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1
ULTRASOUND PROBE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from Japanese Patent Applications No. 2010-262471,
filed Nov. 25, 2010, the entire contents of all of which are
incorporated herein by reference.

FIELD

Embodiments of the present invention relate to an ultra-
sound probe that allows improvement of the directional char-
acteristics of the elements in the ultrasound probe.

BACKGROUND

Ultrasound diagnostic equipment scans the inside of the
subject with ultrasound waves and images the internal state of
the subject based on received signals generated from reflected
waves inside the subject.

Ultrasound diagnostic equipment such as this transmits
ultrasound waves from an ultrasound probe to inside the
subject, receives reflected waves generated from acoustic
impedance mismatching inside the subject. and generates
received signals. The ultrasound probe generates ultrasound
waves by oscillating based on the transmitted signal and
arranges in a scanning direction a plurality of ultrasound
transducers that generate receiving signals by receiving
reflected waves in an array configuration (for example, Patent
literature 1).

The main configuration of conventional ultrasound probes
is explained with reference to FIG. 11. Included is an ultra-
sound transducer 10 generating ultrasound waves, an acoustic
matching layer (ML: Matching Layer) 20 reducing the acous-
tic impedance (Al) mismatch between the ultrasound trans-
ducer 10 and a living body from the ultrasound transducer 10
to the biological contact surface side, and an acoustic lens 30
converting the ultrasound waves. Moreover, from the ultra-
sound transducer 10 to the cable side, there is a substrate for
signal withdrawal (FPC: Flexible Print Circut) 40 and back-
ing material 50.

The acoustic matching layer 20 is established in 2 to 3
layers while gradually lowering the acoustic impedance Al
from the ultrasound transducer 10 to the living body. /4 wave-
length A is widely used as the thickness of respective acoustic
matching layers 20. Here, the wavelength A is the wavelength
of ultrasound waves that transmit respective acoustic match-
ing layers 20. Generally, materials with high acoustic imped-
ance Al are hard and have good cutting ability; therefore, in
order to reduce acoustic coupling with the adjacent elements,
the acoustic matching layer 20 is simultaneously divided
when the ultrasound transducer 10 is divided; however, mate-
rials with low acoustic impedance Al have poor cutting ability
and slow sound speed, so the shape ratio (w/t) cannot be
sufficiently reduced. Here, w is the width and t is the thick-
ness. When w/t is close to 1, longitudinal waves are converted
to transversal vibrations in the acoustic matching layer 20
within a marginal zone and interference between the two
becomes unwanted vibrations, negatively influencing the
transmission and reception characteristics of the ultrasound
waves.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of the acoustic matching layer of the
ultrasound probe pertaining to the embodiment.
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FIG. 2 is a diagram of the simulation model.

FIG. 3 is a diagram of the transmission bandwidth.

FIG. 4A is a diagram of the element factor when the thick-
ness ratio of polyethylene/polyurethane is 100:0.

FIG. 4B is a diagram of the element factor when the thick-
ness ratio of polyethylene/polyurethane is 0:100.

FIG. 4C is a diagram of the element factor when the thick-
ness ratio of polyethylene/polyurethane is 50:50.

FIG. 5 is a graph of the transmission bandwidth to inves-
tigate the order of the film.

FIG. 6 is a diagram of the element factor in order to inves-
tigate the order of the film.

FIG. 7 is a graph of the transmission bandwidth in order to
investigate the Poisson’s ratio.

FIG. 8A is a diagram of the element factor when the Pois-
son’s ratio of polyurethane to polyethylene is 1.015.

FIG. 8B is a diagram of the element factor when the Pois-
son’s ratio of polyurethane to polyethylene is 1.03.

FIG. 8C is a diagram of the element factor when the Pois-
son’s ratio of polyurethane to polyethylene is 1.06.

FIG. 9 is a graph of the transmission bandwidth in order to
investigate the difference in the acoustic impedance of longi-
tudinal waves.

