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(54) ULTRASONIC PROBE AND ULTRASONIC DETECTION DEVICE PROVIDED WITH SAID
ULTRASONIC PROBE

(57)  An ultrasonic probe (100) and an ultrasonic de-
tecting device provided with the ultrasonic probe (100).
The ultrasonic probe (100) includes: an ultrasonic trans- 100
ducer array (110) configured to transmit and receive ul-
trasonic waves; a conducting device (20) disposed at the
front end of the ultrasonic transducer array (110), and
the conducting device (20) includes a fluid chamber (130,
130’) filled with fluid (133, 133’). The fluid chamber (130,
130’) has an opening (131, 131’) and an energy receiving
port (132, 132’) which are in communication with each
other, and the opening (131, 131’) is disposed on a front | )
surface of the conducting device (20) and covered by an 110 T e 122 182 141
elastic film (134); an energy applying device (140), con- \HHMO.?[ ‘ HEE’Q%%H oo ‘ m
nected to the energy receiving port (132, 132’) to apply ! l l

energy to the fluid (133, 133") within the fluid chamber 2w e
(130, 130’) to make the elastic film (134) vibrate so as to
generate a shear wave. The present invention adopts a
complete ultrasonic transducer array (110) to receive the
ultrasonic signal including shear wave information, it's
unnecessary to compensate the acquired ultrasonic sig-
nal by virtue of interpolation and beam forming and the
like, thus further improving the convenience and accura-
cy of the measurement, thus achieving good quality of
imaging, small amount of data processing and high de-
tection speed. In addition, it supports both of the function
of the instantaneous elastography and the combined
function of the traditional ultrasonic imaging and the in-

stantaneous elastography.
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Description
TECHNICAL FIELD

[0001] The present invention relates to the field of ul-
trasonic detecting technologies, and in particular to an
ultrasonic probe and an ultrasonic detecting device pro-
vided with the ultrasonic probe.

BACKGROUND

[0002] Instantaneous elastography is a rapidly devel-
oping non-invasive diagnostic technique that utilizes me-
chanical vibration to generate a low-frequency shear
wave inside a tissue and utilizes the ultrasonic waves to
track the propagation of the shear wave inside the tissue,
calculates related information such as the elasticity, at-
tenuation of the tissue through measuring parameters of
the shear wave. At present, the instantaneous elastog-
raphy is mainly applied in the field of non-invasive detec-
tion of liver fibrosis, fatty livers, and the like.

[0003] In an existing instantaneous elastography de-
vice, typically, a vibration column passes through a cent-
er of a B-mode ultrasonic probe and an ultrasonic trans-
ducer array of a B-mode ultrasonic probe. The instanta-
neous elastography device utilizes vibration of the vibra-
tion column to generate a shear wave, and utilizes the
ultrasonic transducer array around the vibration column
to acquire detecting information of the shear wave, and
acquires information such as the elasticity and an ana-
tomical structure of the tissue through processing. How-
ever, the monitoring of the shear wave by such instanta-
neous elastography device is only performed by the ul-
trasonic transducer array around the vibration column.
The monitored information contains both longitudinal dis-
placements and lateral displacements, and the process-
ing is complicated. Although the deficiency of the ultra-
sonic transducer array can be compensated by virtue of
interpolation and beam forming and the like, the quality
and accuracy of imaging will still be affected, and the
amount of data processing will be increased.

SUMMARY

[0004] In order to at least partially solve the problems
existing in the prior art, the present invention provides an
acoustic lens, an ultrasonic probe provided with the
acousticlens and an ultrasonic detecting device provided
with the ultrasonic probe.

[0005] An ultrasonic probe according to an aspect of
the present invention, includes: an ultrasonic transducer
array configured to transmit and receive ultrasonic
waves; a conducting device disposed at a front end of
the ultrasonic transducer array, where the conducting de-
vice includes a fluid chamber filled with fluid, and the fluid
chamber has an opening and an energy receiving port
which are in communication with each other, the opening
is disposed on a front surface of the conducting device
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and covered by an elastic film; and an energy applying
device, connected to the energy receiving port and con-
figured to apply energy to the fluid within the fluid cham-
ber to make the elastic film vibrate so as to generate a
shear wave.

[0006] Preferably, the fluid is liquid.

[0007] Preferably, the fluid chamberis a column shape.
[0008] Preferably, the opening is of a circle or a stripe
shape.

[0009] Preferably, the energy applying device includes
an energy generating device and an energy transferring
device, and the energy transferring device is connected
between the energy generating device and the energy
receiving port.

