
SENSORS and TRANSDUCERS

? Micromechanics
– Micromechanics - simple mechanics

– Principles of detection: piezoresistive

piezoelectric
capacitive

– Micromechanical properties

– Micromechanical sensors

Klas Hjort, Materialvetenskap

1



2

MICROMECHANICS

? Micromechanics is simple mechanics:

– Mechanics like of the middle ages, but miniaturized:

– Cantilever beams, bridges, plates, and diaphragmas

– Only designs of low relative tolerances!

– We detect changes in stress, position, or frequency.
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MICROMECHANICS

? Basic mechanics:
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MICROMECHANICS

? Simple mechanics:

Beam:

Bridge:

Membrane:
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MICROMECHANICS

? Simple dynamics:
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MICROMECHANICS

? Scaling mechanics:

Damping: viscous (K2), surface adhesion (K2)
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MICROMECHANICS

? Mechanical properties of silicon
Property Value

Yield Strength 7 GPa

Hardness 10 GPa

Young’s modulus 166 GPa

Density 2.33 g/cm3

Thermal conductivity 1.57 W/cmK

Thermal expansion 2.6 ppm/K

- Brittle
- Anisotropic
- Low ageing
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MICROMECHANICS

? Sensor mechanisms
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MICROMECHANICS

? Scaling sensor mechanisms:
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MICROMECHANICS

? Strain gauges
Gauge factor: GF =

∆R

εR

GFmet = (1+ 2ν) +
dρ
ρ

ε
≈ 2

GFSC = 80 − 200
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MICROMECHANICS

? Semiconductor bandgap
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MICROMECHANICS

? Semiconductor bandgap in space
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MICROMECHANICS

? Piezoresistive mechanism for silicon:
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MICROMECHANICS

? Piezoresistive respons to dopants and temperature
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MICROMECHANICS

? Piezoelectric sensing
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MICROMECHANICS

? Piezoelectric mechanism
– Charge generation due to

polarization to an applied
force.

– With two conductors to
the piezoelectric
dielectric a capacitor is
created, and we may
meassure a voltage
difference.

P
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MICROMECHANICS

? Capacitive sensing
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MICROMECHANICS

? Micromechanical sensors:
– Strain gauges

– Accelerometers

– Gyroscopes

– Pressure sensors

– Microphones

– Tactile sensors

– Position sensors

– Flow sensors
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MICROMECHANICS

? Accelerometer ranges and applications
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MICROMECHANICS

? Bulk micromachined accelerometer
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MICROMECHANICS

? Surface micromachined accelerometer (AD):
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MICROMECHANICS

? Pressure sensor (Radi Medical Systems AB)
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MICROMECHANICS

? Smart pressure sensor chip
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MICROMECHANICS

? Micromachined
microphones
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MICROMECHANICS

? Tactile sensor
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MICROMECHANICS

? Tunneling



SENSORS and TRANSDUCERS

? Micromechanics, more...
– Principle of detection: resonant

– Micromechanical resonant sensors: gyroscopes

– Micromechanic actuators
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MICROMECHANICS

? Resonators - applications

– Mechanical sensors, meassuring strain

– Microbalances, meassuring mass

– Chemical or biological sensors, meassuring mass

– High-Q electrical filters
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MICROMECHANICS

? Simple dynamics:
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MICROMECHANICS

? Dynamics in mechanics and electronics (1)

H(s) =
1
m

s 2 + b
m( )s + k

m
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MICROMECHANICS

? Dynamics in mechanics and electronics (2)
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MICROMECHANICS

? Dynamics in mechanics and electronics (3)
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MICROMECHANICS

? Gyroscopes
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MICROMECHANICS

? Applications of micromechanical gyroscopes
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MICROMECHANICS

? Gyroscope for automotive applications
(TEMIC/Colibri)


