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7) ABSTRACT

According to one embodiment, an ultrasound diagnosis
apparatus transmits ultrasound waves to a subject from a
plurality of transducers each corresponding to one of a
plurality of channels, and receives reflected waves generated
in the subject by the transducers. The ultrasound diagnosis
apparatus includes a control circuit and a receiving circuit.
The control circuit controls channels used to transmit ultra-
sound waves and channels not used to transmit ultrasound
waves among the channels. The receiving circuit receives
the reflected waves, and includes a preamplifier and an
impedance control circuit. The preamplifier amplifies the
reflected waves. The impedance control circuit is located on
the upstream side of the preamplifier, and sets line imped-
ance in a transmitting period, in which the ultrasound waves
are transmitted from the transducers to the inside of the
subject, to be lower than that in a receiving period, in which

CPC ... A61B 8/145; A61B 8/54; A61B 8/4488 the reflected waves are received by the transducers.
(Continued) 12 Claims, 7 Drawing Sheets
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FIG.6
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FIG.7
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1
ULTRASOUND DIAGNOSIS APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2016-040519,
filed on Mar. 2, 2016; the entire contents of which is
incorporated herein by reference.

FIELD

Embodiments described herein relate generally to an
ultrasound diagnosis apparatus.

BACKGROUND

In the medical field, the ultrasound diagnosis apparatus is
used for various diagnoses and treatments because it can
investigate the internal structure, blood flow state, and the
like of the subject non-invasively. The ultrasound diagnosis
apparatus transmits ultrasound waves into the body from an
ultrasound probe having a transducer (piezoelectric trans-
ducer) at its tip and brought into contact with the body
surface of the subject. Then, the transducer of the ultrasound
probe receives reflected waves caused by the acoustic
impedance mismatch inside the subject. The ultrasound
diagnosis apparatus generates an ultrasound image based on
the received signal obtained in this way.

When the ultrasound diagnosis apparatus generates the
ultrasound image, the reflected waves (received echo)
received by the transducer are amplified by a preamplifier in
a receiving circuit. However, unless appropriate gain control
is performed on the preamplifier, the preamplifier saturates,
and an appropriate ultrasound image is not to be generated
and displayed. As described above, the ultrasound diagnosis
apparatus generates the ultrasound image using the reflected
waves received from the subject, and therefore, is required
to transmit and receive ultrasound waves as accurate as
possible.

Meanwhile, in recent years, a technique called harmonic
imaging has been developed. The harmonic imaging uses a
nonlinear component detected in a trace amount when a
sound wave propagates with respect to the generation of an
ultrasound image. An ultrasound wave has the property that
it propagates in a high sound pressure part at a higher speed
than in a low sound pressure part. Therefore, even if the
transmitted ultrasound waves are sinusoidal waves com-
posed of reference wave components, the distortion gradu-
ally occurs in the course of the propagation. As a result, the
ultrasound waves include harmonic waves having nonlinear
components.

Examples of the harmonic imaging using harmonic com-
ponents include contrast harmonic imaging (CHI). In CHI,
a subject is administered a contrast medium containing
microbubbles for ultrasound waves to image harmonic com-
ponents generated when the microbubbles resonate and
collapse.

Therefore, in CHI, it is necessary to use microbubbles
without destroying them. However, even in the case of
ultrasound irradiation used in normal diagnosis, the
microbubbles can be destroyed by the mechanical action of
ultrasound waves. If the microbubbles are destroyed, the
intensity of reflected signals is deteriorated. Therefore, in
order not to destroy the microbubbles as much as possible,
there is a demand for imaging by ultrasound transmission at
a low sound pressure level. On the other hand, the imaging
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by ultrasound transmission at a low sound pressure level
raises concerns about the reduction in S/N ratio.

In CHI, reference wave components and higher harmonic
components are separated by filtering and waveform com-
putation to extract harmonic components. Although there are
various methods for extracting the harmonic components, in
order to solve the problem in imaging by ultrasound trans-
mission of low sound pressure, for example, a method called
amplitude modulation is used. In the amplitude modulation
method, ultrasound waves are transmitted three times such
that the ratio of the relative sound pressures of them
becomes 1:2:1. Then, the sum of two received signals having
a transmission sound pressure 1 is subtracted from a
received signal having a sound pressure 2 to remove the
reference wave components, thereby extracting the har-
monic components.

In this manner, in CHI, ultrasound waves are transmitted
and received a plurality of times with different sound pres-
sures to extract the harmonic components. In order to set the
transmission sound pressures 1 and 2 to different values,
voltages applied to transducers may be set to different
values; however, it is difficult to set the applied voltages to
different values with high accuracy. Therefore, all the trans-
ducers are operated for the transmission sound pressure 2,
while half of the transducers are operated for the transmis-
sion sound pressure 1 to adjust the sound pressure. In the
case of setting the transmission sound pressure 1, to match
the transmission apertures with those of the transmission
sound pressure 2, odd-numbered or even-numbered trans-
ducers (i.e., every other channels) of the transducer array are
operated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating the overall configu-
ration of an ultrasound diagnosis apparatus according to an
embodiment;

FIG. 2 is ablock diagram illustrating the internal structure
of a receiving circuit of the embodiment;

FIG. 3 is a schematic diagram for explaining transmission
channels and non-transmission channels of the embodiment;

FIG. 4 is a schematic diagram for explaining transmission
channels and non-transmission channels of the embodiment;

FIG. 5 is a waveform diagram illustrating a relationship
between a signal waveform upon transmitting and receiving
ultrasonic waves and a waveform of a control signal to an
impedance control switching element in an impedance con-
trol circuit upon transmitting and receiving in the embodi-
ment;

FIG. 6 is a flowchart illustrating a flow of control when
ultrasonic waves are transmitted and received in the embodi-
ment; and

FIG. 7 is a flowchart illustrating a flow of control when
ultrasonic waves are transmitted and received in the embodi-
ment.

