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The hemispherical phased transducer maximizes the coverage of the skull and the ultrasonic energy per unit area of
the skull is minimized, thereby reducing the risk of skull burns, but the transducer has a small focal area adjustment range,
increasing the focal length of treatment is an urgent question for this type of transducer. In this paper, a three-dimensional
high-intensity focused ultrasound (HIFU) transcranial propagation model is established based on the human head structure.
The finite difference time domain (FDTD) is combined with the Westervelt acoustic wave nonlinear propagation equation
and Penne’s biological heat conduction equation for numerical simulation of the sound pressure field and temperature field.
Forming a treatable focal area in a small-opening hemispherical transducer with a small amount of numerical simulation
calculation focusing at a set position to determine the minimum partial excitation area ratio of focusing. And then, applying
these preliminary results to a large-opening diameter hemispherical transducer and the temperature field formed by it or
full excitation is studied. The results show that the focus area with the excitation area ratio of less than 22% moves forward
to the transducer side when the excitation sound is formed. When the excitation area ratio is greater than or equal to 23%,
it focuses at the set position. In the case of partial incentives, using 23% of the partial array, the adjustable range of the

treatable focal area formed in the three-dimensional space is larger than that of the full excitation.

Keywords: high-intensity focused ultrasound, partial elements excitation, simulation, phased transducer

PACS: 87.50.Y—, 87.55.Gh, 87.55.dh, 87.55.de

1. Introduction

The high-intensity focused ultrasound (HIFU) is a new
method developed in recent years for non-invasive ablation of
tumors. It can treat deep tumors noninvasively, with little or
no damage to the involved tissues, and can be used repeatedly.
Currently, HIFU has been used in the clinical treatment of
solid soft tissue tumors, such as breast cancer, uterine fibroids,
and prostate cancer.'"2] However, when HIFU treats the tran-
scranial tumor, due to the large difference between the density
and sound velocity of the skull and soft tissues, strong atten-
uation, and absorption of ultrasound, problems such as ther-
mal injury to the skull and insufficient energy in the treatment
target area may occur. Early studies of brain HIFU treatment
generally used craniotomy to get ultrasound into the brain.3-!
Ballantine et al. used HIFU to treat the painful subcutaneous
neuromata patients, and the results showed that the skull was
burned during transcranial treatment and the pain was relieved
after partial removal of the skull in 1960.! With the develop-
ment of transducer technology, researchers can use the phased
transducers structure and human skull acoustic parameters to
perform control to achieve intracranial ultrasound focusing,
but too high temperature may cause damage to the skull and
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surrounding soft tissues.

