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ULTRASONIC DIAGNOSTIC APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus for transmitting and receiving an ultrasonic
wave with ultrasonic transducers to obtain information about
the interior of the body, and particularly to a circuit for
driving the transducers.

BACKGROUND ART

[0002] The following principle of ultrasonic diagnostic
apparatuses already has been well known: an ultrasonic
wave is transmitted to the inside of the body and a reflected
wave thereof is received by using a transducer array,
whereby two-dimensional information about the interior of
the body is obtained.

[0003] An ultrasonic diagnostic apparatus that performs
sector scanning by using a transducer array is configured as
shown in FIG. 4, for example. An operation of the ultrasonic
diagnostic apparatus that performs sector scanning will be
described with reference to FIG. 4. Transducers 8-1 to §-8
for transmitting and receiving an ultrasonic wave are con-
nected with transmission pulse generators 9-1 to 9-8, respec-
tively, for generating transmission pulses for driving the
transducers 8-1 to 8-8. A transmission trigger generator 10
generates trigger pulses that allow the transmission pulse
generators 9-1 to 9-8 to generate the transmission pulses,
and a controller 5 controls the transmission trigger generator
10 and a transmission power source 11. The transmission
power source 11 supplies the transmission pulse generators
9-1 to 9-8 with a voltage that determines an amplitude of the
transmission pulses to be generated by the transmission
pulse generators 9-1 to 9-8. An output side capacitor 7 is
provided to stabilize a voltage of the transmission power
source 11.

[0004] Reception amplifiers 12-1 to 12-8 appropriately
amplify signals from the transducers 8-1 to 8-8, respectively,
that have received a reflected ultrasonic wave. A beam
former 13 subjects the amplified signals to delay addition,
and a wave detector 14 detects the resulting signals. A scan
converter (DSC) 15 subjects the detected signals to scan
conversion, and a display 16 displays an image based on the
resulting signals.

[0005] Recently, a single ultrasonic diagnostic apparatus
can accommodate a Doppler mode in which blood flow
information is displayed according to a spectrum, a color
flow mode in which blood blow information is displayed in
colors, as well as a B-mode in which an image is displayed
by converting amplitude information into luminance, so as
to perform a different mode operation for each scan.

[0006] As compared with the B-mode that requires a high
resolution, the color flow mode and the Doppler mode
require a high sensitivity. Accordingly, for a diagnosis, the
wave number of a transmission waveform per pulse in the
B-mode often is set lower than that in the color flow mode
or the Doppler mode.

[0007] There are regulations on the intensity of an ultra-
sonic wave that can be incident on the inside of the body. In
the case of a high wave number, the power per unit time
becomes higher even with the same amplitude, and accord-
ingly the amplitude needs to be set lower. On the other hand,
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in the B-mode in which the wave number is low, the
amplitude needs to be increased within a stipulated range so
as to increase a S/N ratio.

[0008] Consequently, in order to switch mutually between
the B-mode, the color flow mode, and the Doppler mode at
a high speed, it is necessary to change the output voltage of
the transmission power source 11 rapidly. However, in the
method as shown in FIG. 4 in which the single transmission
power source 11 supplies power to all the transmission pulse
generators 9-1 to 9-8, high-speed switching is difficult due to
the large amount of power supply.

[0009] To solve this problem, for example, Patent Docu-
ment 1 describes a method in which a plurality of power
sources are provided and a power source to supply power is
selected by a switch.

[0010] FIG. 5A is a block diagram showing a configura-
tion from a transmission power source to transmission pulse
generators (not shown) in the ultrasonic diagnostic apparatus
described in Patent Document 1. FIG. 5B is a timing chart
showing switching of a transmission voltage. This ultrasonic
diagnostic apparatus includes mode-specific power sources
1A and 1B for supplying power, a controller 5 for controlling
the voltage of the mode-specific power sources 1A and 1B,
power source side capacitors 3A and 3B for stabilizing the
voltage of the mode-specific power sources 1A and 1B,
respectively, a mode changeover switch 18 for switching
between the mode-specific power sources 1A and 1B, and an
output side capacitor 7. When generating transmission
pulses, the transmission pulse generators rapidly consume
power, followed by a voltage drop due to an internal
resistance of the mode changeover switch 18 not being zero,
and the output voltage decreases. The output side capacitor
7 is used as a temporary power source in such a case.

