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FOCUSING ULTRASOUNDS BEAM

The focused ultrasound beam is very important aguibstics and medical treat-
ments. The aim of the study is to analyze the b@lsysical phenomena in the pro-
cess of focusing the ultrasonic wave. Based on #esaored temperature in the focus
of the ultrasonic beam. The compatibility of thenperature measurement by the
method HIFU optical fiber.
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INTRODUCTION

Sound is a physical phenomenon that transmits &coeisergy from one
point to another. It differs from the electromagneadiation that the sound can
propagate only in the elastic environment. It doatspass through a vacuum, just
like electromagnetic radiation. One of the most omgnt physical qualities
of sound is the frequency — speed, with which the&e of the sound vibrates.
The human ear does not react to all frequenciesrdiige of human audible fre-
quencies is from 20 Hz to 20 000 Hz (20 kHz).

Ultrasound — the spring waves, with frequenciesral®9 000 Hz, covering
a wide, compared to the audible, frequency range: ftequency ultrasound (in
the range of tens of kHz) produces and recognizasyranimals such as dogs,
cats, bats, and dolphins [1]. Thanks to its progerultrasounds have wide appli-
cations. Depending on the intensity, ultrasounded for: materials testing, struc-
tural strength, and tracking of non-observable gsses by other methods.

In medicine ultrasound helps in diagnostics andttnents. They help to
monitor the progress of treatment. Wide diagndsdi€ got ultrasonography.
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1. CONSTRUCTION OF THE ULTRASOUND HEAD

Ultrasounds can be used to obtain a lot of infoiomafrom the inside of the
body and to the thermoablation. To obtain an utwasl image, the transducer
must be able to transmit and receive ultrasonicesaand should be able to focus
the beam reaching the tissue. The ultrasound Hegd X) is the basic part of
ultrasound. This is an important element becausieowi which it, to watch im-
ages of the interior of the organism on the competeeen would be impossible.
The correct operation of the head depends on tth@fthe crystal tip of the head
with the tissue. Incorrect coupling results in det@ation image quality. The lack
of any coupling can cause damage to the head, becdlof the wave energy
is converted to heat, in small volumes, near tlieafithe transmitter element [2].

Fig. 1. Ultrasonic head: 1 — impedance transformer,
2 — piezoelectric transducer, 3 — damping matg2jal

The main components of the head include:

» damping material — which is usually epoxy resin mixed with tungsten
powder — provides an acoustic impedance equaletantbedance of the
crystal;

e piezoelectric crystals— they show piezoelectric effect, consisting of
appearing on his surface of electrical charges wrbe influence
of mechanical stresses;

» impedance transformer— is responsible for the smooth transition of the
wave ultrasonic by tissue.

One of the important parameters determining thditgyuaf imaging ultra-
sound is theesolution, the ability to distinguish closely-spaced struetuthat
differ in properties. The narrower the beam, theierat will be to distinguish
echoes reflected from different tissues. In ordentprove image quality, ultra-
sound beam focusing is used. It can be received by:

» mechanical (structural) — using the shape of piezoelectric transducer.

The disadvantage of such beam focus is thatatisded only at one point.
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This can be a hindrance when there is a need &rabfarger objects in
the whole field of view;

» electronic — it is much better than construction since ib\al the beam

to be focused throughout the field of vision. Tikipossible with the delay
lines [3].

Ultrasonic delay linesare systems that to slow down an electrical signal
(moving at the speed of an electromagnetic wavey irocess the signal on ul-
trasonic (about Taimes slower than electrical) and then transfdrimto an elec-
trical signal. Delay time depends on the lengthhef ultrasonic path and may
range from microsecond fractions to tens of mitiereds [1].

2. PIEZOELECTRIC TRANSDUCER

The piezoelectric transducer is made up of tingtelg that are several mil-
limeters’ length and width corresponding to thekhiess of the hair (Fig. 2). He's
full alternating two functionstransmitting (produces ultrasonic pulses) amd
ceiving (detection of returning echoes) [4].

Fig. 2. Piezoelectric transducer. In the foregrqund
there is a human hair [5]

We can also control each crystal separately, weeaagihand receive ultra-
sounds depending on the element. The transmitser @dncentrates the pulse
beam to give a specific shape and size at diffatepths throughout the body and
also scans the radius of the anatomical areaghmapped.

The size of the transmitter determines the resafiequencies of vibration.
Assuming that one surface of the tile is firmly hduo the damping material and
the other surface is in contact with a materiahwitmuch lower acoustic imped-
ance that can be considered free, then by depead&nc
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Vang = 2n—1)2 (1)

where:c, — the velocity of the acoustic wave in a directpmrpendicular to the
surfacen = 1,2, ....; [ — thickness of the piezoelectric plate

We can calculate the thickness of the piezoeleplate for the resonance
frequency. For example, for a tile made of zircedead titanate PZT and
a frequency of 1 MHz the thickness is 0,63 mm [6].