DETAILED DESCRIPTION

In general, according to one embodiment, an ultrasound
diagnosis apparatus is configured to transmit ultrasound
waves to the inside of a subject from a plurality of trans-
ducers each corresponding to one of a plurality of channels,
and receive reflected waves generated in the subject by the
transducers. The ultrasound diagnosis apparatus includes a
control circuit and a receiving circuit. The control circuit is
configured to control channels used to transmit ultrasound
waves and channels not used to transmit ultrasound waves
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among the channels. The receiving circuit is configured to
receive the reflected waves, and includes a preamplifier and
an impedance control circuit. The preamplifier is configured
to amplify the reflected waves. The impedance control
circuit is located on the upstream side of the preamplifier,
and is configured to set line impedance in a transmitting
period, in which the ultrasound waves are transmitted from
the transducers to the inside of the subject, to be lower than
that in a receiving period, in which the reflected waves are
received by the transducers.

Referring now to the drawings, a description is given of
an ultrasound diagnosis apparatus according to embodi-
ments.

[Configuration of Ultrasound Diagnosis Apparatus]

FIG. 1 is a block diagram illustrating the overall configu-
ration of an ultrasound diagnosis apparatus 1 according to an
embodiment. As illustrated in FIG. 1, the ultrasound diag-
nosis apparatus 1 includes an ultrasound probe 2 for trans-
mitting and receiving ultrasound waves to and from a
subject, and a main body 3 to which the ultrasound probe 2
is detachably connected.

The ultrasound probe 2 transmits and receives ultrasound
waves in a state where its distal end surface is in contact with
the surface of the subject. The ultrasound probe 2 has a
plurality of built-in piezoelectric transducers, which are
one-dimensionally arranged in the distal end surface. The
ultrasound probe 2 transmits ultrasound waves into the
subject from each of the piezoelectric transducers to scan a
scan area, and receives reflected waves from the subject as
echo signals. Examples of the scan include B mode scan and
Doppler mode scan.

In addition, the ultrasound probe 2 has a sector scan
correspondence, a linear scan correspondence, a convex
scan correspondence, and the like, which are arbitrarily
selected according to a diagnosis site. Besides, the trans-
ducers array is not limited to the one-dimensional array.
When the transducers are two-dimensionally arranged, the
volume data can be acquired in real time. In the case of
obtaining a three-dimensional stereoscopic image, a 3D
scanning probe is used as the ultrasound probe 2. Examples
of the 3D scanning probe include 2D array probes, mechani-
cal 4D probes, and the like.

The main body 3 includes therein a transmitting circuit
31, a receiving circuit 32, a signal processing circuit 33, an
image processing circuit 34, a display circuit 35, an input
circuit 36, and a control circuit 37 that controls each of them.
The transmitting circuit 31 transmits a drive signal to the
ultrasound probe 2. The receiving circuit 32 receives a
reflected signal from the ultrasound probe 2. The signal
processing circuit 33 processes the reflected signal. The
image processing circuit 34 generates an ultrasound image.
The display circuit 35 displays various images. The input
circuit 36 receives input operation from the operator such as
an examiner. These circuits are connected to a bus 38 and
capable of exchanging various signals.

The main body 3 may be connected to another image
diagnosis apparatus (modality), an image server, an image
processing apparatus, or the like via a communication net-
work. Information can be communicated via the communi-
cation network using any standard such as digital imaging
and communications in medicine (DICOM).

Under the control of the control circuit 37, the transmit-
ting circuit 31 generates a drive signal for generating ultra-
sound waves in the ultrasound probe 2, that is, an electric
pulse signal (hereinafter referred to as “drive pulse”) to be
applied to each of the piezoelectric transducers. The trans-
mitting circuit 31 transmits the drive pulse generated to the
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ultrasound probe 2. The transmitting circuit 31 includes
various circuits such as a reference pulse generating circuit,
a delay control circuit, a drive pulse generating circuit, and
the like (not illustrated), and the circuits implement the
above-described functions.

The receiving circuit 32 receives a reflected signal, that is,
an echo signal, from the ultrasound probe 2. The receiving
circuit 32 performs phase addition on the received signal,
and outputs the signal acquired by the phasing addition to
the signal processing circuit 33.

