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ULTRASOUND PROBE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C
§119(a) from and the benefit of Japanese Patent Application
No. 2009-114374 filed on May 11, 2009, and the contents of
which are expressly incorporated herein by reference in their
entirety.

BACKGROUND OF THE INVENTION

[0002] A. Field of the Invention

[0003] The present invention relates to an ultrasound probe
to be used with an ultrasound diagnosis apparatus, and more
particularly to an ultrasound probe having a forced cooling
system for circulating a liquid through a flexible cable con-
necting the ultrasound probe.

[0004] B. Background of the Invention

[0005] An ultrasound probe is detachably coupled to an
ultrasound diagnosis apparatus for imaging an internal status
of an object through ultrasounds. The ultrasound probe
includes a handle unit including a tip portion for, making
contact on a patient body surface, a cable connected to the
handle unit, and a connector unit for connecting the cable to
an ultrasound diagnosis apparatus. Usually, to freely operate
the handle unit by an operator, a flexible cable having around
two (2) meters in length for connecting the handle unit to the
connector unit.

[0006] In an array type ultrasound probe, particularly in a
two-dimensional (2D) array ultrasound probe, ultrasound
transmissions and receptions are performed through several
thousands of transducers. Recently, in a 2D array ultrasound
probe, a part of the ultrasound transmission and reception
functions by the ultrasound diagnosis apparatus is executed
by an electronic circuit provided in the ultrasound probe.
Thus, an electronic circuit in a handle unit of the 2D array
ultrasound probe performs ultrasound transmission functions
and a part of ultrasound reception functions.

[0007] To transmit and receive various signals such as ultra-
sound data signals, control signals and power supplying sig-
nals, between the electronic circuit in the handle unit and the
ultrasound diagnosis apparatus main body, a plurality of elec-
tric signal lines passes through in the flexible cable. The
electric signal lines include power supplying twisted pair
wires, control signal lines and very thin coaxial lines for
transmitting and receiving ultrasound signals. Typically,
more than two hundred of the electric signal lines are included
in the flexible cable. Usually, each of the signal lines has an
external diameter ¢ of about 0.3 millimeter. The electric sig-
nal lines are twisted together and adjusted so that a cross-
sectional plane of a whole cable is configured to a circular
shape. The whole cable is covered by a shield member and an
outer envelope member.

[0008] The electronic circuit in the probe is mounted on a
substrate provided in a handle unit as an integrated circuit
(IC). During the time of the ultrasound transmissions and
receptions, the IC in the handle unit generates heat of several
watts (1-2 W) by consuming electric power. While the heat
generated in the handle unit is radiated through the probe
housing, a part of the heat is transmitted to a tip portion of the
probe. A plurality of ultrasound transducers is mounted in the
tip portion of the probe. Consequently, in the ultrasound
transmission time, the plurality of transducers also generates
the heat. As a result, the heat component transferred from the
IC and the other heat component generated in each of the
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transducers are summed up and increase the temperature of
the tip portion of the probe that contacts a patient.

[0009] The temperature increase of the tip portion of the
probe causes a low temperature burn on the patient. To pre-
vent this, an upper limit of the temperature increase of the tip
portion of an ultrasound probe has been determined by the
international standard (IEC 60601). While the heat generated
from the transducers is proportional to the acoustic energy
emitted into a living body, the heat generated from the IC
contains a component proportional to the transmission energy
and a constant component due to the bias current for the
transmission and reception circuit.

[0010] Usually, to keep the temperature increase of the tip
portion contacting a patient under a limited temperature, the
total power consumption of the transducers is controlled by
limiting the transmission voltage. In the 2D-array probe hav-
ing an IC in the handle unit, since the IC generates the heat, it
needs to keep a transmission voltage that is lower than that in
the normal probe in which an electronic circuit is not provided
in order to keep the temperature of the patient contacting
portion of the probe under the limited temperature. At the
lower transmission voltage, a sound pressure of the transmis-
sion ultrasound emitted into the living body is also reduced,
and the receiving voltages of echo signals are reflected from
the living body become small. As a result, the signal to noise
(S/N) ratio is reduced. Further, since a generation ratio of
harmonic contents proportional to a square of the transmitting
sound pressure also becomes a small, it becomes difficult to
improve an image quality by receiving the harmonic contents.

