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(57) ABSTRACT

An ultrasound probe which transmits ultrasonic waves to a
subject, receives ultrasonic echoes generated by reflection of
the ultrasonic waves on the subject and outputs ultrasound
image signals includes a case having a grip portion set therein
and functional units disposed in the case. The functional units
include an ultrasonic wave-generating unit, at least one inte-
grated circuit board and a battery. The battery disposed in the
case at a position corresponding to the grip portion ensures
the safety of operators from heat generated in the at least one
integrated circuit board and the like.
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ULTRASOUND PROBE

BACKGROUND OF THE INVENTION

[0001] The present invention belongs to the technical field
ofultrasound probes that may be used in ultrasound diagnos-
tic apparatuses. The invention more specifically relates to an
ultrasound probe which can provide operators with enhanced
safety from heat.

[0002] Ultrasound diagnostic apparatuses using ultrasound
images are put to practical use in the medical field.

[0003] In general, this type of ultrasound diagnostic appa-
ratus includes an ultrasound probe (hereinafter referred to as
“probe™) and a diagnostic apparatus body. The probe trans-
mits ultrasonic waves toward a subject and receives ultrasonic
echoes from the subject, and the diagnostic apparatus body
electrically processes reception signals to generate an ultra-
sound image.

[0004] The probe making up a part of such an ultrasound
diagnostic apparatus has an ultrasonic wave-generating unit
which transmits ultrasonic waves to a subject, receives ultra-
sonic echoes from the subject and outputs the received ultra-
sonic echoes as electric signals.

[0005] In addition to the ultrasonic wave-generating unit,
the probe may also include integrated circuit boards for per-
forming amplification and A/D conversion of signals output-
ted from the ultrasonic wave-generating unit and for changing
the timing of transmission and reception of ultrasonic waves
in the ultrasonic wave-generating unit.

[0006] The ultrasonic wave-generating unit transmits and
receives ultrasonic waves to generate heat. A higher-defini-
tion ultrasound image is obtained with increasing power of
ultrasonic waves transmitted from the ultrasonic wave-gen-
erating unit but the ultrasonic wave-generating unit generates
more heat.

[0007] A diagnosis is usually made by bringing an acoustic
lens of the ultrasonic wave-generating unit in the probe into
contact with a subject. Therefore, the subject may be exposed
to risk from heat if the temperature of the ultrasonic wave-
generating unit increased too much.

[0008] Actuation of the integrated circuit board also causes
heat generation. Therefore, in the probe having the integrated
circuit board, heat generated in the integrated circuit board is
transmitted to the ultrasonic wave-generating unit to increase
its temperature.

[0009] Therefore, various proposals have been made to
release heat in the ultrasonic wave-generating unit and the
integrated circuit board from the probe to the outside thereby
suppressing the heating of the ultrasonic wave-generating
unit, ensuring the safety of subjects from heat and enabling
diagnosis with high-power ultrasonic waves.

[0010] For example, JP 4-250145 A describes a probe (ul-
trasound probe) in which a joint portion is provided between
a probe head portion having an ultrasonic wave-generating
unit and a grip portion having an integrated circuit board, the
cross-sectional area of the joint portion is made smaller than
that of the probe head portion and the grip portion, and the
joint portion is provided with radiator fins.

[0011] JP 2007-209699 A describes a probe including a
first cooling means for cooling an ultrasonic wave-generating
unit and a second cooling means for cooling an integrated
circuit board.

[0012] Cooling means including a heat transfer means for
transferring heat in the ultrasonic wave-generating unit and
the integrated circuit board to the opposite end of the probe
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(rear end in the direction of transmission of ultrasonic waves)
and a means for releasing the heat transferred by the heat
transfer means may be used for the first and second cooling
means.

[0013] JP2009-261840 A describes a probe which includes
a first heat release means for releasing to the outside of the
probe in the lateral direction, heat in an ultrasonic wave-
generating unit having a higher thermal resistance in the
longitudinal direction in which ultrasonic waves are transmit-
ted than in the lateral direction, and a second heat release
means for conducting heat in an integrated circuit board lat-
erally or backward in the direction of transmission of ultra-
sonic waves and releasing the conducted heat to the outside of
the probe.

SUMMARY OF THE INVENTION

[0014] Such a probe having an ultrasonic wave-generating
unit and an integrated circuit board can release heat of the
ultrasonic wave-generating unit while preventing heat in the
integrated circuit board from being transferred to the ultra-
sonic wave-generating unit.