FIG. 10A is a diagram of the element factor when the
acoustic impedance of longitudinal waves Al of the polyeth-
ylene/polyurethane is 2.4/1.6.

FIG. 10B is a diagram of the element factor when the
acoustic impedance of longitudinal waves Al of the polyeth-
ylene/polyurethane is 2.8/1.2.

FIG. 11 is a cross-sectional view of a conventional ultra-
sound probe.

FIG. 12 is a cross-sectional view of the proposed ultra-
sound probe.

FIG. 13 is a diagram of the acoustic matching layer of the
proposed ultrasound probe.

DETAILED DESCRIPTION

To solve the problems mentioned above, the ultrasound
probe according to embodiments comprises the ultrasound
transducer and a plurality of acoustic matching layers
arranged by layering in the direction of irradiation of the
ultrasound waves irradiated from the ultrasound transducer.
The plurality of acoustic matching layers are shaped like a
film and substantially are same in the acoustic impedance of
longitudinal waves of the adjacent acoustic matching layer.
The Poisson’s ratio of the plurality of acoustic matching
layers are respectively different.

Next, the ultrasound probe related to this embodiment is
explained based on each diagram.

First, the configuration of the ultrasound probe is described
with reference to FIG. 1 and FIG. 2. F1G. 11s a diagram of the
acoustic matching layer of the ultrasound probe pertaining to
the embodiment; FIG. 2 is a diagram of the simulation model.

The ultrasound probe comprises an ultrasound transducer
10 transceiving the ultrasound waves, an acoustic matching
layer (ML) 20, an acoustic lens 30 focusing the ultrasound
waves transceived from the ultrasound transducer 10, a sub-
strate for signal withdrawal (FPC) 40, and a backing material
50 which arranged in the rear of an ultrasound transducer 10
and which suppresses excess oscillations by absorbing trans-
missions to the rear.

The ML20 is used to acoustically match the ultrasound
transducer 10 and the acoustic lens 30, wherein, the first
acoustic matching layer 21, the second acoustic matching
layer 22, and the third acoustic matching layer 23 are
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arranged in layers in the direction of irradiation of ultrasound
waves irradiated from the ultrasound transducer 10.

The ultrasound transducer 10, the first acoustic matching
layer 21, and the second acoustic matching layer 22 are all
separated and arranged in arrays.

The third acoustic matching layer 23 comprises two layers,
the upper and the lower. The third acoustic matching layer
231 of the lower layer side and the third acoustic matching
layer 232 of the upper layer side are each shaped like a film.
Hereinafter, the third acoustic matching layer 23, the third
acoustic matching layer 231 of the lower layer side, and the
third acoustic matching layer 232 of the upper layer side may
respectively be referred to as a film-like ML.

In the case of the film-like ML, a film-like ML with adhe-
sive lamination unified as multiple layers is used (refer to
FIG. 1). In concrete terms, example of materials includes
polyethylene and polyurethane. Each of materials approxi-
mately coincides in acoustic impedance of longitudinal
waves Al and has different Poisson’s ratio (o). These mate-
rials are configured by adhesively laminating. Regarding the
entire thickness, A/4 is maintained. The frequency of the
standing wave, in which conflict with the adjacent element
oceurs, 1s set off while maintaining the role ofacoustic match-
ing to suppress resonations causing unwanted vibrations. Fur-
thermore, longitudinal ultrasound waves occur in orthogonal
direction to the surface of the ultrasound transducer 10 and
transverse waves occur orthogonally to orthogonal direction.
Generally, regarding the effect of acoustic impedance on
transmission and reception characteristics, acoustic imped-
ance of longitudinal waves Al and acoustic impedance of
transverse waves Al must be taken into consideration; how-
ever, in the case of the film-like ML, the acoustic impedance
of transverse waves Al is small compared to the acoustic
impedance of longitudinal waves Al regarding the effect on
transmission and reception characteristics, so materials, etc.
for film-like ML are selected taking into consideration the
acoustic impedance of longitudinal waves Al alone.
[Simulation]

The effect of this ultrasound probe was confirmed with a
sound simulation by using finite element analysis. The model
used for sound simulation is shown in FIG. 2. Regarding the
simulation, a center frequency of 5 MHz and a sector array
transducer of the element pitch of 0.12 mm were assumed,
and it was made into a simple model with the ultrasound
transducer 10, acoustic matching layer 20, acoustic lens 30,
FPC40, and backing material 50 alone.

