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(57) ABSTRACT

In one embodiment, an ultrasonic diagnostic apparatus
includes a plurality of transmission-wave generation circuits
configured to supply a plurality of transducers of an ultra-
sonic probe with a plurality of transmission waves for
driving the plurality of transducers via a plurality of chan-
nels; and a transmission control circuit configured to inde-
pendently and dynamically control each of the plurality of
transmission-wave generation circuits at a timing different
for each channel.
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ULTRASONIC DIAGNOSTIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2016-040906, filed on Mar. 3, 2016, and Japanese Patent
Application No. 2017-023972, filed on Feb. 13, 2017, the
entire contents of each of which are incorporated herein by
reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic apparatus.

BACKGROUND

[0003] An ultrasonic diagnostic apparatus is configured to
non-invasively acquire information inside an object by
transmitting an ultrasonic pulse and/or an ultrasonic con-
tinuous wave generated by transducers included in an ultra-
sonic probe to an object’s body, receiving a ultrasonic wave
reflected due to difference in acoustic impedance between
respective tissues in the object, and converting the reflected
ultrasonic wave into an electric signal using the transducers.
[0004] In an ultrasonic examination using an ultrasonic
diagnostic apparatus, various types of moving image data
and/or real-time image data can be easily acquired by
scanning an object such that an ultrasonic probe is brought
into contact with a body surface of the object. Thus, an
ultrasonic diagnostic apparatus is widely used for morpho-
logical diagnosis and functional diagnosis of an organ. The
number of transducers included in an ultrasonic probe tends
to increase, although depending on a type of ultrasonic
probe. In recent years, a two-dimensional array probe in
which transducers are two-dimensionally arranged has been
developed for acquiring three-dimensional data. A two-
dimensional array probe has more transducers than a one-
dimensional array probe.

[0005] The larger number of transducers of an ultrasonic
probe becomes, the larger size of a transmission circuit
configured to supply power to the respective transducers
becomes, which increases power consumption of the trans-
mission circuit.

[0006] Additionally, a control signal and a clock signal are
used in a transmission circuit for generating transmission
waves. With an increase in number of transducers, a size of
a circuit for distributing the control signal and the clock
signal increases as well, and thus, noise caused by the
control signal and the clock signal has also increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] In the accompanying drawings:

[0008] FIG. 1 is a block diagram illustrating general
configuration of the ultrasonic diagnostic apparatus of the
first embodiment;

[0009] FIG. 2 is a block diagram illustrating detailed
configuration of a transmitting circuit of the ultrasonic
diagnostic apparatus of the first embodiment;

[0010] FIG. 3 is a schematic timing chart illustrating
timing relationship between respective transmission waves
transmitted from transmission-wave generation circuits;
[0011] FIG. 4 is a timing chart illustrating a case where an
enable period of each transmission amplifier and an enable
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period of each DAC are adapted to a delay time different for
each channel and independently and dynamically controlled
at a timing different for each channel,

[0012] FIG. 5 is a timing chart illustrating a case where
each distribution period of the waveform generation clock
for generating transmission waves is adapted to a delay time
different for each channel and independently and dynami-
cally controlled for each channel;

[0013] FIG. 6 is a block diagram illustrating configuration
of a conventional transmission circuit;

[0014] FIG. 7 is a timing chart illustrating an enable period
of each transmission amplifier and a timing of an enable
period of each DAC in the conventional transmission circuit;
[0015] FIG. 8 is a schematic chart conceptually illustrating
difference in power consumption between the transmitting
circuit of the present embodiment and the conventional
transmission circuit;

[0016] FIG. 9 is a block diagram illustrating detailed
configuration of the transmitting circuit of the second
embodiment;

[0017] FIG. 10 is a schematic diagram illustrating a con-
cept of block in the second embodiment; and

[0018] FIG. 11 is a timing chart illustrating a concept of
each timing of data setting in the second embodiment.

DETAILED DESCRIPTION

[0019] In one embodiment, an ultrasonic diagnostic appa-
ratus includes a plurality of transmission-wave generation
circuits configured to supply a plurality of transducers of an
ultrasonic probe with a plurality of transmission waves for
driving the plurality of transducers via a plurality of chan-
nels; and a transmission control circuit configured to inde-
pendently and dynamically control each of the plurality of
transmission-wave generation circuits at a timing different
for each channel.

[0020] Hereinafter, embodiments of ultrasonic diagnostic
apparatuses will be described with reference to the accom-
panying drawings.