[0011] To avoid these problems, an ultrasound probe hav-
ing a forced cooling system has been proposed for cooling the
IC provided in a handle unit by circulating a cooling liquid
around the IC (for instance, see Japanese Patent Application
Publication 2003-38485). The forced cooling system
includes a pump provided in an ultrasound diagnosis main
body or a connector unit of an ultrasound probe and two
hollow tubes provided in the cable for circulating a cooling
liquid in the handle unit through the cable. Thus, as shown in
FIG. 5, one of the two hollow tubes is used as a cooling
outward path for flowing the cooling liquid from the connec-
tor unit to the handle unit and the other is used as a cooling
return path for returning the cooling liquid from the handle
unit to the connector unit.

[0012] Once the cooling liquid has returned to the connec-
tor unit after absorbing the heat in the handle unit, it needs to
radiate the absorbed heat before re-circulating through the
cooling outward path in order to keep the cooling efficiency.
Usually, the heat radiation from the connector unit is per-
formed by a heat sink and/or heat radiating fins in the con-
nector unit. Further, an air cooling fan and a heat outfall are
provided in the connector unit, if necessary. It is also possible
to perform the heat radiation by a heat connecting member on
the connector unit connected to the ultrasound diagnosis
apparatus so as to directly transfer the heat to the ultrasound
diagnosis apparatus having a big heat capacity.

[0013] Usually, a rubber tube or a plastic tube made of an
urethane resin or a fluorine resin is used as the circulating
cooling liquid flow channel. An internal diameter ¢ of the flow
channel is around 1.5 to 2.0 millimeters in accordance with a
required liquid flow amount and a pumping power of the
pump provided in the connector unit. To perform various
diagnoses by operating the handle unit at various angles and
positions, the cable should be flexible. Thus, the cable is bent
and deformed in accordance with the operation of the handle
unit. If the tube strength is insufficient, the tube is bent by the
deformation of the flexible cable. As a result, the temperature
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of the patient contacting portion increases due to the insuffi-
cient amount of the cooling liquid supply. This is a serious
problem.

[0014] To avoid this problem, it needs to keep the wall
thickness of the cooling tube more than about one (1) milli-
meter. As a result, usually, an external diameter ¢ of the
cooling tube becomes about 3.5 to 4.0 millimeters. Thus, the
cable is needed to include two tubes for a cooling liquid
outward path and a liquid return path in it, and each tube has
an external diameter ¢ of about 4.0 millimeters.

[0015] However, when the flexible cable is manufactured
by including a plurality of electric signal lines together with
the two cooling tube in it, the difference in hardness and
diameter between the electric signal line and the cooling tube
generates another problem. Typically, the cooling tube having
arelatively thick external diameter ¢ of four (4) millimeters is
harder than the electric signal lines, each having a smaller
diameter. As a result, it becomes difficult to easily twist the
thin electric signal lines together with the cooling tube. Fur-
ther, the hardness of the cooling tubes affects the flexibility of
the ultrasound probe. Thus, a free operability of the probe is
badly influenced.

[0016] Further, when the cable is sharply bent during the
operation, it happens to pinch or bend the tube filled with the
circulating liquid in an inner flow cavity. In such a case, since
the amount of the cooling liquid is extremely reduced, the
temperature of the tip portion of the probe is largely
increased. As explained before, the temperature increase of
the tip portion causes a low temperature burn of the patient.
As the wall thickness of the cooling tube is increased to avoid
the buckling, the flexibility of the cable is decreased. Further,
since the external diameter of the cable is also increased, the
operability of the probe is extremely reduced.

