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ULTRASOUND DIAGNOSIS APPARATUS
AND ULTRASOUND PROBE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Applications No.
2016-244060, filed on Dec. 16, 2016 and No. 2017-221480,
filed on Nov. 17, 2017; the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnosis apparatus and an ultrasound probe.

BACKGROUND

[0003] In the medical field, the ultrasound diagnosis appa-
ratus is used for various diagnoses and treatments because it
can examine the internal structure, blood flow state, and the
like of the subject non-invasively. The ultrasound diagnosis
apparatus transmits ultrasound waves into the subject’s body
from an ultrasound probe having a ultrasound transducer
(piezoelectric transducer) 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 ultra-
sound diagnosis apparatus generates an ultrasound image
based on the received signal obtained in this manrer.
[0004] A signal applied to the ultrasound transducer to
drive it is generated by a transmission beam former. The
transmission beam former is a circuit that calculates a delay
corresponding to the distance between each of ultrasound
transducers and a focal point such that the phases of ultra-
sound waves transmitted from the ultrasound transducers to
the subject are aligned at a predetermined focal point in the
subject and generates a transmission pulse to which the
delay is added. Therefore, the transmission beam former is
provided with a delay calculator and a pulse generator
therein. After the delay is added by the delay calculator or
the pulse generator, the transmission pulse is generated.
[0005] When transmitting ultrasound waves and receiving
reflected waves, the ultrasound probe performs time division
to alternately transmits the ultrasound signals and receives
the reflected waves. Therefore, while receiving the reflected
waves, the transmission beam former does not generate the
transmission pulse and stops its operation.

[0006] Even when receiving the reflected waves, the trans-
mission beam former is supplied with a clock. That is, the
transmission beam former is always supplied with the clock
regardless of whether it is transmitting ultrasound signals or
receiving reflected waves. In this manner, when the clock is
always supplied to the transmission beam former, the power
consumption of, for example, the ultrasound diagnosis appa-
ratus or the ultrasound probe provided with the transmission
beam former becomes large.

[0007] For this reason, there have been proposed various
methods regarding the reduction of power consumption in
the ultrasound diagnosis apparatus or the ultrasound probe.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound diagnosis apparatus and an ultrasound
probe according to a first embodiment.

Jun. 21,2018

[0009] FIG. 2 is a block diagram illustrating a configura-
tion of a transmission beam former of the first embodiment.
[0010] FIG. 3 is a waveform diagram illustrating the state
of the supply of a transmission clock to the transmission
beam former in the first embodiment.

[0011] FIG. 4 is a flowchart illustrating the operation of
supplying a transmission clock to the transmission beam
former in the first embodiment.

[0012] FIG. 5 is a block diagram illustrating a configura-
tion of a transmission beam former according to a second
embodiment.

[0013] FIG. 6 is a waveform diagram illustrating the state
of the supply of a transmission clock to the transmission
beam former in the second embodiment.

[0014] FIG. 7 is a flowchart illustrating the operation of
supplying a transmission clock to the transmission beam
former in the second embodiment.

[0015] FIG. 8 is a block diagram illustrating a configura-
tion of a transmission beam former according to a third
embodiment.

[0016] FIG. 9 is a waveform diagram illustrating the state
of the supply of a transmission clock to the transmission
beam former in the third embodiment.

[0017] FIG. 10 is a flowchart illustrating the operation of
supplying a transmission clock to the transmission beam
former in the third embodiment.

[0018] FIG. 11 is a block diagram illustrating a configu-
ration of a transmission beam former according to a fourth
embodiment.

[0019] FIG. 12 is a block diagram illustrating another
configuration of the transmission beam former of the fourth
embodiment.

[0020] FIG. 13 is a block diagram illustrating a configu-
ration of an ultrasound probe according to a fifth embodi-
ment.

DETAILED DESCRIPTION

[0021] In general, according to one embodiment, an ultra-
sound diagnosis apparatus includes a transmission beam
former and a transmitting circuit. The transmission beam
former generates a transmission pulse. The transmitting
circuit supplies an ultrasound transducer with the transmis-
sion pulse received from the transmission beam former as a
drive signal. The supply of a clock necessary for the gen-
eration of the transmission pulse is stopped during a sub-
stantial reception period of echo signals from the ultrasound
transducer.

First Embodiment

[0022] A first embodiment will be described below with
reference to the drawings.

[Configuration of Ultrasound Diagnosis Apparatus and
Ultrasound Probe]

[0023] FIG. 1 is a block diagram illustrating the internal
configuration of an ultrasound diagnosis apparatus 1 and an
ultrasound probe 2 according to a first embodiment. In the
first to fourth embodiments (the second to fourth embodi-
ments will be described later), the ultrasound probe 2 is
detachably connected to the ultrasound diagnosis apparatus
1

[0024] The ultrasound diagnosis apparatus 1 includes a
transmission beam former 11 configured to generate a trans-
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mission pulse, a transmitting circuit 12 configured to supply
a drive signal to ultrasound transducers 21 in the ultrasound
probe 2, a receiving circuit 13 configured to receive a
reflection signal from the ultrasound probe 2, a reception
beam former 14 configured to process the reflection signal,
a scan converter 15 configured to generate an ultrasound
image, and a control circuit 16 configured to control each
unit.

[0025] Note that, while the configuration of the ultrasound
diagnosis apparatus 1 of the first embodiment has been
described above, it 1s only the configuration supposed to be
necessary for explaining the first embodiment. Accordingly,
although not illustrated in FIG. 1, the vltrasound diagnosis
apparatus 1 may further include such a configuration as an
input circuit which is operated by an operator such as an
examiner and a display controller for displaying ultrasound
images generated.

[0026] The transmission beam former 11 generates a trans-
mission pulse under the control of the control circuit 16, and
outputs it to the transmitting circuit 12. As will be described
later, the transmission pulse is a drive signal applied from
the transmitting circuit 12 to the ultrasound transducers 21.
The transmission beam former 11 calculates a delay corre-
sponding to the distance between each of the ultrasound
transducers 21 and a focal point such that the phases of
ultrasound waves transmitted from the ultrasound transduc-
ers 21 to the subject are aligned at a predetermined focal
point in the subject and generates a transmission pulse (drive
signal) to which the delay is added.

[0027] FIG. 2 is a block diagram illustrating a configura-
tion of the transmission beam former 11 of the first embodi-
ment. The transmission beam former 11 includes a clock
generator 111, a delay calculator 112, and a pulse generator
113. The clock generator 111 receives a transmission syn-
chromzation signal and a transmission clock from the con-
trol circuit 16, and generates a clock to be supplied to the
delay calculator 112. The delay calculator 112 calculates a
delay to be added to each transmission pulse. The pulse
generator 113 generates a transmission pulse to be supplied
to the transmitting circuit 12. The transmission pulse sup-
plied from the pulse generator 113 to the transmitting circuit
12 is applied to the ultrasound transducers 21 of the ultra-
sound probe 2 as a drive signal.

[0028] FIG. 2 illustrates one clock generator (111) in the
transmission beam former 11. A combination of the delay
calculator 112 and the pulse generator 113 is provided with
respect to each channel of the ultrasound transducers 21.
There are a plurality of channels, and a plurality of the delay
calculators 112 and the pulse generators 113 are provided in
the transmission beam former 11. However, in FIG. 2, only
two pairs of the delay calculator 112 and the pulse generator
113 are illustrated, and others are not illustrated.

