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


  
  

SSeennssoorrss  &&  TTrraannssdduucceerrss  

  

Volume 143, Issue 8 
August 2012 

www.sensorsportal.com  ISSN 1726-5479 

 

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

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

Editors for North America 
Datskos, Panos G., Oak Ridge National Laboratory, USA 
Fabien, J. Josse, Marquette University, USA 
Katz, Evgeny, Clarkson University, USA 
 

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

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

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

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

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, 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 
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, 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 
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 
Kong, Ing, RMIT University, Australia 
Kratz, Henrik, Uppsala University, Sweden 

http://www.sensorsportal.com


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, Sihua, Agiltron, Inc., USA 
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, 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 
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 
Mishra, Vivekanand, National Institute of Technology, India 
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, 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 
Passaro, Vittorio M. N., Politecnico di Bari, Italy 
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, Kosai, Joseph Fourier University of Grenoble, France 
Rastogi Shiva, K. University of Idaho, 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 
Soleimanpour, Amir Masoud, University of Toledo, USA 
Soleymanpour, Ahmad, University of Toledo, USA 
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-Ioana, University of Pretoria, South Africa 
Stefanescu, Dan Mihai, Romanian Measurement Society, Romania 
Sumriddetchka, Sarun, National Electronics and Comp. Technol. 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, Industr. 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, I., 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 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, 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, Wuqiang, 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). 

Available in electronic and on CD. Copyright © 2012 by International Frequency Sensor Association. All rights reserved. 



  SSeennssoorrss  &&  TTrraannssdduucceerrss  JJoouurrnnaall  
 
  

CCoonntteennttss  
  

Volume 143 
Issue 8 
August 2012 

www.sensorsportal.com  ISSN 1726-5479 

 
 

Research Articles 
 

Research in Nanothermometry. Part 7. Ultrasonic Thermometer Based on Nanostructured 
Thermometric Substance, Bohdan Stadnyk, Svyatoslav Yatsyshyn, Yaroslav Lutsyk, Pylyp 
Skoropad, Zenoviy Kolodiy, Orysya Kozak ........................................................................................  1 
  
Plasma Polymerized Thin Film Sensor: Synthesis and Application 
K. A. Koparkar ....................................................................................................................................   10 
  
Current Trend of Tactile Sensor in Advanced Applications 
Ruzairi Abdul Rahim , Mohamed Faisal Abdul Waduth, Haziq Izzuan Jaafar,  
Nor Muzakkir Nor Ayob, Pei Ling Leow..............................................................................................  32 
  
Quartz Crystal Microbalance DNA Based Biosensor for Diagnosis: A Review 
Thongchai Kaewphinit, Somchai Santiwatanakul, and Kosum Chansiri ............................................  44 
  
Review on Interaction between Electromagnetic Field and Biological Tissues 
Zulkarnay Zakaria, Abdul Rahim, Pick Yern Lee, Muhammad Saiful Badri Mansor,  
Azian Azamimi Abdullah, Sazali Yaacob, Siti Zarina Mohd. Muji..............................................................................................................   60 
  
Force Measurement Using Magnetic Potentiometer 
Sunan Huang, Haoyong Yu................................................................................................................  71 
  
A New Method for Linear Compression and Decompression of Sequential Sensor Signals 
Zhiqiang Sun, Zhiyong Li....................................................................................................................  79 
  
FPGA-Based Temperature Monitoring and Control System for Infant Incubator 
Bharathi Navaneethakrishnan, Neelamegam P. ................................................................................  88 
  
Design and Simulation of a Novel MEMS Based Linear Actuator for Mirror Shape Correction 
Applications, Ehsan Atashzaban......................................................................................................  98 
  
Virtual Prototyping of a MEMS Capacitive Pressure Sensor for Tire Pressure Monitoring 
System Using Intellisuite, Anurekha Sharma, Munju Mittal, Deepika Saini....................................  106 
  
Low Cost of Preparation of Infrared PbS Detector Using Copper Electrodes of PCB 
Hariyadi Soetedjo, Gunawan S. Prabowo and Darsono ....................................................................  120 
  
System Identification of MOS Gas Sensors and Stability Analysis 
Nimisha Dutta, Sumi Kankana Dewan and Manabendra Bhuyan......................................................  127 
  
Tin Modified Tungsten Oxide Thin Film for Ammonia Gas Sensing at Room Temperature 
K. J. Patel, M. S. Desai, C. J. Panchal. ..............................................................................................  136 
  
Electrochemical Based Diagnosis of Ascorbic Acid 
Anjum Gahlaut, Ashish Gothwal, Anil K. Chhillar, Vikas Hooda ........................................................  143 
  
Resistive Type Moisture Sensor Based on WO3 Nanomaterial 
Anupam Tripathi, Karunesh Tiwari, N. K. Pandey, Vidhu Tripathi .....................................................  152 

http://www.sensorsportal.com


Comparison Sensitivity of Acetylcholinesterase Biosensor Based on Different Electrode-
modified Methods, Wenping ZHAO, Xia SUN, Chen ZHAI, Xiangyou WANG, Zhihuai MAO .........  162 

 
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). 

