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1
ULTRASONIC DIAGNOSTIC APPARATUS,
ULTRASONIC-DIAGNOSITC-APPARATUS
MAIN BODY, AND ULTRASONIC PROBE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation Application of PCT
Application No. PCT/IP2014/052761, filed Feb. 6, 2014 and
based upon and claims the benefit of priority from the
Japanese Patent Application No. 2013-022073, filed Feb. 7,
2013, the entire contents of all of which are incorporated
herein by reference.

FIELD

Embodiments described herein relate to an ultrasonic
diagnostic apparatus, an ultrasonic-diagnostic-apparatus
main body, and ultrasonic probe.

BACKGROUND

An ultrasonic probe contains an ultrasonic transducer for
transmitting and receiving ultrasonic waves. In one type of
ultrasonic probe, ultrasonic transducers are connected, with
a signal line, to a transmitting circuitry for transmitting a
driving signal, and a high-voltage switch circuit is inter-
posed. The switch circuit enables switching among the
ultrasonic transducers, and the driving signal is supplied to
the selected ultrasonic transducer. The high-voltage switch
circuit operates on a high operating voltage applied from a
power supply circuit of an ultrasonic-diagnostic-apparatus
main body. If, for some reason or other, the driving signal is
supplied without application of the operating voltage, the
high-voltage switch circuit may be broken down. Therefore,
the main body of an ultrasonic diagnostic apparatus to which
an ultrasonic probe containing high-voltage switch circuit is
connectable typically comprises a voltage monitoring cir-
cuit. The voltage monitoring circuit monitors the supply line
of the operating voltage supplied from the power-supply
circuit of the ultrasonic-diagnostic-apparatus main body to
the high-voltage switch circuit. However, even if the signal
line leading to the high-voltage switch circuit is not reliably
connected to the probe connector, the operating voltage is
kept supplied to the voltage monitoring circuit. For this
reason, the voltage monitoring circuit provided in the ultra-
sonic-diagnostic-apparatus main body cannot sense an error.

Japanese Patent No. 4176892 discloses providing a volt-
age monitoring circuit for an ultrasonic probe. This type of
ultrasonic diagnostic apparatus is featured in that a voltage
monitoring circuit can sense an error even if the signal line
leading to the high-voltage switch circuit is not reliably
connected to the probe connector. However, the voltage
monitoring circuit has to be provided for each of ultrasonic
probes, and the cost of each ultrasonic probe and the cost of
the ultrasonic diagnostic apparatus are inevitably high. This
problem occurs not only where the operating voltage of a
high-voltage switch circuit is monitored but also where the
operating voltage of a device of an ultrasonic probe is
monitored.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic diagram showing how an ultrasonic
diagnostic apparatus of a first embodiment looks like.
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FIG. 2 is a diagram illustrating an ultrasonic probe and an
ultrasonic-diagnostic-apparatus main body according to the
first embodiment.

FIG. 3 is a diagram illustrating an ultrasonic probe and an
ultrasonic-diagnostic-apparatus main body according to a
modification of the first embodiment.

FIG. 4 is a diagram illustrating an ultrasonic probe and an
ultrasonic-diagnostic-apparatus main body according to
another modification of the first embodiment.

FIG. 5 is a diagram illustrating an ultrasonic probe and an
ultrasonic-diagnostic-apparatus main body according to a
second embodiment.

DETAILED DESCRIPTION

In general, according to one embodiment, an ultrasonic
diagnostic apparatus comprising (i) an ultrasonic probe
including a head, a cable and a connection; and (ii) an
ultrasonic-diagnostic-apparatus main body connected to the
ultrasonic probe through the connector. the ultrasonic diag-
nostic apparatus includes an electric circuit, a first signal
line, a power supply circuit, a second signal line, a third
signal line, a voltage monitoring circuit, and a fourth signal
line. The electric circuit is provided in the ultrasonic probe.
The first signal line is passing through the cable and con-
nected at one end to the electric circuit and at another end to
the connector. The power supply circuit is provided in the
main body and configured to generate an operating voltage
of the electric circuit. The second signal line is provided
inside the main body and connected at one end to the power
supply circuit. The second signal line is connected at another
end to the first signal line when the main body is connected
to the ultrasonic probe. The third signal line is connected at
one end to the first signal line and at another end to the
connector. The voltage monitoring circuit is provided in the
main body and configured to monitor a voltage supplied to
the electric circuit, utilizing an input voltage. The fourth
signal line is provided inside the main body and connected
at one end to the voltage monitoring circuit, the fourth signal
line being connected at another end to the third signal line
when the main body is connected to the ultrasonic probe.

A description will now be given, with reference to the
accompanying drawings, of an ultrasonic diagnostic appa-
ratus, an ultrasonic-diagnostic-apparatus main body and
ultrasonic probe according to embodiments.

First Embodiment

FIG. 1 is a schematic diagram showing how an ultrasonic
diagnostic apparatus of a first embodiment looks like. As
shown in FIG. 1, the ultrasonic diagnostic apparatus of the
first embodiment comprises an ultrasonic probe 1 and an
ultrasonic-diagnostic-apparatus main body 3. The ultrasonic
probe 1 comprises a probe head 5, a probe cable 7 and a
probe connector 9. The probe head 5§ contains a plurality of
devices 5. The probe cable 7 is connected at one end to the
proximal portion of the probe head 5. The probe connector
9 is attached to the other end of the probe cable 7. The probe
connector 9 is detachably connected to a slot (not shown) of
the ultrasonic-diagnostic-apparatus main body 3. In the state
where the probe connector 9 is connected to the ultrasonic-
diagnostic-apparatus main body 3, various electric signals
are transmitted and received between the ultrasonic probe 1
and the ultrasonic-diagnostic-apparatus main body 3.

