


  
  

SSeennssoorrss  &&  TTrraannssdduucceerrss  
  

Volume 86 
Issue 12 
December 2007  

www.sensorsportal.com  ISSN 1726-5479 

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

 
Editors for Western Europe 
Meijer, Gerard C.M., Delft University of Technology, The Netherlands 
Ferrari, Vitorio, UUnniivveerrssiittáá  ddii  BBrreesscciiaa,,  IIttaaly 
 
Editors for North America 
Datskos, Panos G., OOaakk  RRiiddggee  NNaattiioonnaall  LLaabboorraattoorryy,,  UUSSAA 
Fabien, J. Josse, Marquette University, USA 
Katz, Evgeny, Clarkson University, USA 

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

 

Editorial Advisory Board 
 

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

Science and Technology, Japan 
Arcega, Francisco, University of Zaragoza, Spain 
Arguel, Philippe, CNRS, France 
Ahn, Jae-Pyoung, Korea Institute of Science and Technology, Korea 
Arndt, Michael, Robert Bosch GmbH, Germany 
Ascoli, Giorgio, George Mason University, USA 
Atalay, Selcuk, Inonu University, Turkey 
Atghiaee, Ahmad, University of Tehran, Iran 
Augutis, Vygantas, Kaunas University of Technology, Lithuania 
Avachit, Patil Lalchand, North Maharashtra University, India 
Ayesh, Aladdin, De Montfort University, UK 
Bahreyni, Behraad, University of Manitoba, Canada 
Baoxian, Ye, Zhengzhou University, China 
Barford, Lee, Agilent Laboratories, USA 
Barlingay, Ravindra, RF Arrays Systems, India 
Basu, Sukumar, Jadavpur University, India 
Beck, Stephen, University of Sheffield, UK 
Ben Bouzid, Sihem, Institut National de Recherche Scientifique, Tunisia 
Binnie, T. David, Napier University, UK 
Bischoff, Gerlinde, Inst. Analytical Chemistry, Germany 
Bodas, Dhananjay, IMTEK, Germany 
Borges Carval, Nuno, Universidade de Aveiro, Portugal 
Bousbia-Salah, Mounir, University of Annaba, Algeria 
Bouvet, Marcel, CNRS – UPMC, France 
Brudzewski, Kazimierz, Warsaw University of Technology, Poland 
Cai, Chenxin, Nanjing Normal University, China 
Cai, Qingyun, Hunan University, China 
Campanella, Luigi, University La Sapienza, Italy 
Carvalho, Vitor, Minho University, Portugal 
Cecelja, Franjo, Brunel University, London, UK 
Cerda Belmonte, Judith, Imperial College London, UK 
Chakrabarty, Chandan Kumar, Universiti Tenaga Nasional, Malaysia 
Chakravorty, Dipankar, Association for the Cultivation of Science, India 
Changhai, Ru, Harbin Engineering University, China 
Chaudhari, Gajanan, Shri Shivaji Science College, India 
Chen, Rongshun, National Tsing Hua University, Taiwan 
Cheng, Kuo-Sheng, National Cheng Kung University, Taiwan 
Chiriac, Horia, National Institute of Research and Development, Romania 
Chowdhuri, Arijit, University of Delhi, India 
Chung, Wen-Yaw, Chung Yuan Christian University, Taiwan 
Corres, Jesus, Universidad Publica de Navarra, Spain 
Cortes, Camilo A., Universidad de La Salle, 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 
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 

Dickert, Franz L., Vienna University, Austria 
Dieguez, Angel, University of Barcelona, Spain 
Dimitropoulos, Panos, University of Thessaly, Greece 
Ding Jian, Ning, Jiangsu University, China 
Djordjevich, Alexandar, City University of Hong Kong, Hong Kong 
Donato, Nicola, University of Messina, Italy 
Donato, Patricio, Universidad de Mar del Plata, Argentina 
Dong, Feng, Tianjin University, China 
Drljaca, Predrag, Instersema Sensoric SA, Switzerland 
Dubey, Venketesh, Bournemouth University, UK 
Enderle, Stefan, University of Ulm and KTB mechatronics GmbH, 

