


  
  

SSeennssoorrss  &&  TTrraannssdduucceerrss  
  

Volume 96 
Issue 9 
September 2008  

www.sensorsportal.com  ISSN 1726-5479 

Editor-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, UUnniivveerrssiittáá  ddii  BBrreesscciiaa,,  IIttaaly 
 
Editors for North America 
Datskos, Panos G., OOaakk  RRiiddggee  NNaattiioonnaall  LLaabboorraattoorryy,,  UUSSAA 
Fabien, J. Josse, Marquette University, USA 
Katz, Evgeny, Clarkson University, USA 

Editor South America 
Costa-Felix, Rodrigo, Inmetro, Brazil 
 
Editor for Eastern Europe 
Sachenko, Anatoly, Ternopil State Economic University, Ukraine 
 
Editor for Asia 
Ohyama, Shinji, Tokyo Institute of Technology, Japan 

 

Editorial Advisory Board 
 

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

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

Donato, Nicola, University of Messina, Italy 
Donato, Patricio, Universidad de Mar del Plata, Argentina 
Dong, Feng, Tianjin University, China 
Drljaca, Predrag, Instersema Sensoric SA, Switzerland 
Dubey, Venketesh, Bournemouth University, UK 
Enderle, Stefan, University of Ulm and KTB Mechatronics GmbH, 

Germany 
Erdem, Gursan K. Arzum, Ege University, Turkey 
Erkmen, Aydan M., Middle East Technical University, Turkey 
Estelle, Patrice, Insa Rennes, France 
Estrada, Horacio, University of North Carolina, USA 
Faiz, Adil, INSA Lyon, France 
Fericean, Sorin, Balluff GmbH, Germany 
Fernandes, Joana M., University of Porto, Portugal 
Francioso, Luca, CNR-IMM Institute for Microelectronics and 

Microsystems, Italy 
Francis, Laurent, University Catholique de Louvain, Belgium 
Fu, Weiling, South-Western Hospital, Chongqing, China 
Gaura, Elena, Coventry University, UK 
Geng, Yanfeng, China University of Petroleum, China 
Gole, James, Georgia Institute of Technology, USA 
Gong, Hao, National University of Singapore, Singapore 
Gonzalez de la Rosa, Juan Jose, University of Cadiz, Spain 
Granel, Annette, Goteborg University, Sweden 
Graff, Mason, The University of Texas at Arlington, USA 
Guan, Shan, Eastman Kodak, USA 
Guillet, Bruno, University of Caen, France 
Guo, Zhen, New Jersey Institute of Technology, USA 
Gupta, Narendra Kumar, Napier University, UK 
Hadjiloucas, Sillas, The University of Reading, UK 
Hashsham, Syed, Michigan State University, USA 
Hernandez, Alvaro, University of Alcala, Spain 
Hernandez, Wilmar, Universidad Politecnica de Madrid, Spain 
Homentcovschi, Dorel, SUNY Binghamton, USA 
Horstman, Tom, U.S. Automation Group, LLC, USA 
Hsiai, Tzung (John), University of Southern California, USA 
Huang, Jeng-Sheng, Chung Yuan Christian University, Taiwan 
Huang, Star, National Tsing Hua University, Taiwan 
Huang, Wei, PSG Design Center, USA 
Hui, David, University of New Orleans, USA 
Jaffrezic-Renault, Nicole, Ecole Centrale de Lyon, France 
Jaime Calvo-Galleg, Jaime, Universidad de Salamanca, Spain 
James, Daniel, Griffith University, Australia 
Janting, Jakob, DELTA Danish Electronics, Denmark 
Jiang, Liudi, University of Southampton, UK 
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 
Kim, Min Young, Koh Young Technology, Inc., Korea South 