First Embodiment

[0021] (General Configuration)

[0022] FIG. 1 is a block diagram illustrating general
configuration of an ultrasonic diagnostic apparatus 1 of the
first embodiment. The ultrasonic diagnostic apparatus 1
includes an ultrasonic probe 10 and a main body 20.
[0023] The ultrasonic probe 10 includes plural transducers
13 (FIG. 2). Each of the transducers 13 converts a trans-
mission wave outputted as an electric signal from the main
body 20 into an ultrasonic transmission wave, and applies
the ultrasonic transmission wave to an object. Additionally,
each of the transducers 13 converts an ultrasonic signal
reflected from the object into a reception signal as an electric
signal, and transmits the reception signal to the main body
20. The ultrasonic probe 10 is attachably/detachably con-
nected to the main body via a probe cable 11 and a connector
12.

[0024] The ultrasonic probe 10 of the present embodiment
may be a one-dimensional array probe in which the plural
transducers 13 are linearly arrayed or may be a two-dimen-
sional array probe in which the plural transducers 13 are
two-dimensionally arrayed.

[0025] The main body 20 includes a transmitting circuit
30, a transmission power source 40, a scan control circuit 50,
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a receiving circuit 60, a signal/image processing circuit 70,
a host processor 80, an input device 82, a display 84, and
memory circuitry 86.

[0026] The transmitting circuit 30 generates a transmis-
sion wave, amplifies the transmission wave to a predeter-
mined voltage, and then supplies the amplified transmission
wave to the respective transducers 13 of the ultrasonic probe
10. Detailed configuration and operations of the transmitting
circuit 30 will be described below.

[0027] The transmission power source 40 supplies the
transmitting circuit 30 with electric power for generating
transmission waves. The scan control circuit 50 outputs
transmission/reception information to the transmitting cir-
cuit 30, the receiving circuit 60, and the signal/image
processing circuit 70. The transmission/reception informa-
tion includes, e.g., a scanning direction of an ultrasonic
beam and a position of a focal point for scanning a prede-
termined range inside an object’s body.

[0028] The receiving circuit 60 includes a preamplifier,
analog-to-digital converter, a reception delay circuit, and an
adder. The preamplifier amplifies reception signals outputted
from the respective transducers 13 of the ultrasonic probe 10
to a predetermined voltage. The analog-to-digital converter
converts the respective amplified reception signals into
digital amounts (i.e., digital data). The reception delay
circuit delays each of the digitized reception signals by a
delay amount different for each transducer 13. The delay
amounts are determined on the basis of information such as
a scanning direction of a reception ultrasonic beam and a
reception focal-point position, which are instructed by the
scan control circuit 50. The adder performs phase-matching
addition on the reception signals delayed by a delay amount
different for each transducer 13.

[0029] Since a reception beam directed to a predetermined
direction is formed by the reception delay circuit and the
adder, the reception delay circuit and the adder are collec-
tively referred to as a beam former in some cases. An output
signal of the adder may be considered as a reception signal
received by a formed reception beam.

[0030] The signal/image processing circuit 70 performs
signal processing and image processing on reception signals
outputted from the receiving circuit 60 according to its
operation mode.

[0031] For instance, in a B-mode, the signal/image pro-
cessing circuit 70 performs signal processing such as ampli-
tude detection and logarithmic compression on the reception
signals to acquire amplitude information of reflected waves.
Additionally, for instance, in a color Doppler mode, the
signal/image processing circuit 70 performs signal process-
ing such as autocorrelation and MTI (Moving Target Indi-
cator) filter processing on the reception signals to acquire
power information and information on an average value and
dispersion of blood flow velocity. Further, for instance, in a
Doppler mode, the signal/image processing circuit 70 per-
forms signal processing such as Fourier transform to acquire
velocity information such as blood flow velocity in an
instructed direction and at an instructed position. Moreover,
the signal/image processing circuit 70 performs scan con-
version on the reception signals, which have been subjected
to signal processing according to a beam direction and
distance (depth), and then performs predetermined image
processing on the reception signals to generate display data
to be displayed on the display 84, i.c., an ultrasonic image.
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[0032] The host processor 80 is equipped with electronic
components such as a CPU, and controls an overall opera-
tion of the main body 20 by causing the CPU to execute
predetermined programs stored in the memory circuitry 86.
The input device 82 is, e.g., an operation device for a user
such as a keyboard, a mouse, a joystick, and a trackball.
When the display 84 is equipped with a touch panel, this
touch panel is also included in the input device 82.