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

Microsystems, Italy 
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 Ros, Juan Jose, University of Cadiz, Spain 
Granel, Annette, Goteborg University, Sweden 
Graff, Mason, The University of Texas at Arlington, USA 
Guan, Shan, Eastman Kodak, USA 
Guillet, Bruno, University of Caen, France 
Guo, Zhen, New Jersey Institute of Technology, USA 
Gupta, Narendra Kumar, Napier University, UK 
Hadjiloucas, Sillas, The University of Reading, UK 
Hashsham, Syed, Michigan State University, USA 
Hernandez, Alvaro, University of Alcala, Spain 
Hernandez, Wilmar, Universidad Politecnica de Madrid, Spain 
Homentcovschi, Dorel, SUNY Binghamton, USA 
Horstman, Tom, U.S. Automation Group, LLC, USA 
Hsiai, Tzung (John), University of Southern California, USA 
Huang, Jeng-Sheng, Chung Yuan Christian University, Taiwan 
Huang, Star, National Tsing Hua University, Taiwan 
Huang, Wei, PSG Design Center, USA 
Hui, David, University of New Orleans, USA 
Jaffrezic-Renault, Nicole, Ecole Centrale de Lyon, France 
Jaime Calvo-Galleg, Jaime, Universidad de Salamanca, Spain 
James, Daniel, Griffith University, Australia 
Janting, Jakob, DELTA Danish Electronics, Denmark 
Jiang, Liudi, University of Southampton, UK 
Jiao, Zheng, Shanghai University, China 
John, Joachim, IMEC, Belgium 
Kalach, Andrew, Voronezh Institute of Ministry of Interior, Russia 
Rodriguez, Angel, Universidad Politecnica de Cataluna, Spain 
Rothberg, Steve, Loughborough University, UK 
Robert, Michel, University Henri Poincare, France 



Ke, Cathy, Tyndall National Institute, Ireland 
Khan, Asif, Aligarh Muslim University, Aligarh, India 
Kim, Min Young, Koh Young Technology, Inc., Korea South 
Ko, Sang Choon, Electronics and Telecommunications Research Institute, 

Korea South 
Kockar, Hakan, Balikesir University, Turkey 
Kotulska, Malgorzata, Wroclaw University of Technology, Poland 
Kratz, Henrik, Uppsala University, Sweden 
Kumar, Arun, University of South Florida, USA 
Kumar, Subodh, National Physical Laboratory, India 
Kung, Chih-Hsien, Chang-Jung Christian University, Taiwan 
Lacnjevac, Caslav, University of Belgrade, Serbia 
Laurent, Francis, IMEC , Belgium 
Lay-Ekuakille, Aime, University of Lecce, Italy 
Lee, Jang Myung, Pusan National University, Korea South 
Lee, Jun Su, Amkor Technology, Inc. South Korea 
Lei, Hua, National Starch and Chemical Company, USA 
Li, Genxi, Nanjing University, China 
Li, Hui, Shanghai Jiaotong University, China 
Li, Xian-Fang, Central South University, China 
Liang, Yuanchang, University of Washington, USA 
Liawruangrath, Saisunee, Chiang Mai University, Thailand 
Liew, Kim Meow, City University of Hong Kong, Hong Kong 
Lin, Hermann, National Kaohsiung University, Taiwan 
Lin, Paul, Cleveland State University, USA 
Linderholm, Pontus, EPFL - Microsystems Laboratory, Switzerland 
Liu, Aihua, Michigan State University, USA 
Liu Changgeng, Louisiana State University, USA 
Liu, Cheng-Hsien, National Tsing Hua University, Taiwan 
Liu, Songqin, Southeast University, China 
Lodeiro, Carlos, Universidade NOVA de Lisboa, Portugal 
Lorenzo, Maria Encarnacio, Universidad Autonoma de Madrid, Spain 
Lukaszewicz, Jerzy Pawel, Nicholas Copernicus University, Poland 
Ma, Zhanfang, Northeast Normal University, China 
Majstorovic, Vidosav, University of Belgrade, Serbia 
Marquez, Alfredo, Centro de Investigacion en Materiales Avanzados, 

