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Abstract

Designing efficient acoustic stack and elements for high-frequency (HF) medical ultrasound (US) transducers involves
various interrelated parameters. So far, optimizing spatial resolution and acoustic field intensity simultaneously has
been a daunting task in the area of HF medical US imaging. Here, we introduce optimized design for a 50-MHz US probe
for skin tissue imaging. We have developed an efficient design and simulation approach using Krimholtz, Leedom and
Matthaei (KLM) equivalent circuit model and spatial impulse response method by means of Field Il software. These KLM
model and Field Il software are integrated, and a GA algorithm is used to optimize the design of the US transducer to
obtain the best imaging performance. As a result, a 50-MHz single element probe is effectively optimized with 5 mm
acoustic focal length, 72 pm lateral, and 42 pum axial imaging resolution, with an enhancement in imaging resolution over
the conventionally designed and simulated probe by 10%. This work has the potential to benefit many applications that
require a fast, high-resolution and strong US focus in skin imaging.
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List of symbols t Piezo-thickness

KLM Krimholtz, Leedom and Matthaei V4 Acousticimpedance

GA Genetic algorithm

P(2) Sound pressure at a distance of z

a Sound attenuation coefficient 1 Introduction

BW Bandwidth

p Density Creating a cross-sectional image of tissues using ultrasonic
c Speed of sound waves has become very common in modern medicine, due
A Wavelength of the sound to being less expensive and risky as opposed to common
PZT Lead zirconate titanate imaging methods [1]. The imaging resolution of ultrasonic
PMN_PT Lead magnesium niobate-lead titanate imaging increases with increasing working frequency of
LiNbO3  Lithium niobate the US probe, so HF US imaging has become a new and
Fo Center frequency valuable tool in applications such as skin imaging [2-4],
n Wave number eye imaging [1, 5], intravascular imaging [6-9], Carotid
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artery imaging and elastography [10, 11] and small animal
imaging [12, 13].

Crossing the boundary of mediums with different
acoustic properties, echo waves reflect from that bound-
ary and are received by the transmitting probe and turned
into voltage signals. By detecting the amplitude of these
echoes, a line of black and white image can be produced
regarding the strength of the reflection in the bound-
ary. Then, by moving the single element probe in a line
or changing the active elements in an array probe and
repeating the same procedure, a cross-section image can
be produced. This method is called brightness mode or
B-mode imaging [14]. Single element piezoelectric probes
can be designed in small geometries to enable the inser-
tion of these elements using a catheter into the body to
perform intravascular imaging [8], imaging the retina [15]
and so on. US imaging can also be combined with other
methods for imaging to bring about powerful imaging
technics such as photoacoustics [16] and US shear wave
elastography.

Non-imaging applications include particle manipula-
tion and trapping, in which a pressure field is produced
using a highly focused US probe that can move or trap
particles [17-20], drug delivery [21], elastography of mus-
cles and tissues [22] and high-intensity focused US (HIFU),
which involves high energy US waves producing heat in
specific point in tissue to destroy cells [23], increase of
blood flow and applications like face lifting [24, 25] and
pain management [26]. There are also many low-frequency
applications such as ultrasonic scalps for surgery [27].

Acoustic impedance (Z = pc) of the two adjacent medi-
ums in a boundary determines the amount of ultrasonic
wave that reflects or transmits through the boundary (pis
the density and c is the speed of sound in the medium).
The higher the acoustic impedance difference between
two mediums, the more sound waves are reflected and
less sound is transmitted through their boundary. This calls
for a procedure named “acoustic matching” [28] in which
one or two layers of specific materials are used to increase
the transmission of sound waves from piezoelectric ele-
ment into the tissue.

If the working frequencies are increased beyond 40
MHz, micrometer resolutions can be obtained, as in [29]
a frequency of 300 MHz have resulted in 6.4 pm imaging
resolution. The downside is that increasing the frequency
increases the attenuation of the sound waves in tissue as
shown in Eq. 1 in which « is the attenuation coefficient and
it increases with frequency; also z is the distance and P(z)
is the pressure of the sound wave in the distance of z [28].