[0011] In FIG. 5B, VB represents an output voltage VB
shown in FIG. 5A to be supplied to the transmission pulse
generators. SW18 represents a connection state of the mode
changeover switch 18. Output represents a voltage of trans-
mission pulses for driving a transducer transmitted from the
transmission pulse generators. When a transmission wave-
form with an amplitude V1 is generated to be transmitted to
the transducer as Output for the B-mode (before Time t1),
the mode changeover switch 18 is connected to an a side, so
that a voltage VB1 is supplied from the mode-specific power
source 1A. Then, when a transmission waveform with an
amplitude V2 lower than the amplitude V1 is generated for
the color flow mode (after Time t1), the mode changeover
switch 18 is connected to a b side, so that an output voltage
VB2 of the mode-specific power source 1B is supplied, and
VB becomes equal to VB2. By repeating this operation,
transmission and reception for the B-mode and those for the
color flow mode are performed in a time-sharing manner.

Patent Document 1: JP 11(1999)-290321 A
DISCLOSURE OF INVENTION

Problem to be Solved by the Invention

[0012] In the case of supplying power by switching
between the plurality of mode-specific power sources with
the switch as shown in FIG. 5B, when the voltage VB1 is
switched to the voltage VB2 lower than the voltage VB1, the
output side capacitor 7 ineffectively consumes power to
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discard power stored therein, which leads to an increase in
power consumption and heating value.

[0013] Tt is an object of the present invention to solve the
above-mentioned problems and to provide an ultrasonic
diagnostic apparatus that reuses power stored in the output
side capacitor to reduce power consumption.

Means for Solving Problem

[0014] An ultrasonic diagnostic apparatus according to the
present invention includes: a plurality of transducers for
transmitting and receiving an ultrasonic wave; transmission
pulse generators for generating pulses that allow the trans-
ducers to transmit the ultrasonic wave; a transmission power
source for supplying power to the transmission pulse gen-
erators; and an output side capacitor for stabilizing a voltage
of the transmission power source. The transmission power
source includes: a plurality of mode-specific power sources
for outputting a voltage corresponding to each of a plurality
of signal processing modes; a power source side capacitor
connected to an output side of each of the mode-specific
power sources for stabilizing the voltage; and a mode
changeover switch provided between the output side of the
mode-specific power sources and the output side capacitor
for switching between the mode-specific power sources that
supply power to the transmission pulse generators. In this
ultrasonic diagnostic apparatus, the transmission power
source further includes: a power supplying power source
connected to an input side of the mode-specific power
sources for supplying power; and a power regeneration
capacitor with a larger capacity than that of the output side
capacitor, one electrode terminal of which is connected to a
connection point between the power supplying power source
and the input side of the mode-specific power sources and
the mode changeover switch, and the other electrode termi-
nal of which is connected to ground, and the mode
changeover switch is capable of connecting the power
regeneration capacitor, instead of the output side of each of
the mode-specific power sources, to the output side capaci-
tor. With this configuration, power charged in the output side
capacitor can be returned to the input side of the mode-
specific power sources, resulting in a reduction in power
consumption.

[0015] Further, it is also possible that a plurality of power
regeneration capacitors are included, and that the power
regeneration switch is provided that is constituted to achieve
a state in which the plurality of power regeneration capaci-
tors are connected in cascade with respect to each of the
mode-specific power sources and a state in which the
plurality of power regeneration capacitors are connected in
parallel with respect to the mode changeover switch.

[0016] Further, it is also possible that when the mode
changeover switch connects the output side capacitor to the
output side of each of the mode-specific power sources, the
power regeneration switch is controlled to connect the
plurality of power regeneration capacitors in cascade with
respect to each of the mode-specific power sources and the
power source side capacitor.

[0017] Further, it is also possible that when the mode
changeover switch connects the output side capacitor to the
plurality of power regeneration capacitors, the power regen-
eration switch is controlled to connect the plurality of power
regeneration capacitors in parallel with respect to the mode
changeover switch.
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[0018] Further, it is also possible that a photo MOS relay
is used as the mode changeover switch. With this configu-
ration, by the use of a photo MOS relay as the switch, it is
possible to reduce an internal resistance of the switch and to
set a capacity of the capacitor between each of the mode-
specific power sources and the transmission pulse generator
to be low, resulting in a reduction in power consumption.