 

  
  

 

http://www.sensorsportal.com/HTML/BOOKSTORE/NDIR_Gas_Measurement.htm
http://www.sensorsportal.com/HTML/BOOKSTORE/NDIR_Gas_Measurement.htm
http://www.sensorsportal.com/HTML/BOOKSTORE/NDIR_Gas_Measurement.htm
http://www.sensorsportal.com/HTML/BOOKSTORE/NDIR_Gas_Measurement.htm
http://www.sensorsportal.com/HTML/BOOKSTORE/Handbook_of_Measurements.htm


Sensors & Transducers Journal, Vol. 143, Issue 8, August 2012, pp. 44-59 

 44

 
Sensors & Transducers

ISSN 1726-5479
© 2012 by IFSA

http://www.sensorsportal.com

 
 
 
 
 
 

Quartz Crystal Microbalance DNA Based Biosensor  
for Diagnosis: A Review 

 
1 Thongchai KAEWPHINIT, 3 Somchai SANTIWATANAKUL  

and 2 Kosum CHANSIRI 
1 Graduate School of Srinakharinwirot University, Sukhumvit 23, 

Bangkok 10110, Thailand 
Tel.: +66 22664-1000 ext 4619, fax: +66 2260-0125. 

2 Department of Biochemistry, Faculty of Medicine, Srinakharinwirot University, Sukhumvit 23, 
Bangkok, 10110, Thailand 

Tel.: +66 2260-2122 ext 4605, fax: +66 2260-0125. 
3 Department of Pathology, Faculty of Medicine, Srinakharinwirot University, Sukhumvit 23,  

Bangkok, 10110, Thailand 
E-mail: tkaewphinit@yahoo.com, tkaewphinit@yahoo.com, kosum@swu.ac.th, titi41@yahoo.com 

 
 

Received: 4 July 2012   /Accepted: 21 August 2012   /Published: 28 August 2012 
 
 
Abstract: Generally, the detection of particular DNA sequence is carried out by gel electrophoresis of 
DNA fragments amplified by polymerase chain reaction (PCR) using primers which are specific 
complementary sequence with the chosen region of DNA. Although gel electrophoresis is simple and 
effective for detection of PCR products, the use of carcinogenic ethidium bromide as a common stain 
is risky and hazardous. The DNA quartz crystal microbalance (DNA-QCM) lays the groundwork for 
incorporating the method for rapid DNA analysis. QCM biosensor is an extremely sensitive mass 
sensor, capable of measuring picogram levels of mass changes. This is a great potential market for 
simple, cheap, rapid, and quantitative detection of specific genes. QCM requires any non-labeling such 
as radio isotope, enzyme, and fluorescence tag. Copyright © 2012 IFSA. 
 
Keywords: Biosensors, Quartz crystal microbalance, DNA, Immobilization, Hybridization. 
 
 
 
1. Introduction 
 
The biosensor technology was first developed many decades ago. The first biosensor was described by 
Clark and Lyons in 1962 [1] for the determination of blood glucose level. Biosensor is an analytical 
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device made by attaching the biological substances to a suitable transducer, which converts the 
biological response into electrical signal as shown in Fig. 1. A biosensor consists of a biological 
sensing element with a transducer to produce the signal proportional to target analyses. 
 
 

 
 

Fig. 1. General principle of biosensors. 
 
 
When biological molecules interact with target analyses, there is a change in one or more physical-
chemical parameter that associated with the interaction such as the generation of ions, gases, electrons, 
heat, or mass. The quantities of these indicating that signals are converted into the electrical signals by 
suitable transducer. The transducer is used to convert the biological recognition into the measurable 
signal that can be detected and displayed [2]. The most important characteristic of biosensor is the 
selectivity of bioreceptor for the specific target analyte. Therefore, the specificity of biosensor depends 
on the properties of the biological component which providing the selectivity and specificity for target 
analyte. Since the sensitivity depends on both the biological components and the transducer, the 
significance of reaction is related to the biological substances, target analyte, and efficiency of 
transducer [3]. 
 
The molecular recognition corresponds to the association of the biological element and its target 
molecule (analyte) through an association such as: enzyme-substrate, antibody-antigen, receptor-
hormone, and complementary DNA sequencing, etc. These associations maximize the capacity of the 
biomolecules to recognize a unique substance among various substances [4]. 
 
The combinations of recognition-transducer systems are numerous and this explains many definitions 
and nomenclatures of these types of sensors. The main methods of transduction that are the most 
current and well developed from both a fundamental and experimental point of view are: 
electrochemical [5] and piezoelectric quartz crystal [6, 7]. 
 
Various types of transducer have been used in biosensor. These are the measurement of the change in 
electrochemical (potentiometry, amperometry or conductimetry), mass (piezoelectric crystal or quartz 
crystal microbalance), heat (colorimetry) and optical change (luminescence, fluorescence, reflective 
index, surface plasmon resonance and waveguide). 
 
 
2. Quartz Crystal Microbalance (QCM) 
 
A piezoelectric (PZ) quartz crystal or quartz crystal microbalance (QCM) biosensor [8] is an extremely 
sensitive mass sensor, capable of measuring subnanogram levels of mass changes, and it consists of a 
thin quartz disc sandwiched between a pair of electrodes. Due to the piezoelectric properties of quartz, 
it is possible to excite the crystal to oscillation by applying an AC voltage across its electrodes. 
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The term “piezoelectric” is derived from the Greek word “piezen” meaning “to press”. Therefore, the 
piezoelectric effect means “pressure electricity” The theoretical foundation for using piezoelectricity 
was first pioneered by Raleigh in 1885, but the first investigation was performed by Jacques and Pierre 
Curie in 1880 [9], who observed a mechanical stress to a quartz crystal which induces an electrical 
potential across the crystal surface. The piezoelectric effects can be found in natural crystals but are 
very rare. The crystal has to go through a polarization process to obtain the piezoelectric property [10]. 
The piezoelectric device as a mass sensor arises from the linear relationship between the change in 
mass at the crystal surface and the change in oscillating frequency [10]. The vibration of piezoelectric 
crystals produces an oscillating electric field that the resonant frequency of the crystals depends on 
parameters associated with the phases adjacent to the crystal and the physical properties such as size, 
cut density, and shear modules [11]. The change in mass is identified by a corresponding change in the 
frequency of vibration of the crystal. 
 