P(z) = P(0)e™ M
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This equation shows that HF imaging can be used for
superficial tissues, and for deeper tissues one must use a
needle to enter the US probe in the tissue to compensate
for the lack of penetration.

In the literature [30], there are ways to calculate a rough
estimation of the best possible imaging resolution for an
US probe based on its geometry, focal distance (the dis-
tance of maximum sound pressure point in the medium to
the probe) and bandwidth (which can be calculated from
the frequency spectrum of resulting pressure or speed of
vibration of the probe surface touching the tissue, when
it is excited by an impulse voltage), as can be seen in the
following equation, in which R,;, and R),.., are resolutions
in the axial and lateral direction of the probe, cis the speed
of sound in the medium, BW is the — 6 dB bandwidth of the
probe (in Hz), f number is defined as the ratio of the focal
distance to head diameter of the probe, and A is the wave
length of the sound wave in the medium [30-32]. Imaging
resolution refers to the smallest length of tissue that can
be detected by the probe and imaging process.

p _05c_ 05
axial BW t(—6 dB) (2)
Riateral = f nuUmber - 4 (3)

These two equations show that high bandwidth and
low f-number and wavelength lead to better imaging
resolutions.

To more accurately calculate the resulting resolutions
and electrical behavior of a certain probe design, simula-
tions need to be performed. In this paper, two different
simulation methods for HF US probes are used together
and used in an optimization loop in order to fine tune the
design parameters of a probe. This probe will be designed
for a medical imaging application.

Typical optimization methods for ultrasonic transducers
depend upon the selected frequency. For lower-frequency
transducers (up to 1 MHz), optimization mostly involves
using FEM to solve and calculated the resulting vibra-
tions of the transducer’s head and the aim is to increase
the amplitude of this vibration which is done either by
the FEM softwares or Nimbus method [33-36]. But when
the frequency is increased to the level suitable for medical
purposes, the optimization process includes the process
of changing the layers thickness or materials and manu-
facturing the transducer to measure the resulting electric
signals or pressure fields [37]. FEM can still be used in this
context and frequencies, but the required processing
power and time are a lot. Instead of FEM, one can use sim-
pler and more direct methods, such as KLM method [38] or
Field Il algorithm [39]. There are papers that have used the
KLM method to calculate the resulting electrical signals
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and optimizing it by changing the thickness of the trans-
ducer layers [40] or the Field Il methodology to enhance
the pressure field characteristics of a transducer array [41].

It will be shown that the probe’s characteristics can
be optimized based on the resulting resolutions and the
results will be compared to the initial design and also this
optimization loop can be used to make a complete design
and optimization procedure for any geometry, frequency,
focal length and resolution requirements.

2 Design requirements

Considering the work done on HF US skin imaging and
high benefits of HF US imaging in detecting different
tumors, measurement of skin layer thicknesses, etc. [3,
42-44], this application was chosen to design this US
probe for. In order to successfully detect and measure skin
layer thicknesses and small tumors in the size of less than
0.2 mm in the depth of up to 6 mm of skin, the center fre-
quency of 50 MHz is a better choice [2, 42, 45]. Considering
the required axial and lateral resolutions of less than 100
pm and using the theoretical values derived from Egs. 2
and 3, dimension of 3 mm in diameter and a focal point
of 5 mm were chosen. This design would resultin a 3 to 6
mm depth of penetration and theoretical resolutions bet-
ter than 100 pum which is suitable for this application.

Fig. 1 Schematics of a single
element HF US probe

Gold Electrode layer

Piezoelectric layer

Polyamide Tube

Gold Wire

2.1 Materials and design

Overall, a single element, HF US probe consists of a
piezoelectric material layer, backing layer and match-
ing layer (Fig. 1). All of these layers aim to produce a
strong US wave, ensure its good transfer to the tissue
and reduce the received disturbances.