[0029] Referring back to FIG. 1, the transmitting circuit 12
receives the transmission pulse generated by the transmis-
sion beam former 11, and transmits it to the ultrasound
transducers 21 as a drive signal for generating ultrasound
waves in the ultrasound probe 2. As a configuration of the
transmitting circuit 12, for example, the configuration of a
switch pulser or a linear driver can be employed.

[0030] The receiving circuit 13 receives a reflection signal
(echo signal) from the ultrasound probe 2. The echo signal
received by the receiving circuit 13 is fed to the reception
beam former 14. The reception beam former 14 adds a delay
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to the echo signal, and outputs the signal acquired by the
delay addition to the scan converter 15.

[0031] The scan converter 15 generates various data by
using the signal supplied from the reception beam former 14.
The scan converter 15 includes, for example, a B 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
B mode signal data. The Doppler mode processing circuit
extracts a Doppler shift frequency component from the
received signal, and applies 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 color Doppler mode signal data.
[0032] Further, the scan converter 15 generates Doppler
images and ultrasound images such as a two-dimensional
cross section and a rendering image of the scan area based
on the data generated. For example, the scan converter 15
generates volume data on the scan area from the data
supplied. Then, the scan converter 15 generates two-dimen-
sional ultrasound image data and volume rendering image
data by multi-sectional reconstruction or multi-planar recon-
struction (MPR) based on the volume data generated. The
scan converter 15 outputs one or more of the above ultra-
sound images to a display circuit (not illustrated).

[0033] 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 incorporates a plurality of the ultrasound transducers 21,
which are one-dimensionally arranged on the distal end
surface. The ultrasound probe 2 transmits ultrasound waves
to the inside of the subject by each of the ultrasound
transducers 21 to scan the scan area, and receives reflected
waves from the subject as echo signals. Examples of the
scan include various scans such as B mode scan and Doppler
mode scan.

[0034] In addition, examples of the ultrasound probe 2
include a sector scan probe, a linear scan probe, a convex
scan probe, and the like. Any of these probes is arbitrarily
selected according to an area to be diagnosed. The ultra-
sound transducers 21 need not necessarily be arranged
one-dimensionally. If the ultrasound transducers 21 are
arranged two-dimensionally, volume data can be acquired in
real time. In the case of obtaining a three-dimensional
stereoscopic image, a three-dimensional scanning probe is
used as the ultrasound probe 2. A two-dimensional array
probe or a mechanical four-dimensional probe can be cited
as an example of the three-dimensional scanning probe.
[0035] FIG. 1 does not illustrate all of the ultrasound
transducers 21 built in the ultrasound probe 2. FIG. 1
illustrate only two ultrasound transducers (21), and the
illustration of others is omitted by a broken line provided
between the two ultrasound transducers 21.

[Operation of Transmission Beam Former and Signal Flow]

[0036] Next, with reference to FIGS. 2 and 3, a description
will be given of the operation of the transmission beam
former and a signal flow. FIG. 3 is a waveform diagram
illustrating the state of the supply of a transmission clock to
the transmission beam former 11 in the first embodiment.

[0037] As described above, the transmission beam former
11 generates a transmission pulse (drive signal) to be applied



US 2018/0168553 Al

to the ultrasound transducers 21. First, the clock generator
111 is fed with a transmission synchronization signal and a
transmission clock from the control circuit 16. Not only the
clock generator 111 but also the delay calculator 112 of each
channel is fed with the transmission synchronization signal
from the control circuit 16.

[0038] The clock generator 111 supplies the transmission
clock to each of the delay calculators 112 and the pulse
generators 113 when the ultrasound probe 2 enters a period
for transmitting ultrasound waves (transmission waves) to
the subject therefrom. The clock generator 111 supplies the
transmission clock concurrently to all the delay calculators
112 in the transmission beam former 11.

[0039] Upon receipt of the transmission clock from the
clock generator 111, each of the delay calculators 112
calculates a delay to be added to a transmission pulse. The
delay calculator 112 supplies a pulse generation trigger
including the delay to the pulse generator 113 connected
thereto.

[0040] The pulse generator 113 generates a transmission
pulse to be supplied to the transmitting circuit 12 by adding
thereto the delay received from the delay calculator 112. As
described above, the transmission pulse generated is applied
to the ultrasound transducers 21 through the transmitting
circuit 12.

[0041] An example is given above in which the pulse
generator 113 generates the transmission pulse by adding
thereto the delay calculated by the delay calculator 112;
however, it is not so limited. For example, the pulse gen-
eration trigger supplied to the pulse generator 113 may be
delayed.

[0042] The ultrasound probe 2 alternately performs the
transmission of ultrasound waves to the subject and the
receipt of reflected waves. Accordingly, a transmission
period for transmitting ultrasound waves and a reception
period for receiving reflected waves are alternately pro-
vided. The transmission pulse generated by the transmission
beam former 11 is applied to the ultrasound transducers 21
during the transmission period. When the control circuit 16
switches the transmission period to the reception period, the
application of the transmission pulse to the ultrasound
transducers 21 is terminated.

[0043] Having transmitted the transmission pulse gener-
ated to the transmitting circuit 12, the pulse generator 113
transmits a transmission completion signal to the clock
generator 111. In FIG. 2, an arrow extending from the pulse
generator 113 to the clock generator 111 represents the
transmission completion signal transmitted from the pulse
generator 113 to the clock generator 111. Upon receipt of the
transmission completion signal transmitted from all the
pulse generators 113, the clock generator 111 stops the
supply of the transmission clock to the delay calculators 112.
[0044] The waveform diagram of FIG. 3 illustrates “trans-
mission/reception direction” indicating “transmission” and
“reception”. The “transmission/reception direction” indi-
cates the transmission of ultrasound waves and the receipt of
reflected waves in the ultrasound probe 2. The lengths of
“transmission” and “reception” indicated by the “transmis-
sion/reception direction” correspond to the lengths of the
“transmission period” and the “reception period”. Two
waveform diagrams are illustrated above and below the
“transmission/reception direction” in the center. A waveform
diagram of the “transmission synchronization signal” is
illustrated above the “transmission/reception direction”.
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Meanwhile, a waveform diagram of the transmission clock
supplied from the clock generator 111 to the delay calculator
112 is illustrated below the “transmission/reception direc-
tion”.

[0045] As described above, the control circuit 16 feeds a
transmission synchronization signal to the clock generator
111 and each of the delay calculators 112. The control circuit
16 also feeds a transmission clock to the clock generator 111,
and the transmission clock is supplied to the delay calculator
112. Referring to the waveform diagram of the transmission
clock, the transmission clock is supplied from the clock
generator 111 to each of the delay calculators 112. From here
the transmission period begins.

[0046] Then, the transmission/reception direction of ultra-
sound waves changes. The clock generator 111 stops the
supply of the transmission clock to each of the delay
calculators 112 immediately before the transmission period
is switched to the reception period. Thereafter, the transmis-
sion clock is not supplied to each of the delay calculators 112
during the reception period until the transmission period
starts again.

[0047] That is, as indicated by the waveform of the
transmission clock in FIG. 3, when the reception period is
switched to the transmission period, the transmission clock
is supplied from the clock generator 111 to each of the delay
calculators 112. The clock generator 111 stops the supply of
the transmission clock to each of the delay calculators 112
immediately before the transmission period is switched to
the reception period.

