammer, Joachim, Royal Institute of Technology, Sweden

Ould Lahoucine, Cherif, University of Guelma, Algeria

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

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

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

Penza, Michele, ENEA C.R., Italy

Pereira, Jose Miguel, Instituto Politecnico de Setebal, Portugal

Petsev, Dimiter, University of New Mexico, USA

Pogacnik, Lea, University of Ljubljana, Slovenia

Post, Michael, National Research Council, Canada

Prance, Robert, University of Sussex, UK

Prasad, Ambika, Gulbarga University, India

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

Pullini, Daniele, Centro Ricerche FIAT, Italy

Pumera, Martin, National Institute for Materials Science, Japan

Radhakrishnan, S. National Chemical Laboratory, Pune, India

Rajanna, K., Indian Institute of Science, India

Ramadan, Qasem, Institute of Microelectronics, Singapore

Rao, Basuthkar, Tata Inst. of Fundamental Research, India

Raoof, Kosai, Joseph Fourier University of Grenoble, France

Reig, Candid, University of Valencia, Spain

Restivo, Maria Teresa, University of Porto, Portugal

Robert, Michel, University Henri Poincare, France

Rezazadeh, Ghader, Urmia University, Iran

Royo, Santiago, Universitat Politecnica de Catalunya, Spain

Rodriguez, Angel, Universidad Politecnica de Cataluna, Spain

Rothberg, Steve, Loughborough University, UK

Sadana, Ajit, University of Mississippi, USA

Sadeghian Marnani, Hamed, TU Delft, The Netherlands

Sandacci, Serghei, Sensor Technology Ltd., UK

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 Univ. of Radio Electronics, Ukraine

Silva Girao, Pedro, Technical University of Lisbon, Portugal

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

Slomovitz, Daniel, UTE, Uruguay

Smith, Martin, Open University, UK

Soleymanpour, Ahmad, Damghan Basic Science University, Iran

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

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

Srivastava, Arvind K., Northwestern University, USA

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

Sumriddetchka, Sarun, National Electronics and Computer Technology
Center, Thailand

Sun, Chengliang, Polytechnic University, Hong-Kong

Sun, Dongming, Jilin University, China

Sun, Junhua, Beijing University of Aeronautics and Astronautics, China

Sun, Zhigiang, Central South University, China

Suri, C. Raman, Institute of Microbial Technology, India

Sysoev, Victor, Saratov State Technical University, Russia

Szewczyk, Roman, Industrial Research Inst. for Automation and
Measurement, Poland

Tan, Ooi Kiang, Nanyang Technological University, Singapore,

Tang, Dianping, Southwest University, China

Tang, Jaw-Luen, National Chung Cheng University, Taiwan

Teker, Kasif, Frostburg State University, USA

Thumbavanam Pad, Kartik, Carnegie Mellon University, USA

Tian, Gui Yun, University of Newcastle, UK

Tsiantos, Vassilios, Technological Educational Institute of Kaval, Greece

Tsigara, Anna, National Hellenic Research Foundation, Greece

Twomey, Karen, University College Cork, Ireland

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

Vaseashta, Ashok, Marshall University, USA

Vazquez, Carmen, Carlos 11 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

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

Wu, Zhaoyang, Hunan University, China

Xiu Tao, Ge, Chuzhou University, China

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

Xu, Tao, University of California, Irvine, USA

Yang, Dongfang, National Research Council, Canada

Yang, Wugiang, The University of Manchester, UK

Yang, Xiaoling, University of Georgia, Athens, GA, USA

Yaping Dan, Harvard University, USA

Ymeti, Aurel, University of Twente, Netherland

Yong Zhao, Northeastern University, China

Yu, Haihu, Wuhan University of Technology, China

Yuan, Yong, Massey University, New Zealand

Yufera Garcia, Alberto, Seville University, Spain

Zagnoni, Michele, University of Southampton, UK

Zamani, Cyrus, Universitat de Barcelona, Spain

Zeni, Luigi, Second University of Naples, Italy

Zhang, Minglong, Shanghai University, China

Zhang, Qintao, University of California at Berkeley, USA

Zhang, Weiping, Shanghai Jiao Tong University, China

Zhang, Wenming, Shanghai Jiao Tong University, China

Zhang, Xueji, World Precision Instruments, Inc., USA

Zhong, Haoxiang, Henan Normal University, China

Zhu, Qing, Fujifilm Dimatix, Inc., USA

Zorzano, Luis, Universidad de La Rioja, Spain

Zourob, Mohammed, University of Cambridge, UK

Sensors & Transducers Journal (ISSN 1726-5479) is a peer review international journal published monthly online by International Frequency Sensor Association (IFSA).
Auvailable in electronic and on CD. Copyright © 2009 by International Frequency Sensor Association. All rights reserved.