FIG. 2 is a diagram illustrating the ultrasonic probe 1 and
the ultrasonic-diagnostic-apparatus main body 3 according
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to the first embodiment. In FIG. 2, a signal receiving circuit
and the related system are not illustrated for simplicity.

As shown in FIG. 2, the ultrasonic probe 1 comprises a
probe connector 9, a plurality of ultrasonic transducers 11,
and a high-voltage switching circuit (hereinafter referred to
as an HVSW circuit) 13. The ultrasonic-diagnostic-appara-
tus main body 3 comprises a system control circuitry 15 as
a central element. It also comprises a power supply circuit
17, a transmitting circuitry 19, a voltage monitoring circuit
21 and a notification device 23.

The ultrasonic probe 1 is connected to the devices of the
ultrasonic-diagnostic-apparatus main body 3 through signal
lines SL.. Of the signal lines, the signal line connecting the
power supply circuit 17 and the HVSW circuit 13 will be
referred to as an HVSW signal line SL1, the signal line
connecting the HVSW 13 and the voltage monitoring circuit
21 will be referred to as a monitoring-voltage signal line
SL2, and the signal lines connecting the transmitting cir-
cuitry 19 and the HVSW circuit 13 will be referred to as
driving-signal-supply signal lines SL3. In the present
embodiment, the signal lines are conductors permitting a
current to flow therethrough. The electric signals flowing
through the signal lines may be either analog signals or
digital signals.

The HVSW signal line SL1 connects the power supply
circuit 17 and the HVSW circuit 13 to each other by way of
the probe connector 9. More specifically, the HVSW signal
line SL1 includes: a first portion SL1-1 which connects the
power supply circuit 17 and pin 9a of the probe connector
9 to each other inside the ultrasonic-diagnostic-apparatus
main body 3; and a second portion SL.1-2 which connects the
HVSW circuit 13 and pin 9a of the probe connector 9 inside
the ultrasonic probe 1.

The monitoring-voltage signal line SL.2 branches from the
HVSW signal line SL1 inside the ultrasonic probe 1 and
connects the HVSW circuit 13 and the voltage monitoring
circuit 21 to each other by way of the probe connector 9.
More specifically, the monitoring-voltage signal line SL.2
includes: a first portion SL2-1 which connects the power
supply circuit 17 and pin 95 of the probe connector 9 to each
other inside the ultrasonic-diagnostic-apparatus main body
3; and a second portion SL.2-2 which connects the HVSW
circuit 13 and pin 94 of the probe connector 9 inside the
ultrasonic probe 1. Signal line S[.1-2 is connected to signal
line S[.2-2 at branch point P1.

The driving-signal-supply signal lines SL3 connect the
transmitting circuitry 19 and respective switches 13a of the
HVSW circuit 13 to each other by way of the probe
connector 9. More specifically, each driving-signal-supply
signal line SL3 includes: a first portion SL3-1 which con-
nects the power supply circuit 19 and pin 9¢ of the probe
connector 9 to each other inside the ultrasonic-diagnostic-
apparatus main body 3; and a second portion SL3-2 which
connects the HVSW circuit 13 and pin 9¢ of the probe
connector 9 inside the ultrasonic probe 3. For example, the
number of driving-signal-supply signal lines SL3 is equal to
the number of switches 13a of the HVSW circuit 13.

The power supply circuit 17 can generate a plurality of
operating voltages to operate the ultrasonic probe 1 and the
devices of the ultrasonic-diagnostic-apparatus main body 3.
For example, the power supply circuit 17 generates an
operating voltage required to operate the HVSW circuit 13
(the voltage will be hereinafter referred to as an HVSW
operating voltage). The HVSW operating voltage is supplied
to the HVSW circuit 13 through the HVSW signal line SL1.
The power supply circuit 17 can also generate an operating
voltage required to operate the transmitting circuitry 19.
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Furthermore, the power supply circuit 17 can generate not
only the operating voltages but also a reference voltage to be
supplied to the voltage monitoring circuit 21.

The transmitting circuitry 19 is applied with an operating
voltage supplied through signal line SL. from the power
supply circuit 17, and operates on the operating voltage. The
transmitting circuitry 19 generates a driving signal for
driving the ultrasonic transducers 11 (the driving signal will
be referred to as a transmission driving signal). More
specifically, the transmitting circuitry 19 includes a trigger
circuit, a delay circuit, a pulser circuit, etc., none of which
are shown in the drawings. The pulser circuit repeatedly
generates a rate pulse for formation of a transmitting ultra-
sonic wave at a predetermined rate frequency fr Hz (period:
1/fr seconds). The delay circuit provides a delay time
determined in accordance with a transmitting direction and
a transmitting focal position for each rate pulse according to
channels. The trigger circuit applies a transmission driving
signal to the ultrasonic transducers 11 at timings based on
the rate pulse. Responsive to the application of the trans-
mission driving signal, the ultrasonic transducers 11 transmit
ultrasonic waves regarding the transmitting direction and
transmitting focal position corresponding to the delay time.