Recently, in order to address thermal damage to the skull,
researchers have investigated hemispherical phased transducer
with large diameters that can maximize the area of ultrasound
exposure on the skull surface and reduce thermal deposits.
Pernot et al. performed numerical simulation and experimen-
tal research on the hexagonal, annular, and random distribution
of phased transducer array elements to increase the tempera-
ture of the therapeutic target area of the transducer, and the re-
sults showed that the random distribution of the transducer ar-
ray elements can be effective by reducing the side lobe, and the
focal area can be adjusted in a small range near the geometric
focus in 2003."! Concor et al. conducted numerical simula-
tion and experimental research on 500 elements phased trans-
ducer with an opening diameter of 300 mm, and the results
showed that the hemispherical transducer can reduce the ultra-
sonic energy per unit skull area while focusing on the target
area to reduce the risk of skull burns in 2004.18] McDannold et
al. used the ExAblate 3000 treatment system with a 512-
element hemispherical phased transducer with an opening di-
ameter of 300 mm to conduct clinical trials on three glioma pa-
tients at a frequency of 0.67 MHz, but none of them developed
coagulative necrosis in the target area in 2010.°! According to
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Martin’s quote, the fourth patient was treated with a frequency
of 0.22 MHz, and the target area tissue was completely ab-
lated, however, the patient died of intracranial hemorrhage five
days later.['%1 The large-opening hemispheric transducer can
be applied to a deeper target area, but its controllable treatment
range is small. Han et al. designed a corona small-opening
phase-controlled transducer with a diameter of 100 mm, and
the simulation results showed that the random distribution ar-
ray can significantly reduce the side-lobe sound pressure am-
plitude and the focus range of the transducer can be extended
in 2014.1"" Ding et al. used concentric rings distributed 64-
element spherical coronal phased transducers for transcranial
focusing and proposed a hot spot reduction method to reduce
the temperature rise at the skull in 2015.1'?] Qian ef al. based
on the 82-element phased transducer to screen safe treatment
parameters for HIFU transcranial brain tumor treatment, and
the simulation results showed that when the input sound power
of the transducer element is large, cavitation damage may oc-
cur in normal tissues outside the focal zone region in 2018.[13]
This paper is devoted to exciting the coronal part elements
in the randomly distributed large-opening hemispherical trans-
ducer to expand the range of adjustable focus areas. First, a nu-
merical simulation is performed based on a 176-element phase
transducer with an opening diameter of 125 mm, studied the
change in the focal area formed by some elements. And then,
these results were then applied to a larger computational 256
elements hemispherical phased transducer with an opening di-
ameter of 300 mm for human brain tumor treatment. Finally,
we investigate the rules of focus by spherical coronal witch
formed in the therapeutic phased transducer to provide techni-
cal solutions and methods for HIFU transcranial treatment.

2. Basic equations

In the simulations, the acoustic nonlinear propagation was

described by the Westervelt equation!'!
19°p 83p B 3*p?
VP — =0, 1
c2 0t? + c* o + pct o2 1)

where V is the Laplace operator, p (in unit Pa) is the acous-
tic pressure, ¢ (in unit s) is time, p (in units kg/m?), and ¢
(in units m/s) are density and sound velocity of the acous-
tic medium respectively, 8 is the acoustic diffusion coefficient
and & = 2cjor/w? where a (in units dB/mm) is the acoustic
attenuation coefficient,  is the nonlinear coefficient, @ =27 f
(in units rad/s) is the angular frequency, and f is the drive fre-
quency of the transducer.

2.1. Biological heat conduction equation

The temperature distribution was calculated through the

Pennes’ bioheat conduction equation written as!3!

oT
pCr—— = VT +q—WaCsT, )

ot

qg=12al, 3)

where T is the transient temperature of the acoustic medium,
Tp is the initial temperature and set as 37 °C in the simulation,
C, (in units of J/(kg-°C)) and r (in units of W/(m-°C)) are the
specific heat and the thermal conductivity of the medium re-
spectively, Wp is blood perfusion rate and Cg is heat capacity
of the blood, g is volumetric energy loss which is equal to 2/,
where I = i fé” g—i dr and ¢, is the acoustic wave period.

2.2. Thermal dose equation

(16

The thermal dose 743'% is defined as

I=Ifinal
=) RYTAr @)
=1
where, T; is the temperature after ¢ seconds irradiation, #y and
tfinal are the start time and finish time of the irradiation respec-
tively. R is a constant, if 7, > 43 °C, R=0.5and if T; < 43 °C,
R=0.25.

3. Simulation model and parameters
3.1. Simulation model

Figure 1 is a simulation model of craniotomy HIFU treat-
ment, including water, brain tissue, and a 125-mm diameter
hemispherical transducer. The phased array transducer con-
sisted of 125 elements randomly lied on the hemispherical sur-
face with a 62.5-mm curvature radius and 100-mm diameter.
The diameter of each element was 4 mm. The simulation area
was a cube with side length of 150 mm. Specifically, the el-
ement fill rate was 36%, which is calculated by dividing the
total area of the element by the transducer surface.

y (mm) y (mm)

125

A4

125

<5825,
transducer
"~
A .

element

brian

water

Fig. 1. Simulation model of craniotomy HIFU treatment, 176-element
transducer with 125-mm diameter.