Mexico 
Matay, Ladislav, Slovak Academy of Sciences, Slovakia 
Mathur, Prafull, National Physical Laboratory, India 
Maurya, D.K., Institute of Materials Research and Engineering, Singapore 
Mekid, Samir, University of Manchester, UK 
Mendes, Paulo, University of Minho, Portugal 
Mennell, Julie, Northumbria University, UK 
Mi, Bin, Boston Scientific Corporation, USA 
Minas, Graca, University of Minho, Portugal 
Moghavvemi, Mahmoud, University of Malaya, Malaysia 
Mohammadi, Mohammad-Reza, University of Cambridge, UK 
Molina Flores, Esteban, Benemirita Universidad Autonoma de Puebla, 

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

Italy 
Mounir, Ben Ali, University of Sousse, Tunisia 
Mukhopadhyay, Subhas, Massey University, New Zealand 
Neelamegam, Periasamy, Sastra Deemed University, India 
Neshkova, Milka, Bulgarian Academy of Sciences, Bulgaria 
Oberhammer, Joachim, Royal Institute of Technology, Sweden 
Ould Lahoucin, University of Guelma, Algeria 
Pamidighanta, Sayanu, Bharat Electronics Limited (BEL), India 
Pan, Jisheng, Institute of Materials Research & Engineering, Singapore 
Park, Joon-Shik, Korea Electronics Technology Institute, Korea South 
Penza, Michele, ENEA C.R., Italy 
Pereira, Jose Miguel, Instituto Politecnico de Setebal, Portugal 
Petsev, Dimiter, University of New Mexico, USA 
Pogacnik, Lea, University of Ljubljana, Slovenia 
Post, Michael, National Research Council, Canada 
Prance, Robert, University of Sussex, UK 
Prasad, Ambika, Gulbarga University, India 
Prateepasen, Asa, Kingmoungut's University of Technology, Thailand 
Pullini, Daniele, Centro Ricerche FIAT, Italy 
Pumera, Martin, National Institute for Materials Science, Japan 
Radhakrishnan, S. National Chemical Laboratory, Pune, India 
Rajanna, K., Indian Institute of Science, India 
Ramadan, Qasem, Institute of Microelectronics, Singapore 
Rao, Basuthkar, Tata Inst. of Fundamental Research, India 
Reig, Candid, University of Valencia, Spain 
Restivo, Maria Teresa, University of Porto, Portugal 
Rezazadeh, Ghader, Urmia University, Iran 
Royo, Santiago, Universitat Politecnica de Catalunya, Spain 

Sadana, Ajit, University of Mississippi, USA 
Sadeghian Marnani, Hamed, TU Delft, The Netherlands 
Sandacci, Serghei, Sensor Technology Ltd., UK 
Sapozhnikova, Ksenia, D.I.Mendeleyev Institute for Metrology, Russia 
Saxena, Vibha, Bhbha Atomic Research Centre, Mumbai, India 
Schneider, John K., Ultra-Scan Corporation, USA 
Seif, Selemani, Alabama A & M University, USA 
Seifter, Achim, Los Alamos National Laboratory, USA 
Sengupta, Deepak, Advance Bio-Photonics, India 
Shearwood, Christopher, Nanyang Technological University, Singapore 
Shin, Kyuho, Samsung Advanced Institute of Technology, Korea 
Shmaliy, Yuriy, Kharkiv National University of Radio Electronics, 

Ukraine 
Silva Girao, Pedro, Technical University of Lisbon Portugal 
Slomovitz, Daniel, UTE, Uruguay 
Smith, Martin, Open University, UK 
Soleymanpour, Ahmad, Damghan Basic Science University, Iran 
Somani, Prakash R., Centre for Materials for Electronics Technology, 

