
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/290524924

Lumped parameter modeling of absolute and differential micro pressure

sensors

Article · January 2012

CITATIONS

2
READS

250

5 authors, including:

Some of the authors of this publication are also working on these related projects:

PG mini project View project

polymer matrix composites View project

Swaminathan Meenatchi Sundaram

Manipal Academy of Higher Education (MAHE), Manipal

11 PUBLICATIONS   17 CITATIONS   

SEE PROFILE

Ashwin Simha

Exicom Tele-Systems

3 PUBLICATIONS   6 CITATIONS   

SEE PROFILE

Mukund Kumar Menon

Manipal Academy of Higher Education

3 PUBLICATIONS   5 CITATIONS   

SEE PROFILE

S. M. Kulkarni

National Institute of Technology Karnataka

128 PUBLICATIONS   1,093 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Swaminathan Meenatchi Sundaram on 07 July 2016.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/290524924_Lumped_parameter_modeling_of_absolute_and_differential_micro_pressure_sensors?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/290524924_Lumped_parameter_modeling_of_absolute_and_differential_micro_pressure_sensors?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/PG-mini-project?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/polymer-matrix-composites?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Swaminathan-Meenatchi-Sundaram?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Swaminathan-Meenatchi-Sundaram?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Swaminathan-Meenatchi-Sundaram?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ashwin-Simha?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ashwin-Simha?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Exicom_Tele-Systems?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ashwin-Simha?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mukund-Menon?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mukund-Menon?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Manipal_Academy_of_Higher_Education?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mukund-Menon?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/S-Kulkarni?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/S-Kulkarni?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/National-Institute-of-Technology-Karnataka?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/S-Kulkarni?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Swaminathan-Meenatchi-Sundaram?enrichId=rgreq-da07ba8d014244a423e33c247324d66b-XXX&enrichSource=Y292ZXJQYWdlOzI5MDUyNDkyNDtBUzozODEwNzEwMzczNTM5ODRAMTQ2Nzg2NTgyMzE0Mg%3D%3D&el=1_x_10&_esc=publicationCoverPdf


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


  
  

SSeennssoorrss  &&  TTrraannssdduucceerrss  

  

Volume 144, Issue 9 
September 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 144 
Issue 9 
September 2012 

www.sensorsportal.com  ISSN 1726-5479 

 
 

Research Articles 
 

Research in Nanothermometry. Part 8. Summary 
Svyatoslav Yatsyshyn, Bohdan Stadnyk, Yaroslav Lutsyk, Olena Basalkevych ...............................  1 
  
Temperature Measurement and Control Based on LabVIEW and SMS 
D. Mercy, Ashok M., Karthick N., Rajamanickam M...........................................................................   16 
  
Theoretical Considerations of Fiber Optic Sensors for Thermal Sensing Under Low and 
High Temperatures Effects 
Ahmed Nabih Zaki Rashed.................................................................................................................  27 
  
Effect of Firing Temperature on the Micro Structural Parameters of Synthesized Zinc Oxide 
Thick Film Resistors Deposited by Screen Printing Method 
Ratan Y. Borse, Vaishali. T. Salunke and Jalinder Ambekar .............................................................  45 
  
Design and Analysis of Bulk Micromachined Piezoresistive MEMS Accelerometer for 
Concrete SHM Applications 
S. Kavitha, R. Joseph Daniel, K.Sumangala ............................................................................................................................................................................   62 
  
Lumped Parameter Modeling of Absolute and Differential Micro Pressure Sensors 
S. Meenatchisundaram, Ashwin Simha, Mukund Kumar Menon, S. M. Kulkarni  
and Somashekara Bhat ......................................................................................................................  76 
  
Geometrical Amplification of SMA Actuator Displacement Using Externally Actuated Beam 
Elwaleed Awad Khidir, Nik Abdullah Mohamed, Sallehuddin Mohamed Haris..................................  92 
  
High Accuracy Resolver to Digital Converter Based on Modified Angle Tracking Observer 
Method 
Chandra Mohan Reddy Sivappagari, Nagabhushan Raju Konduru...................................................  101 
  
Development of Single Place Multiple Obstacle Avoidable System for Guarded Tele-
operated Trolley, a Service Robot Using Single Ultrasonic Sensor 
Subrata Chottopadhaya and Soumendra Nath Kundu.......................................................................  113 
  
