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ULTRASOUND PROBE

[0001] This is a continuation of International Application
No. PCT/JP2012/004940, with an international filing date of
Aug. 3, 2012, which claims priority of Japanese Patent Appli-
cation No. 2011-172769, filed on Aug. 8, 2011, the contents
of which are hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present application belongs to the technical
field of ultrasound probes used in ultrasound diagnosis.

BACKGROUND ART

[0003] An ultrasound probe for obtaining ultrasound tomo-
grams is used in diagnosis of a tumor and the like in a body,
and includes: a tip storage portion containing an ultrasound
element for transmitting and receiving ultrasound waves, and
the like; an insertion portion for inserting the tip storage
portion into the body to a predetermined position; and a grip
portion the whole of which is gripped for operation.

[0004] As such an ultrasound probe, an ultrasound probe in
which the ultrasound element for transmitting and receiving
ultrasound waves is rotated or swung inside the tip storage
portion in which an acoustic medium liquid having an acous-
tic impedance similar to that of a living body is enclosed is
known. In this ultrasound probe, the ultrasound element and
a mechanism portion for rotating or swinging the ultrasound
element are disposed in the tip storage portion.

[0005] A window made of a material through which ultra-
sound waves easily pass is provided ina part of the tip storage
portion facing a wave transmission and reception surface of
the ultrasound element. A gap between the wave transmission
and reception surface of the ultrasound element and the win-
dow is filled with the acoustic medium liquid.

[0006] The acoustic medium liquid is used to acoustically
match the wave transmission and reception surface of the
ultrasound element and the window for efficient transmission
and reception of ultrasound waves. In principle, only the gap
between the wave transmission and reception surface of the
ultrasound element and the window needs to be filled with the
acoustic medium liquid. However, in practice it is difficult to
fill only the gap with the acoustic medium liquid, and so a
method of sealing a space containing the ultrasound element
and filling the sealed space with the acoustic medium liquid is
typically employed.

[0007] On the other hands, the acoustic medium liquid
usually expands or contracts according to temperature. In the
case where the sealed space is filled with the acoustic medium
liquid, the expansion of the acoustic medium liquid causes an
increase in internal pressure of a case forming the sealed
space, which leads to troubles such as a leakage of the acous-
tic medium liquid, a crack, and so on. Besides, air bubbles
may enter in the process of injecting the acoustic medium
liquid into the sealed space.

[0008] If air bubbles are present between the ultrasound
element and the window, there is a problem that transmitted
and received ultrasound waves are attenuated or reflected by
such air bubbles and as a result clear ultrasound tomograms
are unable to be obtained.

[0009] To prevent such troubles, a diaphragm that is con-
nected to the sealed space filled with the acoustic medium
liquid and absorbs the expansion and contraction of the
acoustic medium liquid is provided outside the sealed space
(for example, Patent Document 1).

May 1, 2014

[0010] There is also a method of providing, in addition to
the diaphragm, an air bubble reservoir portion for moving air
bubbles out of the acoustic medium liquid-filled space by the
differences in surface tension and specific gravity between
the air bubbles and the acoustic medium liquid (for example,
Patent Document 2).

[0011] As described above, an ultrasound probe having the
following structure is used: a window is provided in a sealed
space; an ultrasound element for transmitting and receiving
ultrasound waves, a mechanism portion for rotating or swing-
ing the ultrasound element, and the like are contained in the
sealed space; the sealed space is filled with an acoustic
medium liquid of an acoustic medium; and an air bubble
reservoir portion and a diaphragm connected to the sealed
space are provided outside the sealed space.

[0012] FIG. 7 is a sectional view showing an overall struc-
ture of a conventional ultrasound probe. The ultrasound probe
includes: an insertion portion 23 including a tip storage por-
tion 7 that is inserted into the body cavity; and a grip portion
24 gripped by an operator outside the body cavity.

[0013] The tip storage portion 7 is formed by joining a
window 9 and a frame 10c, and stores an ultrasound element
unit 2 inside.

