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nano/microfluidic integrated N/MEMS devices and RF-IC chips with 
embedded inductors. Growth projections are estimated to be $40 
billion in 2015 and $200 billion in 2025 [6].

The Emerging Technologies Program of the National Science 
Foundation (NSF) and Defence Advanced Research Projects 
Agency (DARPA) selected N/MEMS as a research focal point 
and, consequently, their funding increased dramatically. Similar 
investments have also been made in Europe and Asia, causing the 
manufacturing of N/MEMS devices to become a substantial part 
of the high-tech manufacturing technologies [11,17]. However, 
there are current unsolved problems in N/MEMS device design and 
manufacturing:

Integration, packaging and full system feedback are current 
bottlenecks. For example, the detailed function of a N/MEMS 
chip is critical to the design of the package, and cost effective 
packaging and robust reliability are two critical factors for successful 
commercialization of N/MEMS devices [16].Therefore, preparation of 
N/MEMS devices to market in required volumes for suitable costs is a 
challenge that must be overcome. [6,11,18-20]

Strategic thinking is needed to determine the mix of analytical 
and numerical tools used in N/MEMS design [11]. For instance, the 
design insights provided by analytic models are invaluable, specifically 
the insights into the effects of varying either device dimensions or 
material properties. However, in the commercial N/MEMS world, 
particularly as devices enter high-volume manufacturing, there is 
increased emphasis on numerical tools at all levels. 

Global trends in the field of N/MEMS (nano and micro-electro-
mechanical systems) are driving research for the rapid miniaturization 
of low-power, high-bandwidth and high density devices for health 
technologies, wireless communication and smart sensor systems, 
and for applications to detect and manipulate anomalies such as 
pathogens, tumors, etc. 

Training students for industry and academia to meet these 
current and future demands for innovation in the manufacturing of 
high-tech, smart and market-ready N/MEMS devices are vital to be 
competitive on the world stage in these important technologies.

A current gap exists in the steps linking research development 
to product innovation. When dealing with high volume production, 
strategic decision-making is the current missing element to accurately 
plan proportions.

To solve the problems mentioned above, a research community 
could be formed that will be built upon strategic collaborations and 
will foster a professional and entrepreneurial spirit to produce future 
HQP (highly qualified personnel) with a comprehensive background 

N/MEMS apply to all types of miniaturized devices that 
are fabricated from silicon- and polymer-based materials using 
techniques derived from the nano/microelectronics industry. These 
techniques include isotropic and anisotropic etching, various thin 
film deposition methods, bonding, masking, and doping techniques 
employed in integrated circuit (IC) manufacturing. Micro-sensors, 
micro-actuators, ‘lab-on-a-chip’ and micro-TAS (micro-total 
analytical systems) devices can be referred to generally as N/MEMS 
[1]. N/MEMS consist of nano and micro scale mechanical components 
such as grippers and cantilevers, which move in response to certain 
stimuli (sensors) or are activated to perform certain tasks (actuator), 
and nano and micro components to control that motion (robotics and 
fluidics) [2].

N/MEMS offers advantages in many fields such as automotive 
control and safety systems, communication, satellite control, medical 
devices and health monitoring [3-14]. However, challenges exist in 
the fabrication and operation of these devices. For instance, in the 
operation of N/MEMS sensors, the actuation and detection of their 
sub-nanometer displacements at high frequencies, in addition to the 
bandwidth, and robustness and accuracy requirements make the tasks 
challenging [15].

Moreover, N/MEMS devices are usually designed to perform tasks 
in several domains (e.g., electro-mechanical, chemical, photonic, 
biological and thermo-hydraulic). Therefore, failure mechanisms of 
these devices vary significantly from one type to another. For this 
reason, there are systems architecture and control issues, plus design 
and fabrication challenges apparent before introducing them into the 
market, in addition to reliability problems in packaging, testing and 
cost analysis that also represent a major issue in any industrial and 
consumer product development. The central issue of reliability is that 
no matter how sophisticated a product is designed and manufactured, 
it becomes less useful if it is not able to deliver the designed 
performance during the expected lifetime [16].

The market for N/MEMS-based products in 2005 had a value of 
$8 billion. Those products included nano and micro devices such as 
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in technological and professional leadership. Commercial or market 
readiness among HQP will enhance the investment potential and 
success of start-up companies. For this reason, job readiness to ease 
and speed the transition of trainees into the workforce, and student 
‘mobility’ among universities (national and international) and 
research institutes are two important milestones in training the HQP.