[0015] As a result, it is possible to ensure the safety of
subjects from heat generated in the probe and make safe
ultrasound diagnoses while increasing the power of ultra-
sonic waves transmitted from the ultrasonic wave-generating
unit.

[0016] Conventional probes give weight to the safety of
subjects from heat but the safety of operators manipulating
probes for ultrasound diagnoses (doctors making ultrasound
diagnoses) is not taken into account at all.

[0017] An object of the present invention is to solve the
foregoing prior art problems and to provide an ultrasound
probe which includes not only an ultrasonic wave-generating
unit and integrated circuit boards but also a battery for use as
a power supply for driving the ultrasound probe and which
ensures the safety of operators manipulating the ultrasound
probe from heat.

[0018] In order to achieve the above object, the present
invention provides an ultrasound probe comprising: a case
having a grip portion set therein; and functional units dis-
posed in said case and including at least an ultrasonic wave-
generating unit which transmits ultrasonic waves to a subject,
receives ultrasonic echoes generated by reflection of the ultra-
sonic waves on the subject and outputs signals in accordance
with the received ultrasonic echoes, at least one integrated
circuit board, and a battery disposed in said case at a position
corresponding to said grip portion.

[0019] Intheultrasound probe of the invention, at least two
of the functional units preferably include thermally conduc-
tive members for heat release independently of each other.

[0020] At least two of the functional units are preferably
insulated from each other.

[0021] The thermally conductive members are preferably
insulated from each other.

[0022] The thermally conductive members preferably have
thermal conductivity which differs between a predetermined
two-dimensional direction and a direction perpendicular to
the two-dimensional direction, and the thermal conductivity
is preferably higher in the predetermined two-dimensional
direction than in the direction perpendicular to the two-di-
mensional direction.
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[0023] One of the at least one integrated circuit board pref-
erably has a function of performing wireless communication
with a diagnostic apparatus body constituting an ultrasound
diagnostic apparatus.

[0024] The ultrasound probe of the invention includes not
only the ultrasonic wave-generating unit and the integrated
circuit boards but also the battery for use in supplying electric
power for driving the ultrasound probe. This battery is dis-
posed at the position which corresponds to the grip portion for
an operator (doctor making an ultrasound diagnosis) to hold
and which is set in the case constituting the appearance of the
ultrasound probe.

[0025] The amount of heat generation (heat release) during
the use of the ultrasound probe having the integrated circuit
boards and the battery is large in the integrated circuit boards
but small in the battery. Accordingly, the inventive ultrasound
probe having the foregoing configuration can suppress the
heat generation in the grip portion held by an operator
manipulating the ultrasound probe while appropriately ensur-
ing the safety of the operator from heat.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1A is a side view conceptually showing an
embodiment of an ultrasound probe of the invention and FIG.
1B is a plan view of the ultrasound probe shown in FIG. 1A.
[0027] FIGS. 2A and 2B each conceptually show a method
of disposing a thermally conductive member in the ultrasound
probe shown in FIGS. 1A and 1B.

[0028] FIG. 3 is a block diagram conceptually showing an
ultrasound diagnostic apparatus which uses the ultrasound
probe of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0029] Next, the ultrasound probe of the invention is
described in detail by referring to the preferred embodiments
shown in the accompanying drawings.

[0030] FIGS. 1A and 1B conceptually show the configura-
tion of an ultrasound probe of the invention.

[0031] FIG. 1A is a side view and FIG. 1B is a plan view.
Ultrasound transducers 46 of an ultrasonic wave-generating
unit 14 to be described later are disposed transversely in FIG.
1A and in a direction perpendicular to the plane of paper in
FIG. 1B.

[0032] An ultrasound probe 10 (hereinafter referred to as
“probe 10””) shown in FIGS. 1A and 1B is a wireless commu-
nication type ultrasound probe which transmits ultrasonic
waves to a subject, receives ultrasonic echoes from the sub-
ject, converts the received ultrasonic echoes into electric sig-
nals, processes the electric signals and transmits the pro-
cessed electric signals as ultrasound image signals to a
diagnostic apparatus body 42 to be described later through
wireless communication.

[0033] The probe 10 basically includes a case 12, the ultra-
sonic wave-generating unit 14, a battery 16, a control board
18, a communication board 20, a cover 24 (shown by dotted
lines in FIGS. 1A and 1B) and radiator fins 26.

[0034] The case 12 and the cover 24 constitute the appear-
ance of the probe 10.