 
2.1. Gas Phase or Stepwise of QCM Biosensor 
 
A resonant oscillation is achieved by including the crystal into an oscillation circuit where the electric 
and the mechanical oscillations are near to the fundamental frequency of the crystal. The fundamental 
frequency depends upon the thickness of the wafer, its chemical structure, its shape and its mass. Some 
factors can influence the oscillation frequency, like the thickness, the density and the shear modulus of 
the quartz that are constant, and the physical properties of the adjacent media (density or viscosity of 
air or liquid). As shown by Sauerbrey (1959), changes in the resonant frequency are simply related to 
the mass accumulated on the crystal. The fundamental frequency increases as the piezoelectric 
thickness decreases [12]. 
 
Thus for detection of analyses in air (the ‘dip-and dry’) method the frequency change is simply related 
to the change in mass: 
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where:   

F   = measured frequency shift (Hz); 
2

0f  = the fundamental resonant frequency of the crystal (Hz); 

m  = mass change (g); 
A = area of electrode surface (cm2); 

q  = shear modules of quartz crystal = 2.947 × 1011 g/cm2×s2; 

q  = density of quartz crystal = 2.648 g/cm3; 

 
Gas phase mass sensitivity is determined by the QCM of fundamental frequency as described in 
equation 1. Mass sensitivity increases as the fundamental frequency of the quartz crystal increases 
which the fundamental frequency increases as the quartz crystal thickness decreases. Thus, one 
approach to increase sensitivity is to fabricate thinner crystal which in turn increases the operating 
frequency and sensitivity. Clearly, miniaturization can only be performed within physical limits. The 
size cannot be reduced below a certain value without affecting the durability of the device. However, 
recent fabrication designs have been tested that provide fundamental frequencies of 30 MHz [13]. The 
most commonly used crystals are 5–15 MHz quartz disks with a 10–16 mm diameter. For a 
fundamental frequency of 10 MHz and an electrode surface area of 0.22 cm2, the gas phase mass 
sensitivity is approximately 1 Hz per nanogram [14]. 
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Quartz crystal microbalance is made from piezoelectric materials which has specific dimension and 
orientation with respect to the crystallographic axes of material. The resonator consists of one or more 
pairs of conducting electrodes which are deposited by vacuum vaporization. The electric field is 
applied between the electrodes cause mechanical vibration or oscillation at the particular frequency in 
the resonator. These vibrations or oscillations will produce a reverse electrical potential which caused 
by the interaction coupling between the mechanical properties of the piezoelectric resonator and the 
electrical potential is termed the piezoelectric effect. The quartz crystal resonators are covered with 
metals such as gold, silver, or platinum by evaporation on the quartz surface, which are used as 
electrodes. There are various types of materials that exhibit the piezoelectric effect such as quartz, 
tourmaline, zinc oxide, or aluminium nitrite, but quartz usually used in analytical applications. 
 
A quartz crystal resonator is cut slab from natural or synthetic crystal of the quartz. The quartz crystal 
plate must be cut in the specific orientation with respect to the crystal axes [15]. The properties of a 
quartz crystal depend on the plane in which it is cut. The AT-cut is normally employed which has an 
orientation of approximately 35° to the z-axis or optical axis. Since the AT-cut crystal has a 
temperature coefficient near zero, then the resonant frequency is stable over a wide range of 
temperature. Therefore, the AT-cut crystal has been used in majority of the piezoelectric work [9]. 
 
There are other terms to describe piezoelectric quartz crystal such as quartz crystal microbalance 
(QCM) and thickness shear mode (TSM). The AT-cut quartz crystal is a piezoelectric material which 
functions in microbalance mode as quartz crystal microbalance. TSM can describe the motion of 
crystal’s vibration [15]. Quartz crystal has different vibration modes, which are grouped into flexure, 
extensional, face shear, and thickness shear mode. The thickness shear mode is also divided into 
fundamental mode and third overtone thickness shear. The thickness shear mode of vibrations is the 
type of vibrations that using AT-cut resonator [16]. When an appropriate alternating electrical potential 
is applied to gold electrode on opposite side of the quartz crystal, the crystal will oscillate at specific 
frequency. If increasing in mass at the interface, the oscillation frequency will decrease when the 
analyte binds with the coated surface. The frequency change is directly proportional to the increase in 
mass and correlated with analyte binding [17]. 
 
Dip and dry piezoelectric sensing (gas phase or stepwise) applications are advantageous in that the 
frequency signal can in some cases be interpreted through the use of the Sauerbrey relation; although, 
the method is sensitive to errors due to hydration, humidity, and solvent retention. The time consuming 
and tedious nature of the analysis scheme suggest the dip and dry method is not likely to ever become 
a routinely used analytical procedure. Furthermore, the application of solution phase piezoelectric 
sensing is far superior in that real-time data analysis can be conducted and the system can be 
configured for automated analysis [18]. 
 
