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(7) ABSTRACT

An ultrasound diagnostic apparatus includes an ultrasound
probe and a display. The apparatus includes a power supply
including at least one voltage converting circuit converting
input voltage to a predetermined power voltage for output.
The voltage converting circuit includes a coil and a switch-
ing element performing a switching operation for switching
routes of current flowing in the coil in response to a
predetermined switching control signal, and the voltage
converting circuit outputs the power voltage through the
repeated switching operations under supply of the input
voltage. The power supply is provided with a plurality of
coils, and the coils are disposed such that a leakage magnetic
field in a vicinity of an aperture of at least one of the coils
is partially negated by a leakage magnetic field from one or
more of the other coils.
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ULTRASOUND DIAGNOSTIC APPARATUS

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present invention claims priority under 35
U.S.C. § 119 to Japanese Patent Application 2016-214791,
filed Nov. 2, 2016, the entire contents of which being
incorporated herein by reference.

BACKGROUND

Technological Field

[0002] The present invention relates to an ultrasound
diagnostic apparatus.

Description of the Related Art

[0003] A traditional ultrasound diagnostic apparatus emits
ultrasound from an ultrasound probe toward a subject of
interest, receives the reflected waves from the subject,
processes the received signals, generates an ultrasound
image corresponding to the internal structure of the subject,
and displays the ultrasound image on a display. The ultra-
sound image provides diagnostic information of the internal
structure. Such an ultrasound diagnostic apparatus is also
used as a noninvasive diagnostic device for medical care for
humans.

[0004] This type of ultrasound diagnostic apparatus
includes a power supply having multiple voltage conversion
circuits converting an input voltage into a predetermined
power voltage and outputting it. The power voltage gener-
ated at the power supply drives individual components in the
ultrasound diagnostic apparatus. A general type of voltage
conversion circuit for such a power supply switches the
routes of the current flowing in a coil at a predetermined
frequency with a switching element and thereby converts the
input voltage.

[0005] Unfortunately, such an ultrasound diagnostic appa-
ratus has the drawback that the coils of the voltage conver-
sion circuits generate a magnetic field which leaks out of the
coils, and the induced electromotive force of the leakage
magnetic field generates a noise in the received ultrasound
signals, decreasing the quality of an ultrasound image.
[0006] To solve such a drawback, Japanese Unexamined
Patent Application Publication No. 2014-83155 discloses a
technique on an operation at different frequencies of mul-
tiple voltage conversion circuits for spreading the frequency
bandwidth of noises, thereby maintaining the image quality.
[0007] Unfortunately, the traditional technique described
above cannot necessarily operate the voltage conversion
circuits at optimal frequencies, resulting in low power
conversion efliciency in the power supply. Another problem
is the operation of multiple voltage conversion circuits at
different frequencies, complicating the control of the power

supply.
SUMMARY

[0008] An object of the present invention is to provide an
ultrasound diagnostic apparatus that can maintain proper
power supply efficiency, while preventing decrease in qual-
ity of an ultrasound image.

[0009] According to an aspect of the present invention
there is provided an ultrasound diagnostic apparatus includ-
ing an ultrasound probe emitting ultrasound toward a subject
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and receiving reflected ultrasound from the subject and a
display for displaying an ultrasound image in response to a
signal received by the ultrasound probe, the apparatus
including: a power supply including at least one voltage
converting circuit converting input voltage to a predeter-
mined power voltage for output, wherein, the voltage con-
verting circuit includes a coil and a switching element
performing a switching operation for switching routes of
current flowing in the coil in response to a predetermined
switching control signal, and the voltage converting circuit
outputs the power voltage through the repeated switching
operations under supply of the input voltage, wherein, the
power supply is provided with a plurality of coils, and the
coils are disposed such that a leakage magnetic field in a
vicinity of an aperture of at least one of the coils is partially
negated by a leakage magnetic field from one or more of the
other coils.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The advantages and features provided by one or
more embodiments of the invention will become more fully
understood from the detailed description given hereinbelow
and the appended drawings which are given by way of
illustration only, and thus are not intended as a definition of
the limits of the present invention.

[0011] FIG. 1 is a schematic view of an ultrasound diag-
nostic apparatus.

[0012] FIG. 2 is a block diagram illustrating major func-
tional components of the ultrasound diagnostic apparatus.
[0013] FIG. 3Aillustrates the configuration and the opera-
tion of a voltage conversion circuit provided in a power
supply.

[0014] FIG. 3B illustrates an exemplary control signal
output from a comparator.

[0015] FIG. 4 illustrates an exemplary layout of the volt-
age conversion circuits.

[0016] FIG. 5A illustrates exemplary positional relations
of coils relative to one another in the power supply.
[0017] FIG. 5B illustrates exemplary positional relations
of the coils relative to one another in the power supply.
[0018] FIG. 6 illustrates an exemplary geometry of three
voltage conversion circuits partially offsetting leakage mag-
netic fields.

[0019] FIG. 7 illustrates an exemplary geometry of the
voltage conversion circuits on a board in the ultrasound
diagnostic apparatus.

[0020] FIG. 8 illustrates the configuration and the opera-
tion of a voltage conversion circuit according to a modifi-
cation.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0021] The embodiments of an ultrasound diagnostic
apparatus according to the present invention will now be
described in reference to the accompanying drawings.
[0022] FIG. 1 is a schematic view of an ultrasound diag-
nostic apparatus 1 according to an embodiment of the
present invention.

[0023] FIG. 2 is a block diagram illustrating major func-
tional components of the ultrasound diagnostic apparatus 1.
[0024] As illustrated in FIG. 1, the ultrasound diagnostic
apparatus 1 includes an ultrasound diagnostic apparatus
main body 10 and an ultrasound probe 20 connected with the
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ultrasound diagnostic apparatus main body 10 via a cable
30a. The ultrasound diagnostic apparatus main body 10
includes, for example, a controller 100, an input unit 18, an
output display 19 having a display 194 and a touch panel
194. The controller 100 outputs driving signals to the
ultrasound probe 20, causes it to output ultrasound in
response to the input operation by an operator through input
devices, such as a keyboard or a mouse of the input unit 18
and the touch operation by the operator with the touch panel
195 on the output display 19, receives signals regarding
ultrasound reception from the ultrasound probe 20, pro-
cesses the signals and allows, for example, the results of the
process to appear on the display 19a if necessary.