Korea South 
Kockar, Hakan, Balikesir University, Turkey 
Kotulska, Malgorzata, Wroclaw University of Technology, Poland 
Kratz, Henrik, Uppsala University, Sweden 
Kumar, Arun, University of South Florida, USA 
Kumar, Subodh, National Physical Laboratory, India 
Kung, Chih-Hsien, Chang-Jung Christian University, Taiwan 
Lacnjevac, Caslav, University of Belgrade, Serbia 
Lay-Ekuakille, Aime, University of Lecce, Italy 
Lee, Jang Myung, Pusan National University, Korea South 
Lee, Jun Su, Amkor Technology, Inc. South Korea 
Lei, Hua, National Starch and Chemical Company, USA 
Li, Genxi, Nanjing University, China 
Li, Hui, Shanghai Jiaotong University, China 
Li, Xian-Fang, Central South University, China 
Liang, Yuanchang, University of Washington, USA 
Liawruangrath, Saisunee, Chiang Mai University, Thailand 
Liew, Kim Meow, City University of Hong Kong, Hong Kong 
Lin, Hermann, National Kaohsiung University, Taiwan 
Lin, Paul, Cleveland State University, USA 
Linderholm, Pontus, EPFL - Microsystems Laboratory, Switzerland 
Liu, Aihua, University of Oklahoma, USA 
Liu Changgeng, Louisiana State University, USA 
Liu, Cheng-Hsien, National Tsing Hua University, Taiwan 
Liu, Songqin, Southeast University, China 
Lodeiro, Carlos, Universidade NOVA de Lisboa, Portugal 
Lorenzo, Maria Encarnacio, Universidad Autonoma de Madrid, Spain 
Lukaszewicz, Jerzy Pawel, Nicholas Copernicus University, Poland 
Ma, Zhanfang, Northeast Normal University, China 
Majstorovic, Vidosav, University of Belgrade, Serbia 
Marquez, Alfredo, Centro de Investigacion en Materiales Avanzados, 
Mexico 
Matay, Ladislav, Slovak Academy of Sciences, Slovakia 
Mathur, Prafull, National Physical Laboratory, India 
Maurya, D.K., Institute of Materials Research and Engineering, Singapore 
Mekid, Samir, University of Manchester, UK 
Melnyk, Ivan, Photon Control Inc., Canada  
Mendes, Paulo, University of Minho, Portugal 
Mennell, Julie, Northumbria University, UK 
Mi, Bin, Boston Scientific Corporation, USA 
Minas, Graca, University of Minho, Portugal 
Moghavvemi, Mahmoud, University of Malaya, Malaysia 
Mohammadi, Mohammad-Reza, University of Cambridge, UK 
Molina Flores, Esteban, Benemérita Universidad Autónoma de Puebla, 

Mexico 
Moradi, Majid, University of Kerman, Iran 
Morello, Rosario, DIMET, University "Mediterranea" of Reggio Calabria, 

Italy 
Mounir, Ben Ali, University of Sousse, Tunisia 
Mukhopadhyay, Subhas, Massey University, New Zealand 
Neelamegam, Periasamy, Sastra Deemed University, India 
Neshkova, Milka, Bulgarian Academy of Sciences, Bulgaria 
Oberhammer, Joachim, Royal Institute of Technology, Sweden 
Ould Lahoucin, University of Guelma, Algeria 
Pamidighanta, Sayanu, Bharat Electronics Limited (BEL), India 
Pan, Jisheng, Institute of Materials Research & Engineering, Singapore 
Park, Joon-Shik, Korea Electronics Technology Institute, Korea South 
Penza, Michele, ENEA C.R., Italy 
Pereira, Jose Miguel, Instituto Politecnico de Setebal, Portugal 
Petsev, Dimiter, University of New Mexico, USA 
Pogacnik, Lea, University of Ljubljana, Slovenia 
Post, Michael, National Research Council, Canada 
Prance, Robert, University of Sussex, UK 
Prasad, Ambika, Gulbarga University, India 
Prateepasen, Asa, Kingmoungut's University of Technology, Thailand 
Pullini, Daniele, Centro Ricerche FIAT, 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 
Sapozhnikova, Ksenia, D.I.Mendeleyev Institute for Metrology, Russia 
Saxena, Vibha, Bhbha Atomic Research Centre, Mumbai, India 
Schneider, John K., Ultra-Scan Corporation, USA 
Seif, Selemani, Alabama A & M University, USA 
Seifter, Achim, Los Alamos National Laboratory, USA 
Sengupta, Deepak, Advance Bio-Photonics, India 
Shearwood, Christopher, Nanyang Technological University, Singapore 
Shin, Kyuho, Samsung Advanced Institute of Technology, Korea 
Shmaliy, Yuriy, Kharkiv National University of Radio Electronics, 

