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SUMMARY 
 
 
In this paper, we explain the mechanical properties of 
single-crystalline silicon with respect to deflectional and 
torsional motions. Young's modulus, Poisson’s ratio, 
and shear modulus are isotropic on silicon (111), 
whereas the variations on silicon (100) and (110) are 
quite significant. We newly derive formulae for bulk 
shear modulus of silicon (100), (110) and (111) and 
show that bulk shear modulus differs from conventional 
shear modulus because of the anisotropic characteristics 
of single-crystal silicon. Furthermore, we show that the 
bulk shear modulus (which governs torsional motion) 
varies minimally on silicon (111), with respect to 
crystallographic directions, as compared to silicon (100) 
and (110). 
 
Keywords: (111) silicon, Young’s modulus, Poisson’s 
ratio, shear modulus, torsional stiffness, bulk shear 
modulus 
 

INTRODUCTION 
 
Recently, many High Aspect Ratio Structures (HARS) 
micromachining technologies have been developed 
using single-crystal silicon, examples include, Single 
Crystal Reactive Etching And Metalization (SCREAM), 
Silicon On Insulator (SOI), Dissolved Wafer Process 
(DWP), Porous Si Method (PSM), and the Surface/Bulk 
Micromachining (SBM) processes [1-11]. These single-
crystalline silicon structures have different mechanical 
charactersitics with respect to crystalline orientation 
because single-crystalline silicon is an anisotropic 
material. Young’s modulus, Poisson’s ratio, shear 
modulus, and bulk shear modulus are material constants 
that describe mechanical characteristics, and may have 
different values with respect to crystallographic 
orientation. Therefore, to properly design devices 
composed of such silicon based anisotropic materials 
and for which such mechanical properties are important, 

the mechanical properties of silicon (100), (110), and 
(111) were investigated. 
 

YOUNG’S MODULUS, POISSON’S 
RATIO, AND SHEAR MODULUS 

 
It is well known that Young's modulus, Poisson’s ratio, 
and shear modulus are transversely and vertically 
isotropic for silicon (111), whereas these vary 
significantly for silicon (100) and (110) [12, 13].  
Young’s modulus, Poisson’s ratio, and shear modulus 
can be derived from the general Hooke’s law, in which 6 
stress components are related to 6 strains by a stiffness 
matrix containing 3 independent components [14, 15]. 
As shown in Fig. 1, for silicon (100) and (110), Young’s 
modulus varies from 130.2 GPa to 187.5 GPa, Poisson’s 
ratio varies from 0.064 to 0.361, and shear modulus 
varies from 50.92 GPa to 79.4 GPa. For silicon (111), 
Young’s modulus is transversely isotropic at 168.9 Gpa, 
regardless of the crystallographic orientation. Poisson’s 
ratio has a constant value of ν// = 0.262 for planes 
parallel to (111), and a constant value of ν⊥  = 0.182 for 
planes vertical to (111). Shear modulus is also a 
constant at G// = 66.9 GPa for planes parallel to (111), 
and G⊥  = 57.8 GPa for planes vertical to (111).  
 

TORSIONAL STIFFNESS AND 
BULK SHEAR MODULUS 

 
Recent interests in optical applications of MEMS have 
resulted in many micromirrors supported by torsion 
springs [17]. In torsion beams, the resultant couple of 
the shear stresses acting over the cross section must be 
statically equivalent to the internal torque. Using this 
condition, torsional stiffness kt can be described as 
shown in Fig. 2(a), and is proportional to the bulk shear 
modulus Gbulk, boundary condition constant κ, and the 
polar moment of inertia Ip, and inversely proportional to 
the spring length L. Bulk shear modulus in a torsion 
beam with a rectangular cross-section can be derived 
from 
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where Gψ is the conventional shear modulus, as shown 
in Fig. 1, x is the normalized x-directional coordinate 
with respect to the spring width, y is the normalized y-
directional coordinate with respect to the spring 
thickness, and r is the aspect ratio of spring thickness to 
spring width. Bulk shear modulus in terms of angle ψ 
can be transformed in terms of normalized coordinates x 
and y by (2). 
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From (1), the bulk shear modulus can be derived as (3), 
(4), and (5) in silicon (100), (110), and (111), 
respectively. The variable α represent the angle from the 
<100>-axis to the <010>-axis on the <001> plane. The 
variable β represents the angle from the <001>-axis to 
the <-110>-axis on the <110> plane. The variable γ 
represents the angle from the <1-10>-axis to the <-1-
12>-axis on the <111> plane. Compliance coefficient 
S44 has 1.26x10-2/GPa and Sc has 0.352x10-2/GPa.  
The bulk shear moduli were evaluated and plotted in Fig. 
2. In the case of silicon (001), the bulk shear modulus 
has symmetry on the <100>-axis, the <010>-axis, and 
the <110>-axis. Regardless of aspect ratio r, the bulk 
shear modulus on the <100>-axis and the <010>-axis 
always has the value 79.4 GPa. As the aspect ratio 
approaches 0, the shape of the bulk shear modulus plot 
converges to that of the shear modulus G⊥  = 79.4 GPa 
plot in Fig. 1(e). As the aspect ratio approaches infinity, 
the shape of the bulk shear modulus plot converges to 
that of the shear modulus G// plot in Fig. 1(e). The 
maximum difference of the bulk shear modulus 
increases from 16.2 GPa to 28.3 GPa, as the aspect ratio 
is increased from 1 to 10. In the case of silicon (110), 
the bulk shear modulus has symmetry only on the 
<001>-axis. Regardless of the aspect ratio r, the bulk 
shear modulus on the <001>-axis is always 79.4GPa. As 

the aspect ratio approaches 0, the shape of the bulk 
shear modulus plot converges to that of the shear 
modulus G⊥  plot in Fig. 1(f). As the aspect ratio 
approaches infinity, the shape of the bulk shear modulus 
plot converges to that of the shear modulus G// plot in 
Fig. 1(f). The maximum difference of bulk shear 
modulus increases from 21.6 GPa to 23.4 GPa, as the 
aspect ratio is increased from 1 to 10. The variation of 
bulk shear modulus in the <-110>-axis becomes 15.8 
GPa as the variation of the aspect ratio from 1 to 10. In 
the case of silicon (111), the bulk shear modulus has 
repeatibility from γ = 30 °, γ = 150 °, and γ = 270 °. As 
the aspect ratio approaches 0, the shape of the bulk 
shear modulus plot converges to that of the shear 
modulus G⊥  plot in Fig. 1(g). As the aspect ratio 
approaches infinity, the shape of the bulk shear modulus 
plot converges to that of the shear modulus G// plot in 
Fig. 1(g). The maximum difference of bulk shear 
modulus decreased from 19.9 GPa to 4.4 GPa, as the 
aspect ratio increased from 1 to 10. As tabulated in 
Table 1, the variations in bulk shear modulus for the 
three different types of silicon are similar for an aspect 
ratio of 1. For a higher aspect ratio beam, which is 
generally used for torsional springs, the variation of 
(111) silicon is substantially smaller, compared to the 
other types of silicon examined. 
 