[0025] As illustrated in FIG. 2, the ultrasound diagnostic
apparatus main body 10 includes, for example, the controller
100, a power supply 11, a transmitter 12, a receiver 13, a
transmission/reception switch 14, an image processor 15, a
memory 16, an image converter 17, an input unit 18, and the
output display 19.

[0026] The controller 100 includes, for example, a central
processing unit 101 (CPU), a hard disk drive 102 (HDD),
and a random access memory 103 (RAM). The CPU 101
retrieves various programs stored in the HDD 102 and
deploys them in the RAM 103 to comprehensively control
the operation of individual components in the ultrasound
diagnostic apparatus 1 under instructions of the deployed
programs. The HDD 102 stores, for example, control pro-
grams and various application programs operating the ultra-
sound diagnostic apparatus 1, various setting data, and
image files generated in the ultrasound diagnostic apparatus
1. These programs and setting data may be stored not only
in the HDD 102 but also, for example, in an auxiliary storage
device including a non-volatile memory such as a flash
memory in a readable, writable, and updatable manner. The
RAM 103 is a volatile memory such as a static random
access memory (SRAM) and dynamic random access
memory (DRAM) and provides some memory spaces for
operation to the CPU 101 and stores temporary data.

[0027] The power supply 11 is connected with an external
alternating current (AC) power supply and includes, for
example, an AC-DC converter converting the AC voltage
from the external AC power supply to a direct current (DC)
input voltage, multiple voltage converting circuits 111 (in
FIG. 3A) converting the input voltage generated in the
AC-DC converter to a predetermined DC power voltage,
and an oscillation circuit 112 (in FIG. 3A) used for operation
of the voltage converting circuits 111. The voltage convert-
ing circuits 111 operate in response to the control signals
from the controller 100, generate different power voltages
and output them through voltage supply lines P. In the
present embodiment, the AC-DC converter generates an
input voltage of 5V, and then the voltage converting circuits
111 each convert (step down) the input voltage to a prede-
termined output power voltage ranging from 1 V to 3.3 V.
The multiple power voltages generated in the power supply
11 are supplied to the respective components in the ultra-
sound diagnostic apparatus main body 10, such as the
controller 100, the transmitter 12, the receiver 13, the
transmission/reception switch 14, the image processor 15,
the memory 16, the image converter 17, the input unit 18,
and the output display 19, through the voltage supply lines
P. One or more predetermined power voltages of multiple
power voltages necessary for operation are input to the
respective components in the ultrasound diagnostic appara-
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tus main body 10. It should be noted that the power supply
11 may convert a DC voltage from a battery or cells
provided in the ultrasound diagnostic apparatus 1 to multiple
power voltages.

[0028] The transmitter 12 outputs pulsed signals (driving
signals) to be supplied to the ultrasound probe 20 in response
to the control signals from the controller 100 and causes the
ultrasound probe 20 to generate ultrasound. The transmitter
12 includes, for example, a clock generating circuit, a pulse
generating circuit, a pulse-width setting unit, and a delay
circuit. The clock generating circuit generates clock signals
that determine the timing for transmitting pulsed signals and
transmission frequencies. The pulse generating circuit gen-
erates a bipolar rectangular pulsed waves having a preset
voltage amplitude in a predetermined cycle. The pulse-width
setting unit determines the pulse width of the rectangular
pulsed waves output from the pulse generating circuit. The
rectangular pulsed waves generated by the pulse generating
circuit are distributed to different wiring routes for trans-
ducers 21 in the ultrasound probe 20 before or after being
input into the pulse-width setting unit. The delay circuit
delays the output of the generated rectangular pulsed waves
by the delay time set for each wiring route depending on the
timing of the transmission of the rectangular pulsed waves
to each transducer 21. The transmitter 12 includes a semi-
conductor integrated circuit such as a field-programmable
gate array (FPGA).

[0029] The receiver 13 accepts signals input from the
ultrasound probe 20 under an instruction of the controller
100. The receiver 13 includes, for example, an amplifier, an
A/D converter, and a phase regulating adder. The amplifier
amplifies the received analog signals corresponding to the
ultrasound received at each transducer 21 in the ultrasound
probe 20 at a predetermined amplification factor. The A/D
converter converts the amplified signals to digital data at a
predetermined sampling frequency. The phase regulating
adder designates delay times for wiring routes correspond-
ing to the respective transducers 21 for the digital signals,
regulates the time phases, and adds the phase-regulated
signals, thereby generating sound ray data. The receiver 13
may include a semiconductor integrated circuit such as a
FPGA.

[0030] The transmission/reception switch 14 switches the
signal transmission so as to cause the transmitter 12 to
transmit driving signals to the transducers 21 for generating
the ultrasound from the transducers 21 under an instruction
of the controller 100, and to cause the receiver 13 to output
the received signals for receiving signals corresponding to
the ultrasound from the transducers 21.

[0031] The image processor 15, independent of the CPU
101 in the controller 100, performs arithmetic processes for
generating ultrasound image data (diagnostic images) from
the received ultrasound. The ultrasound image data may
include, for example, image data to appear on the output
display 19 substantially in real time, a series of its video
data, and snapshot data. It should be noted that the CPU 101
may be configured to perform the arithmetic processes. The
image processor 15 includes a semiconductor integrated
circuit, for example, a FPGA and/or digital signal processor
(DSP). The image processor 15 and the receiver 13 may also
be consolidated into a single semiconductor integrated cir-
cuit.