[0019] Further, it is also possible that a MEMS relay is
used as the mode changeover switch. With this configura-
tion, by the use of a MEMS relay as the switch, it is possible
to reduce an internal resistance of the switch and to set a
capacity of the capacitor between each of the mode-specific
power sources and the transmission pulse generator to be
low, resulting in a reduction in power consumption.

[0020] Further, it is also possible that a DC-DC converter
is used as the transmission power source. With this configu-
ration, by the use of a DC-DC converter as the step-up or
step-down mode-specific power source, it is possible to
perform efficient voltage conversion, and power consumed
by voltage conversion can be reduced.

EFFECTS OF THE INVENTION

[0021] An ultrasonic diagnostic apparatus according to the
present invention transfers power stored in an output side
capacitor to a power regeneration capacitor connected to a
power source with a lower voltage when switching between
a B-mode and a color mode or a Doppler mode in power
supply to a transmission pulse generator, so as to reuse the
power, whereby it is possible to reduce power consumption.

BRIEF DESCRIPTION OF DRAWINGS

[0022] [FIG. 1AJFIG. 1A is a block diagram of a trans-
mission power source unit constituting an ultrasonic diag-
nostic apparatus according to a first embodiment of the
present invention.

[0023] [FIG. 1BJFIG. 1B is a timing chart showing an
operation of the ultrasonic diagnostic apparatus in FIG. 1A
in a compound mode.

[0024] [FIG. 2AJFIG. 2A is a block diagram of a trans-
mission power source unit constituting an ultrasonic diag-
nostic apparatus according to a second embodiment of the
present invention.

[0025] [FIG. 2BJFIG. 2B is a timing chart showing an
operation of the ultrasonic diagnostic apparatus in FIG. 2A
in a compound mode.

[0026] [FIG. 3AJFIG. 3A is a block diagram of a trans-
mission power source unit constituting another ultrasonic
diagnostic apparatus according to the second embodiment of
the present invention.

[0027] [FIG. 3BJFIG. 3B is a timing chart showing an
operation of the ultrasonic diagnostic apparatus in FIG. 3A
in a compound mode.

[0028] [FIG.4]JFIG. 4is a block diagram of a conventional
sector scanning type ultrasonic diagnostic apparatus.

[0029] [FIG. 5AJFIG. 5A is a block diagram of a trans-
mission power source unit constituting the conventional
ultrasonic diagnostic apparatus.
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[0030] [FIG. SBJFIG. 5B is a timing chart showing an
operation of the ultrasonic diagnostic apparatus in FIG. 5A
in a compound mode.

EXPLANATION OF LETTERS OR NUMERALS

[0031] 1A, 1B, 1C, 1D Mode-specific power source
[0032] 2 Power supplying power source

[0033] 3A, 3B Power source side capacitor

[0034] 4, d4A, 4B, 4C, 4D Power regeneration capacitor
[0035] 5 Controller

[0036] 6, 18 Mode changeover switch

[0037] 7 Output side capacitor

[0038] 8-1 to 8-8 Transducer

[0039] 9-1 to 9-8 Transmission pulse generator

[0040] 10 Transmission trigger generator

[0041] 11 Transmission power source

[0042] 12-1 to 12-8 Reception amplifier

[0043] 13 Beam former

[0044] 14 Wave detector

[0045] 15 Scan converter (DSC)

[0046] 16 Display

[0047] 17A,17B,17C, 17D, 17E, 17F Power regeneration
switch

DESCRIPTION OF THE INVENTION

[0048] Hereinafter, an embodiment of the present inven-
tion will be described with reference to FIG. 1.