FIG. 2 is ablock diagram illustrating the internal structure
of the receiving circuit 32 of the embodiment. The receiving
circuit 32 has a receiving echo signal line 321 connected to
the transducers for sending the received echo signal to the
signal processing circuit 33. A line switching element 322
and a preamplifier 323 are connected to the receiving echo
signal line 321; the line switching element 322 is connected
to the upstream side (a position close to the transducers),
while the preamplifier 323 is connected to the downstream
side (a position close to the signal processing circuit 33).

The line switching element 322 switches on and off the
connection between the receiving circuit 32 and the trans-
ducers. Therefore, when the line switching element 322 is
ON, reflected waves are received. On the other hand, when
the line switching element 322 is OFF, reflected waves are
not received. In addition, the preamplifier 323 is configured
to amplify the reflected waves transmitted from the trans-
ducers and received through the receiving echo signal line
321.

Although FIG. 2 illustrates only the line switching ele-
ment 322 and the preamplifier 323 connected to the receiv-
ing echo signal line 321, for example, a capacitor may be
connected to the upstream side of the preamplifier 323.

In the receiving circuit 32 of the embodiment, an imped-
ance control circuit 4 is connected to the receiving echo
signal line 321 between the line switching element 322 and
the preamplifier 323. The impedance control circuit 4
reduces the adverse effect caused by the crosstalk to the
non-transmitting channel when ultrasound waves are trans-
mitted to the inside of the subject from the transmitting
circuit 31 through the transducers by the amplitude modu-
lation.

The impedance control circuit 4 includes an impedance
control switching element 41. In the impedance control
switching element 41, an emitter is connected to the receiv-
ing echo signal line 321, and a collector is grounded to the
ground.

In the embodiment, resistors 42 are arranged between the
impedance control switching element 41 and the receiving
echo signal line 321. One of the resistors 42 is connected to
the emitter of the impedance control switching element 41,
and the other is connected to the receiving echo signal line
321. An input line 43 for inputting a control signal from the
control circuit 37 is connected to the base of the impedance
control switching element 41.

Referring back to FIG. 1, the signal processing circuit 33
generates various types of data using a received signal
supplied from the receiving circuit 32, and outputs the data
to the image processing circuit 34 and the control circuit 37.
The signal processing circuit 33 includes, for example, a B
mode processing circuit (or a Bc mode processing circuit),
a Doppler mode processing circuit, a color Doppler mode
processing circuit, and the like (not illustrated). The B mode
processing circuit visualizes the amplitude information of
the received signal, and generates data of a B mode signal.
The Doppler mode processing circuit extracts Doppler shift
frequency components from the received signal, and applies
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the fast Fourier transform (FFT) and the like to generate
Doppler signal data of blood flow information. The color
Doppler mode processing circuit visualizes the blood flow
information based on the received signal, and generates data
of the color Doppler mode signal.

Based on the data supplied from the signal processing
circuit 33, the image processing circuit 34 generates a
two-dimensional or three-dimensional ultrasound image of
the scan region. For example, the image processing circuit
34 generates volume data related to the scan area from the
data supplied. Then, from the volume data thus generated,
the image processing circuit 34 generates data of a two-
dimensional ultrasound image by multi-sectional recon-
struction method (MPR) or data of a three-dimensional
ultrasound image by volume rendering. The image process-
ing circuit 34 outputs the two-dimensional or three-dimen-
sional ultrasound image thus generated to the display circuit
35. Examples of the ultrasound image include a B mode
image, a Doppler mode image, a color Doppler mode image,
an M mode image, and the like.

The display circuit 35 displays various images such as an
ultrasound image generated by the image processing circuit
34, an operation screen (e.g., graphical user interface (GUT)
for receiving various instructions from the operator), and the
like under the control of the control circuit 37. As the display
circuit 35, for example, a liquid crystal display, an organic
electroluminescence (EL) display, or the like can be used.

The input circuit 36 receives various inputs by the opera-
tor such as instructions for imaging, image display, switch-
ing images, designating the mode, various settings, and the
like. As the input circuit 36, for example, a GUI or an input
device such as buttons, a keyboard, a trackball, or the like
can be used.

The control circuit 37 has a memory (not illustrated), and
controls the respective parts of the ultrasound diagnosis
apparatus 1 in a comprehensive manner. For example, the
control circuit 37 controls the impedance in the receiving
circuit 32 when ultrasound waves are transmitted and
received via the transmitting circuit 31 and the receiving
circuit 32. In addition, the control circuit 37 performs
control to store data supplied from the signal processing
circuit 33, data obtained by predetermined processing, and
the like in the storage circuit, and to display an image on the
display circuit 35.

For example, the transmitting circuit 31 can be realised by
software that causes a processor to execute a program stored
in a predetermined memory or the like. The term “proces-
sor” as used herein refers to, for example, a dedicated or
general purpose a central processing unit (CPU), an arith-
metic circuit (circuitry), an application specific integrated
circuit (ASIC), a programmable logic device (e.g., simple
programmable logic device (SPLD), a complex program-
mable logic device (CPLD), and a field-programmable gate
array (FPGA)), and the like.

The processor reads out a program stored in the memory
or directly embedded in the circuit of the processor and
executes it, thereby realizing the functions. The memory for
storing the program may be provided separately for each
processor or may be, for example, one that stores programs
corresponding to the functions of the signal processing
circuit 33 illustrated in FIG. 1. For example, a storage device
such as a general random access memory (RAM) or a hard
disc drive (HDD) is applied to the configuration of the
memory.