The film-like ML to be layered is polyethylene (Poisson’s
ratio 0.435) and polyurethane (Poisson’s ratio 0.486) having
the acoustic impedance of the longitudinal waves Al with
approximately 2.0. The polyethylene with a small Poisson’s
ratio is arranged on the ultrasound transducer 10 side. The
polyurethane with a large Poisson’s ratio is arranged on the
acoustic lens 30 side. Moreover, as the film-like ML to be
layered, a material with a Poisson’s ratio within the range of
0.35-0.49 and with acoustic impedance of longitudinal waves
Al within the range of 1.5-5.0 [Mrayl] may be used. Here, 1.0
[Mrayl] corresponds to 106 [kgm™%s™"].

The thickness of the layered film-like ML is made substan-
tially Y4 the wavelength A predetermined by the frequency (5
MHz) in the same manner as the thickness of the proposed
film-like acoustic matching layer 20. In the model of this
array transducer, only one element of the center was driven by
the impulse waveform, while simulation was conducted for
the process of ultrasound wave transmission and the action of
elements.
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[Results of the Simulation]

The results of the simulation are explained with reference
to FIG. 3 to FIG. 6. FIG. 3 is a diagram illustrating the
frequency characteristics calculated from a time waveform of
sound pressure at the tip of the acoustic lens 30, FIG. 4 is a
diagram showing the directional characteristics (EF) of the
driver element, the diagram contour-displaying the gain of
received signals 0 to -30 dB, FIG. 5, is a diagram showing the
transmission bandwidth in order to investigate the order of the
film, and FIG. 6 is a diagram showing the element factor in
order to investigate the order of the film and is a diagram
counter-displaying gain of received signals 0 to =30 dB.

In FIG. 3, the frequency bandwidth 1 to 10 [MHz] is
provided on the longitudinal axis, and the gain of received
signals [dB] is provided on the transverse axis. In FIG. 3,
m100/u0: the film-like ML is polyethylene alone, m0/ul100:
the film-like ML is polyurethane alone, m50/u50: the film-
like ML is the polyethylene/polyurethane of which thickness
ratio of the film-like ML indicates 50:50.

The respective results of m100/u0, m0/u100, and m50/u50
are shown in FIG. 4A, FIG. 4B, and FIG. 4C. In FIG. 4A to
FIG. 4C, a scanning angle of -90° to 90° [deg] is provided on
the longitudinal axis, while a frequency bandwidth of 0 to
10,000 [kHz] is provided on the transverse axis.

From these results, if the film-like ML consists of a single
material alone such as polyethylene, polyurethane, etc., a
frequency with a specifically low sensitivity is present (for
example, near 3.8 MHz, 5.5 MHz) (Shown by — in FIG. 4A,
FIG. 4B). In other words, it may be understood that a dip is
present in the frequency characteristic.

Moreover, when the film-like ML is layered, it may be
understood that this effect is being eased. For example, in
m50/u50, the dip observed in the frequency characteristic and
directional characteristics (EF) was suppressed, so it may be
observed that desensitization of specific frequencies is
improved. (Refer to FIG. 4C).