[0014] The ultrasound element unit 2 includes: an ultra-
sound element 3; and a rotation mechanism portion for hold-
ing and rotating the ultrasound element 3. The rotation
mechanism portion is a self-rotating motor whose rotation is
magnetically induced, and includes: a motor rotor 4 carrying
the ultrasound element 3; a bracket 5 for rotatably supporting
the motor rotor 4 about a rotation center 8 of the motor rotor
4; and a magnet (not shown) for supplying a rotational force
to the motor rotor 4. Such a rotation mechanism portion
rotates the ultrasound element 3 with the rotation of the motor
rotor 4, thus achieving mechanical ultrasound scanning in a
circular orbit. Though not shown, a plurality of signal lines
for transmitting and receiving electrical signals for driving
the ultrasound element 3 and the rotation mechanism portion
are drawn out of the ultrasound element unit 2, and led to the
grip portion 24 through the insertion portion 23 and con-
nected to a cable 11.

[0015] The bracket 5 of the rotation mechanism portion is
fixed onto the frame 10c. The frame 10c¢ is disposed so as to be
in close contact with the inner wall of the window 9, and
liquid-tightly seals the tip storage portion 7.

[0016] The tip storage portion 7 is filled with an acoustic
medium liquid 6. A through hole is formed in the frame 10c,
and a metal pipe 25 extending to the grip portion 24 through
the insertion portion 23 is connected to the through hole. The
metal pipe 25 is filled with the acoustic medium liquid 6, too.
[0017] A diaphragm 26 connected to the internal space of
the metal pipe 25 and filled with the acoustic medium liquid
6 is attached to the metal pipe 25 filled with the acoustic
medium liquid 6. The diaphragm 26 is made of an elastic
material such as rubber, and absorbs the expansion and con-
traction of the acoustic medium liquid 6 enclosed in the metal
pipe 25 and the tip storage portion 7 in order to prevent a
liquid leakage or a member crack caused by the expansion of
the acoustic medium liquid 6. The metal pipe 25 is provided
with a liquid injection hole 27 for injecting the acoustic
medium liquid 6, and the liquid injection hole 27 is closed by
a liquid plug 28.

[0018] Thecable 11 is drawn out of the grip portion 24, and
the ultrasound probe is connected to an ultrasound diagnostic
apparatus via the cable 11.
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PRIOR ART DOCUMENTS

Patent Documents

[0019] Patent Document 1: Japanese Patent Application
Publication No. 2004-298463
[0020] Patent Document 2: Japanese Patent Application
Publication No. 2005-334107

SUMMARY OF THE INVENTION

[0021] However, the conventional ultrasound probe has the
following problem. When injecting the acoustic medium lig-
uid into the tip storage portion, the acoustic medium liquid is
injected into the liquid injection hole of the metal pipe con-
nected to the tip storage portion and then the liquid injection
hole is plugged. Upon plugging the liquid injection hole, air
may enter the tip storage portion from the liquid injection
hole. Besides, since the diaphragm is made of a material such
as rubber, the rubber may deteriorate due to a temperature
change and the like and be cracked, causing air to enter the tip
storage portion through the diaphragm.

[0022] The air entering the tip storage portion forms air
bubbles in the acoustic medium liquid. If air bubbles are
present between the ultrasound element and the window in
the tip storage portion, transmitted and received ultrasound
waves are attenuated or reflected by such air bubbles, as a
result of which high-quality ultrasound tomograms are
unable to be obtained.

[0023] An aspect of the present disclosure solves the con-
ventional problem, and provides a technique that enables
high-quality ultrasound tomograms to be obtained by pre-
venting air from entering the tip storage portion containing
the ultrasound element.

[0024] An aspect of the present disclosure includes: an
ultrasound element unit for transmitting and receiving an
ultrasound wave; a tip storage portion including a panel
whichis sealed by a holding member and in which an acoustic
medium liquid and the ultrasound element unit are stored; a
cover member disposed on a surface of the holding member;
and an acoustic medium liquid reservoir portion for retaining
the acoustic medium liquid in a space formed by the holding
member and the cover member, wherein the holding member
has at least one communication path that communicates with
the acoustic medium liquid reservoir portion and an inside of
the tip storage portion, wherein the cover member has at least
one ventilation path that communicates with the acoustic
medium liquid reservoir portion and an outside of the tip
storage portion, and wherein a cross-sectional area of the
acoustic medium liquid reservoir portion is larger in a part
that communicates with the ventilation path than in a part that
communicates with the communication path.

[0025] According to an aspect of the present disclosure, the
tip storage portion storing the ultrasound element unit is filled
with the acoustic medium liquid, and a space for retaining the
acoustic medium liquid from the communication path is
formed in the acoustic medium liquid reservoir portion dis-
posed adjacent to the tip storage portion via the communica-
tion path.

