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Plane transducers with a lens







R
/ W = 1.22 R)/a
| | A =CH
( a TW T

fﬁalg]a Rka Wk) Rﬁalg]a fnga W'J‘
fA2RAAE, a K, Wiy fHas@B, RK, WK;



2000
1800

0.75 MHz 10cm focal length

1600 -
1400 +
1200 +
1000 -
800 -
600 -
400 ~
200

10cm focal length

AAAAA A#MA?AAMAM/\/

8000 -
7000 +
6000 -
5000 -
4000 +
3000

-

2 4 6

1.5MHz 10cm focal length
10cm diameter

8

10

12

14

2000 +
1000 -

10

12

14

30000

3MHz 10cm focal length

25000

20000 -

15000 -

10000

10 cm diameter

5000 -

0-0-0-0-0-0-0-0-0-0-0-0-0-

2 4 6 8 10

Effect of frequency

12

14



250000

1.5MHz 10cm focal length
20cm diameter

200000 -
150000
100000 -
50000
: R o
0 2 4 6 8 10 12 14 16
500
450
400
350
8000 - 300
| 1.5MHz 10cm focal length 250 -
7000 10cm diameter
6000 | 200
5000 - 150
4000 1001
3000
0
2000 / \
s RN
O T ? giis T i
0 2 4 6 8 10

50 ~

Effect of transducer diameter

1.5MHz 10cm focal length

5cm diameter

LS
T

16



0.75 MHz 15cm focal length 10 cm diameter

&
i

estoatdant®e,

2000 : 900
0.75 MHz 10 cm focal length 10cm diameter
1800 - 800 -
1600 - 700 -
1400 - 600
1200 - 500
1 -
000 400 +
800 -
300 -
600 -
400 - 200 1
200 - 100 -
0 AYA et T 1 ) O
0 5 10 15 20 25
25000 :
0.75MHz 5cm focal length 10 cm diameter
20000 - \
15000 -
10000 -
5000
O T & T &2 &“ 'Y‘ st Av\'m‘ o~ A“\’
0 2 4 6 8 10 12

Change in focal length

25



BT H 2 FE AL HE A

Cooling
—_——
IOmm water

* Water filled cone
Electricol Electrical ,
connexion Water.-filled cone  connexion %%glépg

<

Focal region

Focal
region

L

/

Melal cose Transducer Melal cone

\
Cooling

Transducer water

Metal cone

Metal case

(a) (k)

Fic. 3.12 Typical generators using self-focusing transducers. (a) ‘Simple uncooled arrangement for
operation at 3 MHz (after Kossoff, 1964); (b) 2 MHz system with water cooling.
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Hemispherical Bowls used for Brain HIFU by Boston group
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FIGURE 1. (a) %-Ring Annulr Array Crystal, and (b-d) Qualitative Evaluation of Focusing Ability of
Amay using Schleren Imaging. 000



FIGURE 2. {a) 17-Ring Annular Array Transducer Assembly, and (bed) Qualitative Evaluation of
Focusing Ability of Array using Schlieren Imaging



FIGURE 3, (2) 20-Ring Annular Awray Crystal, (b) Transducer Assembly, and {c-d) Qualitative

Evaluation of Focusing Ability of Array using Schlieren Imaging
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Fi.5 : 104 elements high power MR compatible transducers
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1 Why calibrate ?

Clinical Safety:

Select treatment output

Limit exposure of sensitive sites

Clinical efficacy comparison:

between patients (repeatability)
between different equipment types
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Balances , RFB
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Radiation Force

P110
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4-80

m
F=
Co

C, =1 500 m/s 1mW
67g

BEEE
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67 g/ mW
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F,.=2F'cos &
F =F, cosé
F' = F2
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= Measure acoustic power of HIFU using radiation force
method in absorbing target

2FC

- cosarctg(¥;) +cosarctg( ;)

P, acoustic power (W) F, radiation force (N) C, sound
speed in degassed water (m/s) 2a 2D, inside and outside
aperture of transducer (mm) fl, focal length (mm)
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Electronic Force Balance
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Water level

Absorbing tqrget

yibua| [eso4

Cylindrical pedg¢stal
Treatment Hea
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Control and
compensation

i |

=L~

Microbalance

Absorber E

Target

Transducer




GV EAEGHAT

CHOMNGUING MEDICAL UNIVERSITY

| Radiation force balances RFB)

Bigger container

Degassed water
Temperature
Acoustic absorber lines walls

I Ny W Wy

Absorbing target Difficult to produce target that absorbs 100% of
sound and target heats up, changing its buoyancy and hence weight.

U

Reflecting target  Reflected ultrasound is absorbed by absorbing
materials lining the tank, which can heat up and cause convection
currents in the tank.

U

Requires target large enough to intercept whole beam

O

Counter-balance (Sensitive balance needed)

U

Pre-focus
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8342 842
— Hydrophone

n!

d

\ \U H (X,y,2.t)

pH(x,y,z,t) — M
L
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P191-195

DDDDH'
)
00
nan
N

-> Full width at half pressure
maximum FWHW

maximum dimensions of -6dB focal region in the directions which are
perpendicular to the beam axis and parallel to the beam axis

>

J-6dB
d
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Membrane Hydrophone

Low intensity — 100 Wcm2
20 — 40 cycles, 1 kHz
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Needle Hydrophone
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Needle hydrophone
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Power amplifier

Communicatable oscillograph
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HIFU

PVDF
/0MPa



!
gl e
| =

¥
=2
el
thre

HIFU

R N N Y Y VY vy

>/
/
/
%

K

AV AV AV AW AVAVAVAY RV AV VWY

/WJ?E?FIT #e

L H A

FrEHmEE .

1.2 -
.| A
0.8 “
ol [4
| s
0.2 - M
: W
-0.2120 130 140 150 160

"~ AREfE.

HIFU




2% %ap - o
G EGIAY
i CHONGUING MEDICAL UNIVERSITY

1 What do we measure?

FWHM

Full width at half pressure maximum FWHW
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Beam profiles (transverse)

Transducer 20010A3, 06/08/2003
Transverse radial plot, varying x

sure maximum

—e— Mean of 3 plots

Pressure (mv)

m side lobel level

Distance from Max (mm)
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Beam profiles (axial)

Transducer 20010A2, 17th Sept 2003
Axial plot, varying z

600
OUyU

] Main ( the first) pressure maximum
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Mormalized Peak-to-Peak Pressure
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Axial Profile of the HAIFU 2001048 Transducer Beam through the focus (z=144.2 mm from centre of bowl)
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Mormalized Peak-to-Peak Pressure

Axial Profile of the HAIFU 2001048 Transducer Beam through the focus (z=144.2 mm from centre of bowl)
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g S

J

=> 1996 IEC61689 “Ultrasound —Physiotherapy
System-Field Specification and Method of measurement
In freguency 0.5MHz to 5MHZz”.

J

=> 2005 GB/T 19890-2005
HIFU
HIFU
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