Lists of potential projects
1. Piezoelectric cantilever for sensitive gas and biosensing

2. Biosensor based on accoustic wave technology

3. Novel micropump and micromixer based on surface acoustic wave technology

4. Smart shape memory microactuators

5. Advanced functional nanocomposite polymer for microsurgery and drug delivery applications

6. Microfludics based lab on chip

7. Smart detector for environement and water technology

8. Gas sensor

9. Digital microfludics

10. Design and fabrication of thermal MEMS for PCR DNA analysis

11. Development of Compliant Micro-Electro-Mechanical Systems

	Organic Polymer MEMS Capacitive Pressure Sensor

Graduate Researcher: Jithendra N. Palasagaram

A MEMS capacitive pressure sensor array was developed using low cost printed circuit processing techniques. These pressure sensors are suitable for integration with system-on-package (SOP) type Microsystems fabricated using low-cost Multichip Module Laminate (MCM-L) technologies. An example pressure sensor with a diaphragm radius of 1.6 mm provides a total capacitance change of 0.277 pF for an applied pressure in the range of 0-100 kPa.
	


Polymer MEMS Accelerometer

Graduate Researchers: John Rogers and Philip Ozmun
In this project, a MEMS capacitive-type Accelerometer fabricated using printed circuit processing techniques was developed. A Kapton polymide film is used as the structural layer for fabricating the MEMS Accelerometer. The accelerometer proof mass along with four suspension beams are defined in the Kapton polyimide film. The proof mass is suspended above a Teflon substrate using a spacer. The deflection of the proof mass is detected using a pair of capacitive sensing electrodes. An example PCB MEMS Accelerometer with a square proof mass of membrane area 6.4 mm × 6.4 mm was developed. The measured resonant frequency of 375 Hz and the Q-factor in air is 1.5.

12. Microrobotics based on smart materials
13. micro power generator

	High frequency power sensor (EMMA)
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Introduction
In the framework of the EC funded project EMMA (Electro Mechanical Microcomponents for Precision Applications, IST-2000-28261) a high frequency power sensor is developed. The aim of EMMA project is to study, develop and test micromechanical capacitive transducers for electrical metrology. Three new sensors will be developed and an inertial sensor developed by VTI Hamlin Ltd will be further improved. The new sensors are a dc voltage reference, an ac RMS converter and the high frequency power sensor. Two MESA+ groups are involved in the project: TST and LT. 

High-frequency power sensor
Most existing technology for measuring the power of RF signals is based on terminating devices, i.e. the power is lost after the measurement. Examples are microcalorimeters, bolometers, and thermistor mounts. These devices suffer from sensitivity to ambient temperature changes, limited dynamic range and long settling times. Diode sensors provide the ability to measure the envelope and modulation and have the advantage of greater dynamic range, but they suffer from temperature sensitivities and problems with impedance matching. These sensors cannot easily be integrated with signal conditioning or measurement electronics. The MEMS power sensor that is investigated in this project has the important advantage that the same sensor can be operated from LF AC through to microwaves as a true wideband device. Furthermore, the sensor is basically a ‘through’ sensor with very small losses so that it can be used in the middle of the measurement chain.

The sensor consists of a movable metal plate suspended above a coplanar waveguide (CPW) carrying the RF signal (Fig.1). The voltage difference between the plate and the signal line of the CPW results in a deflection of the plate proportional to the square of the rms value of the rf signal. Therefore, a linear relation between deflection and power level of the signal is expected. The deflection is detected by measuring capacitance changes between the plate and sense electrodes placed below it. The sensor is fabricated by aluminum surface micromachining on AF45 glass wafers. Fig. 2 shows SEM photographs of a realized device. 
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Fig. 1 Basic structure of the RF power sensor, top view (left) and cross section (right).

The bandwidth of the sensor is limited by the extra capacitance that is introduced, which inevitably results in reflection losses at high frequencies. Thus, for a large bandwidth the sensor capacitance should be as small as possible. On the other hand, for maximum sensitivity a large capacitance is needed. Adjusting the CPW impedance directly before and after the sensor capacitance can relieve this trade-off. So far, a bandwidth of 35 GHz was obtained with S11 better than -27 dB and S12 better than -0.5 dB. The obtained power resolution is in the order of milliWatts.