India 
Srinivas, Talabattula, Indian Institute of Science, Bangalore, India 
Srivastava, Arvind K., Northwestern University 
Stefan-van Staden, Raluca-Ioana, University of Pretoria, South Africa 
Sumriddetchka, Sarun, National Electronics and Computer Technology 

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

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

Taiwan 
Wu, Zhaoyang, Hunan University, China 
Xiu Tao, Ge, Chuzhou University, China 
Xu, Tao, University of California, Irvine, USA 
Yang, Dongfang, National Research Council, Canada 
Yang, Wuqiang, The University of Manchester, UK 
Ymeti, Aurel, University of Twente, Netherland 
Yu, Haihu, Wuhan University of Technology, China 
Yufera Garcia, Alberto, Seville University, Spain 
Zagnoni, Michele, University of Southampton, UK 
Zeni, Luigi, Second University of Naples, Italy 
Zhong, Haoxiang, Henan Normal University, China 
Zhang, Minglong, Shanghai University, China 
Zhang, Qintao, University of California at Berkeley, USA 
Zhang, Weiping, Shanghai Jiao Tong University, China 
Zhang, Wenming, Shanghai Jiao Tong University, China 
Zhou, Zhi-Gang, Tsinghua University, China 
Zorzano, Luis, Universidad de La Rioja, Spain 
Zourob, Mohammed, University of Cambridge, UK 

 
Sensors & Transducers Journal (ISSN 1726-5479) is a peer review international journal published monthly online by International Frequency Sensor Association (IFSA). 
Available in electronic and CD-ROM. Copyright © 2007 by International Frequency Sensor Association. All rights reserved. 



  SSeennssoorrss  &&  TTrraannssdduucceerrss  JJoouurrnnaall   
  

  

CCoonntteennttss  
  

Volume 86 
Issue 12 
December 2007  

www.sensorsportal.com  ISSN 1726-5479 

 
 

Research Articles 
 

Status of the MEMS Industry: Evolution or MEMS Markets and of the Industrial 
Infrastructure  
J. C. Eloy ............................................................................................................................................  1771 
  
Prospects for MEMS in the Automotive Industry 
Richard Dixon and Jérémie Bouchaud...............................................................................................  1778 
  
Putting Sensors to Work: The Untapped Advantage for Tool and Die Stamping 
Thomas Horstman ..............................................................................................................................   1785 
  
A Cost Effective Approach to Designing Control and Measurement Systems 
Robert J. Pawley ................................................................................................................................   1788 
  
Global Pressure Switch Market 
James K. Taylor..................................................................................................................................  1794 
  
RF MEMS Switches Deliver on Early Promise 
Jérémie Bouchaud and Bernardo Knoblich........................................................................................  1802 
  
Conserving Energy and Money with Variable Speed Pumps 
Tim O’Brien.........................................................................................................................................  1809 
  
Pressure-Resistant Proxes: New Generation Switches for Hydraulic Applications 
Thomas Horstman ..............................................................................................................................  1812 
  
Flexible Membrane Micro Flow-rate Threshold Flow Sensor 
Hee C. Lim, Sheng Liu, Gordon Thomas and John F. Federici .........................................................  1816 
  
Design, Fabrication and Performance Simulation for MEMS Based Piezo-Resistive Pressure 
Transducers with Sensitivity and Temperature Dependency 
Madhurima Chattopadhyay, Swapan Das, Mita Dutta .......................................................................  1823 

 
 
 
 
 
 

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

 
 
International Frequency Sensor Association (IFSA). 