Exciting the piezoelectric material with electrical
pulses induces electrical field in it and results in strains
that can produce sound waves. Different piezoelectric
materials like PZT (lead zirconate titanate), PMN_PT (lead
magnesium niobate-lead titanate), LiNbO3 (lithium Nio-
bate) or piezo-polymers have been used in the literature
[18, 46]. Here, lithium niobate was chosen because of its
high sound speed, and high electromechanical coupling

Table 1 LiNbO3 piezoelectric properties (Boston Piezo-optic, Bell-
ingham, MA)

Properties LiNbO3
Electromechanical coupling coeff (kt) 0.49
Density (kg/m?) 4640
Longitudinal sound velocity (m/s) 7340
Acoustic impedance (MRayl) 34.0
Curie temperature (°C) 1150
Relative clamped dielectric constant (s/€0) 39

2" Matching layer
1st Matching layer

Backing layer

Brass Socket

SMA Connector
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factor that results in a good energy conversion and bet-
ter sensitivity. Its properties can be seen in Table 1. The
piezoelectric material must be lapped to a thickness that
will result in the theoretical center frequency of 50 MHz,
which can be calculated from the following equation, in
which cis the sound speed, t is the thickness of the layer,
and n is the wave number [28].

_nc

£ nc
07 ¢

(4)

Equation 4 shows that the theoretical center fre-
quency of a piezoelectric element depends on the
sound speed in the material and inversely depends on
the thickness of the element.

Behind the active layer, there is the backing layer
which consists of large amounts of attenuating material
in order to completely damp the sound waves produced
by the active layer and propagated toward the back and
it also does not let them reflect back toward the active
layer. This results in a cleaner and clearer output signal.

Between the active layer and the tissue, there are
one or two matching layers that have an intermediate
acoustic impedance compared to the tissue and active
layer. Since there is a huge difference in these imped-
ances (1.5 MRayl for tissue and 38 MRayl for LiNbO3),
these intermediate impedances were chosen in a way
to increase the transmission of sound waves from active
layer into the tissue by reducing this difference in steps.
In the literature, the following values are suggested for
the matching layer’s acoustic impedance. Z, and Z, are
the acoustic impedances of the piezo-material and the
medium, respectively [28].

P
Zm = (ZZ3) ©
Z.,= (21226)% 7

Equation 5 shows that acoustic impedance is defined
as the ratio of the sound pressure in a medium to the
speed of particles in the medium. Z,;and Z,, show the

theoretical impedance for the two matching layers for the
best transmission of sound wave.

In theory, a thickness of 1/4 is recommended for each
layer [47] (A is the wave length of sound in each layer) for
the best transmission of waves. The materials chosen and
their properties can be seen in Table 2, in which the values
were extracted from [46, 48].

The natural focal point of an unfocused probe can be
calculated with the Fresnel Limit [49]:

e
Fresnel Limit = T[m] (8)

In the above equation, ais the radius of the head and A
is the wavelength of the sound in the medium. Consider-
ing the center frequency of 50 MHz and the head dimen-
sion of 3 mm, the Fresnel limit would be 75 mm, which is
far from the desired focal length of 5 mm. For obtaining
this short focal length, a procedure called “press focusing”
has been proposed in the literature [50] to press the head
surface with a ball bearing at special temperature condi-
tions to focus the probe to the desired focal length.

First matching layer is silver epoxy, which is conductive
and can be used to form the ground connection to the
piezo. Its acousticimpedance is close to the value derived
from Eq. 6 for said frequency and piezoelectric material,
which is Z,=8.95 MRayl. Parylene C was chosen as the
second matching layer since it has acoustic impedance
near the preferred value of Z,=2.34 MRayl from Eq. 7, and
also, it is a standard coating material for medical equip-
ment. As it can be seen, the acoustic impedances of the
chosen materials are not exactly as calculated using the
mentioned equations above for matching layer imped-
ances. This means that the thicknesses of the layers must
be optimized instead of using the theoretical values of A/4
to obtain better results.