[0035] The case 12 accommodates therein the ultrasonic
wave-generating unit 14, the battery 16, and the control board
18 and the communication board 20 each serving as an inte-
grated circuit board. Although not shown, these components
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in the case 12 are appropriately connected to each other by
power lines and electric signal lines.

[0036] The radiator fins 26 for releasing heat in functional
units such as the ultrasonic wave-generating unit 14 disposed
in the case 12 to the outside are provided at the rear end of the
case 12 (at the rear end in the direction of transmission of
ultrasonic waves shown by arrow “a” in FIGS. 1A and 1B).
The radiator fins 26 are not particularly limited and various
known radiator fins (radiation means) such as plates made of
metals with high thermal conductivity (e.g., aluminum and
copper) can be used.

[0037] The cover 24 is a member which is fixed to the rear
end of the case 12 and covers the radiator fins 26. The cover 24
is formed from, for example, a mesh material, a punched
metal or a plate having many slits so that the internal heat may
be easily released.

[0038] As shown in FIGS. 1A and 1B, the case 12 of the
probe 10 is narrowed on the rear side of the ultrasonic wave-
generating unit 14 in the direction of transmission of ultra-
sonic waves. In the illustrated probe 10, this narrow position
is set as a grip portion (holding portion) 12G for an operator
(a doctor making an ultrasound diagnosis) to hold and
manipulate the probe 10.

[0039] The battery 16 is disposed within the case 12 of the
probe 10 of the invention at the position corresponding to the
grip portion 12G.

[0040] The ultrasonic wave-generating unit 14, the battery
16, the control board 18 and the communication board 20 are
functional units in the invention.

[0041] Inthe practice of the invention, the functional units
are not limited to the ultrasonic wave-generating unit, the
battery and the integrated circuit boards. In other words, in
this invention, the functional units are disposed within the
case constituting the appearance of the ultrasound probe and
show an integral structural unit having an electric action. The
functional units are optionally connected to each other by
cables or FPC.

[0042] The ultrasonic wave-generating unit 14 (hereinafter
referred to as “ultrasonic wave unit 14”) is of a known type
used in an ultrasound probe which transmits ultrasonic waves
to a subject, receives ultrasonic echoes from the subject and
outputs the received echoes as electric signals.

[0043] Therefore, known ultrasonic wave-generating units
(acoustic units/piezoelectric oscillator units) for use in ultra-
sound probes may be used for the ultrasonic wave unit 14, as
exemplified by an ultrasonic wave-generating unit obtained
by covering a one-dimensional or two-dimensional array of
ultrasound transducers 46 (see FIG. 3) with an acoustic lens,
each of the ultrasound transducers including an ultrasound
oscillator which has a piezoelectric body made of PZT (lead
zirconate titanate) or PVDF (polyvinylidene fluoride) and an
electrode formed at each end of the piezoelectric body, an
acoustic matching layer, a backing layer and the like.

[0044] Inthe practice of the invention, there is no particular
limitation on the type of the probe 10 and various types such
as convex type, linear type and sector type can be used. The
probe may be an external probe or a radial scan type probe for
use in an ultrasound endoscope.

[0045] In addition, the probe 10 of the invention may have
an ultrasound oscillator compatible with harmonic imaging
for use in receiving second or higher order harmonics from
transmitted ultrasonic waves.

[0046] The probe 10 is wirelessly connected to the diag-
nostic apparatus body 42 to be described later and has no
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driving power line or electric signal line for external connec-
tion. The battery 16 supplies the respective components of the
probe 10 with driving power.

[0047] The battery 16 is a known rechargeable battery and
is recharged if necessary when held or put in a probe holder 96
of the diagnostic apparatus body 42.

[0048] The control board 18 is an integrated circuit board
(electronic board) on which integrated circuits for controlling
the probe 10, performing the transmission/reception of ultra-
sonic waves from/in the ultrasonic wave unit 14 and process-
ing the signals received in the ultrasonic wave unit 14 is
mounted. The communication board 20 is an integrated cir-
cuit board on which an integrated circuit for wireless com-
munication with a wireless communication unit 72 of the
diagnostic apparatus body 42 to be described later is
mounted.

[0049] In the probe of the invention, the number of inte-
grated circuit boards is not limited to two but may be one.
Alternatively, three or more integrated circuit boards may be
used, as exemplified by the case where another board is used
as the integrated circuit board for controlling the probe 10.