[0010] Preferably, the energy generating device in-
cludes one or more of a stepper motor, a linear vibrator,
and a variable speed pump.

[0011] Preferably, the fluid chamber is adapted to the
shape of the ultrasonic transducer array, and the fluid
chamber is connected to a front end of the ultrasonic
transducer array.

[0012] Preferably, the conducting device further in-
cludes an acoustic lens, the acoustic lens is connected
to the front end of the ultrasonic transducer array, and
the fluid chamber is disposed in the acoustic lens.
[0013] Preferably, a portion of the ultrasonic transduc-
erarray corresponding to a projection of the fluid chamber
is connected to a first port, and other portion of the ultra-
sonic transducer array is connected to a second port, the
first port is configured for instantaneous elastography,
and the first port and the second port are configured for
ultrasonic imaging.

[0014] An ultrasonic detecting device according to an-
other aspect of the present invention, includes: a driving
unit, connected to the energy applying device of the ul-
trasonic probe to drive the energy applying device; an
ultrasonic unit, connected to the ultrasonic transducer
array of the ultrasonic probe to control the ultrasonic
transducer array to transmit and receive ultrasonic
waves; and an elastography unit, connected to the ultra-
sonic transducer array for receiving and processing a
first electrical signal containing shear wave information
to perform instantaneous elastography.

[0015] Preferably, the elastography unit is connected
toaportion of the ultrasonic transducer array correspond-
ing to the projection of the fluid chamber.

[0016] Preferably, it is characterized in that the ultra-
sonic unit is further configured to perform ultrasonic im-
aging according to a second electrical signal received
from the ultrasonic transducer array.

[0017] Preferably, the processing device further in-
cludes an integrated processing unit which is connected
to the elastography unit and the ultrasonic unit so as to
integrate processing results of the elastography unit and
the ultrasonic unit.

[0018] Preferably, the integrated processing unit is fur-
ther connected to the driving unit to control the driving
unit.
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[0019] Preferably, the ultrasonic detecting device fur-
ther includes a displaying apparatus which is connected
to the processing device.

[0020] The ultrasonic probe provided by the present
invention adopts a complete ultrasonic transducer array
to receive the ultrasonic signal including the shear wave
information, therefore, it is unnecessary to compensate
the acquired ultrasonic signal by virtue of interpolation
and beam forming and the like, thus further improving
the convenience and accuracy of the measurement, and
reducing the processing difficulty. Thus it can be seen
that the ultrasonic detecting device using the ultrasonic
probe has many advantages, for example, good quality
of imaging, small amount of data processing and high
detection speed. In addition, it supports both of the func-
tion of the instantaneous elastography and the combined
function of the traditional ultrasonic imaging (including
traditional imaging and blood flow imaging) and the in-
stantaneous elastography.

[0021] A series of concepts in a simplified form have
been introduced in the summary of the invention, which
will be described in further detail in the section of detailed
description of embodiments. This summary of the inven-
tion is neither intended to limit the essential features and
necessary technical features of the claimed technical so-
lution, nor to determine the scope of protection of the
claimed technical solution.

[0022] Advantages and features of the present inven-
tion will be described in detail below with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0023] Following drawings of the present invention are
incorporated herein as part of the present invention for
understanding the present invention. The drawings illus-
trate embodiments of the invention and the description
thereof to explain the principles of the invention. In the
drawings,

FIG. 1 is a sectional view of an ultrasonic probe ac-
cording to an embodiment of the present invention;
FIG.2 is a top view of an ultrasonic probe according
to an embodiment of the present invention;

FIG. 3 is a sectional view of an ultrasonic probe ac-
cording to another embodiment of the presentinven-
tion;

FIG. 4 is a schematic block diagram of an ultrasonic
detecting device according to an embodiment of the
present invention; and

FIG. 5 is a schematic block diagram of an ultrasonic
detecting device according to another embodiment
of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0024] Numerous details are provided in the following
description so thatthe presentinvention can be thorough-
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ly understood. However, those skilled in the art will ap-
preciate that the following description merely exemplarily
illustrates preferred embodiments of the present inven-
tion, and the present invention may be practiced without
one or more of these details. In addition, some technical
features that are well known in the art are not described
in detail in order to avoid confusion with the present in-
vention.