[0033] The display 84 is a display device configured of,
e.g., a liquid crystal display. The display 84 displays various
types of ultrasonic images generated by the signal/image
processing circuit 70 in addition to data and information
related to a user interface. The memory circuitry 86 stores
various types of data and programs used by the main body
20.

[0034] (Configuration and Operation of Transmission Cir-
cuit)
[0035] Next, configuration and operations of the transmit-

ting circuit 30 of the first embodiment will be described in
detail.

[0036] FIG. 2 is a block diagram illustrating detailed
configuration of the transmitting circuit 30 of the first
embodiment. The transmitting circuit 30 supplies respective
transmission waves to the plural transducers 13 of the
ultrasonic probe 10 via plural channels.

[0037] The above-described “channel” means a path of
transmission-wave generation included in the transmitting
circuit 30, or a path of transmitting a transmission wave
from the main body 20 to the ultrasonic probe 10. Thus, the
number of transmission-wave generation circuits 100
included in the transmitting circuit 30 corresponds to the
number of the channels.

[0038] Note that it is not necessarily required that the
number of the channels matches the number of the trans-
ducers 13 of the ultrasonic probe 10 connected to the main
body 20. For instance, when the number of the transducers
is large like a 2D array probe, all the transducers may be
grouped into plural subarrays, each of which is composed of
a predetermined number of transducers, such that respective
channels are assigned to the subarrays. In this case, the
number of transducers is larger than channel number. Mean-
while, an ultrasonic probe 10 may be replaced by another
prove via a connector. Thus, a probe having a smaller
number of transducers than channel number is connected to
the main body 20 in some cases. In the following, however,
a description will be given of a case where channel number
is equal to number of transducers, i.e., number of transduc-
ers is m and channel number is m (CH1 to CHm) as shown
in FIG. 2.

[0039] Internal configuration of each of the transmission-
wave generation circuits 100 is common to all the channels.
Bach of the transmission-wave generation circuits 100
includes a setting circuit 104, a waveform generation circuit
103, a digital-to-analog conversion circuit 102 (hereinafter,
referred to as the DAC 102), and a transmission amplifier
101.

[0040] In order to control each of the above-described
circuits 102, 103, 104, and the transmission amplifier 101,
the transmitting circuit 30 is equipped with a transmission
control circuit 200. The transmission control circuit 200
includes, as its internal configuration, a transmission-ampli-
fier enable control circuit 201, a clock control circuit 202,
and a setting control circuit 203.
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[0041] Operations of the respective components inside the
transmitting circuit 30 shown in FIG. 2 will be described
with reference to FIG. 3 to FIG. 5.

[0042] FIG. 3 is a schematic timing chart illustrating
timing relationship between the respective transmission
waves transmitted from the respective transducers 13 of the
ultrasonic probe 10, i.e., between the respective transmission
waves separately outputted from the transmission-wave gen-
eration circuits 100. As shown in the top part of FIG. 3, a
group of transmission waves (i.e., the entirety of the respec-
tive transmission waves of all the transducers) are repeti-
tively transmitted in a predetermined cycle. In one cycle, a
reception period is set immediately subsequent to a trans-
mission period of a group of transmission waves, and a
blank period is set immediately subsequent to this reception
period (i.e., between this reception period and the transmis-
sion period of a group of transmission waves in the next
cycle).

[0043] Each of the transmission waves is delayed from a
reference position of a signal synchronized with a pulse
repetition cycle by a delay time different for each transducer.
The reference position is indicated by the arrow vertically
extending downward from the center of the top part in FIG.
2. Then, each of the delayed transmission waves are trans-
ferred to the respective transducers. In FIG. 2, the delay
times for the respective transducers (i.c., channels) are
indicated as tdl, td2, td3, tdm. These delay times are
determined in accordance with a scanning direction of a
transmission beam and a focal-point position of the trans-
mission beam, and are accordingly different for each trans-
ducer. Thus, positions of the transmission waves outputted
from the respective channels are different from each other.
Each transmission wave is a transmission pulse having
predetermined pulse length T. Parameters such as pulse
length T related to a waveform of each transmission wave
are generally common to all the channels, although the
parameters may change depending on an operation mode.

[0044] The delay times for the respective channels are
calculated by the setting control circuit 203 of the transmit-
ting circuit 30 on the basis of, e.g., a focal-point position and
a scanning direction of a transmission beam supplied from
the scan control circuit 50. Additionally or alternatively, the
scan control circuit 50 may calculate the delay times of the
respective channels based on a focal-point position and a
scanning direction of a transmission beam such that the
calculated delay times are received by the setting control
circuit 203.