SUMMARY OF THE INVENTION

[0017] The present invention addresses the above-men-
tioned and other problems and drawbacks, and provides a
novel ultrasound probe having an IC in a probe head that can
increase the free operability of the probe and cooling effi-
ciency for avoiding heat generation from the probe.

[0018] Theultrasound probe according to one embodiment
of the present invention includes:

[0019] a handle unit including a plurality of transducers to
transmit and receive ultrasound;

[0020] a flexible cable connected to the handle unit;
[0021] a connector unit connected to the flexible cable for
coupling the flexible cable to an ultrasound diagnosis appa-
ratus; and

[0022] a cooling liquid circulating system configured to
circulate a liquid between the handle unit and the connector
unit;

[0023] wherein the cable includes a plurality of electric
signal lines and a circulation flow channel for the cooling
liquid circulating system;

[0024] wherein the liquid circulation flow channel is com-
prised of}
[0025] acooling liquid outward path configured to flow the

cooling liquid from the connector unit to the handle unit, and
[0026] a cooling liquid return path configured to flow the
liquid from the handle unit to the connector unit,

[0027] wherein at least either one of the cooling liquid
outward path and the liquid return path is comprised of a
plurality of thin follow tubes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings, which are incorpo-
rated in and constitute part of this specification, illustrate
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various embodiments and/or features of embodiments of the
present invention, and together with the description, serve to
explain embodiments of the present invention. Where pos-
sible, the same reference number will be used throughout the
drawings to describe the same or like parts. In the drawings:
[0029] FIG. 1is a perspective view of an ultrasound probe
consistent with one embodiment of the present invention.
[0030] FIG. 2 is a cross-sectional view of the ultrasound
probe as shown in FIG. 1.

[0031] FIG. 3 is a cross-sectional view of the cable portion
of the ultrasound probe as shown in FIGS. 1 and 2.

[0032] FIG. 4 illustrates a crashed status of the cable por-
tion as shown in FIG. 3.

[0033] FIG. 5 illustrates a crashed status in a cable of the
prior art.
[0034] FIG. 6 is a cross-sectional view of the ultrasound

probe consistent with another embodiment of the present
invention.

[0035] FIG. 7 is a cross-sectional view of the cable portion
of the ultrasound probe as shown in FIG. 6.

[0036] FIG. 8 illustrates a crashed status of the cable por-
tion as shown in FIG. 7.

[0037] FIG. 9 is specification values illustrating relation-
ships among a number of the cooling tubes, an internal diam-
eter of the tubes and a wall thickness of the cooling tubes.
[0038] FIG. 10 is a graph illustrating relationships among
the number of the cooling tubes, a total surface area, heat-
transfer efficiency and an occupied area.

DESCRIPTION OF THE EMBODIMENTS

[0039] FIG. 1 illustrates an ultrasound probe 1 consistent
with the present invention. The ultrasound probe 1 includes a
handle unit 2, a flexible cable 3 connected to the handle unit
2 and a connector unit 4 coupled to the cable 3.

[0040] Asillustrated in a cross-sectional view in FIG. 2, the
handle unit 2 includes one of a plurality of ultrasound trans-
ducers 2a for transmitting and receiving ultrasound, an elec-
tronic circuit 26 for performing the ultrasound transmissions/
reception functions and a heat sink 2¢ for cooling the
electronic circuit 25. Each of the plurality of ultrasound trans-
ducers 2a provided in the tip portion of the handle unit 2
transmits ultrasound onto an object and receives reflected
waves from the object. The handle unit 2 is operated to make
contact on a patient body by an operator.

[0041] The cable 3 includes a collective entity 3a of a
multiplicity of electric signal lines and a circulation flow
channel R for circulating the cooling liquid. The circulation
flow channel R is constructed by a first tube collective entity
3b as an outward path for transmitting the cooling liquid from
a pump provided in the connector unit 4, and a second tube
collective entity 3¢ as a return path of the cooling liquid from
the heat sink 2¢ in the handle unit. The signal lines collective
entity 3a is connected to the electronic circuit 26 provided in
the handle unit 2. The first tube collective entity 35 and the
second tube collective entity 3¢ of the circulation flow chan-
nel R are communicated with each other through the heat sink
2¢ in the handle unit 2 for constructing the cooling liquid
circulating flow channel for the handle unit 2.