[0032] The memory 16 is a volatile memory such as a
DRAM. Alternatively, the memory 16 may be a high-rate
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rewritable non-volatile memory of various types. The
memory 16 stores ultrasound image data processed at the
image processor 15 for display in real time in the unit of
frames. The image data stored in the memory 16 is retrieved
under an instruction of the controller 100, transmitted to the
image converter 17 and output to the exterior of the ultra-
sound diagnostic apparatus 1 through a communication unit
(not shown).

[0033] The image converter 17 is provided between the
memory 16 and the output display 19, converts image data
stored in the memory 16 to image data conforming to the
displaying mode of the display 194 in the output display 19
(television system mode, for example) and outputs the
converted image data to the output display 19. Specifically,
the image converter 17 converts the scanning format of the
image data to that of the display 19a (interlace and progres-
sive techniques, for example). The image converter 17
includes a semiconductor integrated circuit such as a DSP. It
should be noted that the image converter 17 may be omitted
if the image processor 15 can generate the image data
conforming to the displaying mode of the display 19a.

[0034] The input unit 18 includes a push button switch,
toggle switch, keyboard, mouse or track ball, or a combi-
nation thereof that converts the input operation by the
operator to operation signals and outputs them to the con-
troller 100.

[0035] The display 19a of the output display 19 may be
any display, for example, a liquid crystal display (LCD),
organic electro-luminescent (EL) display, inorganic EL dis-
play, plasma display, or cathode ray tube (CRT) display, and
a driver for the display. The display 19a generates driving
signals for pixels in the screen in response to the control
signals output from the CPU 101 and the image data
supplied from the image converter 17 and displays, for
example, ultrasound images on the screen based on menus
and statuses associated with the ultrasound diagnostics,
operation buttons indicating the object of the touch opera-
tion to be accepted by the touch panel 195, and the received
ultrasound.

[0036] The touch panel 195 of the output display 19 is of
an electrostatic capacitive type provided on the screen of the
display 19a. The touch panel 194 detects touch operation
based on a change in electrostatic capacitance between the
surface and the inner conductive film of the touch panel 196
when the operator touches the surface with, for example,
fingers, and outputs the operation signals indicating the
detected position (coordinates) to the controller 100. It
should be noted that any other technique than the capacitive
sensing mode may be used for the touch panel 195.
Examples of such a mode includes but is not limited to
resistive membrane and electromagnetic induction modes.

[0037] The input unit 18 and the output display 19 may be
integrated with the casing of the ultrasound diagnostic
apparatus main body 10 and may be connected to the
exterior of the ultrasound diagnostic apparatus main body 10
with, for example, a USB cable. When the ultrasound
diagnostic apparatus main body 10 includes an input termi-
nal and an output terminal, these terminals may be con-
nected with common peripheral devices for operation and
display.

[0038] In FIG. 1, the input unit 18 and the output display
19 are separately provided. Alternatively, they may be
integrated. For example, the casing of the output display 19
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including the display 19a and the touch panel 195 may
include various operation buttons and track balls for the
input unit 18.

[0039] The ultrasound probe 20 oscillates ultrasound (on
the order of 1 to 30 MHz in this case) and transmits (emits)
them toward a subject such as a living body. The ultrasound
probe 20 also serves as a sonic sensor receiving the waves
(echoes) reflected by the subject among the transmitted
ultrasound and converting them to electric signals. The
ultrasound probe 20 includes a transducer array 210 com-
posed of multiple transducers 21 transmitting and receiving
ultrasound. Each of the transducers 21 in the transducer
array 210 includes a piezoelectric device having a piezo-
electric element and electrodes on the two edges of the
piezoelectric element. Charges are induced by deformation
(telescopic motion) of the piezoelectric element through
variations in acoustic pressure of the received ultrasound.
[0040] The ultrasound probe 20 according to the present
embodiment transmits ultrasound from some of the trans-
ducers 21 in the transducer array 210 in response to pulsed
signals from the transmitter 12 and shifts the transducers 21
transmitting ultrasound every time the ultrasound is gener-
ated, thereby performing scanning in the scanning direction
SD parallel to the transducer array. In the present embodi-
ment, the ultrasound probe 20 uses a convex electronic
scanning technique that forms a sector-shaped area in which
ultrasound is transmitted at different timings. It should be
noted that the ultrasound probe 20 may employ any elec-
tronic scanning technique, for example, electronic linear or
electronic sector scanning, or any mechanical scanning
technique, for example, linear, sector, arc, or radial scan-
ning.

[0041] The cable 30« includes a connector 30a (in FIG. 7)
used to connect with the ultrasound diagnostic apparatus
main body 10 at one end. The ultrasound probe 20 is
configured to be connected with and disconnect from the
ultrasound diagnostic apparatus main body 10 through the
cable 30a.

[0042] The configuration and geometry of the voltage
converting circuits 111 in the power supply 11 of the
ultrasound diagnostic apparatus 1 will now be described in
detail.

[0043] FIG. 3Aillustrates the configuration and the opera-
tion of the voltage converting circuit 111 in the power supply
11.

[0044] As illustrated in FIG. 3A, the voltage converting
circuits 111 include a transistor Tr (a switching element)
connected with a voltage input terminal Vin to receive the
input voltage from the AC-DC converter, a coil L between
the transistor Tr and a voltage output terminal Vout, a diode
D between a ground terminal GND at ground potential and
a node N1 of the transistor Tr and the coil L and, resistors
R1 and R2 in series disposed between the voltage output
terminal Vout and the ground terminal GND, and a com-
parator C having a first input terminal connected with a node
N2 of the resistors R1 and R2 and having an output terminal
connected with the gate of the transistor Tr. The voltage
converting circuit 111 may be composed of a single elec-
tronic component including packaged individual elements.
Alternatively, the voltage converting circuit 111 may be
composed of a combination of discrete components mounted
on a circuit board.

[0045] The power supply 11 includes an oscillation circuit
112 that oscillates to output sinusoidal waves under an
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instruction of the controller 100. The sinusoidal waves from
the oscillation circuit 112 are sent to a second input terminal
of the comparator C.