[0050] In the probe 10 of the invention, the case 12 has a
concave shape to set the grip portion 12G for an operator to
hold the probe 10. The battery 16 is disposed within the case
12 at the position corresponding to the grip portion 12G.

[0051] The probe 10 of the invention having such a con-
figuration ensures the safety of an operator manipulating the
probe 10 from heat upon the diagnosis using an ultrasound
diagnostic apparatus.

[0052] To be more specific, during its use (during the diag-
nosis), the probe 10 generates heat not only from the ultra-
sonic wave unit 14 but also from the battery 16, the control
board 18 and the communication board 20. The amount of
heat generation or heat release from the control board 18 and
the communication board 20 each serving as the integrated
circuit board is large but the amount of heat generation from
the battery 16 is not so large.

[0053] Therefore, the probe 10 of the invention which
includes the battery 16 disposed inside the case 12 at the
position corresponding to the grip portion 12G set in the case
12 can ensure the safety of an operator from heat by suppress-
ing the increase in the temperature of the grip portion 12G
held by the operator.

[0054] In the illustrated embodiment, the grip portion 12G
is set on the rear side of the ultrasonic wave unit 14 with
respect to the direction of transmission of ultrasonic waves
(the direction indicated by arrow “a” in FIGS. 1A and 1B) and
the battery 16 is disposed between the ultrasonic wave unit 14
and the functional units other than the ultrasonic wave unit 14
(i.e., the control board 18 and the communication board 20).

[0055] Having such a configuration, the ultrasound probe
can suppress direct heat transfer from the control board 18
and the communication board 20 (functional units other than
the battery 16) at elevated temperatures to the ultrasonic wave
unit 14. As aresult, heat generation in the ultrasonic wave unit
14 can be suppressed while improving the stability thereof.

[0056] Inthe probe 10 of the invention, the grip portion 12G
being used preferably has a temperature which is equal to or
lower than the human body temperature, that is, equal to or
lower than 37° C. More specifically, it is preferred to set the
shape of'the case 12, the positions of the respective functional
units, and the placement of thermally conductive members
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and a heat insulator 36 to be described later so that the grip
portion 12G being used is kept at a temperature of 37° C. or
less.

[0057] Operators can thus have further improved safety and
comfort. In the probe 10 of the invention, the shape of the grip
portion 12G is not limited to the illustrated concave shape.
[0058] Various configurations which are used to set the grip
portion in known ultrasound probes can be used, as exempli-
fied by continuous formation of grooves, fitting of a cover
with anti-slip function, formation of a portion in which a
finger can be caught and descriptive setting of the grip por-
tion.

[0059] Irrespective of which configuration is selected, the
functional units other than the battery 16 are preferably not
provided at the position corresponding to the grip portion 12G
in the case 12.

[0060] In a preferred embodiment, the functional units of
the illustrated probe 10 are independently provided with ther-
mally conductive members.

[0061] More specifically, the ultrasonic wave unit 14 is
provided with two plate-like thermally conductive members
14a so as to sandwich the ultrasonic wave unit 14 therebe-
tween from the lateral sides (in the direction perpendicular to
the direction in which the ultrasound transducers 46 are dis-
posed). The battery 16 is provided with two plate-like ther-
mally conductive members 16a so as to sandwich the battery
16 therebetween from the lateral sides. In addition, a plate-
like thermally conductive member 18a is placed in contact
with the opposite side of the control board 18 from the battery
16 and a plate-like thermally conductive member 20a is
placed in contact with the opposite side of the communication
board 20 from the battery 16.

[0062] The thermally conductive members 14a, 16a and
18a (20a) are shown by broken lines in FIG. 1A in order to
clearly show the configuration of the probe 10 or the interior
of the case 12.

[0063] The thermally conductive members 14a, 16a, 18a
and 20a extend from the respective functional units to the rear
end of the case 12 in the direction of transmission of ultra-
sonic waves (direction indicated by arrow “a”) and are con-
nected to the radiator fins 26 provided for the individual
thermally conductive members.

[0064] Therefore, the number of the radiator fins 26 pro-
vided in the illustrated probe 10 is six corresponding to the
number of the thermally conductive members. The invention
is not limited to this and a plurality of thermally conductive
members may be connected to one radiator fin 26. Con-
versely, a plurality of radiator fins may be connected to one
thermally conductive member.

[0065] Inthe preferred embodiment, the functional units of
the illustrated probe 10 independently include thermally con-
ductive members, which enables heat generated from the
individual functional units to be efficiently transferred from
the functional units to be released to the outside of the probe
10.