 
2.2. Liquid Phase of QCM Biosensor 
 
Quartz crystal sensing system to liquid phase measurement failed because the crystal ceased to 
oscillate when submerged in solution. To sense solution phase analytes either the sample was 
converted into a gas or a tedious dipping procedure was used [19]. These problems have been 
addressed by developing oscillator circuits that allow for crystal immersion in solution [20] or through 
the use of specially designed crystal flow through and/or batch reaction cells where solution contacts 
only one crystal surface as shown in Fig. 2. 
 
The theoretical foundation for using piezoelectricity was first pioneered by Kanazawa and Gordon in 
1985 [21], but the first attempt to use an acoustic device as a liquid phase sensor by Konash and 
Bastiaans in 1980 [22], who used as a liquid chromatography detector where one crystal face was 
exposed to a flowing organic solution. 
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Fig. 2. QCM based DNA biosensor for liquid phase system [6]. 
 
 
The system had poor sensitivity and reproducibility, but they demonstrated the quartz crystal could 
produce stable oscillations in liquid. 
 
When a crystal is dipped into a solution or real time, the oscillating frequency depends on the solvent 
used. The question as to which factors determine the frequency is important for understanding the 
mechanism of oscillation of a crystal in solution and for its potential development as a sensor in 
solution [21, 23]. When an over layer is thick, the relationship between the f and Dm is no longer linear 
and corrections are necessary. The coupling of the crystal surface to a liquid drastically changes the 
frequency when a quartz crystal oscillates in contact with a liquid that a shear motion on the surface 
generates motion in the liquid near the interface. 
 
Thus for detection of analytes in liquid phase method which derived a relationship that expresses the 
change in oscillation frequency of a quartz crystal in contact with a fluid, 
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where: 

F  =  measured frequency shift (Hz); 
2/3

0f  = resonant frequency of the unloaded quartz crystal (Hz); 

L  = density of liquid in contact with the quartz crystal; 

L  = viscosity of liquid in contact with the quartz crystal; 

q  = shear modulus of quartz crystal = 2.947 × 1011 g/cm2×s2; 

q  = density of quartz crystal = 2.648 g/cm3; 

 
The penetration depth of this sheer wave depends on   2/1

0


qqf  . Kanasawa and Gordon  

(equation 2) [21] demonstrated stress that F  in solution is linear function of 2/1)( LL except for 
salts and high polymer solutions. They, in fact, tested the linearity of dependence of the frequency 
decrease on 2/1)( LL  using many solvents selected on the basis of their different viscosity, density 
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and electrical conductivity. In 1994, Bruckenstein and shay observed that quartz crystal with on face 
exposed to dilute aqueous solutions near temperature induced frequency change by several kilohertz 
[23]. 
 
Kanazawa and Gordon described the frequency response in fluid phases in terms of the physical 
parameters of the quartz crystal and analyte solution by considering the coupling of quartz crystal 
shear wave to a dampened shear wave propagating into the fluid [21, 24]. The depth of the shear wave 
penetration varied with the square root of the bulk liquid viscosity. The decay length corresponded to 
the effective thickness of the liquid in motion with the quartz crystal. This liquid layer was treated as a 
sheet of mass attached to the quartz crystal surface. The model treated the fluid layer as continuous 
which no slip boundary between the quartz crystal surface and the fluid was allowed. The equation 
was verified by contacting a single quartz crystal surface with solutions of glucose and ethanol. The 
oscillation frequency in pure water was taken as a reference. The decrease in frequency varied as the 
solution viscosity and density product increased. 
 
Liquid phase systems are designed using a myriad of conditions. The most common method employs 
the use of a contact cell where one crystal surface is adjacent to the solution. The contact cell is 
configured in a flow or batch mode and the solution is typically introduced using a peristaltic or 
syringe pump. In flow cells, the volume of solution flowing over the crystal surface is commonly less 
than 100 ml [25] but some flow cells have been designed for solution contact volumes of up to 7 ml 
[26]. No generalities can be made concerning the volume of solution in a batch contact cell which 
volumes range from a few microliters to nominally one liter. Alternatively, the whole crystal can be in 
contact with the solution phase. Here, either the quartz crystal surface is masked to avoid solution 
contact [27, 28] or the oscillator circuit is designed to allow the crystal to oscillate while immersed in 
solution [29]. Many conventional quartz crystal designs do not allow for dual electrode contact with a 
solution to avoid short-circuiting due to exposure to a common conductive solution. Further, with full 
solution contact more than just the piezoelectrically active surface interacts with the solution. This may 
cause calibration inconsistencies [30]. On the other hand, immersion in solution allows for detection of 
changes in solution conductivity. This could be advantageous, or a serious drawback, depending on the 
type of analysis performed. 
 
This technique has been investigated for monitoring nucleic acid hybridization by immobilized the 
crystal with nucleic acid probe and detecting the mass change after hybridization with specific target 
sequence in solution, Fawcett et. al. [31] were the first group to describe a QCM for DNA 
immobilizing ssDNA onto the quartz crystal and detecting the mass change after hybridization. The 
advantages of this technique are not only the high sensitivity but also the label less operation. 
Additionally, frequency change can be followed in real time. 
 
