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&) ABSTRACT

An ultrasonic diagnostic device is characterized by being
provided with a cooling mechanism for cooling an ultrasonic
vibrator by circulating a refrigerant in a cable of an ultrasonic
probe in which the ultrasonic vibrator is provided, a cooling
abnormality detecting means for detecting the abnormal state
of the cooling mechanism, and an operating means for, when
the abnormal state of the cooling mechanism is detected by
the cooling abnormality detecting means, performing a
degraded operation in which the transmission/reception con-
dition of the ultrasonic vibrator is changed according to the
detected abnormal state.
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ULTRASONIC DIAGNOSTIC DEVICE

TECHNICAL FIELD

[0001] Embodiments ofthe invention relate to an ultrasonic
diagnostic device.

RELATED APPLICATION

[0002] This application is based on the benefit of the prior-
ity of the Japanese Patent Application No. 2009-149931 filed
on Jun. 24,2009. The contents of the Japanese application are
cited herein to be incorporated to this application.

BACKGROUND ART

[0003] In the ultrasonic diagnostic device and the like
capable of scanning a three-dimensional image, a device
capable of driving ultrasonic transducers in a two-dimen-
sional array by arranging an electronic circuit in an ultrasonic
probe unit and performing beamforming to a portion, which is
wanted to be observed, is turned into actual use. Heat radia-
tion of such ultrasonic probe unit with high function, high
output and high density mounting is an important technical
problem. Since sufficient cooling cannot be performed by
spontaneous cooling from a surface of a casing of the ultra-
sonic probe unit, a situation in which an output of an ultra-
sonic wave is forcedly limited occurs.

[0004] Forced cooling to allow a refrigerant to circulate
through a probe cable is studied for resolving the problem in
cooling. However, in the cable using a soft and flexible tube
and the like, leakage of the refrigerant and failure of a pump
for circulation often occur, and in such a case, cooling per-
formance is deteriorated and there is a possibility that a sur-
face temperature of the ultrasonic probe unit cannot be main-
tained within a safe range. In accordance with the regulations
that the surface temperature of the ultrasonic probe unit
applied to a patient cannot be higher than a certain tempera-
ture in order to prevent low temperature burn, temperature
management of the ultrasonic probe unit should be certainly
executed in order to prevent medical accident.

[0005] Therefore, thereis the device in which a temperature
sensor is embedded in the ultrasonic probe unit for detecting
the temperature by the temperature sensor, thereby adjusting
driving power of the ultrasonic transducer such that the tem-
perature of the ultrasonic transducer does not become a ref-
erence temperature or higher.

CITATION LIST

Patent Literature
[0006] PLT 1: Japanese Patent No. 3325712

SUMMARY OF THE INVENTION
Technical Problem

[0007] Although it is necessary to correctly detect the tem-
perature, by control to detect only the temperature, it is not
possible to comprehend which portion of the ultrasonic probe
unit is failed, so that detailed control operation is extremely
difficult. Since the temperature control generally generates
time lag, it is possible that the temperature is out of control
and overshoots to be higher than the reference temperature
(for example, 40° C.), and it is dangerous.
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[0008] There is a case in which the device cannot be used
even though diagnosis is wanted such as in a case in which the
device is carried to an accident location by urgent request and
in a situation in which an alternative device cannot be waited
such as a probe in a body cavity.

[0009] The invention provides the ultrasonic diagnostic
device capable of being continuously used by the operation in
which a part of the operation is stopped (fallback operation) in
a case where there is no alternative device in the vicinity.

Solution to Problem

[0010] An embodiment provides an ultrasonic diagnostic
device including: a cooling mechanism for cooling an ultra-
sonic probe unit by circulating a refrigerant in a cable of the
ultrasonic probe unit in which ultrasonic transducers are pro-
vided; cooling abnormality detecting unit configured to
detect an abnormal state in the cooling mechanism; and oper-
ating unit configured to, when the abnormal state of the cool-
ing mechanism is detected by the cooling abnormality detect-
ing unit, perform fallback operation to change a transmission
reception condition of the ultrasonic transducer in accordance
with the detected abnormal state.