[0046] The comparator C alternately outputs an on-volt-
age turning on the transistor Tr and an off-voltage turning off
the transistor Tr depending on the comparative results
between the voltage of the sinusoidal waves from the
oscillation circuit 112 and the shunt voltage at the node N2
generated from the voltage of the voltage output terminal
Vout through the resistors R1 and R2. Thus, the signals
output from the comparator C are switching signals control-
ling the operation of the transistor Tr. The comparator C, the
oscillation circuit 112 and the controller 100 define a power
controller.

[0047] The voltage converting circuit 111 switches the
route of the current flowing in the coil L with the transistor
Tr. When the transistor Tr is an ON state (activated), current
flows from the voltage input terminal Vin to the coil L.
When the transistor Tr is an OFF state (inactivated), current
flows from the diode D to the coil L due to the induced
electromotive force of the coil L. Since the node N1 is at
ground potential through the diode D in this state, the
voltage at the voltage output terminal Vout drops. The
voltage converting circuit 111 repeats such a switching
operation at a predetermined frequency, thereby stepping
down the input voltage in proportion to the ratio of the OFF
period to the total period of the transistor Tr (duty ratio).
Power voltage is thereby generated, which is output from the
voltage output terminal Vout.

[0048] FIG. 3B illustrates exemplary switching control
signals output from the comparator C. As illustrated in this
drawing, the comparator C outputs rectangular switching
signals at a switching frequency corresponding to the oscil-
lating frequency from the oscillation circuit 112. In this
context, the duty ratio of the switching signals or the ratio of
the period of the OFF-voltage output in the cycles of the
rectangular waves converges to a predetermined value cor-
responding to the resistances of the resistors R1 and R2
through feedback of the potential at the node N2 to the input
of the comparator C. In the voltage converting circuits 111,
the resistances of the resistors R1 and R2 are determined
such that the input voltage is stepped down to a desired
power voltage and output from the voltage output terminal
Vout at the predetermined duty ratio of the switching control
signals.

[0049] In the power supply 11, the number of the voltage
converting circuits 111 equals that of the power voltages to
be output. The common oscillation circuit 112 supplies the
voltage converting circuits 111 with the same sinusoidal
waves. In other words, the voltage converting circuits 111
are identical in the switching frequency and the phase of the
circuit and operate at different duty ratios depending on the
resistances of the resistors R1 and R2. The voltage convert-
ing circuits 111 thus operates such that the ON or OFF
periods of the transistors Tr at least partially overlap with
each other.

[0050] The coil L generates internal and external magnetic
fields in a direction corresponding to that of the current
flowing in the coil L (hereinafter, the magnetic field gener-
ated outside the coil L is referred to as a leakage magnetic
field). Since the magnitude of the current flowing in the coil
L fluctuates according to the oscillating frequency of the
oscillation circuit 112, the magnitude of leakage magnetic
field from the coil L also fluctuates according to the oscil-
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lating frequency. Because such a fluctuating leakage mag-
netic field generates a noise in ultrasound signals from the
ultrasound probe 20 due to their induced electromotive
force, it is desirable to reduce the leakage of the magnetic
field as much as possible.

[0051] Some or all of the voltage converting circuits 111
are thus disposed such that leakage magnetic fields from the
coils L are offset in the power supply 11 of the ultrasound
diagnostic apparatus 1 according to the present embodiment.
[0052] FIG. 4 illustrates an exemplary layout of the volt-
age converting circuits 111 according to the present embodi-
ment. FIG. 4 depicts typical directions M of the magnetic
fields generated in the center of the coils L.

[0053] In FIG. 4 illustrating two voltage converting cir-
cuits 111, the direction M of the magnetic field generated by
a coil L in one voltage converting circuit 111 is opposite to
the direction M of the magnetic field generated by a coil L
in another voltage converting circuit 111. One aperture of
one coil L faces one aperture of the other coil L. Such a
layout enables the leakage magnetic field in the vicinity of
the aperture of the one coil L to be partially offset by the
leakage magnetic field from the other coil L, thus reducing
the leakage magnetic field from the two voltage converting
circuits 111 and reducing the noise in the received ultra-
sound signals. In particular, since the switching frequency
and the phase of the circuits is identical between the voltage
converting circuits 111 in the present embodiment, the
leakage magnetic fields from the coils L are in the same
phase and can be effectively offset.

[0054] FIGS. 5A and 5B illustrate exemplary positional
relations of the coils L in the power supply 11.

[0055] As illustrated in FIG. 5A, a pair of coils L is
disposed such that apertures La of the coils L face each other
in the two voltage converting circuits 111, resulting in an
effective offset of leakage magnetic fields m in the vicinity
of the apertures La. In this context, the aperture La of the coil
L denotes the bottom face of a cylindrical space defined by
the side surrounded by a wire of the coil L. The vicinity of
the aperture La refers to an area having components in which
the direction of the leakage magnetic field m from the
aperture La of the coil [ is in the same direction as the
direction M of the magnetic field in the center of the coil L,
and the magnitude of the leakage magnetic field m generates
a noise substantially impairing the quality of an ultrasound
image.

[0056] FIG. 5B illustrates the one coil L in FIG. 5A that is
shifted such that the apertures La do not face each other in
the direction perpendicular to the magnetic fields M. Even if
the pair of coils L is disposed in this manner, the leakage
magnetic field from the one coil L in the vicinity of the
aperture can be partially negated by the leakage magnetic
field from the other coil L, reducing the leakage magnetic
fields from the two voltage converting circuits 111.

[0057] The geometry of the coils L shown in FIGS. 5A and
5B may be replaced with any other one that can partially
negate the leakage magnetic field in the vicinity of the
aperture of the one coil L with the leakage magnetic field
from the other coil L. For example, the magnetic fields M
from the one coil L may have a tilt angle to the magnetic
field M from the other coil L. The distance between the one
coil L and the other coil L may be as short as possible within
a range that can at least partially offset the magnitude of the
leakage magpetic fields generating a noise in ultrasound
receiving signals. The distance between the coils [ for
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offsetting leakage magnetic fields is 10 cm and less, pref-
erably 5 cm and less, and more preferably 2 cm and less.
[0058] FIGS. 5A and 5B illustrate the coil L as a cylin-
drically wound wire. Alternatively, the coil L. may have any
other shape, for example, prisms such as a quadrangular
prism, or may be curved in the longitudinal direction.
[0059] Multiple voltage converting circuits 111 may be
disposed such that the leakage magnetic field from one of the
coils L is partially negated by the leakage magnetic fields
from the other coils L.