[0026] Thus, in the process of injecting the acoustic
medium liquid into the tip storage portion of the ultrasound
probe according to the present disclosure, the tip storage
portion can be filled with the acoustic medium liquid without
air bubbles remaining in the tip storage portion. As an injec-
tion method, the acoustic medium liquid of an amount speci-
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fied from the space of the acoustic medium liquid reservoir
portion is quantitatively injected into the tip storage portion
from the ventilation path using a syringe or the like. Follow-
ing this, by placing the structure under reduced pressure
conditions, air bubbles in the tip storage portion which have
entered during the injection of the acoustic medium liquid are
expanded and exhausted out of the tip storage portion from
the ventilation path for communication between the acoustic
medium liquid reservoir portion and the outside air.

[0027] As aresult, the acoustic medium liquid of an appro-
priate amount can be held in the acoustic medium liquid
reservoir portion, and air bubbles can be prevented from
remaining in the tip storage portion.

[0028] Moreover, the expansion and contraction of the
acoustic medium liquid due to a temperature change during
use of the ultrasound probe can be absorbed in the acoustic
medium liquid reservoir portion.

[0029] In the ultrasound probe, the cross-sectional area of
the space of the acoustic medium liquid reservoir portion
changes from a minimum gap portion where the cross-sec-
tional area of the space is smallest to a maximum gap portion
where the cross-sectional area of the space is largest, in the
circumferential direction. The communication path is formed
near the minimum gap portion, whereas the ventilation path is
formed near the maximum gap portion.

[0030] Here, a part of the acoustic medium liquid reservoir
portion mentioned above communicates with the communi-
cation path. The acoustic medium liquid reservoir portion
has, near the communication path in which the acoustic
medium liquid is present, the minimum gap portion where the
size (cross-sectional area) of the gap is smallest and, near the
ventilation path, the maximum gap portion where the size of
the gap is largest. The communication path and the ventilation
path are formed near the minimum gap portion and the maxi-
mum gap portion, respectively.

[0031] Since the size of the gap in the acoustic medium
liquid reservoir portion decreases from the ventilation path
toward the communication path, a suction force in the direc-
tion opposite to the ventilation path can be generated by the
surface tension of the acoustic medium liquid. As a result, the
acoustic medium liquid can be retained in the acoustic
medium liquid reservoir portion, while preventing the acous-
tic medium from leaking to the outside from the ventilation
path.

[0032] In addition, according to the above-mentioned
structure, the acoustic medium liquid reservoir portion has
such a shape that inclines in the circumferential direction so
that the height distance in the acoustic medium liquid reser-
voir portion increases from the minimum gap portion near the
communication path toward the ventilation path. Therefore,
even when an external shock is applied to the ultrasound
probe or the position of the ultrasound probe abruptly
changes, the interface between the air and the acoustic
medium liquid in the acoustic medium liquid reservoir por-
tion remains near the ventilation path, and is kept from mov-
ing in the circumferential direction. The leakage of the acous-
tic medium liquid to the outside with the movement of air
bubbles can be suppressed in this way. Furthermore, the
cross-sectional area of the retention space of the acoustic
medium liquid reservoir portion is larger in a part nearer the
ventilation path, and also the interface has a radially extend-
ing shape. Accordingly, the variation of the area of the inter-
face and the variation of the surface tension associated with it
are little.



US 2014/0121525 Al

[0033] Though the above describes a probe that uses an
ultrasound element unit for mechanically scanning ultra-
sound waves as an example, the present disclosure is not
limited to this, and may also be applied to an ultrasound probe
that uses an ultrasound element unit for electronic scanning
using an array element. The space shape in the acoustic
medium liquid reservoir portion may be provided in a cover
member or in a frame.

[0034] Such use of the space shape having the sealing func-
tion in the acoustic medium liquid reservoir portion elimi-
nates the need of the pipe member, the diaphragm, the dedi-
cated liquid injection hole, and the liquid plug of the
conventional structure. This simplifies the mechanism por-
tion in the ultrasound probe, and enables the components to
be arranged in a smaller space and the number of components
to be reduced. Hence, a more lightweight, smaller, and less
expensive ultrasound probe can be realized as a whole.
[0035] Thus, according to an aspect of the present disclo-
sure, it is possible to prevent air from entering the tip storage
portion containing the ultrasound element, so that high-qual-
ity ultrasound tomograms can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 is an exemplary sectional view showing an
overall structure of an ultrasound probe in Embodiment 1 of
the present disclosure.