[0045] The setting control circuit 203 transmits each of the
calculated (or received) delay times to the setting circuit 104
of each of the transmission-wave generation circuits 100.
Each of the setting circuits 104 temporarily holds the
received delay time. Additionally, the parameters related to
a waveform of each transmission wave are also transmitted
from the setting control circuit 203 to the respective setting
circuits 104, and each of the setting circuit 104 holds the
received parameters.

[0046] The respective waveform generation circuits 103
are arranged at the subsequent stage of the setting circuits
104. Each of the waveform generation circuits 103 generates
a transmission wave delayed from the reference position as
a digital value, on the basis of the parameters related to a
waveform of each transmission wave and the delay time
held by the setting circuit 104. The transmission wave
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(digital value) is generated in real time on the basis of a
waveform generation clock outputted from the clock control
circuit 202.

[0047] The respective DACs 102 are arranged at the
subsequent stage of the waveform generation circuits 103.
Fach of the DACs 102 converts the transmission wave
(digital value) generated by the waveform generation circuit
103 into a transmission wave of an analog waveform. This
conversion is also performed in real time on the basis of the
waveform generation clock outputted from the clock control
circuit 202.

[0048] The respective transmission amplifiers 101 are
arranged at the subsequent stage of the DACs 102. Each of
the transmission amplifiers 101 amplifies the transmission
wave of an analog waveform converted by the DAC 102 to
a predetermined voltage. The amplified transmission waves
are transferred to the respective transducers 13 to be trans-
mitted from the ultrasonic probe 10 to an object.

[0049] One of the characteristic of the ultrasonic diagnos-
tic apparatus 1 of the present embodiment lies in that each
of the transmission waves generated by the respective trans-
mission-wave generation circuits 100 are independently and
dynamically controlled at a timing different for each chan-
nel. As described above, delay times of respective transmis-
sion waves are different between the respective channels
depending on a scanning direction and a focus position. In
other words, transmission times of the respective transmis-
sion waves are different for each channel.

[0050] For this reason, as shown in FIG. 4 and FIG. 5, the
ultrasonic diagnostic apparatus 1 of the present embodiment
independently and dynamically controls each of the com-
ponents of each of the transmission-wave generation circuits
100 at a timing different for each channel such that each of
transmission waves is generated by being adapted to a delay
time different for each channel.

[0051] FIG. 4 is a timing chart illustrating a case where an
enable period of each transmission amplifier 101 and an
enable period of each DAC 102 are adapted to a delay time
different for each channel, and independently and dynami-
cally controlled at a timing different for each channel.
[0052] In the timing chart of FIG. 4, each of the hatched
regions corresponds to an enable period of the transmission
amplifier 101 and the DAC 102. The enable period of each
channel substantially matches the transmission period of the
transmission wave of this channel (i.e., pulse length of the
transmission wave), but slightly longer than this pulse length
in that the enable period includes predetermined margins
immediately before and immediately after the transmission
period. That is, the transmission amplifier 101 and the DAC
102 are enabled in each channel only in the period necessary
for generating and amplifying the transmission wave.
[0053] In other words, the transmission control circuit 200
controls and sets a start timing and an end timing of each
enable period of each transmission amplifier 101 in such a
manner that each enable period of each transmission ampli-
fier 101 starts immediately before a front end of one trans-
mission pulse and ends immediately after a rear end of this
transmission pulse.

[0054] Similarly, the transmission control circuit 200 con-
trols and sets a start timing and an end timing of each enable
period of each DAC 102 in such a manner that each enable
period of each DAC 12 starts immediately before a front end
of one transmission pulse and ends immediately after a rear
end of this transmission pulse.
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[0055] 1In the period during which a transmission amplifier
101 is not enabled (i.e., in its disable period), power con-
sumption of the transmission amplifier 101 is significantly
reduced than that in the enable period.

[0056] Similarly, in the period during which a DAC 102 is
not enabled (i.e., in its disable period), power consumption
of the DAC 102 is significantly reduced than that in the
enable period.

[0057] A period during which a transmission amplifier 101
is enabled (i.e., enable period) means such a period that an
inputted transmission wave can immediately be amplified
and outputted when this transmission wave is inputted to this
transmission amplifier 101. A period other than the enable
period corresponds to a disable period. During the disable
period of the transmission amplifier 101, even when the
transmission wave is input to the transmission amplifier 101,
the transmission amplifier 101 neither amplifies nor outputs
the transmission wave.