[0048] Although it is rare, the transmission clock may be
supplied to the delay calculators 112 once twice after the
transmission period is switched to the reception period.
However, even if this happens, it is insignificant with respect
to the length of the reception period, and does not impair the
operation of the ultrasound diagnosis apparatus or the pur-
pose of this embodiment such as reduction in the power
consumption of the ultrasound diagnosis apparatus. Even if
the supply of the transmission clock is continued only for a
predetermined period for some reason after the transmission
period is switched to the reception period, this does not
hinder the effect of suppressing the power consumption. The
same applies to the embodiments described later.

[0049] In FIG. 1, one arrow is illustrated from the clock
generator 111 toward the left side. This arrow indicates that
all the delay calculators are simultaneously supplied with a
transmission clock, and the supply of the transmission clock
is stopped at the same time for all the delay calculators.
[0050] FIG. 4 is a flowchart illustrating the operation of
supplying a transmission clock to the transmission beam
former 11 in the first embodiment. First, the transmission
beam former 11 determines whether a transmission synchro-
nization signal is received from the control circuit 16 (ST1).
The transmission beam former 11 stands by until it receives
a transmission synchronization signal from the control cir-
cuit 16 (NO in ST1).

[0051] Having received a transmission synchronization
signal from the control circuit 16 (YES in ST1), the clock
generator 111 supplies a transmission clock to the delay
calculators 112 of all the channels (ST2). When supplied
with the transmission clock, each of the delay calculators
112 calculates a delay to be added to a transmission pulse
(ST3).

[0052] The delay calculated is supplied to each of the
pulse generators 113. The pulse generator 113 generates a
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transmission pulse by adding the delay thereto (ST4). Then,
the pulse generator 113 transmits the transmission pulse to
the transmitting circuit 12 (ST5).

[0053] The pulse generator 113 transmits, to the clock
generator 111, a signal for completion of the transmission of
the transmission pulse (transmission completion signal) to
the transmitting circuit 12 (ST6). The clock generator 111
determines whether the transmission completion signal has
been received from all the pulse generators 113 (ST7).
[0054] When the transmission completion signal has not
been received from all the pulse generators 113 (NOin ST7),
the clock generator 111 waits until it receives the transmis-
sion completion signal from all the pulse generators 113. On
the other hand, when the clock generator 111 determines that
the transmission completion signal has been received from
all the pulse generators 113 (YES in ST7), the clock gen-
erator 111 stops the supply of the transmission clock to all
the delay calculators 112 (ST8).

[0055] As described above, when the transmission
completion signal is transmitted from all the pulse genera-
tors 113, the transmission/reception direction is changed in
the ultrasound probe 2. At this time, the transmission period
is switched to the reception period. The transmission clock
is not supplied to the delay calculators 112 until a transmis-
sion synchronization signal is fed again to the clock gen-
erator 111 (the transmission beam former 11).

[0056] As described above, according to this embodiment,
the clock generator supplies a transmission clock to the
delay calculator only in the transmission period, and stops
the supply of the clock during the substantial reception
period of echo signals, differently from conventional tech-
nologies in which the clock generator supplies a transmis-
sion clock to the delay calculator regardless of the trans-
mission period and the reception period. With this, the
power consumption in the ultrasound diagnosis apparatus
can be reduced. Thus, it is possible to achieve various effects
such as the miniaturization of constituent equipment, the
integration of channels, and the reduction of noise due to the
fluctuation of the power supply voltage. As a result, the
ultrasound diagnosis apparatus can be downsized.

Second Embodiment

[0057] Next, a second embodiment will be described. In
the second embodiment, like reference numerals designate
the same constituent elements as those described in the first
embodiment, and the same description will not be repeated.
[0058] In the first embodiment, the clock generator 111
simultaneously supplies a transmission clock to all of the
delay calculators 112. For this reason, the transmission beam
former 11 as a whole supplies the transmission clock during
the transmission period. Meanwhile, the supply of the trans-
mission clock is stopped during the substantial reception
period of echo signals.

[0059] In the second embodiment, the transmission beam
former 11 performs control such that the transmission clock
is supplied or the supply of the transmission clock is stopped
for each channel. The clock generator 111 sequentially stops
the supply of the transmission clock from the channel where
the transmission pulse has been supplied to the transmitting
circuit 12.

[Configuration of Transmission Beam Former]

[0060] FIG. 5 is a block diagram illustrating a configura-
tion of a transmission beam former 11A according to the
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second embodiment. FIG. 6 is a waveform diagram illus-
trating the state of the supply of a transmission clock to the
transmission beam former 11A in the second embodiment.
[0061] The transmission beam former 11A of the second
embodiment has the same configuration as that of the first
embodiment. However, the supply of the transmission clock
from the clock generator 111 to the delay calculator 112 is
stopped with respect to each channel. In FIG. 5, an arrow
that indicates the supply of a transmission clock is illustrated
for each of the delay calculators 112 of each channel and
extends from the clock generator 111 to one of the delay
calculators 112. Besides, in FIG. 5, in order to indicate that
the delay calculator 112 and the pulse generator 113 are
provided for each channel, these are surrounded by a broken
line with respect to each channel. Incidentally, FIG. 5 does
not illustrate an arrow indicating a clock supplied from the
clock generator 111 to the pulse generator 113.

[Operation of Transmission Beam Former and Signal Flow]

[0062] In the second embodiment, the control circuit 16
feeds a transmission synchronization signal to the clock
generator 111 and the delay calculators 112, and the trans-
mission clock sent from the control circuit 16 to the clock
generator 111 is supplied to the delay calculators 112 in the
same manner as described in the first embodiment. Further,
the clock generator 111 stops the supply of the transmission
clock to each of the delay calculators 112 during the recep-
tion period in the same manner as the first embodiment.
[0063] However, the second embodiment differs from the
first embodiment in that, when the transmission period is
switched to the reception period, the supply of the trans-
mission clock from the clock generator 111 to each of the
delay calculators 112 is not stopped all at once and it is
determined whether to stop the supply of the transmission
clock is stopped for with respect to each channel before the
transmission period is switched to the reception period.
[0064] FIG. 6 illustrates the waveform of the “transmis-
sion synchronization signal” and the “transmission/recep-
tion direction” of ultrasound waves from above. FIG. 6 also
illustrates the operation of the transmission beam former
11A in the two channels of “Channel 0” and “Channel 17,
and waveforms indicating a transmission clock which is
supplied to the process below the “transmission/reception
direction”.

[0065] Asillustrated in FIG. 5, the delay calculator and the
pulse generator are provided for each of a plurality of
channels in the transmission beam former 11A. FIG. 6
illustrates only two channels and the process performed in
the channels.

[0066] In FIG. 6, “reception”, “transmission delay”,
“pulse generation”, “waiting for transmission completion”,
and “reception” are illustrated in this order from the left on
the side of the “channel 0”. The term “reception” refers to
the reception period in the “transmission/reception direc-
tion”. Others, i.e., “transmission delay”, “pulse generation”,
and “waiting for transmission completion” indicate pro-
cesses performed in the transmission beam former 11A
during the transmission period. Below these is the waveform
of the transmission clock.

[0067] The “transmission delay” is a process performed in
the delay calculator 112, and the “pulse generation” is a
process performed in the pulse generator 113. Having trans-
mitted a transmission pulse to the transmitting circuit 12, the
pulse generator 113 sends a transmission completion signal
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to the clock generator 111. Therefore, the clock generator
111 is “waiting for transmission completion” until the pulse
generation is completed and the transmission period is
switched to the reception period.