The capacitance of the transmitter results frondésign. Each transmitter
has a maximum permissible value of alternating Buypgtage. This is due to the
risk of mechanical damage due to vibration. If tlemsmitter is energized with
too high alternating voltage, the deformation atrdss of the element will be
S0 great that the item will be severely damaged.

a) 77 b)

Fig. 3. Piezoelectric effect in quartz crystal 8i@) crystal in equilibrium,
b) compression crystal, c) crystal extended [7]

Ultrasonic transducers are built of crystals thaitain electrical dipoles in
the crystal lattice. Deformation of the crystattita is related to piezoelectric
properties. The piezoelectric crystal in equilibniwloes not show the presence
of electrical charges. After its mechanical defdiorg its spatial density
of charge is impaired and electrical charge isegated on the surface of this
crystal (Fig. 3) [8].

A crystal of thickness x is set to wave length getien: 1 = 2x and fre-
quency:f = % The cycle of this wave 9. = }lc = sz If the probe is to produce

as short a pulse as possible, the crystal is stitedlwith a rectangular pulse of
time Ty (2) [8]:

“T=2 )

Timp 2 2¢

The crystal in the piezoelectric transducer defoumder the electric field
and its surface performs};asinusoid motion. Then, when the stimulus pulsesend

the crystal returns to balance (Fig. 4). At the raotrof equilibrium, the surface
of the crystal has made an appropriate movemethieafinusoidal half. Stored in
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the crystal the kinetic energy will cause furtherstal oscillations of increasing
less amplitude. The quality of the damping matentliences how quickly these
vibrations expire [8].
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x(t)
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Fig. 4. Impulse stimulation and transducer vibra{ig]

Each point of the oscillating crystal is the souwrtthe spherical wave, trans-
mitted at the broadcasting center. For this reasomerous interferences occur
near the transducer. The field in which interfeezaccurs is called eose field
On the other hand, the area in which the mechamie&k spreads uniformly,
without interference, is calledfar field [8].

The range of the near field depends on the diamaftahe transducer
and on the frequency of the ultrasonic wave [8]raf by the formula (3):

dZ,f_dZ_rZ (3)

4c _ﬁ_a

Xn =

where:x,, — range of near fieldf — transducer diameter;— transducer radius;
f —wave frequency} — wavelength¢ — velocity of wave propagation.

At the boundary of the near and far field thera snall concentration of the
wave, called the ultrasonic beam itself (Fig. 5).

Near field Far field
- e

Fig. 5. Near field, far field, and beam self-foags{8]
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The width of a beam can be represented by theae$dtips (4) and (5) [8]:
* in the near field:

2ry = 2r — )% (4)

* in the far field:
ZTF = ATx (5)

where:d — transducer diameter— transducer radius;— distance from transmit-
ter; A — wavelenght.

3. ELECTRONIC FOCUS OF THE ULTRASOUND BEAM

Focusing on the transmitter can be changed elacaibnwhen it is in echo
reception mode. Knowing the location of the poirdd the velocity of the wave
(Fig. 6) you can determine the time taken by the&emvmoving from point A
to transmitter elements (crystals). This is accashpld by processing electrical
pulses from individual transducer elements forauasitime delays before they are
combined into one electrical pulse. In this wag #ifect of focusing echoes is
created.
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Fig. 6. Scheme of ultrasonic wave reception
(P — transducer, L — delay line) [5]

This phenomenon also works in the opposite diractiog. 7). An electric
impulse can be applied to the delay line wherepilise is released at different
speeds to form a wave. In this way, we will alsceiee a focused beam, because
in the end the ultrasound waves due to interfereviltde reflected in point A.
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Fig. 7. Scheme of beam focus at point A (P — traocsd
L — delay line) [5]

This kind of focus gives flexibility in creating &ms of various shapes and
sending the beam in any direction. The describetadlyc focus is a major
achievement that allows the tissue to be examirittebut moving the probe.

4. MECHANICAL METHODS OF FOCUSING ULTRASONIC BEAM

The focus beam can also be obtained by using, agtics, focusing lenses.
While in optics, convex lenses are used for thisasonography uses concave
lenses. This is due to the properties of the naltidm which the lenses are man-
ufactured, because the ultrasonic velocity in tasonic lenses is greater than
in the tissue [9].

The effect of focusing with ultrasonic lenses iated to the law of refraction
of waves at the border of two centers (Fig. 8).dkding to the laws of Snellius
(6) we have:

sina _ sinf
" - o (6)
after transformation:
sina=%sin,8=nsin,8 (7
2

whenn = % — refractive index.
2
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The position of the F point can be calculated u#iiegrigonometric relation-
ships:

AB = Rsina = f'sin(a — ) (8)

For small angleg i 8, ands < 0,1R, sines of angles can be approximated
by the values of these angles. Similarly, in op@esl after transforming the equa-
tion (8), we obtain the pattern (9) for the locataf the focus:

Ra Rnf _ R
a-p  np-p  1-1 ©

Depending on the study, the ultrasonic heads anesénl at different depths,
eg in obstetrics and abdominal studies, ranging fadew to several centimeters,
in cardiology for cardiac tests of 5-10 cm, anaigiography 1-2 cm [9].