[0066] Therefore, operators can have further improved
safety from heat in the grip portion 12G.

[0067] The thermally conductive members enable heat in
the ultrasonic wave unit 14 to be appropriately released to the
outside of the unit while appropriately suppressing the heat
transfer from the battery 16 and the integrated circuit boards
(i.e., the control board 18 and the communication board 20) to
the ultrasonic wave unit 14. Therefore, the thermally conduc-
tive members can suppress the heating of the ultrasonic wave
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unit 14 to appropriately ensure the safety of subjects from
heat and prevent the ultrasonic wave unit 14 from suffering
from power reduction or destabilized operation due to heat
while also increasing the power of ultrasonic waves to be
transmitted.

[0068] These thermally conductive members also enable
the effect of heat release from the probe 10 to the outside to be
improved. Therefore, limitations to the method of actuating
the probe 10 (ultrasonic wave unit 14) due to heat generation
are also reduced.

[0069] Therefore, limitations to the actuation voltage can
be reduced in the actuation method in which, for example as
in color Doppler mode, the actuation voltage must be reduced
more than in B-mode because of heat generation in the probe.
As aresult, the effect of improving the sensitivity owing to the
improved actuation voltage, for example the improvement of
the Doppler sensitivity in color Doppler mode can also be
obtained depending on the actuation method used.

[0070] The thermally conductive members used in the
probe 10 of the invention are not particularly limited and
various known thermally conductive members can be used, as
exemplified by thermally conductive plates or sheets made of
materials with high thermal conductivity such as aluminum
and copper.

[0071] In particular, a thermally conductive plate or sheet
which has a large difference between the thermal conductiv-
ity in the planar direction (x-y direction (predetermined two-
dimensional direction)) and that in the thickness direction (z
direction or direction perpendicular to the two-dimensional
direction) and has a high thermal conductivity in the planar
direction is advantageously used. Preferred examples of such
a thermally conductive member include PGS Graphite Sheet
(Panasonic Electronic Devices Co., Ltd.) and other pyrolytic
graphite plates or sheets.

[0072] The effect obtained by using such thermally con-
ductive members may be equivalent to the mutual insulation
of the thermally conductive members as in the case of using
the heat insulator 36 to be described later.

[0073] As shown in FIGS. 1A and 1B, the thermally con-
ductive member may be simply brought into surface contact
with the maximum surface or heat-generating portion of the
functional unit so that heat in the functional unit may be
transferred to the outside of the unit.

[0074] However, when using a thermally conductive mem-
ber having a higher thermal conductivity in the planar direc-
tion than in the thickness direction (for the sake of conve-
nience, this property is hereinafter referred to as “anisotropic”
and the property that the thermal conductivity does not vary
with the direction as in copper is hereinafter referred to as
“isotropic™) such as a pyrolytic graphite plate, sufficiently
high heat transfer performance may not be obtained by a
simple surface contact of the thermally conductive member
with the heat-generating portion if the thermal conductivity in
the planar direction greatly differs from that in the thickness
direction.

[0075] In such a case, as is seen from the control board 18
conceptually shown in FIG. 2A, heat in the control board 18
can be transferred to the outside by joining an isotropic ther-
mally conductive sheet 30 made of a material with a large
thermal conductivity such as copper to an anisotropic ther-
mally conductive sheet 32 made of a material such as pyro-
lytic graphite at their ends or end surfaces to form a thermally
conductive member 18« and disposing the thermally conduc-
tive member 18a so that the isotropic thermally conductive
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sheet 30 comes in contact with the heat-generating portions of
the integrated circuits (IC) 34.

[0076] Alternatively, as is seen from the control board 18
conceptually shown in FIG. 2B, heat in the control board 18
may be transferred to the outside by cutting an anisotropic
thermally conductive sheet made of a material such as pyro-
Iytic graphite according to the configuration of the control
board 18 (functional unit) to obtain a thermally conductive
member 18a (anisotropic thermally conductive sheet) and
disposing the thermally conductive member 18a so that the
end portions of the thermally conductive member 18a come
in contact with the heat-generating portions of the integrated
circuits 34.

[0077] The thermally conductive members are not limited
to the case where all the functional units are independently
provided with these members.

[0078] More specifically, in this invention, it is preferred
for atleast two functional units preferably including the ultra-
sonic wave unit 14 to independently include at least one
thermally conductive member. In such a case, the other func-
tional units may share a single thermally conductive member
or have no thermally conductive member.