Figure 2 is a simulation model of transcranial HIFU treat-
ment, including water, brain tissue, skull, and a 300-mm di-
ameter hemispherical transducer with a 150-mm curvature ra-
dius and 300-mm diameter. The diameter of each element is
8 mm, and the element filling ratio is 36%. In the simulation,
a rectangular parallelepiped region with a length and height of
300 mm and a width of 200 mm was calculated, and the pa-
rameters such as the structure and shape of the human skull
and brain tissues were based on the high-resolution CT of a

078704-2



Chin. Phys. B Vol. 30, No. 7 (2021) 078704

49-years old male volunteer’s head provided by Tianjin Med-
ical University Cancer Institute and Hospital. This study is
approved by the Ethics Committee of Tianjin Medical Univer-
sity, Tianjin, China, and the written informed consents were
obtained from the volunteer. The scan parameters are 120 kV
and 135 mA. The slice thickness and spacing are both 3 mm.
Simulations were performed with the three-dimensional (3D)
FDTD method, in which the spatial step is set to 0.3 mm and
the temporal step is 10 ns. The operating frequency of the
transducer is 0.7 MHz. Model boundaries are processed using
Mur first-order boundary absorption conditions.

y (mm)  y (mm)
200
$300 150 . "
transducer —
105 »
element —
water
z (mm) z (mm)

Fig. 2. Simulation model of transcranial HIFU treatment, 256-element
transducer with 300-mm diameter.

3.2. Partial element selection method
3.2.1. Non-circular opening transducer

Figures 3(a) and 3(b) are the places of exciting partial el-
ements that constitute non-circular opening transducer when
changing the range of one or two-axis value, where is the area
of the selective excitation element. Among them, the colored
area is the excitation position.

-
NUPZ\ S

(0] O P Q

Fig. 3. Non-circular opening element excitation position, adjust (a) one
coordinate axes from N to M, and (b) two coordinate axes from N to M
and Pto Q.
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N

Z e

/
\

M
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3.2.2. Circular opening transducer

Figure 4 is the place of exciting partial elements that con-
stituted a circular opening transducer. The elements around
the center of S closest to the target point F which was excited.
These elements can construct a crown, and the line SF is the
acoustic axis of the partially excited spherical coronal phased
transducer.

Fig. 4. Circular opening elements excitation position.

3.3. Simulation parameters

In this paper, the parameters of the skull and brain tis-
sues such as density (p), sound speed (c), attenuation coeffi-
cient (&) are obtained from bone porosity (®) converted from
the Hounsfield unit (H) of the CT images and the calculation

method is expressed as follows:!!7]

@ =1-H/1000, (5)
P =P X Pyaer + (1= P) X Poone (6)
¢ = cwater + (1 = @) X (Chone — Cwater) @)
0 = Oater + P X (Olbone — Olwaer) ®)

where Ppones Chones and Qpopne are density, speed of sound, and
attenuation of cortical skull bone respectively, Pwaters Cwaters
and Qyqeer are density, speed of sound, and attenuation of water
respectively. Other constant parameters used in the simulation
are shown in Table 1.[18]

4. Element driving signal

Figures 5(a) and 5(b) are the processes of driving signal
acquisition and focusing. Focus was set as focal targets. An
excitation signal that can be focused at focus could be obtained
based on the time-reversal method from a point acoustic sig-
nal So(¢) = Pysin(2nft), where Py is the sound pressure am-
plitude, and f is ultrasound frequency. By numerical simula-
tion method, the acoustic pressure signal P;(r — 7)) propagat-
ing from the sound wave from the point sound source to the
element i was recorded in sequence. And then, inverting each
element according to the time series T, at different times to
obtain the time inversion signal P;(¢) of each element in the
transducer. The excitation signal of each array element is pro-
duced by Eq. (9).