ADVANTAGEOUS EFFECTS OF INVENTION

[0011] According to the ultrasonic diagnostic device of the
embodiment, the ultrasonic diagnostic device capable of
being continuously used by the operation in which a part of
the operation is stopped (fallback operation) in a case where
there is no alternative device in the vicinity is obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a basic configuration diagram of an ultra-
sonic diagnostic device according to one embodiment.
[0013] FIG. 2 is a configuration example of a probe of the
ultrasonic diagnostic device according to a first embodiment.
[0014] FIG. 3 is a flowchart of initial operation of the ultra-
sonic diagnostic device according to the first embodiment.
[0015] FIG. 4 is a flowchart of a menu and operation of
fallback operation of the ultrasonic diagnostic device accord-
ing to the first embodiment.

[0016] FIG. 5 is a flowchart of operation during measure-
ment of the ultrasonic diagnostic device according to the first
embodiment.

[0017] FIG. 6 is a configuration example of a probe of an
ultrasonic diagnostic device according to a second embodi-
ment.

[0018] FIG. 7 is a view of a type of a fallback operation
mode of an ultrasonic diagnostic device according to one
embodiment.

DESCRIPTION OF EMBODIMENTS

[0019] Anembodimentis described in detail with reference
to the drawings.
[0020] FIG. 1 is a basic configuration diagram of an ultra-

sonic diagnostic device according to one embodiment. An
ultrasonic diagnostic device main body 10 is used with an
ultrasonic probe unit 13 connected to a probe cable 12 con-
nected by a connecter unit 11.

[0021] The ultrasonic diagnostic device main body 10 is
constituted by a transmitting circuit 14 for generating an
ultrasonic wave from the ultrasonic probe unit 13, a receiving
scanning circuit 15 for receiving an ultrasonic signal reflected
back from inside a subject, an amplitude detecting circuit 16
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for generating a tissue morphological image corresponding to
a scan mode, a blood flow analyzer detector 17 for generating
a blood flow Doppler image, a display processing circuit 18
for synthesizing the tissue morphological image and the
blood flow Doppler image, and a display 19 for displaying the
synthetic image.

[0022] The ultrasonic probe unit 13 is provided in an ultra-
sonic probe, and an array transducer (not illustrated) in which
a plurality of transducers for converting an electric signal and
an acoustic signal to each other are arrayed is adopted such
that the inside of the subject may be electronically scanned at
a high speed by the ultrasonic wave. This is connected to the
ultrasonic device main body 10 by the connecter unit 11
through the probe cable 12 for circulating a refrigerant.
[0023] The transmitting circuit 14 is constituted by a clock
generator, a divider, a transmitting delay circuit and a pulser,
which are not illustrated. By dividing a clock pulse generated
by the clock generator into a rate pulse of approximately 5
KHz, for example, by the divider, passing the rate pulse
through the transmitting delay circuit, and thereafter applying
the same to the pulser, a high-frequency voltage pulse is
generated to drive an ultrasonic transducer. The ultrasonic
transducer mechanically vibrates by this to generate the ultra-
sonic wave.

[0024] The ultrasonic wave thus generated reflects on a
boundary of acoustic impedance inside the subject and
returns to the ultrasonic probe unit 13 to mechanically vibrate
the ultrasonic transducer. In accordance with this, the electric
signal is individually generated in each transducer. The elec-
tric signal is amplified and is phased/added by the receiving
scanning circuit 15. In accordance with this, the directivity of
received signal (echo signal) is generated.

[0025] The amplitude detector 16 generates B mode image
data for providing morphologic information of a tissue based
on the echo signal from the receiving scanning circuit 15. The
display processing circuit 18 displays the above-described B
mode image data generated by the amplitude detector 16 as a
cross-sectional image of the tissue morphological image.
[0026] The blood flow analyzer detector 17 is a unit for
realizing so-called color Doppler imaging (CDI) and is con-
figured to first detect the echo signal from the receiving scan-
ning circuit 15 in quadrature phase to take out a Doppler
signal subjected to frequency shift, pass only a specific fre-
quency component of the taken Doppler signal using a mov-
ing target indicator (MTI) filter, obtain a frequency of the
passed signal by an autocorrelator, and perform arithnietic
operation of an average speed, dispersion and power from the
frequency by an arithnietic unit.

[0027] Meanwhile, it is possible to switch a general Dop-
pler mode for mainly imaging a blood flow (image data by
this mode is referred to as blood flow Doppler image data) and
a tissue Doppler mode for mainly imaging an internal organ
such as a heart muscle (image data by this mode is referred to
as tissue Doppler image data) by adjusting a passband of the
MTT filter.