The drawback of quartz crystal microbalance is non-specific adsorption of molecules present in real 
matrices. QCM is a mass sensor which has surface for binding with any molecules, which can 
potentially interfere the reaction. However, previous experiments with QCM, DNA probes and 
hybridization of oligonucleotides clearly demonstrated that using appropriate chemistry 
immobilization, non-specific binding can be effectively minimized [6, 7]. Method to improve the 
sensitivity of the piezoelectric biosensor can be improved by using higher frequency of quartz, but this 
device is often difficult to operate in liquid because of fragility and frequency stability problems. 
Alternatively, the selectivity can be improved by improving the quality of the surface of the crystal and 
the immobilization method [33]. 
 
For most biosensor techniques, a biological component is immobilized on the quartz crystal surface. 
The signal is generated in response to adsorb recognition. The sensitivity of direct analyte detection 
through an immobilized ligand is limited by the number of binding sites available to interact. This is 
beneficial for characterization of conditions associated with a reaction but may be a limitation in terms 
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of detection sensitivity. One technique used to increase the sensitivity of QCM is to relate the first-
derivative of the change in frequency versus time to the analyte concentration [6, 7]. Additionally, a 
number of analysis schemes have been proposed that do not rely on direct mass attachment to the 
crystal surface. 
 
Liquid phase QCM techniques for monitoring cellular process have been described [33]. QCM 
biosensor integrated in a flow injection analysis (FIA) system has the advantage to work continuously 
and to monitor on-line the binding of the analyte A cell growth sensor was developed by Ebersole et 
al. to detect metabolites without immobilization of a biological entity [34]. This was the first sensor 
capable of detecting metabolic responses and division rates of viable cells. The authors indicated 
production of metabolic acids is a useful marker of cell metabolism and growth and utilized this 
relation in their sensor design. Detection of metabolic processes was based on adhesion of a polymer 
to the quartz crystal. The polymer precipitated from solution in response to titration of its carboxylate 
groups by the metabolic acids which converted the polymer to its isoelectric form. Moa et al. [35] 
reported DNA piezoelectric sensor, based on the nanoparticle amplification method, was developed for 
detection of Escherichia coli O157:H7 by using a thiolated single-stranded DNA (ssDNA) probe 
specific to E. coli O157:H7 eaeA gene was immobilized onto the piezoelectric sensor surface through 
self-assembly. Wong et al. have demonstrated DNA QCM biosensing method for real-time detection 
of E. coli O157:H7 in a circulating-flow system was developed in this study. The thioled surface of the 
Au electrode could be immobilized by many inner Au nanoparticles, then more thiolated single-
stranded DNA (ssDNA) probes which were specific to E. coli O157:H7 eaeA gene could be fixed 
through Au-SH bonding [36]. Wu et al were developed DNA piezoelectric biosensing method for real-
time detection of Escherichia coli O157:H7 in a circulating-flow system was developed in this study. 
Specific probes for the detection of E. coli O157:H7 gene eaeA, synthetic oligonucleotide targets  
(30 and 104 mer) and PCR-amplified DNA fragments from the E. coli O157:H7 eaeA gene (104 bp), 
were used to evaluate the efficiency of the probe immobilization and hybridization with target DNA in 
the circulating-flow QCM device [37]. 
 
 
3. QCM DNA Based Biosensor 
 
Since the completion of the human genome mapping, interest has shifted to the study of the molecular 
functions of genes and how they might lead to a diseased state. Consequently, DNA biosensors have 
rapidly been applied to fields such as gene identification, genetic expression analysis, DNA 
sequencing, and clinical diagnostics. The detection and analysis of point mutations, and single 
nucleotide polymorphisms (SNP), is one of the main applications of DNA biosensors. However, in 
order to detect such mutations, optical fluorescent label or redox label must attach to target DNAs 
directly or indirectly, which requires the extra label binding processes and the use of hazardous 
materials and expensive lab equipments. Also, it takes a relatively long time to analyze the results, and 
is difficult to detect quantitatively the absolute amount of hybridization with those labeling because 
one has to normalize the data DNA has an important role in clinical diagnostics. DNA is arguably the 
most important of all biomolecules. The unique complementary structure of DNA between the base 
parts adenine/thymine and cytosine/guanine has been the basis for genetic analysis over the last few 
decades. The DNA techniques, including hybridization, amplification, and recombination, are all based 
on the double helix structure of the DNA. DNA is coiled to form a double helix (double-stranded 
DNA, dsDNA) composed of two strands held together by hydrogen bonds as shown in Fig. 3 that can 
be broken by heat or high pH. The single-stranded DNA is relatively stable, but on removal of the heat 
source or pH extreme, the ssDNA will reanneal into the double-stranded configuration. Reannealing 
between the ssDNA from different sources is called hybridization [38]. The reannealing of the dsDNA 
is possible because nucleotide bases will re-form hydrogen bonds only with specific complementary 
bases: adenine pairs with thymine, and cytosine pairs with guanine. 
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Fig. 3. Configurations of DNA and the hybridization principle. 
 
 
The stability of the hybridization depends on the nucleotides sequences of both strands. A perfect 
match in the sequence of nucleotides produces very stable dsDNA, whereas one or more base 
mismatch can increase instability that can lead to weak hybridization of strand. 
 
Molecular detection has shown a great potential for rapid identification of diseases and for food and 
environmental monitoring. After the recent successes in sequencing the human genome, the detection 
of specific DNA sequences in biological samples has been playing a fundamental role in genetic 
diagnostic and in the detection of pathogens in cells [39]. 
 
