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What is Piezoelectric Transducer?
A piezoelectric transducer (also known as a 
piezoelectric sensor) is a device that uses the 
piezoelectric effect to measure changes in acceleration, 
pressure, strain, temperature or force by converting this 
energy into an electrical charge.
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An electrical potential appears across certain
surface of a crystal if the dimensions of the crystal
are changed by the application of mechanical
force. This potential is produced by the
displacement of charges. The effect is reversible.

Piezoelectric effect
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What is Piezoelectric Transducer?



Piezoelectric Materials
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Natural: Quartz, Rochelle salt, Topaz, Tourmaline-group minerals, and some
organic substances as silk, wood, enamel, bone, hair, rubber, dentin.
Artificial: Polyvinylidene difluoride, PVDF or PVF2, Barium titanate, Lead
titanate, Lead zirconate titanate (PZT), Potassium niobate, Lithium niobate,
Lithium tantalate, and other lead-free piezoelectric ceramics.

Desired properties: frequency stability, high output values, insensitive to
the extreme temperature and humidity conditions and which can be
available in various shapes or should be flexible to be manufactured into
various shapes without disturbing their properties.

Unfortunately, no piezoelectric material which has all these properties.
• Quartz is a highly stable crystal which is naturally available but it has
small output levels. Slowly varying parameters can be measured with
quartz.

• Rochelle salt gives the highest output values but it is sensitive to
environmental conditions and cannot be operated above 1150F.
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Why Certain Materials Exhibit Piezoelectricity ?

Materials with cubic crystal structure (NaCl)

Materials with hexagonal crystal structure (Quartz)

PolarizationNo

Yes



Theory of Operation
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d – charge sensitivity of the crystals
F – applied force in Newton

The polarity of the charge depends on the direction of 
the applies forces.



The force changes the thickness of the crystals

ω – width of crystals in meter
l – the length of crystals in meter

A – area of crystals in meter square
t – the thickness of crystals in meter
E – Young’s modulus N/m2

The young modulus is,

Young modulus (E)

On substituting the value of force in 
the equation of charge, we get

Theory of Operation
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The voltage sensitivity of the crystals 
is expressed by the ratio of the 
electric field intensity and pressure.

The output voltage is obtained because of the electrode charges.

E0 – electric field strength, V/m

The g is the voltage sensitivity of the crystals

Theory of Operation: Voltage sensitivity
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The sensitivity of a piezoelectric crystal may be represented 
either by 
A -Charge sensitivity
B -Voltage sensitivity 

Charge sensitivity 
Sq = ∂q/∂F 

is given by the change in voltage due to a unit increment in pressure per unit 
thickness of the crystal. 
Sv = (1/d)∂v/∂p Sq =εSv

Sensitivity of Pz Transducer 

Voltage sensitivity 
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Equivalent Circuit of a piezoelectric Transducer 

The equivalent circuit can be derived from the electrical and mechanical 
parameters of the transducer 

The charge generated Q is across the 
capacitance Cc and its leakage resistance is Rc

When the piezoelectric crystal is coupled with 
leads and cables as well as a readout device, 
the voltage depends not only on the element 
but also on the capacitance of cables, charge 
amplifier and oscilloscope display. 
The total capacitance is 
C=C+C +C
T C amplifier display 
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•No external power source required: Thanks to their ability to produce a voltage 
when acted upon by a force, piezo materials require no external power source.
•Easy installation: With small dimensions, they’re a great fit and easily installed in 
high-density electronic devices.
•Responsiveness to high-frequencies: Compared to other devices, piezo materials 
have a substantially higher frequency response — which makes them wonderfully 
responsive in even the most demanding situations.
•Highly flexible materials: Most piezo materials can be constructed in a wide 
variety of shapes and sizes, so they’re highly useful across various applications and 
fields.
Piezo materials also display the following limitations or disadvantages:
•Small amount of electric charge: Though they’re self-generating, piezo materials 
produce fairly small electric charges, which means a high impedance cable is 
required to connect them to an electrical interface.
•Environmental conditions affect performance: Piezo materials are affected by 
temperature and changes in humidity. Plus, while in the static condition, they can’t 
measure output.
•Output is relatively low: While some piezo materials produce more output than 
others, they’re all relatively low. For their use to be optimized, an external circuit 
will often be required

Advantages and disadvantages
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• The piezoelectric material has high stability and 
hence it is used for stabilizing the electronic oscillator.

• The ultrasonic generators use the piezoelectric 
material. This generator is used in SONAR for 
underwater detection and in industrials apparatus for 
cleaning.

• It is used in microphones and speakers for converting 
the electric signal into sound.

• The piezoelectric material is used in electric lighter.

The transducer has low output, and hence external 
circuit is associated with it.

Uses of Piezoelectric Crystal
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Piezoelectric accelerometer
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High T piezoelectric accelerometer



Engine Knock Sensors — Under the wrong circumstances, gasoline engines are 
susceptible to an undesirable phenomenon known as detonation. When detonation 
occurs, the air/fuel charge explodes instead of burning smoothly thereby damaging 
the engine. With the development of better control systems, the relevant engine 
parameters may be adjusted in real-time to maximize efficiency and power. If 
detonation begins to occur, piezoelectric knock sensors can be employed to sense 
the detonation before it becomes problematic. 
Pressure Sensors — In nearly any application requiring the measurement of 
dynamic pressure changes, using piezoelectric pressure sensors yields more reliable 
results than using conventional electromechanical pressure sensors. This is because 
piezoelectric devices have a high frequency response and signal conversion without 
requiring any bellows, diaphragm, or any type of mechanical linkage in conjunction 
with a strain gage or displacement sensor.
Sonar Equipment — Depth sounders and sonar equipment rely extensively on 
piezoelectric sensors to transmit and receive ultrasonic “pings” in the 50-200 kHz 
range. Besides having an ideal frequency response for such applications, 
piezoelectric transducers have a high power density that enables large amounts of 
acoustic power to be transmitted from a small package. For instance, a transducer 
that is only 4” (100 mm) in diameter may be capable of handling power output greater 
than 500 watts.

Industrial applications
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Mathematical problems