Sensors & Transducers Journal /-

Contents

?/O'Umlelllo www.sensorsportal.com ISSN 1726-5479
ssue

November 2009

Research Articles

Sensors Based on Nanostructured Materials: Book Review
SErgey Y. YURISH ...t e e e e e e e e e e et r e e e e et ee bbb neeeaaeeaaes |

Glucose Binding Protein as a Novel Optical Glucose Nanobiosensor
Y oY= I 0 LAY TSP 1

Hydrogen Sensor Based on Carbon Nano-tube Fortified by Palladium
A. Kazemzadeh, A. F. Hessari, M. Kashani, H. Azizi and N. Jafari .........cccccoeeeiiiiiiiiiiiiieieeeeeeeiine, 9

Nanostructured ZrO, Thick Film Resistors as H2-Gas Sensors Operable at Room
Temperature
K. M. Garadkar, B. S. Shirke, Y. B. Patil and D. R. Patil...........cccooiiiiiiiiiiiiieeeeieeeeeeeeeieee e 17

Pull-in Phenomena and Dynamic Response of a Capacitive Nano-beam Switch
Farid Vakili-Tahami, Hamed Mobki, Ali-asghar keyvani-janbahan, Ghader Rezazadeh.................... 26

Palladium Surface Modification of Nanocrystalline Sol-Gel derived Zinc Oxide Thin Films
and its Effect on Methane Sensing
P. Bhattacharyya, S. Maji, S. Biswas, A. Sengupta, T. Maji, H. Saha. ......cccccccccciiiiiiiiiiiniinennnns 38

Gas Sensing Properties of Indium Tin Oxide Nanofibers
SHIYOU XU, YONG S ettt ettt e e e e e e s s et bt e e e e e e e s e aanbbeeeee e e e annbeseeas 47

Design, Modeling and Optimization of a Piezoelectric Pressure Sensor based on a Thin-
Film PZT Membrane Containing Nanocrystalline Powders
Vahid Mohammadi, Mohammad Hossein Sheikhi...........ccooiiiiiiiiiiii e 56

Synthesis and Properties of Thin Film Nanocomposites Sn-Y-O for Gas Sensors
Stanislav Rembeza, Ekaterina Rembeza, Elena Russkih, Natalia Kosheleva .........cccccccccoovvvininnennn. 71

Electroanalytical Nanoparticles Electrode based on NanoTiO,/MWCNTSs Mixture
Ganchimeg Perenlei, WEE TEE TaAN ......coiiieiiiiiieie ettt e et e e e e e s e s e e e e e e s e snnneeneeeeeeeeeeennees 78

Structural Properties of Nanosized NiFe,O,4 for LPG Sensor
N. N. Gedam, A. V. Kadu, P. R. Padole, A. B. Bodade and G. N. Chaudhari .............cccceeeviveerriennnnn. 86

Low-Cost Wireless Nanotube Composite Sensor for Damage Detection of Civil
Infrastructure
Mohamed Saafi, Lanouar Kaabi. ............cueeiiiiiiiiiiii et 96

Cross Linking Polymers (PVA & PEG) with TiO, Nanoparticles for Humidity Sensing
Monika JOShi @nd R. P. SINGDN ...ccooiiiiiii e 105

Resolution Enhancement of Thermal and Optical Nanolithography Using an Organic Dry
Developing Resist and an Optimized Tip
Salman Noach, Michael Manevich, Naftali P. Eisenberg and Eli Flaxer............cccoocoiiieiiiiiniiiinnen. 112



Wireless Sensor Network: Modeling and Analysis of MEMS based Nano-Nodes
Rohit Pathak, Satyadhar JOSNI.. ... 120

Respiration and Heartbeat Measurement for Sleep Monitoring using a Flexible AIN
Piezoelectric Film Sensor
Nan Bu, Naohiro Ueno and OSamu FUKUGA...........ccuueieiiiiiieiiiiie ettt e sebeee e 131

Design Optimization of Cantilever based MEMS Micro-accelerometer for High-g
Applications

B. D. Pant, Shelley Goel, P. J. George and S. Ahmad

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

International Frequency Sensor Association (IFSA).

