
PIEZOELECTRIC

MATR 4347



PIEZOELECTRIC EFFECT



PIEZOELECTRIC EFFECT













HOW PIEZOELECTRIC WORK









PIEZOELECTRIC MATERIALS: 

CRYSTAL STRUCTURE





PIEZOELECTRIC MATERIALS: 

CRYSTAL STRUCTURE 



PIEZOELECTRIC MATERIALS: 

CRYSTAL STRUCTURE 



PIEZOELECTRIC MATERIALS: 

CRYSTAL STRUCTURE 





PIEZOELECTRIC MATERIALS 
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POLING TREATMENT





AFTER POLING: PIEZOELECTRIC 

CERAMIC
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PIEZOELECTRIC, FERROELECTRIC 

& PYROELECTRIC 



FERROELECTRIC MATERIALS 



DOMAIN WALL MOVEMENT IN 

FERROELECTRIC MATERIALS 





PIEZOELECTRIC VS FERROELECTRIC 



WHAT CAN PIEZOELECTRIC 

CERAMICS DO?



WHAT CAN PIEZOELECTRIC 

CERAMICS DO?



PIEZOELECTRIC CERAMICS-

APPLICATION



PIEZOELECTRIC CERAMICS-

APPLICATION



APPLICATIONS OF PIEZOELECTRIC CERAMICS

 Piezoelectric ceramics are used in a variety of applications utilizing either

direct or converse piezoelectric effect.

Power Generation

Gas Lighter

 Piezoelectric material can ignite the gases by generating a spark via an

electric current.

 This requires two piezoelectrics with opposite polarization states which are

brought close to each other so those polarization vectors are in the opposite

directions i.e. faces containing similar charges are together.

 The piezoelectric are placed in a circuit with a spark gap.

 application of a mechanical stress or force will induce change in the

polarization.

 The force brings together these two pieces which then gives rise to creation

of charges.

 The charges flow from the end faces and the middle (pressed) faces

through the circuit giving rise to a spark in the spark gap which can be

used to ignite a gas.

 One must apply the force quickly otherwise the voltage generated

disappears because the charges leaks away through the piezoceramic,

across its surfaces and via the apparatus.



Schematic of operation of a gas 

lighter made using piezoelectric 

material



Power Transformer

 A piezoelectric transformer works like an AC voltage multiplier.

 While conventional transformers utilize magnetic coupling between
input and output, the piezoelectric transformer exploits the
acoustic coupling utilizing inverse piezoelectric effect.

 Piezo transformers can be quite compact high voltage sources.

 An input smaller voltage across the thickness of a piezoceramic
creates an alternating stress in the bar by the inverse piezoelectric
effect.

 This causes the bar to vibrate with vibration frequency chosen to be
the resonant frequency of the block, typically in the 100 kHz to 1
MHz range.

 This generates a higher output voltage in the other section of the
bar by the direct piezoelectric effect.

 One can achieve the step-up ratios of more than 1000:1 using this
technique.

Schematic of a piezoelectric transformer











































EXAMPLES QUESTION

 Describe how are the ferroelectric materials 

differ from piezoelectric materials? 

 Why is silicon not piezoelectric? What structure 

of a material is required for it to be piezoelectric? 

 With the aid of illustrations, explain the 

mechanism of the poling process in piezoelectric 

ceramic materials.

 What kinds of common devices or applications 

utilize piezoelectricity?