[0068] The “Channel 1 is illustrated in the same manner
as the “channel 0”’; however, the time taken for each process
performed during the transmission period is different. The
“transmission delay” process in the channel 1 takes longer
than the “transmission delay” process in the channel 0. As a
result, the time of “waiting for transmission completion” in
the channel 1 is shorter than that in the channel 0.

[0069] The clock generator 111 supplies a transmission
clock to the delay calculator 112 until the signal of trans-
mission completion is received from the pulse generator
113. As indicated by the waveform of the transmission clock
in FIG. 6, with respect to both the channel 0 and the channel
1, the clock generator 111 supplies a transmission clock to
the delay calculators 112 and the pulse generators 113 until
the delay calculators 112 complete the process, the pulse
generators 113 generate a pulse, and the transmission pulse
is sent to the transmitting circuit 12.

[0070] However, a delay added to the transmission pulse
generated by the pulse generator 113 varies depending on
each channel. This can be seen in the difference in the length
of “transmission delay” between the channel 0 and the
channel 1 in FIG. 6 as described above. That is, the time
during which the clock generator 111 supplies a transmission
clock to each of the delay calculators 112 varies.

[0071] As described above, the time for which the trans-
mission clock is supplied varies depending on each channel.
Accordingly, the transmission time for transmitting a signal,
which indicates that the pulse generator 113 has transmitted
a transmission pulse to the clock generator 111, to the
transmitting circuit 12 also varies depending on each chan-
nel. Thus, the clock generator 111 stops the supply of the
transmission clock to the delay calculators 112 differently
for each channel.

[0072] FIG. 7 is a flowchart illustrating the operation of
supplying a transmission clock to the transmission beam
former 11A in the second embodiment. In FIG. 7, steps ST21
to ST26 are the same as steps ST1 to ST6 described in the
first embodiment.

[0073] That is, the transmission beam former 11A deter-
mines whether a transmission synchronization signal is
received from the control circuit 16 (ST21). The transmis-
sion beam former 11A stands by until it receives a trans-
mission synchronization signal from the control circuit 16
(NO in ST21).

[0074] Having received a transmission synchronization
signal from the control circuit 16 (YES in ST21), the clock
generator 111 supplies a transmission clock to the delay
calculators 112 of all the channels (ST22). When supplied
with the transmission clock, each of the delay calculators
112 calculates a delay to be added to a transmission pulse
(ST23).

[0075] The delay calculated is supplied to each of the
pulse generators 113. The pulse generator 113 generates a
transmission pulse by adding the delay thereto (ST24).
Then, the pulse generator 113 transmits the transmission
pulse to the transmitting circuit 12 (ST25). The pulse
generator 113 transmits, to the clock generator 111, a trans-
mission completion signal of the transmission pulse to the
transmitting circuit 12 (ST26).
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[0076] The clock generator 111 stops the supply of the
transmission clock to the channel in which the pulse gen-
erator 113 has transmitted a transmission completion signal
of the transmission pulse (ST27). As described above, the
transmission completion signal is sent to the clock generator
111 at different times depending on the channels. Thus, the
clock generator 111 stops the supply of the transmission
clock sequentially from the channel from which the trans-
mission completion signal has been received.

[0077] Then, the clock generator 111 determines whether
the transmission completion signal has been received from
all the pulse generators 113 (ST28).

[0078] When the transmission completion signal has been
received from all the pulse generators 113 (YES in ST28),
the clock generator 111 stops the supply of the transmission
clock to all the delay calculators 112. The transmission clock
is not supplied to the delay calculators 112 until a transmis-
sion synchronization signal is fed again to the clock gen-
erator 111 (the transmission beam former 11A) On the other
hand, having determined that the transmission completion
signal has not been received from all the pulse generators
113 (NO in ST28), the clock generator 111 stands by until it
receives the transmission completion signal from the pulse
generator 113 of each channel.

[0079] As described above, according to this embodiment,
the clock generator supplies a transmission clock to the
delay calculator only in the transmission period, and stops
the supply of the clock during the substantial reception
period of echo signals, differently from conventional tech-
nologies in which the transmission clock is supplied regard-
less of the transmission period and the reception period.
With this, the power consumption in the ultrasound diagno-
sis apparatus can be reduced. Thus, it is possible to achieve
various effects such as the miniaturization of constituent
equipment, the integration of channels, and the reduction of
noise due to the fluctuation of the power supply voltage. As
a result, the ultrasound diagnosis apparatus can be down-
sized.

[0080] Further, the supply of the transmission clock from
the clock generator 111 to the delay calculator 112 is
controlled with respect to each channel. With this process,
the supply of the transmission clock can be stopped even if
there is a channel in the transmission period. Thus, the
power consumption can be further reduced.

[0081] Note that, depending on the examination mode
such as, for example, CW mode, there may be a channel not
used in the ultrasound probe. In this case, the transmission
clock is not supplied to the channel, and the supply of the
transmission clock can be stopped even in the transmission
period while the examination mode is selected.

[0082] There may be a channel that does not perform
transmission depending on the ultrasound probe when the
number of ultrasound transducers is small. When there is
such an unused channel, the transmission clock is not
supplied to the channel, and the supply of the transmission
clock can be stopped even during the transmission period.

Third Embodiment

[0083] Next, a third embodiment will be described. In the
third embodiment, like reference numerals designate the
same constituent elements as those described in the first and
second embodiments, and the same description will not be
repeated.
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[0084] 1In the second embodiment, the supply of the trans-
mission clock from the clock generator 111 to the delay
calculator 112 and the stop thereof are controlled with
respect to each channel. On the other hand, in the third
embodiment, the supply of the transmission clock from the
clock generator 111 and the stop thereof are controlled with
respect to each of the delay calculators 112 and each of the
pulse generators 113.

[Configuration of Transmission Beam Former]

[0085] FIG. 8 is a block diagram illustrating a configura-
tion of a transmission beam former 11B according to the
third embodiment. The transmission beam former 11B is
provided with a signal line branched from a signal line,
which connects the delay calculator 112 and the pulse
generator 113, and connected to the clock generator 111, in
addition to the internal configuration of the transmission
beam former 11. In FIG. 8, an arrow indicates a signal sent
from the delay calculator 112 to the clock generator 111
through the signal line.

[0086] Further, the pulse generator 113 is also connected
to the clock generator 111 through a signal line. An arrow
indicates a signal sent from the clock generator 111 to the
pulse generator 113 through the signal line.

[0087] The delay calculator 112 sends the pulse generator
113 a pulse generation trigger including a delay to be added
to a transmission pulse generated in the pulse generator 113.
In the third embodiment, the clock generator 111 is also fed
with the pulse generation trigger sent from the delay calcu-
lator 112. Besides, the clock generator 111 sends a pulse
generation clock to the pulse generator 113.

[Operation of Transmission Beam Former and Signal Flow]

[0088] Next, with reference to FIGS. 8 and 9, a description
will be given of the operation of the transmission beam
former 11B and a signal flow. FIG. 9 is a waveform diagram
illustrating the state of the supply of a transmission clock to
the transmission beam former 11B in the third embodiment.