Generally, the detection of particular DNA sequence is carried out by gel electrophoresis of DNA 
fragments amplified by polymerase chain reaction (PCR) using primers which are specific 
complementary sequence with the chosen region of DNA. Although, gel electrophoresis is simple and 
effective for detection of PCR products, ethidium bromide which is a common stain is a carcinogen 
[40]. As an alternative way to gel electrophoresis, DNA probe has been widely used for detection of 
specific DNA sequences by hybridization. In this method, the probe is usually labeled with a 
radioisotope, enzyme, and fluorescent tag, these labeling and detection process require long and 
tedious steps. 
 
The large demand for low-cost genetic assays has lead to the development of portable and easy-to-use 
biosensors. These systems should be able to perform the analysis in a very short time and with a very 
limited amount of specimen. Micro-fabricated structures, based on micro and nanotechnology can 
satisfy these requirements and also allow a high degree of parallelism and sensitivity. 
 
The biosensor technologies have been intensively investigated because of their promise for rapid 
consuming, high specificity, and low cost. Therefore, DNA based biosensor is a promising alternative 
detection method by base pairing property in DNA. The specificity of DNA base pairing can be used 
as a bio-recognition. This biosensor has been based on electrochemical [5], and piezoelectric 
transducer [6, 7]. This is a great potential market for simple, cheap, rapid, and quantitative detection of 
specific genes. Areas of application include clinical, veterinary, environment, and food industry. 
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3.1. Self-assembled Monolayer (SAM) DNA Probe Immobilization 
 
The immobilization technique is used to help the biological element attached with the sensor surface. 
This step not only helps for attachment between biological element and transducer, but also helps in 
stability for reusing if the immobilization is strong enough. The immobilization of the nucleic acid 
probe onto the transducer surface plays an important role in performance of DNA sensor. The 
immobilization step leads to well defined probe orientation, readily accessible to the target. This 
process depends on the nature of physical transducer and method that used for attachment of DNA 
probe to the surface [11]. 
 
There are various common immobilization methods for biosensor such as the using of direct physical 
adsorption on a solid surface, entrapment in a matrix, covalent coupling to functional groups on the 
electrode [41]. The covalent binding method can improve uniformity, density, distribution of bound 
molecules, and reproducibility of surface and instability, diffusion, aggregation, and inactivation of 
biomolecules. Glutaraldehyde, carbodiimide, and succinimide esters are widely used for covalent 
binding method [42]. 
 
The self-assembled monolayer is one of immobilization method by covalent binding. This method is 
rapidly grown since the discovery of these structures and ability to modify the physical and chemical 
property of surface. Self-assembled monolayer is molecular assembly obtained by immersion of an 
appropriate substrate into a solution containing molecules that specific with the surface. The term “self 
assembly” involves arrangement of atoms and molecules into an ordered or even aggregate of 
functional entities without the intervention of mankind towards an energetically stable form. SAM is 
distinguished from ordinary surfactant monolayer by the fact that one end of the molecule is designed 
to have a favorable and specific interaction with the solid surface of the substrate [6]. The self 
assembled monolayer have been composed from different types of simple organic molecules, such as 
alkanethiols and silane compounds on different substrate such as on metal oxide and gold surface 
substrate. The SAM system is extremely versatile and can provide a method for in vitro development 
of bio-surface. 
 
The simple method involved in immobilizing self-assembly monolayer makes attractive strategy for 
achieving better control in the orientation and molecular organization of biomolecules at interfaces. 
SAM is easy formation of ordered, pinhole free and stable monolayer. More significantly, the easy 
method for SAM formation and compatibility with metal substrates such as gold or silver provided 
benefits for biosensor application such as only needed minimum amount of molecules. The stability 
and organization of the SAM depend on the forces of attraction between the immobilized molecules 
and the binding force between the surfaces and the binding group. Thiols on gold form very well-
assembled monolayer which is highly resistant to washing due to the strong chemisorption of the 
sulfur atoms. There is a rapid reaction between –SH group and gold atom with formation of S-Au 
bond. After the initial fast adsorption of thiols, the akyl side chains assemble together to maximize the 
van der Waal’s interaction [7]. 
 
Kaewphinit et al. [7] immobilized oligonucleotides directly on the gold quartz crystals, by forming a 
self-assembled monolayer, and also used biotin-oligonucleotides to immobilize them on avidin-
modified gold quartz crystals. Zhou et al. [17] compared different immobilization methods (direct 
chemical bonding and avidin-biotin interaction) and different immobilization architectures (oriented 
oligonucleotide monolayer and multilayer created by self-assembling of alternating DNA and 
polymers). The researcher observed the biotinylated DNA films that provided fast sensor responses 
and high hybridization efficiencies, due to the spacer group that conferred better accessibility, and that 
multilayered films increased the sensor sensitivity, indicating that the complementary DNA can 
penetrate into the multilayer sensing film, but also increased the sensor response time because of the 
more difficult transport of the complementary sequence. 
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Probe immobilization is a fundamental step in DNA based piezoelectric biosensor development. Often, 
the detection limits and, in general, the analytical performances of the biosensor can be improved by 
optimizing the immobilization procedure on the quartz surface [17, 43]. Actually, the limitation of 
QCM devices is nonspecific adsorption of molecules present in real matrices, since QCM is a mass 
sensor and any molecule is able to bind or to be adsorbed on the surface which is a potential 
interference. Moreover, receptor which is DNA must be attached to the solid support retaining native 
conformation and binding activity. This attachment must be stable over the course of a binding assay 
and, in addition, sufficient binding sites must be presented to the solution phase to interact with the 
analyte. Many coupling strategies utilize a chemical linker layer between the sensor base (e.g., the gold 
layer) and the biological component to achieve these ends. Functionalized alkane thiols form stable 
self-assembled layers on planar surfaces and act as ideal linkers [7]. Moreover, many published papers 
showed that immobilization techniques based on direct adsorption or on protein A coating, resulted in 
appropriate sensor signals, but only crosslinker procedures using thiols or the interaction between 
avidin and biotinylated molecules, provided a long sensor lifetime and an increased stability against 
degradation during the regeneration process [44]. 
 
