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Device converting an energy
type in another

TRANSDUCER =

MECHANICAL ENERGY

ELECTRICAL ENERGY MECHANICAL ENERGY

ELECTRICAL ENERGY

EMITTEREMITTER

RECEIVERRECEIVER



INTERACTION  US - TISSUEINTERACTION  US - TISSUE

•REFLECTION

•REFRACTION

•DIFFUSION

•ATTENUATION

IMAGING

ABSORPTION
OR DIFFUSION

OF ENERGY



CLINICAL USE OF US
frequency 1-20 MHz in tissue

CLINICAL USE OF US
frequency 1-20 MHz in tissue

Frequency Period Wavelength
( MHz ) ( u s ) ( mm )

1 1 1,54
2 0,5 0,77
3,5 0,29 0,44
5 0,2 0,31
10 0,1 0,15
20 0,05 0,08



c 1 sqrt(ρ)

c

c

c

1 sqrt(compressibility)

= (ƒ) dispersionc ( < 1 % )

( < 1 % )= c ( Temp. )



AIR 1,2 330 0,0004
WATER  (20 °C)              1000 1480 1,48
MERCURY 13600 1450 20
TISSUE (AVG)                 1060 1540 1,63
LIVER         1060 1550 1,64
MUSCLE 1080 1580 1,70
FAT      952 1459 1,38
BONE 1912 4080 7,8
PZT 7650 3791 29

MATERIAL      DENSITY US SPEED          ZMATERIAL      DENSITY US SPEED          Z
Kg / m2 s   10 - 6m / sKg / m3



ACOUSTIC IMPEDANCEACOUSTIC IMPEDANCE

Z  = ρ c.



Ir Medium 2
Z2

It

Ii

Medium 1
Z1
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αIi It     =     =     =     =
                        

Ii −−−− Ir     =      =      =      = 
                    

(1 −    )(1 −    )(1 −    )(1 −    ) Irα

((((Z1     Z2

Z1
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Z2
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α ====
++++



show



AIR 1,2 330 0,0004
WATER  (20 °C)              1000 1480 1,48
MERCURY 13600 1450 20
TISSUE (AVG)                 1060 1540 1,63
LIVER         1060 1550 1,64
MUSCLE 1080 1580 1,70
FAT      952 1459 1,38
BONE 1912 4080 7,8
PZT 7650 3791 29

MATERIAL      DENSITY US SPEED          ZMATERIAL      DENSITY US SPEED          Z
Kg / m2 s   10 - 6m / sKg / m3







Diffusion



ABSORPTIONABSORPTION
I = I0 e-ααααx

MATERIAL

AIW
WATER
BLOOD
BONE
BRAIN
FAT
LIVER
MUSCLE
TISSUE (AVG)

FREQUENCY

1 MHz 2 MHz 5 MHz 10 MHz

0,25 0,06 0,01 -
1360 340 54 14

17 8,5 3 2
0,2 0,1 0,04 -
3,5 2 1 -

5 2,5 1 0,5
3 1,5 0,5 -

1,5 0,75 0,3 0,15
4,3 2,1 0,86  0,43

HVL  in  cmHVL  in  cm



Ir Mezzo 2
Z2

It

Ii

Mezzo 1
Z1

Ir      =       =       =       =  
                

αIi It     =     =     =     =
                        

Ii −−−− Ir     =      =      =      = 
                    

(1 −    )(1 −    )(1 −    )(1 −    ) Irα

((((Z1     Z2

Z1
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Z2
)2

α ====
++++



pressione

t

PRP

LISTEN

PULSE OFF 
TIME

PULSE ON
TIME

ON / OFF     << 1%

PRF = 1
PRP

c
2d=



show



d d

transducer

reflecting surface

time=space / speed

t = 2d / c

PRP min = 2d / c

PRF max = c / 2d 



Transducer

us

echo 1

echo 2

echo 3



show



trasduttore

fascio

fascio
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Stesso trasduttore per emettere 
US e  ricevere gli echi 