[0060] FIG. 6 illustrates three voltage converting circuits
disposed so as to partially negate leakage magnetic fields.
[0061] In FIG. 6, the magnetic field M of the coil L in the
left voltage converting circuit 111 is directed to the right,
whereas the magnetic fields M in the central and right
circuits are directed to the left. These voltage converting
circuits 111 include the coils L that are aligned such that the
apertures of the coils L face one another. Also in this case,
the distance between the coils L offsetting the leakage
magnetic fields (in other words, between the left and center
coils L, and between the left and right coils L) is 10 cm and
less, preferably 5 cm and less, and more preferably 2 cm and
less. Such geometry also enables partial offset of the leakage
magnetic fields in the vicinity of the aperture of the coil L
by the leakage magnetic fields from the other coils L,
reducing the leakage magnetic fields from the two voltage
converting circuits 111. In particular, a magnetic field gen-
erated in the coil L in the left voltage converting circuit 111
on the left larger than those generated in the coils L in the
center and right voltage converting circuits 111 in the
geometry of FIG. 6 can effectively reduce the leakage
magnetic fields.

[0062] It should be noted that magnetic fields may be
offset between a group of multiple coils L and another group
of multiple coils L instead of between a single coil L and
multiple coils L.

[0063] FIG. 7 illustrates an exemplary geometry of the
voltage converting circuits 111 on a board S in the ultra-
sound diagnostic apparatus 1.

[0064] In the ultrasound diagnostic apparatus 1 of the
present embodiment, seven voltage converting circuits 111
(voltage converting circuits 11la to 111g) independently
packaged and mounted on the board S, and the seven voltage
converting circuits 111 define a power supply 11. The board
S is a circuit board composed of a rectangular plate having
sides of about 20 to 30 cm. Each of the voltage converting
circuits 111 includes a coil L provided such that the direction
M of the magnetic field generated in the coil L is parallel to
the board S (in other words, such that the coil L in the
longitudinal direction is parallel to the board S). The voltage
converting circuits 111a and 1115 neighbor each other such
that the magnetic fields generated at the coils L are directed
to directions M in opposite directions. The voltage convert-
ing circuits 111¢ and 1114 neighbor such that the magnetic
fields generated at the coils L are directed to directions M in
opposite directions. The voltage converting circuits 111e,
111/, and 111g neighbor such that the magnetic fields gen-
erated by the coils L are directed to directions M in opposite
directions between the voltage converting circuits 111e and
111/ and between the voltage converting circuits 111e and
111g.

[0065] A transmitter 12, a receiver 13 and an image
processor 15 each including a FPGA and an image converter
17 including a DSP are mounted on the board S.
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[0066] Furthermore, a probe connector 31 for being con-
nected to the connector 30a of the cable 30a is provided at
one end of the board S. The probe connector 31 is also
connected to both the transmitter 12 and the receiver 13
through lines. Among the lines, a line 13a between the
receiver 13 and the probe connector 31 defines a transmis-
sion route of ultrasound analog signals received at the
ultrasound probe 20.

[0067] InFIG. 7, the seven voltage converting circuits 111
included in the power supply 11 are provided such that the
leakage magnetic field from the coil L is negated relative to
at least one of the other voltage converting circuits 111.
Alternatively, some of the voltage converting circuits 111
may be disposed in a position shifted from the other voltage
converting circuits 111 where a noise is unlikely to be
generated in ultrasound receiving signals (in other words, in
a position in which the leakage magnetic fields from the
coils L are scarcely offset relative to the other voltage
converting circuits 111).

[0068] A first voltage converting circuit 111a feeds power
voltage to the receiver 13, and a second voltage converting
circuit 1115 feeds power voltage to the transmitter 12. In this
context, the transmitter 12 and the receiver 13 have a
relatively high power consumption among individual com-
ponents in the ultrasound diagnostic apparatus 1 illustrated
in FIG. 1 and consume the substantially same rate of power
in the operation. Thus, a first coil L of the voltage converting
circuit 111a and a second coil L of the voltage converting
circuit 1115 have the substantially same magnitude of cur-
rent flow, generating the substantially same magnitude of
leakage magnetic fields. Hence, the configuration of FIG. 7
including the facing coils [ enables effective offset of
leakage magnetic fields between the voltage converting
circuits 111a and 1115.

[0069] A third voltage converting circuit 111¢ feeds power
voltage to the image processor 15, and a fourth voltage
converting circuit 1114 feeds power voltage to the image
converter 17. In this context, the image processor 15 and the
image converter 17 consume substantially equal rates of
electrical power that are relatively high among individual
electric components in the ultrasound diagnostic apparatus 1
during the operation. Thus, a third coil L in the voltage
converting circuit 111¢ and a fourth coil L in the voltage
converting circuit 1114 have the substantially same magni-
tude of current flow, generating the substantially same
magnitude of leakage magnetic fields. The configuration of
FIG. 7 including the facing coils L enables an effective offset
of leakage magnetic fields between the voltage converting
circuits 111¢ and 1114d.

[0070] In addition to the combination of the transmitter
12, the receiver 13, the image processor 15, and the image
converter 17, any other combination of electrical compo-
nents having substantially equal or similar power consump-
tion may be employed which are supplied with the power
voltage from the voltage converting circuits 111 partially
offsetting leakage magnetic fields. For example, if the
receiver 13 and the image processor 15 each include a single
FPGA having the substantially same power consumption as
the FPGA of the transmitter 12, the power voltage may be
supplied to these two FPGAs from the two voltage convert-
ing circuits 111 partially offsetting leakage magnetic fields.
[0071] In FIG. 7, the magnetic fields M generated at the
respective coils L of the voltage converting circuits 111a to
111g are parallel to the extending direction of the line 13a.