CONCLUSION 
 
Young's modulus, Poisson’s ratio, and shear modulus 
for transverse and vertical motion are independent of 
device crystallographic orientation, only on silicon (111). 
Torsional motion is governed by “bulk shear modulus” 
and device geometry, and the variation of bulk shear 
modulus with respect to crystallographic orientation is 
the smallest on silicon (111). Therefore, single-crystal 
silicon MEMS devices fabricated using (111) silicon 
will be least sensitive to device orientation with respect 
to crystallographic orientations. Furthermore, since less 
restriction is imposed on mask designs with respect to 
crystallographic orientation, the design task becomes 
much easier. 
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Fig. 1: Young’s modulus, Poisson’s ratio, and shear modulus on silicon (100), (110) and (111). 
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Fig. 2: Bulk shear modulus of torsion beam with rectangular cross-section in silicon (100), (110) and (111). 
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Table 1: Bulk shear modulus of torsion beam in 
silicon (100), (110) and (111). 

 

[GPa] (100) (110) (111) 

Max 79.4 79.4 73.9 

Min 63.2 57.8 54.0 r = 1 

Variation 16.2 21.6 19.9 

Max 79.4 79.4 69.1 

Min 51.2 56.0 64.7 R = 10 

Variation 28.3 23.4 4.4 

 
   REFERENCES  

 
[1] K. A. Shaw, Z. L. Zhang, and N. C. MacDonald, 

"SCREAM I: A single mask, single-crystal silicon, 
reactive ion etching process for 
microelectromechanical structures," Sensors and 
Actuators A, 40, pp. 63-70, 1994. 

[2] B. Diem, M. T. Delaye, F. Michel, S. Renard, and 
G. Delapoerre, "SOI (SIMOX) as a substrate for 
surface micromachining of single crystalline 
silicon sensors and actuators," in Proceeding of 
the 7th International Conference on Solid-State 
Sensors and Actuators (Transducers '93), 
Yokohama, Japan, June 1993, pp. 233-236. 

[3] S. T. Cho, "A batch dissolved wafer process for 
low cost sensor applications," in SPIE Proceeding 
of Micromachining and Microfabrication Process 
Technology, Austin, USA, September 1995, pp. 
10-17. 

[4] T. E. Bell, P. T. J. Gennissen, D. DeMunter, and 
M. Kuhl, "Porous silicon as a sacrificial material," 
IOP Journal of  Micromechcal and  
Microengineering, vol. 6, pp. 361-369, 1996. 

[5] S. Lee, S. Park, and D. Cho, "A new 
micromachining technology using (111) silicon," 
in Digest of papers on Microprocess and 
Nanotechnology Conference, Kyongju, Korea, 
June 1998, pp. 174-175. (also in Japanese Journal 
of Applied Physics, vol. 38, pp. 2699-2703, May 
1999.) 

[6] S. Lee, S. Park, S. Yi, S. Lee, D. Cho, B. Ha, Y. 
Oh, and C. Song, "Electrostatic actuation of 
surface/bulk micromachined single-crystal silicon 
microresonators," in Proceeding of IEEE/RSJ 
International Conference on Intelligent Robots 
and Systems, Kyongju, Korea, October 1999, vol. 
2, pp. 1057-1062. 

[7] S. Park, S. Lee, S. Yi, and D. Cho, "Mesa-
supported, single-crystal microstructures 
fabricated by the Surface/Bulk Micromachining 
(SBM) process," Japanese Journal of Applied 
Physics, vol. 38, pp. 4244-4249, July 1999. 

[8] S. Lee, S. Park, and D. Cho, "Surface/Bulk 
Micromachining (SBM) process and deep trench 
oxide isolation method for MEMS," in Proceeding 
of International Electron Devices Meeting, 
Washington D. C., USA, December 1999, pp. 701-
704. 

[9] S. Lee, S. Park, and D. Cho, "The Surface/Bulk 
Micromachining (SBM) process: a new method for 
fabricating released microelectromechanical 
systems in single crystal silicon," IEEE/ASME 
Journal of Microelectromechanical Systems, vol. 8, 
no. 4, pp. 409-416, December 1999. 

[10] D. Cho, S. Lee, and S. Park, "Surface/Bulk 
micromachined high performance silicon micro-
gyroscope," in Proceeding of 2000 Solid-state 
Sensor and Actuator Workshop (Hilton Head), 
Late News Paper, Hilton Head Island, SC, USA, 
June 2000. 

[11] S. Lee, S. Park, J. Kim, S. Yi, and D. Cho, 
"Surface/Bulk micromachined single-crystalline 
silicon micro-gyroscope," IEEE/ASME Journal of 
Microelectromechanical Systems, vol. 9, no. 4, pp. 
557-567, December 2000. 

[12] J. J. Wortman and R. A. Evans, "Young’s modulus, 
shear modulus, and Poisson’s ratio in silicon and 
germanium, " J. Appl. Phys., Vol. 36, pp.153-156, 
1965. 

[13] W. A. Brantley, "Calculated elastic constants for 
stress problems associated with semiconductor 
devices, " J. Appl. Phys., Vol. 44, pp.534-535, 
1973. 

[14] Y. C. Fung, Foundation of Solid Mechanics,  
Prentice-Hall, 1965. 

[15] L. E. Malvern, Introduction to the Mechanics of a 
Continuous Media, Prentice-Hall, 1969. 

[16] R. A. Conant, J. T. Nee, K. Y. Lau, and R. S. 
Muller, "A flat high-frequency scanning 
micromirror," in Proceeding of 2000 Solid-state 
Sensor and Actuator Workshop (Hilton Head), 
Hilton Head Island, SC, USA, June 2000, pp.6-13. 


	Start
	Transducers '01
	Welcome
	Sponsors and Exhibitors
	Technical Program
	Contents
	1A1 Plenary 1
	1A1.01 Technologies for Microturbomachinery
	1A1.02 MEMS Meets Insects

	1A2 Plenary 2
	1A2.01 Retina Implant – A BioMEMS Challenge
	1A2.02 MEMS – The View Back … and the Vistas Ahead

	1A3 MEMS Power Generation
	1A3.01 Miniaturized Thermoelectric Generators Based on Poly-Si and Poly-SiGe Surface Micromachining 
	1A3.02 A Combustion-Based MEMS Thermoelectric Power Generator
	1A3.03 An Integrated Combuster-Thermoelectric Micro Power Generator
	1A3.04 A Laser-Micromachined Vibrational to Electrical Power Transducer for Wireless Sensing Systems 
	1A3.05P Micro Generator Systems 
	1A3.06P The Modelling of a Piezoelectric Vibration Powererd Generator for Microsystems

	1B3 Acoustic Sensors
	1B3.01 Bimorph Piezoelectric Acoustic Transducer
	1B3.02 High-Directivity Array of Ultrasonic Micro Sensor Using PZT Thin Film on Si Diaphragm
	1B3.03 Self-Calibrating Micromachined Microphones with Integrated Optical Displacement Detection 
	1B3.04 Single-Chip Low-Voltage Analog-to-Digital
	1B3.05P Silicon Microphones with Low Stress Membranes
	1B3.06P Fabrication of a Biomimetic Corrugated Polysilicon Diaphragm with Attached Single Crystal Silicon Proof Masses