The ultrasonic transducers 11 are housed in the distal end
portion of the probe head 5. The ultrasonic transducers 11
are arranged in one dimension or in two dimensions. The
ultrasonic transducers 11 receive a transmission driving
signal supplied by way of the probe connector 9, and
transmit an ultrasonic wave upon receipt of the transmission
driving signal. The ultrasonic transducers 11 receive an
ultrasonic wave reflected by an object to be examined, and
transmit an echo signal upon receipt of the echo signal. The
generated echo signal is supplied to the ultrasonic-diagnos-
tic-apparatus main body through a signal line (not shown)
and by way of the probe connector 9. Thereafter, the
ultrasonic-diagnostic-apparatus main body 3 performs sig-
nal processing with respect to the echo signal, thereby
generating an ultrasonic image. The generated ultrasonic
image is displayed on a display provided for the ultrasonic-
diagnostic-apparatus main body 3.

The high-voltage switch circuit (HVSW circuit) 13 oper-
ates on an HVSW operating voltage. The HVSW circuit 13
switches connections between the ultrasonic transducers 11
and the transmitting circuitry 19 so as to select an ultrasonic
transducer 11 to which a transmission driving signal is to be
supplied. The connection switching is performed by the
HVSW circuit 13 each time an ultrasonic wave is transmit-
ted and received. For example, the HVSW circuit 13
switches connections between the ultrasonic transducers 1
and the transmitting circuitry 19, in such a manner that the
transmission opening is shifted by the distance correspond-
ing to one ultrasonic transducer each time an ultrasonic
wave is transmitted and received. Let us assume that the
number of driving-signal-supply signal lines SL.3 is N and
the number of ultrasonic transducers 11 is M (M>N). To
generate a first ultrasonic transmission beam, a transmission
driving signal is supplied to the first to N-th ultrasonic
transducers 11, and an ultrasonic wave is transmitted from
the first to N-th ultrasonic transducers 11. To generate a next
ultrasonic transmission beam, a transmission driving signal
is supplied to the second to (N+1)th ultrasonic transducers
11, and an ultrasonic wave is transmitted from the second to
(N+1)th ultrasonic transducers 11. In other words, connec-
tion switching is performed in such a manner that the
transmission driving signal supplied to the first ultrasonic
transducer 11 in the last ultrasonic wave transmission is
supplied to the (N+1)th ultrasonic transducer 11. In this
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manner, the transmission opening is shifted in order. Even if
the number of driving-signal-supply signal lines SL.3 used
for supplying a transmission driving signal to the ultrasonic
transducers 11 is smaller than the number of ultrasonic
transducers 11, ultrasonic scanning can be executed using all
ultrasonic transducers 11.

The HVSW circuit 13 may be incorporated in the probe
head 5 of the ultrasonic probe 1 or in the probe connector 9.
Where the HVSW circuit 13 is incorporated in the probe
head 5, branch point P1 is provided in the probe header 5,
on the probe cable 7 or in the probe connector 9. Where the
HVSW circuit 13 is incorporated in the probe connector 9,
branch point P1 is provided in the probe connector 9, as
shown in FIG. 3.

The voltage monitoring circuit 21 receives a voltage from
the monitoring voltage signal line SI.2 as an input voltage.
To be more specific, the voltage monitoring circuit 21
receives a voltage from signal line SL.2 as an input signal,
i.e., the signal line branching from the HVSW signal line
SL1 (used for supplying an HVSW operating voltage) and
extending from inside the ultrasonic probe 1 back to the
ultrasonic-diagnostic-apparatus main body 3. The voltage
monitoring circuit 21 monitors a voltage applied from the
power supply circuit 17 to the HVSW circuit 13, utilizing the
input voltage from the ultrasonic probe 1. Details of the
voltage monitoring circuit 21 will be described later.

The notification device 23 makes a notification regarding
the voltage supply state determined by the voltage monitor-
ing circuit 21. For example, the notification device 23 makes
a notification using a display, a speaker, a lamp, etc.

The system control circuitry 15 functions as a central
element of the ultrasonic diagnostic apparatus of the present
embodiment. To be specific, the system control circuitry 15
computes control data used by the devices and circuits of the
ultrasonic probe 1 and ultrasonic-diagnostic-apparatus main
body 3, in accordance with an ultrasonic scanning mode and
scanning conditions which the user designates with an
operation section (not shown). The computed control data
are transmitted to the respective devices.

Incidentally, the notification device 23 and the system
control circuitry 15 may be implemented by a single circuit
or plurality of circuits. The single circuit or the plurality of
circuits includes a processing unit such as CPU (central
processing unit), MPU (micro processing unit), and GPU
(graphical processing unit) and a storage unit such as HDD
(hard disk drive), SSD (solid state drive), ROM (read only
memory), and RAM (random access memory). The single
circuit or the plurality of circuits executes the control
function described above.

Next, a description will be given of an example of the
operation performed by the ultrasonic diagnostic apparatus
according to the first embodiment. As described above, the
voltage monitoring circuit 21 receives a voltage from the
monitoring voltage signal line SL2 as an input voltage.
Where the power supply circuit 17 and the HVSW circuit 13
are conrected in the normal manner, the operating voltage
applied to the HVSW circuit 13 is an input voltage supplied
to the voltage monitoring circuit 21. Where the power
supply circuit 17 and the HYSW circuit are not connected in
the normal manner, the operating voltage applied to the
HVSW circuit 13 is not an input voltage supplied to the
voltage monitoring circuit 21. The case where the power
supply circuit 17 and the HVSW circuit are not in good
contact is, for example, a case where the contact between the
HVSW signal line SL1-2 of the ultrasonic probe 1 and the
HVSW signal line SL1-1 of the ultrasonic-diagnostic-appa-
ratus main body 3 is defective inside the probe connector 9.
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To detect such a defective contact in the probe connector
9, the voltage monitoring circuit 21 determines whether the
input voltage from the monitoring-voltage signal line SL.2 is
within an allowable range. If the input voltage is not
determined to be within the allowable range, the voltage
monitoring circuit 21 generates an electric signal to this
effect (the electric signal will be referred as an error signal).
If the input voltage is determined to be within the allowable
range, the voltage monitoring circuit 21 does not generate an
error signal. When the input voltage is determined to be
within the allowable range, the voltage monitoring circuit 21
may generate an electric signal to this effect (the electric
signal will be referred to as an allowance signal). The
allowance signal and the error signal are supplied to the
system control circuitry and the transmitting circuitry 19
through signal line SL. In the description below, the voltage
monitoring circuit 21 will mentioned, referring to the case
where neither the error signal nor the allowance signal is
generated if the input voltage is determined to be within the
allowable range.