A Real Time Radio Frequency Field Imaging for Detection of Impurities in Liquids 
Mohammad Mezaael. .........................................................................................................................  123 
  
Design and Simulation of a Microgripper with the Ability of Releasing Nano Particles by 
Vibrating End-Effectors 
Hamed Demaghsi, Hadi Mirzajani, Ehsan Atashzaban, Habib Badri Ghavifekr ................................  131 
  
Linear Resistivity Response with Relative Humidity of Gd Doped Magnesium Ferrite 
Jyoti Shah, Amish G. Joshi and R. K. Kotnala ...................................................................................  143 
  
Quartz Crystal Microbalance DNA Based Biosensor for the Detection of Brugia malayi 
Thongchai Kaewphinit, Somchai Santiwatanakul, Supatra Areekit and Kosum Chansiri. .................  153 
 161 

http://www.sensorsportal.com


Recent Advance in Antibody or Hapten Immobilization Protocols of Electrochemical 
Immunosensor for Detetion of Pesticide Residues 
Ying Zhu, Xia Sun, Xiangyou Wang ...................................................................................................  
  
PSoC Based Blood Coagulation Instrument for the Analysis of PT & APTT 
Raghunathan R., Neelamegam P. and Murugananthan K.................................................................  182 
  
L-Asparaginase Extracted From Capsicum annum L and Development of Asparagine 
Biosensor for Leukemia 
Kuldeep Kumar and Shefali Walia......................................................................................................  192 
  

 
 

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/Digital_Sensors.htm


 

http://www.euromat2013.fems.eu


Sensors & Transducers Journal, Vol. 144, Issue 9, September 2012, pp. 76-91 

 76

 
Sensors & Transducers

ISSN 1726-5479
© 2012 by IFSA

http://www.sensorsportal.com

 
 
 
 
 

Lumped Parameter Modeling of Absolute and Differential 
Micro Pressure Sensors 

 
1* S. Meenatchisundaram, 2Ashwin Simha, 3 Mukund Kumar Menon,  

4 S. M. Kulkarni and 5 Somashekara Bhat 
1, 3 Department of Instrumentation and Control Engineering, 

5 Department of Electronics and Communication Engineering, 
Manipal Institute of Technology, Manipal, Udupi, Karnataka 

2, 4 Department of Mechanical Engineering,  
National Institute of Technology Karnataka, Surathkal, Karnataka 

e-mail: meenasundar@gmail.com, ashwinsimha@gmail.com, smkulk@gmail.com 
 
 

Received: 26 June 2012   /Accepted: 21 September 2012   /Published: 28 September 2012 
 
 
Abstract: Mechanical systems may be modeled as systems of lumped masses (rigid bodies) or as 
distributed mass (continuous) systems. The latter are modeled by partial differential equations, 
whereas the former are represented by ordinary differential equations [1]. In this paper a lumped 
parameter model of absolute and differential pressure sensors are developed, whose diaphragm is 
designed to undergo very small deflections (typically less than 25 % of the thickness). A simple 
approximate model with proper assumptions are considered and analyzed first. A more appropriate 
model with refined approximation is considered later. Estimation of various parameters like mass, 
spring constant and damping of the diaphragm & fluid are done and used to estimate the transfer 
function. The transfer function is then used to understand the frequency and stability analysis of the 
system. A square, rigidly fixed diaphragm pressure sensor is considered in this work. By limiting the 
maximum deflection to one-fourth of the thickness, the analysis has been done for a maximum applied 
pressure of 100 MPa. MATLAB® is used as a tool to carry out the analysis. Copyright © 2012 IFSA. 
 
Keywords: Lumped parameter model, Absolute pressure sensors, Differential pressure sensors, Micro 
electro mechanical systems (MEMS), Modeling. 
 
 
 
1. Introduction 
 
Pressure sensing is one of the most established and well-developed areas of sensor technology. One 
reason for its popularity is that it can be used to measure indirectly various real-world phenomena like 
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flow, fluid level and acoustic intensities, in addition to pressure [2]. Pressure sensors invariably use a 
thin elastic member such as a diaphragm which acts as the primary transducer. Application of pressure 
on the diaphragm results in the change of one or more physical attributes of the diaphragm like 
displacement, stress, strain, etc. However these quantities have a very small magnitude and cannot be 
read out directly. In view of this difficulty various transduction techniques are adopted such as 
piezoresistive, piezoelectric, capacitive, optical, resonance etc. 
 