The control circuit 37 controls the transmitting circuit 31
based on a control signal for forming a drive pulse, and a
control signal for distinguishing between a transmitting
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period and a receiving period. The transmitting circuit 31
generates a drive pulse for forming a transmission pulse
from each of the transducers based on a combination of the
control signals. Besides, based on the combination of the
control signals, the transmitting circuit 31 selects, from the
transducers, those that transmit the transmission pulse and
those that do not.

The transmitting circuit 31 selects transducers that trans-
mit the transmission pulse and transducers that do not to
control the transmission sound pressure. For example,
assuming that the sound pressure is 2 when a transmission
pulse is transmitted from all the transducers at the time of
transmission, in the case of transmitting the transmission
pulse at a transmission sound pressure such that the sound
pressure relatively becomes 1, odd-numbered or even-num-
bered transducers are assigned as those that do not perform
transmission. Upon receiving, the reflected waves (received
echo) from the subject, are received by both the transmitting
transducers and the non-transmitting transducers.

The transmitting circuit 31 generates drive pulses having
waveforms different from each other in voltage and polarity
for driving the transducers based on the delayed reference
pulse. The drive pulse is generated for each of the transduc-
ers, and is applied to corresponding one of the transducers.
Thereby, a transmission pulse is transmitted from each of the
transducers to the inside of the subject. That is, in the
transmitting circuit 31, a circuit that generates the drive
pulse is paired with a transducer to which the drive pulse is
applied. Hereinafter, a transducer that transmits the trans-
mission pulse and the circuit that generates the drive pulse
corresponding to the transducer are collectively referred to
as “channel”. In addition, the channel that performs trans-
mission is referred to as “transmission channel”, and the
channel that does not as “non-transmission channel”.

The drive pulse is an electric pulse applied to the trans-
ducer and is a bipolar pulse signal corresponding to a
waveform transmitted from the transducer. The voltage of
the drive pulse determines the sound pressure of ultrasound
waves to be transmitted. Further, the burst frequency and
burst count of the drive pulse determines the frequency of
and burst count of the ultrasound waves.

FIGS. 3 and 4 are schematic diagrams for explaining
transmission channels and non-transmission channels of the
embodiment. In FIGS. 3 and 4, each channel is illustrated as
a circle. Circles drawn by solid line represent transmission
channels, and those drawn by broken line represent non-
transmission channels. A transmission pulse is transmitted
from the transmission channels to the inside of the subject.
In FIGS. 3 and 4, this transmission is indicated by arrows
extending rightward from the solid circles that represent the
transmission channels.

In the case of using amplitude modulation in CHI, the
transmission sound pressure is changed by controlling the
number of transmission channels. For example, FIG. 3
illustrates a case of the transmission sound pressure “2”,
while FIG. 4 illustrates a case of the transmission sound
pressure “17, which is %2 of the case illustrated in FIG. 3.
Although FIGS. 3 and 4 illustrate only six channels for
convenience of explanation, actually, there are more chan-
nels, for example, 128 channels or the like.

As illustrated in FIG. 3, in the case of the transmission
sound pressure “2” all the channels are used as the trans-
mission channels, and a transmission pulse is transmitted
from all the channels.

On the other hand, as illustrated in FIG. 4, in the case of
the transmission sound pressure “1”, for example, the odd-
numbered channels are assigned to the transmission chan-
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nels, and the even-numbered channels are assigned to the
non-transmission channels. The assignment to the transmis-
sion channels and the non-transmission channels is alter-
nately switched between the odd-numbered channels and the
even-numbered channels for every transmission. A trans-
mission pulse is transmitted from the transducers assigned to
the transmission channels.

The non-transmission channels in FIG. 4 are influenced
by crosstalk (leakage of transmitted signals) from the adja-
cent transmission channels as indicated by arrows a. As
described above, when used as a non-transmission channel,
no drive pulse is generated, and therefore a drive pulse is not
applied to the corresponding transducer. Therefore, a trans-
mission pulse is not transmitted from the transducer of the
non-transmission channel. Nevertheless, a voltage is some-
times applied to the transducers of the non-transmission
channels due to the crosstalk from the transmission chan-
nels. As a result, unintended transmission pulses are gener-
ated from the transducers assigned to the non-transmission
channels as indicated by arrows b. Due to the influence of
the crosstalk on the non-transmission channels from the
transmission channels, actual output of the transmission
sound pressure may become larger than “1” in some cases.

With reference to FIG. 3, in order to simplify the expla-
nation, an example is described in which all the channels
existing in the ultrasound probe 2 perform transmission
alternately between odd-numbered channels and even-num-
bered channels. However, in actual ultrasound probes, the
number of transducers to be used may be determined accord-
ing to the opening width, and transducers that are not used
according to the opening width are present as non-transmis-
sion channels. Therefore, crosstalk may occur in transducers
that are not selected to form the opening. As described
above, transducers to be used are determined according to
the opening width. The positions of the transducers to be
used are changed for each transmission such that they are
evenly used. For example, control is performed such that the
transducers are used while being shifted by a predetermined
number of transducers with respect to each transmission
pulse, and in the beginning, the transducers not selected for
the opening range are sequentially used.