[0037] FIG. 2 is an exemplary sectional view showing a
structure in a tip storage portion of the ultrasound probe in
Embodiment 1 of the present disclosure.

[0038] FIG. 3 isan exemplary external perspective view of
an ultrasound diagnostic apparatus using the ultrasound
probe in Embodiment 1 of the present disclosure.

[0039] FIG. 4A is an exemplary perspective view showing
a gap space in the tip storage portion of the ultrasound probe
in Embodiment 1 of the present disclosure.

[0040] FIG.4B is an exemplary sectional view showing the
gap space in the tip storage portion of the ultrasound probe in
Embodiment 1 of the present disclosure.

[0041] FIG. 5 is an exemplary sectional view showing a
structure in a tip storage portion of an ultrasound probe in
Embodiment 2 of the present disclosure.

[0042] FIG. 6 is an exemplary perspective view conceptu-
ally showing a gap space in the tip storage portion of the
ultrasound probe in Embodiment 2 of the present disclosure.
[0043] FIG. 7 is an exemplary sectional view showing an
overall structure of a conventional ultrasound probe.

DETAILED DESCRIPTION OF THE INVENTION

[0044] The following describes embodiments specifically
showing best modes for carrying out the present disclosure,
with reference to drawings.

Embodiment 1

[0045] FIG. 1is a sectional view showing an example of a
structure of an ultrasound probe 1 according to the present
disclosure. FIG. 2 is an enlarged sectional view of a tip
storage portion 7 in FIG. 1. FIG. 3 is an external perspective
view of an ultrasound diagnostic apparatus using the ultra-
sound probe 1. Note that the same components as those in the
conventional ultrasound probe shown in FIG. 7 are given the
same reference numerals.

[0046] In FIG. 1, the ultrasound probe 1 is a probe used in
ultrasound diagnosis, and is a body cavity insertion-type
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probe which is partly inserted into a subject’s body cavity to
perform ultrasound scanning in the body cavity. The ultra-
sound probe includes: an insertion portion 23 including a tip
storage portion 7 that is inserted into the body cavity; and a
grip portion 24 gripped by an operator outside the body cav-
ity. The direction from the grip portion 24 to the insertion
portion 23 of the ultrasound probe 1 is hereafter referred to as
“insertion axial direction”.

[0047] The tip storage portion 7 is formed by joining a
panel (hereafter referred to as “window”) 9 and a holding
member (hereafter referred to as “frame”) 10a, and has: a
space portion in which an ultrasound element unit 2 is stored,
and a space portion serving as an acoustic medium liquid
reservoir portion 154 formed by joining a cover member 174
and the frame 10a.

[0048] The ultrasound element unit 2 includes: an ultra-
sound element 3; and a rotation mechanism portion for hold-
ing and rotating the ultrasound element 3, as shown in FIG. 2.
The rotation mechanism portion is a self-rotating motor
whose rotation is magnetically induced, and includes: a motor
rotor 4 carrying the ultrasound element 3; a bracket 5 fixed to
the frame 10a for rotatably supporting the motor rotor 4 about
a rotation center 8 of the motor rotor 4; and a magnet (not
shown) for supplying a rotational force to the motor rotor 4.
Such a rotation mechanism portion rotates the ultrasound
element 3 with the rotation of the motor rotor 4, thus achiev-
ing mechanical ultrasound scanning in a circular orbit.

[0049] A plurality of signal lines 12 for transmitting and
receiving electrical signals for driving the ultrasound element
3 and the rotation mechanism portion are drawn out of the
ultrasound element unit 2. The signal lines 12 pass through a
wiring hole provided in the frame 10a, and are led to the grip
portion 24 through the insertion portion 23 and connected to
acable 11.

[0050] Thecable 11 is drawn out of the grip portion 24, and
the ultrasound probe 1 is connected to an ultrasound diagnos-
tic apparatus 13 in FIG. 3 via the cable 11.