[0089] FIG. 9 illustrates the waveform of the “transmis-
sion synchronization signal” and the “transmission/recep-
tion direction” of ultrasound waves from above as in the
waveform diagrams (FIGS. 3 and 6) used in the description
of the first and second embodiments. FIG. 9 also illustrates
waveform diagrams of the “channel 0” and the “channel 17

below that.
[0090] Taking the waveform diagram of the “channel 0” as

an example, “reception”, “transmission delay”, “pulse gen-
eration”, “waiting for transmission completion”, and “recep-
tion” are illustrated in this order from the left on the side of
the “channel 0”. The term “reception” refers to the reception
period in the “transmission/reception direction”. Others, i.e.,
“transmission delay”, “pulse generation”, and “waiting for
transmission completion” indicate processes performed in
the transmission beam former 11B during the transmission

period.

[0091] In addition, below these is the waveform of the
transmission clock supplied from the clock generator 111.
Differently from the previous embodiments, “delay calcu-
lation clock™ and “pulse generation clock™ are illustrated
separately. The “delay calculation clock™ is a transmission
clock supplied from the clock generator 111 to the delay
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calculator 112. The “pulse generation clock” is a transmis-
sion clock supplied from the clock generator 111 to the pulse
generator 113.

[0092] In the transmission beam former 11B, the flow of
each signal upon generation of a transmission pulse (drive
signal) to be applied to the ultrasound transducers 21 is as
follows. First, the clock generator 111 is fed with a trans-
mission synchronization signal and a transmission clock
from the control circuit 16. Not only the clock generator 111
but also the delay calculator 112 of each channel is fed with
the transmission synchronization signal from the control
circuit 16.

[0093] In the transmission period, the clock generator 111
supplies a delay calculation clock to each of the delay
calculators 112. The clock generator 111 supplies the delay
calculation clock to all the delay calculators 112 in the
transmission beam former 11B all at once.

[0094] Upon receipt of the delay calculation clock from
the clock generator 111, each of the delay calculators 112
calculates a delay to be added to each transmission pulse.
The delay calculator 112 supplies a pulse generation trigger
including the delay calculated to the pulse generator 113
connected thereto.

[0095] As described above, the pulse generation trigger
sent from the delay calculator 112 to the pulse generator 113
is also sent to the clock generator 111. Upon receipt of the
pulse generation trigger, the clock generator 111 first stops
the supply of the delay calculation clock to the delay
calculator 112.

[0096] The waveform diagram of FIG. 9 illustrates this
flow. Taking the channel 0 as an example, when the recep-
tion period is switched to the transmission period, the clock
generator 111 supplies a delay calculation clock to the delay
calculator 112. While the delay calculator 112 is calculating
a delay to be added to a transmission pulse (during the
“transmission delay”), the clock generator 111 continuously
supplies the delay calculation clock to the delay calculator
112. Then, the delay calculator 112 sends a pulse generation
trigger to the pulse generator 113 and the clock generator
111.

[0097] Upon receipt of the pulse generation trigger from
the delay calculator 112, the clock generator 111 stops
supplying the delay calculation clock to the delay calculator
112. With reference to FIG. 9, the waveform of the “delay
calculation clock” is illustrated only during the “transmis-
sion delay”, and is not illustrated in the next “pulse genera-
tion” process of the pulse generator 113.

[0098] Having received the pulse generation trigger, the
clock generator 111 supplies a pulse generation clock to the
pulse generator 113. The pulse generator 113 generates a
transmission pulse using the delayed pulse transmission
trigger sent from the delay calculator 112 and the pulse
generation clock supplied from the clock generator 111. FIG.
9 illustrates that the “pulse generation” process is started by
the supply of the pulse generation clock from the clock
generator 111 to the pulse generator 113.

[0099] As described above, the transmission pulse gener-
ated by the pulse generator 113 is applied to the ultrasound
transducers 21 through the transmitting circuit 12.

[0100] Having transmitted the transmission pulse gener-
ated to the transmitting circuit 12, the pulse generator 113
sends a transmission completion signal to the clock genera-
tor 111. In FIG. 8, an arrow extending from the pulse
generator 113 to the clock generator 111 represents the
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transmission completion signal sent from the pulse generator
113 to the clock generator 111. Upon receipt of the trans-
mission completion signal from the pulse generator 113, the
clock generator 111 stops supplying the pulse generation
clock to the pulse generator 113 that has sent the transmis-
sion completion signal.

[0101] The waveform diagram of FIG. 9 illustrates this as
follows. The waveform indicating the pulse generation clock
is illustrated only during the “pulse generation” process. The
waveform indicating the pulse generation clock is not illus-
trated when “waiting for transmission completion” is started
after the pulse generation process is completed in the pulse
generator 113 and a transmission completion signal is trans-
mitted to the clock generator 111.

[0102] FIG. 10 is a flowchart illustrating the operation of
supplying a transmission clock to the transmission beam
former 11B in the third embodiment.

[0103] The transmission beam former 11B determines
whether a transmission synchronization signal is received
from the control circuit 16 (ST31). The transmission beam
former 11B stands by until it receives a transmission syn-
chromzation signal from the control circuit 16 (NO in
ST31).

[0104] Having received a transmission synchronization
signal from the control circuit 16 (YES in ST31), the clock
generator 111 supplies a delay calculation clock to all the
delay calculators 112 (ST32). When supplied with the delay
calculation clock, each of the delay calculators 112 calcu-
lates a delay to be added to a transmission pulse (ST33).
[0105] The delay calculated is supplied to each of the
pulse generators 113 together with a pulse generation trig-
ger. The pulse generation trigger is also supplied to the clock
generator 111. The clock generator 111 determines whether
the pulse generation trigger has been received from the delay
calculator 112 (ST34).

[0106] When the pulse generation trigger has not been
received from the delay calculator 112 (NO in ST34), the
delay calculator 112 is still performing the transmission
delay process. Thus, the clock generator 111 stands by. On
the other hand, having received the pulse generation trigger
from the delay calculator 112 (YES in ST34), the clock
generator 111 stops supplying the delay calculation clock to
the delay calculator 112 that has sent the pulse generation
trigger (ST35).

[0107] At the same time, the clock generator 111 supplies
a pulse generation clock to the pulse generator 113 that has
received the pulse generation trigger from the delay calcu-
lator 112 that has sent the pulse generation trigger (ST36).
When supplied with the pulse generation clock from the
clock generator 111 and the delayed pulse generation trigger
from the delay calculator 112, the pulse generator 113
generates a transmission pulse (ST37).

[0108] Then, the pulse generator 113 transmits the trans-
mission pulse generated to the transmitting circuit 12
(ST38). At the same time, the pulse generator 113 sends the
clock generator 111 a transmission completion signal of the
transmission pulse to the transmitting circuit 12.

[0109] The clock generator 111 determines whether the
transmission completion signal has been received from the
pulse generator 113 (ST39). When the transmission comple-
tion signal has not been received from the pulse generator
113 (NO in ST39), the pulse generator 113 s still performing
the pulse generation process. Thus, the clock generator 111
stands by.
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[0110] On the other hand, having received the transmis-
sion completion signal from the pulse generator 113 (YES in
ST39), the clock generator 111 stops supplying the pulse
generation clock to the pulse generator 113 that has sent the
transmission completion signal of the transmission pulse
(ST40). The time taken for the delay calculators 112 to
calculate a delay is the same. However, since the delay
added varies, the delay calculators 112 send a delayed pulse
generation trigger to the pulse generators 113 at different
timings. Accordingly, the transmission completion signal is
sent to the clock generator 111 at different times depending
on the pulse generators 113. Thus, the clock generator 111
stops the supply of the pulse generation clock sequentially
from the pulse generator 113 from which the transmission
completion signal has been received.