In the embodiment, the line impedance is controlled in the
receiving echo signal line 321 of the receiving circuit 32 to
prevent the image deterioration due to the crosstalk occur-
ring between the transmission channels and the non-trans-
mission channels.

[Operation]

Next, with reference to FIGS. 2 and 5, a description is
given of the operation of controlling the line impedance in
the receiving echo signal line 321 of the receiving circuit 32.

As described above, when transmission pulses are trans-
mitted from the transmission channels, the non-transmission
channels are affected by the crosstalk from the adjacent
transmission channels. As a result, unintended transmission
pulses are transmitted to the subject from the non-transmis-
sion channels that are originally not supposed to transmit
transmission pulses. Therefore, to reduce the transmission of
the transmission pulses from the non-transmission channels,
control may be performed such that the non-transmission
channels are not affected by the crosstalk from the trans-
mission channels.

Described below is control in the non-transmission chan-
nels adjacent to the transmission channels. When transmis-
sion pulses are transmitted from the transmission channels to
the subject, no transmission pulse is transmitted from the
non-transmission channels to the subject. In other words, the
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non-transmission channels are in a state of receiving
reflected waves from the subject.

Therefore, in the receiving echo signal line 321 of the
receiving circuit 32, the line switching element 322 is ON,
and the transducers and the receiving circuit 32 are con-
nected. When the receiving echo signal line 321 is in this
state, the impedance of the receiving echo signal line 321
viewed from the transducers is the line impedance of the
preamplifier.

When the receiving circuit 32 receives transmission cross-
talk from the transmission channels in the non-transmission
channels in such a state, a transmitted signal divided by
impedance between signal lines and the original line imped-
ance in the receiving echo signal line 321 appears in the
receiving echo signal line 321. In order to avoid the influ-
ence of the crosstalk, the impedance control circuit 4 pro-
vided to the receiving echo signal line 321 is used to keep
the impedance of the receiving echo signal line 321 low.

FIG. 5 is a waveform diagram illustrating a relationship
between a signal waveform upon transmitting and receiving
ultrasonic waves and a waveform of a control signal to the
impedance control switching element 41 in the impedance
control circuit 4 upon transmitting and receiving.

The upper part of FIG. § illustrates the waveform of a
transmitted signal transmitted from the control circuit 37 to
the transmission channels for transmitting ultrasound waves
from the transmission channels to the subject, and the
waveform of a received signal when the transmission chan-
nels receive reflected waves. The lower part of FIG. 5
illustrates ON and OFF of the control signal input from the
control circuit 37 to the impedance control switching ele-
ment 41 via the input line 43.

In both the upper and lower waveform diagrams, the
horizontal axis represents time (sec). In the lower part, the
vertical axis represents the voltage (v) of the control signal
input to the impedance control switching element 41. Fur-
ther, Vdd (v) represents the voltage of the control signal
input from the control circuit 37 to the impedance control
switching element 41.

The control circuit 37 transmits a control signal to the
impedance control switching element 41 before transmis-
sion pulses are actually transmitted from the transducers in
the transmission channels to the subject. Upon receipt of the
control signal from the control circuit 37, the impedance
control switching element 41 is turned on. When the imped-
ance control switching element 41 is turned on, the receiving
echo signal line 321 and the ground are connected.

In the impedance control circuit 4, the impedance control
switching element 41 is connected to the resistor 42. There-
fore, when the impedance control switching element 41 is
turned on, the line impedance in the receiving echo signal
line 321 becomes the impedance of the resistor 42.

As described above, when the impedance control switch-
ing element 41 is OFF, the line impedance in the receiving
echo signal line 321 becomes the line impedance of the
preamplifier 323. Although the line impedance of the pre-
amplifier 323 is selected according to the band desired to be
generated as an ultrasound image, high impedance is main-
tained. In the case generating an ultrasound image by the use
of reflected waves received by the receiving circuit 32, if the
line impedance in the receiving circuit 32 is low, the
receiving sensitivity is reduced, and a desired ultrasound
image cannot be generated. Therefore, it is necessary to keep
the line impedance in the receiving echo signal line 321 high
at least while the receiving echo signal is being received.

While the transmission pulses are being transmitted from
the transducers of the ultrasound probe 2 to the subject, the
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ultrasound probe 2 does not receive the reflected waves.
Therefore, in this state, by setting the line impedance in the
receiving echo signal line 321 to a sufficiently low value, it
is possible to reduce the influence of the crosstalk from the
transmission channels as much as possible.

Therefore, by connecting the receiving echo signal line
321 to the ground, the line impedance in the receiving echo
signal line 321 can be made zero. If the line impedance of
the receiving circuit 32 can be made rzero, there is no
influence of the crosstalk from the transmission channels,
and the non-transmission channels are prevented from trans-
mitting unintended transmission pulses when transmission
pulses are transmitted from the transmission channels.