[0051] InFIG. 3, an electrical signal (transmission signal)
from the ultrasound diagnostic apparatus 13 is transmitted to
the ultrasound element 3 of the ultrasound probe 1 through the
cable 11 that is attached to a connecter 29 connected to the
ultrasound diagnostic apparatus 13. The transmission signal
is converted to an ultrasound wave in the ultrasound element
3in FIG. 2, propagates through an acoustic medium liquid 6,
and is transmitted from the window 9 to the subject. The
ultrasound wave is reflected in the subject. A part of the
reflected wave is received by the ultrasound element 3 and
converted to an electrical signal (reception signal), and trans-
mitted to the ultrasound diagnostic apparatus 13 in FIG. 3.
The reception signal is converted to image data and displayed
on a display 14 in the ultrasound diagnostic apparatus 13.

[0052] Since the tip storage portion 7 is liquid-tightly
sealed, the signal lines 12 are sealed by an adhesive or the like
in the wiring hole of the frame 10a disposed so as to be in
close contact with the inner wall of the window 9. The tip
storage portion 7 is filled with the acoustic medium liquid 6.

[0053] Thetip storage portion 7 of the ultrasound probe 1 in
Embodiment 1 of the present disclosure is described in detail
below, with reference to FIGS. 2, 4A, and 4B.

[0054] FIG. 4A is a perspective view showing a shape of the
space (the acoustic medium liquid reservoir portion 15a)
enclosed by the frame 10a and the cover member 174 in FIG.
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2. FIG. 4B is a sectional view of the space when the acoustic
medium liquid reservoir portion 154 in FIG. 4A is cut along
line AB.

[0055] The space shape of the acoustic medium liquid res-
ervoir portion 154 is such a shape that inclines in the circum-
ferential direction so that the separation distance between the
cover member 174 and the frame 104 in the acoustic medium
liquid reservoir portion 15a increases from a minimum gap
space portion 19 toward a maximum gap space portion 20
connected to a ventilation path 18a. Accordingly. the cross-
sectional area of the space of the part that communicates with
the ventilation path 18a is larger than the cross-sectional area
of the space of the part that communicates with a communi-
cation path 16a.

[0056] In the space shape of the acoustic medium liquid
reservoir portion 154, there are the minimum gap space por-
tion 19 connected to the communication path 16a provided in
the frame 10a in FIG. 2 and the maximum gap space portion
20 connected to the ventilation path 18a provided in the cover
member 17a, as shown in the perspective view in FIG. 4A.
Moreover, an inclined space portion 21 is included in the
space sandwiched between the minimum gap space portion
19 and the maximum gap space portion 20 of the acoustic
medium liquid reservoir portion 15a. The inclined space por-
tion 21 is shaped to incline in the circumferential direction
perpendicular to the insertion axial direction so that the sepa-
ration distance between the cover member 17a and the frame
10a increases from the minimum gap space portion 19 toward
the maximum gap space portion 20. The communication path
16a and the ventilation path 184 in FIG. 2 are connected to the
acoustic medium liquid reservoir portion 15« at a communi-
cation path position 30a and a ventilation path position 31a in
FIG. 4A, respectively.

[0057] Note that the thickness in the insertion axial direc-
tion of the minimum gap space portion 19 in the acoustic
medium liquid reservoir portion 15a on the communication
path 164 side is smaller than the thickness in the insertion
axial direction of the maximum gap space portion 20, and
smallest so as to produce a capillary phenomenon. On the
other hand, the maximum gap space portion 20 in the acoustic
medium liquid reservoir portion 15a on the ventilation path
184 side has such a size that does not produce any capillary
phenomenon, as the gap gradually increases in the circum-
ferential direction perpendicular to the insertion axial direc-
tion from the minimum gap space portion 19 toward the
maximum gap space portion 20.

[0058] Thefollowing describes a procedure of filling the tip
storage portion 7 with the acoustic medium liquid 6. The
filling amount of the acoustic medium liquid 6 is set so that
the acoustic medium liquid 6 does not enter the maximum gap
space portion 20 even in a state where the acoustic medium
liquid 6 expands at the maximum in a use environment. That
is, a gas-liquid interface 22a in FIG. 4A, which is the bound-
ary between the air and the acoustic medium liquid 6, is
positioned within the inclined space portion 21. This is
because the acoustic medium liquid 6 and the air are separated
from each other in the acoustic medium liquid reservoir por-
tion 15a due to their differences in surface tension and spe-
cific gravity. Thus, the acoustic medium liquid 6 gathers at the
narrow gap near the communication path 16a due to the
capillary phenomenon, while the air gathers at the wide space
in the acoustic medium liquid reservoir portion 15a.