[0025] An ultrasonic probe is provided according to an
aspect of the present invention. FIG. 1 and FIG. 2 re-
spectively show a sectional view and a top view of an
ultrasonic probe according to an embodiment of the
present invention. FIG. 3 shows a sectional view of an
ultrasonic probe according to another embodiment of the
present invention. The ultrasonic probe provided by the
present invention will be described in detail with refer-
ence to FIGS. 1-3. As shown in FIGS. 1-3, the ultrasonic
probe 100 includes an ultrasonic transducer array 110,
a conducting device 20and an energy applying device
140.

[0026] Ultrasonic transducer array 110 is configured
to transmit and receive the ultrasonic waves. The ultra-
sonic transducer array 110 performs electrical-acoustic
conversion on the transmitted signal to transmit an ultra-
sonic signal to a tissue, receives the ultrasonic echo sig-
nal reflected by the tissue and performs acoustic-electri-
cal conversion to generate a received signal. The re-
ceived signal may include shear wave information. Op-
tionally, the received signal may also include tissue in-
formation. The tissue information may include informa-
tion such as anatomic information and/or blood flow in-
formation of the tissue for the use in traditional ultrasonic
imaging (herein referred to as ultrasonic imaging). The
ultrasonic image includes a two-dimensional ultrasonic
image acquired based on the anatomic information,
and/or blood flow image of the tissue acquired based on
the blood flow information, and the like. In one embodi-
ment, the ultrasonic transducer array 110 may be any
one or more of a linear array ultrasonic transducer, a
convex array ultrasonic transducer, a phased array ul-
trasonictransducer and atwo-dimensional (2D) ultrason-
ic transducer. Ultrasonic transducer array 110 may be
configured to monitor the shear wave, however, option-
ally, ultrasonic transducer array 110 may also be config-
ured for traditional imaging or blood flow imaging when
properly configured.

[0027] The conducting device 20 is disposed at the
front end of the ultrasonic transducer array 110. The con-
ducting device 20 includes a fluid chamber 130 filled with
fluid. The fluid chamber 130 is configured to be filled with
fluid 133. The fluid 133 is mainly configured to transfer
energy, especially vibration (which will be described in
detail below), and therefore, the term "fluid" referred to
in the present invention is intended to cover all substanc-
es capable of transferring energy (especially vibration).
In general, fluid 133 includes gas or liquid. Because the
fluid chamber 130 is disposed on the transfer path of the
ultrasonic energy and the attenuation velocity of ultra-
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sonic energy is faster in gas than in liquid, it is preferable
that the fluid is liquid. In a preferred embodiment, fluid
133 is water.

[0028] The fluid chamber 130 has an opening 131 and
an energy receiving port 132, and the opening 131 and
the energy receiving port 132 are in communication with
each other. The opening 131 is disposed on the front
surface of the conducting device 20 (i.e., the upper sur-
face shown in FIG. 1). The front surface of the conducting
device 20 refers to the surface of the conducting device
20 that is in contact with a body surface of a human or
an animal. The opening 131 is covered by an elastic film
134. The elastic film 134 may be a film made of various
elastic materials. The energy receiving port 132 isin com-
munication with the opening 131. The energy receiving
port 132 is configured to receive energy. The energy re-
ceived by the energy receiving port 132 reaches the elas-
tic film 134 after being transferred via the fluid in the fluid
chamber 130, causes the elastic film 134 to vibrate and
generate a shear wave, and the ultrasonic waves are
utilized to trace the propagation of the shear wave inside
the tissue, so as to perform instantaneous elastography
and acquire elasticity information and attenuation infor-
mation of the tissue. The structure and position of the
energy receiving port 132 are not limited by the accom-
panying figures. The energy receiving port 132 is config-
ured to be connected to the energy applying device 140
to receive the energy provided by the energy applying
device 140. The structure of the energy receiving port
132 may be designed to be adapted to the energy output
end of the energy applying device 140. The energy re-
ceiving port 132 may be disposed at any position such
as sides, the bottom, or the top of the fluid chamber 130
as long as it functions. The energy receiving port 132
may include an extension 132a to transfer the energy
provided by the energy applying device 140 to the fluid
within the fluid chamber 130. Those skilled in the art can
understand that, the energy receiving port 132 may not
include the extension 132a in some cases, for example,
when the fluid chamber 130 is disposed near the edge
of the conducting device 20 or the lateral (i.e., the hori-
zontal direction shown in FIG. 1) dimension of the fluid
chamber 130 is relatively large. In addition, the energy
output end of the energy applying device 140 may also
be designed to be extended into the conducting device
20, in this case, the energy receiving port 132 may also
notinclude the extension 132a. However, the energy out-
putend of the energy applying device 140 being extended
in to the conducting device 20 may cause the ultrasonic
waves transmitted and received by the ultrasonic trans-
ducer array 110 to encounter the gaseous medium while
propagating in the conducting device 20, and thereby
attenuating the energy of the ultrasonic waves.