[0042] The connector unit 4 includes a pump 4a for circu-
lating the cooling liquid in the circulation flow channel R, a
connector 45 for electrically coupling to the ultrasound diag-
nosis apparatus, a second heat sink 4¢ a second heat sink 4¢
having radiation fins and an exhaust fan 44. The pump 4a and
the exhaust fan 44 are electrically connected to the connector
4b and are driven by a power supplied from the ultrasound
diagnosis apparatus. The signal lines collective entity 3a is
also electrically connected to the connector 45. The electronic
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circuit 25 in the handle unit 2 performs signal transmissions
and receptions for the ultrasound diagnosis apparatus through
the signal lines collective entity 3a. The heat sink 4c¢ in the
connector unit 4 is provided on a midway of the second tube
collective entity 3¢ to partially form the return path of the
circulation flow channel R. The exhaust fan 44 is provided
adjacently to the heat sink 4¢ in the connector unit 4 for
discharging the heat from the connector unit 4 through an
exhaust opening H1 (FIG. 2).

[0043] Each of the ultrasound transducers 2a in the handle
unit 2 is connected to the electronic circuit 256. The electronic
circuit 256 generates transmission signals for transmitting
ultrasound from the ultrasound transducers 2a that receive
ultrasound reflected from the object. The ultrasound trans-
ducers 2a convert and transmit the received signals to the
ultrasound diagnosis apparatus.

[0044] FIG. 3 is a cross-sectional view of the cable 3. In the
cable 3, the signal lines collective entity 3a, the outward path
tube collective entity 35 and the return path tube collective
entity 3¢, while the collective entities 35 and 3¢ construct the
circulation flow channel R, all of the above described collec-
tive entities 3a, 36 and 3¢ are covered by a single shield body
3d and a single external covering body 3e.

[0045] The signal lines collective entity 3a is constructed
by twisting together a multiplicity of signal lines 3a1, such as
twisted pair lines or thin coaxial lines. It is also possible to
twist together another kind of lines, if necessary.

[0046] The outward path tube collective entity 35 of the
circulation flow channel R is constructed by bundling a plu-
rality of thin tubes 351 in parallel, each diameter is much
thinner than the diameter of each of the electric signal lines
3al so as to flow the cooling liquid from the connector unit 4
to the handle unit 2. The plurality of the thin tubes 341 is
bundled as one collective entity through the pressure bonding
or the thermal adhesion to connect to the heat sink 2¢ in the
handle unit 2. Similarly, in the connector unit 4, the plurality
ofthin tubes 351 is bundled as one collective entity in order to
connect to the pump 4a.

[0047] The return path tube collective entity 3¢ of the cir-
culation flow channel R is also constructed by bundling a
plurality of thin tubes 3¢1 in parallel, each diameter is much
thinner than the diameter of each of the electric signal lines
3al so as to flow the cooling liquid from the handle unit 2
back to the connector unit 4. As shown in FIG. 2, the return
path tube collective entity 3¢ is also collecting the cooling
liquid into a single tube collective entity in the handle unit 2
and is connected to the heat sink 2¢ in the handle unit 2. The
return path tube 3¢ is further collecting the cooling liquid as a
single tube collective entity in the connector unit 4 and is
coupled to the pump 4a through the heat sink 4¢ in the con-
nector unit 4.

[0048] The thin tubes 351 and 3¢1 forming the circulation
flow channel R are made by plastic tubes, for instance, of a
polyimide resin, a fluorine resin, or a polyether ether ketene
(PEEK) resin.