[0059] Therefore, even in the case of a temperature rise in
the use environment of the ultrasound probe 1 or the like, the
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gas-liquid interface 22¢ of the acoustic medium liquid 6 does
not enter the maximum gap space portion 20, so that the
acoustic medium liquid 6 can be prevented from leaking from
the ventilation path 18a in FIG. 2.

[0060] As described above, according to the present disclo-
sure, even when an external shock is applied to the ultrasound
probe 1 or the position of the ultrasound probe 1 abruptly
changes, the gas-liquid interface 22a between the air and the
acoustic medium liquid 6 in the acoustic medium liquid res-
ervoir portion 15¢ remains in the inclined space portion 21
due to the capillary phenomenon, so that the air can be pre-
vented from entering the minimum gap space portion 19.
Since the air does not enter the space enclosed by the window
9 and the frame 10a and filled with the acoustic medium
liquid 6 through the communication path 16a, the generation
of air bubbles from such air in the tip storage portion 7
containing the ultrasound element 3 can be suppressed.
[0061] Though one communication path 16a and one ven-
tilation path 18a are provided in this example, a plurality of
communication paths and a plurality of ventilation paths may
be provided.

[0062] In this example, the ventilation path 18« is set at a
position apart from the communication path 16a in approxi-
mate point symmetry with respect to the center of the acoustic
medium liquid reservoir portion 15a.

[0063] This, in combination with the surface tension seal-
ing function by the taper shape of the acoustic medium liquid
reservoir portion 15a, allows the acoustic medium liquid 6 to
be retained in the acoustic medium liquid reservoir portion
15a.

[0064] Moreover, by making the cover member 17a of a
translucent material, the acoustic medium liquid 6 can be
visually observed through the cover member 17a when filling
the tip storage portion 7 with the acoustic medium liquid 6. In
detail, in a plan view where the tip storage portion 7 in FIG. 2
is viewed in the downward direction of the paper surface, i.e.
in the insertion axial direction, the acoustic medium liquid 6
is retained in a substantial C-shape in a plane approximately
perpendicular to the insertion axial direction in the acoustic
medium liquid reservoir portion 15a. Here, the open end of
the C-shape of the acoustic medium liquid reservoir portion
15a is the gas-liquid interface 22« in the acoustic medium
liquid reservoir portion 15a.

[0065] This being so, when expanding the acoustic medium
liquid 6 at the maximum in the use environment and filling the
tip storage portion 7 with the acoustic medium liquid 6, the
gas-liquid interface 22a can be kept from entering the maxi-
mum gap space portion 20 by visually observing the above-
mentioned open part of the C-shape through the cover mem-
ber 17a made of a transparent material. As a result, the tip
storage portion 7 can be filled with the acoustic medium
liquid 6, and also the acoustic medium liquid 6 of an appro-
priate amount can be retained in the acoustic medium liquid
reservoir portion 15a.

[0066] As described above, in Embodiment 1, the acoustic
medium liquid 6 is retained in the acoustic medium liquid
reservoir portion 154, so that the air can be prevented from
entering the tip storage portion 7. An ultrasound probe
capable of obtaining high-quality ultrasound tomograms can
thus be provided.

Embodiment 2

[0067] The following describes a second embodiment of
the present disclosure with reference to FIGS. 5 and 6.
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[0068] FIG. 5is asectional view showing a structure in the
tip storage portion 7 of the ultrasound probe according to the
present disclosure. FIG. 6 is a perspective view conceptually
showing a space shape in an acoustic medium liquid reservoir
portion 155 and a positional relationship between a ventila-
tion path 185 and a communication path 165 in Embodiment
2.

[0069] The space shape of the acoustic medium liquid res-
ervoir portion 155 in FIG. 5 is such that the radial gap gradu-
ally changes in the circumferential direction, as shown in the
perspective view in FIG. 6. That is, when comparing the
planar shape of the acoustic medium liquid reservoir portion
155 to a double circle, the center of the inner circle is closer
to a communication path position 305 than a ventilation path
position 31b. Accordingly, the distance between the inner
circle and the outer circle of the double circle decreases from
the ventilation path position 315 toward the communication
path position 30, so as to produce a capillary phenomenon in
the direction perpendicular to the insertion axial direction.
Since the acoustic medium liquid 6 in the acoustic medium
liquid reservoir portion 155 is subject to the sealing function
by the surface tension from the ventilation path 1854 side to the
communication path 165 side, the acoustic medium liquid 6 is
retained in the acoustic medium liquid reservoir portion 156,
as in Embodiment 1.