[0079] However, it is preferred for all the functional units to
independently have at least one thermally conductive mem-
ber as in the illustrated embodiment in terms of improving the
safety of subjects and operators from heat, the stability of the
operation of the ultrasonic wave unit 14 and the power of
ultrasonic waves transmitted from the ultrasonic wave unit
14.

[0080] In the probe 10 shown in FIGS. 1A and 1B, the
diagonally shaded area in the case 12 is preferably filled with
the heat insulator 36. That is, the illustrated probe 10 prefer-
ably uses the heat insulator 36 to achieve heat insulation
between all the functional units and thermally conductive
members.

[0081] As with the thermally conductive members, the
probe 10 having such a configuration can further improve the
safety of operators from heat in the grip portion 12G, appro-
priately ensure the safety of subjects from heat, and appro-
priately prevent the power reduction or destabilized operation
of the ultrasonic wave-generating unit due to heat.

[0082] Inthe probe 10 of the invention, the heat insulator 36
is not particularly limited and various known heat insulators
can be used.

[0083] Exemplary heat insulators include urethane insula-
tion and epoxy silicone resin materials containing micro-
hollow spheres.

[0084] Inthe probe 10 of the invention, the heat insulator 36
is not limited to the case in which the heat insulator is filled so
as to insulate all the functional units and thermally conductive
members from each other.

[0085] More specifically, the heatinsulator 36 may be filled
so as to insulate only part or all of the functional units from
each other, or insulate only part or all of the thermally con-
ductive members from each other, or insulate only part of the
functional units and thermally conductive members from
each other.

[0086] However, it is preferred to fill the heat insulator 36
so as to insulate at least all the functional units or all the
thermally conductive members from each other because it is
possible to improve the safety of operators and subjects from
heat, to prevent heat transfer from the ultrasonic wave unit 14,
to increase the power of ultrasound waves and to stably actu-
ate the ultrasonic wave unit 14. It is particularly preferred for
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the heat insulator 36 to be filled so as to insulate all the
functional units and thermally conductive members from
each other as in the illustrated embodiment.

[0087] FIG. 3 is a block diagram conceptually showing an
embodiment of an ultrasound diagnostic apparatus which
uses the ultrasound probe 10 of the invention shown in FIGS.
1A and 1B.

[0088] As shown in FIG. 3, an ultrasound diagnostic appa-
ratus 40 includes the probe 10 and the diagnostic apparatus
body 42. Ultrasound image data is transmitted from the probe
10 to the diagnostic apparatus body 42 by wireless commu-
nication.

[0089] As described above, the probe 10 includes the func-
tional units such as the ultrasonic wave unit 14, the battery 16,
and the control board 18 and the communication board 20
(not shown in FIG. 3) each serving as the integrated circuit
board.

[0090] As described above, the ultrasonic wave unit 14 is
obtained, for example, by covering a one-dimensional or
two-dimensional array of ultrasound transducers 46 (herein-
after referred to as “transducers 46”) with an acoustic lens,
each of the ultrasound transducers including an ultrasound
oscillator, an acoustic matching layer, a backing layer and the
like.

[0091] Integrated circuits constituting reception signal pro-
cessors 48, a parallel/serial converter 50, a transmission
actuator 52, a reception controller 54, a transmission control-
ler 56 and a probe controller 58 are mounted on the control
board 18. On the other hand, integrated circuits constituting a
wireless communication unit 60, an antenna 62 for wireless
communication and a communication controller 64 are
mounted on the communication board 20.

[0092] Thetransducers 46 of the ultrasonic wave unit 14 are
individually connected to the corresponding reception signal
processors 48, which are connected to the wireless commu-
nication unit 60 via the parallel/serial converter 50.

[0093] The transducers 46 are also connected to the trans-
mission controller 56 via the transmission actuator 52, the
reception signal processors 48 are connected to the reception
controller 54 and the wireless communication unit 60 is con-
nected to the communication controller 64. The parallel/serial
converter 50, the transmission controller 56, the reception
controller 54, and the communication controller 64 are con-
nected to the probe controller 58.

[0094] As described above, the battery 16 has no external
driving power line but is a power supply for driving the probe
10 wirelessly connected to the diagnostic apparatus body 42
and supplies the components requiring electric power in the
probe 10 with electric power.