[0111]  As described above, according to this embodiment,
the clock generator supplies a transmission clock to the
delay calculator only in the transmission period, and stops
the supply of the clock during the substantial reception
period of echo signals, differently from conventional tech-
nologies in which the transmission clock is supplied regard-
less of the transmission period and the reception period.
With this, the power consumption in the ultrasound diagno-
sis apparatus can be reduced. Thus, it is possible to achieve
various effects such as the miniaturization of constituent
equipment, the integration of channels, and the reduction of
noise due to the fluctuation of the power supply voltage. As
a result, the ultrasound diagnosis apparatus can be down-
sized.

[0112] Further, in the generation of the transmission pulse,
the transmission clock is supplied with respect to the delay
calculator of each channel and each pulse generator. In
addition, the supply of the delay calculation clock to the
delay calculator of each channel or the supply of the pulse
generation clock to the pulse generator is stopped under
individual control. With this process, the supply of the
transmission clock to the delay calculator and the pulse
generator can be stopped even during the transmission
period. Thus, the power consumption can be further reduced.

Fourth Embodiment

[0113] Next, a fourth embodiment will be described. In the
fourth embodiment, like reference numerals designate the
same constituent elements as those described in the first to
third embodiments, and the same description will not be
repeated.

[0114] 1In the first to third embodiments so far, the supply
of clocks to the delay calculators or the pulse generators in
the transmission beam former is appropriately stopped,
thereby reducing the power consumption. In the fourth
embodiment, the supply of power to the delay calculators
and the pulse generators is cut instead of stopping the supply
of clocks to reduce the power consumption.

[Configuration of Transmission Beam Former]

[0115] FIG. 11 is a block diagram illustrating a configu-
ration of a transmission beam former 11C according to the
fourth embodiment. The transmission beam former 11C is
connected to the control circuit 16 and is provided with the
delay calculators 112 and the pulse generators 113 as in the
previous embodiments.

[0116] The transmission beam former 11C further includes
an ON/OFF control power supply 114 and an always-ON
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power supply 115. The ON/OFF control power supply 114
supplies power to the delay calculators 112 and the pulse
generators 113. On the other hand, the always-ON power
supply 115 supplies power to each unit of the transmission
beam former 11C except the delay calculators 112 and the
pulse generators 113. The transmission beam former 11C
further includes a power supply control circuit 116 config-
ured to perform the ON/OFF control of the ON/OFF control
power supply 114.

[Operation of Transmission Beam Former and Signal Flow]

[0117] The control circuit 16 sends a transmission syn-
chronization signal to the transmission beam former 11C.
Having received the transmission synchronization signal,
the transmission beam former 11C generates a transmission
pulse to be sent to the transmitting circuit 12. For the
generation of the transmission pulse, as described above, the
delay calculator 112 calculates a delay, and the pulse gen-
erator 113 generates the transmission pulse by adding the
delay thereto.

[0118] The control circuit 16 also sends a transmission/
reception determination signal to the power supply control
circuit 116. The transmission/reception determination signal
is a signal for determining whether ultrasound waves are
transmitted from the ultrasound probe 2 to the subject or
reflected waves are received as a result of the transmission
of ultrasound waves.

[0119] In the configuration of the transmission beam for-
mer 11C illustrated in FIG. 11, the power supply control
circuit 116 controls the ON or OFF of the ON/OFF control
power supply 114 based on the transmission/reception deter-
mination signal received from the control circuit 16.
[0120] Specifically, during the transmission period, the
transmission/reception determination signal from the control
circuit 16 indicates “transmission”. Thus, the power supply
control circuit 116 determines that the transmission/recep-
tion determination signal indicates “transmission”, and con-
trols the ON/OFF control power supply 114 to be turned ON.
With this control of the power supply control circuit 116,
power is supplied to the delay calculator 112 and the pulse
generator 113, and a transmission pulse is generated.
[0121] On the other hand, during the substantial reception
period, in which reflected waves are received, after the
transmission of ultrasound waves to the subject, the trans-
mission/reception determination signal from the control
circuit 16 indicates “reception”. Accordingly, the power
supply control circuit 116 determines that the transmission/
reception determination signal indicates “reception”, and
controls the ON/OFF control power supply 114 to be turned
OFF. With this control of the power supply control circuit
116, the supply of power to the delay calculator 112 and the
pulse generator 113 is stopped.

[0122] Inthis manner, the power supply control circuit 116
controls the ON/OFF control power supply 114 to be turned
OFF during the reception period of reflected waves.
Thereby, in this embodiment, power is appropriately sup-
plied to the delay calculator 112 and the pulse generator 113
during the transmission period, while the power supply to
the delay calculator 112 and the pulse generator 113 is
stopped during the substantial reception period of echo
signals. This enables the reduction of power consumption in
the ultrasound diagnosis apparatus. Thus, it is possible to
achieve various effects such as the miniaturization of con-
stituent equipment, the integration of channels, and the
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reduction of noise due to the fluctuation of the power supply
voltage. As a result, the ultrasound diagnosis apparatus can
be downsized.

[0123] Next, a modification of the fourth embodiment will
be described. The ON/OFF control power supply 114
described above supplies power to all the delay calculators
112 and the pulse generators 113 provided in the transmis-
sion beam former 11C. On the other hand, in the modifica-
tion described below, the power supply to the delay calcu-
lators 112 and the pulse generators 113 is performed by a
channel power supply 117 provided to each channel.

[Internal Configuration of Transmission Beam Former]

[0124] FIG. 12 is a block diagram illustrating another
internal configuration of the transmission beam former 11C
according to the fourth embodiment. A transmission beam
former 11D of the modification has basically the same
configuration as that of the transmission beam former 11C
except that the channel power supply 117 is provided for
each channel. The channel power supply 117 is configured
to supply power only to the delay calculator 112 and the
pulse generator 113 in each channel. Therefore, power can
be supplied and cut off with respect to each channel, that is,
for each of the delay calculator 112 and the pulse generator
113 constituting the channel.

[Operation of Transmission Beam Former and Signal Flow]

[0125] In this modification, the power supply control
circuit 116 receives channel use information from the con-
trol circuit 16 in addition to the transmission/reception
determination signal. The channel use information is infor-
mation on a channel being used during the transmission
period.

[0126] Upon receipt of the channel use information from
the control circuit 16 during the transmission period, the
power supply control circuit 116 determines whether each
channel is in use, that is, ultrasound waves are being
transmitted to the subject from the channel, based on the
channel use information.

[0127] As a result, the channel power supply 117 in a
channel being used is controlled to be turned ON. On the
other hand, the channel power supply 117 in an unused
channel or a channel in which a transmission pulse has
already been transmitted to the transmitting circuit 12 is
controlled to be turned OFF.