Sensors & Transducers Journal, Vol.86, Issue 12, December 2007, pp. 1771-1777 

 1771

   
SSSeeennnsssooorrrsss   &&&   TTTrrraaannnsssddduuuccceeerrrsss  

ISSN 1726-5479
© 2007 by IFSA

http://www.sensorsportal.com   
 
 
 
 
 
 

Status of the MEMS Industry: Evolution or MEMS Markets 
and of the Industrial Infrastructure 

 
J. C. ELOY 

Yole Développement, France 
E-mail: eloy@yole.fr 

 
 

Received: 20 September 2007   /Accepted: 20 December 2007   /Published: 26 December 2007 
 
 
Abstract: The MEMS markets in 2006 reached US$ 5.8 B and we can estimate that the 2011 MEMS 
markets will reach more than US $ 10.7 B, with very diverse growth rate depending on the devices and 
the applications: silicon microphone and RF MEMS are the fastest growing applications but the 
existing applications like ink jet head and pressure sensors are still growing at a rate of 4 % per year at 
least. 
 
The industrial infrastructure is changing, with more and more companies going to 8’’ manufacturing 
facilities and the strong growth of the MEMS foundry business. 
 
MEMS business is changing for more structured industry and high volume production.  
Copyright © 2007 IFSA. 
 
Keywords: MEMS markets, MEMS Industry, MEMS 
 
 
 
1. Evolution of the MEMS Markets 
 
The MEMS markets in 2006 reached US$ 5.8 B, see Fig. 1 and 2 for a detailed analysis. Concerning 
the future, we can estimate that the 2011 MEMS markets will reach more than US $ 10.7 B, with very 
diverse growth rate depending on the devices and the applications: silicon microphone and RF MEMS 
are the fastest growing applications (see Fig. 2). These devices will more and more impact the 
consumer applications (mobile phone, DSC…) but are also finding industrial, medical and security 
applications. 
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Global MEMS market 2006-2011

The MEMS market will reach US$M 10.8 in 2011 with a 
13% CAGR over 2006-2011
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Fig. 1. Evolution of the MEMS markets (Source Yole Développement). 
 
 

2006 2007 2008 2009 2010 2011 2006-2011 CAGR
Inkjet Head 1 663 1 735 1 872 1 949 1 963 2 042 4%
Pressure sensors 1 028 1 103 1 093 1 147 1 208 1 275 4%
Silicon Microphones 117 169 245 309 365 442 31%
Accelerometers 652 779 815 936 1 158 1 403 17%
Gyroscopes 616 713 795 853 881 918 8%
MOEMS 466 563 615 741 835 949 15%
MEMS µdisplays 886 939 986 1 081 1 226 1 336 9%
Microfluidics 397 415 595 716 796 856 17%
RF MEMS 127 159 230 370 603 829 45%
µ-fuel cells 0 0 1 26 65 104 153%
Emerging MEMS 0 0 50 238 431 628 263%
Total 5 951 6 574 7 298 8 366 9 533 10 783 13%  

 
Fig. 2. MEMS markets figures (Source Yole Développement). 

 
 
Ink jet head and pressure sensors have limited growth (around 4 %) due to the maturity of the market. 
The price pressure is very high and is limiting the growth of these applications. 
 
Inertial sensors (accelerometers and gyroscopes) are finding their growth both in the automotive and 
consumer markets. Here also, price pressure is very high and the growth in number of units is much 
stronger. 
 
Optical MEMS are finding a lot of new applications and we are also expecting strong growth rate.  
IR image sensors are very promising devices with incredible growth at the moment. 
 
The new emerging applications (like microfuel cell, silicon oscillator, energy harvesting devices… 
which represent a zero value at the moment) will reach within 5 years 7 % of the MEMS business. 
This is the fastest growing application and the fuel for new innovation in the MEMS industry. A lot of 
new devices are under development and will impact the market within 3 years. 
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All in all, we can say that the MEMS markets are growing and are impacting more and more 
applications, from high end security systems to consumer last gadget. But the strong increase of the 
consumer applications is pushing the changes of the manufacturing infrastructure. 
 
The Fig. 3 is providing the 2004, 2005 and 2006 sales of the TOP30 MEMS manufacturers worldwide. 
 