[0070] The filling amount of the acoustic medium liquid 6
is set to position a gas-liquid interface 225 of the acoustic
medium liquid 6 in consideration of the volume expansion
coefficient of the acoustic medium liquid 6 and the thermal
expansion coefficient of the component of the tip storage
portion 7 so that, even in the case of a temperature rise in the
installation environment of the ultrasound probe in a state of
filling with the acoustic medium liquid 6, the gas-liquid inter-
face 226 of the acoustic medium liquid 6 does not reach the
ventilation path 185 and leak from the ventilation path 185.
[0071] InEmbodiment 2, the acoustic medium liquid 6 can
be stably held in the acoustic medium liquid reservoir portion
154, with the gas-liquid interface 224 as the boundary. In
addition, air bubbles reliably undergo gas-liquid separation
and move toward the larger gap connected to the ventilation
path 185 in the acoustic medium liquid reservoir portion 156.
As a result, even in the structure in which the acoustic
medium liquid reservoir portion 156 communicates with the
outside air via the ventilation path 1854, the acoustic medium
liquid 6 in the acoustic medium liquid reservoir portion 155 is
always retained in the smaller gap, and kept from leaking to
the outside from the ventilation path 185. Besides, the air
portion in the acoustic medium liquid reservoir portion 155
does not move regardless of the position of the ultrasound
probe.

[0072] Intheacoustic medium liquid reservoir portion 154,
the acoustic medium liquid 6 and the air separate from each
other due to their differences in surface tension and specific
gravity. The acoustic medium liquid 6 gathers at the narrow
gap near the communication path 164 in the frame 105 due to
the capillary phenomenon, while the air gathers at the wide
space in the acoustic medium liquid reservoir portion 155.
[0073] In particular, according to the present disclosure,
even when an external shock is applied to the ultrasound
probe or the position of the ultrasound probe abruptly
changes, the acoustic medium liquid 6 can be prevented from
moving in the circumferential direction to the ventilation path
1856 side having the larger gap by the effect of the surface
tension on the communication path 165 side having the
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smaller gap, as in Embodiment 1. Therefore, even when an
external shock is applied to the ultrasound probe in the case
where the acoustic medium liquid reservoir portion 155 in
which the acoustic medium liquid 6 is retained communicates
with the outside air via the ventilation path 185, the leakage of
the acoustic medium liquid 6 from the ventilation path 185
can be effectively suppressed.

[0074] Though one communication path 165 and one ven-
tilation path 185 are provided in this example, a plurality of
communication paths and a plurality of ventilation paths may
be provided. In this example, the ventilation path 185 is set at
aposition apart from the communication path 165 in approxi-
mate point symmetry with respect to the center of the acoustic
medium liquid reservoir portion 156. Such a position is most
preferable in terms of suppressing the leakage of the acoustic
medium liquid 6 from the ventilation path 185. This, in com-
bination with the sealing function by the shape of the acoustic
medium liquid reservoir portion 155, enables more effective
prevention of the acoustic medium liquid 6 retained in the
acoustic medium liquid reservoir portion 156 from leaking
from the ventilation path 185.

[0075] Moreover, by making a cover member 175 of a
translucent material, the acoustic medium liquid 6 can be
visually observed through the cover member 175 when filling
the tip storage portion 7 with the acoustic medium liquid 6.
[0076] Indetail, inaplaneview, the acoustic medium liquid
6 is retained in a substantial C-shape in the acoustic medium
liquid reservoir portion 15.

[0077] This being so, in the process of filling the tip storage
portion 7 with the acoustic medium liquid 6, the acoustic
medium liquid 6 of an appropriate amount can be retained by
observing a liquid-level change in the acoustic medium liquid
reservoir portion 154.

[0078] As described above, in Embodiment 2, the acoustic
medium liquid 6 is retained in the acoustic medium liquid
reservoir portion 154, so that the air can be prevented from
entering the tip storage portion 7. An ultrasound probe
capable of obtaining high-quality ultrasound tomograms can
thus be provided.

[0079] According to an aspect of the present disclosure, the
ventilation path may be communicated between the acoustic
medium liquid reservoir portion and outside air. Moreover,
according to an aspect of the present disclosure, a gas region
may be present in the acoustic medium liquid reservoir por-
tion, wherein the ventilation path is connected to the gas
region.