	1C3 Packaging & Wafer Bonding
	1C3.01 Selective Encapsulation Using a Polymeric or Bonded Silicon Constraint Dam for Media Compatible Pressure Sensor Applic
	1C3.02 Wafer-Level Packaging Using Localized Mass Deposition
	1C3.03 ‘Cavity-Micromachining’ Technology: ZeroPackage Solution for Inertial Sensor
	1C3.04 Accelerated Hermeti Nitride Bondingcity Testing of a Glass-Silicon Package Formed by RTP Aluminum-to-Silicon
	1C3.05P An Ultra-Thin Hermetic Package Utilizing Electroplated Gold
	1C3.06P Plastic BGA  Attachment for CMOS Thermal ImagersPackage and Direct Filter
	1C3.07P Novel Op Parabolic Concentrator for Graded Index Plastic Optical Fiber
	1C3.08P Mounting of Si-Chips with Plastically Bent Cantilevers
	1C3.09P Anisotropic Conductive Adhesion of Microsensors Applied in the Instance of a Low Pressure Sensor 
	1C3.10P Nanosecond-Pulsed Laser Bonding with a Built-In Mask for MEMS Packaging Applications
	1C3.11P Local Laser Bonding for Low Temperature Budget
	1C3.12P An 8-Inch Wafer Bonding Appartus with Ultra-High Alignment Accuracy Using Surface Activates Bonding (SAB) Concept
	1C3.13P Si-Si Bonding Using RF and Microwave Radiation
	1C3.14P Anodic-Bonding on Glass Layers Prepared by a Spin-On Glass Process: Preparation Process and Experimental Results
	1C3.15P Silicon Pyrex Electrostatic Bonding: Applicability to Industrial Microdevices Production

	1D3 Bio-Sensing Systems
	1D3.01 A Dielectrophoresis-Based Array Cytometer
	1D3.02 Fabrication of Directly Synthesized DNA Chip Using Photolithography for Rapid and Parallel Gene Analysis
	1D3.03 Immobilized Two Dimensional Protein Arrays by µ-Stamp and Protein Well
	1D3.04 Electrochemical Gene Detection with PCR Chip
	D3.05P Soft Lithographic Techniques for Guidance of Hippocampal Neurons on Micro-Electrode Arrays
	1D3.06P Development of a Superoxide Sensor by Superoxide Dismutase Immobilization
	1D3.07P Bioelectronic Nose for Methyl Mercaptan Vapor Using a Xenobiotic Metabolizing System
	1D3.08P Radial Artery Pulse Detection System Based on EIGHT Constitutional Medicine Theory
	1D3.09P Development of a Multichannel Integrated Interferometer Immunosensor
	1D3.10P Flexible BIOMEMS with Electrode Arrange ments on Front and Back Side as Key Component in Neural Prostheses and Biohyb
	1D3.11P Self-Assemblage of Redox Proteins and Nucleic Acids onto a Lipidic Biosensor
	1D3.12P Development of Receptor Based Affinity Microassay
	1D3.14P An In-Line Osmometer for Application in Tissue Based Bio-Sensor Systems
	1D3.15P A Biosensor for 'Escherichia Coli' Based on a Potentiometric Alternating Biosensing (PAB) Transducer 
	1D3.16P Sensing Nitric Oxide Neuronal Messengers Using Screen-Printed Carbon Micro-Electrode Arrays
	1D3.17P Cuff Actuator for Adaptive Holding Condition around Nerves
	1D3.18P Intracellular Neuronal Recording with High yAspect Ratio MEMS Probes
	1D3.19P Analysis of Microelectrode-Recorded Signals from a Cardiac Cell Line as a Tool for Pharmaceutical Screening
	1D3.20P The Fabrication of the Novel Micro Time-of-Flight (TOF) Mass Spectrometer with a Micro Ion Source
	1D3.21P Discrimination of D-Amino Acids from L-Amino Acids Using Membrane Characteristics Change
	1D3.22P Design of Miniaturized Solid-State Sensors Based on Silicon Structure with Back-Side Contacts

	1A4 Integrated Systems
	1A4.01 A Miniaturized, Autonomous, Programmable Stress Monitoring Device, Part of a Dental Prosthesis 
	1A4.02 Monolithic Surface-Micromachined Sensor System for High Pressure Applications
	1A4.03 Dedicated Interface Electronics for Capacitively-Coupled Conductivity Detection in On-Chip Capillary Electrophoresis
	1A4.04 Sensitivity Enhancement of MEMS Inertial Sensors Using Negative Springs and Active Control
	1A4.05 A Smart Wind-Sensor Based on Thermal Sigma-Delta Modulation
	1A4.06P High Mass and Spatial Resolution Mass Sensor Based on Resonating Nano-Cantilevers Integrated with CMOS
	1A4.07P Position Sensing System Using Integrated Magnetic Sensors and Neural Networks
	1A4.08P An Accurate  CMOS Smart Temperature Sensor with Dynamic Element Matching and Second-Order Curvature Correction
	1A4.09P The Scaling of Multiple Sensor Signals with a Wide Dynamic Voltage Range 
	1A4.10P Integrated Multi-Sensor System for Intelligent Data Carrier
	1A4.11P Novel Surface-Micromachined Low-Power Fuses for On-Chip Calibration
	1A4.12P Sensors Linearity Improvement by Means of Dithering: Feasibility and Limits
	1A4.13P Electronic Protection of the Conductivity Detector in a Micro Capillary Electrophoresis Channel 
	1A4.14P Sophisticated Interface Electronics for QCM 

	1B4 Magnetic Sensors
	1B4.01 Reference Magnetic Actuator for Self Calibration of a Very Small Hall Sensor Array
	1B4.02 A Vertical Hall Device in CMOS High-Voltage Technology
	1B4.03 Single Deposition GMR Sensors for Rotational Speed Sensing
	1B4.04 High Directional Sensitivity of Micromachined Magnetic Fluxgate Sensors
	1B4.05 Magnetic Sensor Based on Stabilized MOSFET Field Emitter Arrays
	1B4.06P A New Highly Sensitive Parallel-Field Hall Microsensor
	1B4.07P High Sensitivity Hall Magnetic Sensors Using Planar Micro and Macro Flux Concentrators
	1B4.08P Ferromagnetic Micromechanical Magnetometers
	1B4.09P A Study on Narrow-Range Angle Sensors Based on Wiggles in Angular Dependence of Pseudo-Hall Effect in Permalloy Thin 
	1B4.10P Stochastically Distributed Nanowires with Micro-Lithographic Interconnects for Magnetic Field Sensors