Most pressure sensors today use sealed gas or vacuum filled cavities. The basic operation of such a 
sensor is to couple the pressure to be measured to one surface of a membrane and to measure its 
deflection. The Fig. 1 shows the different type of pressure sensor designs commonly implemented in 
micromachined form. Pressure sensors can be built to measure pressure relative to a sealed reference 
cavity or differentially using two input ports. For sealed cavity designs a vacuum is preferred since 
there will be no temperature dependent pressure changes in the reference pressure [3]. 
 
 

 
 

Fig. 1. Commonly used Pressure sensors. 
 
 

2. Mechanical Lumped Model 
 
A 100 mm diameter wafer with a thickness of 500 µm is considered in this work. The sensor geometry 
and dimensions are taken as listed in the Table 1 and the side view of a bulk micromachined pressure 
sensor is shown in Fig. 2. The thickness is considered as 495 µm for practical reasons, where there will 
be a reduction in thickness due to cleaning and smoothening of the surface. 
 
 

Table 1. Geometry and Dimensions of Silicon Pressure Sensor. 
 

Diaphragm geometry and wafer thickness Flat square silicon(100) and 500 mm 
Side of the diaphragm (a) 783 um [4] 
Thickness of the diaphragm (h)  63 um 
Max. central deflection of the diaphragm (wmax) 15.75 um(limited to h/4 for linearity) [5] 
Young's modulus (E) 131 GPa 
Poisson's ratio (γ) 0.27 
Yield strength of silicon(100) (Sy ) 7 GPa 
Input pressure range (P) 0 – 100 MPa 
Density of silicon (ρ) 2300 kg/m3 
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Fig. 2. Dimensions of Silicon Die. 
 
 
3. Lumped Model of an Absolute Pressure Sensor 
 
A 3 Degree of Freedom with respect to the fluid, diaphragm and the air between diaphragm and casing 
is considered in this model. The model and its parameters are described in the Fig. 3. 
 
 

 
 

Fig. 3. Complete 3 DOF model of the pressure sensor. 
 

 
Description of Symbols: 
Mf = mass of the fluid in the chamber in kg; 
Kf = stiffness contributed by the fluid in the chamber in N/m; 
Bf = damping introduced due to fluid-structure interaction at the fluid-diaphragm boundary in Nm/s; 
Md = Mass of the diaphragm in kg; 
Kd = stiffness of the diaphragm in N/m; 
Bd = damping introduced by diaphragm in Nm/s; 
Ma = Mass of the air in the cavity in kg; 
Ba = damping introduced due to interaction between the diaphragm and air in Nm/s; 
Ka = stiffness constant of air in N/m. 
 
 
3.1. Computation of Bf, Kd, Md and Mf Values 
 
Using the values in Table 1 and the standard formulas, the following parameters are calculated and 
given below. 
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1. Stiffness of the diaphragm (Kd) 
 
 3

6
2

4.26 10
0.0138d

Eh N
K

ma
     
 

 (1)

 
2. Squeeze film damping introduced due to fluid-structure interaction [6] at the fluid-diaphragm 
boundary  
 
 4

4 3

96
f

i

a
B

h





, 

(2)

 
where Hi is the height of the inlet chamber. Referring to Fig. 2 Hi = 432 um. Thus 

 
Bf = 2.06510-22 Ns/m 

 
3. The mass of the fluid is given by 
 
 Mf = pfV, (3)
 
where, pf is the density of the fluid admitted in kg/m3; Vf = a2Hi is the volume of the fluid in m3. 
 
Assuming the fluid admitted is water with pf = 1000 kg/m3. 