First Embodiment

[0049] FIG. 1A is a diagram showing a configuration of a
transmission power source 11 (see FIG. 4) for supplying
power to transmission pulse generators 9-1 to 9-8 (see FIG.
4) in a transmission unit for sector scanning in a first
embodiment of the present invention. The transmission
power source 11 includes mode-specific power sources 1A
and 1B for supplying power to the transmission pulse
generators 9-1 to 9-8, a power supplying power source 2 for
supplying power to the mode-specific power sources 1A and
1B, power source side capacitors 3A and 3B for stabilizing
a voltage of the mode-specific power sources 1A and 1B,
respectively, and a power regeneration capacitor 4 for regen-
erating power. Each of the mode-specific power sources 1A
and 1B generates a voltage corresponding to a signal pro-
cessing mode (e.g., a B-mode or a color flow mode) of the
ultrasonic diagnostic apparatus. Further, a mode changeover
switch 6 is provided for connecting the transmission pulse
generators 9-1 to 9-8 to either one of the mode-specific
power sources 1A and 1B and the power supplying power
source 2.

[0050] Further, a controller 5 controls the voltage of the
mode-specific power sources 1A and 1B. An output side
capacitor 7 is provided on the transmission-pulse-genera-
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tors-9-1-t0-9-8 side of the mode changeover switch 6 for
stabilizing a voltage to the transmission pulse generators 9-1
o 9-8.

[0051] Herein, output voltages VB1, VB2, and VB3 of the
mode-specific power sources 1A and 1B and the power
supplying power source 2, respectively, satisfy the following
relationship: VB1>VB2>VB3. Following the turning-on of
the power to the ultrasonic diagnostic apparatus, the volt-
ages of the mode-specific power sources 1A and 1B and the
power supplying power source 2 are set under the control of
the controller 5.

[0052] Next, with reference to FIG. 1B, a description will
be given of an operation of switching between B-mode
scanning and color flow mode scanning in a fine time-
sharing manner, e.g., for each scanning line. In the descrip-
tion below, it is assumed that the mode-specific power
source 1A is used for the B-mode and the mode-specific
power source 1B is used for the color flow mode. In FIG. 1B,
VB represents an electric potential at a position VB in FIG.
1A, i.e., the output voltage to the transmission pulse gen-
erators 9-1 to 9-8 (the voltage of the output side capacitor 7),
SW6 represents a connection state of the mode changeover
switch 6, and Output represents a voltage of transmission
pulses for driving a transducer transmitted from the trans-
mission pulse generators 9-1 to 9-8.

[0053] During the B-mode scanning (before Time t1), the
mode changeover switch 6 is connected to a terminal a, so
that power stored in the mode-specific power source 1A, the
power source side capacitor 3A, and the output side capaci-
tor 7 is supplied to the transmission pulse generators 9-1 to
9-8, and the transmission pulse generators 9-1 to 9-8 output
transmission pulses with an amplitude V1.

[0054] After the transmission pulses for the B-mode are
output (Time t1), the mode changeover switch 6 is shifted to
a terminal ¢, so that the power stored in the output side
capacitor 7 is transferred to the power regeneration capacitor
4 via the mode changeover switch 6. A capacity C3 of the
power regeneration capacitor 4 and a capacity C4 of the
output side capacitor 7 satisfies the following relationship:
C3>C4. Accordingly, even when the voltage of the output
side capacitor 7 decreases considerably, the voltage of the
power regeneration capacitor 4 does not change signifi-
cantly.

[0055] When the voltage VB of the output side capacitor
7 decreases to the voltage VB2 (Time 12), the mode
changeover switch 6 is shifted to a terminal b. As a result,
the voltage VB of the output side capacitor 7 becomes equal
to VB2, and the transmission pulse generators generate
transmission pulses with an amplitude V2 for the color flow
mode.

[0056] Herein, each of the mode-specific power sources
1A and 1B includes a step-up circuit, so that the output
voltage can be set higher than an input voltage. Therefore,
it is possible to generate the voltages VB1 and VB2 from the
voltage VB3 lower than VB1 and VB2. In terms of effi-
ciency, it is preferable to use a switching system DC-DC
converter as the step-up circuit included in the mode-specific
power sources 1A and 1B.

[0057] After the transmission pulse generators 9-1 to 9-8
generate the transmission pulses for the color flow mode
(Time t3), the mode changeover switch 6 is shifted again to



US 2007/0160540 Al

the terminal a, and the output side capacitor 7 is charged.
Then, the voltage VB becomes VB1, and the transmission
pulse generators 9-1 to 9-8 generate the transmission pulses
for the B-mode.