	1C4 Modelling & Simulation
	1C4.01 Improved Coupled-Field FE Analysis of Micromachined Electromechanical Transducers
	1C4.02 Theoretical Analysis of the Tilting Effect in Silicon Micro-Switches
	1C4.03 Macromodeling of an Electrostatic Torsional Actuator
	1C4.04 A Novel Topology Design Scheme for the Multi-Physics Problems of Electro-Thermally Actuated Compliant Micromechanisms
	1C4.05 An Analytical Model of the Piezojunction Effect for Arbitrary Stress and Current Orientations
	1C4.06P Computational Methods for Reduced Order Modeling of Coupled Domain Simulations
	1C4.07P Automatic Reduced-Order Modeling in MEMCAD Using Modal Basis Functions
	1C4.08P Modeling and Simulation of Microelectromechanical Systems with an Analog Hardware Description Language
	1C4.09P Automatic Transfer from Bulk-Silicon Technology Simulation into the FEM-Environment
	1C4.10P Efficient Numerical Predictions of MEMS Fluid-Structure Interaction Damping
	1C4.11P Layout Extraction for Integrated Electronics and MEMS Devices
	1C4.12P A High Torque Density MEMS Magnetic Induction Machine 
	1C4.13P Modeling the Pull-In Parameters of Electrostatic Actuators with a Novel Lumped Two Degrees of Freedom Pull-In Model
	1C4.14P On the Effect of Residual Charges on the Pull-In Parameters of Electrostatic Actuators
	1C4.15P Low Voltage Driven Capillary Electrophoresis Chips Using Travelling Electric Field Design
	1C4.16P Modeling and Characterization of Lamé-mode Microresonators Realized by UV-Liga
	1C4.17P Design and Simulation of Capacitive, Piezoresistive and Piezoelectric Triaxial Accelerometers Using a Highly Symmetr
	1C4.18P FET Pressure Sensor and Iterative Method for Modelling of the Device 
	1C4.19P Dielectric Micro-hotplate for Integrated Sensors: An Electro-Thermo-Mechanical Analysis 
	1C4.20P On-Chip Integrated Silicon Bulk-Micromachined Soil Moisture Sensor Based on the DPHP Method

	1D4 Technology for Biomedical Systems
	1D4.01 A Miniaturized Analysis System Based on Capillary Electrophoresis and Contactless Conductivity Detection
	1D4.02 Fabrication of a Micro Needle for a Trace Blood Test
	1D4.03 A 256-Site 3D CMOS Microelectrode Array for Multipoint Stimulation and Recording in the Central Nervous System
	1D4.04 A Disposable Intelligent Mosquito with a Reversible Sampling Mechanism Utilizing the Volume Phase Transition of a Gel
	1D4.05 Micromachined Ultrasonic Ophthalmic Microsurgical Tool with Integrated Pressure Sensor

	2A1 Inertial Sensors 1
	2A1.01 Inertial Sensors for Automotive Applications
	2A1.02 RASTA: The Real-Acceleration-For-Self-Test Accelerometer
	2A1.03 Fiber-Optics MEMS Accelerometer with High Mass Displacement Resolution
	2A1.04 A Monolithic Three-Axis Accelerometer with Symmetric Properties
	2A1.05P 5-Axis Capacitive Motion Sensor Fabricated by Silicon Micromachining Technique
	2A1.06P A 19-Element Shock Sensor Array for Bi-Directional Substrate-Plane Sensing Fabricated by Sacrificial LIGA

	2B1 Optical Sensors
	2B1.01 Transmission-Type Optical Sensors Fabricated by Si Micromachining
	2B1.02 Miniature CO2 Gas Sensor (1 cm3) Using Silicon Microbolometers and Micro Variable Infrared Filter -
	2B1.03 CMOS Integrated Wavefront Sensor
	2B1.04 Development of a Micro-Optical Distance Sensor with Electrical I/O Interface
	2B1.05P Bias Dependent Photocurrent Collection in p-i-n a-Si:H/SiC:H Heterojunction
	2B1.06P Photochemical Reaction by Nanometer-Scale Light Emitting Diode-Antifuses
	2B1.07P Fabrication and Optical Measurements of Multi-Slit Grating Based Infrared Micro-Spectrometer
	2B1.08P Si Micromachined Optical Encoder Based on Grating Imaging
	2B1.09P CMOS Micromachined Infrared Imager Pixel
	2B1.10P Wavelength-Differential Imaging Using Variable Interferometer and Visualization of Gas Flow
	2B1.11P An Uncooled Infrared Sensor of Dielectric Bolometer Mode Using a New Detector Technique of Operation Bias Voltage
	2B1.12P Pyroelectric High-Resolution Linear Array with 256 Micromachined Lithium Tantalate Pixels

	2C1 Basic Physical Effects in MEMS
	2C1.01 Nano Electromechanical Systems
	2C1.02 Why Is (111) Silicon a Better Mechanical Material for MEMS?
	2C1.03 Analyzing Fluid Compression Effects in Complicated Micromachined Devices
	2C1.04 Physically-Based Modeling of Squeeze Film Damping by Mixed Level System Simulation
	2C1.05P Microdischarge Device Fabricated in Silicon by Micromachining Technique with Pyramidal Cavity
	2C1.06P Using the Pull-In Voltage as Voltage Reference

	2D1 Chemical Sensing 1
	2D1.01 The Emergence of Physical Chemosensors and Biosensors
	2D1.02 MEMS Spectrometer for Infrared Gas Analysis Based on a Tunable Filter of Porous Silicon
	2D1.03 A Photoacoustic Gas Sensing Silicon Microsystem
	2D1.04 High-Q Factor RF Planar Microcoils on Glass Substrates for NMR Spectroscopy
	2D1.05P Micromachined Mass Spectrometer

	2A2 Inertial Sensors 2
	2A2.01 A Symmetric Surface Micromachined Gyroscope with Decoupled Oscillation Modes
	2A2.02 A Link Beam Driven, Triple Axis Angular Rate Sensor Based on a Double Gimbal Structure
	2A2.03 New Approach for Frequency Matching of Tuning Fork Gyroscopes by Using a Nonlinear Driving Concept
	2A2.04 Self-Test for Resonant Structure Sensors Applied to a Tuning Fork Gyro and a Resonant Accelerometer
	2A2.05 New Digital Readout Electronics for Capacitive Sensors by the Example of Micro-Machined Gyroscopes
	2A2.06P A Bulk-Micromachined Single Crystal Silicon Gyroscope Operating at Atmospheric Pressure

	2B2 Image Sensors
	2B2.01 A Chopperless Pyroelectric Active Pixel Infrared Image Sensor Using Chip Shift Operation
	2B2.02 Laser Scanned Photodiodes (LSP) for Image Sensing
	2B2.03 Electron Emission Type Infrared Image Sensor Using Ferroelectric Thin Plate 2B2.04 A Millimeter-Wave Image Sensor Usin
	2B2.04 A Millimeter-Wave Image Sensor Using Antenna Coupled Micro Thermocouple
	2B2.05 A MEMS Non-Interferometric Differential Confocal Scanning Optical Microscope

	2C2 Actuators 1
	2C2.01 Parallel Linear Actuator System with High Accuracy and Large Stroke
	2C2.02 A High-Frequency, High Stiffness Piezoelectric Micro-Actuator for Hydraulic Applications
	2C2.03 A Monolithic Piezoelectric Miniature Robot with 5 DOF
	2C2.04 A Novel Micromachined Electromagnetic Loudspeaker for Hearing Aid 
	2C2.05 An Active Guide Wire with Shape Memory Alloy Bending Actuator Fabricated by Room Temperature Process
	2C2.06P The Floating Mass Vibration Transducer Using Polyimide Elastic Body for Implantable Hearing Aid
	2C2.07P Bistable Thin Film Composites with TiHfNi-Shape Memory Alloys
	2C2.08P SMA Microgripper System
	2C2.09P Compliant Microtransmissions for Rectilinear Electro-Thermal Actuators
	2C2.10P Bulk Micromachined Durable Air-Flow Microactuator Array for Robust Conveyance Systems
	2C2.11P A New Micro Pneumatic Actuator for Micromechanical Systems
	2C2.12P Influence of Elastic Deformation in Surface Acoustic Wave Motor Friction Drive