DNA sequences of even a few hundred base pairs have considerable molecular weights (Fig. 3). It 
seems likely, therefore, that the mass change associated with DNA hybridization may be detectable by 
employing piezoelectric devices. Campbell (1993) [45] immobilized ssDNA onto quartz crystal and 
detected the mass change after hybridization. Nucleic acid strands are covalently attached to the 
polymer-modified surface of a QCM. When immobilized probe strands are melted and bind to the 
complementary target strands in solution to form duplexes, the increase in mass that is detectable as a 
decrease of several hundred hertz in the crystal’s resonance frequency relative to control crystals are 
observed. Furthermore, the crystals used are inexpensive and the results are quantitatively and 
quantitatively determined. 
 
The steric effect on oligonucleotide immobilization onto a solid surface and DNA target hybridization 
in a real time DNA piezoelectric biosensor was improved in this study. It could be increased in the 
hybridization efficiency by added of 6 dT to the 5’ end of the probes. This confirmed the studies that 
reported the poly dT at 5’ end of probes might reduce steric hindrance in three-dimensional space also 
the addition of the spacer during DNA hybridization caused the increase of molecule collision as 
shown in Fig. 4. It is also proposed that during DNA target sequence hybridization, spacers have been 
shown to reduce steric interference, making the probe end closet to the surface of the device more 
accessible [46]. 
 
 

 
 

Fig. 4. Schematic representation of steric hindrance of the probe and target DNA hybridization  
on the QCM device [37]. 
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The shelf-life of DNA probe on QCM could be the storage time at 4 °C for several weeks without 
losing the activity [43, 32]. 
 
 
3.2. DNA Target Hybridization 
 
The kinetics of nucleic acid hybridization at a solid substrate-solution interface is still not well 
understood due to the lack of suitable methods for the continuous measurement of the hybridization 
process. The process is also difficult to predict from theoretical considerations, partly because the 
exact concentration of the immobilized nucleic acid and its availability for hybridization are unknown. 
Furthermore, the actual mechanism of strand association in solid-support hybridization remains 
obscure [47]. 
 
The kinetics and mechanism of nucleic acid single strand hybridization are widely studied only in 
cases where both strands are in free solution. The hybridization reaction between DNA probe and 
target oligonucleotide can be expressed by the following equation: 
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The association constant ( aK ) is defined as: 
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The initial reaction rate of the hybridization reaction between the immobilization and detected DNA is 
represented as V and maxV which indicates the maximum initial reaction rate of the hybridization 

reaction. Because the amount of immobilization is very small, the hybridized DNA was also very 
small. Thus the equilibrium concentration can be considered as the initial concentration 0]arg[ ett . So 

the above equation can be written as: 
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Reciprocal plots between Vett /]arg[ 0 and ]arg[ ett give a simple straight line. The association 

constant and the maximum initial reaction rate are calculated from the slope and the linear correlation 
respectively [48]. 
 
Hybridization in solution is believed to be a two-step process involving nucleation and zippering up. 
Nucleation is the rate-limiting step, and a second order reaction equation can describe the process. The 
nature of the hybridization reaction on solid surfaces is assumed to approximate closely to that of 
hybridization in solution. However, the rate of solid-phase hybridization is only about a tenth to a 
hundredth of that in solution. Although not systematically examined, it is suggested that efficient 
hybridization to DNA attached to solid supports can be impeded by several related phenomena. For 
example, the immobilized DNA molecules may link to solid surface at several points along the DNA 
chain, hence some of the attached DNA may not be accessible for hybridization. Generally, detection 
of single copy gene by piezoelectric quartz crystal DNA-based biosensor requires PCR for amplifying 
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target DNA [36]. However, PCR is still time consuming and requires expensive reagents and 
machines. Development of piezoelectric DNA-based biosensor for direct detection of highly repeated 
sequences using non-amplified genomic DNA has been recently reported. Minnunni et al. [49-51] 
detected satellite 13 DNA from genomic DNA of Bos taurus. They also applied this method for direct 
detection of single copy gene in non-amplified genomic DNA from Nicotiana glauca tobacco plant. 
They detected the promoter region (35S) that present in various GMOs and can be used as a marker for 
GMO screening [52]. They also applied this method for direct detection of sequences in nonamplified 
genomic DNA is described. The system relies on real-time and label-free detection of the hybridization 
reaction between an immobilized probe and the complementary sequence in solution. From above 
described, DNA piezoelectric biosensor can possibly be used for direct detection in non-amplified 
bacterial genomic DNA. In 2010, Kaewphinit et al. were developed the DNA-piezoelectric biosensor 
for direct detection in non-amplified bacterial genomic DNA of M. tuberculosis. The method involved 
in immobilization of specific synthetic biotinylated and thioled modified DNA probe that was 
designed from IS6110 gene-specific for M. tuberculosis [6, 7]. 
 