Furthermore, a configuration is taken that reverses the film-
like ML to be layered, that is to say, when a polyurethane with
a large Poisson’s ratio is arranged on the ultrasound trans-
ducer 10 side and the polyethylene with a small Poisson’s
ratio is arranged on the acoustic lens 30 side, the dip is not
eased as seen in the stimulation results of the frequency
characteristic (Refer to FIG. 5) and directional characteristics
(EF) (refer to FIG. 6), and it may be understood that the
expected results cannot be obtained. In the accumulated film-
like ML, it is necessary to arrange materials with small Pois-
son’s ratios on the ultrasound transducer 10 side, and to
arrange materials with large Poisson’s ratios on the acoustic
lens 30 side.

[Embodiment of the Simulation]
[Embodiment 1]

Next, an embodiment 1 will be explained. A plurality of
acoustic matching layers 20 comprising the film-like ML and
acoustic lens 30 are present on the side of acoustic radiation of
the ultrasound transducer 10, while FPC 40 and the backing
material 50 are present on the rear side. As the film-like ML,
a combination of two types of resin selected from materials
with a low acoustic impedance of longitudinal waves Al in
concrete terms, polyethylene resin, polyurethane resin, poly-
imide resin, epoxy resin, polyester resin, etc., are used.

An example of the production method of the ultrasound
probe in order to realize this embodiment is shown. Here, a
sector array probe is determined as the representative
embodiment.

First, the ultrasound transducer 10 and the acoustic match-
ing layer 20 other than film-like ML and are layered. The
FPC40 and the backing material 50 are attached to them.
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Generally, a glued connection using epoxy adhesives is typi-
cal as an adhesive. From the above, the layered structure of
the acoustic matching layer 20 other than film-like ML, ultra-
sound transducer 10, FPC 40, and the backing material 50 are
prepared from the side of acoustic irradiation. After making
this layered structure as a device array by dicing from the
acoustic matching layer 20 side, the film-like ML is adhe-
sively layered. The layered film-like ML has substantially the
same acoustic impedance of longitudinal waves Al and is a
material with a different Poisson’s ratio, in which a small
material (for example, the polyethylene) is arranged on the
ultrasound transducer 10 side, while a small material (for
example, the polyurethane) is arranged on the acoustic lens
30 side.

The total thickness of the two upper and lower layers of the
film-like ML is V4 the wavelength A of the ultrasound waves
transmitted to the film-like ML, while the thickness ratio of
the polyethylene and polyurethane is determined to be uni-
form (substantially 1). Moreover, the two upper and lower
film-like ML layers may be adhesively layered to the element
after adhesively layering in advance or they may be adhe-
sively layered to the element one by one in order. Finally, the
acoustic lens 30 is joined and the ultrasound probe is com-
pleted.

[Embodiment 2]

Next, Embodiment 2 will be explained with reference to
FIG. 7 and FIG. 8. FIG. 7 is a diagram of the transmission
bandwidth in order to investigate the Poisson’s ratio, while
FIG. 8 is a diagram of the element factor in order to investi-
gate the Poisson’s ratio. The transmission characteristics are
shown in FIG. 7, wherein the frequency bandwidth 1 to 10
[MHz] is provided on the transverse axis, while gain of the
received signal [dB] is provided on the longitudinal axis. In
FIG. 8, the directional characteristics (EF) are shown, gains 0
to =30 dB of the received signal are contour-displayed, the
scanning angle of -90° to 90° [deg] is provided on the trans-
verse axis, and the frequency bandwidth 0 to 10,000 [kHz] is
provided on the longitudinal axis.

The basic configuration is the same as in Embodiment 1. In
Embodiment 1, the film-like ML, was configured by layering
polyethylene (00.435) and polyurethane (00.486); however,
an effect expected may also be obtained by the combination
of materials with a smaller difference in Poisson’s ratio.

Here, the acoustic impedance of the longitudinal waves Al
are all approximately 2.0, simulations perform with changed
the Poisson’s ratio o of the polyurethane to the polyethylene
(00.435) (as the Poisson’s ratio, 1.0 (Embodiment 1 shown in
FIG. 4A, FIG. 4B), 1.015, 1.03, 1.06, 1.117 (Embodiment 1
shown in FIG. 4C)) (refer to FIG. 7).