[0058] Similarly, a period during which a DAC 102 is
enabled (ie., enable period) means such a period that a
digital signal can immediately be converted into an analog
signal and outputted when digital data are inputted to the
DAC 102. A period other than the enable period of the DAC
102 corresponds to a disable period of the DAC 102. During
the disable period of the DAC 102, even when a digital
signal is inputted to this DAC 102, digital-to-analog con-
version is not performed.

[0059] FIG. 5 is a timing chart illustrating a case where
each distribution period of the waveform generation clock
for generating transmission waves is adapted to a delay time
different for each channel, and independently and dynami-
cally controlled for each channel. In the timing chart of FIG.
5, each of the vertical-line hatched regions corresponds to a
distribution period of each waveform generation clock. Also
in FIG. 5, the distribution period of each channel substan-
tially matches the transmission period of the transmission
wave of this channel, but slightly longer than this transmis-
sion period in that the distribution period includes predeter-
mined margins immediately before and immediately after
this transmission period. In other words, the waveform
generation clocks (i.e., clock signals or clock pulses) are
distributed in the respective channels only in the period
necessary for generating each transmission wave. Accord-
ingly, waveform generation clocks distributed to the respec-
tive transmission-wave generation circuits 100 are dispersed
for each channel, and thus, noise caused by the respective
waveform generation clocks is reduced. Additionally, power
consumption of the circuit generating the waveform genera-
tion clocks is reduced.

[0060] FIG. 6 is a block diagram illustrating configuration
of a conventional transmission circuit in comparison with
the ultrasonic diagnostic apparatus 1 of the present embodi-
ment. In the conventional transmission circuit as shown in
FIG. 6, control for the respective channels is not performed
independently but performed in common. For instance, a
control signal for enabling is distributed to transmission
amplifiers of the respective channels from a transmission-
amplifier enable control circuit at a timing common to all the
channels (i.e., the same control signal is distributed via the
same control line). Similarly, a control signal (e.g., an enable
signal) is distributed to digital-to-analog converters (DACs)
of the respective channels at a timing common to all the
channels (i.e., the same control signal is distributed via the
same control line). Additionally, a waveform generation
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clock is distributed to the waveform generation circuits and
setting circuits of the respective channels such that the
timing of the waveform generation clock such as its rising
edge is common to all the channels.

[0061] FIG. 7 is a timing chart illustrating an enable period
of each transmission amplifier and a timing of an enable
period of each DAC in the conventional transmission circuit.
In FIG. 7, respective enable periods of the transmission
amplifiers and DAC are depicted with hatched regions. As
described above, in the conventional transmission circuit,
the signal for controlling an enable period of each transmis-
sion amplifier and an enable periods of each DAC is
common to all the channels. Thus, even though a transmis-
sion timing of a transmission wave is different between
respective channels, it is unavoidable to set the temporal
range covering all the delay times as the enable period which
is common to all the transmission amplifiers and all the
DAG:s. In other words, the enable period in the conventional
configuration is set so as to temporally cover from the
transmission wave having the shortest delay time to the
transmission wave having the longest delay time. Thus,
power consumption of each of the transmission amplifiers
and each of the DAC increases.

[0062] FIG. 8 is a schematic chart conceptually illustrating
difference in power consumption between the transmitting
circuit 30 of the present embodiment and the conventional
transmission circuit.

[0063] The transmitting circuit 30 of the present embodi-
ment independently and dynamically controls enable peri-
ods of the respective amplifiers 101 and the respective
DACs 102 depending on delay times of the respective
channels as described above (FIG. 4). Thus, the total power
consumption of the transmission amplifiers 101 and the
DACs 102 is dispersed as a result of difference in delay time
between the respective channels. In other words, as shown
in the second bottom part of FIG. 8, the maximum value of
the total power consumption of all the channels is only the
total power consumption of channels whose enable periods
overlap with each other (in the case of FIG. 8, the total
power consumption of three channels).

[0064] By contrast, in the conventional transmission cir-
cuit, as shown in FIG. 7, the enable period is set as the
temporal range which covers all the transmission waves
including the transmission wave having the shortest delay
time and the transmission wave having the longest delay
time. Thus, as shown in the bottom part of FIG. 8, the
maximum power consumption of the conventional transmis-
sion circuit is the total power consumption of all the chan-
nels. Furthermore, this maximum power is required to be
continuously supplied from the transmission period of the
transmission wave having the shortest delay time to the
transmission period of the transmission wave having the
longest delay time.