US 2018/0116638 A1l

Thus, the direction of the majority of induced magnetic
fields generated by fluctuation in the leakage magnetic fields
from the respective coils [ of the voltage converting circuits
1114 to 111g is orthogonal to the extending direction of the
line 134, thereby reducing the induced current generated by
the induced electromotive force of the induced magnetic
field in the line 13a. This can reduce the noise in ultrasound
receiving signals generated by the leakage magnetic field.

[0072] In addition, the line 13a is provided in an area
covering the farthest edge from a central line CL extending
through the center of the board S (barycenter of the rectangle
defining the board S in this context), and the respective coils
L in the voltage converting circuits 111a to 111g are dis-
posed remote from the line 134 relative to the central line CL
so as to maximize the distance to the line 13a. This can
reduce the induced magnetic field generated from the line
13a.

[0073] In FIG. 7, the magnetic field directions M from the
coils L in all the voltage converting circuits 111 are parallel
to the extending direction of line 13a. Alternatively, the
magnetic field directions M from some voltage converting
circuits 111 need not be parallel to the extending direction of
line 13a. Such a configuration can also achieve a certain
noise reduction effect. Although the entire line 13a is
parallel to the magnetic field directions M from the respec-
tive voltage converting circuits 111 in FIG. 7, a portion of
the line 13a need not be parallel to the magnetic field
directions M. Such a configuration can also have a certain
noise reduction effect.

[0074] In the present embodiment, the geometry of the
coils L in the power supply 11 provided in the ultrasound
diagnostic apparatus main body 10 has been described.
Alternatively, the ultrasound probe 20 may include a power
supply with a voltage converting circuit (in other words, the
ultrasound probe 20 is integrated with the coils L) such that
leakage magnetic fields are partially offset in the power
supply.

[0075] (Modification)

[0076] A modification of the above-mentioned embodi-
ments will now be described. The modification differs from
the embodiments above in that one voltage converting
circuit 111 includes two or more coils L. Differences from
the embodiments above will now be described.

[0077] FIG. 8 illustrates the configuration and operation of
the voltage converting circuit 111 according to the modifi-
cation. The modified voltage converting circuit 111 includes
coils L1 and 1.2 connected in series and each having an
aperture facing one another instead of the coil L in the
voltage converting circuit 111 according to the embodiment
above (FIG. 3A).

[0078] The winding direction of the coil L1 is reverse to
that of the coil L.2. The direction M of the magnetic field
generated in the coil L1 is thus reversed to the direction M
of the magnetic field generated in the coil 1.2 when current
flows in the coils L1 and L2, thereby partially offsetting the
leakage magnetic fields from the coils L1 and L2. Such a
configuration can offset the leakage magnetic fields in the
voltage converting circuit 111 of the modification, reducing
the noise in ultrasound receiving signals.

[0079] It should be noted that multiple voltage converting
circuits 111 may be disposed such that the leakage magnetic
fields from at least one of the one coil L1 and the other coil
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L2 are further negated partially by the leakage magnetic
fields from the coils L in other voltage converting circuits
111.

[0080] As described above, the ultrasound diagnostic
apparatus 1 according to the present embodiment including
the ultrasound probe 20 emitting ultrasound toward a subject
and receiving the reflected waves from the subject and the
display 19« for displaying an ultrasound image in response
to the received signal, and further includes the power supply
11 comprising at least one voltage converting circuit 111
converting input voltage to a predetermined power voltage
for output, the voltage converting circuit 111 comprising a
plurality of coils [ and the transistor Tr performing a
switching operation for switching routes of current flowing
in the coils L in response to a predetermined switching
control signal, the voltage converting circuit 111 outputting
the power voltage through the repeated switching operations
under supply of the input voltage, where the coils L are
disposed such that a leakage magnetic field in the vicinity of
the aperture of at least one of the coils L is partially negated
by leakage magnetic fields from one or more of the other
coils L.

[0081] Such a configuration can partially offset leakage
magnetic fields from the coils L in the power supply 11,
reducing the noise caused by the leakage magnetic fields in
ultrasound receiving signals. Thus, the quality of an ultra-
sound image displayed by the ultrasound diagnostic appa-
ratus 1 can be maintained. In addition, multiple coils L are
disposed such that magnetic fields are offset in the vicinity
of the aperture, which has a high magnetic flux density, of
the coil L, thereby effectively reducing leakage magnetic
fields. Leakage magnetic fields can be reduced without
complicated control of the power supply 11 such as control
of the switching frequency of the voltage converting circuit
111, keeping the high quality of an ultrasound image. The
effect of a reduction in leakage magnetic fields can be
achieved without control of the switching frequency of the
voltage converting circuit 111, enabling operation of the
voltage converting circuit 111 at the frequency capable of
highly effective power conversion, while maintaining the
efficiency of the power supply 11 and the quality of an
ultrasound image. The effect of a reduction in leakage
magnetic fields can be acquired without a shield, preventing
increase in the production costs of the ultrasound diagnostic
apparatus 1.

[0082] The coils L are disposed such that the aperture of
at least one of the coils L faces the aperture of one or more
of the other coils L generating leakage magnetic fields for
partially negating a leakage magnetic field in the vicinity of
the aperture. Such a configuration can more effectively offset
the leakage magnetic fields in the vicinity of the aperture,
which has a high magnetic flux density, of the coil L, and
thus more effectively reduce the leakage magnetic fields.