Compared to the results when the film-like ML is the only
material (refer to FIG. 4, FIG. 5), the dip in the specificity is
eased when the Poisson’s ratio is 1.03 or more (refer to FIG.
8B, FIG. 8C). However, when the Poisson’s ratio is 1.015, the
difference in the Poisson rate of the laminating film-like ML
is small; therefore, it may be understood that the effect of
suppressing the standing wave is very small (in particular, the
dip of 5.5 MHz has almost no change) (refer to FIG. 8A).
From this result, the layering film-like ML is preferably con-
figured with materials with 3% or more variation in the Pois-
son’s ratio.

[Embodiment 3]

Next, Embodiment 3 is will be explained with reference to
FIG. 9 and FIG. 10. FIG. 9 is a diagram of the transmission
bandwidth in order to investigate the difference in acoustic
impedance of longitudinal waves Al, while FIG. 10 is the
element in order to investigate the difference in acoustic
impedance of longitudinal waves Al. The transmission char-
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acteristics are shown in FIG. 9, with the frequency bandwidth
1to 10 [MHz] provided on the transverse axis and the gain of
the received signal [dB] provided on the longitudinal axis. In
FIG. 10, the directional characteristics (EF) are shown, the
gain 0 to =30 dB of'the received signal are contour-displayed,
the scanning angle of -90° to 90° [deg] is provided on the
transverse axis, and the frequency bandwidth 0 to 10000
[kHz] is provided on the longitudinal axis.

The fundamental configuration is the same as in Embodi-
ment 1. The film-like ML preferably comprises generally the
same acoustic impedance of longitudinal waves Al for acous-
tic coordination; however, because the effect is small if the
extent of change is small, the expected effect may be
obtained. Here, a simulation was performed regarding a case
in which the acoustic impedance of longitudinal waves Al of
polyethylene/polyurethane is changed (2.0/2.0 (Embodiment
1), 2.4/1.6,2.8/1.2) (refer to FIG. 9).

In the case of 2.8/1.2, the specificity will differ from the
results of the acoustic impedance of longitudinal waves A12.0
[Mrayl] (Embodiment 1), and a dip will occur in the direc-
tional characteristics (EF) (for example, near 3.7 MHz, 4.8
MHz); therefore, it may be understood that it is not properly
functioning as the film-like ML (Indicated by — in FIG.
10B). From this result, the laminated film-like ML is prefer-
ably configured with materials in which the variation in the
acoustic impedance of longitudinal waves Al is within 20%
(refer to FIG. 10A). Within 20%, as mentioned here, corre-
sponds to within the range of 2.4/1.6 (1.6 to 2.4) towards the
acoustic impedance of longitudinal waves AI2.0. Further-
more, in the laminated film-like ML, when it is not required to
change the acoustic impedance of the longitudinal waves Al,
it is further desirable to have the variation in the acoustic
impedance of longitudinal waves Al at 0%.

As described above, according to this embodiment, the
frequency of the standing waves, in which interference occurs
between the film-like ML and the adjacent element, is off-set,
the resonance being suppressed. Therefore, aggravation of
the specific frequency in sensitivity and directional charac-
teristics (EF) is reduced. Regarding longitudinal waves, the
acoustic impedance Al is substantially the same; therefore, it
functions as a film-like ML with entire thickness A/4. As a
result, the performance of the ultrasound probe may be
improved while maintaining acoustic matching.

In the embodiment mentioned above, the film-like ML was
made as a 2-layer structure; however, it may be made as a
structure of 3 layers or more. In this case as well, the Pois-
son’s ratio, thickness, and longitudinal wave impedance in
each film-like ML is set, simulation similar to those men-
tioned above is performed, and the Poisson’s ratio, etc., may
be determined from the results thereof.