Société 2004 2005 2006 AGR 06/05
1 TEXAS INSTRUMENTS* 850 780 883 13%
2 HEWLETT PACKARD* 687 750 820 9%
3 ROBERT BOSCH * 260 325 375 15%
4 LEXMARK * 201 230 313 36%
5 SEIKO EPSON * 194 199 231 16%
6 STMICROELECTRONICS* 200 200 220 10%
7 CANON * 161 184 214 16%
8 FREESCALE 157 182 210 15%
9 ANALOG DEVICES * 131 133,6 170,0 27%
10 DENSO * 118 135 170 26%
11 GE INFRASTRUCTURE SENSING * 120 132 152 15%
12 SYSTRON DONNER (SDA - SDI)* 171 190 141 -26%
13 HONEYWELL * 102 117 120 3%
14 DELPHI DELCO ELECTRONICS * 116 116 116 0%
15 INFINEON TECH. * (incl. Sensonor) 77 88 101 15%
16 OLIVETTI I JET* 78 96 96 0%
17 VTI TECHNOLOGIES 62 89,8 88 -2%
18 PANASONIC (MEI - MEW)* 20 80 88 10%
19 BOEHRINGER INGELHEIM MICROPARTS* 54,6 49 85 73%
20 FORMFACTOR 36 47 68 45%
21 CONTINENTAL  AUTOMOTIVE * 40 50 64 28%
22 KNOWLES ACOUTICS * 35 41 59 44%
23 MSI (including HL Planartechnik)* 12,4 13,8 55 299%
24 MURATA * 21 47 53 13%
25 AVAGO TECHNOLOGIES * 21 24 50 108%
26 OMRON 125 130 50 -62%
27 SILICON SENSING SYSTEMS * 32,4 35 43 23%
28 ULIS* 18 26,4 37,7 43%
29 COLIBRYS* 19 25 30 20%
30 KIONIX 0 18 26 44%

Sales

 
 

Fig. 3. TOP30 MEMS manufacturers’ sales. 
 
 
The market drivers are the automotive industry and 2 specific applications (ink jet heads and 
projection systems) which are providing the strong growth of the market. The consumer applications is 
explaining the growth of several companies (STM, Avago Technologies, Knowles Acoustics…) with 
important new business linked to mobile phone applications and the game industry, but the 
contribution to the total MEMS sales is still limited. More will come in 2007 and 2008. In addition, the 
price level (and the price pressure) is very strong: hundreds of million units at few 10 s cts each is only 
a few 10 s million $ business… 
 
The major changes in the industry are the following (see Fig. 4): 
 

• The cumulative sales of the TOP30 MEMS manufacturers has increased from BUS$ 4.5 in 
2005 to BUS$ 5.2 in 2006, representing more than 88 % of the total MEMS sales (and more 
than 20 % increase in total). So the TOP30 MEMS companies are growing faster compared to 
the MEMS markets; 

• The minimum sales grew from MUS$ 15 to MUS$ 26, with several new companies entering 
the field (and several companies exiting the TOP30, see below); 
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The top 6 MEMS manufacturers have not changed: 
 

• Texas Instruments micro mirror business is growing again and is more important than the 2004 
sales which was a very strong year already; 

• HP has increased its sales of ink jet head (higher growth compared to the market) due to the 
introduction of new ink jet printer families (the Scalable Printing Technology and the Edgeline 
family), which have been well accepted by the market; 

• Bosch is again the world leader for MEMS sensors, with an impressive 15 % growth (despite a 
strong decrease of the device price estimated at least at 6 %); sales in the non automotive fields 
have just started and the contribution in 2006 sales is limited. We expect a much stronger 
impact in 2007 at least in the number of devices sold; 

• Lexmark and Seiko Epson are also growing faster compared to the ink jet head market, with 
strong labeling business for Lexmark (agreement with Dell); 

• STMicroelectronics MEMS activities are now linked to ink jet head (contract manufacturing 
for several ink jet printer companies, including HP) with the start of the sales of the 3D 
accelerometer in volume for Nintendo. We estimated that the non ink jet head business of STM 
contributed to approximately MUS$ 20 in 2006, with more to come in 2007. 