[0065] According to the ultrasonic diagnostic apparatus 1
of the present embodiment as described above, power con-
sumption of the transmitting circuit 30 can be reduced by
independently and dynamically controlling the respective
transmission-wave generation circuits 100 at a timing dif-
ferent for each channel. For instance, power consumption of
the transmitting circuit 30 can be reduced by independently
and dynamically controlling enable periods of the respective
transmission amplifiers 101 and the respective DACs 102 in
accordance with delay times different for each channel.
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[0066] Additionally, the ultrasonic diagnostic apparatus 1
of the present embodiment can reduce occurrence of noise
attributable to the waveform generation clock for generating
transmission waves, by independently and dynamically sup-
plying respective waveform generation clock signals to the
transmission-wave generation circuits of the respective
channels at a timing different for each channel in accordance
with delay times different for each channel.

[0067] Further, according to the ultrasonic diagnostic
apparatus 1 of the present embodiment, power consumption
of the transmitting circuit 30 can be controlled depending on
number of transducers of the ultrasonic probe 10 connected
to the main body 20. For instance, consider a case where
channel number (i.e., number of the transmission-wave
generation circuits 100) of the transmitting circuit 30 is N
and number of transducers of the ultrasonic probe 10 con-
nected to the main body 20 is (N-64). The number of
transducers of the ultrasonic probe 10 can be determined by,
e.g., causing the main body 20 to acquire identification
information (ID) of the connected ultrasonic probe 10 via
the connector 12.

[0068] In this case, the ultrasonic diagnostic apparatus 1 of
the present embodiment can control the transmitting circuit
30 for each channel. Thus, power consumption of the
transmitting circuit 30 can be suppressed to the minimum
level by disabling (i.e., stopping signal transmission to) the
transmission amplifier 101 and the DAC 102 of each of the
64 transmission-wave generation circuits 100 of the respec-
tive 64 channels which are unnecessary for the connected
ultrasonic probe 10. Additionally or alternatively, power
consumption of the transmitting circuit 30 can be suppressed
to the minimum level by stopping distribution of the wave-
form generation clocks, data, and setting clocks to the
respective transmission-wave generation circuits 100 of the
64 channels in addition to stopping the above signal trans-
mission.

[0069] In particular, a two-dimensional array probe is
significantly larger in number of transducers than a one-
dimensional array probe, which increases channel number of
atwo dimensional array probe resulting in increase in power
consumption. The ultrasonic diagnostic apparatus 1 of the
present embodiment can be applied to a two-dimensional
array probe, and can reduce noise and power consumption
not only at the time of using a one-dimensional array probe
but also at the time of using a two-dimensional array probe.

Second Embodiment

[0070] FIG. 9 is a block diagram illustrating detailed
configuration of the transmitting circuit 30 of the second
embodiment. The transmitting circuit 30 of the second
embodiment is further configured to be able to control data
setting timing for each block in addition to configuration of
the first embodiment. Data setting is mainly performed by
the setting control circuit 203.

[0071] Enable control of the respective transmission
amplifiers 101 is independently performed for each channel
by the transmission-amplifier enable control circuit 201 in
the second embodiment similarly to the first embodiment
(FIG. 2). Additionally, enable control of the respective
DACs 102 and distribution of the waveform generation
clock to the respective channels are independently per-
formed for each channel by the clock control circuit 202 in
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the second embodiment similarly to the first embodiment.
These control lines are, however, omitted to avoid compli-
cation in FIG. 9.

[0072] Data to be set by the setting control circuit 203 are
parameters related to a transmission wave such as a delay
time and transmission pulse length. In the second embodi-
ment, these data are independently set at a timing different
for each block. Additionally, the setting control circuit 203
controls phases of setting clocks used for data setting in such
a manner that the phases are different for each block.

[0073] FIG. 10 is a schematic diagram illustrating a con-
cept of “block”. The term “block™ used in the present
specification means a spatially divided region obtained by
dividing a printed board by a predetermined number as
shown in FIG. 10. In the case of FIG. 10, one printed board
is divided into four blocks including a block A to a block D.
Out of these four blocks, the block A and the block C are
symmetrically arranged about the center point of the printed
board, and are not adjacent to each other. Hereinafter, the
block A and the block C are collectively referred to as the
first block group. Similarly, the block B and the block D are
symmetrically arranged about the center point of the printed
board, and are not adjacent to each other. Hereinafter, the
block B and the block D are collectively referred to as the
second block group. In other words, all the predetermined
number of blocks are divided into two groups in such a
manner that all the blocks of any group are not adjacent to
each other (i.e., each group consists of blocks which are not
adjacent to each other), one of the two groups is referred to
as the first block group, and the other group is referred to as
the second block group.