Although several embodiments of this invention have been
described, the embodiments above are presented as examples
and are not intended to limit the scope of the invention. These
new embodiments can be practiced in other various forms,
with various omissions, substitutions, and changes able to be
made without deviating from the summary of the invention.
These embodiments and variations thereof are included in the
scope and summary of the invention and are also included in
the invention described in the scope of the claims and any
equivalent thereof.

What is claimed is:

1. An ultrasound probe comprising:

an ultrasound transducer; and

a plurality of acoustic matching layers arranged by layer-

ing in order of Poisson’s ratio values being low to high
along the direction of irradiation of the ultrasound waves
irradiated from the ultrasound transducer; and wherein
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the plurality of acoustic matching layers are shaped like a
film, each of the acoustic impedance of longitudinal
waves of the adjacent acoustic matching layer being
substantially same.

2. The ultrasound probe according to claim 1, wherein, in
the plurality of acoustic matching layers, the total thickness of
each acoustic matching layer is substantially Y4the wave-
length.

3. The ultrasound probe according to claim 1, wherein, in 10
the plurality of acoustic matching layers, the thickness ratio
of the adjacent acoustic matching later is substantially 1.

4. The ultrasound probe according to claim 1, wherein, the
Poisson’s ratio of the plurality of acoustic matching layers is

within the range of 0.35 to 0.49. P

5. The ultrasound probe according to claim 4, wherein, in
the plurality of acoustic matching layers, the variation of the
Poisson’s ratio of the adjacent acoustic matching layer is 3%
or more. 20

6. The ultrasound probe according to claim 1, wherein, the
acoustic impedance of longitudinal waves of the plurality of
acoustic matching layers is within the range of 159
[kgm~2s~"] to 530 [kgm™>s™!].

7. The ultrasound probe according to claim 6, wherein, in
the plurality of acoustic matching layers, the variation in
acoustic impedance of longitudinal waves of adjacent acous-
tic matching layers is within 20%.

25

8. The ultrasound probe according to Claim 1, wherein, the
plurality of acoustic matching layers is a combination of two
or more materials of polyethylene resin, polyurethane resin,
polyimide resin, epoxy resin, and polyester resin.

* % % k¥



patsnap

LT RBFROF) ARk
DF(RE)F US8717848 DF(E)A 2014-05-06
HiEs US13/509842 MiEA 2011-11-24
FRIEE(BEFR)AGR)  %AKOICHI
FHHHIROYUKI
BARR
TAKEUCHI TAKASHI
BB (E R AGR) SE IR —
£75 , HIROYUKI
AR
LINE=
HHEHBE(EAROAE) FEEFRELT
[FR]&Z A A SHIBAMOTO KOICHI
SHIKATA HIROYUKI
AOKI MINORU
TAKEUCHI TAKASHI
EBHA SHIBAMOTO, KOICHI
SHIKATA, HIROYUKI
AOKI, MINORU
TAKEUCHI, TAKASHI
IPCH %5 A61B8/00 HO4R1/20
CPCH %5 A61B8/00 HO4R1/20 G10K11/02
£ £ 2010262471 2010-11-25 JP
H {0 FF sk US20130229893A1
SNEBEEE Espacenet USPTO
WEER) - _$0
BET —MEFRL B RS EMESEEN/SR S RS PR
MENBEERB. SZEEAMENESRLDEEFREES10MEMN A0
BERERI0RENBH B EPERENSNELERE20 , HF , 3
MELEE20EKEEH BESNMNENESEERERNERHEEST
= 4 s 232
B AL, %31 123
i H M- L - T 22 720
(1]
#_-\...._‘__/
50



https://share-analytics.zhihuiya.com/view/75f93994-e3c3-4673-953a-cfd61750fdbb
https://worldwide.espacenet.com/patent/search/family/046145951/publication/US8717848B2?q=US8717848B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=8717848.PN.&OS=PN/8717848&RS=PN/8717848