2.2 Simulation methods

Simulating HF US probes involves two stages. First the
probe’s response to input voltage excitation and its elec-
trical characteristics must be simulated, which was done
using equivalent electrical circuit methods. In this paper,
KLM equivalent circuit was used for this stage. Using this

Table 2 Backing and matching
material properties

Material Long velocity Density (kg/m?) Impedance Loss dB/mm
(m/s) MRay!

E-Solder 3022 1850 3200 5.92 110

2-3 Micron silver epoxy 1900 3860 7.33 13.8

Parylene C 2350 1180 2.77 0.56

Values extracted from [46, 48]
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model, the resulting vibrations at the probe’s head pro-
duced from the input electrical excitation at the probe’s
terminal is simulated. Second the resulting pressure fields
in a single medium and in a medium with attenuating tis-
sues must be simulated. These pressure fields result from
the vibration at the surface of the medium coming from
the probe (which was simulated before using KLM model).
This simulation can be done using either finite element
methods or using a simplified model to obtain analytical
answers. In this paper, Field Il code using analytical meth-
ods was used to simulate pressure fields and B-mode
imaging to determine the resolution of the probe.

For calculating the pressure field in the medium, the
spatial impulse response method expressed in [51-53]
was used at [54-56] to develop a source code called Field
[l that can calculate the pressure field for different geom-
etry and input voltage to acceleration profile. This method
uses simplifying assumptions such as small amplitude of
resulting pressures and limited medium (which are valid in
medical US) to linearize the nonlinear equations of sound
propagation and then analytically calculates the resulting
pressure in any point of medium in front of the probe for
each surface element of it and then uses superposition to
add them together. Also, this code can define points in the
medium to have different attenuation and sound scatter-
ing properties to simulate any non-uniform medium for
simulating the resulting pressure field and by receiving
pressure waves at the probe’s surface, one can simulate
pulse-echo or B-mode imaging [39].

The KLM method (which is based upon [38]) uses equiv-
alent electrical elements for each acoustic element, and
this results in an electrical circuit in which current and
voltage of each element are equivalent to vibration speed
and force produced in each acoustic element, respectively.
The input to this circuit is the same exciting voltage signal
used to excite the probe, and the output is the force and
speed of the element touching the medium or tissue [38].
Using matrix form, this method was coded into Matlab™
and used to simulate the probe. The inputs of the code are
the geometry of the head, acoustic properties of all layer’s
materials and their thicknesses and working frequency.
The outputs of the code are the force and speed of vibra-
tion at the end of the second matching layer.

To Attach the two methods together, a Matlab™ code
was developed by the author to simulate the pressure field
and also perform a B-mode imaging of very thin tungsten
wires placed in the medium (which is chosen to be water).
The diameter of the simulated wire was 20 pm which is well
under the resolution of the probe, so the resulting image
would show the smallest image possible and therefore
it can be used to determine the resolution of the probe.
This procedure is called “Wire Phantom Imaging” and a

schematic of the setup used in this test and its simulated
results can be seen in Fig. 6.

The material properties of the layers are used in the KLM
method and so changing the layer thicknesses or materi-
als will result in the change in head velocity of the probe.
Since this velocity profile is directly used in Field Il algo-
rithm, the resulting pressure field will also change.

2.3 Optimization procedure

As it was mentioned before, the probe design based on
the theoretical layer thicknesses and acoustic impedance
value does not necessarily have the optimal sound trans-
mission and resulting resolution. Also, the materials avail-
able for matching layers have a different acoustic imped-
ance from the presented values, not to mention that the
presented impedance in the literature is experimental by
itself. This shows that optimization is required to have the
best results.

By choosing the application, the head geometry and
center frequency will be known. Considering the acoustic
impedance values for the matching layers, closest materi-
als are chosen for these layers.