[0058] In the present embodiment, the power of the output
side capacitor 7 stored during the B-mode is transferred to
the power regeneration capacitor 4 connected to the power
supplying power source 2 with a lower voltage, and is reused
as power for the B-mode and the color mode by using the
step-up circuit. Therefore, it is possible to suppress power
consumption during switching between the modes.

[0059] As the mode changeover switch 6, a photo MOS
relay or a relay using MEMS (Micro Electro Mechanical
Systems) may be used to perform high-speed switching with
a low internal resistance.

Second Embodiment

[0060] FIG. 2Ais a block diagram showing a transmission
power source 11 (see FIG. 4) in a transmission unit for sector
scanning in a second embodiment of the present invention.
The present embodiment is different from the first embodi-
ment (see FIG. 1) in that the power regeneration capacitor 4
1s replaced by two power regeneration capacitors 4A and 4B
and that power regeneration switches 17A, 17B, and 17C for
connecting the mode changeover switch 6, mode-specific
power sources 1C and 1D, and the power supplying power
source 2 are provided additionally. Further, the mode-spe-
cific power sources 1C and 1D adopt a step-down system
instead of a step-up system. In FIG, 2A, VB4 represents a
voltage between the power regeneration switch 17A and the
power regeneration capacitor 4B.

[0061] FIG. 2B is atiming chart showing the generation of
a transmission pulse and switching timings of the power
regeneration switches 17A, 17B, and 17C. In the figure,
SW6, SW17A, SW17B, and SW17C represent connection
states of the mode changeover switch 6, the power regen-
eration switches 17A, 17B, and 17C, respectively.

[0062] During B-mode scanning (before Time t1), the
mode changeover switch 6 is connected to a terminal a, the
power regeneration switch 17A is turned ON, the power
regeneration switch 17B is connected to a terminal b, and the
power regeneration switch 17C is turned OFF. Accordingly,
the power regeneration capacitors 4A and 4B are connected
in cascade with respect to the mode-specific power source
1C, and VB4 becomes the sum of voltages between termi-
nals of the capacitors, which is input to the mode-specific
power sources 1C and 1D.

[0063] After transmission pulses for the B-mode are out-
put (Time t1), the mode changeover switch 6 is shifted to a
terminal ¢ (power regeneration terminal), the power regen-
eration switch 17A is turned OFF, the power regeneration
switch 17B is shifted to a terminal a, and the switch 17C is
turned ON. Accordingly, the two power regeneration capaci-
tors 4A and 4B are connected in parallel with respect to the
mode changeover switch 6, and the voltage VB4 applied to
the power regeneration capacitors 4A and 4B becomes lower
than the voltage VB of the output side capacitor 7. The
electric charge of the output side capacitor 7 1s transferred to
the power regeneration capacitors 4A and 4B, and the
voltage of the output side capacitor 7 decreases to VB2.

[0064] When the voltage of the output side capacitor 7
decreases to VB2 (Time t2), the mode changeover switch 6
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is shifted to a terminal b, the power regeneration switch 17A
is turned ON, the power regeneration switch 17B is shifted
to the terminal b, and the power regeneration switch 17C is
turned OFF. At this time, the power regeneration capacitors
4A and 4B are connected in cascade with respect to the
mode-specific power source 1D, and a voltage higher than
VB2 is applied to the mode-specific power source. The
mode-specific power source 1D that outputs the voltage
VB2 is connected to the output side capacitor 7 to supply
power of the voltage VB2 to the transmission pulse genera-
tors 9-1 to 9-8.

[0065] At Time t3, the mode changeover switch 6 is
connected to the terminal a, so that the voltage VB increases
to the voltage VBI1.

[0066] As described above, the ultrasonic diagnostic appa-
ratus of the present embodiment includes the output side
capacitor 7 and the power regeneration capacitors 4A and
4B, and switches connections with the mode changeover
switch 6, 17A, 17B, and 17C so as to set the voltage of the
output side capacitor 7 and to return the power discarded by
the output side capacitor 7 to the mode-specific power
sources 1C and 1D. Therefore, the ultrasonic diagnostic
apparatus can suppress power consumption,

[0067] In the present embodiment, although two power
regeneration capacitors are provided, three or more power
regeneration capacitors may be provided.