 

 
 

Fig. 4. MEMS manufacturers ranking. 
 

 
Eight MEMS manufacturers are now above MUS$ 200, compared to 6 last year: the new entrants are 
Canon (ink jet head manufacturing) and Freescale (strong growth of their automotive business). 
 
Eighteen companies have sales below MUS$ 200 and above MUS$ 50 (linked to automotive and 
medical applications mainly) and four have sales below MUS$ 50 and above MUS$ 25 (sensor 
manufacturers mainly). 
 



Sensors & Transducers Journal, Vol.86, Issue 12, December 2007, pp. 1771-1777 

 1775

It is important to remember that more than 300 companies have MEMS sales below  
MUS$ 26 worldwide. As a key fact of the fragmentation of the MEMS industry, the last company in 
the TOP50 MEMS manufacturers has sales of MUS$ 6, which means most of the MEMS 
manufacturers are producing few hundreds or thousand of wafers every year, mainly for their own use 
in their systems. 
 
 
2. Evolution of the Industry Infrastructure 
 
It is one of the major evolutions of the MEMS industry YOLE Développement has highlighted: the 
new MEMS companies are fabless. These new companies (like Invensense, SiTime, DelfMEMS, 
Wispry, Qualcomm MEMS, Kavendish Kinetics…) are using external partners in order to have access 
to die and sell devices to their customers. 
 
 But this assessment is not exactly right: all these companies have strong team of process engineering, 
at least at the beginning of the company and all of them are investing in development and production 
equipment, which is quite unusual for a fabless company. 
 
In fact, all these new MEMS companies are fab-light: due to the heterogeneity of the MEMS industry, 
these companies have to help their manufacturing partners to develop and stabilized a viable process 
(for from end and back end processing) and have to invest in process development and equipment. 
Once the process is established and viable, it is then transferred to a foundry. 
 
For example, SiTime has developed its processes with SVTC and is now using Jazz Semiconductor as 
a manufacturing partner. 
 
The necessity to have a fab-light strategy is impacting heavily the MEMS industry in 2 different ways: 
 

• The development time for a new device is in the range of 2 to 4 years, which is a very long 
time for start-up companies (and their investors). Very few investors are able to wait 4 years 
before having a product on the table, ready for commercialization. This timing is much faster 
compared to what the MEMS industry has seen in the past (15 years of R&D for TI, 12 years of 
R&D for Knowles Acoustics…) but it is still a problem for the whole industry. Several start-
ups do not have enough capital to take into account this long time of development and do not 
find the right funding structure for their project. 

• Each new MEMS company has to find the right engineering team, with highly skilled persons 
and track records in bringing MEMS from idea to real production, which is not that simple due 
to the lack of such skilled individuals. 

 
These 2 issues of the MEMS fab-light start-up are delaying the development of the companies, which 
need more money, more time, bigger and diversified team in order to be up and running. Several 
companies have had such problems in the past: Discera, Wispry… have all announced years ago that 
they were close to production but each time, they needed 3 years more in order to solve the process 
engineering issues. Other companies like SiTime, LVL Sensors, InvenSense… have made a great job 
with product introduction in a 2 years timeframe. 
 
The MEMS industry will be really mature when these problems will be solved. That means the 
industry as a whole has to break the “MEMS law: one product, one process” (by the way, this 
concept has been invented by YOLE Développement in 2003). The growth of several MEMS foundry 
like IMT, Micralyne, Silex… is certainly a part of the answer: step by step, they will standardized the 
processes they are offering to their customers. But there is very few process compatibility between 
these different players. 
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This fact could pave the way for a new entrant, taking the big part of the MEMS foundry business by 
proposing solutions to this “Fab-light” problem and really breaking the “MEMS law”. 
 