Si(t) = IpP(t) = lysin( 27 f1 + ¢;), )

where [y is input sound intensity, ¢; is the phase delay for ele-
ment i.

Table 1. Numerical simulation constant parameters.

Medium p (kg/m?) ¢ (m/s) o (dB/mm) B ree (W-m~1.K) Cg (kg ' K)
Water 998 1486 0.2 3.5 4180 0.600
Cortical skull 1600 3176 8.0 4.4 1840 1.300
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(a) transducer

acoustic
pressure
Pi(t—T,)

point signal

So(t)

(b)

excitation
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Si(t)

. B ~
[ uj
| focus

Fig. 5. Schematic diagram of (a) acquiring signals and (b) focusing at
focus using time inversion.

5. Results
5.1. Hemispherical phase-controlled transducer with 176
elements

5.1.1. Effect of the excitation area ratio

Based on the transducer simulation model shown in 176
elements changing the influence of the ratio of the total area
of the selected excitation array to the internal surface area of
the transducer (excitation area ratio) from 18% to 36% (entire
excitation) to focus with different powers, and the ultrasound

propagation time is 3 s. The focus area above 54 °C,1'° max-
imum temperature, maximum sound pressure, and the focus
position on z axis (acoustic axis) are shown in Table 2. From
Table 2, the transducer can focus on the target position when
the excitation area ratio is 23% (112 elements) or more. And
with the increase of the excitation power, the focal area above
54 °C and the maximum temperature and maximum sound
pressure gradually increase. So we defined the excitation area
ratio as 23% which can be accurately focused on the fewest
elements and set the power to 50 W in the following study.

5.1.2. Effect of the position of the partial element

Based on Fig. 3, 112 elements (the excitation area ratio is
23%) at different locations were excited to focus, and the re-
sult is shown in Fig. 6. Figures 6(a;)—6(f}) are the positions of
the exciting element whose outer margin are within the bound-
ary line and closest to array center position, which is the red
part. Figures 6(ay)—6(f,) are the focus temperature fields, and
figures 6(az)—6(f3) are the temperature curves of the acoustic
axis. From Fig. 6, the elements with a 23% excitation area ra-
tio at different positions were focused to form a focus region
having almost the same shape. The partial excitation focus
area above 54 °C is (4.4 +0.7) mm?, and the highest tem-
perature is (73 1) °C, which is lower than 81.9 °C at entire
excitation.

Table 2. 176-element transducer focus results”.

Power (W) Excitation area ratio Focus z;rea MaximumO Focus acoustic Focus Position
(element number) (mm*®) temperature (°C) pressure (MPa) on z axis (mm)
25 18%(88) 0.62 5491 4.29 62
22%(107) 0.68 55.53 4.56 62.25
23%(112) 1.25 56.82 4.79 62.5
27%(132) 1.56 58.83 5.18 62.5
36%(176) 1.62 61.54 5.84 62.5
50 18%(88) 8.53 74.55 6.24 62
22%(107) 7.03 76.41 6.63 62.25
23%(112) 6.35 74.62 6.56 62.5
27%(132) 6.54 81.95 7.43 62.5
36%(176) 4.73 81.86 7.87 62.5
75 18%(88) 13.76 96.01 7.86 62
22%(107) 12.51 101.89 8.53 62.25
23%(112) 10.89 101.42 8.64 62.5
27%(132) 10.02 105.52 9.18 62.5
36%(176) 9.46 119.59 10.76 62.5

#Transducer geometry focus coordinates is (62.5, 62.5, 62.5), unit: mm.

5.2. Hemispherical phase-controlled transducer with 256
elements

Based on the simulation model of the transducer as shown
in Fig. 2, the input power is set to 100 W, the stimulus time
is set to 20 s for focusing, and the focusing results of 176-
element small-opening transducers are used to study this part
of focus law.