[0083] The at least one voltage converting circuit 111
comprises a plurality of voltage converting circuits 111 each
provided with coils L. Such a configuration can facilitate
reductions in leakage magnetic fields through the adjustment
of the alignment of the coils L in the voltage converting
circuits 111, preventing reduction in quality of an ultrasound
image. For example, if each of the voltage converting
circuits 111 is a single packaged component, alignment of
the packaged component can facilitate reductions in leakage
magnetic fields.
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[0084] The controller 100, the oscillation circuit 112, and
the comparator C (collectively referred to as a power con-
troller) in the ultrasound diagnostic apparatus 1 supply
switching control signals to the voltage converting circuits
111 for switching operation at the same frequency through
the transistors Tr. In such a configuration, since the switch-
ing frequency and the phase of the circuits are common
among the voltage converting circuits 111, the leakage
magnetic fields from the coils L become large at the same
time, effectively offsetting the leakage magnetic fields.
[0085] The voltage converting circuit 111 in the modifi-
cation above includes at least two coils L, and the at least
two coils L are disposed such that a leakage magnetic field
in the vicinity of the aperture of one of the coils L is partially
negated by leakage magnetic fields from one or more of the
other coils L. Such a configuration can offset the leakage
magnetic fields in the voltage converting circuit 111, pro-
viding flexibility in the geometry of the voltage converting
circuits 111.

[0086] The coils L are disposed such that a leakage
magnetic field in the vicinity of the aperture of at least one
of the coils L is partially negated by leakage magnetic fields
from two of the other coils L. Thus, even if leakage magnetic
fields from the coils L differ in magnitude, combination of
three or more coils . can effectively reduce the leakage
magnetic fields.

[0087] The ultrasound diagnostic apparatus 1 further
includes the receiver 13 receiving signals of ultrasound
emitted from the ultrasound probe 20, and the transmitter 12
outputting driving signals for causing the ultrasound probe
20 to emit ultrasound, where the receiver 13 operates at the
power voltage output from the voltage converting circuit
111a (a first voltage converting circuit), the transmitter 12
operates at the power voltage output from the voltage
converting circuit 1115 (a second voltage converting cir-
cuit), and a first coil in the voltage converting circuit 111a
and a second coil in the voltage converting circuit 1115 are
disposed such that a leakage magnetic field in the vicinity of
the aperture of the one coil is negated by a leakage magnetic
field from the other coil. The voltage converting circuits
111a and 1115 output the power voltage respectively to the
receiver 13 and the transmitter 12 consuming the substan-
tially same amount of power during the operation. Hence,
the magnitude of the current flowing in the coils L, in other
words, the magnitude of leakage magnetic fields from the
coils L is substantially the same. As in the configuration
above, the coils [ are disposed such that leakage magnetic
fields are offset between the voltage converting circuits 111a
and 1115, resulting in effective reductions in leakage mag-
netic fields.

[0088] The ultrasound diagnostic apparatus 1 further
includes the image processer 15 generating ultrasound
image data in response to signals of ultrasound received by
the ultrasound probe 20, and the image converter 17 con-
verting the image data to image data conforming to a
displaying mode of the display 194, where the image pro-
cesser 15 operates at the power voltage output from the
voltage converting circuit 111¢ (a third voltage converting
circuit), the image converter 17 operates at the power
voltage output from the voltage converting circuit 1114 (a
fourth voltage converting circuit), and a third coil in the
voltage converting circuit 111¢ and a fourth coil in the
voltage converting circuit 1114 are disposed such that a
leakage magnetic field in the vicinity of the aperture of the
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third coil is partially negated by a leakage magnetic field
from the fourth coil. The voltage converting circuits 111¢
and 1114 output the power voltage respectively to the image
processor 15 and the image converter 17 consuming the
substantially same amount of power during the operation.
Hence, the magnitude of the current flowing in the coil L, in
other words, the magnitude of the leakage magnetic field
from the coil L in the voltage converting circuit 111c is
substantially the same as that of the voltage converting
circuit 1114. As in the configuration above, the coils L are
disposed such that leakage magnetic fields are offset
between the voltage converting circuits 111¢ and 1114,
resulting in effective reductions in leakage magnetic fields.
[0089] A portion of the line 13¢ for transmitting the
received signals supplied to the receiver 13 is provided so as
to be parallel to the magnetic field directions M generated in
at least two of the coils L. In this configuration, the majority
of the induced magnetic field directions generated by fluc-
tuation in leakage magnetic fields from the coils L can be
perpendicular to the extending direction of the line 13a,
thereby reducing the induced current generated in the line
134 through the induced electromotive force of the induced
magnetic field. This can result in an effective reduction in
noise generated by the leakage magnetic field in ultrasound
receiving signals, reliably preventing reduction of quality of
an ultrasound image.

[0090] The at least one voltage converting circuit 111 is
provided on the board S, and the coils L are provided such
that the magnetic field directions M generated in the coils L
are parallel to the board S. Such a configuration can allow
the majority of magnetic field directions leaking from the
apertures of the respective coils L to be parallel to the board
S, facilitating the offset of leakage magnetic fields from the
coils L.

[0091] The at least one voltage converting circuit 111 and
the receiver 13 are provided on the board S, and the line 13a
on the board S for transmitting the received signals supplied
to the receiver 13 is provided in the area covering the
farthest edge from the central line CL of the board S
extending through the center of the board S, and the coils L
are provided opposite the line 134 relative to the central line.
This configuration can reduce the induced magnetic field
generated in the line 134 due to leakage magnetic fields from
the coils L, further reducing the noise generated in the
ultrasound receiving signals.

[0092] According to the ultrasound diagnostic apparatus 1,
the coils L are integrated with the ultrasound probe 20. Such
a configuration can reduce the leakage magnetic field gen-
erated in the ultrasound probe 20.

[0093] The embodiments and modification above are mere
examples, and the present invention may include any other
modifications.

[0094] For example, any voltage converting circuit other
than the structures in FIGS. 3A or 8 can be employed that
converts voltages through repeated switching of routes for
current flowing in the coils L. A boosting type of voltage
converting circuit may thus be employed that converts input
voltage to a voltage larger than the input voltage.