[0029] The energy applying device 140 is connected
to the energy receiving port 132 for applying energy to
the fluid 133 within the fluid chamber 130. The energy is
transferred to the elastic film 134 via the fluid 133 so that
the elastic film 134 vibrates and generates a shear wave.
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The shear wave propagates from the body surface to the
inside of the tissue to cause tiny deformation of the bio-
logical tissue by means of external orinternal forces. After
the shearwave is transmitted, ultrasonic waves are trans-
mitted by the ultrasonic transducer array 110, the ultra-
sonic waves are utilized to trace the propagation of the
shear wave inside the tissue so that the parameters of
the shear wave are measured, and further related infor-
mation such as the elasticity and attenuation of the tissue
is calculated. As an example, the shear wave frequency
may range from 10 Hz to 1000 Hz. The amplitude of the
shear wave may range from 0.2 mm to 5 mm.

[0030] The ultrasonic probe provided by the present
invention adopts a complete ultrasonic transducer array
to receive the ultrasonic signal including the shear wave
information, therefore, it's unnecessary to compensate
the acquired ultrasonic signal by virtue of interpolation
and beam forming and the like, thus further improving
the convenience and accuracy of the measurement, and
reducing the processing difficulty. Thus it can be seen
that the ultrasonic detecting device using the ultrasonic
probe has many advantages, for example, good quality
of imaging, small amount of data processing and high
detection speed. In addition, it supports both of the func-
tion of the instantaneous elastography and the combined
function of the traditional ultrasonic imaging (including
traditional imaging and blood flow imaging) and the in-
stantaneous elastography.

[0031] Inone embodiment, as shownin FIGS. 1-2, the
conducting device 20 may further include an acoustic
lens 120 in addition to the fluid chamber 130. The acous-
tic lens 120 is connected to the front end of the ultrasonic
transducer array 110. The fluid chamber 130 is disposed
in the acoustic lens 120. The acoustic lens 120 may sur-
round the fluid chamber 130 from the side and bottom
surfaces of the fluid chamber 130 as shown in FIG. 1. In
other embodiments that are not shown, the acoustic lens
120 may surround the fluid chamber 130 only from the
side surfaces of the fluid chamber 130. In this case, the
bottom surface of the fluid chamber 130 is in contact with
the ultrasonic transducer array 110. The opening 131 of
the fluid chamber 130 is disposed on the front surface of
the acoustic lens 120. When in use, the acoustic lens
120 is in contact with the body surface of the human or
animal. In order to increase the detection sensitivity, that
is, to increase the sound pressure in the measured area,
a focusing acoustic lens may be used. The acoustic lens
120 can be made of any sound-permeable material, such
as silicone rubbers, room temperature vulcanized rub-
bers and high-temperature vulcanized rubbers. The fluid
chamber 130 may have various shapes instead of being
limited to the shapes shown in the drawings. That is, fluid
chambers 130 of various shapes that are capable of
achieving the above-mentioned functions are allincluded
in the protection scope of the present invention. In addi-
tion, although only one fluid chamber 130 is shown in
FIGS. 1-2, the acoustic lens 120 may be provided with a
plurality of fluid chambers. Exemplarily, the plurality of
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fluid chambers may be disposed in a straight line in the
acoustic lens 120 or be disposed in a form of two-dimen-
sional matrix in the acoustic lens 120. The plurality of
fluid chambers may be disposed in any other suitable
manner in the acoustic lens 120 as desired and/or re-
quired.

[0032] In another embodiment, as shown in FIG. 3, a
fluid chamber 130’ is connected to a front end of an ul-
trasonic transducer array 110. In this embodiment, an
acoustic lens is omitted. The fluid chamber 130’ is adapt-
ed to the shape of the ultrasonic transducer array 110.
An opening 131’ of the fluid chamber 130’ is disposed on
the front surface of the fluid chamber 130’. When in use,
the front surface of fluid chamber 130’ is in contact with
the body surface of the human or animal. The opening
131’ may be disposed on the entire front surface of the
fluid chamber 130’ or on a portion of the front surface.
The energy receiving port 132’ is in communication with
the opening 131’. The energy receiving port 132’ is con-
nected to the energy applying device 140 to receive the
energy provided by the energy applying device 140. In
this embodiment, same reference numerals are used to
denote components that are the same as or similar to
those of the previous embodiment, and the same or sim-
ilar components will not be described in further detail
herein.

