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INTRODUCTION

NEMS (Nano-Electro-Mechanical-Systems) devices are emerging as a new field with a great deal of interest because they offer in the same time very interesting specific advantages and also compatibility with "In-IC" integration.

They can be generally defined as devices collectively fabricated by micro-technologies and including at least one movable mechanical part with dimension <lOOnm.

NEMS offer key attributes such as ultra miniature size elements, low power consumption, potential high resonant frequencies and quality factors, fast response time and also high sensitivity to applied force, external damping or additional mass. As a consequence, NEMS are very promising for ultimate sensing, autonomous sensors, battery-operated systems and can allow new architectures.

Nowadays, NEMS are investigated in order to face the challenges of nano-world and have a better understanding of the fundamental issues of mechanics in the nano-scale [START_REF] Roukes | Nanoelectromechanical systems[END_REF].

But thanks to the combination of powerful attributes such as unprecedented mass sensitivity and high operational resonance, NEMS opens up the possibility to prospect ultimate inertial mass sensing [START_REF] Ekinci | Ultimate limits to inertial mass sensing based upon nanoelectromechanical systems[END_REF]. Resonant NEMS can also be combined with nanoelectronic [START_REF] Aldridge | Nanoelectronic and nanomechanical systems[END_REF] When the model is used to design NEMS accelerometers, the first evident conclusion is that Casimir force can be practically neglected for gaps greater than 200 nm but, for smaller gaps, the impacts have quickly to be considered (Fig. 3). Casimir force tends to reduce the pull-in voltage, increase the capacitance variation and reduce the linear displacement region. Fig. 3 show displacement/acceleration curves including the effect of Casimir force for IP-50G accelerometers, respectively for 130nm and 400nm gaps. 

Mechanical results

Mechanical results

Weiath !Kal ------------� The results achieved show that both nanostructures and large structures are well defined. The measured residual deflection is < 5nm even with lOµm long flexible beams.

Large proof masses (75xl50µm) are also flat, and this is also a good result if we consider the ratio of 1000 between the mass length (150µm) and the mass thickness (160nm). 

Figure 1 .

 1 Figure 1. Principle and typical dimensions of IP/ OOP accelerometers Because of thin SOI technology, some dimensions have been reduced drastically compared to traditional thick SOI technology and are now situated in the nano-scale, in particular the mechanical spring width (50nm) and the electrostatic gaps (100-400nm). As a consequence, the role of specific phenomenon occurring in the nano-scale has been studied, in particular the role of quantum non gravitational attraction named Casimir force. A new model has been developed for silicon devices in order to take into account doping level and dimensional effects. Fig.2 illustrates the effect of doping level and slab thickness on the corrective factor used for the calculation of Casimir force.
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 2 Figure 2. Effect of doping level and slab thickness on Casimir force corrective factor
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 113 Figure 3. Displacement/acceleration curves for IP 50G accelerometer with respectively J 30nm and 400nm gap (Influence of Casimir Force) Fig. 4 gives expected performances for IP-50G and OOP-50G accelerometers.
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 34 Figure 4. Expected performances for IP 50G and OOP 50G accelerometers IP accelerometers exhibit pull-in voltage of a few lOOmV and FS capacitance changes of a few fF. OOP accelerometers exhibit driving voltage about a few lOm V

Figure 5 .

 5 Figure 5. Simplified flow-chart for fabrication of IP & OOP accelerometers Fig. 6 shows how these techniques are used for the fabrication of IP accelerometers.

Figure 6 .

 6 Figure 6. Technology developments for the fabrication of IP thin SOI NEMS accelerometers Fig. 7 presents SEM photographs of fabricated thin SOI NEMS accelerometer.

Figure 7 .

 7 Figure 7. SEM photographs of thin SOI NE MS accelerometer (general view, detail views of mechanical spring and electrostatic comb)

CHARACTERIZATIONFigure 8 .Figure 9 .

 89 Figure 8. AFM characterization of IP 1 OG accelerometer Al: vertical misalignment of movable structure
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