The allowable range is determined in such a manner that
the case where the contact between the HVSW signal line
SL.1-2 of the ultrasonic probe 1 and the HVSW signal line
SL1-1 of the ultrasonic-diagnostic-apparatus main body 3 is
defective inside the probe connector 9 and the case where
the contact is not defective can be discriminated as voltage
values. To be more specific, the allowable range is deter-
mined using a reference voltage. The reference voltage is
generated by the power supply circuit 17 and is supplied
from the power supply circuit 17 to the voltage monitoring
circuit 21 through a reference-voltage signal line SL4. As
described above, no operating voltage is supplied from the
power supply circuit 17 to the HVSW circuit 13 if the
contact between the HVSW signal line SL1-2 of the ultra-
sonic probe 1 and the HVSW signal line SL1-1 of the
ultrasonic-diagnostic-apparatus main body 3 is defective
inside the probe connector 9. In this case, the input voltage
is outside the allowable range; in other words, the input
voltage is lower than the reference voltage. Conversely, if
the contact is not defective inside the probe connector 9, an
operating voltage is supplied from the power supply circuit
17 to the HVSW circuit 13. In this case, the input voltage is
within the allowable range; in other words, the input voltage
is higher than the reference voltage. The voltage monitoring
circuit 21 compares an input voltage with the reference
voltage in real time. If the input voltage is higher than the
reference voltage, no error signal is generated. If the input
voltage is lower than the reference voltage, an error signal
is generated. The value of the reference voltage can be
determined as an arbitrary value.

In the above, the input voltage and the reference voltage
were described as being compared with each other. In order
to reduce the load exerted on the voltage monitoring circuit
21, the input voltage and the reference voltage may be
divided, and voltages obtained thereby may be compared
with each other. The division of the input voltage and the
reference voltage is performed, for example, by the voltage
monitoring circuit 21.

If a transmission driving signal is supplied to the HVSW
circuit 13 in the state where a defective contact occurs in the
probe connector 9, there is a fear that the HVSW circuit 13
will be broken down. To prevent the HVSW circuit 13 from
breaking down, the voltage monitoring circuit 21 stops
supplying the transmission driving signal to the transmitting
circuitry 19, upon determination of the occurrence of defec-
tive contact. To be specific, if an error signal is generated,
the voltage monitoring circuit 21 controls the transmitting
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circuitry 19 to stop supplying the transmission driving signal
to the HVSW circuit 13. Conversely, if no error signal is
generated, the voltage monitoring circuit 21 controls the
transmitting circuitry 19 to supply the transmission driving
signal to the HVSW circuit 13.

If no error signal is supplied, the system control circuitry
15 carries out error processing for the electronic device 25,
27 or 29 to which the monitoring operating voltage is
supplied. For example, the system control circuitry 15 is
notified, by the notification device 23, of the state where the
operating voltage is supplied to the HVSW circuit 13. To be
more specific, if an error signal is supplied from the voltage
monitoring circuit 21 by way of the system control circuitry
15, the notification device 23 makes a notification that the
operating voltage is not supplied to the HVSW circuit 13.
For example, a display provided for the ultrasonic-diagnos-
tic-apparatus main body 3 may display a message to the
effect that the operating voltage is not supplied to the HVSW
circuit 13 in the normal manner. The message is, for
example, “DEFECTIVE CONTACT IN THE PROBE CON-
NECTOR.” The notification device 23 may light a lamp
provided for the ultrasonic-diagnostic-apparatus main body
3, thereby making a notification that the operating voltage is
not supplied to the HVSW circuit 13 in the normal manner.
The notification device 23 may generate a voice message
“DEFECTIVE CONTACT IN THE PROBE CONNEC-
TOR” or a warning sound through the speaker, thereby
making a notification that the operating voltage is not
supplied to the HVSW circuit 13 in the normal manner. If an
error signal is not supplied from the voltage monitoring
circuit 21 through the system control circuitry 15, the
monitoring unit 23 makes a notification that the operating
voltage is supplied to the HVSW circuit in the normal
manner. The notification device 23 may be configured not to
make any notification as long as an error signal is not
supplied.

In the embodiment described above, the voltage monitor-
ing circuit 21 receives only a voltage from signal line SL.2
as an input signal, i.e., the signal line which extends from
inside the ultrasonic probe 1 back to the ultrasonic-diagnos-
tic-apparatus main body 3. However, the present embodi-
ment is not limited to this. For example, the voltage moni-
toring circuit 21 may receive, as an input, not only a voltage
from the monitoring voltage signal line SL2 but also a
voltage from a signal line (not shown) branching from signal
line SL1 inside the ultrasonic-diagnostic-apparatus main
body 3. The signal line connects the branch point of the
HVSW signal line SL1 inside the ultrasonic-diagnostic-
apparatus main body 3 to the voltage monitoring circuit 21.
This configuration enables the voltage monitoring circuit 21
to utilize both an input voltage from the ultrasonic probe 1
and an input voltage from the power supply circuit 17.
Thereby, the voltage monitoring circuit 21 can check the
voltage supply condition very accurately.