[0028] Also, the display processing circuit 18 may synthe-
size to display the blood flow Doppler image data and the
tissue morphological image data generated by the above-
described blood flow analyzer detector 17. A synthesized
image of the tissue morphological image data and the blood
flow image data is displayed on the display 19.

[0029] FIG. 2isaconfiguration example of the probe of the
ultrasonic diagnostic device according to a first embodiment.
FIG. 2 illustrates a detailed internal configuration of the ultra-
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sonic probe unit 13, the probe cable 12 and the connector 11
illustrated in FIG. 1. A configuration of the ultrasonic probe
unit of this embodiment is described with reference to the
drawing.

[0030] The ultrasonic probe unit 13 is covered with a probe
unit exterior 201 and is constituted by a shielding material
202 (indicated by a dotted line) for shielding so as not to emit
unnecessary electromagnetic wave to outside, ultrasonic
transducers 203 for transmitting and receiving the ultrasonic
wave by electric acoustic conversion, a backing material 204
for efficiently emitting the generated ultrasonic wave and
receiving the wave, a lens material 205 for serving as an
acoustic lens and improving a contacting property with a
living body of the subject, an electronic circuit board 206 for
performing a process such as generation of an electric acous-
tic conversion electric signal and amplification of a received
electric signal, and a cooling mechanism in which the refrig-
erant for cooling the ultrasonic transducer 203 circulates. The
cooling mechanism is divided into a low-temperature cooling
system 207 sent from a pump for cooling the ultrasonic probe
unit 13 and the electronic circuit board 206, which generate
heat, and a high-temperature cooling system 208 for absorb-
ing the heat of a portion in which the heat is generated and
flowing back to the pump. Further, a temperature detecting
unit 209 is arranged for detecting a temperature of the ultra-
sonic transducer 203.

[0031] Transmission of the ultrasonic wave by the ultra-
sonic probe unit 13 applies an electric pulse to the transducer,
thereby generating mechanical vibration. Since energy loss is
generated at the time of electromechanical conversion, the
heat is generated from the ultrasonic transducer 203. The
generated vibration is transmitted to the lens material 205 and
the backing material 204 and acoustic energy transmitted to
the backing material 204 is converted to the heat by damping.
The acoustic energy transmitted to the lens material 205 is
transmitted into the body of the subject through the lens
material 205. There is the attenuation in the lens material 205
and a part of the acoustic energy becomes heat energy.

[0032] The shielding material 202 arranged directly below
the probe unit exterior 201 has an effect to not only shield an
emitted electric wave but also transmit the heat generated
from the ultrasonic transducer 203, the lens material 205 and
the backing material 204 accompanying with emission of the
ultrasonic wave.

[0033] The portion in which the heat is generated is mainly
the ultrasonic transducer 203 and the electronic circuit board
206. The low-temperature cooling system 207 performs cir-
culation to supply the refrigerant of which temperature is low
to first cool the shielding material 202, thereby reducing
increase in temperature of a surface of the ultrasonic trans-
ducer 203, and thereafter return the refrigerant of which tem-
perature is increased by cooling the electronic circuit board
206 to the high-temperature cooling system 208.

[0034] The probe cable 12 is connected to a posterior part of
the ultrasonic probe unit 13 and is further connected to the
ultrasonic device main body 10 by the connector unit 11. In
the cable, coax and wires for control signals and the electric
signals including a power supply line and a circulation system
of the refrigerant for cooling, that is to say, the low-tempera-
ture cooling system 207 and the high-temperature cooling
system 208 are included. The probe cable 12 is desirably
flexible for improving operability.
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[0035] The connector unit 11 is constituted by a pump 210
for sending the refrigerant for cooling to the low-temperature
cooling system 207 through the probe cable 12, a heat radiator
211 for cooling the refrigerant of the high-temperature cool-
ing system 208, which returns from the cable, and a fan 212
for blowing air to the heat radiator 211.

[0036] Further, rotation monitoring unit 213 of the fan 212
for detecting the failure of the cooling system such as the
failure of the fan 212, and cooling circulation monitoring unit
214 for detecting abnormal operation of the pump 210 and
leakage of the refrigerant are provided. The rotation monitor-
ing of the fan 212 may be easily realized by a circuit and the
like for monitoring a power supply current of the fan. Also,
abnormality may be detected by a circuit for monitoring the
current of the pump for the failure of the pump 210 and by a
circuit for monitoring a pressure of the low-temperature cool-
ing system 207 or the high-temperature cooling system 208
for the leakage of the refrigerant.