[0074] One or plural transmission-wave generation cir-
cuits 100, which correspond to predetermined number of
channels, is configured, for example, as one integrated
circuit (e.g., a Field Programmable Gate Array (FPGA)). In
this manner, for instance, plural integrated circuits are
grouped into, e.g., four blocks. Then, each block of the
integrated circuits is mounted on the printed board sepa-
rately.

[0075] In the block diagram of FIG. 9, each of the trans-
mission-wave generation circuits 100 of the respective chan-
nels CH1 to CHm are grouped into the four blocks, block A
(BLa) to block D (BLd). Block A to block D are assigned to
each of four segmentations of the printed board, as shown in
FIG. 10. FIG. 11 is a timing chart illustrating a concept of
each timing of data setting in the second embodiment. As
shown in FIG. 11, data are independently set at a timing
different for each block. With respect to contents of data,
some data, such as delay time, may be different for each
channel, or some data such as pulse length, may be common
to all the channels.

[0076] Data setting is performed in a blank period during
which neither transmission nor reception is performed. In
data setting, the timing to be set for each block by the setting
control circuit 203 is different for each block as shown in
FIG. 11 (e.g., the timing to be set for each block is shifted
in order). As a result, transmission periods of data and
setting clocks are dispersed between blocks, and noise
caused by the data and the setting clocks can be reduced.

[0077] Moreover, in the second embodiment, the phases of
the respective setting clocks are different for each block as
shown in the lower right part of the timing chart of FIG. 11,
which further reduces noise.
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[0078] For instance, data are set for the respective trans-
mission-wave generation circuits 100 included in the first
block group (i.e., the block A and the block C) by using the
setting clock whose phase is zero degree. On the other hand,
data are set for the respective transmission-wave generation
circuits 100 included in the second block group (i.e., the
block B and the block D) by using the setting clock whose
phase is 180 degrees. For instance, the block A is adjacent
to the blocks B and C as shown in FIG. 10. In this case,
clocks whose phases are different from each other are used
for the respective blocks adjacent to each other. That is, the
phase of the clocks used for block A is different from the
phase of the clocks used for blocks B and D. When clocks
of the same phase (e.g., clocks which rise at the same timing)
are used for respective blocks adjacent to each other, there
is a possibility that noise caused by those clocks is increased.
However, in the second embodiment, noise caused by the
clocks can be reduced, because clocks whose phases are
different from each other are used for the respective blocks
adjacent to each other.
[0079] Meanwhile, since the blocks A and C are not
adjacent to each other and spatially separated from each
other, possibility of increasing noise is low even if clocks of
the same phase are used for the respective blocks A and C.
[0080] Note that the number of the block is not limited to
four in the above case, but may be other plural number such
as 8 and 16. Also in the case of other block number, it is
preferable that clocks whose phases are different from each
other are used for respective blocks adjacent to each other.
[0081] Additionally, phases of respective clocks are not
limited to two types of Odegree and 180 degree. For instance,
a setting clock capable of generating four types of clocks
whose phases are 0 degree, 90 degrees, 180 degrees, and 270
degrees can be used.
[0082] According to the ultrasonic diagnostic apparatus 1
of at least one of the above-described embodiment, power
consumption and noise generated from a transmission circuit
can be reduced.
[0083] Although a description has been given of a case
where the ultrasonic diagnostic apparatus 1 of each embodi-
ment is configured to be equipped with the ultrasonic probe
10 so far, embodiments of the present disclosure are not
limited to such an aspect. For instance, the ultrasonic
diagnostic apparatus 1 may be unequipped with the ultra-
sonic probe 10 and be capable of being connected to the
ultrasonic probe 10. In other words, the main body 200 in
FIG. 1 may be treated as the ultrasonic diagnostic apparatus
1 of embodiments.
[0084] 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 inven-
tions.
[0085] Indeed, the novel methods and systems described
herein may be embodied in a variety of other forms; fur-
thermore, various omissions, substitutions and changes in
the form of the methods and systems described herein may
be made without departing from the spirit of the inventions.
The accompanying claims and their equivalents are intended
to cover such forms or modifications as would fall within the
scope and spirit of the inventions.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

a plurality of transmission-wave generation circuits con-

figured to supply a plurality of transducers of an
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ultrasonic probe with a plurality of transmission waves
for driving the plurality of transducers via a plurality of
channels; and

a transmission control circuit configured to independently
and dynamically control each of the plurality of trans-
mission-wave generation circuits at a timing different
for each channel.