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

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

Measurement, Poland 
Tan, Ooi Kiang, Nanyang Technological University, Singapore, 
Tang, Dianping, Southwest University, China 
Tang, Jaw-Luen, National Chung Cheng University, Taiwan 
Teker, Kasif, Frostburg State University, USA 
Thumbavanam Pad, Kartik, Carnegie Mellon University, USA 
Tian, Gui Yun, University of Newcastle, UK 
Tsiantos, Vassilios, Technological Educational Institute of Kaval, Greece 
Tsigara, Anna, National Hellenic Research Foundation, Greece 
Twomey, Karen, University College Cork, Ireland 
Valente, Antonio, University, Vila Real, - U.T.A.D., Portugal 
Vaseashta, Ashok, Marshall University, USA 
Vazques, Carmen, Carlos III University in Madrid, Spain 
Vieira, Manuela, Instituto Superior de Engenharia de Lisboa, Portugal 
Vigna, Benedetto, STMicroelectronics, Italy 
Vrba, Radimir, Brno University of Technology, Czech Republic 
Wandelt, Barbara, Technical University of Lodz, Poland 
Wang, Jiangping, Xi'an Shiyou University, China 
Wang, Kedong, Beihang University, China 
Wang, Liang, Advanced Micro Devices, USA 
Wang, Mi, University of Leeds, UK 
Wang, Shinn-Fwu, Ching Yun University, Taiwan 
Wang, Wei-Chih, University of Washington, USA 
Wang, Wensheng, University of Pennsylvania, USA 
Watson, Steven, Center for NanoSpace Technologies Inc., USA 
Weiping, Yan, Dalian University of Technology, China 
Wells, Stephen, Southern Company Services, USA 
Wolkenberg, Andrzej, Institute of Electron Technology, Poland 
Woods, R. Clive, Louisiana State University, USA 
Wu, DerHo, National Pingtung University of Science and Technology, 

Taiwan 
Wu, Zhaoyang, Hunan University, China 
Xiu Tao, Ge, Chuzhou University, China 
Xu, Lisheng, The Chinese University of Hong Kong, Hong Kong 
Xu, Tao, University of California, Irvine, USA 
Yang, Dongfang, National Research Council, Canada 
Yang, Wuqiang, The University of Manchester, UK 
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 
Zeni, Luigi, Second University of Naples, Italy 
Zhong, Haoxiang, Henan Normal University, China 
Zhang, Minglong, Shanghai University, China 
Zhang, Qintao, University of California at Berkeley, USA 
Zhang, Weiping, Shanghai Jiao Tong University, China 
Zhang, Wenming, Shanghai Jiao Tong University, China 
Zhou, Zhi-Gang, Tsinghua University, China 
Zorzano, Luis, Universidad de La Rioja, Spain 
Zourob, Mohammed, University of Cambridge, UK 

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

electronic and CD-ROM. Copyright © 2007 by International Frequency Sensor Association. All rights reserved. 



  SSeennssoorrss  &&  TTrraannssdduucceerrss  JJoouurrnnaall   
  

CCoonntteennttss  
  

Volume 96 
Issue 9 
September 2008  

www.sensorsportal.com  ISSN 1726-5479 

 
 

Research Articles 
 

Design and Fabrication of Micromachined Absolute Micro Pressure Sensor 
P. A. Alvi, J. Akhtar, K. M. Lal, S. A. H. Naqvi and A. Azam..............................................................  1 
  
A Micromechanical Sensor of Temperature Based on Surface Plasmons Resonance 
Juriy Hastanin, Yvon Renotte, Karl Fleury-Frenette, Serge Habraken ..............................................   8 
  
Recent Advances in Lactate Estimation and Lactate Sensors for Diagnosis of Diseases 
Suman and Ashok Kumar...................................................................................................................  18 
  
Sensitivity Evaluation of a Love Wave Sensor with Multi-guiding-layer Structure for 
Biochemical Application, Wen Wang, Shitang He..........................................................................  32 
  
Morphological and Humidity Sensing Studies Of WO3 Mixed With ZnO And TiO2 Powders 
N. K. Pandey, Anupam Tripathi, Karunesh Tiwari, Akash Roy, Amit Rai, 
Priyanka Awasthi, Aradhana Mishra, Alok Kumar .............................................................................. 42 
  
