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MEMS: a billions dollars industry 
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Why going from MEMS to NEMS ? 

1 µm 

 Typical sizes : ~10 nm – 100 nm (X, Y, Z) 

 Used material : silicon structured by microelectronic tools 

MEMS accelerometer 

500 µm 

80 nm 

10 µm 

Source LETI – MIMOSA project 

Large volume markets 

(Automotive/Consumer) 

Strong pressure 

on prices 

Smaller devices 

Consumer markets 
More integration The multi axis sensor 

 
•3 axis accelerometer 

•3axis gyrometer 

•3axis magnetometer 

•1 P sensor 
Mobile phones, gaming, tablets, e-books, digital 

cameras, camcorders, HDD protection, laptop, 

Personal media Players,set-up boxes, GPS, sport 

equipments… 
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  Miniaturization issues 
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Optimization of the ratio performance/die area. 
Area gain  x3-5 for same perfs 

Mix on a same device two different thicknesses 
 A thick layer for the proof mass (MEMS) 

 A thin layer for the gauge (“NEMS part”, compatible with DUV 

litho). 

Highly efficient transduction: stress concentration  (design lever + 

size effect) 

M&NEMS principle 
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Piezoresistive gage 
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Piezoresistive gage 
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 Stress magnification induced 
by design lever effect 

m.g 

  In-plane measurement 

 Stress magnification induced 
by the Nano-gauge 

Total Magnification : x3000 

Top view 

Cross section 

view 
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2 different thicknesses 

Out-of-plane detection 

Rotation axis 

m.g 

  Out of plane measurement 
Anchor 

g 

Seismic mass 

gauge 

 Stress magnification induced by 
design lever effect & nano-gauge 

Total Magnification : x1000 
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250nm 

250nm 

M&NEMS accelerometer demonstrator 

15µm 

• Proof of concept design and fabrication of 

accelerometer have been achieved  

• Typical dimensions of the sensitive element 

≈ 0.1mm² / axis 
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3-axis Accelerometer 
3-axis Gyroscope 
3-axis Magnetometer 
Pressure sensor 

M&NEMS: 3-axis accelerometer 

Focus on the nano-gauge of the 
Z-axis accelerometer  

Focus on the nano-gauge of the X-axis accelerometer  

Main characteristics 
(first demonstrator designed with consumer specs) 

 Typical size of 3-axis chip: 1mm² 

 Range: 10 or 50G 

 Dynamic range: 5000 

 Linearity deviation < 0.3% 
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M&NEMS: 3-axis gyroscope 
3-axis Accelerometer 
3-axis Gyroscope 
3-axis Magnetometer 
Pressure sensor 

 Piezoresistive (differential) detection based on nano-gauges 

 The high-sensitivity open-loop detection scheme enables working with high 
mismatch (1kHz) between drive and sense resonance frequencies (20kHz)  

 Possible to operate under rough vacuum (no need of getter) 

Main characteristics 
(first demonstrator designed with consumer specs) 

 Typical size of 3-axis chip < 3mm² (2mm² for the electromechanical part) 

 Resolution: 0.02 /s/√Hz  (limited by readout electronics noise) 

Z gyro 

X/Y gyro 
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 Permanent magnet layer deposited on top of the moving part. The magnet 
tends to align along the external magnetic field 

 induced torque detected by piezoresistive nano-gauges 

M&NEMS: 3-axis magnetometer 
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Main characteristics 
(first demonstrator designed with consumer specs) 

 Typical size of 3-axis chip: 1mm² 

 Low power consumption (integrated permanent magnet) 

 Resolution:  100 nT/Hz 

 Linearity range 4.5mT 

3-axis Accelerometer 
3-axis Gyroscope 
3-axis Magnetometer 
Pressure sensor 
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 Magnetic stack = Coupled ferromagnetic / anti-ferro (F/AF) multilayer 
 Deposition in one single step of a magnetic stack having 2 magnetic 

orientations (patented concept) obtained by using magnetic shape-anisotropy 
for self-alignment during annealing step 

M&NEMS: 3-axis magnetometer 

3-axis magnetometer on the same chip with the same process 
thanks to multi-directional permanent magnet technology  

3-axis Accelerometer 
3-axis Gyroscope 
3-axis Magnetometer 
Pressure sensor 
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M&NEMS: pressure sensor 
3-axis Accelerometer 
3-axis Gyroscope 
3-axis Magnetometer 
Pressure sensor 

Main characteristics 
(first demonstrator designed with consumer specs) 

 Die size: 0.25mm² (mech. footprint 0.02mm²), range: 1 Bar, resolution: 1Pa 

 High efficiency due to the lever effect (performances / miniaturization) 

 Reliability: Over-pressure protection, protected gauges from ext. environment 

 Possible co-integration with inertial sensors 
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M&NEMS in MEMS business journals  

“M&NEMS technology has game 
changing potential for combo sensors” 

“Sensor market for consumer applications is well 
underway, making it very difficult for newcomers 
to gain significant traction. Such a radically new 
approach could however change the playing 
field, and allow newcomers to join the fray! ” 

MEMS Market Brief - IHS iSuppli - March 2013 
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A generic platform for sensor fusion (protected by more than 20 LETI patents) 

 Advantages: Miniaturization, generic processes, common readout electronics 

 Well known and robust piezoresisitive detection, unsensitive to parasitics 

 A & G: 6 mask levels (without packaging)  / CMOS compatible fabrication 

 First (ongoing) industrial transfer (non-exclusive licensing)  to Tronics (9-axis) 

3axis accelerometer 3axis magnetometer 3axis gyroscope 

Microphone 
to be published 

M&NEMS: a multi-axis, multi-sensor platform with 
increasing maturity 

Pressure sensor 
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Thank you for 
your attention 
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