[0037] A surface of the lens material 205 of the ultrasonic
probe unit 13 is brought into contact with a body surface of
the subject at the time of examination, so that increase in
temperature of the surface is a safety problem and it is impor-
tant to reduce the increase in the temperature of the surface of
the lens material 205. The shielding material 202 is connected
to the ultrasonic transducer 203 for diffusing the heat gener-
ated in the vicinity of the backing material 204 and the ultra-
sonic transducer 203 and as measures of the emitted electric
wave.

[0038] A temperature detecting unit 209 is embedded in the
backing material 204 for monitoring the surface temperature
of the ultrasonic transducer 203 to detect abnormal increase
in the temperature. A signal of the temperature detecting unit
209 passes through the probe cable 12 to be transmitted to the
ultrasonic diagnostic device main body 10 and the tempera-
ture is measured.

[0039] The refrigerant of which temperature is decreased
by the heat radiator 211 of the connector unit 11 is sent to the
low-temperature cooling system 207, which passes through
the probe cable 12, by the pump 210, to cool the shielding
material 202. The refrigerant of which temperature is
increased a little by the shielding material 202 and the ultra-
sonic transducer 203 is further sent to the electronic circuit
board 206 to cool the board and a mounted device, and
returned to the heat radiator 211 of the connector unit 11
through the high-temperature cooling system 208 to be
cooled.

[0040] The heat radiator 211 is cooled by air at a sufficient
amount of room temperature of a sufficient amount from the
fan 212. When the cooling system normally operates, the
ultrasonic transducer 203 and the electronic circuit board 206
are sufficiently cooled and may exert optimal performance
using sufficient ultrasonic energy transmission and an opti-
mal received bias current while maintaining the surface tem-
perature of the lens material 205 of the probe unit within a
safe range.

[0041] FIG. 3 is a flowchart illustrating initial operation of
the ultrasonic diagnostic device according to the first embodi-
ment. Also, FIG. 4 is a flowchart illustrating a menu and
operation of fallback operation according to the first embodi-
ment. By the flowchart, it is possible to check whether the
ultrasonic probe unit 13 to be used may perform the fallback
operation characteristic in this embodiment before starting to
measure.
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[0042] The fallback operation herein means operation
under a limited condition without completely stopping when
the failure occurs in the ultrasonic probe unit 13. In the
fallback operation, there are two main types. One is a low-
power mode in which diagnostic performance is sacrificed
but long time usage is possible and the second one is a time
limiting mode in which the diagnostic performance is not
deteriorated but operating time is limited in accordance with
a failed portion of the cooling system and full power opera-
tion is performed.

[0043] The low-power mode is the mode to be used while
power consumption is inhibited and a transmission reception
condition of the ultrasonic transducer 203 is mainly changed.
By decreasing a transmission voltage, heat generation of the
circuit may be decreased. For example, when the transmis-
sion voltage is decreased by 30%, the consumed power may
be made substantially half. Decrease in the received bias
current may also decrease the heat generation of the circuit
and when the bias current is decreased by 30%, the consumed
power is decreased by 30%.

[0044] There is a following method as another method of
decreasing the power at the time of the fallback operation.
[0045] (a) Transmission energy to be applied is decreased
by narrowing a transmission beam width. A driving pattern
for each element of the ultrasonic transducer 203 is changed
to narrow the beam width and total energy is decreased by
decreasing a wave height value or decreasing a driving pulse
width.

[0046] (b) Energy consumption per hour is decreased by
prolonging an interval of repeated scanning. As a specific
method of prolonging the interval of the repeated scanning,
there are a method of prolonging a pulse repeating period and
intermittent transmission to scan at a general short time inter-
val during one heartbeat and provide a break period between
each scanning.

[0047] (c) Activation of an operation mode in which the
power consumption is large is inhibited, or selection of an
operation parameter in which the power consumption
becomes large is inhibited. For example, parameter selection
such as to set a transmission focus in the distance, to set a
transmission frequency to a high frequency, or to set a blood
flow detection range by prolonging a driving wave length is
inhibited.

[0048] (d) The number of operating elements of the ultra-
sonic transducer 203 used for transmission and reception is
decreased to cut the power.

