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7) ABSTRACT

For the purpose of reducing the numbers of members and
molds to reduce the cost of manufacture, and improving
grippability in an ultrasonic probe, a fixing member 6 fitted
with an ultrasonic element 3, a broad cable 4, a connector 5,
and a connection cable 2 is inserted into a mold, and an
ultrasonic lens portion 11, a case 12, and a bushing portion
13 are integrally molded by insert molding. Since an ultra-
sonic probe 10 is made using a single mold, the number of
members is reduced, the number of assembly steps is
reduced, and reduction in the cost of manufacture can thus
be achieved.

14



Patent Application Publication May 29,2003 Sheet 1 of 16 US 2003/0100834 A1

FIG. 1
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FIG. 3
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FIG. 4
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FIG. 7
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ULTRASONIC PROBE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasonic probe
for imaging a subject with reflection of ultrasound, and more
particularly to an ultrasonic probe in which the cost of
manufacture is reduced and grippability is improved.

[0002] Conventionally, an ultrasonic imaging apparatus
for imaging the interior of a subject by illuminating the
subject with ultrasound and producing an image of reflection
waves of the ultrasound has been commonly used in non-
destructive inspection. Since ultrasound is harmless to living
bodies, the ultrasonic imaging apparatus is especially useful
for medical purposes, and used in detection of a foreign
material within a living body, determination of the degree of
lesion, observation of tumors, and observation of a fetus, for
example.

[0003] When local information on a subject is to be
acquired with ultrasound, an ultrasonic probe that is gripped
by an operator and is capable of abutting against a desired
portion of the subject is generally used. FIG. 15 is a
perspective view showing the general configuration of a
conventional ultrasonic probe. FIG. 16 is an exploded view
of the ultrasonic probe shown in FIG. 15. In FIGS. 15 and
16, the ultrasonic probe 100 comprises an ultrasonic element
3 at the tip portion of a case 102 made of a hard resin. The
case 102 is formed by combining a case member 102a and
a case member 102b, and is provided with an opening
portion near the ultrasonic element 3 for fitting an ultrasonic
lens 101 therein.

[0004] A broad cable 4 connected with the ultrasonic
element 3 is connected to a connection cable 2 via a
connector 5, and the connection cable 2 is connected to an
ultrasonic imaging apparatus (not shown). A pass-through
portion through which the connection cable 2 passes into the
case 102 is provided with a bushing portion 103. The
bushing portion 103 is made of a material such as a rubber,
and serves as a cable protection portion for preventing
breakage of the connection cable 2 by limiting flexure of the
connection cable 102 at the pass-through portion. The case
102 is also provided with a grip portion 104 that can be
gripped by the operator, and the grip portion 104 is provided
with a plurality of concave portions 105 for preventing

slipping.

[0005] The ultrasonic element 3 is supplied with electric
power from the broad cable 4, and generates ultrasound. The
generated ultrasound is focused by the ultrasonic lens por-
tion 101, and the subject to be imaged is illuminated with the
focused ultrasound. The ultrasonic element 3 also receives
reflection waves that are ultrasound reflected by the subject
to be imaged, converts the received waves into electric
signals, and outputs them to the broad cable 4. The broad
cable 4 transmits the electric signals output by the ultrasonic
element 3 to the ultrasonic imaging apparatus (not shown)
via the connector 5 and connection cable 2. The ultrasonic
imaging apparatus produces an image of the imaged subject
based on the electric signals received from the connection
cable 2.

[0006] In performing imaging, the operator grips the grip
portion 104 and puts the ultrasonic lens portion 101 against
a desired portion in the subject to be imaged to conduct
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imaging. At that time, a solvent for ultrasonic examination
is usually applied to the subject to be imaged. The solvent
for ultrasonic examination is a gel-type solvent that has an
acoustic impedance similar to that of the human body and
prevents attenuation of ultrasound. By applying such a
solvent, multiple reflection can be suppressed and noise can
be prevented. The tip portion of the ultrasonic probe 100
may be inserted into a body cavity, i.e., into the esophagus,
intestine, vagina, anus or the like, to acquire information on
the interior of the living body.