However, if the receiving echo signal line 321 has a direct
current (DC) potential, when the impedance control switch-
ing element 41 is turned on and the receiving echo signal
line 321 of the receiving circuit 32 is connected to the
ground, the impedance control switching element 41 itself
may not be able to withstand the current flowing there-
through. Therefore, in the impedance control circuit 4 of the
embodiment, the resistor 42 is connected between the
impedance control switching element 41 and the receiving
echo signal line 321.

When the impedance control switching element 41 is
turned on, the line impedance in the receiving echo signal
line 321 becomes the impedance indicated by the resistor 42.
Hence, by connecting the low-impedance resistor 42, the
line impedance in the receiving echo signal line 321 can be
set to a sufficiently low value as compared to the original
line impedance in the receiving echo signal line 321. Con-
sequently, even if crosstalk occurs from adjacent transmis-
sion channels, the impedance in the receiving echo signal
line 321 can be kept low. In addition, the current flowing
through the impedance control switching element 41 is
relieved due to the connection to the resistor 42, which leads
to the protection of the impedance control switching element
41.

The impedance control switching element 41 continues to
receive control signals from the control circuit 37 for a while
even after the end of the transmission from the transmission
channels. In this manner, not only a period when transmitted
signals are actually sent to the transmission channels but
also periods before and after the transmission are included in
the transmitting period of transmission pulses from the
transmission channels, and the impedance control switching
element 41 keeps receiving control signals from the control
circuit 37. Thereby, it is possible to sufficiently eliminate the
influence of crosstalk from live transmission channels to the
non-transmission channels.

When the transmitting period ends, the line impedance in
the receiving echo signal line 321 is no longer required to be
low. Thus, the control circuit 37 terminates feeding control
signals to the impedance control switching element 41. The
period from here to the start of the next transmitting period
is the receiving period. In the receiving period, reflected
waves from the transducers, which are the basis of image
generation, are received, and, as described above, the line
impedance in the receiving echo signal line 321 of the
receiving circuit 32 needs to be maintained at a high level.
Therefore, the impedance control switching element 41 is
turned off to cut off the connection between the receiving
echo signal line 321 and the ground. Thus, the line imped-
ance in the receiving echo signal line 321 can be set to the
line impedance of the preamplifier 323, that is, high imped-
ance.

Since the impedance of the receiving echo signal line 321
is kept high, even when both the transmission channels and

20

25

40

45

60

65

10

the non-transmission channels receive reflected waves from
the subject, the receiving circuit 32 can receive the waves
with high sensitivity.

A description has been given of the control for reducing
the influence of the crosstalk that the non-transmission
channels receive from the transmission channels in the
receiving circuit 32. Meanwhile, it is also necessary to
consider the control over the receiving circuit 32 corre-
sponding to the transmission channels.

When a drive pulse is applied to a transducer in a
transmission channel and a transmission pulse is transmitted
to the subject, the line switching element 322 connected to
the receiving echo signal line 321 of the receiving circuit 32
corresponding to the transmission channel is turned off. This
is because if the line switching element 322 is ON in the
transmission channel, the receiving circuit 32 is affected
when a drive pulse is applied to the transducer.

When the line switching element 322 in the receiving
echo signal line 321 of the receiving circuit 32 correspond-
ing to the transmission channel is controlled to be OFF, the
transmitting circuit 31 and the receiving circuit 32 in the
transmission channel are not connected and separated from
each other. Therefore, even if the receiving echo signal line
321 is connected to the ground, it is unlikely to influence the
transmission of transmission pulses from the transmission
channels to the subject.

Therefore, during the transmitting period of transmission
pulses from the transmission channels to the subject, the
impedance control switching element 41 of the impedance
control circuit 4 in the receiving circuit 32 corresponding to
each of the transmission channels is turned on. Then, as
described above, the line impedance of the receiving echo
signal line 321 is kept low.

In view of the above, during the transmitting period in
which the transmission pulses are transmitted from the
transmission channels to the subject, impedance control
circuit 4 is controlled to maintain the line impedance of the
receiving circuit 32 in all of the transmission channels and
the non-transmission channels at a low level regardless of
whether they are odd-numbered or even-numbered channels.

Referring again to FIG. 5, when a transmitted signal
(drive pulse) is applied to the transducers as a channel
signal, the control signal is applied to the impedance control
switching element 41 assuming that it is in the transmitting
period of transmission pulses. As a result, the impedance
control switching element 41 is turned on, and the receiving
echo signal line 321 is connected to the ground. Thereby, the
line impedance in the receiving echo signal line 321 can be
made lower than that when the receiving echo signal line
321 is not connected to the ground.

In the state of receiving reflected waves (echo signals)
after the end of the transmitting period, the feeding of the
control signals to the impedance control switching element
41 is terminated, and the impedance control switching
element 41 is turned off. As a result, the line impedance of
the receiving echo signal line 321 can be made high. Thus,
the reflected waves can be received with high sensitivity.

Next, with reference to the flowcharts illustrated in FIGS.
6 and 7. a description is given of a flow of control when
ultrasonic waves are transmitted and received in the embodi-
ment.