If the surface geometry, the center frequency and the
materials used in the probe are set, the variables of the
design would be the thicknesses of the backing, active and
matching layers. Since the backing only has the absorb-
ing role, its thickness must be high enough to damp all
the sound waves entering it and more than that does
not affect the results (this length can be calculated con-
sidering the attenuation of the material and how long it
should be to attenuate certain level of sound). So only the
thicknesses of the active and matching layers must be cal-
culated. These values are theoretically known (half wave
length for the active layer and quarter wave length for
matching layers), but since the matching layer materials
cannot be chosen to have the exact acousticimpedance as
suggested and also the suggestion values are experimen-
tal, an optimization can be done on these thicknesses to
improve the resulting imaging resolutions.

The resulting resolution of a design can be calculated
using the Field Il source code using the phantom wire
imaging as said above. So, an optimization loop can be
created with the inputs of the thicknesses of the layers
and the output of the resulting resolutions. First, the KLM
model is used to calculate the acceleration of the second
matching layer in response to an impulse excitation; then,
this profile will be passed to the Field Il code as an input
and then using the wire phantom imaging simulation the
resulting resolutions are calculated.

In this paper, genetic algorithm, which is one of the
evolution-based optimization methods, was chosen to
optimize the design.
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This paper intends to report a methodology that can
be used to automate and optimize the previously mostly
manual process of design of a transducer based on a given
pressure field, which includes the intensity, the focal points
and the transducer geometry to be built. To make such
a pressure field, there are many parameters that can be
changed such as layer thickness, center frequency, mate-
rial choices, radius of the pressure field, focusing of the
head, etc. To further advance the proposed algorithm, a
specific application has been chosen and so the param-
eters'range has been constrained to achieve a more desir-
able acoustic pressure field. To find the Global minimum of
the optimization with this many parameters, GA is among
the best tools.

The GA used in this paper uses random values within
the designated input parameters'range as a starting popu-
lation [57]. The fitness function created for this algorithm
is the sum of the dimensions of the b-mode imaging of
a single wire phantom simulated for the designed probe
in the Field Il program. This fitness function can get more
and more complicated if more characteristics of the probe
are chosen for optimization. The initial values of genetic
algorithm were set to be on the theoretical values derived
from Eqgs. 4 to 7. Every time genetic algorithm was used,
these initial values were changed by a random value gen-
erated to change the starting point of the algorithm in
a defined upper and lower bound. This ensures that the
global minimum point is found [57]. The genetic algorithm
had a population of the size between 200 and 400 and
generations between 1000 and 3000.

The overall optimization algorithm used can also be
seen in the flowchart in Fig. 2. By choosing the appli-
cation the minimum resolution, minimum penetration
distance and focal distance will be extracted. With this
information, the center frequency and head dimension
and piezo-material are chosen and using the impedance

Fig.2 Flowchart of the optimal

equations for matching layers, the nearest materials and
a suitable backing material are selected. This stage is also
the beginning of the outer optimization loop in which
materials, head dimension and center frequency are
inputs of the optimization. Also, at this stage, theoretical
resolution and penetration distance can be calculated
and checked with the requirements. After this, the thick-
nesses of the layers are chosen and this is the begin-
ning of the inner optimization loop, in which the inputs
are the thicknesses of the layers. Next, the dimensions,
frequency and materials are used in the KLM model
to extract the electrical impedance plot and impulse
response of the probe. This response is fed into the Field
Il code, and pressure field and simulated imaging resolu-
tions are extracted. These resolutions are the outputs of
the optimization loops, in which the thicknesses of the
layers are optimized and if needed the center frequency
and head dimensions are optimized as well. Both these
loops can be done using genetic algorithm.

3 Results and discussion

Considering the theoretical values for the probe layers for
the 50 MHz probe with 3 mm head diameter, the following
dimensions in Table 3 in the “not optimized” columns can
be obtained for the probe. Using these values, the KLM
and Field Il simulations were performed and the results
are shown in Figs. 3,4, and 5.