[0049] Also, since each of the above-described methods
has an effect of cutting the power and there are a variety of
levels of performance deterioration, the fallback operation is
performed by appropriately combining them.

[0050] Therefore, as illustrated in FIG. 7, a type of the
low-power mode is set by changing the transmission condi-
tion by (1) decrease in the transmission voltage, (2) decrease
in the bias current of the receiving circuit, (3) decrease in the
transmission beam width, (4) increase in scanning interval or
the intermittent scanning, (5) inhibition of selecting the
operation parameter in which the power consumption is large,
(6) decrease in the number of the operating elements of the
ultrasonic transducer 203 used for transmitting and receiving,
and (7) appropriate combination of the above-described con-
ditions.

[0051] Also, for example, the time limiting mode in which
maximum operating time is determined is set in accordance
with cooling system abnormality determined by (1) stop of
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the fan 212, (2) decrease in rotating speed of the fan 212, (3)
stop of the pump 210, (4) decrease in rotating speed of the
pump 210, (5) stop of the circulation by the leakage of the
refrigerant, (6) decrease in the refrigerant circulation, and (7)
appropriate optional combination in accordance with a failure
condition.

[0052] Also, the operating time is determined by consider-
ing current abnormality of a Peltier element in a case where
the ultrasonic transducer 203 is cooled by the Peltier element
and the like, and a state of the failed portion of another used
cooling system in a case where a compressor is used in place
of the pump 210.

[0053] Since each fallback operation mode has an effect of
cutting the power and there are a variety of levels of the
performance deterioration, it is preferable to perform the
fallback operation by appropriately combining them depend-
ing on the situation.

[0054] First, when an operator selects a corresponding
probe, detection of the temperature of the surface of the
transducer from an output of the temperature detecting unit
209 is started (S301). Then, just after starting to detect, it is
confirmed whether the temperature is an abnormal tempera-
ture, that is to say, whether this is higher than a predetermined
temperature (S302). If there is temperature abnormality at
this point of time before starting to drive, it is considered that
there is abnormality in the temperature detecting unit and the
operation cannot be continued, so that an operation stopping
process is performed (S303).

[0055] Meanwhile, the temperature abnormality means in
general the temperature higher than the predetermined tem-
perature, and this may be detected by a comparing circuit for
comparing the detected temperature with the predetermined
temperature.

[0056] If the temperature is normal, next, abnormality
detection of the cooling system is started (S304). In a case
where the abnormality is detected at a step of judging the
abnormality of the cooling system (S305), it is displayed on
the display 19 that there is the abnormality in a cooling unit
(S306).

[0057] The abnormality of the cooling system is detected
by stop of rotation or decrease in rotating speed of the cooling
fan, stop of rotation or decrease in rotating speed of a motor of
a cooling pump, and stop of the circulation of the refrigerant
or decrease in the circulation, for example.

[0058] Asillustrated in FIG. 4, it is displayed on the display
19 where the abnormality is (S401). Next, a selection screen
of'the fallback operation is displayed (S307) to allow a user to
select whether to stop the operation or continue the measure-
ment by the fallback operation (S308). In an example of the
menu illustrated in FIG. 4, one of (1) stopping the operation
and stopping using, (2) continuously using in the low-power
mode in which the diagnostic performance is sacrificed but
the long time usage is possible, and (3) continuing to operate
in full power by limiting the time, is selected (S402).

[0059] Also, it may be considered that the menu of the
fallback operation selected in accordance with a failed state is
further added, and it is possible to add a safety priority mode
in which selection of an operation mode in which the power
consumption is large and the transmission reception condi-
tion in which the power consumption is large is inhibited for
improving safety, for example.

[0060] In a case where (1) is selected at the step S402 in
FIG. 4, the operation is stopped (S309) (S403). In a case
where (2) is selected, there is deterioration in the diagnostic
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performance such as deterioration in resolution of the image,
so that a warning is displayed on the display 19 to gain
approval of the user so as to avoid bad diagnosis (S404).
Thereafter, the fallback operation mode in which the trans-
mission voltage is decreased or the received bias current is
decreased is performed, for example (S405).