SENSORDEVICES 2010:

The First International Conference
on Sensor Device Technologies and Applications

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

Conference tracks

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

Important dates

Submission (full paper): February 20, 2010

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

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

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




Sensors & Transducers Journal, Vol. 110, Issue 11, November 2009, pp. 120-130

W w4 Sensors & Transducers

" ISSN 1726-5479
WWW.SE“SDI’SFDI'taLCDm © 2009 by IFSA
http://www.sensorsportal.com

Wireless Sensor Network: Modeling and Analysis
of MEMS based Nano-Nodes

'Rohit Pathak, “Satyadhar Joshi
! Acropolis Institute of Technology & Research, Indore, M.P., India
2 Shri Vaishnav Institute of Technology & Science, Indore, M.P., India
E-mail: rohitpathak@ieee.org, satyadhar_joshi@ieee.org

Received: 1 September 2009 /Accepted: 24 November 2009 /Published: 30 November 2009

Abstract: We have analyzed the implications of innovations in MEMS on Wireless Sensor Networks
(WSN) and have modeled MEMS elements from a device prospective. We have commented on the
advantages as well as the challenges that exist in this technology and described the important factors
that need to be kept under consideration for the calculation of the reliability for practical
implementation of MEMS based devices and the scope of modeling. We have executed the work on
SUGAR of MATLAB; the proposal is then compared to the recent developments taking place and with
the other experimental result which are reported. Thus a comprehensive modeling aspect of MEMS
based elements of a WSN is shown. Modeling of tunable comb resonators, Vertically-shaped comb-
resonators and thermal actuator has been shown and the implication of modeling in such devices has
been shown. Various computations were implemented and results being given supporting the data from
the experiments in recent years. Copyright © 2009 IFSA.

Keywords: Wireless sensor networks, Nanotechnology, MEMS, Sensor nodes, Reliability

1. Introduction

Nanotechnology uses the smallest unit of matter to engineer new materials and devices atom by atom,
aiming at achieving superior properties and performance through atomic scale architecture. The
combination of recent technological advances in electronics, nanotechnology, wireless
communications, computing, and networking has hastened the development of Wireless Sensor
Networks (WSNs) technology. Wireless Sensor and Actor Networks (WSANS) constitute an emerging
and pervasive technology that is attracting increased interest for a wide range of applications. WSN see
application in various areas like space research, biomedical engineering, military applications such as
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battlefield surveillance and the quest for making low power, reliable and cheap sensor nodes has been
a prime focus in recent years.

Recent developments in MEMS and wireless technology together enable remote sensing of the
environment using a large number of miniaturized wireless sensor nodes [1]. A wireless sensor node
typically consists of three major subsystems: Computation, Communication and Sensing where MEMS
devices are extensively used in the sensing portion to sense various parameters as reliant on the need
of the system. In our previous work we have shown Nano based WSN where the importance of CNT
and MEMS technology in WSN is shown [2].

A sensor node AccuMicroMotion based on MEMS is proposed in [3] that has the ability to detect
motion in six degrees of freedom for the application of physiological activity monitoring. MEMS
based sensors used in WSN for environmental monitoring, traffic monitoring and water quality
monitoring can be used for prevention of undesirable events has been shown in [4]. Battery less-
Wireless MEMS Sensor System with 3D Loop Antenna RFID based device has been proposed by
Sasaki which can be used for passive RFID based sensors [8]. MEMS based sensors networks
utilization for space application has been shown by Erfy in [7]. MEMS capacitive sensor for chemical
detection has been put forth in [5]. Thus we can see that MEMS devices playing an important role in
Sensors and giving many advantages over their traditional counterparts. Reliability and failure
mechanism in MEMS, its implications for WSN and the changes that are needed to be made in the
modeling of the nodal software and operating system have been the major challenges in MEMS based
WSNs. We have implemented modeling solutions of [7, 8] in our work earlier [35].

