
Chapter 4: 
 Transducers: Generation and 

Detection of Ultrasound  



Ultrasonic Array Transducers 

(From www.acuson.com) 



Outline 

•  Piezoelectricity. 
•  Constitutive relations. 
•  Wave propagation. 
•  Generation and detection. 
•  Equivalent circuits. 
•  Design considerations. 



Transducer 

•  Energy conversion: electrical ↔ mechanical. 
•  Generation and detection (speaker and 

microphone). 
•  Medical ultrasound: same device in MHz 

range. 
•  Piezoelectricity: electrical polarization ↔ 

mechanical strain. 
•  PZT, PVDF and composite materials are 

commonly used. 



Piezoelectric Materials 
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Piezoelectricity 

Poling 
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Curie temperature: 3200 – 3700C. 
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Constitutive Relations 
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Wave Propagation 

•  Newton’s law + Constitutive relations. 
•  Bulk modulus à CE. 



Wave Propagation 

•  Open circuit (constant D) vs. Short circuit (constant E): 
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Generation and Detection 



Generation of Ultrasound 
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•  The surfaces of the piezoelectric material are  
  the predominant sources for the generation of ultrasound.  



Detection of Ultrasound 

•  Reciprocal to generation. 
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Detection of Ultrasound 



Detection of Ultrasound 

•  When open circuit: 

•  Half-wavelength is the most efficient. 
•  Full-wavelength has no net effect. 



Expansion and Contraction 



Equivalent Circuits 



Electromechanical Coupling 
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Transmission Line Model 
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Equivalent Circuits 



Equivalent Circuits 



Equivalent Circuits 
u(0,t) u(L,t) 

Z1 Z1 

Z3 

i(t) 
N=C0e/ε	
C0 

-C0 

1:N 



Equivalent Circuits 

C0 

-C0 

1:N 

Z3 

Z1 Z1 

ZB ZF 



Equivalent Circuits 
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Equivalent Circuits 
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Design Considerations 

•  Bandwidth and sensitivity. 
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Two-Way Insertion Loss 
•  A measure of the electromechanical efficiency of 

the transducer. 



Electrical Tuning 
•  Inductance vs. capacitance. 

No Tuning With Tuning 



Acoustic Lens 

•  Fixed geometric elevational focusing. 



1-D and 2-D Arrays 



Issues with 2-D Arrays 

•  SNR 
– Signal vs. noise 

•  Interconnection 
•  System complexity 
•  Real-time requirements 