In the embodiment described above, the power supply
circuit 17 and the voltage monitoring circuit 21 are incor-
porated in the ultrasonic-diagnostic-apparatus main body 3.
However, the present embodiment is not limited to this.

FIG. 4 is a diagram illustrating an ultrasonic probe 1 and
an ultrasonic-diagnostic-apparatus main body 3 according to
a modification of the first embodiment. As shown in FIG. 4,
the power supply circuit 17 may be provided as a circuit
external to the ultrasonic-diagnostic-apparatus main body 3.
To be more specific, the power supply circuit 17 may be
connected directly to the ultrasonic-diagnostic-apparatus
main body 3 by use of a connector; alternatively, it may be
connected using a cable (not shown). The voltage monitor-
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ing circuit 21 is provided as a circuit external to the
ultrasonic-diagnostic-apparatus main body 3. To be more
specific, the voltage monitoring circuit 21 may be connected
directly to the ultrasonic-diagnostic-apparatus main body 3
by use of a connector; alternatively, it may be connected
using a cable (not shown). Although the power supply circuit
17 and the voltage monitoring circuit 21 were described as
being external to the ultrasonic-diagnostic-apparatus main
body 3, either the power supply circuit 17 or the voltage
monitoring circuit 21 may be provided as a circuit external
to the a circuit external to the ultrasonic-diagnostic-appara-
tus main body 3. Even where the power supply circuit 17 and
the voltage monitoring circuit 21 are external to the ultra-
sonic-diagnostic-apparatus main body 3, the HVSW circuit
13 may be provided for the probe connector 9.

Second Embodiment

In connection with the first embodiment, the HVSW
circuit was described as a device to which an operating
voltage is supplied from the power supply circuit. However,
the present embodiment is not limited to this, and a device
other than the HVSW circuit may be supplied with an
operating voltage. The ultrasonic diagnostic apparatus of the
second embodiment is featured in that the ultrasonic probe
incorporates an electronic device other than the HVSW
circuit. The second embodiment will be described. In the
description below, structural elements having substantially
the same functions will be denoted by the same reference
symbols, and a repetitive description will be given only
where necessary.

FIG. 5 is a diagram illustrating the ultrasonic probe 1 and
the ultrasonic-diagnostic-apparatus main body 3 according
to the second embodiment. In FIG. 5, a signal receiving
circuit and the related system are not illustrated for simplic-
ity.

As shown in FIG. 5, the ultrasonic probe 1 of the second
embodiment comprises not only a probe connector 9 and
ultrasonic transducers 11 but also electronic devices 25, 27
and 29 and a monitoring voltage switching circuit 31. The
electronic devices incorporated in the ultrasonic probe 1
include a field programmable gate array (FPGA) 25, an
integrated circuit (IC) 27 and a read only memory (ROM)
29. These electronic devices 25, 27 and 29 are provided for
performing signal processing of echo signals and for pro-
viding a delay time for a transmission driving signal. The
values of the voltages on which the electronic devices
operate are different. The electronic devices employed in the
second embodiment are not limited to the FPGA, IC and
ROM, they may be any types of electronic device that
require operating voltages from the power supply circuit 17,
such as a central processing unit (CPU) and an application
specific integrated circuit (ASIC). The ultrasonic-diagnos-
tic-apparatus main body 3 of the second embodiment com-
prises a system control circuitry 15 as a central element. It
also comprises a reference voltage switching circuit 33, in
addition to a power supply circuit 17, a transmitting circuitry
19, a voltage monitoring circuit 21 and a notification device
23.

The second embodiment will be described on the assump-
tion that the HVSW circuit is not provided, for the sake of
simplicity. In this case, the transmitting circuitry 19 and the
ultrasonic transducers 11 are connected to each other using
driving-signal-supply signal lines SL3, the number of which
is the same as the number of ultrasonic transducers 11
provided. More specifically, each driving-signal-supply sig-
nal line SL3 includes: a first portion SL3-1 which connects
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the power supply circuit 19 and pin 9a to each other inside
the ultrasonic-diagnostic-apparatus main body 3; and a
second portion S1.3-2 which connects the ultrasonic trans-
ducer 11 and pin 9a of the probe connector 9 inside the
ultrasonic probe 1.

The ultrasonic probe 1 of the second embodiment is
connected to the devices of the ultrasonic-diagnostic-appa-
ratus main body 3 through signal lines SL. Of the signal
lines, the signal lines used for connecting the power supply
circuit 17 and the electronic devices 25, 27 and 29 are
referred to as electronic-device signal lines SL5.

The electronic-device signal lines SL5 connect the power
supply circuit 17 and the respective electronic devices 25, 27
and 29 to each other by way of the probe connector 9. More
specifically, electronic-device signal lines SL5 include: first
portions SL5-1 which connect the power supply circuit 17
and pins 94 of the probe connector 9 to each other inside the
ultrasonic-diagnostic-apparatus main body 3; and second
portion SL5-2 which connect the respective electronic
devices 25, 27 and 29 and pin 94 of the probe connector 9
inside the ultrasonic probe 1.