Fig. 8. Principle of focusing ultrasonic beam
(R — lens curvature radius, f — focal length) [9]

5. HIGH INTENSITY FOCUSED ULTRASOUND METHOD
IN THERMOABLATION AS ONE OF THE APPLICATIONS
OF THE ULTRASONIC BEAM

One example of the use of a spherical ultrasongerbis thermal ablation.
There have been many attempts to develop operatsimg high-power ultrasonic
beams. This non-invasive method of medical treatmes very attractive, but
technically out of reach because of the lack dhbé and effective methods of
temperature monitoring [10]. Significant technipedgress in magnetic resonance
imaging enabled temperature monitoring and ultrada@perations (Table 1).
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Table 1. Properties of Philips Sonavelle systeny [10

Parameters of Philips Sonavelle HIFU System
Therapy time 1-4h
Sonication time 10-75 s
Max sonication power 250 W
Ultrasound frequency 1,2-1,4 MHz
Power intensity 500-5000 W/ém
Focus size 1.5x1.5x10 mm
Spot sizes diameter 4/8/12/16 mm

Magnetic resonance magnetic resonance spectrosdbpy,stimulation
of nuclear spins in the outer magnetic field byidaghanges in the magnetic field
causes the recording of electromagnetic radiatipnrdtaxation phenomena.
Therefore, the temperature measured by this metiohieves an accuracy of
t 1°C.

There is a linear relationship (10) between thengbkain the frequency
of the proton vibrations and the increase in tejpee. The temperature rise is
calculated from the phase differences based ofothaula:

T=—2_ (10)

ayByte2m

where: y— gyromagnetic ratio — 42,58 MHz/&,— temperature dependent water
resonance chemical shift 0,0094 pp@V/

The PRF of the lipid hydrogen is temperature indepeat, therefore
the temperature

The fat tissue cannot be measured with a MR thermmbem

The HIFU method is used to treat uterine fibrojuts|iative bone pain treat-
ment, prostate cancer, and breast cancer [10].

The disintegration of uterine fibroids occurs thghwsonication, which is the
use of ultrasonic energy inside the body. Durirtgrivention, the beam of ultra-
sonic energy penetrates the skin and soft tissaesing the temperature to rise
in a particular area. A thrombotic necrosis argarasluced within a few seconds.
Therefore, the extent to which the tissues are ggbto temperature increase and
the polystyrene plate could be used to protechtfexted areas [11].

For this purpose, in the experiment were used:

 biological material — vein tissue;

« fiber optic sensor FOT-M;

» one-channel interface FTI-10 from FISO.
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Fig. 9. Diagram of the measuring system [11]

At the beginning, the muscle was heated to 35°6et@lose to to human
body temperature. Below this temperature, the softwloes not allow for the
surgery. Then the tissue is placed inside the nmagresonance. Inside the room
was a sensor with an interface, the sensitivityezohthe sensor was inside the
muscle. Also, a vitamin E capsule was placed atstwesitivity of the sensor,
which acted as a marker for imaging the sensoebgrrance. Also used was the
polystyrene plate that was placed behind the fafube ultrasonic beam. The
remaining equipment was located in a separate (&dgn9).

Measurements have been made several times. Isats@eded get a dena-
turation temperature of the protein. There was anotation, so we were able to
perform the ultrasonic thermoablation treatmentpprty. The results are pre-
sented in Fig. 10.
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Fig. 10. Dynamics of changes in biological tisseraperature [11]
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Plate measurements were also performed inside tiselentissue. Figure 11
shows the scheme of operation of the system usdidednoard. It has been veri-
fied that it can be used as a manipulator. The ureagent results are shown in
Fig. 12.

I LY ~ 1— polistyren plate

far field

sensor

_~ ultrasonic wave

concerting transducer
100550700007
Fig. 11. Philips Sonalleve system diagram for piylyse board [11]
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Fig. 12. Dynamics of temperature changes of bicklgissue covered by
polystyrene plate [11]

As it turned out, the tile was destroyed during tesearch and therefore
could not be used as a manipulator.
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6. CONCLUSIONS

Focusing of the ultrasonic beam can be realizechbeghanical (structural)
and electronic methods. In case of thermoablatimghanical focusing is used.
In the focal point an increase in the power densitthe ultrasonic beam is ob-
tained in the absence of cavitation. Achieving mperature of 70°C set as
a parameter in the HIFU was confirmed by the fitygic sensor used in the meas-
urements. In the case of placement from the pojigitate behind the ultrasonic
wave, structural damage has been observed.
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OGNISKOWANIE WI AZKI ULTRAD ZWIEKOWEJ

Ogniskowana wizka ultragwi¢ckowa ma bardzo wae znaczenie w diagnostyce i zabiegach me-
dycznych. Celem pracy jest analiza podstawowych iglafizycznych w procesie ogniskowania
fali ultradzwiekowej. Na podstawie przeprowadzonego pomiaru teatpegr w ognisku wjzki ul-
tradzwigkowej stwierdzono zgodi$é pomiaru temperatury meto¢HIFU z metod swiattowodowy.

Stowa kluczowe:ultradzwieki, ogniskowanie ultradvickow
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