	2D2 Chemical Sensing 2
	2D2.01 Design and Fabrication of a Hydrodynamic Chromatography Chip
	2D2.02 Chemical Images by an Artificial Olfactory Bulb 
	2D2.03 Miniaturized Flame Ionization Detector for Gas Chromatography
	2D2.04 New Type of Thermal Conductivity Sensor for Gas Detection
	2D2.05 Impedance Imaging of Chemical and Bio-Chemical Systems

	2A3 Pressure & Force Sensors
	2A3.01 A Piezoresistive Low-Pressure Sensor Fabricated Using Silicon-On-Insulator (SOI) for Harsh Environment Applications
	2A3.02 High Temperature Characterization of Ceramic Pressue Sensors
	2A3.03 The NanoPirani - Presumably the World's Smallest Pressure Sensor
	2A3.04 Miniaturized Pressure Sensor Using a Free Hanging Strain-Gauge with Leverage Effect for Increased Sensitivity
	2A3.05 Capacitive Silicon Microsensor for Force and Torque Measurement
	2A3.06P A New Vacuum Friction Gauge Based on a Si Tuning Fork
	2A3.07P A Servo-Controlled Capacitive Pressure Sensor with a Three-Mask Fabrication Sequence
	2A3.08P High Temperature Pressure Sensor with Monolithically Integrated CMOS Readout Circuit Based on SIMOX Technology
	2A3.09P Fabrication and Testing of Single Crystalline 3C-SiC Piezoresistive Pressure Sensors
	2A3.10P Stable and Corrosion-Resistant Sapphire Capacitive Pressure Sensor for High Temperature and Harsh Environments

	2B3 Micromachining & Etching
	2B3.01 Micromachining of Piezoelectric MEMS
	2B3.02 Methods for Fabrication of Released Nickel Comb-Drive Devices on CMOS
	2B3.03 Anisotropic Si Etching Technique for Optically Smooth Surfaces
	2B3.04 Ultra-Fast Anisotropic Silicon Etching with Resulting Mirror Surfaces in Ammonia Solutions
	2B3.05 Aspect Ratio and Crystallographic Orientation Dependence in Deep Dry Silicon Etching at Cryogenic Temperatures
	2B3.06P Fabrication of Micromechanical Structures of Titania and Titanium with Electrophoretic Deposition
	2B3.07P Surface Micromachining Process for c-Si as Active Material
	2B3.08P Advanced Sacrificial Poly-Si Technology for Fluidic Systems
	2B3.09P A New Processing Technique to Prevent Stiction Using Silicon Selective Etching for SOI-MEMS
	2B3.10P Electrochemical Etching for n-Type Silicon Using a Novel Etchant
	2B3.11P A Novel Sub-Micron Gap Fabrication Technology Using Chemical-Mechanical Polishing (CMP):
	2B3.12P Micro- and Nanopatterning of Sensor Chips by Means of Macroporous Silicon
	2B3.13P Microfluidic Channel Routing with Protected Convex Corners
	2B3.14P A New Explanation of Mask-Corner Undercut in Anisotropic Silicon Etching: Saddle Point in Etching Rate Diagram
	2B3.15P BrF3 Dry Release Technology for Large Freestanding Parylene MEMS

	2C3 Actuators 2
	2C3.01 Design, Fabrication and Testing of New Comb Actuators Realizing Three-Dimensional Continuous Motions
	2C3.02 Optimal Shape Design for Electrodes of a Rotary Microactuator
	2C3.03 Electrostatically-Driven-Leverage Actuator as an Engine for Out-of-Plane Motion
	2C3.04 Self-Reciprocating Radioisotope-Powered Cantilever
	2C3.05 A Micromechanical Switch with Electrostatically Driven Liquid-Metal Droplet
	2C3.06P Fabrication of Micro  Rectangular Shuttle Using Anodic Bonding ProcessXY-Stage with Large-Area
	2C3.07P A Novel Electrostatic Vertical Actuator Fabricated in One Homogeneous Silicon Wafer Using Extended SBM Technology
	2C3.08P New Current Drive Method to Extend the Stable Operation Range of Electrostatic Actuators: Experimental Verification
	2C3.09P 3D Self-Assembled Micro-Actuators for Optical Applications

	2D3 Materials for Gas Sensing
	2D3.01 Preparation of Thermally Stable Mesoporous Tin Oxide as a Semiconductor Gas Sensor Material 
	2D3.02 Silicon Planar Microcalorimeter Employing Nanostructured Films
	2D3.03 Screen Printed Metal Oxide Gas Sensors with Microminiature Gas Separation Systems
	2D3.04 Group III-Nitride based Sensors for Exhaust Gas Monitoring
	2D3.05 Pt/CeO2 SiC Schottky Diodes with High Response to Hydrogen and Hydrocarbons
	2D3.06P Comparison of Single and Binary Oxide MoO2 TiO2 and WO3 Sol-gel Gas Sensors -
	2D3.07P Gas Sensing Properties of P-type Semicon ducting Cr-doped TiO Thin Films
	2D3.08P Polysilicon Mesoscopic Wires Coated by Pd as High Sensitivity H2 Sensors 
	2D3.09P New Material for Thin Film Filament of Micromachined Hot-Plate

	3A1 Microthrusters and Microjets
	3A1.01 Microsystems in Space Exploration
	3A1.02 A Hybrid Cold Gas Microthruster System for  Spacecraft
	3A1.03 High-Density Micromachined Acoustic Ejector Array for Micro Propulsion
	3A1.04 “Water Needle” - A New Phenomenon for Ink-Jet Printing
	3A1.05P A High-Impulse Low-Power Microthruster Using Liquid Propellant with High-Viscous Fluid-Plug 
	3A1.06P A Micromachined Monolithic Inkjet Print Head with Dome Shape Chamber
	3A1.07P A Surface Micromachined Electrostatic Drop Ejector
	3A1.08P Performance Improvement in Domejet Inkjet Print Head by Measuring Temperature of Heater

	3B1 Materials 1
	3B1.01 Epitaxial Technology for MEMS Applications
	3B1.02 Novel Low-Temperature CVD Process for Silicon Carbide MEMS 
	3B1.03 Poly SiGe, a Promising Material for MEMS Post-Processing on Top of Standard CMOS Wafers
	3B1.04 A Bonded-Micro-Platform Technology for Modular Merging of RF MEMS and Transistor Circuits