The monitoring-voltage signal line SL.2 employed in the
second embodiment includes first monitoring-voltage signal
lines SL21 and a second monitoring-voltage signal line
SL.22. The first monitoring-voltage signal lines SL.21 con-
nect the respective electronic devices 25, 27 and 29 to the
monitoring voltage switching circuit 31. The first monitor-
ing-voltage signal lines SL21 branch from the respective
electronic-device signal lines SL5 and connect the respec-
tive electronic devices 25, 27 and 29 to the monitoring
voltage switching circuit 31. More specifically, the first
monitoring-voltage signal lines SL.21 connect the respective
branch points P2 on signal lines S[.5-2 to the monitoring
voltage switching circuit 31. The second monitoring-voltage
signal line S1.22 connects the monitoring-voltage switching
circuit 31 and the voltage monitoring circuit 21 to each other
by way of the probe connector 9. More specifically, the
second monitoring-voltage signal line SL.22 includes: a first
portion SL22-2 which connects the monitoring-voltage
switching circuit 31 and pin 9e of the probe connector 9 to
each other inside the ultrasonic probe 1; and a second
portion S1.22-1 which connects the voltage monitoring
circuit 21 and pin 9e of the probe connector 9 inside the
ultrasonic-diagnostic-apparatus main body 3.

The electronic devices 25, 27 and 29 may be incorporated
in the probe head 5 of the ultrasonic probe 1 or in the probe
connector 9. Where the electronic devices 25, 27 and 29 are
incorporated in the probe head 5, branch points P2 are
provided in the probe header 5, on the probe cable 7 or in the
probe connector 9. Where the electronic devices 25, 27 and
29 are incorporated in the probe connector 9, branch points
P2 are provided in the probe connector 9.

The signal line for connecting the voltage monitoring
circuit 21 and the system control circuitry 15 to each other
by way of the probe connector 9 will be referred to as the
first control signal line SL61, and the signal line for con-
necting the reference voltage switching circuit 33 and the
system control circuitry 15 to each other will be referred to
as the second control signal line SL.62. More specifically, the
second control signal line SL6 includes: a first portion
SL62-2 which connects the monitoring-voltage switching
circuit 31 and pin 9/ of the probe connector 9 to each other
inside the ultrasonic probe 1; and a second portion SL62-1
which connects the system control circuitry 15 and pin 9/ of
the probe connector 9 inside the ultrasonic-diagnostic-ap-
paratus main body 3. The signal lines for connecting the
power supply circuit 17 and the reference voltage switching

20

25

40

45

60

65

10

circuit 33 to each other will be referred to as the first
reference-voltage signal lines SL.81, and the signal line for
connecting the reference voltage switching circuit 33 and the
voltage monitoring circuit 21 will be referred to as the
second reference-voltage signal line SL.82. Each of the first
reference-voltage signal lines SL81 is used for supplying
one reference voltage to the reference voltage switching
circuit 33.

The power supply circuit 17 generates an operating volt-
age for operating the transmitting circuitry 19, and further
generates different operating voltages for operating the
electronic devices 25, 27 and 29 (the latter operating volt-
ages will be referred to as electronic-device operating volt-
ages). The electronic-device operating voltages have differ-
ent values determined in accordance with the types of
electronic devices. Furthermore, the power supply circuit 17
can generate not only the operating voltages but also a
plurality of reference voltages to be supplied to the voltage
monitoring circuit 21. The reference voltages have different
values determined in accordance with the electronic-device
operating voltages.

The monitoring-voltage switching circuit 31 selects one
voltage to be monitored from among the operating voltages
supplied through the first monitoring-voltage signal lines
SL21, in accordance with a control signal supplied from the
system control circuitry 15 through the probe connector 9.
The selected operating voltage to be monitored is supplied
to the voltage monitoring circuit 21 through the second
monitoring-voltage signal line SL.22.

The reference voltage switching circuit 33 selects one
reference voltage from among the reference voltages sup-
plied through the first reference-voltage signal lines SL.81, in
accordance with a control signal supplied from the system
control circuitry 15. The reference voltage used for the
monitoring operation corresponds to the operating voltage to
be monitored, which is selected by the monitoring voltage
switching circuit 31. The selected reference voltage used for
the monitoring operation is supplied to the voltage moni-
toring circuit 21 through the second reference-voltage signal
line SL82.

The voltage monitoring circuit 21 receives a voltage from
the second monitoring-voltage signal line SI.22 as an input
voltage. To be more specific, the voltage monitoring circuit
21 receives voltages from signal lines SL[.21 and SL.22 as
input voltages, i.e., the signal lines branching from signal
line SL5 (used for supplying electronic-device operating
voltages) and extending from inside the ultrasonic probe 5
back to the ultrasonic-diagnostic-apparatus main body 3.
The voltage monitoring circuit 21 monitors voltages applied
from the power supply circuit 17 to the electronic devices
25, 27 and 29, utilizing the input voltage from the ultrasonic
probe 1. Details of the voltage monitoring circuit 21 will be
described later.

Next, a description will be given of an example of the
operation performed by the ultrasonic diagnostic apparatus
according to the second embodiment. As described above,
the voltage monitoring circuit 21 receives only a to-be-
monitored operating voltage selected by the monitoring
voltage switching circuit 31 as an input voltage. If an
existing probe connector 9 is used in the present embodi-
ment, the number of pins it has is limited, and all operating
voltages cannot be supplied to the voltage monitoring circuit
21 in terms of the configuration and cost. In addition, if all
operating voltages are monitored in parallel, the load applied
to the voltage monitoring circuit 21 may be heavy, shorten-
ing the life of the voltage monitoring circuit 21. For this
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reason as well, only an operating voltage to be monitored
should be supplied to the voltage monitoring circuit 21.