According to the Taiwanese Institute for Economic Research, the integrated IC foundry business 
represented approximately 10 % of the total IC market in 2006. The four main players (TSMC, UMC, 
Chartered Semiconductor and SMIC) had together a market share of 84 % and TSMC alone dominated 
more than 50 % of the business in 2006. 
 
 
The picture is quite different if we look at the MEMS foundry business. The following table (Fig. 5) 
provides YOLE Développement’s analysis of the MEMS foundry business in 2006: 
 
 

2006 ranking 2005 2006 Growth 06/05
1 STMicroelectronics $198,0 $200,0 1%
2 IMT $14,0 $21,0 50%
3 Sony $15,0 $20,0 33%
4 APM $15,0 $17,0 13%
5 Micralyne $14,0 $17,0 21%
6 Dalsa Semiconductor $15,2 $16,2 7%
7 ELMOS-SMI $10,5 $14,0 33%
8 Memstech $13,0 $13,5 4%
9 Colibrys $12,5 $13,5 8%
10 Silex $6,7 $13,1 96%
11 Memscap $6,0 $10,3 72%
12 Tronic' Microsystems $7,4 $8,7 18%  

 
Fig. 5. Ranking of MEMS contract manufacturers (Source: Yole Développement). 

 
 
Approximately 25 companies provide MEMS foundry services worldwide, with total revenues of US 
$400 million. The growth rate in 2006 compared to 2005 is 35 %, after a 40 % growth in 2005. IT is 
the leader in the independent MEMS foundry areas. 
 
At YOLE Développement, we are forecasting the MEMS foundry growth rate to remain at the same 
level for 2007 and 2008 as the first trends gathered for 2007 sales indicate a possible 40% growth rate 
for the year. 
 
Comparing MEMS foundry sales to MEMS product sales in 2006 (which represents US $5.9 billion), 
7 % of the MEMS product market is manufactured by MEMS foundries, a much lower rate compared 
to the semiconductor industry. 
 
The main reason for this difference is the diversity of MEMS processes and the existence of the 
“MEMS law: one product one process”.  That is, few standard processes today are able to capture the 
majority of the market. 
 
 
3. Looking to the Future, Let’s Imagine the MEMS Foundry Business in 2016 
 
In 2016, we expect the MEMS market to generate approximately US $20 billion in revenue based on a 
2006-2016 13% compound annual growth rate (see Fig. 1). 
 
We also predict that the “MEMS law: one product one process” will be solved, resulting in the 
evolution to a more mature industry. 
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If we can extrapolate what has happened in the semiconductor industry: 
 

• Approximately 10 % of overall semiconductor business is in the hands of foundries; 
• One foundry (TSMC) has 50% market share, reducing the size of the other players (UMC, 

SMIC, etc.). 
 
If we apply this ratio to the MEMS industry in 2016, the results are surprising: 
 

• 10 % of the MEMS business will be in the hands of MEMS foundries, meaning a US $2 billion 
industry (compared to a US $400 million market today); 

• One player will have 50 % of the market, resulting in one US $1 billion MEMS foundry.  
 
The question remains, who will be able to build a US $1billion MEMS foundry company in the next 
10 years? And in order to do this, will MEMS manufacturing processes have to be standardized? This 
dream may not seem possible today but the semiconductor industry achieved this goal 15 years ago 
while many people were skeptical about the viability of the semiconductor foundry business model. 
 
Following the semiconductor example, we hope that the dream of building a US $1B MEMS foundry 
will turn into a reality! 
 
MEMS business is growing and changing. YOLE Développement is day after day looking at the 
evolution of the MEMS markets and industry and reporting these evolutions in our publications 
Micronews, the online news provider i-Micronews and in our reports. With its strong involvement in 
MEMS industrial business (we are making more than 1 500 industrial contacts every year linked to 
MEMS business), YOLE Développement is leading the way in the analysis of MEMS markets 
worldwide. 
 

___________________ 
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