[0061] Ina case where (3) is selected, the operation in full
power is performed by limiting the time in accordance with
the failed portion (S406). In this case, even within displayed
time, the operation is performed by giving first priority to the
temperature detected by the temperature detecting unit and in
a case where the temperature becomes higher than a reference
temperature, the operation is stopped at that point of time.
[0062] FIG. 5 is a flowchart illustrating operation during
measurement of the ultrasonic diagnostic device according to
the first embodiment. When there is no abnormality in the
initial operation illustrated in FIG. 3, driving of the corre-
sponding probe is started. In a using state also, the tempera-
ture abnormality and the cooling system abnormality are
continuously monitored.

[0063] In a case where the temperature abnormality is
detected at a step S501, the increase in temperature is dis-
played on the display 19 and the transmission is stopped for a
certain period of time to wait for cooling (S502). In a case
where the temperature does not decrease after a certain period
of time at a step S503, it is judged to be abnormal and the
operation is stopped (S504). In a case where the temperature
decreases, the driving is started again and the procedure
returns to the step S501.

[0064] In acase where the abnormality in the cooling sys-
tem is first detected during the measurement at a step S505,
the driving is stopped and the abnormality in the cooling unit
is displayed on the display 19 (S506). The selection screen of
the fallback operation illustrated in FIG. 4 is displayed and
the operator is prompted to select the fallback operation
(8507).

[0065] It is desirable that a type of the fallback operation
selection is changed in accordance with a mode of the failure,
that is to say, a state of the cooling abnormality. For example,
in a case where the abnormality is detected in all the cooling
systems, there is a case in which the fallback operation is
dangerous. It is also possible to configure such that only the
driving stop may be selected in such a case.

[0066] It is also considered to prepare a plurality of low-
power modes. In a case where there is the abnormality only in
the fan 212, since the heat is transmitted to the connecter unit
11 through the cable 12, cooling to a certain extent may be
expected. By supplying much more power than that in a case
where the circulation of the refrigerant is stopped by detect-
ing the abnormality by the cooling circulation monitoring
unit 214 to the ultrasonic probe unit 13 also, the surface
temperature of the ultrasonic probe unit 13 may be controlled
to be within an allowable range.

[0067] Ina case where it is selected to stop at a step S508,
the operation is stopped (S509). In a case where the fallback
operation is selected, the procedure returns to the step S501
and the fallback operation is continued while whether the
temperature abnormality and further another cooling system
abnormality do not occur is monitored.

[0068] By the above-described configuration, the operator
may confirm presence or absence of the failure of the ultra-
sonic probe unit by the display when selecting the probe and
when using the same prove and may select safe fallback
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operation in accordance with a degree of the failure in a case
where there is the failure. In accordance with this, the diag-
nosis may be continued.

[0069] FIG. 6isa configuration example of the probe of the
ultrasonic diagnostic device according to a second embodi-
ment. This is identical to that in the first embodiment illus-
trated in FIG. 3 in that the cooling is performed by the con-
nector unit 11 and the refrigerant circulates in the cable 12, in
this embodiment, a heat exchanger 601 is provided within a
probe grip (probe unit exterior) 201 of the ultrasonic probe
unit 13 and the refrigerant, which circulates in the cable, is not
directly sent to the shielding material 202 or the electronic
circuit board 206 and is used once for cooling the heat
exchanger 601.

[0070] A low-temperature transducer cooling system 602
and a high-temperature transducer cooling system 603 for
cooling the ultrasonic transducer 203 are connected to the
heat exchanger 601 to transmit the heat of the ultrasonic
transducer 203 to the heat exchanger 601. Also, it is config-
ured such that the heat of the electronic circuit board 206 is
also transmitted to the heat exchanger 601 by a low-tempera-
ture circuit cooling system 604 and a high-temperature circuit
cooling system 605.

[0071] As the abnormality detection of the cooling system
in this embodiment, there are transducer cooling system
abnormality detecting unit 606 and circuit cooling system
abnormality detecting unit 607 in addition to the rotation
monitoring unit 213 of the fan and the cooling circulation
monitoring unit 214 for detecting the abnormal operation of
the pump and the leakage of the refrigerant in FIG. 2, and
presence or absence of the abnormality of each cooling sys-
tem is detected. By performing subdivided failure detection,
it becomes possible to correctly comprehend a degree of the
failure/defect state in more detail and select safe and optimal
fallback operation.