5.2.1. Effect of the excitation area ratio

Changing the excitation area ratio from 18% to 36% (en-
tire excitation) just like 176-element transducer to focus, the
results are shown in Table 3. From Table 3, the transducer can
focus accurately when the excitation area ratio is 23%. But
when the excitation area ratio is 18% or 22%, the focus posi-
tion moves forward to a different degree.
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Table 3. 256-clement transducer focus results®.

Excitation area ratio Focus area Highest Focus sound Focus position
(element number) (mm?) temperature (°C) pressure (MPa) on z axis (mm)
18% (127) 8.53 63.26 3.38 149.4
22% (155) 4.04 59.13 323 149.7
23% (162) 4.67 60.97 3.44 150
27% (190) 4.49 61.73 3.74 150
36% (256) 5.66 68.46 4.65 150
#Transducer geometry focus coordinates is (150, 150, 150), unit: mm.
OC [
(a1) . 125.0 |-—2 (az)A 72.5 (a3) 8
g £ 80 o 80
=
E 625 E 625 60 260 [\
= > ;ci 40
. 52.5 40 S 525 62.5 72.5
0% 62.5%3195 52.5 62.5 T72.5 z (mm)
z (mm) z (mm) °C [
(by) . 125.0 |~ B | (bz)’E\ 725 80 (bs) E/ 80
g | E
g 62.5 é 62.5 ik 1 60 g 601 f
11 52.5 S 525 62.5 725
0 41.662.5110125 52.5 .5 z (mm)
z (mm) o —
725 C o
1) — 2 80 3)
@) (c2) Z () = g0
=
g E 625 60 60|\
IS > o
52.5 40 3 4502 5 62.5 72.5
52.5 62.5 72.5 = ’ R (r-nm) ’
z (mm) °C —~
725 I
(dy) g (da) g 80 (ds) o 80
g 2
é = 62.5 60 5 60| J\
o
52.5 40 5
. & 525 625 725
52.5 57.5 62.5 2 (mm)
z (mm) °C —_
725 8
(e2) g 80 (e3) o 80
& 625 60 260 ____ [\
> 2 40
52.5 40 § 52.5 62.5 72.5
52.5 6?.5 )72.5 2z (mm)
z (mm °C 5
(&) 5 2P (t) 3
2) g 80 3) © 80
=
E 625 60 § 60| ____J\ -
> a
40 g0
52.5 £ 52.5 625 725
0 625 125 52.5 62.5 72.5 z (mm)
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Fig. 6. Focus temperature fields with the 176-element transducer partial excitation, panels (a;)—(f]) are the exciting element areas, pan-
els (ap)—(f,) are the temperature fields, and panels (az)—(f3) are the acoustic axis temperature curves (P =50 W and 7 = 3 s).

5.2.2. Partial element excitation

Based on Fig. 3, 162 elements with excitation area ratio is
23% at different locations were excited to focus in a geometric
center, and the result is shown in Fig. 7.

From Fig. 7, the elements with a 23% excitation area ra-
tio at different positions are focused to form a focus region
having almost the same shape. The highest temperature at
the skull is (38.86 0.04) °C, the partial excitation focus area
above 54 °C is (3.32 + 1.3) mm?, and the highest temperature

is (58.5 £ 1.86) °C, which is lower than 68.46 °C at entire ex-
citation.

5.2.2.1. Focus along the coordinate axis

Based on Fig. 4, 162 elements with the excitation area
ratio is 23% at different locations were excited to focus along
the coordinate axis at 6-mm intervals. Figures 8 and 9 are
the temperature field of the zy plane and its axial tempera-
ture curve formed by focusing on the z axis and y axis, where
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the red and black dashed boxes respectively show the results
of partial excitation and entire excitation focusing. The left
column is the position of the excited elements, the middle
two columns are the temperature field, the right column is the
temperature curve of control axis, the white curves are the
skull outline, the white dotted straight lines are the control

axes, and the parts above 54 °C are selected as the treatable
focal range. From Fig. 8, on the z axis, the maximum control
range of partial excitation is from 138 mm to 168 mm, and
the maximum control range of the entire excitation is from
150 mm to 168 mm. From Fig. 9, on the y axis, the maximum
control range of partial excitation is from 138 mm to 162 mm,