 
Mf = 2.6810-7 kg 

 
4. The mass of the diaphragm is given by 
 
 Md = ρVd (4)
 
Using the values in Table 1 yields 

Md = 8.10510-8 kg 
 
 
3.2. First Approximate Model 
 
Several parameters in the model can be assessed only experimentally or via complex mathematics involving 
more than one physical phenomenon at a time. To overcome this difficulty only those parameters which can be 
readily estimated are considered as a first approximation along with the following assumptions: 
 The effect due to air friction between the diaphragm and the casing is not considered; 
 The material damping associated with the diaphragm Bd is ignored since silicon does not exhibit mechanical 

hysteresis; 
 Squeeze film damping contributes to the value of Bf and Bd; 
 Liquids are incompressible. Hence Kf is very high and is not considered; 
 Slope in the walls of the cavity due to anisotropic etching of silicon is not accounted. 
 
After considering the above assumptions, the model is redrawn as given in Fig. 4. 
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Fig. 4. First Approximate Lumped Model. 
 

 
The governing equations for the above system in Fig. 4 are [1]: 
 
  (5)
  
  (6)
 
Rearranging equations (5) and (6) and taking Laplace transformation yields 
 
  (7)
  
  (8)
 
Representing equations 7 and 8 in matrix form and solving using Cramer's rule, 
 
 

  
(9)

  
 

 
(10)

 
Using Final Value Theorem, 
 
  (11)
  
 

 
(12)

  
 

 
(13)

 
The fact that equation (13) was arrived at using final value theorem successfully verifies that the 
governing equations are derived in proper sense. Using the values of the parameters obtained from (1) 
to (4) and substituting into (10), the transfer function of the system is obtained as 
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(14)

 
 
3.3. Refined Model 
 
It can be recognized that different fluids can enter the pressurizing chamber of the sensor. In view of 
this, the parameters Bf, Kf and Mf associated with the fluid entry are eliminated in the refined model. 
The parameters Ba and Bd are introduced just to check that it can be possible to establish any 
comparison in the magnitudes between the various parameters of the model. The model shown in  
Fig. 4 is redrawn to satisfy the condition shown in refined model is shown in Fig. 5. 
 
Again using the concept of free body diagrams and Newton’s second law the following equations are 
established for the nodal equilibrium of forces at the two nodes. 
 
  (15)
  
  (16)
 

 

 
Fig. 5. Refined Model. 

 
 
Taking Laplace transform and rearranging equations (15) and (16) in matrix form yields 
 
 

   

2
1

2
2

0( )( )

( )( )( )
d d d d d

ind d a a d a d
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 (17)

 
Solving by Cramer’s rule gives, 
 
 

 

(18)
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For a step input of amplitude ‘F’, Fin(s) = F/s, 
 
Using Final Value Theorem, 
 
  (19)
  
  

1( )
Series 

a d

a d a d

F K K F
x t

K K K K


   (20)

 
 
4. Lumped Model of a Differential Pressure Sensor 
 
A 3 Degree of Freedom with respect to the high pressure fluid, low pressure fluid, and diaphragm is 
considered in this model. A simple back to back diaphragm type pressure sensor is considered in this 
work. The parameters with the values listed in Table 1 are used. The model is shown in the Fig. 6. 
 
 

 
Fig. 6. Complete 3 DOF model of a differential pressure sensor. 

 
 
4.1. Approximate Lumped Model 
 
The assumptions listed in section 3.2 are considered in this case also. If the concept of free body 
diagrams and Newton’s second law is used then, we will get six set of equations and solving for 
transfer function will be very difficult. To avoid complications, the equivalent circuit using force-
voltage analogy is drawn as shown in Fig. 7 and the governing equations are given below. 
 
The governing equations for the above system are: 
 
  (21)
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Fig. 7. (a) Approximate lumped model and (b) its equivalent circuit 
 
 
 
 

 (22)
  
 Then, 

 
 

 (23)
 
Now,  and P F I s X      (Force-Voltage Analogy), then the required transfer function can be 
obtained as: 
 
 

 (24)
 or, 
 

 
(25)

Using Final Value Theorem, 
 
 

, (26)

 
where, Fin(t)=F.u(t).Taking Laplace Transform, ∆F(s)=∆F/s, Then,  
 
 

2 d

F
X

K


   (27)

 
 
4.2. Computation of Bf, Kd, Md and Mf Values 
 
1. Stiffness of the diaphragm (Kd) 
 

3

20.0140d

Eh
k

a


= 5.6153106 N/m 
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2. Squeeze film damping introduced due to fluid-structure interaction at the fluid-diaphragm boundary 
(Bf) 
 