A Bioelectrical Impedance Analysis Device for Monitoring Haemoglobin Status in Dengue 
Patients, Herlina Abdul Rahim, Fatimah Ibrahim, Mohd Nasir Taib And Ruzairi Abdul Rahim ........  47 
  
Studies on Gas Sensing Performance of Pure and Li2O-modified CdIn2O4Thick Film 
Resistors, L. A. Patil, M. D. Mahanubhav .........................................................................................  56 
  
Benzene and Toluene Vapor Sensing Properties of Sr(II)-added Barium Aluminate Spinel 
Composites, B. Jeyaraj, L. John Kennedy, G. Sekaran and J. Judith Vijaya. ..................................  68 
  
Direct Monitoring and Control of Transformer Temperature in Order to Avoid its Breakdown 
Using FOS, Deepika Yadav, A. K. Nadir and Pragati Kapoor ...........................................................  81 
  
Multi Channels PWM Controller for Thermoelectric Cooler Using a Programmable Logic 
Device and Lab-Windows CVI, Eli Flaxer ........................................................................................  93 
  
Study of A Modified AC Bridge Technique for Loss Angle Measurement of a Dielectric 
Material, S. C. Bera and D. N. Kole...................................................................................................  104 
  
Analysis of Programmable Voltage Source Under Power Supply Interference 
Sheroz Khan, Salami Femi Abdulazeez, Lawal Wahab Adetunji.......................................................  112 
  
Assessment of Structural Behavior of Non-corroded and Corroded RCC Beams Using 
Finite Element Method, Anand Parande, P. Dhayalan, M. S. Karthikeyan, K. Kumar and N. 
Palaniswamy.......................................................................................................................................  120 

 
 
 
 

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

 
International Frequency Sensor Association (IFSA). 



Sensors & Transducers Journal, Vol. 96, Issue 9, September 2008, pp. 8-17 

 8

   
SSSeeennnsssooorrrsss   &&&   TTTrrraaannnsssddduuuccceeerrrsss  

ISSN 1726-5479
© 2008 by IFSA

http://www.sensorsportal.com   
 
 
 
 
 
 

A Micromechanical Sensor of Temperature Based on Surface 
Plasmons Resonance 

 
aJuriy HASTANIN, aYvon RENOTTE, bKarl FLEURY-FRENETTE,  

a,bSerge HABRAKEN 
a Université de Liège, Physics Department, HoloLab, Liège, Belgium, B-4000 

b Centre Spatial de Liège, Liège, Angleur, Belgium, B-4031 
Tel.: ++32-4-3663649 / ++32-4-3663772, fax: ++32-4-3664516 

E-mail: urahast@yahoo.com 
 
 

Received: 23 July 2008   /Accepted: 19 September 2008   /Published: 30 September 2008 
 
 
Abstract: This paper reports a new concept of micromechanical sensors of temperature. The sensors 
consist of a micro-cantilever transducer and optical readout means for monitoring cantilever 
mechanical response using the surface plasmons resonance (SPR) phenomenon. This solution has the 
advantage of reducing the cantilever length due to an ultrahigh resolution of the optical readout means 
and, therefore a high signal-to-noise ratio can be achieved. Copyright © 2008 IFSA. 
 
Keywords: Surface plasmons, Cantilever sensing, MOEMS 
 
 
 
1. Introduction 
 
The temperature sensing is a key tool in vast variety of applications ranging from environmental 
monitoring to biomedical diagnostics, and thermal probing of active microelectronic devices, [1-3]. 
 
The recent development of Micro-Opto-Electro-Mechanical Systems (MOEMS) technology makes 
very attractive the Micro-Mechanical Temperature Sensors (MMTS), because of their numerous 
advantages, such as a high sensitivity and durability in aggressive environment (for example, at a high 
level of radioactivity and at a high temperature). 
 
The design of the micromechanical temperature sensors varies according to the nature of the 
environment and the required measurement precision. In any case, a micromechanical temperature 
sensor consists of two parts: an element designed to transduce an environment temperature change into 
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a mechanical movement, such as a micro-cantilever, and readout means to measure the extent of this 
movement. 
 