The electrical impedance plot in Fig. 3 shows the probe’s
center frequency to be about 48 MHz, and the impulse
response in Fig. 4 shows the —6 dB bandwidth of 80% (38.4
MHz in the center frequency of 48 MHz). Also, the peak-
to-peak voltage of the impulse is seen to be 7.5 kPa. The
simulated pressure field can be seen in Fig. 5 and the simu-
lated b-mode image from four 20 um wires at around the

; Frequency, Theoretical
design process Start . Head Resolution,
a Application dimension, depth of
Materials penetration
No
4
Inputting
- Fieldnl L tt:;":::;l:e + KLM model <« Laver ——————— 1 Yes j— re“’l':i?fetrsl'lte:is"
simulation L Thicknesses 4 4
from KLM
into Field Il 4
No No
Stage 1 Stage 2
Optimization — yes — Optimization — yes — & End
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Table 3 Optimized probe layer thicknesses

Thickness optimized Thickness to sound wavelength ~ Thickness Thickness in sound wave-
of the material. optimized unoptimized length of the material.
unoptimized

E-Solder 3022 5.0 mm 120 5mm 120
LiNbO3 61.8 pm 0.490 73.6 um 0.5
2-3 Micron silver epoxy 8.60 um 0.226 9.5 um 0.25
Parylene 10.80 pm 0.229 11.8 um 0.25
Fig.3 The electrical imped- Electrical Impedance
ance (blue) and its phase (red) 100 40
of the probe with theoretical
thicknesses resulting from the 95
KLM model -50
90
85
— -60
3
s % F,
v (=}
S 75 70 g
~ w
2 £
= 70 &
£
-80
65
60
-90
55
50 -100
30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70
Frequency (MHz)
Fig.4 The pressure profile in The Pressure resulting from impulse excitation
response to impulse voltage
resulting from the KLM model. Pulse spectrum frequency (MHz)
. 20 25 30 35 40 45 50 55 60 65 70 75 a0
The red is the frequency spec- 35 2
trum of the signal 3 N .
25 L .. - 5
2 : S N P
15 .
s -]
E 1 7 e g
=3 0.5 N 40 =
y o0 — 5
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'-é- 1 T -14 %
< .15 e E
g -2 18 S
& 55 20 E
=
3 2 g
35 24 §-
4 26
45 28
-5 -30
Pulse time (ns)
focal point can be seen in Fig. 6b. As it can be seen from The thickness used in Table 3, unoptimized columns,

Fig. 6¢, which shows the dimensions of the image of the  has the optimal length for a single layer of material, but
wire located at the exact focal point, the lateral resolution ~ the complete probe layers are not necessarily optimal if
of the probe is 80 pm and the axial resolution is 44 pm. all thicknesses follow this value. Also, the materials chosen
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Fig. 5 The 3D profile of the simulated pressure field resulting from
the probe. This profile was simulated using Field Il

still have noticeable difference in acoustic impedance
value (2) with suggested values in Eqgs. 6 and 7, so an opti-
mization loop will be required if the best sound transmis-
sion or resulting imaging resolutions are intended.

After the proposed optimization algorithm, the best
result can be seen in Fig. 7 and the corresponding thick-
nesses are shown in Table 3, columns related to the opti-
mized transducer.

The resulting resolution of the optimized probe is 72
pm laterally and 42 pm axially, which shows improvements
over the conventionally designed transducer.