[0049] The outward path tube collective entity 35 and the
return path tube collective entity 3¢ are provided apart from
each other in the cable 3. For instance, the outward path tube
collective entity 35 and the return path tube collective entity
3¢ are provided adjacent to an inner surface of the external
covering body 3e so as to face each other. Thus, as illustrated
in FIG. 3, the outward path tube collective entity 35 is pro-
vided at an opposite position of the return path tube collective
entity 3¢ in the cable 3.

[0050] Since the return path flows the liquid that has
absorbed the heat generated from the IC 24 in the handle unit
2, the temperature of the return path is higher than one of the
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outward path that flows the cooled liquid through the radia-
tion in the cable 3 and the connector unit 4. Thus, a tempera-
ture differences exists between the liquid flowing in the return
path tube and in the outward path tube. Accordingly, the
outward path tube collective entity 35 and the return path tube
collective entity 3¢ are provided apart from each other to
avoid deterioration in cooling efficiency due to heat exchange
between them.

[0051] When the cable 3 is bent during the usage of the
ultrasound probe 1 by an operator as illustrated in FIG. 4, the
inside of the cable 3 is distorted and crushed. In such a state,
while each of the collective electric signal lines 3al, the
shield body 34 and the external covering body 3e is crushed,
each ofthe tubes 351 in the outward path tube collective entity
35 and the tubes 3c¢1 in the return path tube collective entity 3¢
is not crushed in the shield body 3d the cable 3 since each tube
has room to move with respect to each other in the collective
entity.

[0052] FIG. Sillustrates a crushed state of the prior art cable
100 in which the circulation flow channel is comprised by a
single tube outward path and a single tube return path. Thus,
in the cable 100, a collective entity 100a1 of a plurality of
electric signal lines, a single tube of the outward path 10056
and a single tube for the return path 100¢ are covered by an a
single shield body 1004 and a single external covering body
100e. When the cable 100 is bent and crushed, all tubes in the
shield body 1004 and the external covering body 100e are
also crushed. That is, in addition to each of the electric signal
lines 10041, both the outward path tube 1005 and the return
path tube 100c¢ also are crushed. Thus, the amount of the
cooling liquid is extremely reduced due to the deformity of
the liquid circulation flow channel. Consequently, the cooling
efficiency is also extremely reduced.

[0053] On the contrary, according to the cable construction
shown in FIG. 3, even when the whole cable 3 is distorted by
bending, the bending stress can be absorbed by shifting each
of the tubes 3561 and 3c¢1 within available room near the
respective tube collective entities 36 and 3¢. Consequently,
distortion of each of the tubes 351 and 3¢1 would be substan-
tially eliminated. Further, when the cable is bent, since the
curvature radius of the cable is relatively larger than the tube
radius, the buckling of the tubes 361 and 3¢1 is least likely to
happen. Even when a buckling occurred in any tube, it is
possible to keep a substantially original volume of the flow
path by the remaining plurality of tubes 361 and 3c1. As a
result, an extreme reduction in flow amount can be avoided.

[0054] Further, according to the cable construction shown
in FIG. 3, it is possible to reduce an internal diameter of each
of the tubes 351 and 3c¢1 while the circulation flow channel is
kept by a necessary inner cavity section area. Since the tubes
351 and 3¢1 of such a small internal diameter cannot be easily
crushed, it becomes possible to reduce the wall thickness of
the tubes. Consequently, heat-transfer efficiency from the
tubes 351 and 3¢1 into the exterior can be increased. Further,
since large heat conductivity and a large surface area of the
tubes can be obtained due to the thin wall thickness and the
multiplicity, the heat-transfer efficiency between a refrigerant
and a heating element can be also increased.