[0128] Inthis manner, the power supply control circuit 116
determines whether a channel is being used or not based on
the channel use information to perform the ON/OFF control
of the channel power supply 117. Thereby, power is appro-
priately supplied to the delay calculator 112 and the pulse
generator 113 during the transmission period with respect to
each channel. Meanwhile, the supply of power to the delay
calculator 112 and the pulse generator 113 is stopped during
the substantial reception period of echo signals. With this,
the power consumption in the ultrasound diagnosis appara-
tus can be reduced. Thus, it is possible to achieve various
effects such as the miniaturization of constituent equipment,
the integration of channels, and the reduction of noise due to
the fluctuation of the power supply voltage. As a result, the
ultrasound diagnosis apparatus can be downsized.
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Fifth Embodiment

[0129] Next, a fifth embodiment will be described. In the
fifth embodiment, like reference numerals designate the
same constituent elements as those described in the first to
fourth embodiments, and the same description will not be
repeated.

[0130] In the above embodiments, an ultrasound diagnosis
apparatus is cited as an example. In the fifth embodiment, an
example will be described in which the transmission beam
former of the embodiment is provided to an ultrasound
probe P.

[Configuration of Ultrasound Probe]

[0131] FIG. 13 is a block diagram illustrating a configu-
ration of the ultrasound probe P according to the fifth
embodiment. In the fifth embodiment, the transmission
beam former is provided inside the ultrasound probe P as
described above. The ultrasound probe P is detachably
connected to the ultrasound diagnosis apparatus.

[0132] The ultrasound probe P includes a transmission
beam former 31 configured to generate a transmission pulse,
a transmitting circuit 33 configured to supply a drive signal
to ultrasound transducers 32, a receiving circuit 34 config-
ured to receive a reflection signal from the ultrasound probe
P, a reception beam former 35 configured to process the
reflection signal, and a control circuit 36 configured to
control each unit.

[0133] Note that, while the internal configuration of the
ultrasound probe P of the fifth embodiment has been
described above, it is only the configuration supposed to be
necessary for explaining the fifth embodiment. Therefore,
the ultrasound probe P may further include a configuration
not illustrated in FIG. 5.

[0134] Under the control of the control circuit 36, the
transmission beam former 31 generates a transmission pulse,
which is a drive signal to be transmitted from the transmit-
ting circuit 33 and applied to the ultrasound transducers 32.
The transmission beam former 31 calculates a delay corre-
sponding to the distance between each of the ultrasound
transducers 32 and a focal point such that the phases of
ultrasound waves transmitted from the ultrasound transduc-
ers 32 to the subject are aligned at a predetermined focal
point in the subject and generates a transmission pulse (drive
signal) to which the delay is added.

[0135] The transmission beam former 31 includes a clock
generator 311, a delay calculator 312, and a pulse generator
313. The clock generator 311 receives a transmission syn-
chronization signal and a transmission clock from the con-
trol circuit 36, and generates a clock to be supplied to the
delay calculator 312 and the pulse generator 313. The delay
calculator 312 calculates a delay to be added to each
transmission pulse. The pulse generator 313 generates a
transmission pulse to be supplied to the transmitting circuit
33. The transmission pulse supplied from the pulse generator
313 to the transmitting circuit 33 is applied to the ultrasound
transducers 32 as a drive signal.

[0136] FIG. 13 illustrates one clock generator (311) in the
transmission beam former 31. A combination of the delay
calculator 312 and the pulse generator 313 is provided with
respect to each channel. There are a plurality of channels,
and a plurality of the delay calculators 312 and the pulse
generators 313 are provided in the transmission beam former
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31. However, in FIG. 13, only two pairs of the delay
calculator 312 and the pulse generator 313 are illustrated,
and others are not illustrated.

[0137] The ultrasound probe P 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
P incorporates a plurality of the ultrasound transducers 32,
which are one-dimensionally arranged on the distal end
surface. The ultrasound probe P transmits ultrasound waves
to the inside of the subject by each of the ultrasound
transducers 32 to scan the scan area, and receives reflected
waves from the subject as echo signals. Examples of the
scan include various scans such as B mode scan and Doppler
mode scan.

[0138] In addition, examples of the ultrasound probe P
include a sector scan probe, a linear scan probe, a convex
scan probe, and the like. Any of these probes is arbitrarily
selected according to an area to be diagnosed. The ultra-
sound transducers 32 need not necessarily be arranged
one-dimensionally. If the ultrasound transducers 32 are
arranged two-dimensionally, volume data can be acquired in
real time. In the case of obtaining a three-dimensional
stereoscopic image, a three-dimensional scanning probe is
used as the ultrasound probe P. A two-dimensional array
probe or a mechanical four-dimensional probe can be cited
as an example of the three-dimensional scanning probe.
[0139] FIG. 13 does not illustrate all of the ultrasound
transducers 32 built in the ultrasound probe P. FIG. 13
illustrate only two ultrasound transducers (32), and the
illustration of others is omitted by a broken line provided
between the two ultrasound transducers 32.

[0140] The transmitting circuit 33 receives the transmis-
sion pulse generated by the transmission beam former 31,
and transmits it to the ultrasound transducers 32 as a drive
signal. As a configuration of the transmitting circuit 33, for
example, the configuration of a switch pulser or a linear
driver can be employed.

[0141] The receiving circuit 34 receives a reflection signal
(echo signal) from the ultrasound transducers 32. The echo
signal received by the receiving circuit 34 is fed to the
reception beam former 35. The reception beam former 35
adds a delay to the echo signal, and outputs the signal
acquired by the delay addition to the scan converter of the
ultrasound diagnosis apparatus to which the ultrasound
probe P is connected.

[Operation of Transmission Beam Former and Signal Flow]

[0142] Next, a description will be given of the operation of
the transmission beam former and a signal flow. As
described above, the transmission beam former 31 generates
a transmission pulse (drive signal) to be applied to the
ultrasound transducers 32. First, the clock generator 311 is
fed with a transmission synchronization signal and a trans-
mission clock from the control circuit 36. Not only the clock
generator 311 but also the delay calculator 312 of each
channel is fed with the transmission synchronization signal
from the control circuit 36.

[0143] The clock generator 311 supplies the transmission
clock to each of the delay calculators 312 and the pulse
generators 313 when the ultrasound probe P enters a period
for transmitting ultrasound waves (transmission waves) to
the subject therefrom. The clock generator 311 supplies the
transmission clock concurrently to all the delay calculators
312 in the transmission beam former 31.
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[0144] Upon receipt of the transmission clock from the
clock generator 311, each of the delay calculators 312
calculates a delay to be added to a transmission pulse. The
delay calculator 312 supplies a pulse generation trigger
including the delay to the pulse generator 313 connected
thereto.

[0145] The pulse generator 313 generates a transmission
pulse to be supplied to the transmitting circuit 33 by adding
thereto the delay received from the delay calculator 312. As
described above, the transmission pulse generated is applied
to the ultrasound transducers 32 through the transmitting
circuit 33.

[0146] The ultrasound probe P alternately performs the
transmission of ultrasound waves to the subject and the
receipt of reflected waves. Accordingly, a transmission
period for transmitting ultrasound waves and a reception
period for receiving reflected waves are alternately pro-
vided. The transmission pulse generated by the transmission
beam former 31 is applied to the ultrasound transducers 32
during the transmission period. When the transmission
period is switched to the reception period, the application of
the transmission pulse to the ultrasound transducers 32 is
terminated.

[0147] Having transmitted the transmission pulse gener-
ated to the transmitting circuit 33, the pulse generator 313
transmits a transmission completion signal to the clock
generator 311. In FIG. 13, an arrow extending from the pulse
generator 313 to the clock generator 311 represents the
transmission completion signal transmitted from the pulse
generator 313 to the clock generator 311. Upon receipt of the
transmission completion signal transmitted from all the
pulse generators 313, the clock generator 311 stops the
supply of the transmission clock to the delay calculators 312
and the pulse generator 313.