@1 300 e (a2) _ 180 ¢ (a) D 7o
g 220 é 80 ° 60
5 b heooos
= 150 > 150 60 § 50
= » 3 40
S 120 40 5 105 150 180
010 150 2% 300 105 150 180 = + (mm)
z (mm) z (mm) o
(blz_\ 300 e (b2) 180 (b3) o
g 2768 1 g 80 <
E 150 | £ 150 60 E
> | =Y 5
20_1——'{% 120 40 g*
0 20 150250300 105 150 180 £ 105 150 180
z (mm) z (mm)
(c1) (c2) 180 ° (c3) o
E é 80 E
Na2 E 150 JHE 60 §
= > 5
o
120 40 £
105 150 180 2 105 (150)180
Z (mm
(d) (dy) zlom) @) -
— 180 ° 70
é E 80 2 60
=
\; : 150 - 60 g sol R
120 40 £ 10
0 150 300 105 150 180 £ 105 150 180
z (mm) z (mm) z (mm)

Fig. 7. Focus temperature fields with the 256-element transducer
panels (ap)—(f2) are the temperature fields, and panels (az)—(f3) are

105 150 180
z (mm)

partial excitation, panels (aj)—(f) are the exciting element areas,
the acoustic axis temperature curves (P = 100 W and t = 20 s).

z (mm)

i
I
b o,
( 22\ 180 — y=138 mm :
E 80 '
E 150 — y=144 mm :
> 60 — y=162 mm :
120 ) |
105 150 180 40 — y=168 mm |
z (mm) . !
d,) 2 80 |
(bi 180 (di) < |
g ES I
< 60 |
& 150 i !
>
120 540 |
105 105 |
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80 — y=144 mm
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20
105 150 180
z (mm)

(d2) & 80
[}

Temperatur

Fig. 8. Focus temperature fields under (a; )—(ay) partial or (a3) entire excitation focus on the z axis: panels (b;)—(bs) are the temperature

fields at z = 138, 144, 168, 174 mm; panels (c|)—(c4) are the temp
are the temperature curves of the z axis (P = 100 W, t =10 s).

erature fields at z = 144, 150, 168, 174 mm; and panels (d;)—(d;)
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150 180
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105
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Fig. 9. Focus temperature fields under (a; )—(ay) partial or (a3) entire
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are the temperature curves of the y axis (P = 100 W, t = 10 s).
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Fig. 10. Focus temperature fields with z—y or z—x under (a;) partial and (ay) entire excitation; panels (b;)—(bs) are temperature fields

when focus on (156,144,144), panels (cj)—(cq4) are temperature fi
corresponding temperature curves in the y direction (P =
and the maximum control range of the entire excitation is from
144 mm to 162 mm. The geometric center of the transducer is
(150,150,150). On the z axis, the adjustable excitation range of
the part near the transducer is 12 cm and the entire excitation

elds when focus on (159,141,141); and panels (d;)—(d4) are the

100 W, t =105).

is almost zero, and away from the transducer, the adjustable
range of the partial excitation and entire excitation is the same,
both are 18 mm. On the y axis, partial excitation can increase
the entire excitation focus range by 6 mm.
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5.2.2.2. Focus of the coordinate axis

Figure 10 shows the temperature distributions when the
focal positions were set to (159, 141, 141) or (156, 144, 144).
From Fig. 10, the temperature of the partial excitation focus
region is slightly lower than that of the entire excitation, but
the partial excitation focus region is more concentrated, and
a non-target secondary focus appears in the entire excitation
focus region.