[0033] Invarious embodiments described above, pref-
erably, the fluid chambers 130 and 130’ may be of a col-
umn shape. The column has a consistent cross section
along the propagation direction of the ultrasonic waves,
and the cross section of the cylinder can be circular, sem-
icircular, polygonal, etc. By providing the fluid chambers
130 and 130’ of a column shape, on one hand, the energy
loss due to collision with the side walls of the fluid cham-
bers 130 and 130’ during transfer of energy may be avoid-
ed; on the other hand, the increased calculation difficulty
in imaging due to the ultrasonic waves or vibration being
reflected or refracted by sidewalls of the fluid chambers
130 and 130’ during the transfer may be avoided.
[0034] The ultrasonic probe of the current instantane-
ous elastography device is mainly configured to detect
elasticity information, attenuation information, and the
like of the liver, and the ultrasonic probe is mainly placed
at the surface of the inter costal space when it works,
and the sizes of the openings 131 and 131’ of the fluid
chamber 130 are typically designed to be relatively small.
In a preferred embodiment, the openings 131 and 131’
of the fluid chamber 130 may be circular so as to perform
spot measurements on the detecting area. In another
preferred embodiment, the openings 131 and 131’ of the
fluid chamber 130 may be of a strip shape to perform a
plane measurement suitable for inter costal detecting.
[0035] Optionally, as shown in FIG. 1 and FIG. 3, the
energy applying device 140 may include an energy gen-
erating device 141 and an energy transferring device
142. The energy transferring device 142 is connected
between the energy generating device 141 and the en-
ergy receiving ports 132 and 132’. In an embodiment,
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the energy generating device 141 may include one or
more of a stepper motor, a linear vibrator and a variable
speed pump. In an embodiment, the energy generating
device 141 is configured to generate low-frequency vi-
brations that are transferred through energy transferring
device 142 to the fluid within fluid chambers 130 and
130’. The energy generating device 141 may be assem-
bled inside a housing (not shown) of the ultrasonic probe
100, or be disposed outside the housing of the ultrasonic
probe 100 as long as the energy can be outputted to the
energy receiving ports 132 and 132’ through the energy
transferring device 142. A direct or indirect way of energy
transferring may be adopted by the energy transferring
device 142 to transfer the vibration generated by the en-
ergy generating device 141 to the fluid 133 and 133'. The
energy transferring device 142 is hermetically connected
to the energy receiving ports 132 and 132’. The energy
transferring device 142 may be a mechanical linkage in
any form as long as the energy outputted by the energy
generating device 141 can be transferred to the fluid 133
and 133’

[0036] The above-mentioned ultrasonic probe provid-
ed by the present invention can be configured for instan-
taneous elastography, and can also be configured for
image-guided instantaneous elastography. The instan-
taneous elastography based on image-guide combines
the functions of instantaneous elastography with the
functions of traditional ultrasonic imaging (i.e., ultrasonic
imaging). Instantaneous elastography is used to acquire
information such as elasticity and attenuation a tissue.
Ultrasonic imaging is used to acquire information such
as an anatomical structure of a tissue, internal fluid ve-
locity, etc. The acquired anatomical structure information
plays a guiding role in the measurement of elasticity re-
lated information. In actual use, ultrasonic imaging may
be utilized first to acquire a two-dimensional ultrasonic
image of a biological tissue in real time by moving the
ultrasonic probe so as to assist and guide the ultrasonic
probe to perform precise positioning on the tissue ac-
cording to actual requirements; then switch to instanta-
neous elastography for the elasticity detecting. Ultrason-
ic imaging and instantaneous elastography can also be
performed simultaneously as required and/or desired.
[0037] In the case where the ultrasonic probe com-
bines the function of instantaneous elastography with the
function of traditional ultrasonic imaging, for the embod-
iment shown in FIGS. 1-2, the portion 110a of the ultra-
sonic transducer array 110 corresponding to the projec-
tion of the fluid chamber 133 is configured to receive the
ultrasonic signal including shear wave information, and
the ultrasonic signal is configured to instantaneous elas-
tography; and the entire ultrasonic transducer array 110
may be configured to receive the ultrasound signal con-
taining anatomic information and/or blood flow informa-
tion, and the ultrasonic signal is configured for ultrasonic
imaging. The portion 110 of the ultrasonic transducer ar-
ray 110 corresponding to the projection of the fluid cham-
ber 133 is connected to the first port 151. Other portion
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110b of the ultrasonic transducer array 110 is connected
to the second port 152. In this way, the first port 151 may
be configured for instantaneous elastography; and the
first port 151 and the second port 152 may be configured
for ultrasonic imaging. Implementation and application
of the functions of instantaneous elastography and ultra-
sonic imaging will be described in detail later. The ultra-
sonic probe of the preferred embodiment includes both
the functions of a traditional ultrasonic imaging probe and
more importantly the functions of instantaneous elastog-
raphy, which enables the measurement of tissue elastic-
ity. Itis unnecessary to switch between two probes when
in use, which is very convenient for the operator.
[0038] In the case where the ultrasonic probe inte-
grates the functions of both instantaneous elastography
and traditional ultrasonic imaging, for the embodiment
shown in FIG. 3, the first port and the second port may
not be distinguished, that s, the port connected with each
part of the ultrasonic transducer array 110 may be con-
figured for both instantaneous elastography and ultra-
sonic imaging.

