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Introduction

• Two Major classes of mechanical sensors
– Piezorestistive (material property in silicon)
– Capacitive sensors

• In applications as
– Pressure sensors
– Accelerometer
– Flow sensors



General Mechanical properties

Strain  εa=ΔL/L0    ( no unit) (a “axial”)

Stress (N/m)

Hooke’s law

E= Young’s module (Elasticity module)

Poisson’s ratio 

l=“lateral”



General Mechanical properties

Silicon is a brittle material with 
no plastic deformation 
region (Gray area), which is 
an advantage in sensor 
application

For example Steel have a 
proportional limit where its 
dimension remain after 
unloading. At higher 
stresses the material “float”
and become longer even 
after unloading

Fracture



General Mechanical properties



General Mechanical properties

Stress in thin film Stress in thin film cause a 
curvature of the sample, 
which can be measured 
using a laser system

R= radius
E= Young’s module in substrate
T= substrate thickness
T= thin film thickness
V= poisson’s ratio in substrate

stressed

unstressed

R



General Mechanical properties

• Calculation
– Square membranes
– Cantilever beams

• Max deflection
• Max longitudinal stress
• Max transverse stress
• Resonant Frequency



General Mechanical properties

Square membranes

D, measure the stiffness of the 
membrane



General Mechanical properties

Cantilever beam uniform 
distributed load

Uniform distributed load P (F is 
uniformed distributed over L)

I, bending of inertia 
“bending resistance”

Max stress



General Mechanical properties

Cantilever beam point load at 
the end

QMax stress
Fundamental mode resonant frequency

Cantilever beam mass M



Piezoresistivity

Resistivity changes when introducing of mechanical stress
The pizoresistivity have a large influence for the resistance 

change in semiconductor, the effect is small for metal 
where the change is caused by “pure” geometrical 
distortions.



Piezoresistivity

A semiconductor under measurement. A tensile force is applied, 
perpendicular to the current flow.



Piezoresistivity

AreaAForceF
A
F

===σ

a) Stress is defined as
σ=F/A 
F=Force, A=Area
ΔR/R=πlσl
πl is the longitudinal 
piezoresistance coefficient

b) ΔR/R=πtσt
� πt is the transverse 

piezoresistance coefficient

! In general when both 
longitudinal and transverse 
stresses are present we have
ΔR/R=πtσt+πlσl



Piezoresistivity

The picture show the πl and πt 
for the 100 plane, p-type 
silicon. Πl is in the upper 
half and πt in the lower half

Units are 10-11 Pa-1

In sensor application the π
should be as large as 
possible





Piezoresistivity

Better identification of 
resistor in the bridge



Piezoresistivity



Piezoresistive Sensors

•Piezorestive pressure sensor
–Fabrication

•Anisotropic etch
•Piezoresistor could be by 
doped area 
•or deposited polysilicon
resistor on an insulator (SiO2
or Si3N4)

–The stress is maximal at 
the edges of the membrane, 
where the resistor should be 
placed



Piezoresistive Sensors
Advantage
Convert directly change in resistance 

to voltage

Constant bridge voltage

Constant bridge current

A built in temperature sensor is often 
used to improve the temperature 
stability



Piezoresistive Sensors
Temperature coefficient of offset

• Symmetrical mismatch of the 
resistors, caused by difference in 
layout (parallel and perpendicular 
to the edges of the membrane)

Equal temperature 
coeff. result in zero 
dependence



Piezoresistive Sensors
Temperature coefficient of sensitivity

Constant bridge voltage

Constant bridge current

Temperature coefficient for π44 can be high for p –type 
silicon

+-



Piezoresistive Sensors

• Piezoresistive
accelerator sensor

• The piezoresistor must 
be places where the 
stress is maximal

• To increase the 
sensitivity an inertial 
mass is included



Piezoresistive Sensors



Capacitive Sensors

Capacitor two electrodes separated by a dielectric

Δd<< d result in

High sensitivity means Large area 
S and a small distance d Advantage with capacitive sensors 

no direct sensitivity to temperature

Electronic should be close to the 
sensor, minimising the stray 
capacitance



Capacitive Sensors

a) Pressure sensor
b) accelerometer

θ



Comparison of different technologies



Applications

Symmetric capacitive 
accelerometer with low thermal 
sensitivity
In some cases the movabel
electrode must be damped to 
avoid serious oscillations. A 
small cavity with a viscous liquid 
or gas can fulfil the requirements 



Flow sensors (gas)

With no flow the two sensors display the 
same temperature

With gas flow the first sensor is cooled , 
while the second is heated up by the gas



Some examples, Bulk micro-machined
piezoresistive sensor 

Laboratory for Electron Devices 

Ljubljana SLOVENIA















Exercises

1)

2)

3)



Exercises

4)

Force Q between two parallel plates 
of area A, separation d and applied 
voltage V



Exercises

Answer:
1) Wmax=1.17um, σl=12.3 MPa, σt=3.45 MPa
2) σmax= 4.3*107 Pa, a=150 um
3) fo= 4.39 kHz
4) V=9.6V
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