First, in the control circuit 37, transmission channels are
selected for use in transmitting ultrasound waves from the
ultrasound probe 2 to the subject (step ST1). As described
above, in the amplitude modulation, ultrasound waves are
transmitted to the subject with the relative sound pressure
ratio 1:2:1. Therefore, as long as this ratio can be main-
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tained, transmission can be started from either even-num-
bered or odd-numbered channels. For convenience of expla-
nation, first, transmission pulses are transmitted from the
even-numbered channels to the subject.

The control circuit 37 feeds a control signal to the
impedance control switching element 41 in all the channels
(step ST2). As a result, the impedance control switching
element 41 is turned on, and the line impedance of the
receiving echo signal line 321 corresponding to each of all
the channels in the receiving circuit 32 is kept lower than
that in the case of receiving reflected waves.

Next, the control circuit 37 feeds a transmitted signal to
even-numbered channels of the transmitting circuit 31. As a
result, transmission pulses are transmitted from the even-
numbered channels to the subject (step ST3).

Upon completion of the feeding of transmitted signals to
the even-numbered channels (step ST4), the control circuit
37 terminates the feeding of control signals to the impedance
control switching element 41 in all the channels (step ST5).
Thereby, the impedance control switching element 41 is
turned off. As the impedance control switching element 41
is turned off, the impedance, which has been kept low up to
this point, becomes high. Thus, reflected waves can be
received with high sensitivity.

Received signals (reflected waves) from the ultrasound
probe are received in all channels while the line impedance
in the receiving echo signal line 321 is high (step ST6). This
is the end of the control of the impedance control circuit 4
when ultrasound waves are transmitted from the even-
numbered channels.

Next, the control circuit 37 selects all the channels as
transmission channels to be used for transmitting ultrasound
waves from the ultrasound probe 2 to the subject (step ST7).

Then, the control circuit 37 feeds a control signal to the
impedance control switching element 41 in all the channels
(step ST8). As a result, the impedance control switching
element 41 is turned on, and the line impedance of the
receiving echo signal line 321 is kept lower than that in the
case of receiving reflected waves.

The control circuit 37 feeds a transmitted signal to all the
channels of the transmitting circuit 31. Thereby, transmis-
sion pulses are transmitted from all the channels to the
subject (step ST9).

Upon completion of the feeding of transmitted signals to
all the channels (step ST10), the control circuit 37 terminates
the feeding of control signals to the impedance control
switching element 41 in all the channels (step ST11). With
this, the impedance control switching element 41 is turned
off. As the impedance control switching element 41 is turned
off, the impedance, which has been kept low up to this point,
becomes high. Thus, reflected waves can be received with
high sensitivity.

Received signals (reflected waves) from the ultrasound
probe are received in all channels while the line impedance
in the receiving echo signal line 321 is high (step ST12).
This is the end of the control of the impedance control circuit
4 when ultrasound waves are transmitted from all the
channels.

Next, the control circuit 37 selects odd-numbered chan-
nels as transmission channels to be used for transmitting
ultrasound waves from the ultrasound probe 2 to the subject
(step ST13 in FIG. 7).

Then, the control circuit 37 feeds a control signal to the
impedance control switching element 41 in all the channels
(step ST14). As a result, the impedance control switching
element 41 is turned on, and the line impedance of the
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receiving echo signal line 321 is kept lower than that in the
case of receiving reflected waves.

The control circuit 37 feeds a transmitted signal to the
odd-numbered channels of the transmitting circuit 31.
Thereby, transmission pulses are transmitted from the odd-
numbered channels to the subject (step ST15).

Upon completion of the feeding of transmitted signals to
the odd-numbered channels (step ST16), the control circuit
37 terminates the feeding of control signals to the impedance
control switching element 41 in all the channels (step ST17).
With this, the impedance control switching element 41 is
turned off. As the impedance control switching element 41
is turned off, the impedance, which has been kept low up to
this point, becomes high. Thus, reflected waves can be
received with high sensitivity.

Received signals (reflected waves) from the ultrasound
probe are received in all channels while the line impedance
in the receiving echo signal line 321 is high (step ST18).
This is the end of the control of the impedance control circuit
4 when ultrasound waves are transmitted from the odd-
numbered channels.

Thus, the received signals necessary for generating one
ultrasound image have been received. Then, it is checked
whether ultrasound waves are continuously to be transmitted
and received. When ultrasound waves are continuously to be
transmitted and received (YES in step ST19), the process
returns to step ST1 and the control circuit 37 repeats a series
of control described above. On the other hand, when ultra-
sound waves are not to be transmitted and received (NO in
step ST19), the generation of the ultrasound image is com-
pleted.

As described above, during the transmitting period in
which ultrasound waves are transmitted from the transducers
to the inside of the subject, the line impedance in the
receiving echo signal line 321 of the receiving circuit 32 is
set to be lower than that in the receiving period in which
reflected waves generated inside the subject are received by
the transducer. On the other hand, during the receiving
period, regardless of transmission channels and non-trans-
mission channels, the line impedance in the receiving echo
signal, line 321 of the receiving circuit 32 of all the channels
is set to be high. By this control, when amplitude modulation
is performed for contrast harmonic imaging, it is possible to
avoid crosstalk from a channel transmitting ultrasound
waves to a channel not transmitting, thereby reducing trans-
mission from the channel not transmitting. Thus, it is pos-
sible to generate an ultrasound image having a desired image
quality as well as to prevent the deterioration of S/N ratio.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fait within the scope and
spirit of the inventions.