[0039] According to another aspect of the present in-
vention, an ultrasonic detecting device is also provided.
FIG. 4 illustrates a schematic block diagram of an ultra-
sonic detecting device according to an embodiment of
the present invention. As shown in FIG. 4, the ultrasonic
detecting device includes an ultrasonic probe 100 and a
processing device 200.

[0040] The ultrasonic probe 100 may have any one of
the above-mentioned structures, and the structure of the
ultrasonic probe 100 will not be described in further detail
here for simplicity. Only the ultrasonic probe 100 shown
in FIGS. 1-2 is taken as an example to illustrate the prin-
ciple of the ultrasonic detecting device in FIG. 4. Howev-
er, those skilled in the art will understand that the ultra-
sonic detecting device may also adopt the ultrasonic
probe shown in FIG. 3.

[0041] The processing device 200 may include a driv-
ing unit 210, an ultrasonic unit 220, and an elastography
unit 230.

[0042] The driving unit 210 is connected to the energy
applying device 140 of the ultrasonic probe 100 to drive
the energy applying device 140. The driving unit 210
drives the energy applying device 140 to pressurize the
fluid in the fluid chamber 130 to drive the elastic film of
the fluid chamber 130 vibrate so as to generate the shear
wave.

[0043] The ultrasonic unit 220 is connected to the ul-
trasonic transducer array 110 of the ultrasonic probe 100
to control the ultrasonic transducer array 110 to transmit
and receive ultrasonic waves. After the driving unit 210
drives the ultrasonic probe 100 to transmit the shear
wave, the ultrasonic unit 220 drives the ultrasonic trans-
ducer array 110 to transmit the ultrasonic waves into the
biological tissue according to loaded imaging parame-
ters. The ultrasonic waves may track the propagation of
the shear wave within the tissue, and the ultrasonic trans-
ducer array 110 receives a reflected first ultrasonic signal
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(i.e., ultrasonic echo) that includes shear wave informa-
tion. The ultrasonic transducer array 110 converts the
first ultrasonic signal into a first electrical signal which
contains the shear wave information. In a specific em-
bodiment, the ultrasonic unit 220 may include an ultra-
sonic transmitting module, an ultrasonic receiving mod-
ule and a transmitting-receiving switch circuit. Wherein,
the ultrasonic transmitting module is configured to control
the ultrasonic transducer array 110 to transmit the ultra-
sonic signal; the ultrasonic receiving module is config-
ured to control the ultrasonic transducer array 110 to re-
ceive the ultrasonic echo signal; and the transmitting-
receiving switch circuit is configured to isolate high volt-
age.

[0044] The elastography unit 230 is connected to the
ultrasonic transducer array 110 of the ultrasonic probe
100 so as to receive the first electrical signal containing
the shear wave information and to process the first elec-
trical signal for instantaneous elastography. The instan-
taneous elastography is used to acquire elasticity infor-
mation and/or attenuation information, and the like of the
tissue.

