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Piezoelectricity	
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Piezoelectricity	



The	Piezoelectric	Effect	
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The	Piezoelectric	Effect	

	
	

	
	



The	Piezoelectric	Effect	
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•  Quartz	
•  Sucrose	
•  Bone	
•  PVDF	
•  PZT	
•  etc.	



Transduc;on	

Voltage	

Deforma;on	



	
	

	
	

Voltage	 Pressure	

Direct	PE	Effect	

Reverse	PE	Effect	

Transduc;on	
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Ultrasound	Imaging	



Transducer	Response	
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Transducer	Response	
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Resonance	
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Q = f0
FWHM

=
f0

f2 − f1
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Q	=	5	

Q	=	1	
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Axial	Resolu;on	
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Matched	Z	
High	𝛼	

Transducer	Backing	

	
	

	
	



Onboard	Electronics	

Transducer	Backing	

Piezoelectric	Element	
Matching	Layer	
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The	Matching	Layer	
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The	Matching	Layer	
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Lateral	Resolu;on	and	Sensi;vity	



Lateral	Resolu;on	and	Sensi;vity	

Focal	Plane	

Near	field	

Far	field	



Lateral	Resolu;on	and	Sensi;vity	



Focal	Length	Adjustment	
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Single-Element	Transducer	Construc;on	

	
	

	
	



Transducer	Segmenta;on	

	
	

	
	



Linear	Arrays	

Signals	
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Signals	
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Curvilinear	Arrays	

rt	lobe	of	liver;	rt	kidney	



Phased	Arrays	

Signals	

n	=	64-128	



Signals	Signals	 Signals	

Focal	Plane	

Phased	Arrays	



Signals	Signals	 Signals	

Phased	Arrays	
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Sector	Arrays	

Phased	Array	Curvilinear	Array	Linear	Array	

Narrow	FOV	
Superficial	Imaging	
High	frequency	
Biopsy	guidance	

Wide	FOV	
Imaging	at	Depth	
Low	frequency	

Abdominal	imaging	

Small	footprint	
Variable	frequency	
Cardiac	imaging	

Ultrasound	Probe	



Sector	Arrays	

Phased	Array	Curvilinear	Array	Linear	Array	

Ultrasound	Probe	
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Semi-invasive	 Invasive	 Intraopera0ve	

Endovaginal	

Intracardiac	

Burr	hole	

Transrectal	
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Intravascular	
(IVUS)	
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Robo;c	drop-in	
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Beamforming	(Sidelobes)	
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Beamforming	(Gra;ng	Lobes)	
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Spa;al	Resolu;on	

Axial,	Longitudinal	
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Lateral	(Azimuthal)	Resolu;on	

Ml:1.? 
S3 1.5/3.2 

GAIN 50 
COMP 85 

998PM 

20CM 
30H2 ... 

l--.1 PERICARDIAL EFFUSION 
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Lateral	(Azimuthal)	Resolu;on	

SIEMENS 
B F G G 615'5 

TEI D 13 cm xv 2 
PRC 15-2-H PRS 3 
PST 2 MV 2 

FACTORY CA431 

... 
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Eleva;onal	Resolu;on	(Slice	Thickness)	
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Eleva;onal	Resolu;on	(Slice	Thickness)	

1.5-D	Array	
1.75-D	Array	
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Axial	(Linear,	Depth,	Range,	Longitudinal)	Resolu;on	
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Summary	
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