[0148] In FIG. 13, an arrow extending from the clock
generator 311 toward the left in the figure indicates that the
transmission clock is supplied to all the delay calculators
and the pulse generators concurrently, and also the supply of
the transmission clock is stopped concurrently for all the
delay calculators and the pulse generators.

[0149] As described above, according to this embodiment,
the clock generator supplies a transmission clock to the
delay calculator only in the transmission period, and stops
the supply of the clock during the substantial reception
period of echo signals, differently from conventional tech-
nologies in which the clock generator supplies a transmis-
sion clock to the delay calculator regardless of the trans-
mission period and the reception period. With this, the
power consumption in the ultrasound probe can be reduced.
Thus, it is possible to achieve various effects such as the
miniaturization of constituent equipment, the integration of
channels, and the reduction of noise due to the fluctuation of
the power supply voltage. As a result, the ultrasound diag-
nosis apparatus can be downsized.

[0150] An example has been described in which the ultra-
sound probe is provided with a transmission beam former
configured to stop the supply of transmission clocks to the
delay calculators during the reception period, thereby reduc-
ing the power consumption (the first embodiment). The
transmission beam former mounted on the ultrasound probe
may be configured to, for example, control the supply of the
transmission clock and the stop thereof with respect to each
channel (the second embodiment). Further, the transmission
beam former may be configured to control the supply of the
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clock and the stop thereof with respect to each delay
calculator and each pulse generator (the third embodiment),
or control the supply of power and the stop thereof instead
of the clock (fourth embodiment) for reducing the power
consumption.

[0151] In the above embodiments, the clock generator
supplies various clocks and stops the supply of the clocks.
In addition, the power supply control circuit controls the
supply of power in the transmission beam former. However,
for example, the control circuit may perform these control
operations.

[0152] Although several embodiments have been
described regarding the supply of various clocks and the
stop thereof or the supply of power and the stop thereof in
the transmission beam former, the features of the embodi-
ments may be combined to form further embodiments. As a
result, the power consumption can be further reduced.
[0153] 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. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; further, 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 fall within the scope and
spirit of the inventions.

What is claimed is:

1. An ultrasound diagnosis apparatus, comprising:

a transmission beam former configured to generate a

transmission pulse; and
a transmitting circuit configured to supply an ultrasound
transducer with the transmission pulse received from
the transmission beam former as a drive signal,

wherein supply of a clock necessary for generation of the
transmission pulse is stopped during a substantial
reception period of echo signals from the ultrasound
transducer.

2. The ultrasound diagnosis apparatus of claim 1, wherein

the transmission beam former includes:

a pulse generator configured to generate the transmis-
sion pulse to be supplied to the transmitting circuit;

a delay calculator configured to calculate a delay to be
added to each transmission pulse; and

a clock generator configured to generate a clock to be
supplied to the delay calculator and the pulse gen-
erator, and

the clock generator is further configured to stop supply of

the clock to the delay calculator and the pulse generator
during the reception period of echo signals from the
ultrasound transducer.

3. The ultrasound diagnosis apparatus of claim 1, wherein
the clock is supplied or the supply of the clock is stopped
with respect to each channel of the transmitting circuit.

4. The ultrasound diagnosis apparatus of claim 2, wherein
the clock is supplied or the supply of the clock is stopped
with respect to each channel of the transmitting circuit.

5. The ultrasound diagnosis apparatus of claim 3, wherein
the clock is supplied or the supply of the clock is stopped
with respect to the delay calculator or the pulse generator
constituting a channel.
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6. The ultrasound diagnosis apparatus of claim 4, wherein
the clock is supplied or the supply of the clock is stopped
with respect to the delay calculator or the pulse generator
constituting a channel.

7. The ultrasound diagnosis apparatus of claim 3, wherein
the cock is supplied to a channel used in an examination
mode selected for an examination to be performed on a
subject.

8. The ultrasound diagnosis apparatus of claim 4, wherein
the cock is supplied to a channel used in an examination
mode selected for an examination to be performed on a
subject.

9. The ultrasound diagnosis apparatus of claim 5, wherein
the cock is supplied to a channel used in an examination
mode selected for an examination to be performed on a
subject.

10. The ultrasound diagnosis apparatus of claim 6,
wherein the cock is supplied to a channel used in an
examination mode selected for an examination to be per-
formed on a subject.

11. The ultrasound diagnosis apparatus of claim 3,
wherein the cock is supplied to a channel used in an
ultrasound probe connected to the ultrasound diagnosis
apparatus.

12. The ultrasound diagnosis apparatus of claim 4,
wherein the cock is supplied to a channel used in an
ultrasound probe connected to the ultrasound diagnosis
apparatus.

13. The ultrasound diagnosis apparatus of claim 5,
wherein the cock is supplied to a channel used in an
ultrasound probe connected to the ultrasound diagnosis
apparatus.

14. The ultrasound diagnosis apparatus of claim 6,
wherein the cock is supplied to a channel used in an
ultrasound probe connected to the ultrasound diagnosis
apparatus.

15. An ultrasound diagnosis apparatus, comprising:

a transmission beam former configured to generate a

transmission pulse; and

a transmitting circuit configured to supply an ultrasound

transducer with the transmission pulse received from
the transmission beam former as a drive signal,
wherein the transmission beam former includes:
a pulse generator configured to generate the transmis-
sion pulse to be supplied to the transmitting circuit;
a delay calculator configured to calculate a delay to be
added to each transmission pulse; and
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a power supply control circuit configured to control
supply of power to the pulse generator and the delay
calculator, and

the power supply control circuit is further configured to

stop the supply of power to the pulse generator and the

delay calculator during a reception period of echo
signals from the ultrasound transducer.

16. The ultrasound diagnosis apparatus of claim 15,
wherein the power supply control circuit is further config-
ured to supply the power to a channel used in an examination
mode selected for an examination to be performed on a
subject.

17. The ultrasound diagnosis apparatus of claim 15,
wherein the power supply control circuit is further config-
ured to supply the power to a channel used in an ultrasound
probe connected to the ultrasound diagnosis apparatus.

18. The ultrasound diagnosis apparatus of claim 16,
wherein the power supply control circuit is further config-
ured to supply the power to a channel used in an ultrasound
probe connected to the ultrasound diagnosis apparatus.

19. An ultrasound probe, comprising:

a transmission beam former configured to generate a

transmission pulse; and

a transmitting circuit configured to supply an ultrasound

transducer with the transmission pulse received from

the transmission beam former as a drive signal,

wherein supply of a clock necessary for generation of the
transmission pulse is stopped during a substantial
reception period of echo signals from the ultrasound
transducer.

20. An ultrasound probe, comprising:

a transmission beam former configured to generate a

transmission pulse; and

a transmitting circuit configured to supply an ultrasound

transducer with the transmission pulse received from

the transmission beam former as a drive signal,
wherein the transmission beam former includes:

a pulse generator configured to generate the transmis-
sion pulse to be supplied to the transmitting circuit;

a delay calculator configured to calculate a delay to be
added to each transmission pulse; and

a power supply control circuit configured to control
supply of power to the pulse generator and the delay
calculator, and

the power supply control circuit is further configured to

stop the supply of power to the pulse generator and the

delay calculator during a reception period of echo
signals from the ultrasound transducer.
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