The training program could be derived based on detailed 
discussions with prospective and on-going employers to ensure that it 
meets their needs for HQP. 

The recommended path for the training could be based on (a) 
developing cutting edge enabling nano and micro‐scale manufacturing 
systems through interactions among this team of researchers 
and trainees and with industry and national and international 
collaborators; (b) delivering these enabling technologies to the local 
and national industry by training future work force as potential 
scientists, engineers, designers, and technical/executive managers; 
(c) providing the students with professional skills that are valued and 
required by industry, including communication skills, intellectual 
property protection and management, project management and 
ethics to be taught through workshops short courses and/or summer 
schools.

References
1. Bogue B. MEMS Sensors: Past, Present and Future, Sensor Review. Emerald 

Group Publishing Limited. 2007; 27: 7–13. 

2. White A. A Review of Some Current Research on MEMS with Defense 
Applications. US Defense Science and Technology Organization (DSTO). 
2002.

3. Stewarta KME, McManusa NTM, Abdel-Rahmanb E, Penlidis A. Doped 
Polyaniline for the Detection of Formaldehyde. Journal of Macromolecular 
Science. 2012; 49: 1-6.

4. Shahrzad Towfighian, Glenn R Heppler, Eihab M Abdel-Rahaman. Low-
Voltage Closed Loop MEMS Actuators. Nonlinear Dynamics. 2012; 69: 565-
575.

5. Shameli SM, Glawdel T, Liu Z, Ren CL. Bilinear Temperature Gradient 
Focusing in a Hybrid PDMS/Glass Microfluidic Chip Integrated with Planar 

Heaters for Generating Temperature Gradients. Anal Chem. 2012; 84: 2968-
2973.

6. Pryputniewicz RJ. Current Trends and Future Directions in MEMS. Springer-
Experimental Mechanics. 2012; 52: 289-303.

7. Wang Y, Park S, Yeow JTW, Langner A, Müller F. A Capacitive Humidity 
Sensor Based on Ordered Macroporous Silicon with Thin Film Surface 
Coating. Sensors and Actuator B. 2010; 149:136-142.

8. Elbuken C, Topaloglu N, Nieva MP, Yavuz M, Huissoon JP. Modeling and 
Analysis of a 2-DOF Bidirectional Electro-Thermal Microactuator. Microsystem 
Technology. 2009; 15: 713–722.

9. Kim DH, Wong PK, Park J, Levchenko A, Sun Y. Microengineered Platforms 
for Cell Mechanobiology. Annual Review of Biomedical Engineering. 2009; 
11:203-233. 

10. Whitesides GM. the Origins and the Future of Microfluidics. Nature. 2006; 
442: 368-373.

11. Senturia SD. Microsystem Design. Germany: Springer; 2001.

12. Romanowicz B. Methodology for the Modeling and Simulation of 
Microsystems. Germany: Springer; 1998.

13. Madou M. Fundamentals of Microfabrication. New York: CRC Press; 1997.

14. Ristic L. Sensor Technology and Devices. Boston: Artech House; 1994.

15. Ekinci KL. Electromechanical Transducers at the Nanoscale: Actuation and 
Sensing of Motion in Nanoelectromechanical Systems (NEMS). Small Wiley-
VCH Verlag. 2005; 1:786 –797.

16. Hsu TR. Reliability in MEMS Packaging. Paper presented at the 44th 
International Reliability Physics Symposium, California, March 26-30.

17. Walker SJ, Nagel DJ. Optics and MEMS: Technical Report NRL/MR/6336–
99-7975. Washington DC: Naval Res. Lab; 1999.

18. Marinis TF. The Future of Micro electromechanical Systems (MEMS). Strain. 
2009; 45: 208-220.

19. Nadim Maluf, Kirt Williams. An Introduction to Micro electromechanical 
Systems Engineering. Boston: Artech House; 2000.

20. Motorola Inc. Sensor Device Data/Handbook. AZ: Motorola, Inc., 4thend.; 
1998.

Citation: Yavuz M, Brzezinski A, Cui B, Abdel-Rahman E. Trends in Nano and Micro-Electro-Mechanical 
Systems and Training Recommendations for Highly Qualified Personnel (HQP) in This Field. Austin J Nanomed 
Nanotechnol. 2014;2(1): 1011.