2. MEMS Sensors

Trends toward smaller size, higher performance, and greater functionality for electronic devices are
made possible by the success of solid-state microelectronics technology. In the late 1980s, the silicon
Very-Large-Scale-Integrated (VLSI) design and manufacturing was developed for use in field of
Micro-Electro-Mechanical System (MEMS). This field is called by a wide variety of names in
different parts of the world: micro-electromechanical systems (MEMS), micro-system technology
(MST), micromechanics, and micro total analysis systems (U-TAS) etc. These systems interface with
both electronic and non-electronic signals and interact with non-electrical physical world as well as the
electronic world by merging signal processing with sensing and/or actuation. Instead of dealing with
electrical signals, MEMS also deals with moving-part mechanical elements, making miniature systems
possible such as accelerometers, fluid-pressure and flow sensors, gyroscopes, and micro-optical
devices. We know that Nanotechnology has enabled realization of low power devices such as MEMS
devices and CNT based FETs which can be a part of Nano WSN as shown in details in [12]. An
improvement in techniques of Nano-characterization and Nano-fabrication has helped us to pave the
way to develop many novel materials that can be applied to various spheres of technology. For
example the impact of Nanotechnology on Wireless Communications has been shown by Er. Ping Li
in [14]. An Architecture of Quantum-Based Nano-sensor Node for Future Wireless Sensor Networks
has been proposed [10]. WSN in space application has been shown in [6] which use adaptive MEMS
antennas. Wireless Sensor Networks with Biomedical Applications has been shown by Zachary
Walker describing the importance of Middleware [22]. Miniature Acoustic Communication Subsystem
Architecture for Underwater Wireless Sensor Networks has been proposed by Saunvit Pandya [25].
WSN architecture for the Wireless Health Mobile Bio-diagnostic System for physiological studies has
been proposed [13]. Thus, we have expanded and proposed designing and modeling of MEMS based
array of sensors in our paper that can lead to its practical applications in these areas.

121



Sensors & Transducers Journal, Vol. 110, Issue 11, November 2009, pp. 120-130

3. Sugar Modeling of MEMS Elements of a WSN System

During the last two decades, the field of micro electro-mechanical systems (MEMS) has advanced
from producing simple-function devices to building systems of greater complexity. This has led to the
development and widespread use of computer-aided engineering (CAE) tools for MEMS. Although
these tools have been successful in simulating the behavior of simple-function devices, they have not
been as successful in simulating the behavior of more complex systems on a personal computer (PC)
nor within a practical timeframe. In essence, depending on how well the CAE software facilitates the
design process, reduces the time of computation, and agrees with realistic outcomes, the software can
be an invaluable aid for technological advancements in MEMS. With the ultimate goal of quickly and
accurately simulating complex systems, we present efficient methods to configure, model, and
simulate MEMS that are composed of a large number of lumped components. These methods are
packaged in a CAE for MEMS tool called SUGAR [26].

During the last two decades, the field of micro electro-mechanical systems (MEMS) has advanced
from producing simple-function devices to building systems of greater complexity.

With the ultimate goal of quickly and accurately simulating complex systems, we present efficient
methods to configure, model, and simulate MEMS that are composed of a large number of lumped
components. These methods are packaged in a CAE for MEMS tool called SUGAR [26]. We have
used Sugar to get results as shown in Fig. 1.

Thus we can calculate various parameters required in reliability calculations from SUGAR simulation
program as shown above. In this part we have implemented the modeling of the some of the MEMS
based devices that have been recently proposed. As we know that these devices require very less
energy and thus can be useful in active RFID and WSN systems and in some cases passive RFIDs too.
The models can be added in to WSN as well as nano RFID, and since we are talking of MEMS
manufacturing which is based on the lines of the VLSI we can very well integrate it with
manufacturing of WSN elements which uses MEMS technology in the antenna manufacturing as
shown earlier by us. The MEMS models we have modeled in this part have been recently proposed in
2008 February and were only made in laboratory with no real implementation. Modeling implemented
by us will be helpful in true realization of these proposals. MEMS resonators have shown tremendous
advantages for their application in real devices.