The most commonly MMTS transducing principle involves well-known bimetallic effect. In this case, 
the thermometer transducer is a bimorph micro-cantilever, which bends according to a temperature 
change. The cantilever deflection is proportional to the temperature change of the beam and also to the 
difference between the Coefficients of Thermal Expansion (CTE) of the two cantilever layers. 
Theoretical evaluation providing an analytical expression for a rectangular bimorph cantilever tip 
bending ∆Z as a function of its temperature change ∆T was reported, for instance by [3]. This 
expression is written as follow: 
 

 
( ) ( )

( ) ( ) ( )
TL

hhhhhhbbnhbnhb
hhhhbbnZ ∆⋅⋅

++++

−+
=∆ 2

2
221

2
12121

22
22

22
11

21212121

464
3 ββ , (1)

 
where n=E2/E1; L is the length of the cantilever; hk, βk and Ek are the thickness, CTE and the modulus 
of elasticity of the layer k, respectively. 
 
It is important to note that the resolution of the bimorph cantilever transducer is limited by a thermal 
vibration noise, known as thermodynamic fluctuation noise presented in any thermodynamic system 
due to random temperature fluctuations. This noise increases with the cantilever length since its spring 
constant is decreasing. On the other hand, the total resolution of the temperature sensor will have 
contributions from both cantilever thermal sensitivity and readout method resolution. Consequently, in 
order to improve the total sensitivity and the resolution of the temperature sensor, a high resolution of 
the readout means must be provided. 
 
A high sensitive bending measurement can be achieved via electronic [3] and optical methods [1, 2]. 
The optical methods, compared to the electronic ones, have several advantages, such as simplicity, 
better linearity of response, reliability in aggressive environment and at high temperatures. 
 
The mostly common ultrahigh resolution optical readout techniques involve the 
interference/diffraction phenomena and the reflected light beam deviation principle. However, the first 
method does not support real-time operation because a translating processing is necessary to obtain an 
interferogram [4], whereas the latter method would require at least two photo-detectors for a single 
micromechanical transducer, which constitutes an obvious drawback for the manufacturing of two-
dimensional cantilever-based sensor arrays. 
 
In this paper we demonstrate a new optically based method for the monitoring of temperature sensor 
cantilever deflection with the resolution in the nanometer range that does not suffer from these 
drawbacks. 
 
 
2. Readout Principle 
 
The proposed sensing principle involves a measure of the metallic thin film reflectance change due to a 
change of Surface Plasmons (SPs) excitation efficiency induced by micro-cantilever thermal bending. 
The working principle is illustrated in the Fig. 1 and 2. 
 
The temperature sensor includes a TM (Transverse Magnetic) polarized light wave source, an optical 
coupling means (a prism or a micro-structured grating) for optical coupling of the light wave with 
surface plasmons propagated into a multilayer system composed of a metallic thin film (typically, 
silver or gold) and a micro-cantilever (see Fig. 1). The incident angle of the light wave is fixed and 
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optimized such that the excitation of surface plasmons is efficiently produced (resonance). 
 
A cantilever bending to be measured changes the thickness of the gap between the lower surface of the 
cantilever and the metallic thin film. It will result in a shift of the surface plasmons light excitation 
efficiency. As a result, the conversion of the incident light energy in SPs mode energy is substantially 
worse and, consequently, the reflectance of a metallic thin film increases (see Fig. 2). 
 
 

 
 

Fig. 1. The schematic view of the SPR micromechanical sensor of temperature  
(not in scale: Z scale is exaggerated for clarity). 

 
 

 
 

Fig. 2. Simulation of the reflectivity vs. thickness of gap. 
Design parameters: θ=44.38°; metal (gold) film thickness is 49nm; the prism refractive index nprism=1.50; the 

index of the lower layer of the cantilever n=1.40; light source wavelength is 632.8 nm. 
 
 
3. Surface Plasmons Resonance and Multilayer Reflectivity Calculation 
 
The surface plasmons are charge density longitudinal oscillations of the free electron gas on the 
interface between a metal and a dielectric medium. Surface plasmons can be excited by TM-polarized 
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light wave at a specific incident angle wherein the tangential component of its wave vector matches the 
SPs wave vector, ksp. As a result, the light intensity reflected by metallic film depicts a sharp dip at this 
angle. This phenomenon commonly is referred as Surface Plasmons Resonance (SPR), [5-8]. 
 
The most common ways of exciting SPs involve the Attenuated Total Reflection (ATR) and the 
grating coupling techniques, [5]. 
 