	3C1 Microprobes & Nanodevices
	3C1.01 The “Millipede” - More than 1000 Tips for Parallel and Dense Data Storage
	3C1.02 Microsystem for Vertical Profile Measurement of High Aspect-Ratio Microstructures
	3C1.03 Nanometric Sensing and Processing with Micromachined Functional Probe
	3C1.04 Fabrication and Properties of Ultra Small Si Wire Arrays by Vapor-Liquid-Solid Growth with Circuits
	3C1.05P Formation of Ultra-Shallow p+/n Junctions using BF2 Implantation for the Fabrication of Improved Piezoresistive Canti
	3C1.06P CMOS 10-Cantilever Array for Constant-Force Parallel Scanning AFM
	3C1.07P On a MEMS-Based Parametrically Amplified Atomic Force Sensor
	3C1.08P A Longitudinally Vibrating Touch Probe Sensor Using PZT Thin Film Vibrator
	3C1.09P Fabrication of a Nanoneedle Array
	3C1.10P Fabrication of Various Shapes Nano Structure Using Si Anisotropic Etching and Silicidation 

	3D1 Microfluidics - Bio
	3D1.01 Disposable Plastic Microfluidic Arrays for Applications in Biotechnology 
	3D1.02 Droplet Manipulation on a Superhydrophobic Surface for Microchemical Analysis
	3D1.03 Hydrodynamic Addressing; a Flow Cell for Improved Signal Quality in Bioanalytical Systems
	3D1.04 Microfluidic Chips with MxN Continuous Sample Introduction Function Using Hydrodynamic Flow Switching
	3D1.05P PMMA (Poly-Methylmethacrylate) Microchips for On-Line DNA Preconcentration and Electrophoresis
	3D1.06P Glass-Silicon Bonding Technology with Feed-Through Electrodes for Micro Capillary Electrophoresis
	3D1.07P Polycarbonate-Based Capillary Electrophoresis Devices for DNA Analysis
	3D1.08P High Aspect Ratio Quartz Channels for Capillary Electrophoresis
	3D1.09P Experimental Verification of an Improved Method for Conductivity Detection in On-Chip Capillary Electrophoresis Syste
	3D1.10P Si Based Thin-Film Filter with High Visible-Over-UV Selectivity for Biochemical Fluorescense Analysis
	3D1.11P A Chemiluminescence-Based Multi-Sensor System for the Analytical Detection of Gases
	3D1.12P On-Chip Impedance-Spectroscopy for Flow-Cytometry Using a Differential Electrode Sensor
	3D1.13P Multi-Inlet Chip for Electrokinetic Immunometric Heterogeneous Immunoassay 
	3D1.14P A Durable Sensor for Blood Cell Counter Using MEMS Technology
	3D1.15P Manufacturing and Integration of Diffractive Optical Elements with Microfluidic CD Devices
	3D1.16P Characterization of a Mixing Layer Microdevice
	3D1.17P Fabrication of Flexible, Implantable Microelectrodes with Embedded Fluidic Microchannels
	3D1.18P Microfluidic Bioanalysis Cartridge with Interchangeable Microchannel Separation Components
	3D1.19P Universal Integrated Diagnostic Sample Preparation for Rapid Quantitative and Qualitative Nucleic Acid Analysis

	3A2 Micropumps & Microvalves
	3A2.01 The Optimized SMA Micro Pump Chip Applicable to Liquids and Gases
	3A2.02 A Micromachined Silicon Low-Voltage Parallel-Plate Electrokinetic Pump
	3A2.03 Pneumatic Silicon Microvalves with Piezoelectric Actuation
	3A2.04 Electrostatic Microvalves in Silicon with 2-Way-Function for Industrial Applications
	3A2.05 Micro Flow Switches Using Thermal Gelation of Methyl Cellulose for Biomolecules Handling
	A2.06P Batch Fabrication of Silicon Micropumps
	3A2.07P High-Speed and Bi-Stable Electrolysis-Bubble Actuated Gate Valves

	3B2 Materials 2
	3B2.01 Performance Characterization of Ultra-Thin N-Type Piezoresistive Cantilevers
	3B2.02 Single Crystalline Silicon Nano Wire Piezoresistors for Mechanical Sensors
	3B2.03 The Temperature-Stable Piezoelectric Material GaPO4 and its Sensor Applications -
	3B2.04 Thermophysical Characterisation of Poly Si0,7Ge0,3 for Use in Thermoelectric Devices
	3B2.05 Investigation of 4H-SiC as a New Material for Hall or Temperature Sensors Working up to 500º C
	3B2.06P PZT Thin Films for Piezoelectric Micro-actuator Applications
	3B2.08P High Aspect Ratio Soft Micromolding of Piezoceramic Thick Films
	3B2.09P Properties of 1-3 PZT Composite for Ultrasonic Transducer Array Fabricated by Micro-Pressing and Dicing Methods

	3C2 MEMS Resonators
	3C2.01 A 10-MHz Micromechanical Resonator Pierce Reference Oscillator for Communications
	3C2.02 High Q Achieved in Microwave Inductors Fabricated by Parallel Self-Assembly
	3C2.03 14 MHz Micromechanical Oscillator
	3C2.04 Much Enlarged Resonant Amplitude of Micro-Resonator with Two-Degreee-Of-Freedom (2-DOF) Mechanical Coupling Scheme
	3C2.05 Q-Optimized Lateral Free-Free Beam Micromechanical Resonators
	3C2.06P Embedded Solenoid Inductors for RF CMOS Power Amplifiers
	3C2.07P Measurement Techniques for Capacitively-Transduced VHF-to-UHF Micromechanical Resonators

	3D2 Polymer-Based Microsystems
	3D2.01 A Foldable Artificial Lens with an Integrated Transponder System for Measuring Intraocular Pressure
	3D2.02 Design of a Self-Contained 3D Microvalve in PDMS
	3D2.03 Novel Liquid Injection Method with Wedge-Shaped Microchannel on a PDMS Microchip System for Diagnostic Analyses
	D2.04 Modular Biosystem for the Culture and Characterisation of Scarce Epithelial Cell Tissues
	3D2.05 A New Fixed-Volume Metering Microdispenser Module Based on sPROMs Technology

	3A3 Microfluidics - Systems
	3A3.01 A Pneumatically-Actuated Silicon Microvalve and its Application to Functional Fluidic Integrated Circuits
	3A3.02 Characterization of a Micro-Mixing, Pumping, and Valving System
	3A3.03 Smart Passive Microfluidic Systems Based on Ferrofluids for µTAS Applications
	3A3.04 A Frequency Addressable Ultrasonic Microfluidic Actuator Array
	3A3.05 Stainless Steel-Based Integrated Mass-Flow Controller for Reactive and Corrosive Gases
	3A3.06P Thermal Bubble Powered Microfluidic Mixer with Gas Bubble Filter
	3A3.07P A Portable Drug Delivery System with Silicon Capillaries as Key Components
	3A3.08P Development of a High Density, Planar, Modular Microfluidic Interconnect System

	3B3 Surface Modification
	3B3.01 Low Force Electrical Contact Measurements Using Piezoresistive MEMS Cantilevers to Characterize Thin-Film Metallizatio
	3B3.02 Analysis and Experiments for Evaluating Adhesion of Arbitrary Shape Microstructures using Optimization Method
	3B3.03 Controlled Part-to-Substrate Micro-Assembly via Electrochemical Modulation of Surface Energy
	3B3.04 Ultrahydrophobic Surface Selectively Modified by Pulse Electrodeposition from Aqueous Dispersion of PTFE Particles
	3B3.05 Conformal Coating Process of Anti-Sticking Thin Film Using C4F8 and Ar Plasma without Additional Equipment