Nanoscale Manipulator / Nanolithography 
Description A Massively Parallel Multi-Tip Nanoscale Manipulator with Fluidic Capabilities is under design and microfabrication. A multi-tip device suitable for the manipulation of biomolecules in surface directed self-assembled architectures, for dip-pen nanolithography, and for delivery of functionalized molecules is proposed. The device is composed of a two-dimensional array of cantilevers, reservoirs, microchannels, and micropumps. The array of PZT-actuated cantilevers is microfabricated with addressing circuitry for individual actuation and control. Fluid flow to each tip is achieved by means of capillary forces that develop within the microchannels connecting the reservoir and tips. For high viscosity fluids, flow into the tips will be accomplished by using a PZT-membrane diffuse micropump, in which valves are not necessary owing to the geometry of inlet and outlet. For the various applications of interest, ink or biomolecules are transported to the tips and then deposited onto the substrate by means of capillary forces arising between the tip and substrate.
14. Nanoscale mechanical testing of advanced materials and coatings
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 HYPERLINK "http://www.ece.cmu.edu/~mems/projects/index.php?&cpt=p&a=jneumann&pn=1" CMOS-MEMS Gravimetric Biosensor 
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 HYPERLINK "http://www.ece.cmu.edu/~mems/projects/index.php?&cpt=p&a=mvladimer&pn=1" A hydraulics-based microfluidic pump in mock-CMOS micromachining 
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 HYPERLINK "http://www.ece.cmu.edu/~mems/projects/index.php?&cpt=p&a=jneumann&pn=2" CMOS-MEMS Ultrasonic sensors 
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 HYPERLINK "http://www.ece.cmu.edu/~mems/projects/index.php?&cpt=p&a=glopez&pn=1" Chip-based microdialysis system 
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 HYPERLINK "http://www.ece.cmu.edu/~mems/projects/index.php?&cpt=p&a=vksaraf&pn=1" Low Power Reconfigurable RF LC VCO using MEMS based passives 
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 HYPERLINK "http://www.ece.cmu.edu/~mems/projects/index.php?&cpt=p&a=magargle&pn=1" SYNBIOSYS Microfluidic Lab on a Chip Component Modeling 
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 HYPERLINK "http://www.ece.cmu.edu/~mems/projects/index.php?&cpt=p&a=sbedair&pn=1" Gas Sensors Using CMOS MEMS 
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 HYPERLINK "http://www.ece.cmu.edu/~mems/projects/index.php?&cpt=p&a=fchen&pn=1" Fabrication and design rules for CMOS microstructures with sub-micron gaps 
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 HYPERLINK "http://www.ece.cmu.edu/~mems/projects/index.php?&cpt=p&a=pbasset&pn=1" Efficient On-Chip Antennas at GHz Frequencies 
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 HYPERLINK "http://www.ece.cmu.edu/~mems/projects/index.php?&cpt=p&a=chiungcl&pn=1" RF CMOS-MEMS Mixer/Filter Devices 
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 HYPERLINK "http://www.ece.cmu.edu/~mems/projects/index.php?&cpt=p&a=aoz&pn=1" CMOS/BICMOS Self-assembling and Electrothermal Microactuators for Tunable Capacitors 
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 HYPERLINK "http://www.ece.cmu.edu/~mems/projects/index.php?&cpt=p&a=uarslan&pn=1" CMOS MEMS Downconverting Mixer-Filter Array 
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 HYPERLINK "http://www.ece.cmu.edu/~mems/projects/index.php?&cpt=p&a=alik&pn=1" Silicon-Neuron Interface 
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 HYPERLINK "http://www.ece.cmu.edu/~mems/projects/index.php?&cpt=p&a=gcwong&pn=1" Behavioral Modeling and Simulation of MEMS Electrostatic and Thermomechanical Effects  

MEMS microreactors 

Design and Realisation of Microfluidic Jet cooling systems

ImplantableEmbeddedackaged MEMS

	 
	


15. Thin Film Ultrasonic Microsensor Arrays
16. Combinatorial Chemistry-on-a Chip
MEMS Research Projects

Project # 1: Integrated Multiport RF MEMS Switches and Switch Matrices 

The objective of this project is to develop C-type, R-type and multiport (SP3T, SP4T, etc.) MEMS switches. These miniature switches are the basic building blocks in the realization of switch matrices for satellite payloads. 

Project # 2:  High Power RF MEMS Switches 

The objective of this project is to develop MEMS-based waveguide switch matrices for high power applications as well as millimeter wave applications.

Project # 3: MEMS Variable Capacitors 

The objective of this project is to develop MEMS variable capacitors with improved tuning range and high self-resonance frequency. Both parallel plate and interdigital MEMS capacitors are considered. 

Project# 4: MEMS 3D Filters 

The objective of this project is to develop miniature Micromachined filters with built-in tuning elements.   

The filters are realized using special filter functions that are ideal for such type of filters.  

Project # 5:  Integrated MEMS Phase Shifters 

The objective of this project is to develop novel configurations for MEMS-based phase shifters for phase array antenna applications. 

Project # 6: Design and Modeling of MEMS Thermal Actuators for RF Applications

The objective of this project is to develop modeling tools for thermal MEMS actuators as well as to develop thermal actuators with a latching mechanism. 

Project #7: Novel MEMS Actuators for RF and Optical devices 

The objective of this project is to develop novel MEMS actuators for realizing MEMS tuning elements. The list of actuators considered are: thermal actuators; electrostatic actuators, scratch drive actuators and bimorph actuators.   

Project # 8: High-Q Micromachined Inductors 

The objective of this project is to develop novel configurations for high-Q inductors with a high self-resonance frequency.  New fabrication processes are investigated to achieve this goal. 

Project #9 MEMS Variable Inductors 

The objective of this project is to develop MEMS variable inductors. MEMS tunable inductors are realized by using MEMS variable capacitors or by applying deformation to micromachined inductors. 

Project #10: Integrated CMOS-MEMS VCO’s  
The objective of this project is to develop a MEMS-based voltage controlled oscillator (VCO) using CMOS 0.18 technology. Both hybrid and monolithic approaches are investigated for integrating MEMS variable capacitors with CMOS chips. 

Project #11: Amplifier Tuning Using MEMS 

The objective of this project is to use MEMS actuators and MEMS variable capacitors and inductors in tuning amplifiers. The MEMS elements are integrated with the amplifiers using flip-chip technology.

Project #12: MEMS Mechanical Resonators and Filters 

The objective of this project is to develop RF MEMS filters based on mechanical resonators. Novel mechanical resonators configurations are investigated under this project. 

Project #13: Optical MEMS 

The objective of this project to develop MEMS actuators for scanning applications and for optical alignments. Intelligent approaches are used for alignment. 

Project #14: MEMS Packaging

The objective of this project is to develop surface mircromachining processes for wafer level packaging of RF and optical devices.
Microsensors based on the nanocomposite of Carbon nanotube or Silicon nanowires based 

Advanced nanowires based nanoresonators. 

Microfluidic Platform for Sorting and Manipulation of Single Magnetic Particles and Biomolecules
Ultrasonic Microsensors for In-Situ Monitoring of Membrane Biofouling