Stesso trasduttore per emettere 
US e  ricevere gli echi 

�

backing

trasduttore

matching layer

fascio

fascio



Damping

dynamic by backing





Dynamic damping







Q =
Energy stored per cycle

Energy lost per cycle

Q =
Center frequency

bandwidth

Q=mechanical coefficient



High Q

Low Q



Narrow
fequency
band

Wide
frequency
band



Narrow
fequency
band

Wide
frequency
band

f

I

I

f



Point objects



zoom



Lateral resolution

Axial resolution



1 2

eco 1

eco2

eco 1 eco2



Poor
Axial SR

Good
Axial SR



a2

4 λλλλ
d � 0,6sinϑϑϑϑ� λλλλ

a

d

a
ϑϑϑϑ

½

Campo vicino
Campo lontano



delays

delayed drive pulsed

wavefront

wavefront from
annuli

focus

annuli

V
drive pulse

f

+

V

f

wavefront
from focus

annuli

received signaldelaysreceived
signal

a

b



show





Trasduttore

us

eco 1

eco 2

eco 3



show



tempo

tempo          profondità

pressione

intensità dell’eco



eco 1 eco 2 eco 3

profondità (tempo)



show











Some transducers 1 line

How to obtain several lines ?

PROBEPROBE



special (EE, EL, 3D..)

linear
convex

sector

PROBESPROBES



lineare



convex



sector





Mechanical Transducer

Solid-State Transducer

� Stiff rotating drive shaft
� External guidewire
� Mechanical design makes 

tracking difficult and limited
� Catheter vibration causes risk 

of arterial spasm

� No moving parts
� No rotating drive shaft
� central guidewire lumen
� Coaxial design enhances 

trackability and pushability

Guide Wire   0.014 inches
Outer diameter  2.9F

Visions® Five-64 F/X 
Intravascular Ultrasound 

Catheter



High frequency sound 
waves echo off vessel 
walls and are sent back to 
system

System electronics 
process the signal



vector



OK

Amplificazione

rumore

TGC

profondità

tempo

intensità dell'eco

intensità dell'eco



















Guadagno

Pr
of

on
di

t à

guadagno
generale



Zona in
cui studiare
l’uniformità





Uniformità non buona



Uniformità buona





Transducer
elements

selected
elements

beam



short focus long focus



Multiple zone focussing

Annular array

1

2
3

4

FOCALIZZAZIONE ELETTRONICAFOCALIZZAZIONE ELETTRONICA
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(a)

(b)

(c)
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FR = 
numero di linee  x  numero di fuochi

PRF FR    PROFONDITA’PROFONDITA’

n. linee FR RISOLUZIONERISOLUZIONE

n. fuochi                    

PRF

RISOLUZIONERISOLUZIONEFR




	���� ���	������	

	���� ���	������	


21 22      23 24 25 26 27 28 29 30 31 32

beam from elements 21 - 25

beam from elements 22 - 26

beam from elements 21 - 25



1 solo fuoco 



2 fuochi 



4 fuochi 



delayed drive pulsed

wavefront

wavefront from
elements

transducer
elementsa b

focus



show



field of view The curvilinear arrayThe curvilinear array

limit of 
selctor scan

beam The phased array probeThe phased array probe
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show



scan converter ( digit )

intensita’

ECHIECHI

Preprocessing
Scan
converter
n x n x p

Post
processing

DISPLAYDISPLAY

display

scan converter (digit)

amplificazione

profondita’

A

B

1

2 3

















Guadagno

Pr
of

on
di

t à

guadagno
generale

La regolazione del TGC 
deve determinare 
un’immagine omogenea 
del target



Scelta del numero di fuochi Scelta posizione dei  fuochi

Zoom in tempo reale

Scelta della profondità max (PRF)



trackball freezing immagine

stampa immagine
(carta, pellicola, ecc)

salva immagine
(HD, magneto ottico, ecc)

=“Enter”

softkeysmisure su immagine



Zona morta