Fig. 1 shows an example of the most common practical implementation of the ATR technique referred 
as Kretschmann–Raether ATR configuration. In this case, the light wave incident angle, wherein the 
resonance conditions are fulfilled (therefore, the SPs can be generated) is close to, [5-8]: 
 

 ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

+
⋅

≈ −

1

11
0 )(

)(
εωε
εωε

θ
r

r
SPR narcsin , (2)

 
where n0 is refractive index of the prism, εr(ω) is the real part of the dielectric function of the metal 
and ε is the dielectric function of the adherent dielectric medium being in contact with the metallic 
film. 
 
In the range of visible wavelengths, the resonance condition can be fulfilled by noble metals like gold 
and silver, [5-8]. 
 
It is important to note that the resonance angle and the reflectivity dip shape extremely depend on the 
refractive index and the thickness of the layer adjacent to the metal layer surface supporting the SPs. In 
our case, this feature enables to measure the thickness of the gap (see Fig. 1) with a very high precision 
and, consequently, the micro-cantilever bending can be monitored with a high resolution. 
 
We intend to present the basis of the sensor performance modeling. 
 
The temperature sensor can be represented as a multilayer system shown in Fig 3 (commonly, as a 
four- layer sandwich). Therefore, the change in multilayer reflectivity versus the gap thickness 
changing (induced by the cantilever bending) can be calculated by using the well know transfer matrix 
algorithm for multilayer systems, [6]. 
 
The Maxwell’s equations boundary conditions imply that the tangential components of the electric and 
magnetic fields as well as the normal components of the dielectric displacement and the magnetic 
induction are conserved at an interface between the layers. 
 

 
 

Fig. 3. Geometry and conventions used for the sensor modeling. 
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The SPR multilayer system reflectivity shown in Fig. 3 can be calculated by applying this requirement 
to each layer boundary n. It leads to the matrix relation, [6]: 
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where the transfer matrix of a layer n can be written as: 
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The quantity un for a layer n is given by: 
 

 
zn

n
n k

u
,

ε
= , (5)

 
with the normal components of the vector +

znk , : 

 

 2
,0

2

,,
2

xnznzn kkk −⎟
⎠
⎞

⎜
⎝
⎛±== −+

λ
πε , (6)

 
where the tangential component of light wave vector in the prism is given as: 
 

 θ
λ
π sin2

0,0 nk x = , (7)

 
In these equations εn, dn, λ and θ are, respectively, the permittivity and thickness of the layer n, the 
radiation wavelength in vacuum and the incident angle; the tangential and normal components of the 
vectors is denoted, respectively, by the subscripts x and z; Em and km denote, respectively the electric 
field vectors and light wave vectors. The incident and reflected waves are denoted, respectively, by the 
superscripts + and -. 
 
Thus, if all optical parameters (εn and dn) are known, each layer transfer matrix as well as the transfer 
matrix product in Eq. (3) can be calculated. 
 
Finally, the total reflectivity of the multilayer system can be evaluated as: 
 

 
11

21

Μ
Μ

≡R , (8)

 
To conclude, the set of equations (3-8) is the basis for the numeric computation of the SPR reflectivity 
curves for any type of multilayer configuration. Consequently, the amount of the cantilever bending 
producing the reflectivity change can be calculated. 
 
In order to estimate the gap thickness measurement resolution we must choose a resolution criterion 
(otherwise, a decision rule that corresponds to the apparatus working principle). In our case, in first 
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approach, we use a criterion based on the contrast threshold principle. That means that in order to 
detect a reflectivity change induced by the cantilever bending, it must be in excess of a certain 
threshold. The typical value of the contrast threshold C0 at low light levels, as depicted by the Rayleigh 
criterion, is about 10%, [9]. 
 
It is helpful to note that the image contrast is a dimensionless quantity. Therefore, in our case, it can be 
expressed in terms of multilayer system reflectivity as: 
 

 
minmax

minmax

RR
RRC

+
−

= , (9)

 
where Rmax and Rmin are maximal and minimal reflectivities, respectively. 
 
Since we intend to demonstrate the ultimate sensor sensitivity, we consider only very small change of 
reflectivity, minmax RRR −=∆ . 
 
Consequently, we can assume that: 
 

 
aR

RC
2
∆

≈ , (10)

 
where Ra is the reflectivity corresponding to the image-average intensity. 
 