[0045] Preferably, the elastography unit 230 is con-
nected to a portion of the ultrasonic transducer array 110
corresponding to the projection of the fluid chamber 130
(e.g. 110a in FIG. 1). Optionally, the elastography unit
230 may also be connected to the entire ultrasonic trans-
ducer array 110 or any other part of the ultrasonic trans-
ducer array 110 so as to receive the first electrical signal
containing the shear wave information. However, in the
preferred embodiment (i.e., where the elastography unit
230 is connected to 110a), the first ultrasonic signal re-
ceived through the 110a includes information related to
the shear wave propagation, and elasticity information,
attenuation information, and the like of the tissue may be
acquired by processing the first ultrasonic signal without
the requirements of complex processing such as inter-
polation or beam forming. It can be understood that in
the embodiment shown in FIG. 3, since the shape of the
ultrasonictransducer array 110 and thatof the fluid cham-
ber 130 are adapted to each other, the elastography unit
230 may also be connected to the entire ultrasonic trans-
ducer arrays 110 so as to receive the first electrical signal
from the entire ultrasonic transducer array 110. And of
course, optionally, the elastography unit 230 may also
be connected to only a portion of the ultrasonic transduc-
er array 110.

[0046] In the ultrasonic detecting device provided by
the present invention, a complete ultrasonic transducer
array is configured to receive an ultrasonic signal includ-
ing shear wave information, requiring no compensation
for the acquired ultrasonic signal by interpolation, beam
forming, etc., thereby improving convenience and accu-
racy of measurement of a tissue and reducing the diffi-
culty of processing. It can be seen that the ultrasonic
detecting device has many advantages such as good
imaging quality, small data processing amount, and fast
detecting speed.
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[0047] In a preferred embodiment, the ultrasonic unit
220 is further configured to perform ultrasonic imaging
based on a second electrical signal received from the
ultrasonic transducer array 110. The ultrasonic transduc-
er array 110 transmits ultrasonic waves configured for
traditional ultrasonic imaging into the tissue and receives
a reflected second ultrasonic signal (i.e., the ultrasonic
echo). The second ultrasonic signal includes tissue an-
atomic information and/or blood flow information of a tis-
sue. The ultrasonic transducer array 110 converts the
second ultrasonic signal into a second electrical signal
which is provided to the ultrasonic unit 220 for ultrasonic
imaging. For the processing function of the second elec-
trical signal of the ultrasonic unit 220 is similar to the
ultrasonic imaging unit in a traditional ultrasonic imaging
device. The processing includes, for example, one or
more of beam forming, demodulation, compression,
blood flow estimation, spectrum calculation, DSC con-
version, and the like. The ultrasonic imaging is used to
acquire information such as anatomy and blood flow of
the tissue. The ultrasonic detecting device of this pre-
ferred embodiment includes both the functions of the tra-
ditional ultrasonic imaging and, more importantly, the
function of supporting instantaneous elastography. It's
unnecessary to switch between two probes when in use,
which is very convenient for the operator.

[0048] In a preferred embodiment, as shown in FIG. 5,
the processing device 200 further includes an integrated
processing unit 240. Except for this, the ultrasonic de-
tecting device shown in FIG. 5 is basically the same as
the ultrasonic detecting device in the foregoing embodi-
ments, so the same reference numerals are used in FIG.
5 for the same or similar components which will not be
described in further detail. The integrated processing unit
240 is connected to the elastography unit 230 and the
ultrasonic unit 220. The integrated processing unit 240
may integrate the processing results of the elastography
unit 230 and the ultrasonic unit 220 to provide various
biological tissue information including elasticity, attenu-
ation, anatomical Structure, blood flow, and the like of
the tissue. Optionally, the integrated processing unit 240
may also provide the ultrasonic unit 220 and the elastog-
raphy unit 230 with parameter controlling of ultrasonic
imaging. Exemplarily, the integrated processing unit 240
may perform calculating according to parameters such
as ultrasonic wave propagation speed, array element
spacing and the detecting depth, so as to control aspects
of the ultrasonic transducer array 110 such as start time,
stop time, pulse width and pulse repetition rate through
the ultrasonic unit 220 and the elastography unit 230.
[0049] In a further preferred embodiment, the integrat-
ed processing unit 240 is further connected to the driving
unit 210 for controlling the driving unit 210. As an exam-
ple, the integrated processing unit 240 may control the
amplitude, frequency and time of vibration generated by
the energy applying device 140 which is driven by the
driving unit 210.

[0050] Inone embodiment, the ultrasonic detecting de-
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vice further includes a displaying apparatus 300 connect-
ed to the processing device 200, as shown in FIGS. 4-5.
The displaying apparatus 300 is configured to display a
two-dimensional ultrasonic image, a blood flow image,
and/or elasticity information, attenuation information, and
the like of a tissue. Optionally, the displaying apparatus
300 may be connected to the integrated processing unit
240 to display processing result calculated by the inte-
grated processing unit 240. Optionally, in the embodi-
ment where the processing device 200 does not include
the integrated processing unit 240, the displaying appa-
ratus 300 may be directly connected to the elastography
unit 230 and/or the ultrasonic unit 220 to directly display
the processing result of the elastography unit 230 and/or
the ultrasonic unit 220.