When the ultrasonic diagnostic apparatus 1 is in opera-
tion, the system control circuitry 15 generates a control
signal used for selecting an operating voltage to be moni-
tored (the control signal will be hereinafter referred to as an
“operating voltage selecting signal”). The operating voltage
selecting signal is supplied to the monitor voltage switching
circuit 31 through the first control signal line S[5. The
operating voltage to be monitored may be selected by the
user who operates an operation unit (not shown); alterna-
tively, it may be automatically selected at regular intervals
from among a plurality of operating voltages.

Upon receipt of the operating voltage selecting signal, the
monitor voltage switching circuit u closes the connection
between the first monitor-voltage signal line SL21 corre-
sponding to an operating voltage to be monitored in accor-
dance with a control signal and the second monitor-voltage
signal line SL 22, and opens the connection between the
other first monitor-voltage signal lines S1.21 and the second
monitor-voltage signal line SL 22. As a result, only the
operating voltage to be monitored passes along the second
monitor voltage signal line SL.22 and is supplied to the
voltage monitoring circuit 21 by way of the probe connector
9.

When the ultrasonic diagnostic apparatus 1 is in opera-
tion, the system control circuitry 15 generates a control
signal used for selecting a reference voltage corresponding
to the operating voltage to be monitored (the control signal
will be hereinafter referred to as a “reference voltage select-
ing signal”). The reference voltage selecting signal is sup-
plied to the reference voltage switching circuit 33 through
the second control signal line SL7. The reference voltage
used for the monitoring operation is selected unconditionally
in accordance with the operating voltage to be monitored.

When the reference voltage selecting signal is supplied,
the reference voltage switching circuit 33 closes the con-
nection between the first reference-voltage signal line SL.81
corresponding to the operating voltage to be monitored in
accordance with a control signal and the second reference-
voltage signal line SL 82, and opens the connection between
the other first reference-voltage signal lines SL.81 and the
second reference-voltage signal line SL 82. As a result, only
the selected reference voltage used for the monitoring opera-
tion is supplied to the voltage monitoring circuit 21 through
the second reference-voltage signal line SL.82.

To detect a defective contact of each electronic-device
signal line SLL 5 in the probe connector 9, the voltage
monitoring circuit 21 determines whether the input voltage
from the second monitoring-voltage signal line SL22 is
within an allowable range. The allowable range is deter-
mined depending upon an operating voltage to be moni-
tored, i.e., the type of electronic device 25, 27 or 29. Each
allowable range is determined in accordance with a refer-
ence voltage corresponding to the operating voltage.

As in the first embodiment, the voltage monitoring circuit
21 compares an input voltage selected by the monitoring
voltage switching circuit 31 (i.e., an operating voltage to be
monitored) with the reference voltage selected by the ref-
erence voltage switching circuit 33 in real time. If the input
voltage is lower than the reference voltage, an error signal
is generated. If the input voltage is higher than the reference
voltage, an error signal is not generated. The value of the
reference voltage can be determined by the user as an
arbitrary value. The error signal is supplied to the system
control circuitry 15.
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If the error signal is supplied, the system control circuitry
15 carries out error processing for the electronic device 25,
27 or 29 to which the monitoring operating voltage is
supplied. For example, the system control circuitry 15
controls the notification device 23 to make a notification that
the power supply circuit 17 and the electronic devices 25, 27
and 29 are not in good contact in the probe connector 9, as
in the first embodiment. To be more specific, if an error
signal is supplied from the voltage monitoring circuit 21 by
way of the system control circuitry 15, the notification
device 23 makes a notification that the operating voltage is
not supplied to the HVSW circuit 29. If no error signal is
supplied from the voltage monitoring circuit 21 by way of
the system control circuitry 15, the notification device 23
makes a notification that the operating voltages are supplied
to the electronic devices 25, 27 and 29 in the normal manner.

In the second embodiment described above, the power
supply circuit 17 and the voltage monitoring circuit 21 are
incorporated in the ultrasonic-diagnostic-apparatus main
body 3. However, the present embodiment is not limited to
this. As in the first embodiment, the power supply circuit 17
and the voltage monitoring circuit 21 may be provided as
circuits external to the ultrasonic-diagnostic-apparatus main
body 3.

As described above, the ultrasonic diagnostic apparatus of
the second embodiment comprises an ultrasonic probe 1,
and an ultrasonic-diagnostic-apparatus main body 3 which is
detachably connected to the ultrasonic probe 1 through the
probe connector 9. The power supply circuit 17 is incorpo-
rated in the ultrasonic-diagnostic-apparatus main body 3 and
generates operating voltages for operating various devices
13, 25, 27 and 29 of the ultrasonic probe 1. Signal lines SL.1
and SLL4 connect the power supply circuit 17 to the devices
13, 25, 27 and 29 by way of the probe connector 9, so as to
supply operating voltages from the power supply circuit 17
to the devices 13, 25, 27 and 29. The voltage monitoring
circuit 21 is incorporated in the ultrasonic-diagnostic-appa-
ratus main body 3 and monitors voltages supplied to the
electronic devices 13, 25, 27 and 29, utilizing the input
voltage from the ultrasonic probe 1. To supply input voltages
to the voltage monitoring circuit 21, signal line SI.2
branches from signal lines SL.1 and SL4 inside the ultrasonic
probe 1 and connects the devices 13, 25, 27 and 29 and the
voltage monitoring circuit 21 to each other by way of the
probe connector 9.