[0055] Further, according to the cable construction shown
in FIG. 3, it becomes possible to twist together the circulation
flow channel with the electric signal lines 3a1 in the cable 3,
since the differences of the external diameters or the hardness
between them become small. By reducing the whole external
diameter of the cable 3, a flexible cable of a small radius can
be made in order to increase operability of the cable. Further,
even if a flow amount is increased, pressure damages are
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decreased, since it becomes difficult to generate a turbulent
flow due to the thin tube of the respective channels

[0056] As explained above, according to the embodiment
consistent with the present invention, at least either one of the
outward path and the return path of the circulation flow chan-
nel R is constructed by a plurality of tubes that are thinner
than the collective diameter of the signal lines. Consequently,
it becomes possible to absorb the bending stress for the cable
3 by shifting each position of the respective tubes. Further,
distortion of the tubes is least likely to happen. Even if a
buckling occurred in some of tubes, it is possible to keep the
flow amount by keeping a substantially original volume of the
flow path through the remaining plurality of tubes.

[0057] According to the embodiment consistent with the
present invention, it becomes possible to reduce each internal
diameter of the respective tubes with keeping a necessary
inner cavity section area of the circulation flow channel. Since
such a tube having a small internal diameter does not easily
crush, a wall thickness of the tube can be made relatively thin
s0 as to increase the heat-transfer efficiency to an outer side of
the tubes. Further, it becomes possible to make the cable 3
thin so as to increase the flexibility. Thus, according to the
ultrasound probe consistent with the present, the operability
and the cooling ability can be increased.

[0058] In the embodiment consistent with the present
invention, each of the plurality of tubes 3561 and 3¢l are
collected into a single tube in the connector unit 4 and con-
nected to the pump 4a. This feature is a benefit to simplify the
connection construction in comparison to connect each of the
plurality oftubes to the pump. The connecting operation itself
can be easily achieved. Further, each of the plurality of tubes
351 and 3¢1 is made by a polyimide resin that has a low vapor
permeability. As a result, since the cable is resistant to evapo-
ration, an ultrasound probe of high reliability can be achieved.

[0059] Referring to FIGS. 6 to 8, another embodiment of
ultrasound probe 1' consistent with the present invention
would be explained. To avoid a redundant explanation, the
same units in the ultrasound probe 1 shown in FIG. 1 are
omitted by attaching the same unit numbers.

[0060] In the ultrasound probe 1' shown in FIG. 6, to
achieve heat-transfer of the electronic circuit 25, an outward
path tube collective entity 35 and a return path tube collective
entity 3¢ are provided so as to connect to the electronic circuit
256 at multiple locations. Further, the connector unit 4' lacks
the heat sink 4c¢, the exhaust fan 4d and the exhaust opening
H1 that are provided in the embodiment shown in FIG. 2.

[0061] FIG. 7 illustrates a cross-section of the cable 3'
shown in FIG. 6. As shown in figure, a plurality of thin return
path tube 351" constructing a coolant outward path tube col-
lective entity 34' is provided at a center portion in an inside of
a plurality of electric signal lines 3a1' that are provided in a
circular shape in the cable 3'. Then, a plurality of thin return
path tube 3¢1' constructing a coolant return path tube collec-
tive entity 3¢' is sparsely provided in a circular shape just
between a cable external covering body 3e and the shield
body 34 so as to have a moving tolerance with each other.

[0062] FIG. 8illustrates a bent state of the cable 3 as shown
in FIG. 7 during operation of the ultrasound probe 1 by an
operator. When the cable 3 is bent, the cable external covering
body 3e, the shield body 34, each of the plurality of electric
signal lines 3a1' and the plurality of coolant outward path
tubes 351" provided at the center portion of the cable are
placed in a crushed state. On the contrary, the plurality of
coolant return path tube 3¢1' sparsely provided between the
cable external covering body 3e and on the shield body 3d can
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move so as to fill up the tolerance space provided between
each other. Accordingly, the return path tubes 3¢1' are not
crushed.

[0063] By providing the coolant outward path of the plu-
rality of tubes 351" at a center portion in the cable 3' and by
providing the coolant return path of the plurality of tubes 3¢1'
just below the external covering body 3e distributed in a circle
s0 as to keep a certain distance between the coolant outward
path and the coolant return path, it can reduce the temperature
of the circulating liquid. Further, since the plurality of tubes
3c1' is provided just below the external covering body 3e, the
increased temperature of the cooling liquid in the return path
can be radiated into the air until reaching to the connector unit
4.