The detection of genomic DNA target by using a QCM normally has less probability to hybridize with 
DNA probe due to the steric hindrance effect of DNA secondary structure and lower amount of 
specific DNA sequence than the detection limit of general analytical technique. The alternative 
solution to solve this problem was restricted enzymatic digestion of the DNA samples without any 
previous amplification step to separate small DNA fragments [50]. 
 
However, in non-amplified genomic DNA, the blocking oligonucleotides were added during 
denaturation step. This blocking oligonucleotides can prevent the re-annealing of single-stranded DNA 
to increase the efficiency of DNA target hybridization as shown in Fig. 5. Therefore, the blocking 
oligonucleotides were used for improvement of DNA target hybridization. The thermal plus blocking 
oligonucleotides gave the frequency change (indecreasing the resonant frequency) higher than only 
thermal denaturation. The thermal plus blocking oligonucleotides gave the frequency changes higher 
than the frequency change of thermal denaturation only [50, 51, 7]. 
 
 

 
 

Fig. 5. Schematic diagram of denaturation method (The dsDNA was denatured to ssDNA before hybridization 
with the DNA probe. Left: simple thermal denaturation, 95 °C for 5 minutes and on ice for 1 minute. Right: 
simple thermal denaturation plus blocking oligonucleotides, 95 °C for 5 minutes and cooled down at 50 °C  

for 1 minute to anneal the blocking oligonucleotides) [7]. 
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These thermal plus blocking oligonucleotides method could be improved the sensitivity by using mass 
enhancement (gold nanoparticle) was capped with blocking oligonucleotides by using 20 nm diameter 
of gold nanoparticle as optimal for the surface immobilization of QCM biosensor and the consequent 
sensitivity improvement because the hybridization was highest maximum value when the average 
diameter of nanoparticles was 20 nm and then decreased with the increasing of particle size [53]. 
Therefore, the frequency shift of the sensor was decreased accompanied by an increase of nanoparticle 
size applied in the static solution [53, 54]. In addition, gold nanoparticle modified blocking 
oligonuclotide deposited onto the piezoelectric sensor were depended on the DNA hybridization 
efficiency between the specific probe and target sequences [53, 55]. 
 
The gold nanoparticles could be attributed to the steric hindrance effect which the larger nanoparticles 
could not move as independently as the smaller nanoparticles and the larger nanoparticles connected to 
the DNA target hinder the approach of further nanoparticles [54]. 
 
Moreover, QCM could be developed a sensitivity of detection DNA based on gold nanoparticles 
amplification which detected E. coli O157:H7 cells to limit of 2.0×103 CFU/ml [36], 1.3×103 CFU/ml 
[57], and Chen and colleagues [56] detected Dengue virus to limit of 2 PFU/ml by gold nanoparticle 
signal amplified. Gill and co-works [58] detected M. tuberculosis by using gold nanoparticle probes 
for colorimetric detection to limit of 10 CFU/ml. Uludag and colleagues [59] studied the hybridisation 
with neutravidin capture for signal enhancement for the detection of HSV viral nucleic acids at  
5.2×10-11 M concentration. 
 
 
4. Conclusions 
 
A biosensor is an analytical tool consisting of biologically active material used in close conjunction 
with a device that will convert a biochemical signal into a quantifiable electrical signal. Biosensors 
have many advantages, such as simple and low-cost instrumentation, fast response times, minimum 
sample pretreatment, and high sample throughput. A biosensor has two components, a receptor and a 
detector. The receptor is responsible for the selectivity of the sensor including enzymes, antibody, and 
DNA which this review described DNA analysis only. The detector, which plays the role of the 
transducer, translates the physical or chemical change by recognizing its analyte and relaying through 
an electrical signal. It is well known that the resonant frequency of an oscillating piezoelectric crystal 
can be affected by a change in mass at the crystal surface. In DNA-based QCM biosensor, 
hybridization detection is performed and the frequency changes resulting from the interaction between 
specific probes immobilized on the gold electrode of a quartz crystal and the complementary DNA 
strand in solution. The sensitivity can, in some cases, be improved by using crystals of higher 
frequencies (>10 MHz), but these devices are often difficult to operate in liquids because of fragility 
and frequency stability problems [32]. Alternatively, the selectivity can be improved by improving the 
quality of the surface of the crystal and the immobilization procedures. Actually, the principal 
limitation of the quartz crystal microbalance (QCM) is non-specific adsorption of molecules present in 
real matrices. QCM is a mass sensor and any molecule able to bind to the surface is a potential 
interferent. Experiments with QCM biosensor applied to DNA hybridization clearly demonstrate that 
non-specific binding can be effectively minimized by using appropriate immobilization chemistry [7]. 
These analytical systems are often founded on the immobilization of a fragment of DNA with a 
specific sequence (probe) and followed by monitoring and recording of the variation of the transducer 
signal when the complementary fragment (target) in solution hybridizes with the probe. 
 
Most importantly, it is gratifying to see the emergence of a number of commercial organizations that 
are carrying out the long-awaited and much needed development of robust, reliable sensors, sample 
delivery and analysis systems that together will push the technology into the general laboratory and the 
field such as clinical diagnosis, epidemiology study, and bioterrorist weapon survey. 
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