[0072] By adopting the configuration to separate the cool-
ing system in this manner, by separating the circulation sys-
tem in the probe cable 12 in which possibility of the failure is
the highest and the cooling system in the probe handle 201
(cooling system of the ultrasonic transducer 203 and the
electronic circuit board 206), the cooling system in the probe
handle 201 continuously operates even when there is the
leakage of the refrigerant in the cable and it is possible to cool
the ultrasonic transducer 203 and the electronic circuit board
206 by the refrigerant as compared to the case of the failure in
the single cooling system described in the first embodiment.
[0073] Also, although the temperature of the ultrasonic
transducer 203 is required to be controlled to 40° C. or lower,
for example, it is sufficient to control the temperature of the
electronic circuit board 206 to a relatively high temperature
(for example, approximately 80° C.). Cooling efficiency may
be improved using difference in cooling target temperature.
In a case where the ultrasonic transducer 203 is directly
cooled by the Peltier element and the like, the temperature of
the high-temperature transducer cooling system 603
increases due to the heat generated from the Peltier element.
In such a case also, there is still the temperature difference
with the high-temperature circuit cooling system, so that it is
possible to connect them to the same heat exchanger 601.
[0074] Meanwhile, although the pump is used as refriger-
ant circulating means in the probe cable 12 in the embodiment
of the invention, a small compressor may also be used.
[0075] Also, since flexibility is not especially required in
the transmission of the heat in the probe handle 201, a copper
plate, a copper foil, a heat pipe, the small compressor and a
material utilizing a heat emission property may also be used
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in addition to the above-described refrigerant circulating
method. Further, the cooling of the heat radiator of the con-
nector unit 11 may be performed by direct transmission of the
heat to the heat exchanger arranged in the ultrasonic diagnos-
tic device main body 10 in addition to the fan.

[0076] Although an example of the probe unit having the
electronic circuit board embedded therein is described in this
embodiment, it goes without saying that this may be applied
also to the heat radiation of the transducer in the probe unit
without the electronic circuit board embedded therein.
[0077] In the above-described embodiment, the tempera-
ture of the ultrasonic transducer is detected before the abnor-
mality of the cooling system (cooling mechanism) is
detected, and in a case where the detected temperature is
higher than the predetermined temperature, the operation for
the diagnosis by the ultrasonic probe is stopped. However, in
a case in which it is checked in advance and the like, the
temperature detection of the ultrasonic transducer may be
omitted.

[0078] As described above, in the ultrasonic diagnostic
device according to the embodiment, there is an effect that,
even when there is the failure in the cooling system, this may
be continuously used by the fallback operation in accordance
with the situation. Further, the detailed fallback operation
corresponding to the degree of the failure is possible and the
safe fallback operation may be realized.

[0079] Also, the invention is not limited to the above-de-
scribed embodiment as it is and may be embodied by chang-
ing the components within a scope without departing from the
spirit thereof in a practical phase. Various inventions may be
formed by appropriately combining a plurality of compo-
nents disclosed in the above-described embodiment. For
example, some of the components may be deleted from all the
components described in the embodiment. Further, the com-
ponents in the different embodiments may be appropriately
combined. The variations are also included in the invention as
far as the technical idea of the invention is used.

REFERENCE SIGNS LIST

[0080] 10 ultrasonic diagnostic device main body

[0081] 11 connector unit

[0082] 12 probe cable

[0083] 13 ultrasonic probe unit

[0084] 201 probe unit exterior (probe handle)

[0085] 202 shielding material

[0086] 203 ultrasonic transducer

[0087] 204 backing material

[0088] 205 lens material

[0089] 206 electronic circuit board

[0090] 207 low-temperature cooling system

[0091] 208 high-temperature cooling system

[0092] 209 temperature detecting unit

[0093] 210 pump

[0094] 211, 601 heat exchanger

[0095] 212 fan

[0096] 213 fan rotation monitoring unit

[0097] 214 cooling circulation monitoring unit

[0098] 602 low-temperature transducer cooling system

[0099] 603 high-temperature transducer cooling system

[0100] 604 low-temperature circuit cooling system

[0101] 605 high-temperature circuit cooling system

[0102] 606 transducer cooling system abnormality detect-
ing unit

[0103] 607 circuit cooling system abnormality detecting
unit
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1. An ultrasonic diagnostic device, comprising:

a cooling mechanism for cooling an ultrasonic probe unit
by circulating a refrigerant in a cable of the ultrasonic
probe unit in which ultrasonic transducers are provided;

cooling abnormality detecting unit configured to detect an
abnormal state in the cooling mechanism; and

operating unit configured to, when the abnormal state of
the cooling mechanism is detected by the cooling abnor-
mality detecting unit, perform fallback operation to
change a transmission reception condition of the ultra-
sonic transducer in accordance with the detected abnor-
mal state.