[0080] Moreover, according to an aspect of the present
disclosure, the cross-sectional area of the acoustic medium
liquid reservoir portion may continuously decrease from the
part that communicates with the ventilation path toward the
part that communicates with the communication path.
[0081] Moreover, according to an aspect of the present
disclosure, the acoustic medium liquid reservoir portion may
be formed so that a radial gap changes in a circumferential
direction of the acoustic medium liquid reservoir portion.
[0082] Moreover, according to an aspect of the present
disclosure, the gap may be larger in the part that communi-
cates with the ventilation path than in the part that communi-
cates with the communication path.

[0083] Moreover, according to an aspect of the present
disclosure, the ventilation path may be set at a position apart
from the communication path with respect to, as a point of
symumetry, a center point of the acoustic medium liquid res-
ervoir portion. Thus, the capacity of the acoustic medium
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liquid reservoir portion for suppressing the leakage of the
acoustic medium liquid from the ventilation path caused by
the volume expansion of the acoustic medium liquid due to a
temperature change can be secured easily.
[0084] Moreover, according to an aspect of the present
disclosure, the cover member may be made of a translucent
material. This enables the injection amount to be adjusted so
that the gas-liquid interface of the acoustic medium liquid is
situated at a predetermined position in the space in the acous-
tic medium liquid reservoir portion, while observing the posi-
tion of the gas-liquid interface of the acoustic medium liquid
in the acoustic medium liquid reservoir portion from the
outside. Therefore, the filling amount of the acoustic medium
liquid in the acoustic medium liquid reservoir portion can be
managed accurately.
[0085] Itisalso possible to ensure the complete filling with
the acoustic medium liquid by observing, after the injection
of the acoustic mediumliquid into the acoustic medium liquid
reservoir portion, that the position of the gas-liquid interface
in the acoustic medium liquid reservoir portion is unchanged
under reduced pressure conditions. Note that the translucent
member for the acoustic medium liquid reservoir portion may
be used for the whole or part of the acoustic medium liquid
reservoir portion.
[0086] Moreover, according to an aspect of the present
disclosure, a liquid region may be present in the acoustic
medium liquid reservoir portion, wherein the communication
path is connected to the liquid region.
1. An ultrasound probe comprising:
an ultrasound element unit for transmitting and receiving
an ultrasound wave;
atip storage portion including a panel which is sealed by a
holding member and in which an acoustic medium lig-
uid and the ultrasound element unit are stored;
acover member disposed on a surface of the holding mem-
ber; and
an acoustic medium liquid reservoir portion for retaining
the acoustic medium liquid in a space formed by the
holding member and the cover member,
wherein the holding member has at least one communica-
tion path that communicates with the acoustic medium
liquid reservoir portion and an inside of the tip storage
portion,
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wherein the cover member has at least one ventilation path
that communicates with the acoustic medium liquid res-
ervoir portion and an outside of the tip storage portion,
and

wherein a cross-sectional area of the acoustic medium
liquid reservoir portion is larger in a part that communi-
cates with the ventilation path than in a part that com-
municates with the communication path.

2. The ultrasound probe according to claim 1, wherein the
ventilation path is communicated between the acoustic
medium liquid reservoir portion and outside air.

3. The ultrasound probe according to claim 1, wherein a gas
region is present in the acoustic medium liquid reservoir
portion, and the ventilation path is connected to the gas
region.

4. The ultrasound probe according to claim 1, wherein the
cross-sectional area of the acoustic medium liquid reservoir
portion continuously decreases from the part that communi-
cates with the ventilation path toward the part that communi-
cates with the communication path.

5. The ultrasound probe according to claim 1, wherein the
acoustic medium liquid reservoir portion is formed so that a
radial gap changes in a circumferential direction of the acous-
tic medium liquid reservoir portion.

6. The ultrasound probe according to claim 5, wherein the
gap is larger in the part that communicates with the ventila-
tion path than in the part that communicates with the com-
munication path.

7. The ultrasound probe according to claim 1, wherein the
ventilation path is set at a position apart from the communi-
cation path with respect to, as a point of symmetry, a center
point of the acoustic medium liquid reservoir portion.

8. The ultrasound probe according to claim 1, wherein the
cover member is made of a translucent material.

9. The ultrasound probe according to claim 1, wherein a
liquid region is present in the acoustic medium liquid reser-
voir portion, and the communication path is connected to the
liquid region.
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