Then the minimal detectable reflectivity change can be expressed as: 
 
 aa RRCR 2.020 ≈≈∆ , (11)
 
 
4. Results 
 
Computer simulations are helpful to predict and to optimize the performance and the experimental 
realization of SPR micromechanical sensors. In this section we give some quantitative results for 
bimorph cantilever-based thermometer reported in Ref. [3] with SPR readout in the Kretschmann-
Raether ATR configuration. The gold/silicon cantilever used in this thermometer is shown in Fig. 4. 
The geometrical and material proprieties of the cantilever are given in Table 1. 
 
 

 
 

Fig. 4. Sketch of the temperature sensor bimorph cantilever, [3]: lateral (a) and section (b) views. 
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Table 1. Geometrical and material proprieties of the gold/silicon cantilever thermometer. 

 
Parameter Value 

βAu 14.3·10-6 K-1 
βSi 2.6·10-6 K-1 
EAu 80·109 Nm-2 
ESi 122·109 Nm-2 
hAu 1.8 µm 
hSi 4 µm 
bAu 80 µm 
bSi 100 µm 
L 500 µm 

 
 
Substituting this set of parameters into Eq. (1) gives the thermo mechanical sensitivity of the cantilever 
(see also in [3]): 
 

 Knm
T
ZScantilever /270≈

∆
∆

= , (12)

 
Simulation results are shown in Fig. 5, in which the reflectivity dip due to SPR is calculated for three 
gap thicknesses. Fig. 6 (a-b) shows the reflectivity as a function of the gap thicknesses. The design 
parameters of SPR readout used in calculation are given in Table 2. 
 
 

Table 2. Parameters of the SPR readout means. 
 

Parameter Value 
Dielectric function of gold, εAu -11.547+1.2i 

Gold film thickness, dAu 40 nm 
Gap thickness, d 567 nm 

Light wavelength, λ 633 nm 
Prism refractive index, n0 1.515 

 
 

 
 

Fig. 5. Simulation of reflectivity vs. incidence angle calculated for various thicknesses of gap. 
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Fig. 6. Simulation of reflectivity vs. thickness of gap calculated for incidence angle corresponding to the SPR 
dip position of the system prism/metal/air/Si: (a) overall view and (b) enlarged view for the gap thickness 

ranging from 540 to 567 nm. 
 
 
The calculated multilayer reflectivity at the gap thickness 567 nm is about 1.4·10-4. This value 
corresponds to the image-average intensity. Assuming a typical value of the contrast threshold about 
10%, according to the Eq. (11), a reflectivity change of about 0.28·10-4 is detectable. The numeric 
simulation shows that the derivative of the reflectivity with respect to the gap thickness is about 
0.357·10-4 nm-1. Consequently, by using a linear fitting of reflectivity curve, we can calculate the 
minimal detectable gap thickness change as: 
 
 nmd 8.010357.0/1028.0 44 ≈⋅⋅≈∆ −− . (13)
 
Using the design parameters of SPR readout mentioned above, the sensor reaches a gap thickness 
resolution close to 0.8 nm. Thus, the micromechanical thermometer using bimorph cantilever referred 
in [3] has the measured resolution close to 
 
 

K
Knm

nmT 3103
/270

8.0 −⋅≈=∆ . 

 
Finally, it is important to note that the gap thickness resolution becomes worse if the cantilever 
bending is very important (see Fig. 7.a). Therefore, this degradation limits the temperature sensor 
dynamical range (see Fig. 7.b). To achieve a rational compromise between sensor thermal resolution 
and its dynamical range, both the cantilever and the SPR readout designs must be carefully optimized. 
Fig. 7a is also depicting the absolute temperature scale (applying Eq. (12)). We assume sensor 
calibration based on a gap thickness of d=567nm at T=300K. 
 
 
5. Conclusions 
 
The main idea of this manuscript was to demonstrate a micromechanical cantilever-based thermometer 
with high sensitivity obtained due to surface plasmons resonance readout principle. The simulation 
results show that the cantilever bending can be measured with a resolution in the nanometer range. 
 
The proposed concept provides sensitive temperature sensors useful in very vast variety of 
applications. 
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Fig. 7. (a) Simulation of measured gap thickness resolution vs. thickness of gap; (b) Simulation of temperature 
resolution vs. thickness of gap. 
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