2. The ultrasonic diagnostic device according to claim 1,
wherein the abnormal state is decrease in rotation or stop of a
cooling fan in a connector unit of the ultrasonic probe unit.

3. The ultrasonic diagnostic device according to claim 1,
wherein the abnormal state is decrease in rotation or stop of a
pump or a compressor for circulating the refrigerant.

4. The ultrasonic diagnostic device according to claim 1,
wherein a change in the transmission reception condition at
the time of the fallback operation is a change in a transmission
voltage.

5. The ultrasonic diagnostic device according to claim 1,
wherein a change in the transmission reception condition at
the time of the fallback operation is a change in a variable bias
current of a receiving circuit.

6. The ultrasonic diagnostic device according to claim 1,
wherein an option of the fallback operation with respect to the
abnormal state is displayed on a display screen such that an
operator may select.

7. The ultrasonic diagnostic device according to claim 1,
wherein the fallback operation includes a limiting state of
continuous use time.

8. The ultrasonic diagnostic device according to claim 1,
wherein a change in the transmission reception condition at
the time of the fallback operation is a change including
decrease in transmission beam width.

9. The ultrasonic diagnostic device according to claim 1,
wherein a change in the transmission reception condition at
the time of the fallback operation is a change including inter-
mittent scanning or increase in scanning interval.

10. The ultrasonic diagnostic device according to claim 1,
wherein the fallback operation includes a state in which an
operation mode or selection of a transmission reception con-
dition in which power consumption is large is inhibited.

11. The ultrasonic diagnostic device according to claim 1,
wherein a change in the transmission reception condition at
the time of the fallback operation is a change including
decrease in the number of operating elements of the ultra-
sonic transducer.

12. An ultrasonic diagnostic device, comprising:

temperature detecting unit configured to detect a tempera-
ture of ultrasonic transducers provided in an ultrasonic
probe unit;
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a cooling mechanism for cooling the ultrasonic transducer
by circulating a refrigerant in a cable of the ultrasonic
probe unit;

cooling abnormality detecting unit configured to detect an
abnormal state in the cooling mechanism; and

operating unit configured to perform, when the abnormal
state of the cooling mechanism is detected by the cool-
ing abnormality detecting unit, fallback operation to
change a transmission reception condition of the ultra-
sonic transducer in accordance with the detected abnor-
mal state and stopping the operation when it is detected
that the temperature of the ultrasonic transducer is
higher than a predetermined temperature by the tem-
perature detecting unit.

13. The ultrasonic diagnostic device according to claim 12,
wherein the abnormal state is decrease in rotation or stop of a
cooling fan in a connector unit of the ultrasonic probe unit.

14. The ultrasonic diagnostic device according to claim 12,
wherein the abnormal state is decrease in rotation or stop of a
pump or a compressor for circulating the refrigerant.

15. The ultrasonic diagnostic device according to claim 12,
wherein a change in the transmission reception condition at
the time of the fallback operation is a change in a transmission
voltage.

16. The ultrasonic diagnostic device according to claim 12,
wherein a change in the transmission reception condition at
the time of the fallback operation is a change in a variable bias
current of a receiving circuit.

17. The ultrasonic diagnostic device according to claim 12,
wherein an option of the fallback operation with respect to the
abnormal state is displayed on a display screen such that an
operator may select.

18. The ultrasonic diagnostic device according to claim 12,
wherein the fallback operation includes a limiting state of
continuous use time.

19. The ultrasonic diagnostic device according to claim 12,
wherein a change in the transmission reception condition at
the time of the fallback operation is a change including
decrease in transmission beam width.

20. The ultrasonic diagnostic device according to claim 12,
wherein a change in the transmission reception condition at
the time of the fallback operation is a change including inter-
mittent scanning or increase in scanning interval.

21. The ultrasonic diagnostic device according to claim 12,
wherein the fallback operation includes a state in which an
operating mode or selection of the transmission reception
condition in which power consumption is large is inhibited.

22. The ultrasonic diagnostic device according to claim 12,
wherein a change in the transmission reception condition at
the time of the fallback operation is a change including
decrease in the number of operating elements of the ultra-
sonic transducer.
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