Fig. 1. Modeling of Array of cantilever MEMS sensors SUGAR- Diagram of Structure [22].
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Code |
Array of Sensors

use("mumps.net")

use("'stdlib.net™)

gap=300u

gridDim=gap/3

fringeDim=40u

beamw = gridDim-fringeDim

beamI=200u

--Array junction

junction = { node{} }

for n=0,3 do --z

for m=0,3 do --y

--Nodes

junction[n] = node{0, m*gap, n*gap}

junction[n+1] = node{}

junction[n+2] = node{}

junction[n+3] = node{}

junction[n+4] = node{0, (m*gap), (n*gap)-(gap-beamw)/2}

--Beams

beam3d { junction[n], junction[n+1] ; material=p1, I=gap-beamw, w=gap-beamw, h=beamw, oy=90}
anchor { junction[n] ; material=p1, I=gap-beamw, w=gap-beamw, h=beamw, oy=90}

beam3d { junction[n+4], junction[n+2] ; material=p1l, I=beaml, w=beamw, h=beamw, ox=90}
beam3d { junction[n+2], junction[n+3] ; material=p1, |I=beaml/1.5, w=beamw/2, h=beamw*4, 0x=90}
end

end

The development of tunable comb resonators that use vertically-shaped comb fingers as electrostatic
springs has been shown in [32] which we have modeled in our work as shown below in Fig. 2.

We know that the force relationship in electrostatic comb- drive actuators

:lvz@z N.,s:o.heightv2
2 ox gap ’

F (1)

where V is the applied voltage, N is the number of comb-fingers. The equation is built upon some
approximations but works fine.

Results from the model in MATLAB can be shown in the Fig. 2. Where force as a function of Voltage
and height is given.

Modified tuned frequency for such devices can be realized as funed Where Kmech and ke are original and

effective spring constants.
1 /kﬁ 1 (K., +k
f = (& _ _— [Zmech ~ elec 2
wed oz \'mo 2x m @)

Also in terms of unturned resonant frequency it can be stated as
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k
f, |1+ (3)

tuned —
k

f

mech

where fy is the unturned resonant frequency.

(©)

Fig. 2. Modeling of Vertically-Shaped Tunable MEMS Resonators has been shown with the variations in the
figures above. Shown in (a) is a design models that creates a “weakening” electrostatic spring that leads to lower
resonant frequencies. Shown in (b) and (c) are designs models that create “stiffening” electrostatic springs that
lead to higher resonant frequencies.

Fig. 3. Force as a function of Voltage and height in a tunable comb resonators as developed in the Library.
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Vertically-shaped comb-resonators can create electrostatic springs without increasing the size of a
single comb-pair is the main advantage of such systems that makes their modeling an important in
their development. In our model we have clearly shown the moving finger as well as stationary finger.

A micro fabricated corona ionizer is developed for miniaturized air particle monitoring instruments
was implemented in [33] which we have modeled. It is a negative corona-discharge-based micro
fabricated ionizer that operates in atmospheric conditions. Model in Fig. 4 is built which is part of the
work done to integrate all in a single platform in MATLAB. In the next model presentation, design and
fabrication of a single-layer out-of-plane thermal actuator has been shown [34]. The step-bridge
structure design enables bending and then buckling of the actuator in the out-of-plane direction by
Joule heating, these models have been modeled and shown in the Fig. 5 and 6.

Fig. 4. Implementation of modeling aspect of a Micro fabricated Corona lonizer has been shown
in the above diagram.

The working was realized using prebuckling and post buckling deformations where prebuckling
deformation amplitude U, of the actuator at the midpoint of the structure was expressed as [46].

M L2(d (d)
Vo =gl (E_(fj JH“ @

where E and | are the young’s modulus and the moment of inertia and H1 is the function of h and the
input power.

Results from the model in MATLAB can be shown in the graph where amplitude as a function of step
height is given. (Upe=F(d,L)), results being computed for the model clearly depicts the variations in
amplitude can be studied more comprehensively as shown in the modeling.

Fig. 5. Deformation amplitude as a function of step height and Length in the thermal actuator
as developed in the library.
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Fig. 6. A part of Single-Layer Step-Bridge Structure for Out-of-Plane Thermal Actuator
has been modeled above.

From the buckle beam theory of eccentric axial load, the deflection of the step-bridge can be studied.
As the length ratio d/L approaches to zero or one, the shape of the step-bridge is similar to the ideal
clamped—clamped beam, and its buckling deformation becomes

B 1
post — \/? L
COS| |— —
El 2

where the parameter H; represents the influence of the step on Uy, and H is also a function of h and
the input power.

u ~1|H,, (5)

4. Reliability of WSN and Future Scope

Contemporary work in computation of WSN reliability is pretty generalized and Nano-scale devices
based WSN has not been the sole focus of the research done in this area. In our previous work we have
shown that MEMS reliability can be calculated using HPC thus making their practical applications
possible [9]. Effects of the failure of sensor nodes are studied and no compromise data acquisition
methods have been proposed in [21]. Requirement for sustained, reliable and fault-tolerant operations
have been conferred and a solution has been proposed by Kaminska in [15].In this regard the reliability
calculations by probabilistic graph models and algorithm have been demonstrated by Hosam M. F.
AboElFotoh [17].