	3C3 High Aspect Ratio MEMS
	3C3.01 Honeycomb-Shaped Deep-Trench Oxide Posts Combined with the SBM Technology for Micromachining Single-Crystal Silicon wi
	3C3.02 A Novel High Aspect Ratio Technology for MEMS Fabrication Using Standard Silicon Wafers
	3C3.03 Pillar Structures with the Space of Sub-Microns Fabricated by the Macroporous Based Micromachining
	3C3.04 Extension of Surface/Bulk Micromachining: One-Mask Fabrication Technology Enabling the Integration of 6-DOF Inertial S
	3C3.05 Three-Dimensional Micromachining of Silicon Nitride for Power Microelectromechanical Systems

	3D3 Electrochemical Sensors
	3D3.01 Improved Recovery Time for ISFET Glucose Sensor
	3D3.02 A Simple pH Detector Based on an Organic Field-Effect Transistor
	3D3.03 Single Drop Acid-Rain Analysis Using Microsensors
	3D3.04 Study of Gas Ionization for Micro-Devices
	3D3.05 Thermolysin as a Recognition Element for Microdetermination of Zinc(II) Ions Based on the Apoenzyme Reactivation Metho

	4A1 Commercialization
	4A1.01 Increasing Probability of a Success for High-Tech Startup Companies
	4A1.02 Competitive Position of the Micro System Technologies for Wavelength Handling in all-optical Networks for Telecom
	4A1.03 Development of Micro-machined Three-axis Sensors in Venture Business
	4A1.04 MEMS Commercialization: Slow but Steady

	4B1 Materials Characterization
	4B1.01 Friction and Wear Properties of Microstructures in MEMS
	4B1.02 Electronic Transport Mechanisms in WO3-Based Ultra-Thin Film Chemiresistive Sensors
	4B1.03 Fast Thermal Characterization of Nano-Liter Fluid Volumes
	4B1.04 Effect of Temperature on Mechanical Properties of Polysilicon
	4B1.05P The Design and Analysis of Shock Resistant Microsystems (MEMS)
	4B1.06P In-Situ Mechanical Characterization of a 100 Nanometer Thick Free Standing Aluminum Film in TEM Using MEMS Force Sens
	4B1.07P Tensile Testing System for Sub-Micrometer Thick Films
	4B1.08P Fabrication, Test and Simulation of a Parylene Diaphragm
	4B1.09P Silicon, Parylene, and Silicon/Parylene Micro-Needles for Strength and Toughness
	4B1.10P Uniaxial Stress Effect on Copper Energy Levels in Silicon
	4B1.11P Fracture Properties of LPCVD Silicon Nitride Thin Films from the Load-Deflection of Long Membranes
	4B1.12P Temperature Dependent Thermal Conductivities of CMOS Layers by Micromachined Thermal van der Pauw Test Structures
	4B1.13P A Study on Nonlinear Torsional Characteristics of Polyimide Hinges
	4B1.14P Die-Level Characterization of Bulk-Etched MEMS Using Resonant Ultrasound Spectroscopy
	4B1.15P The Silicon Optical Absorption Coefficient Revisited
	4B1.16P n-Type ß-SiC Piezoresistance Analysis under High Temperature and High Impurity Concentration
	4B1.17P Strength and Leak Testing of Plasma Activated Bonded Interfaces 
	4B1.18P Characteristics of Low Force Contact Process for MEMS Probe Cards
	4B1.19P Analysis of Ultrasonic Wire Bonding by In-Situ Piezoresistive Microsensors
	4B1.20P A Tactile Sensor Instantaneously Evaluating Friction Coefficients

	4C1 RF MEMS
	4C1.01 Integrated RF MEMS for Single Chip Radio
	4C1.02 Fabrication of a 94 GHz LIGA Klystrino
	4C1.03 Scalability of Capacitive RF MEMS Switches
	4C1.04 A 3-Voltage Actuated Micromachined RF Switch for Telecommunications Applications
	4C1.05P A Novel MEMS LC Tank for RF Voltage Controlled Oscillator (VCO)
	4C1.06P Copper Interconnect Low-K Dielectric Post-CMOS Micromachining
	4C1.07P A Micromachined Millimeter Wave Phase Shifter Using Semi-Lumped Elements
	4C1.08P Reducing the Effect of Parasitic Capacitance on MEMS Measurements
	4C1.09P Performance and Dynamics of a RF MEMS Switch
	4C1.10P Fabrication of a Solenoid-Type Microwave Transformer

	4D1 Biomimetic & Biomedical Systems
	4D1.01 Biomimetic Sensing Systems for Acoustic Measurement and Visual Tracking
	4D1.02 Sound Source Localization Sensor with Mimicking Barn Owls
	4D1.03 Multi-Parameter Catheter Sensor System with Intravascular Navigation
	4D1.04 Exploring Insect Biomechanics with Micromachined Force Sensors
	4D1.05P The Mechanical Property of the Coiled Axon of Meissner Corpuscles for Human Tactile Sensing and its Application to a 

	4A2 Optical MEMS 1
	4A2.01 Micromirrors for Adaptive-Optics Arrays 
	4A2.02 Dual-Mode Micromirrors for Optical Phased Array Applications
	4A2.03 Torsional Micromirrors with Lateral Actuators
	4A2.04 Micromachined Multi-Lever Linkage Angular Motion Amplifier
	4A2.05 Mechanical Behavior of a Silicon Micro-Opical Attenuator
	4A2.06P High Resolution Micromachined Scanning Mirror 
	4A2.07P Integrated Micromachined Tunable Lasers for All-Optical Network Applications

	4B2 Flow & Thermal Sensors
	4B2.01 Sensitive Thermal Flow Sensor Based on a Micromachined Two-Dimensional Resistor Array
	4B2.02 A Novel Micromachined Flow Sensor Using Periodic Flapping Motion of a Planar Jet Impinging on a V-Shaped Plate
	4B2.03 Time of Flight Micro Flow Sensor for Aqueous Fluids Using In-Situ Produced Tracer
	4B2.04 AC-Driven Temperature-Balance Flow Sensor
	4B2.05 A Thermal Flow Sensor for Common Rail Injection Systems
	4B2.06P High Resolution Level Sensors for Harsh Environments
	4B2.07P A Micromachined Coriolis-Force-Based Mass Flowmeter for Direct Mass Flow and Fluid DensityMeasurement
	4B2.08P Thermal Flow Sensors for Very Small Flow Rate
	4B2.09P A Novel Low Cost Lead-Frame Air Flow Anemometer
	4B2.10P Low-Cost Flow Transducer Fabricated with the AMANDA-Process
	4B2.11P A MEMS Surface Fence Sensor for Wall Shear Stress Measurement in Turbulent Flow Areas
	4B2.12P An Electronical Characterisation Method for an Acoustic and Thermal Flow Sensor
	4B2.13P A Resonant Temperature Sensor Based on Electrical Spring Softening 
	4B2.14P Micromachined Inclinometer with High Sensitivity and Very Good Stability
	4B2.15P Thermal and Gas-Sensing Properties of a Micromachined Thermal Conductivity Sensor
	4B2.16P Thermal Performance and Stability of Poly Si/Pt(Ni) Thin Film Temperature Sensors on GaAs 
	4B2.17P Temperature Sensors with High Irradiation Resistance for Atomic Application