4

4 3

96
f

i

a
B

h





 = 4.089410-6 Ns/m, 

 
where, hi is the height of the inlet chamber. Referring to Fig 2, hi = 432um 
 
3. The mass of the fluid is given by 
 

Mf = 2.648510-7 kg 
 
4. The mass of the diaphragm is given by 
 

Md = 8.99910-8 kg 
 
Using the values of the parameters obtained, the transfer function of the system is obtained as 
 
 

 
(28)

 
 
5. Results and Discussion 
 
5.1 Absolute Pressure Sensor 
 
5.1.1. Frequency Analysis of First Approximate Model 
 
The bode plot for the transfer function of the first approximate model absolute pressure sensor is given 
in equation (14) is shown in Fig. 8. It can be concluded that the resonant frequency of the system is 
(7.25106)/(2л) = 1.138 MHz. This is in agreement with the theoretical results given by 
 
 6

8

4.26 10

8.1 10
2 2

d

d
r

K

M
f

 




  = 1.153 MHz 

(29)

 
 
The fact that the amplitude at resonance being high and phase changing by an angle -180 degrees very 
rapidly indicate that the damping caused by the fluid Bf is negligible provided the inlet cavity of the 
height hi is sufficiently high. 
 
 
5.1.2. Root Locus Plot of First Approximate Model 
 
Root locus analysis is done to assess the stability of the above system. Since the parameter of interest 
is the correct estimation of Bf, which characterizes the flow of different fluids at different velocities, 
the equation (10) can be rearranged as, 
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Fig. 8. Magnitude – Phase plot of equation. 
 

 
 

 

(30)

 
which represents the closed loop transfer function of a non-unity negative feedback control system. 
The denominator of equation (30) is defined as the characteristic equation of the form 

. 
 
  (31)
 
Rearranging equation (31) and let Bf = K, gives 
 
   2

3
1 0

d f d

f d f d

M M s K
K

M M s M K s

 
 

  (32)

  
   2

3
( ) ( )

d f d

f d f d

M M s K
G s H s K

M M s M K s

 



 (33)

 
The rootlocus plot of the equation in (33) is shown in Fig. 9. 
 
Referring to Fig. 9 the gain term K is nothing but Bf. It can be concluded that the system is stable since 
the entire root locus plot is on the left half of the s-plane. Also with respect to equation (10) the order 
of the system is 3. It is observed from the above plot that the value of Bf = 0.656 the only value 
resulting in minimum overshoot of the response. But this value of Bf is nowhere closer to the value 
predicted using squeeze film damping model. Also the value of Bf obtained from the root locus plot is 
extremely high compared to the typical values found in microsystems which are of the order of 10-6 

Ns/m. The third order system can be further decomposed into one first order and one second order 
system. The evaluation of Bf requires the understanding of fluid structure interaction and 
Computational Fluid Dynamics and hence will be refined further. 
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Fig. 9. Rootlocus plot for equation (33). 
 
 
5.1.3. Frequency and Stability Analysis of Refined Model 
 
Fig. 10 to Fig. 13 shows the step response of the sensor for Pin = 100 MPa and the frequency domain 
plot of the open loop transfer function derived in (18) as the refined model for different values of Bd. 
Four different values of Bd are considered to show different cases namely Bd=100Ba, Bd=10Ba, Bd=Ba 
and Bd=0.1Ba. By observing the phase changes in the frequency domain plot for different cases, we 
immediately conclude that as the value of Bd decreases, the slope of the phase curve increases rapidly 
at resonance which indicates a decrease in the damping ratio/damping factor of the system. This is 
accompanied by an increase in the overshoot of the step response as can be observed from the plots. It 
is also worthwhile to observe that the settling time increases as the damping factor reduces which is 
consistent with our understanding on basic Control Theory. 
 
 

  
 

Fig. 10. Step and frequency response of the sensor Bd = 100 Ba. 
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Fig. 11. Step and frequency response of the sensor Bd = 10Ba. 
 
 

  
 

Fig. 12. Step and frequency response of the sensor Bd = Ba. 
 