[0051] The present invention has been described with
reference to the above embodiments, but it should be
understood that the above described embodiments are
for the purpose of illustration and description only and
are notintended to limitthe presentinvention to the scope
of the described embodiments. In addition, those skilled
in the art can understand that the present invention is not
limited to the foregoing embodiments, and various vari-
ations and modifications can be made according to the
teachings of the present invention, and these variations
and modifications all fall within the protection scope
claimed by the invention. The protection scope of the
invention is defined by the appended claims and their
equivalents.

Claims

1. An ultrasonic probe, wherein, the ultrasonic probe
comprises:

an ultrasonic transducer array configured to
transmit and receive ultrasonic waves;

a conducting device disposed at a front end of
the ultrasonic transducer array, wherein the con-
ducting device comprises a fluid chamber filled
with fluid, and the fluid chamber has an opening
and an energy receiving port which are in com-
munication with each other, and the opening is
disposed on a front surface of the conducting
device and covered by an elastic film; and

an energy applying device, connected to the en-
ergy receiving port and configured to apply en-
ergy to the fluid within the fluid chamber to make
the elastic film vibrate so as to generate a shear
wave.

2. The ultrasonic probe according to claim 1, wherein
the fluid is liquid.

3. The ultrasonic probe according to claim 1, wherein
the fluid chamber is of a column shape.



10.

1.

13 EP 3 446 635 A1 14

The ultrasonic probe according to claim 1, wherein
the opening is of a circle or a stripe shape.

The ultrasonic probe according to claim 1, wherein
the energy applying device comprises an energy
generating device and an energy transferring device,
and the energy transferring device is connected be-
tween the energy generating device and the energy
receiving port.

The ultrasonic probe according to claim 5, wherein
the energy generating device comprises one or more
of a stepper motor, a linear vibrator, and a variable
speed pump.

The ultrasonic probe according to claim 1, wherein
the fluid chamber is adapted to the shape of the ul-
trasonic transducer array, and the fluid chamber is
connected to a front end of the ultrasonic transducer
array.

The ultrasonic probe according to claim 1, wherein
the conducting device further comprises an acoustic
lens, the acoustic lens is connected to the front end
of the ultrasonic transducer array, and the fluid
chamber is disposed in the acoustic lens.

The ultrasonic probe according to claim 8, wherein
a portion of the ultrasonic transducer array corre-
sponding to a projection of the fluid chamber is con-
nected to a first port, and other portion of the ultra-
sonictransducer array is connected to a second port,
the first port is configured for instantaneous elastog-
raphy, and the first port and the second port are con-
figured for ultrasonic imaging.

An ultrasonic detecting device, wherein the ultrason-
ic detecting device comprises:

the ultrasonic probe according to any one of
claims 1-9; and
a processing device, which comprises:

a driving unit, connected to the energy ap-
plying device of the ultrasonic probe to drive
the energy applying device;

an ultrasonic unit, connected to the ultra-
sonic transducer array of the ultrasonic
probe to control the ultrasonic transducer
array to transmit and receive ultrasonic
waves; and

an elastography unit, connected to the ul-
trasonic transducer array for receiving and
processing a first electrical signal contain-
ing shear wave information to perform in-
stantaneous elastography.

The ultrasonic detecting device according to claim
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12.

13.

14.

15.

10, wherein the elastography unit is connected to a
portion of the ultrasonic transducer array corre-
sponding to a projection of the fluid chamber.

The ultrasonic detecting device according to claim
10, wherein:

the ultrasonic unit is further configured to per-
form ultrasonic imaging according to a second
electrical signal received from the ultrasonic
transducer array.

The ultrasonic detecting device according to claim
12, wherein the processing device further comprises
an integrated processing unit which is connected to
the elastography unit and the ultrasonic unit so as
to integrate processing results of the elastography
unit and the ultrasonic unit.

The ultrasonic detecting device according to claim
13, wherein the integrated processing unit is further
connected to the driving unit to control the driving
unit.

The ultrasonic detecting device according to claim
10, wherein the ultrasonic detecting device further
comprises a displaying apparatus which is connect-
ed to the processing device.
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