[0095] The battery 16 is recharged if necessary when held
in the probe holder 96 of the diagnostic apparatus body 42.
[0096] The transducers 46 each transmit ultrasonic waves
according to actuation signals supplied from the transmission
actuator 52, receive ultrasonic echoes from the subject, con-
vert the received ultrasonic echoes into electric signals and
output the reception signals of an ultrasound image to the
reception signal processors 48.

[0097] The transmission actuator 52 includes, for example,
a plurality of pulsers and each transducer 46 (ultrasound
oscillator) is supplied with an actuation voltage to oscillate an
inorganic piezoelectric device to thereby transmit ultrasonic
waves.

[0098] The transmission actuator 52 adjusts the delay
amounts of actuation signals for the respective transducers 46

Jun. 14, 2012

based on a transmission delay pattern selected by the trans-
mission controller 56 so that the ultrasonic waves transmitted
from the transducers 46 form a broad ultrasonic beam cover-
ing an area of a tissue of the subject and supplies the trans-
ducers 46 with the adjusted actuation signals.

[0099] Under the control of the reception controller 54, the
reception signal processors 48 subject the reception signals
outputted from the corresponding transducers 46 to quadra-
ture detection or quadrature sampling to generate complex
baseband signals, sample the complex baseband signals to
generate sample data containing information on the area of
the tissue, and supply the parallel/serial converter 50 with the
sample data.

[0100] The parallel/serial converter S0 converts the parallel
sample data generated by the reception signal processors 48
with a plurality of channels into serial sample data.

[0101] The wireless communication unit 60 performs car-
rier modulation according to the serial sample data to gener-
ate transmission signals and supplies the antenna 62 with the
transmission signals so that the antenna 62 transmits radio
waves to achieve transmission of the serial sample data.
[0102] The modulation methods that may be employed
herein include ASK (Amplitude Shift Keying), PSK (Phase
Shift Keying), QPSK (Quadrature Phase Shift Keying), and
16QAM (16 Quadrature Amplitude Modulation).

[0103] The wireless communication unit 60 uses the
antenna 62 to transmit the sample data to the diagnostic
apparatus body 42 through wireless communication with the
diagnostic apparatus body 42, receive various control signals
from the diagnostic apparatus body 42, and output the
received control signals to the communication controller 64.
[0104] The communication controller 64 controls the wire-
less communication unit 60 so that the sample data is trans-
mitted with a transmission wave intensity that is set by the
probe controller 58 and outputs various control signals
received by the wireless communication unit 60 to the probe
controller 58.

[0105] The probe controller 58 controls the components of
the probe 10 according to various control signals transmitted
from the diagnostic apparatus body 42.

[0106] On the other hand, the diagnostic apparatus body 42
includes the wireless communication unit 72 to which an
antenna 70 is connected. The wireless communication unit 72
is connected to a data storage unit 76 via a serial/parallel
converter 74. The data storage unit 76 is connected to an
image producer 78. The image producer 78 is connected to a
monitor 83 via a display controller 82.

[0107] The wireless communication unit 72 is also con-
nected to a communication controller 80; the serial/parallel
converter 74, the image producer 78, the display controller
82, and the communication controller 80 are connected to an
apparatus controller 84. The apparatus controller 84 is con-
nected to an operating unit 86 for an operator to perform input
operations.

[0108] The apparatus controller 84 is connected to a power
supply unit 94 via a feeding controller 92.

[0109] The probe holder 96 for holding the probe 10 which
is notinuseis further formed in the diagnostic apparatus body
42 and is provided with a feeding section 98.

[0110] The wireless communication unit 72 transmits vari-
ous control signals to the probe 10 through wireless commu-
nication with the probe 10. The wireless communication unit
72 demodulates the signals received by the antenna 70 to
output serial sample data.
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[0111] The communication controller 80 controls the wire-
less communication unit 72 so that various control signals are
transmitted with a transmission radio wave intensity thatis set
by the apparatus controller 84.

[0112] The serial/parallel converter 74 converts the serial
sample data outputted from the wireless communication unit
72 into parallel sample data. The data storage unit 76 is
configured by a memory, a hard disk, or the like and stores at
least one frame of sample data converted by the serial/parallel
converter 74.

[0113] Theimage producer 78 performs reception focusing
on each frame of sample data read out from the data storage
unit 76 to generate image signals representing an ultrasound
diagnostic image.

[0114] The display controller 82 causes the monitor 83 to
display an ultrasound diagnostic image according to the
image signals generated by the image producer 78.

[0115] The monitor 83 includes a display device such as an
LCD, for example, and displays an ultrasound diagnostic
image under the control of the display controller 82.