6. Discussion

In this paper, when investigating the focusing range on the
vertical acoustic axis of a 256-element large-opening hemi-
spherical phased transducer, only the y axis focusing results
are given (Fig. 9). When the asymmetry of the human skull
is not considered, because the x-axis direction and the y-axis
direction are symmetrical in the numerical simulation model,
part of the excitation in the x-axis direction is also larger than
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the entire excitation. The focus positions (156, 144, 144) in
Fig. 10 correspond to points on the OA line in Fig. 11. In
Fig. 11, A is symmetrical to A, B, and B;. Therefore, when A
is (156,144,144), Ay is (144,144,144), B is (156,156,144), and
By is (144,156,144). And the temperature field in Fig. 12 is
almost similar to Fig. 10. Part of the difference is the effect of
skull asymmetry.

Fig. 11. Focus position diagram.
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Fig. 12. Focus temperature fields in point A (144,144,144), B (156,156,144), and B} (144,156,144) under (a;)—(a3) partial and entire excitation;
panels (b;)—(b3) and (cj)—(c3) are the temperature fields at z—y; panels (e1)—(e3) and (f])—(f3) are the temperature fields at z—x; panels (d;)—(d3)
and (g1 )—(g3) are the corresponding temperature curves of the z axis (P = 100 W, ¢t = 10 s).
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Fig. 13. Equivalent thermal dose distribution of partial excitation at (168, 150, 150), focus temperature field, (b) enlarged view inside
the white frame, and panel (c) is the thermal dose (P = 100 W, t = 10 s).
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Fig. 14. Focus temperature fields under (a) partial excitation at (150, 132, 150), panel (b) is the temperature fields with P = 100 W and
t =12 s, panel (e) is the temperature fields with P =200 W and ¢ = 5 s, panels (c)—(f) are the enlarged views inside the white frame,

and panels (d)—(g) are the temperature curves of the y axis.

It is especially important to ensure the controllability of
the focus area. As shown in Fig. 9(by), when the equivalent
thermal dose time is greater than 90 minutes outside the treat-
able focus area, no thermal damage is formed (Fig. 13). The
above analysis and discussion are all based on the focal area
of 54 °C or more under the same array element excitation
power and irradiation time. When the temperature is lower
than 54 °C, as shown in Fig. 9(b;), an effective focus can be
observed by extending the irradiation time (Figs. 14(b) and
14(c)) or increasing the input power (Figs. 14(d) and 14(e)).

7. Conclusion and perspectives

This paper first takes a numerical simulation model of a
small-opening hemispherical transducer with a small amount
of numerical simulation calculation as an example. The ef-
fects of the focus area, maximum temperature, and focus po-
sition of the different numbers of elements are studied to de-
termine the excitation area ratio. Finally, the above results are
applied to a hemispherical phase-controlled transducer with a
randomly distributed 256-element large-opening, and the tem-
perature fields of the transcranial formations are studied. The
specific results are given below.

(i) Array elements with an excitation area ratio of less
than 22% move the focus that forms the highest sound pressure
forward to the transducer side during excitation, but when ex-
citation area ratio is 23% or more, focus on the target position
happens.

(i) When 23% partial element excitation is used, the con-
trollable range of the treatable focal region formed in the three-
dimensional space is larger than the full excitation.

This paper proposes that a hemispherical phased trans-
ducer with an excitation area ratio of 23% can achieve the
same focusing effect at full excitation. This conclusion is sim-
ilar to Iacopino et al. who used a 1024-element hemispheri-
cal phased transducer with an opening diameter of 300 mm to
treat Parkison’s disease and pointed out that at least 700 ele-
ments must be stimulated to achieve the predetermined focus
effect.20]

In this paper, only one volunteer’s CT data are used for
modeling and numerical simulations. To consider the impact
of individual differences revealed by the human body, we will
simulate the CT data of heads of more volunteers to build mod-
els. Besides, the irradiation conditions will also be discussed
to explore their effect on the formation of focal areas.
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