Austin J Nanomed Nanotechnol - Volume 2 Issue  1 - 2014
ISSN : 2381-8956 | www.austinpublishinggroup.org
Yavuz et al. © All rights are reserved

http://www.emeraldinsight.com/journals.htm?articleid=1593190&show=abstract
http://www.emeraldinsight.com/journals.htm?articleid=1593190&show=abstract
http://www.dsto.defence.gov.au/publications/2430/DSTO-GD-0316.pdf
http://www.dsto.defence.gov.au/publications/2430/DSTO-GD-0316.pdf
http://www.dsto.defence.gov.au/publications/2430/DSTO-GD-0316.pdf
http://www.tandfonline.com/doi/abs/10.1080/10601325.2012.630928#.UqW1QdIW3AI
http://www.tandfonline.com/doi/abs/10.1080/10601325.2012.630928#.UqW1QdIW3AI
http://www.tandfonline.com/doi/abs/10.1080/10601325.2012.630928#.UqW1QdIW3AI
http://link.springer.com/article/10.1007%2Fs11071-011-0287-9
http://link.springer.com/article/10.1007%2Fs11071-011-0287-9
http://link.springer.com/article/10.1007%2Fs11071-011-0287-9
http://www.microfluidics.uwaterloo.ca/publications/Shameli_Glawdel_Liu_Ren_AC_2012.pdf
http://www.microfluidics.uwaterloo.ca/publications/Shameli_Glawdel_Liu_Ren_AC_2012.pdf
http://www.microfluidics.uwaterloo.ca/publications/Shameli_Glawdel_Liu_Ren_AC_2012.pdf
http://www.microfluidics.uwaterloo.ca/publications/Shameli_Glawdel_Liu_Ren_AC_2012.pdf
http://link.springer.com/article/10.1007%2Fs11340-011-9520-1
http://link.springer.com/article/10.1007%2Fs11340-011-9520-1
http://www.sciencedirect.com/science/article/pii/S0925400510004879
http://www.sciencedirect.com/science/article/pii/S0925400510004879
http://www.sciencedirect.com/science/article/pii/S0925400510004879
http://www.eng.uwaterloo.ca/~celbuken/members/papers/Springer MT.pdf
http://www.eng.uwaterloo.ca/~celbuken/members/papers/Springer MT.pdf
http://www.eng.uwaterloo.ca/~celbuken/members/papers/Springer MT.pdf
http://amnl.mie.utoronto.ca/data/J45.pdf
http://amnl.mie.utoronto.ca/data/J45.pdf
http://amnl.mie.utoronto.ca/data/J45.pdf
http://www.ncbi.nlm.nih.gov/pubmed/16871203
http://www.ncbi.nlm.nih.gov/pubmed/16871203
http://books.google.co.in/books/about/Microsystem_Design.html?id=G3e3NUV9qu4C
http://www.springer.com/engineering/circuits+&+systems/book/978-0-7923-8306-2
http://www.springer.com/engineering/circuits+&+systems/book/978-0-7923-8306-2
http://books.google.co.in/books/about/Sensor_technology_and_devices.html?id=oAJTAAAAMAAJ&redir_esc=y
http://onlinelibrary.wiley.com/doi/10.1002/smll.200500077/abstract
http://onlinelibrary.wiley.com/doi/10.1002/smll.200500077/abstract
http://onlinelibrary.wiley.com/doi/10.1002/smll.200500077/abstract
http://www.engr.sjsu.edu/~mae/faculty/hsu/Reliability in MEMS Packaging.pdf
http://www.engr.sjsu.edu/~mae/faculty/hsu/Reliability in MEMS Packaging.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1475-1305.2008.00463.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1475-1305.2008.00463.x/abstract
http://books.google.co.in/books/about/Introduction_to_Microelectromechanical_S.html?id=20j7IaDKlOUC&redir_esc=y
http://books.google.co.in/books/about/Introduction_to_Microelectromechanical_S.html?id=20j7IaDKlOUC&redir_esc=y
http://books.google.co.in/books/about/Sensor_Device_Data_handbook.html?id=R2eSXwAACAAJ&redir_esc=y
http://books.google.co.in/books/about/Sensor_Device_Data_handbook.html?id=R2eSXwAACAAJ&redir_esc=y

	Title
	References