What is claimed is:

1. An ultrasound diagnosis apparatus configured to trans-
mit ultrasound waves to an inside of a subject from a
plurality of transducers, each corresponding to one of a
plurality of channels, and receive, by the transducers,
reflected waves generated in the subject, the apparatus
comprising:
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a control circuit configured to control channels used to
transmit the ultrasound waves and channels not used to
transmit the ultrasound waves, among the plurality of
channels; and
a receiving circuit configured to receive the reflected
waves, wherein the receiving circuit includes
a preamplifier configured to amplify the reflected
waves, and

an impedance control circuit located on an upstream
side of the preamplifier and configured to set line
impedance in a transmitting period, in which the
ultrasound waves are transmitted from the transduc-
ers to the inside of the subject, to be lower than that
in a receiving period, in which the reflected waves
are received by the transducers.

2. The ultrasound diagnosis apparatus of claim 1, wherein
the impedance control circuit includes an impedance control
switching element that is connected to a receiving echo
signal line and ground.

3. The ultrasound diagnosis apparatus of claim 2, wherein
the impedance control circuit further includes a resistor
between the receiving echo signal line and the impedance
control switching element.

4. The ultrasound diagnosis apparatus of claim 1, wherein
the receiving circuit further includes a line switching ele-
ment configured to switch on and off to receive the reflected
waves.

5. The ultrasound diagnosis apparatus of claim 2, wherein
the control circuit is further configured to generate a control
signal to turn on the impedance control switching element in
the transmitting period, and output the control signal to the
impedance control switching element such that the receiving
circuit is grounded via the impedance control circuit to set
the impedance from high to low.

15

14

6. The ultrasound diagnosis apparatus of claim 3, wherein
the control circuit is further configured to generate a control
signal to turn on the impedance control switching element in
the transmitting period, and output the control signal to the
impedance control switching element such that the receiving
circuit is grounded via the impedance control circuit to set
the impedance from high to low.

7. The ultrasound diagnosis apparatus of claim 1, wherein
the impedance control circuit is configured to perform
amplitude modulation in contrast harmonic imaging.

8. The ultrasound diagnosis apparatus of claim 2, wherein
the impedance control circuit is configured to perform
amplitude modulation in contrast harmonic imaging.

9. The ultrasound diagnosis apparatus of claim 3, wherein
the impedance control circuit is configured to perform
amplitude modulation in contrast harmonic imaging.

10. The ultrasound diagnosis apparatus of claim 5,
wherein the control circuit is further configured to control
the receiving circuit to be grounded via the impedance
control circuit to set the impedance from high to low when
performing amplitude modulation in contrast harmonic
imaging.

11. The ultrasound diagnosis apparatus of claim 6,
wherein the control circuit is further configured to control
the receiving circuit to be grounded via the impedance
control circuit to set the impedance from high to low when
performing amplitude modulation in contrast harmonic
imaging.

12. The ultrasound diagnosis apparatus of claim 1,
wherein the impedance control circuit is configured to set
the line impedance under control of the control circuit.

I S T T



THMBW(EF)

[ i (S RIR) A ()

RF(EFR)AGE)

FRI&R BB A

KRN

H 2T SR
S\ EREERE

BEGF)

BRI M

US10575817 NFF(RE)R
US15/427553
REETRGEH/RA a4t

REETRENT

all

SHIBANUMA HIROYUKI
UCHIUMI ISAO

IWAMA NOBUYUKI
KAMEISHI WATARU
FUKUO YUHEI

SHIBANUMA, HIROYUKI
UCHIUMI, ISAO

IWAMA, NOBUYUKI
KAMEISHI, WATARU
FUKUO, YUHEI

A61B8/14 A61B8/00

2020-03-03

2017-02-08

patsnap

A61B8/54 A61B8/145 A61B8/4488 G01S7/5202 G01S7/52025 G01S7/52039 G01S15/8915

2016040519 2016-03-02 JP
US20170252001A1

Espacenet

BRE-IXEH , —HBEFLCHREND NN T ENMEEZ—HZD
MEERANREAFBFER , H EEBRRERENRP =L RSK.

BE YRR OE R e AER B,
TREBEFROBENTATREES RHBEE,
B, ADENERARNENZESBEE, MERRFRARS K. B
ZHERER A T A E RN LN | EREMNREROERERNITER

BRI R A A B & B PR R E N R T R B R &R R .

e

melappaESEEZENA
B B B R 51

|

Hep

R SRR REBR 1R UKo

™o O o= o

lwzc

73
I 3 /‘ k¥ }/ 36
TRARSTIIG s
7 :
CONTROL CIRCUIT v
38
y
- 32 33 34 35
/ [ [ [
. SIGHAL MAGE .
O {0
g;f:(ﬁgc ™2 mocssie [ mocessins ) ﬁ;;éﬁ;
: cReu T



https://share-analytics.zhihuiya.com/view/369bc988-b47b-41fb-b72e-553a50dc8e82
https://worldwide.espacenet.com/patent/search/family/059722437/publication/US10575817B2?q=US10575817B2