[0095] In the embodiments and modification above, mul-
tiple voltage converting circuits 111 is exemplified that
operate at the same frequency in response to signals from the
common oscillation circuit 112. Alternatively, the voltage
converting circuits 111 may be independently operated and
controlled at different frequencies.
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[0096] In the embodiments and modification above, the
duty ratio of switching control signals input through the gate
of the transistor Tr in the voltage converting circuit 111 is
converged to a predetermined value with the oscillation
circuit 112 and the comparator C. Any other modification
may also be employed. For example, switching control
signals with the duty ratio predetermined in proportion to the
magnitude of the input voltage and the magnitude of the
power voltage to be output may be directly supplied to the
transistor Tr by the controller 100. In this case, the controller
100 defines the power controller.

[0097] In the embodiments and modification above, the
coils L is exemplified that are provided such that the
magnetic fields M generated in the coils L are parallel to the
board S. Any other modification may also be employed. For
example, the coils [ may be provided such that the magnetic
field M intersects (typically is orthogonal to) the board S. A
sheet coil may be layered on the board S or coils may be
provided respectively in the same position on the two
surfaces of the board S to partially offset the leakage
magnetic fields from the coils.

[0098] In the embodiments and modification, the present
invention is applied to the ultrasound diagnostic apparatus 1
including the ultrasound probe 20. Any other modification
may also be employed. For example, the present invention
may be applied to the ultrasound diagnostic apparatus main
body 10, where the ultrasound probe 20 can be mounted to
and dismounted from the ultrasound diagnostic apparatus
main body 10.

[0099] Although embodiments of the present invention
have been described and illustrated in detail, it is clearly
understood that the same is by way of illustration and
example only and not limitation, the scope of the present
invention should be interpreted by terms of the appended
claims.

[0100] Japanese Patent Application No. 2016-214791 filed
on Nov. 2, 2016 including description , claims, drawings,
and abstract the entire disclosure is incorporated herein by
reference in its entirety.

1. An ultrasound diagnostic apparatus including an ultra-
sound probe emitting ultrasound toward a subject and
receiving reflected ultrasound from the subject and a display
for displaying an ultrasound image in response to a signal
received by the ultrasound probe, the apparatus comprising:

a power supply including at least one voltage converting
circuit converting input voltage to a predetermined
power voltage for output,

wherein, the voltage converting circuit includes a coil and
a switching element performing a switching operation
for switching routes of current flowing in the coil in
response to a predetermined switching control signal,
and the voltage converting circuit outputs the power
voltage through the repeated switching operations
under supply of the input voltage,

wherein, the power supply is provided with a plurality of
coils, and the coils are disposed such that a leakage
magnetic field in a vicinity of an aperture of at least one
of the coils is partially negated by a leakage magnetic
field from one or more of the other coils.

2. The ultrasound diagnostic apparatus according to claim
1, wherein the coils are disposed such that the aperture of at
least one of the coils faces the aperture of one or more of the
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other coils generating leakage magnetic fields for partially
negating the leakage magnetic field in the vicinity of the
aperture.
3. The ultrasound diagnostic apparatus according to claim
1, wherein the power supply includes a plurality of voltage
converting circuits each provided with one of the coils.
4. The ultrasound diagnostic apparatus according to claim
3, further comprising a power controller supplying the
predetermined switching control signal to each of the volt-
age converting circuits for the switching operation at a same
frequency through the switching element.
5. The ultrasound diagnostic apparatus according to claim
1, wherein the voltage converting circuit includes two or
more coils, and the two or more coils are disposed such that
the leakage magnetic field in the vicinity of the aperture of
one of the coils is partially negated by the leakage magnetic
fields from one or more of the other coils.
6. The ultrasound diagnostic apparatus according to claim
1, wherein the coils are disposed such that the leakage
magnetic field in the vicinity of the aperture of at least one
of the coils is partially negated by the leakage magnetic
fields from two of the other coils.
7. The ultrasound diagnostic apparatus according to claim
1, further comprising:
a receiver receiving signals of ultrasound emitted from the
ultrasound probe; and
a transmitter outputting driving signals for causing the
ultrasound probe to emit ultrasound; wherein
the receiver operates at the power voltage output from a
first voltage converting circuit;
the transmitter operates at the power voltage output from
a second voltage converting circuit different from the
first voltage converting circuit; and
a first coil in the first voltage converting circuit and a
second coil in the second voltage converting circuit are
disposed such that the leakage magnetic field in the
vicinity of the aperture of the first coil is partially
negated by the leakage magnetic field from the second
coil.
8. The ultrasound diagnostic apparatus according to claim
1, further comprising:
an image processer generating image data for an ultra-
sound image in response to signals of ultrasound
received at the ultrasound probe; and
an image converter converting the image data to image
data conforming to a displaying mode of the display;
wherein, the image processer operates at the power volt-
age output from a third voltage converting circuit;
the image converter operates at the power voltage output
from a fourth voltage converting circuit different from
the third voltage converting circuit; and
a third coil in the third voltage converting circuit and a
fourth coil in the fourth voltage converting circuit are
disposed such that the leakage magnetic field in the
vicinity of the aperture of the third coil is partially
negated by the leakage magnetic field from the fourth
coil.
9. The ultrasound diagnostic apparatus according to claim
1, further comprising a receiver receiving signals of ultra-
sound emitted from the ultrasound probe, wherein at least a
portion of a transmission route for the received signals
supplied to the receiver is provided so as to be parallel to the
direction of the magnetic fields generated in at least some of
the coils.
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10. The ultrasound diagnostic apparatus according to
claim 1, wherein
the at least one voltage converting circuit is provided on
a predetermined board, and

the coils are provided such that the direction of the
magnetic fields generated in the coils are parallel to the
board.

11. The ultrasound diagnostic apparatus according to
claim 1, further comprising a receiver receiving signals of
ultrasound emitted from the ultrasound probe, wherein

the at least one voltage converting circuit and the receiver

are provided on a predetermined board; and

a transmission route on the board for the received signals

supplied to the receiver is provided in an area covering
a farthest edge from a predetermined central line of the
board extending through a center of the board, and the
coils are provided opposite of the transmission route
relative to the central line.

12. The ultrasound diagnostic apparatus according to
claim 1, further comprising the ultrasound probe wherein the
coils are integrated with the ultrasound probe.

I I T T
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