 

  
 

Fig. 13. Step and frequency response of the sensor Bd = 0.1Ba. 
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5.1.4. Effect of Ka on the Static Deflection of the Diaphragm 
 
The magnitude of Ka relative to Kd can have a considerable effect on the static deflection of the 
diaphragm. From Eqn. (20) it is readily seen that for Ka >>Kd, the value of x1 (t) depends only on the 
stiffness of the diaphragm and the force Fin. If the magnitude of Ka is comparable to Kd, there will be 
an appreciable change in the value of x1 (t). The same is depicted by Fig. 14 for a fixed value of 
Bd=100Ba and two cases namely Ka=100Kd and Ka=Kd. The former yields a value of the static 
deflection much closer to the true value (~16 µm) while the latter results in a much higher value of 
about (32 µm). 
 
 

  
 

Fig. 14. Effect of Ka on the step and frequency response (Bd =100Ba). 
 
 
Fig. 14 (b) shows the effect of the magnitude of Ka relative to Kd on the frequency domain plot of the 
sensor. When Ka =100Kd the magnitude plot indicates that the damping factor is lower than that for 
Ka=Kd. This implies a much lesser settling time for Ka=100Kd which is evident from the step response 
of Fig. 14. It is also to be noted that when Ka=Kd (or Ka has a magnitude comparable to Kd), the 
effective value of the stiffness K series is higher than that for Ka=100Kd and hence a shift in the 
resonant frequency is observed in the increasing/positive direction. 
 
 
5.2. Differential Pressure Sensor 
 
5.2.1. Frequency Response Analysis 
 
From Fig. 15, it can be concluded that the actual resonant frequency of the system is 0.80 MHz, which 
is almost closer to the theoretical result given by: 
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Fig. 15. Magnitude – Phase plot of equation (28). 
 

 
5.2.2. Root Locus Plot 
 
Bf can be set as the parameter K in the equation for plotting the root-locus diagram, which represents 
the closed loop transfer function of a non-unity negative feedback control system as shown in Fig. 16. 
The denominator of equation (25) is defined as the characteristic equation of the form 
 
  (35)

 
 

 
 

Fig. 16. Rootlocus plot for equation 4.10. 
 
 
Since the entire root locus plot is on the left half of the s-plane, and it is a stable system. Also with 
respect to equation (25) the order of the system is 2. It is observed from the above plot that the value of 
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Bf = 1.09106 the only value resulting in minimum overshoot of the response. But this value of Bf is 
nowhere closer to the value predicted using squeeze film damping model. Also the value of Bf obtained 
from the root locus plot is extremely high compared to the typical values found in microsystems which 
are of the order of 10-6 Ns/m. The evaluation of Bf requires the understanding of fluid structure 
interaction and Computational Fluid Dynamics and hence will be refined further. 
 
The step response of the equation given (28) is given below. It is evident from the step response that, 
for differential pressure, the diaphragm will oscillate back and forth and then settles. The oscillation is 
in the order of 10-7, which again agrees the deflection properties of micro structures. 
 
 

 
 

Fig. 17. Step response of the transfer function given in eqn. (28). 
 
 

6. Conclusion 
 
Thus the lumped parameter model of absolute and differential micro pressure sensors are developed, 
whose diaphragm is designed to undergo very small deflections. A 3 Degree of Freedom with respect 
to the fluid, diaphragm and the air between diaphragm and casing is considered. A simple approximate 
model with proper assumptions are considered and analyzed first. The transfer function obtained from 
the model is analyzed for its frequency and stability. The analytical natural frequency is found 
matching with natural frequency obtained from the model with a small difference. 
 
A more appropriate model with refined approximation is considered later. The effect of diaphragm 
stiffness is compared with stiffness of air in casing. Also various ratio of damping of the fluid with 
damping of diaphragm is considered and analyzed. 
 
Later the first approximation is applied to the differential pressure sensor and the stability and 
frequency of the model is analyzed and found to be more appropriate. 
 
The analytical value of Bf is not matching with the value predicted using squeeze film damping model. 
The evaluation of Bf requires the understanding of fluid structure interaction and Computational Fluid 
Dynamics and hence will be refined further. 
 
The refined model of the differential pressure sensor and analysis about the mismatch of damping of 
fluid are left as future work. 
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