[0064] Byusingthe cable3'of2 meters inlength, according
to the embodiment, it is verified that the temperature of the
circulating liquid sufficiently falls due to heat diffusion from
the external covering body 3e of the cable 3'. Thus, since it
does not need not to provide the inner heat sink 4c¢ in the
connector unit 4, the exhaust fan 44 and the exhaust opening
H1, a miniaturization, a weight saving and a cost reduction
can be achieved for the ultrasound probe 1'.

[0065] By taking out the exhaust opening H1 from the
connector unit 4, it is possible to avoid a problem such as a
reduced cooling ability due to clogging of an air filter and
undesirable effects by the exhaust opening during cleaning
and sterilization of the probe.

[0066] By providing the return path of a plurality of tubes
3c1' just below the external covering body 3e of the cable, it
becomes unnecessary to provide a connector having a special
structure for heat coupling to the ultrasound diagnosis appa-
ratus. Thus, an additional cost of the ultrasound probe can be
avoided.

[0067] According to this embodiment, it becomes possible
to obtain a sufficient heat-transfer efficiency by putting the
thin tubes 351" and 3¢1' around in the handle unit 2. As a
result, since the heat sink 2¢ becomes unnecessary, a weight
saving and a miniaturization of the handle unit 2 are realized.
Further, it becomes possible to increase the heat-transfer effi-
ciency by uniformly providing the thin tubes 351 and 3¢1 in
the handle unit 2 or by providing the thin tubes 351 and 3¢1 at
a high density near the heat source.

[0068] FIG. 9 is a specification value list illustrating rela-
tionships among the number of the cooling tubes, the internal
diameter and the wall thickness of the respective tubes in this
embodiment. Thus, the tube specification values are obtained
by changing the number of the thin tubes 351" and 3¢1' and
substantially maintaining a total internal cavity sectional area
of the tubes 351" and 3c1'.

[0069] FIG. 10 is a graph illustrating heat-transfer effi-
ciency on the tube surface that is calculated based on the total
surface area, the occupied area and the wall thickness at
relative values to the numbers as shown in FIG. 9 with refer-
enceto the surface made of a single tube. As illustrated in FIG.
10, when the number of the cooling liquid tubes is less than 7,
the efficiency of heat exchange is decreased and the occupied
area is increased. The larger a number of the cooling tubes
351" and 3c1' is provided, the larger a total surface area is
obtained. Thus, as the internal diameter becomes smaller
since they do not collapse easily, it becomes possible to make
each of the tubes 351 and 3¢1 with a thin wall. As a result, the
heat-transfer efficiency at the cooling liquid tubes 351" and
3¢1' can be increased. However, as shown in FIG. 10, as the
number of the tubes exceeds more than 50, the occupied area
increases above the relative value when the number of tubes is
50. Consequently, it is preferable to use the number of the
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coolant outward path tubes 361' or the coolant return path
tubes 3¢1' within a range from 7 to 50.

[0070] Meanwhile, since it costs more to make the cooling
paths by a multiplicity of thin tubes 351' and 3¢1', a tradeoff
arises with the performance. Under consideration of the cost
of the cable 3', it is desirable to achieve the ultrasound probe
by a necessary minimum number of thin tubes 351" and 3¢1'.
Thus, it is desirable to make each of the cylindrical thin tubes
351" and 3¢1' within a number range from 7 to 50, and each of
the external diameter of the tubes 341 and 3c1 is within a
range from 0.38(=0.28+0.05x2) mm to 1.35 (=0.75+0.3x2)
mm. It is also desirable to make each of the internal diameter
of the tubes 351 and 3¢1 is within a range from 0.28 mm to
0.75.