-3
5.6 %10

T/R switch i

l

Receiver
circuit

Pulser
circuit

o
[}

Axial Distance [m]
o

>
©

Wire Phantom

4.6

2 4

Fig.6 Wire phantom imaging. a Schematics of the setup used for
wire phantom imaging. b Simulated B-mode image of the wire. ¢
Zoomed image of the wire located at the focal point. The dimen-
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Looking at Fig. 8, which shows the pressure profile of
the optimized transducer, it can be seen that the peak-
to-peak pressure has increased to 8.1 kPa and the —6 dB
bandwidth of the pulse is 83% in the center frequency of
54 MHz. This shift in center frequency from the start fre-
quency of 50 MHz is due to the slight change in the thick-
ness of the piezo-layer. This slight change has resulted in a
better imaging resolution, so it is acceptable. Also, consid-
ering that after the manufacturing of the probe, its center
frequency will change inevitably (due to manufacturing
errors and material properties differences); 4 MHz change
in the center frequency of this probe does not cause a
problem.

By simulating the pressure fields of the optimized and
conventionally designed transducer (Fig. 9), it is clear that
the optimized probe has a more focused and tight pres-
sure field which leads to better imaging resolutions.

By comparing the conventionally designed and opti-
mized results, it can be seen that the proposed algorithm
can successfully find the best parameter values to obtain
the finest imaging resolutions. Here, thicknesses of the lay-
ers were optimized and other parameters such as center
frequency, head geometry, focal distance and material
choices remained constant. Using the same procedure, the
optimization problem can be solved for these parameters
too. For example, one can use this method to find the best
head geometry and center frequency for a desired reso-
lution and depth of penetration. Considering that in the
presented case, the frequency and the material choices
have been predetermined, this result is the best possible

Axial Distance [m]

=

Axial Resolution

1 1.2 1.4 1.6 1.8 2
Lateral Distance [m] %104
1 2 3

Lateral Distance [m] %1074

b c

sions used for determining the resolutions are shown. This simula-
tion was performed using Field Il
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Fig.7 Simulated cross-section
imaging of a wire placed in the
focal point of the optimized
probe with 40 dB dynamic

%102
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range. The dimensions used for 5.03
determining the resolutions
are shown
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E
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Fig. 8 The pressure profile in The Pressure resulting from impulse excitation
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resolutions for this case, but if one uses a database of dif-
ferent materials and also different frequencies, it is pos-
sible to obtain better results using the described method.

The results prove that using the KLM model and Field
[l simulation together and creating an optimization loop,
in which all of the transducer parameters are used to
change the resulting pressure field and its characteristics
to a desired field and values, is a powerful tool that can
enable the automatic optimal design of ultrasound trans-
ducers for a specific pressure field and field characteristics.

It can be seen from the results that using the KLM model
and Field Il simulation together and creating an optimiza-
tion loop in which all of the transducer parameters can be

. -30
Pulse time (ns)

used to change the resulting pressure field and its charac-
teristics to a desired field and values, is a novel approach,
whereas the current design methods for high-frequency
ultrasound transducers involve trial and error. As discussed
in the paper, the novelty is to report a methodology that
can be used to automate and optimize the previously
mostly manual process of designing a transducer based
on a given pressure field, which includes the intensity, the
focal points and the transducer geometry to be built. To
make such a pressure field, there are many parameters that
can be changed such as layer thickness, center frequency,
material choices, radius of the pressure field focusing of
the head, etc.
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Fig.9 Simulated pressure field contours (in dB) of the not optimized probe (left) and the optimized probe (right). This simulation is done

using the Field Il code

4 Conclusion

Theoretical consideration presented above has demon-
strated that HF probes and their simulation methods can
be optimized using GA and integration of KLM modeling
and Field Il as a pressure field calculating method. This
method has been successfully implemented to optimize
a probe design with the center frequency of around 50
MHz, head diameter of 3 mm and a pressed focused focal
length of 5 mm. The optimization goal was to gain the fin-
est lateral and axial imaging resolutions, which was simu-
lated using the Field Il source code, and its inputs were the
thicknesses of the piezoelectric and matching layers. The
proposed optimization loop can be directed to optimally
design a HF medical US probe with the required imaging
resolutions, impulse response bandwidth, focal distance,
and material characterization.
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