[0068] Further, as shown in FIG. 3A, it is also possible that
the mode-specific power sources 1C and 1D are connected
directly to the power supplying power source 2 and that two
power regeneration capacitors 4C and 4D as well as three
power regeneration switches 17D, 17E, and 17F are pro-
vided. The power regeneration switch 17D connects the
power regeneration capacitors 4C and 4D to the mode-
specific power sources 1C and 1D, and the power regenera-
tion switch 17E determines whether or not one terminal of
the power regeneration capacitor 4C is connected to ground.
The power regeneration switch 17F connects the power
regeneration capacitor 4D to either one of the terminals of
the power regeneration capacitor 4C.

[0069] FIG. 3B is a timing chart showing the generation of
a transmission pulse and switching timings of the power
regeneration switches 17D, 17E, and 17F. In the figure, SW
(switch) 17D, 17E, and 17F replace SW17A, 17B, and 17C,
respectively, in the timing chart in FIG. 2B.

[0070] With this configuration, it is also possible to reduce
power consumption.

INDUSTRIAL APPLICABILITY

[0071] The present invention is applied usefully to an
ultrasonic diagnostic apparatus that accommodates a plural-
ity of signal processing modes and reuses power stored in
the output side capacitor so as to reduce power consumption
and heating value.

1. An ultrasonic diagnostic apparatus comprising: a plu-
rality of transducers for transmitting and receiving an ultra-
sonic wave; transmission pulse generators for generating
pulses that allow the transducers to transmit the ultrasonic
wave; a transmission power source for supplying power to
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the transmission pulse generators; and an output side capaci-
tor for stabilizing a voltage of the transmission power
source,

the transmission power source including: a plurality of
mode-specific power sources for outputting a voltage
corresponding to each of a plurality of signal process-
ing modes; a power source side capacitor connected to
an output side of each of the mode-specific power
sources for stabilizing the voltage; and a mode
changeover switch provided between the output side of
the mode-specific power sources and the output side
capacitor for switching between the mode-specific
power sources that supply power to the transmission
pulse generators,

wherein the transmission power source further includes:

a power supplying power source connected to an input
side of the mode-specific power sources for supplying
power; and

a power regeneration capacitor with a larger capacity than
that of the output side capacitor, one electrode terminal
of which is connected to a connection point between
the power supplying power source and the input side of
the mode-specific power sources and the mode
changeover switch, and the other electrode terminal of
which is connected to ground, and

the mode changeover switch is capable of connecting the

power regeneration capacitor, instead of the output side

of each of the mode-specific power sources, to the
output side capacitor.

2. The ultrasonic diagnostic apparatus according to claim

1, comprising a plurality of power regeneration capacitors,

wherein the power regeneration switch is provided that is
constituted to achieve a state in which the plurality of
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power regeneration capacitors are connected in cascade
with respect to each of the mode-specific power sources
and a state in which the plurality of power regeneration
capacitors are connected in parallel with respect to the
mode changeover switch.
3. The ultrasonic diagnostic apparatus according to claim
2, wherein when the mode changeover switch connects the
output side capacitor to the output side of each of the
mode-specific power sources, the power regeneration switch
is controlled to connect the plurality of power regeneration
capacitors in cascade with respect to each of the mode-
specific power sources and the power source side capacitor.
4. The ultrasonic diagnostic apparatus according to claim
2, wherein when the mode changeover switch connects the
output side capacitor to the plurality of power regeneration
capacitors, the power regeneration switch is controlled to
connect the plurality of power regeneration capacitors in
parallel with respect to the mode changeover switch.
5. The ultrasonic diagnostic apparatus according to claim
1, wherein a photo MOS relay is used as the mode
changeover switch.
6. The ultrasonic diagnostic apparatus according to claim
1, wherein a MEMS (Micro Electro Mechanical Systems)
relay is used as the mode changeover switch.
7. The ultrasonic diagnostic apparatus according to claim
1, wherein a DC-DC converter is used as the transmission
power source.
8. The ultrasonic diagnostic apparatus according to claim
3, wherein when the mode changeover switch connects the
output side capacitor to the plurality of power regeneration
capacitors, the power regeneration switch is controlled to
connect the plurality of power regeneration capacitors in
cascade with respect to the mode changeover switch.
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