Reliability studies in respect to Common Cause Failures have been examined [20]. Modeling and
evaluating the reliability of Wireless Sensor Networks as subject to common cause failure has been
described in [18]. Data transport and the reliability of data transport protocols have been discussed in
[19]. Thus if we can predict the cause of failure then we can modify the protocols in our system
accordingly. In Nano domains the failure can be caused due to large number of problems and errors
which needs to be modeled and predicted in advance. Ad hoc wireless architecture has been introduced
by Kamiska in [15] for the sustainability of self-configuring Wireless Sensor Networks and the routing
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scheme forwards sensor data along fuzzy and intentionally redundant paths to provide for reliability
and fault-tolerance has been proposed. In [23] Zhand Dingxing discusses coverage algorithm based on
probability to evaluate point coverage. Reliability in Wireless Sensor Networks using Soft Sensing and
Artificial Neural Network methodology has been demonstrated by Rubina Sultan [21]. Optimizing
availability and reliability in Wireless Sensor Networks applications by the use of middle wares has
been shown in [16]. Thus we need to develop middleware in accordance with the challenges that exist.
Thus our model can be used for solving the current problem in reliability due to its high computation
power and compatibility.

5. Discussion of some Abstraction Layer Properties and their Application
in the Library Developed

Modeling of MEMS based sensor nodes plays the most important role in a WSN. Thus we can see that
various elements have various properties which are defined on abstraction layer theories but to apply
them in real applications modeling plays a very important role. MEMS antenna for RFID systems and
their intricate modeling is an area that has been discussed earlier and many modeling solutions has
been in implemented in recent years [35].

Inductance of straight line strip which is the most common type of MEMS Inductors used can be

written as [24],
| o+t
L =2l In( j+ 0.22 +1.19 | (6)
W+t |

where L is the segment inductance in nanohenries, I, w and t are the segment length, width and
thickness, respectively, in centimeters. The strip inductors are good in the range of 0.5-4 nH. Higher
inductances can be achieved using spiral inductors. The inductance of a single loop in nanohenries is

given by
L:4ﬁa{ln(8”—aj—2} @)
w

The operation parameters were described in [29], as measurements revealing the following failure
modes of RF MEMS switches: stiction of the bridge of the devices under test due to charging, and
breakdown of the dielectric. Low-frequency system to characterize the switching of capacitive RF
MEMS switches that are normally operated and tested with GHz range signal frequency new
equipment developed. Thus they are incorporated easily in the library being developed. Now a MEMS-
Based Inductively Coupled RFID Transponder for Implantable Wireless Sensor Applications has been
shown in [23]. And the formulae for induced voltage at the MEMS based transponder is, which of
macro level given below.

o-k-JL L, -i
2 2
\/(“;LT +a)RTCTj +(1—a)2LTCT +§T] ®)

L L

v =

where @is the working frequency in radian/s, k denotes the coupling coefficient between the two
coils; L;and L;denote the transponder and reader coil inductance, respectively and i, signifies the
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current flow in the reader coil. Here R, is the resistance in series at working frequency for the
transponder coil. R and C, denote the load resistance and matching capacitance respectively, for

building the parallel resonant circuit. Unifying these structures can be seen in MEMS based RFID
systems. Thus the current can be calculated by dividing this V1 by resistance of the device.

Fig. 7. Induced Voltage vs. working frequency vs. current in reader.

6. Conclusion

Thus we have shown how MEMS enabled devices can be used in a WSN environment and the
challenges that need to be confronted with advantages of modeling. We have substantiated the
integration of MEMS based devices in WSN. Modeling of tunable comb resonators, Vertically-shaped
comb-resonators and thermal actuator has been shown and the implication of modeling in such devices
has been elaborated. Future challenges exist in integration of MEMS modeling in the present domains
like VHDL-AMS [27, 28] and they can provide complete solutions for MEMS based WSN nodes. The
modeling of MEMS based nodes can be done in packages like MATLAB. Integration of Sugar [26]
MEMS with reliability library as an added functionality with MATLAB also remains an area to work
in this regard.
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