2. The ultrasonic diagnostic apparatus according to claim
15

wherein the plurality of transmission-wave generation
circuits are configured to generate respective transmis-
sion waves in such a manner that delay times of the
respective transmission waves are different from each
other depending on a direction and a focusing position
of a transmission beam; and

the transmission control circuit is configured to indepen-
dently and dynamically control each of the plurality of
transmission-wave generation circuits for each channel
in such a manner that the plurality of transmission-
wave generation circuits generate the respective trans-
mission waves in accordance with the delay times of
the respective transmission waves.

3. The ultrasonic diagnostic apparatus according to claim
25
wherein the plurality of transmission-wave generation
circuits include respective transmission amplifiers,
each of which is configured to amplify a transmission-
wave; and

the transmission control circuit is configured to indepen-
dently and dynamically control enable periods of the
respective transmission amplifiers at a timing different
for each transmission amplifier in accordance with the
delay times of the respective transmission waves.

4. The ultrasonic diagnostic apparatus according to claim
3,
wherein the respective transmission waves are transmis-
sion pulses which have delay times different from each
other and a predetermined pulse length common to
each other; and

the transmission control circuit is configured to set a start
timing and an end timing of each of the enable periods
of the respective transmission amplifiers for each of the
transmission pulses in such a manner that each of the
enable periods starts immediately before a front end of
one of the transmission pulses and ends immediately
after a rear end of the one of the transmission pulses.

5. The ultrasonic diagnostic apparatus according to claim
3,
wherein the plurality of transmission-wave generation
circuits include respective digital-to-analog converters,
each of which is configured to generate an analog
waveform from a digital signal, the analog waveform
being inputted to each transmission amplifier; and

the transmission control circuit is configured to indepen-
dently and dynamically control enable periods of the
respective digital-to-analog converters at a timing dif-
ferent for each digital-to-analog converter in accor-
dance with the delay times of the respective transmis-
sion waves.

6. The ultrasonic diagnostic apparatus according to claim
5,
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wherein the respective transmission waves are transmis-
sion pulses which have delay times different from each
other and a predetermined pulse length common to
each other; and

the transmission control circuit is configured to set a start
timing and an end timing of each of the enable periods
of the respective digital-to-analog converters for each
of the transmission pulses in such a manner that each of
the enable periods of the respective digital-to-analog
converters starts immediately before a front end of one
of the transmission pulses and ends immediately after
a rear end of the one of the transmission pulses.

7. The ultrasonic diagnostic apparatus according to claim

25

wherein the transmission control circuit is configured to
independently and dynamically supply the plurality of
transmission-wave generation circuits with respective
waveform generation clocks at a timing different for
each transmission-wave generation circuit in accor-
dance with the delay times of the respective transmis-
sion waves, the respective waveform generation clocks
being for generating the respective transmission waves.

8. An ultrasonic diagnostic apparatus comprising:

a plurality of transmission-wave generation circuits con-
figured to supply a plurality of transducers of an
ultrasonic probe with a plurality of transmission waves
for driving the plurality of transducers via a plurality of
channels which are grouped into a plurality of blocks;
and

a transmission control circuit configured to supply the
plurality of transmission-wave generation circuits with
respective clocks and respective data at a timing inde-
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pendent for each block, each of the respective data
being for generating a transmission wave and including
at least a delay time for each channel.
9. The ultrasonic diagnostic apparatus according to claim
8,
wherein the transmission control circuit is configured to
supply the plurality of transmission-wave generation
circuits with the respective clocks and the respective
data in a blank period provided between a reception
period and a transmission period.
10. The ultrasonic diagnostic apparatus according to
claim 8,
wherein the plurality of transmission-wave generation
circuits are configured to be divided into the plurality of
blocks so as to be arranged on a circuit board for each
block; and
the transmission control circuit is configured to set phases
of the respective clocks in such a manner that the
phases of the respective clocks are different for each
block.
11. The ultrasonic diagnostic apparatus according to claim
10,
wherein the transmission control circuit is configured to
classify each of the plurality of blocks into a first group
or a second group in such a manner that each of the
first group and second group consists of blocks
which are not adjacent to each other, and
set phases of the respective clocks in such a manner that
a phase of every block of the first group is different
by 180 degrees from a phase of every block of the
second group.
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