[0071] Other embodiments consistent with the present
invention will be apparent to those skilled in the art from
consideration of the specification and practice of the present
invention disclosed herein. It is intended that the specification
and examples be considered as exemplary only, with the true
scope and spirit of the present invention being indicated by
the following claims.

What is claimed is:

1. An ultrasound probe comprising:

a handle unit including a plurality of transducers to trans-

mit and receive ultrasound;

a flexible cable connected to the handle unit;

a connector unit connected to the cable for coupling the

flexible cable to an ultrasound diagnosis apparatus; and
a cooling liquid circulating system configured to circulate
a liquid between the handle unit and the connector unit;

wherein the cable includes a plurality of electric signal
lines and a liquid circulation flow channel for the cooling
liquid circulating system;

wherein the liquid circulation flow channel is comprised

of;

a cooling liquid outward path configured to flow the cool-

ing liquid from the connector unit to the handle unit, and

a cooling liquid return path configured to flow the liquid

from the handle unit to the connector unit,

wherein at least either one of the cooling liquid outward

path and the liquid return path is comprised of a plurality
of thin flow tubes.

2. The ultrasound probe according to claim 1, wherein the
liquid circulation flow channel is comprised of a first tube
collective entity of the plurality of the thin tubes constructing
the cooling liquid outward path and a second tube collective
entity of the plurality of the thin tubes constructing the liquid
return path,

wherein the first tube collective entity and the second tube

collective entity are provided apart with each other in the
flexible cable.

3. The ultrasound probe according to claim 1, wherein the
return path is comprised of a plurality of thin tubes, wherein
the plurality of the thin tubes is provided in the flexible cable
in a circular shape having a small tolerance space with each
other near an envelope of the flexible cable.
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4. The ultrasound probe according to claim 1, wherein the
cooling liquid circulation system includes a pump configured
to circulate the cooling liquid in the connector unit, and

a first tube collective entity of the plurality of the thin tubes
constructing the cooling liquid outward path and a sec-
ond tube collective entity of the plurality of the thin
tubes constructing the liquid return path connected to the
pump.

5. The ultrasound probe according to claim 1, wherein each
of the plurality of the thin tubes is formed in a cylindrical
shape,

wherein the plurality of the thin tubes is constructed by a
number of the thin tubes within a range from seven (7) to
fitty (50), and

each of the plurality of the thin tubes has an external diam-
eter within a range from 0.38 millimeter to 1.35 milli-
meters, and has an internal diameter within a range from
0.28 millimeter to 0.75 millimeter.

6. The ultrasound probe according to claim 1, wherein each

of the plurality of thin the tubes is made of polyimide resin.

7. A cable for connecting an ultrasound probe comprising:

electric cables each having an external cable diameter for
transmitting electrical signals;

a first cooling liquid path located at a first location within
the cable for flowing a cooling liquid in a first direction
along the cable; and

a second cooling liquid path located at a second location
within the cable for flowing the cooling liquid in a sec-
ond direction that is opposite to the first direction along
the cable, wherein at least one of said first cooling path
and said second cooling path further comprises a plural-
ity of tubes whose external diameter is each smaller than
the external cable diameter.

8. The cable for connecting an ultrasound probe according
to claim 7 wherein the first location and second location are
apart from each other.

9. The cable for connecting an ultrasound probe according
to claim 7 wherein said electric cables are located between the
first location and the second location.

10. The cable for connecting an ultrasound probe accord-
ing to claim 7 wherein either one of the first location and the
second location is circular along an inner surface of the cable.

11. The cable for connecting an ultrasound probe accord-
ing to claim 7 wherein said first cooling liquid path provides
acertain space where said tubes move so as to avoid said tubes
from being deformed when the cable is bent.

12. The cable for connecting an ultrasound probe accord-
ing to claim 7 wherein said second cooling liquid path pro-
vides a certain space where said tubes move so as to avoid said
tubes from being deformed when the cable is bent.

13. The cable for connecting an ultrasound probe accord-
ing to claim 7 wherein said tube is made of flexible material.

* * & ok ok
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