With the configuration described above, the voltage moni-
toring circuit 21 of the ultrasonic diagnostic apparatus of the
embodiment monitors a voltage from signal line SL2, i.e.,
the signal line which extends from inside the ultrasonic
probe 1 back to the ultrasonic-diagnostic-apparatus main
body 3. The ultrasonic diagnostic apparatus of the present
embodiment differs from the ultrasonic probe described in
Patent Document 1 in that the voltage monitoring circuit 21
is provided inside the ultrasonic-diagnostic-apparatus main
body 3. With this structure, the ultrasonic diagnostic appa-
ratus of the embodiment can monitor the operating voltages
supplied to the devices 13, 25, 27 and 29 at low cost even
if signal lines SL.1 and SL5 (used for supplying the operating
voltages to the devices 13, 25, 27 and 29) are not in good
contact inside the probe connector 9. Even where the oper-
ating voltages of a plurality of devices 13, 25, 27 and 29 are
supplied from the ultrasonic-diagnostic-apparatus main
body 3 to the ultrasonic probe 1, the number of pins which
the probe connector 9 additionally requires is two.

According to the present embodiment, the operating volt-
ages of the devices provided in the ultrasonic probes can be
accurately monitored at low cost.
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While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

The invention claimed is:

1. An ultrasonic diagnostic apparatus comprising (i) an
ultrasonic probe including a head, a cable and a connector;
and (ii) an ultrasonic-diagnostic-apparatus main body con-
nected to the ultrasonic probe through the connector, said
ultrasonic diagnostic apparatus comprising:

an electric circuit provided in the ultrasonic probe;

a first signal line passing through the cable and connected
at one end to the electric circuit and at another end to
the connector;

a power supply circuit provided in the main body and
configured to generate an operating voltage of the
electric circuit;

a second signal line provided inside the main body and
connected at one end to the power supply circuit, the
second signal line being connected at another end to the
first signal line when the main body is connected to the
ultrasonic probe;

a third signal line connected at one end to the first signal
line and at another end to the connector;

a voltage monitoring circuit provided in the main body
and configured to monitor a voltage supplied to the
electric circuit, utilizing an input voltage; and

a fourth signal line provided inside the main body and
connected at one end to the voltage monitoring circuit,
the fourth signal line being connected at another end to
the third signal line when the main body is connected
to the ultrasonic probe.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein

the ultrasonic probe further includes a plurality of ultra-
sonic transducers which transmit and receive ultrasonic
waves,

the main body comprises a transmitting circuitry config-
ured to generate a driving signal for driving the ultra-
sonic transducers, and

the electric circuit is an ultrasonic transducer switching
circuit which switches connections between the ultra-
sonic transducers and the transmitting circuitry.

3. The ultrasonic diagnostic apparatus according to claim

1, wherein

the ultrasonic probe comprises a monitoring voltage
switching circuit,

the electric circuit includes a plurality of electronic cir-
cuits,

the power supply circuit is configured to generate a
plurality of operating voltages for the electronic cir-
cuits, and

the monitoring voltage switching circuit switches connec-
tions between the electronic circuits and the voltage
monitoring circuit such that an operating voltage to be
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monitored, one of the operating voltages, is supplied to
the voltage monitoring circuit.
4. The ultrasonic diagnostic apparatus according to claim
3, wherein
the main body further comprises a reference voltage
switching circuit and a reference-voltage signal line,
the power supply circuit is configured to generate a
plurality of reference voltages corresponding to the
operating voltages,
the reference-voltage signal line comprises a first refer-
ence-voltage signal line connecting the reference volt-
age switching circuit to the voltage monitoring circuit
to each other, and a plurality of second reference-
voltage signal lines connecting the power supply circuit
and the reference voltage switching circuit to each
other and used for respective ones of the reference
voltages,
the reference voltage switching circuit switches connec-
tions between the second reference-voltage signal lines
and the first reference-voltage signal line such that a
reference voltage to be monitored, which is one of the
reference voltages and corresponds to the operating
voltage to be monitored, is supplied to the voltage
monitoring circuit.
5. The ultrasonic diagnostic apparatus according to claim
1, wherein
the main body further comprises a notification device,
the voltage monitoring circuit determines a voltage supply
to the electric circuit based on comparison between the
input voltage and a reference voltage supplied from the
power supply circuit, and
the notification device makes a notification regarding the
voltage supply.
6. The ultrasonic diagnostic apparatus according to claim
1, wherein
the ultrasonic probe further includes a plurality of ultra-
sonic transducers which transmit and receive ultrasonic
waves,
the main body comprises a transmitting circuitry config-
ured to generate a driving signal for driving the ultra-
sonic transducers, and
the voltage monitoring circuit determines whether or not
the input voltage is within an allowable range, and
stops the transmitting circuitry if the input voltage is
determined to be outside the allowable range.
7. The ultrasonic diagnostic apparatus according to claim
1, wherein the first signal line and the third signal line are
connected to each other at a point located inside the head.
8. The ultrasonic diagnostic apparatus according to claim
1, wherein the first signal line and the third signal line are
connected to each other at a point located inside the cable.
9. The ultrasonic diagnostic apparatus according to claim
1, wherein the first signal line and the third signal line are
connected to each other at a point located inside the con-
nector.
10. The ultrasonic diagnostic apparatus according to
claim 1, wherein the electric circuit is provided in one of the
head and the connector.
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