[0116] The apparatus controller 84 controls the compo-
nents in the diagnostic apparatus body 42.

[0117] The power supply unit 94 supplies the components
requiring electric power in the diagnostic apparatus body 42
with electric power.

[0118] The feeding controller 92 optionally causes the
power supply unit 94 to be connected to the feeding section 98
of the probe holder 96 so that the battery 16 of the probe 10
may be recharged. Then, the feeding section 98 recharges the
battery 16 of the probe 10 held in the probe holder 96.
[0119] The means for recharging the battery 16 (power
supply means) is not particularly limited and various known
means may be used, as exemplified by connection between
the battery 16 and the feeding section 98 by an electric contact
and recharge means using electromagnetic induction.

[0120] Intheillustrated embodiment, the feeding controller
92 of the diagnostic apparatus body 42 controls the recharge
of the battery 16 of the probe 10, for example, as to whether
the probe 10 is necessary to recharge or whether the recharge
is to be finished. However, the invention is not limited to this
and the integrated circuit board provided in the battery 16
may have such a function. The recharge of the battery 16 may
be controlled by any known method used in various recharge-
able devices.

[0121] Not the diagnostic apparatus body 42 but a sepa-
rately provided, dedicated recharging means may be used to
recharge the battery 16 of the probe 10.

[0122] In the ultrasound diagnostic apparatus 40, upon the
diagnosis, ultrasonic waves are first transmitted from the
transducers 46 in accordance with an actuation voltage sup-
plied from the transmission actuator 52 of the probe 10.
[0123] The reception signals outputted from the transduc-
ers 46 that have received the ultrasonic echoes generated by
reflection of the ultrasonic waves on the subject are supplied
to the corresponding reception signal processors 48 to gener-
ate sample data, which undergoes conversion into serial data
in the parallel/serial converter 50 and is then transmitted
wirelessly from the wireless communication unit 60 (antenna
62) to the diagnostic apparatus body 42.
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[0124] In the probe 10 of the invention, the battery 16
having less heat generation is disposed at the position corre-
sponding to the grip portion 12G in the case 12 and therefore
operators can make safe diagnoses without being exposed to
risk from heat generated in the probe 10.

[0125] In the illustrated preferred embodiment, the ther-
mally conductive members are independently disposed in the
respective functional units and the probe 10 is filled with the
heat insulator 36, and therefore subjects can be prevented
from being exposed to risk from heat generated in the probe
10.

[0126] The sample data received by the wireless commu-
nication unit 72 of the diagnostic apparatus body 42 is con-
verted into parallel data in the serial/parallel converter 74 and
stored in the data storage unit 76.

[0127] Further, the sample data is read out from the data
storage unit 76 frame by frame, and the image producer 78
generates image signals and, based on the image signals, the
display controller 82 causes the monitor 83 to display an
ultrasound diagnostic image.

[0128] While the ultrasound probe of the invention has
been described above in detail, the invention is by no means
limited to the above embodiments, and various improvements
and modifications may be made without departing from the
scope and spirit of the invention.

[0129] The ultrasound probe can be advantageously
employed in an ultrasound diagnostic apparatus used for vari-
ous diagnoses in the medical settings.

What is claimed is:

1. An ultrasound probe comprising:

a case having a grip portion set therein; and

functional units disposed in said case and including at least

an ultrasonic wave-generating unit which transmits
ultrasonic waves to a subject, receives ultrasonic echoes
generated by reflection of the ultrasonic waves on the
subject and outputs signals in accordance with the
received ultrasonic echoes, at least one integrated circuit
board, and a battery disposed in said case at a position
corresponding to said grip portion.

2. The ultrasound probe according to claim 1, wherein at
least two of said functional units include thermally conduc-
tive members for heat release independently of each other.

3. The ultrasound probe according to claim 1, wherein at
least two of said functional units are insulated from each
other.

4. The ultrasound probe according to claim 2, wherein said
thermally conductive members are insulated from each other.

5. The ultrasound probe according to claim 2, wherein said
thermally conductive members have thermal conductivity
which differs between a predetermined two-dimensional
direction and a direction perpendicular to the two-dimen-
sional direction, and the thermal conductivity is higher in the
predetermined two-dimensional direction than in the direc-
tion perpendicular to the two-dimensional direction.

6. The ultrasound probe according to claim 1, wherein one
of said at least one integrated circuit board has a function of
performing wireless communication with a diagnostic appa-
ratus body constituting an ultrasound diagnostic apparatus.
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