	4C2 3D MEMS
	4C2.01 3D MEMS Fabrication Using Low-Temperature Wafer Bonding with Benzocyclobutene (BCB)
	4C2.02 Novel Shaped Microstructures Processed by Deep X-Ray Lithography
	4C2.03 Direct Microfabrication Using an X-Ray Micro-Beam
	4C2.04 Plastic Deformation Magnetic Assembly (PDMA) of 3-D Microstructures: Technology Development & Application
	4C2.05 Fabrication of an Electrostatic Lens Array with Separate Electrodes and Shield Membranes Using UV- Liga Process
	4C2.06P A 3-Dimensional Wafer-Level Stacking Technology with Precise Vertical Interconnections to MEMS Applications
	4C2.08P A Low Temperature, Wafer Level Transfer Integration Technology
	4C2.09P Parallel Discharge with Partitioned Electrode Arrays for Accelerated Batch Mode Micro-EDM
	4C2.10P Fabrication Method for Out-of-Plane Coil by Surface Micromachining
	4C2.11P Demonstration of Microscale Heat Exchanger for a Silicon Micro Gas Turbine Engine
	4C2.12P Magnetic Flux Generator for Balanced Membrane Loudspeaker

	4D2 Gas Sensors 1
	4D2.01 Wavelet Transform and Fuzzy ARTMAP Based Pattern Recognition for Fast Gas Identification Using a Micro-Hotplate Gas Se
	4D2.02 Improvement of Olfactory Video Camera - Gas/Odor Flow Visualization System
	4D2.03 Diffusion Equation-Based Study of Thin Film Semiconductor Gas Sensor - Response Transient
	4D2.04 Selective Ammonia Exhaust Gas Sensor for Automotive Applications
	4D2.05 SOI-Based Micro-Hotplate Microcalorimeter Gas Sensor with Integrated BiCMOS Transducer
	4D2.06P Solid State Dissolved Oxygen Sensor Test Matrix Using a Pulsed-Plasma Deposited PTFE Film
	4D2.07P Highly Sensitive and Selective Gas Sensors Using the Polythiophen Derivatives Controlled the Temperature
	4D2.08P Thermal Optimization of a Novel Micro Gas Sensor Array with Different Operating Temperatures
	4D2.09P A New Micro Sensor Array with Porous Tin Oxide Thin Films and Micro-Hotplate Dangled by Wiresin Air
	4D2.10P A Novel Micro Gas Sensor Array Using Temperature Gradient on the Single Glass
	4D2.11P A Data Acquisition System for a Hand-Held Electronic Nose (H2EN)

	4A3 Optical MEMS 2
	4A3.01 Fabrication and Experiments on Electromagnetic Micromirror Array with Bulk Silicon Mirror Plate and Aluminum Spring
	4A3.02 Optical Switch Using Draw-Bridge Micromirror for Large Array Crossconnects
	4A3.03 A Novel Optical Scanner with Integrated Two-Dimensional Magnetostrictive Actuation and Two-Dimensional Piezoresistive 
	4A3.04 4x4 Matrix Switch Based on MEMS Switches and Integrated Waveguides
	4A3.05 Technology of Reflective Membranes for Spatial Light Modulators
	4A3.06P A Latching, Bistable Optical Fiber Switch Combining LIGA Technology with Micromachined Permanent Magnets
	4A3.07P Waveguiding in MEMS Compatible 3-D, Silicon Photonic Lattices
	4A3.08P Focal Length Control by Microfabricated Planar Electrodes-based Liquid Lens (µPELL)

	4B3 Analysis of Fluid-Solid Interactions
	4B3.01 Compact Squeezed-Film Damping Model forPerforated Surface
	4B3.02 Planar Micro-Fluidic Devices for Controlled Vortex Generation
	4B3.03 Study of Boiling Regimes and Transient Signal Measurements in Microchannels
	4B3.04 Fluid Filling into Microfabricated Reservoirs
	4B3.05 Mechanistic Model of Diffusion and Reaction in Thin Sensor Layers - The DIRMAS-Model

	4C3 Polymer MEMS
	4C3.01 Application and Investigation of In-Plane Compliant SU8-Structures for MEMS
	4C3.02 Fabrication of Ultrathick Micromolds Using JSR THB-430N Negativ UV Photoresist 
	4C3.03 Fabrication of Complex Micro Channel Systems Inside Optically-Transparent 3D Substrates by Laser Processing
	4C3.04 Innovative Concept for the Fabrication of Micromechanical Sensor and Actuator Devices Using Selectively Metallized Pol
	4C3.05 Photoplastic Shadow Masks for Rapid Resistless Multi-layer Micropatterning
	4C3.06P A Novel UV-LIGA Process Using PMER as a Mold Material for Optical Switch Application
	4C3.07P Micro Plastic Embossing Process: Experimental and Theoretical Characterizations
	4C3.08P Derivatization of Fluorinated Polymers and their Potential Use for the Construction of Biosensors

	4D3 Gas Sensors 2
	4D3.01 Sensing Properties to Dilute Chlorine Gas ofIndium Oxide Based Thin Film Sensors Prepared by EB Evaporation
	4D3.02 Diffusion Equation-Based Analysis of Thin Film Semiconductor Gas Sensor - Sensitivity Dependence on Film Thickness and
	4D3.03 NO2 and Ozone Monitoring in an Urban Atmosphere Using Pd/Ge/Pd/InP(p) Pseudo Schottky Junctions
	4D3.04 High-Temperature NOx Sensor Based on Stabilized Zirconia and ZnFe204 Electrode
	4D3.05 Trace Benzene Monitoring in the Outdoor Air: Comparative Results Between Measurements Carried Out with an Innovative A
	4D3.06P High H2 Sensing Performance of AnodicallyOxidized TiO2 Film Contacted with Pd
	4D3.07P A Selective Ethanol Sensor Device: TiO2 and W/Ti02 by Novel Sol-Gel Technique
	4D3.08P Classification of Indoor Environmental Gases Using Temperature Modulation of Two SnO2 Sensing Film on a Substrate
	4D3.09P Thick Film Sensor Chip for CO Detection in Pulsing Mode: Detection Mechanism, Design, and Realization
	4D3.10P Evaluation of On-line Hot Flue Gas Measurements
	4D3.11P Influence of the Gate Material and Temperature on the Diode Properties of Schottky Diodes Based on SiC in O2 or CO Am
	4D3.12P Hydrocarbon Detection Using MOS Capacitors in a Temperature-Pulsed Mode
	4D3.13P Highly Sensitive Vapor Sensor Using an Inductively Coupled Surface Acoustic Wave Sensor
	4D3.14P Chemical Sensor Using Polarity Controlled Fractal Surface
	4D3.15P Detection of Volatile Compounds Correlated to Human Diseases through Breath Analysis with Chemical Sensors
	4D3.16P Micro Membrane Reactor: A flow-through Membrane for Gas Pre-Combustion


	Author Index
	Keyword Index