[0007] However, the conventional ultrasonic probe as
described above is an assembly formed of the case members
1024 and 102b, ultrasonic lens portion 101, and bushing
portion 103, and therefore, it is necessary to prepare a mold
for each member, and steps of making the members sepa-
rately, assembling them, and bonding them together are
needed. This leads to a problem of high cost of manufacture.

[0008] Moreover, since the case 102 is made of a hard
resin, the case 102 is likely to slip when employed, and this
leads to problems that there is a possibility of breakage by
dropping, and ultrasound cannot be stably focused.

SUMMARY OF THE INVENTION

[0009] Therefore, the object of the present invention is to
provide an ultrasonic probe in which the numbers of mem-
bers and molds are reduced to lower the cost of manufacture,
and grippability is improved.

[0010] The present invention, in accordance with a first
aspect for solving the aforementioned problems and attain-
ing the object, is an ultrasonic probe having an ultrasonic
element for emitting ultrasound and converting reflection
waves of said ultrasound into electric signals, and a cable for
supplying electric power to said ultrasonic element and
transmitting said electric signals, said ultrasonic probe char-
acterized in comprising: a case for accommodating said
ultrasonic element, and provided with a grip portion that can
be gripped by an operator; a cable protection portion pro-
vided at a pass-through portion of said cable for limiting
flexure of said cable; and an ultrasonic lens for focusing said
ultrasound, wherein said case, said ultrasonic lens, and said
cable protection portion are formed by integral molding.

[0011] According to the invention of the first aspect, since
the case, ultrasonic lens and cable protection portion of the
ultrasonic probe are formed by integral molding of a single
material, the number of necessary molds is reduced, and
grippability is improved.

[0012] The present invention in accordance with a second
aspect is an ultrasonic probe having an ultrasonic element
for emitting ultrasound and converting reflection waves of
said ultrasound into electric signals, and a cable for supply-
ing electric power to said ultrasonic element and transmit-
ting said electric signals, said ultrasonic probe characterized
in comprising: a case for accommodating said ultrasonic
element, and provided with a grip portion that can be
gripped by an operator; a cable protection portion provided
at a pass-through portion of said cable for limiting flexure of
said cable; and an ultrasonic lens for focusing said ultra-
sound, wherein said ultrasonic lens and said cable protection
portion are formed by integral molding.
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[0013] According to the invention of the second aspect,
since the ultrasonic lens and cable protection portion are
formed by integral molding of a single material, the number
of necessary molds is reduced.

[0014] The present invention in accordance with a third
aspect is characterized in that, in the invention of the second
aspect, said case is formed on the surface of said ultrasonic
lens and said cable protection portion that are formed by said
integral molding.

[0015] According to the invention of the third aspect,
since the case is formed on the surface of the ultrasonic lens
and cable retaining portion formed by integral molding, the
number of necessary molds is reduced, and the strength of
the ultrasonic probe is improved.

[0016] The present invention in accordance with a fourth
aspect is an ultrasonic probe having an ultrasonic element
for emitting ultrasound and converting reflection waves of
said ultrasound into electric signals, and a cable for supply-
ing electric power to said ultrasonic element and transmit-
ting said electric signals, said ultrasonic probe characterized
in comprising: a case for accommodating said ultrasonic
element, and provided with a grip portion that can be
gripped by an operator; and an ultrasonic lens for focusing
said ultrasound, wherein said ultrasonic lens and said case
are formed by integral molding.

[0017] According to the invention of the fourth aspect,
since the case and ultrasonic lens of the ultrasonic probe are
formed by integral molding of a single material, the number
of necessary molds is reduced, and grippability is improved.

[0018] The present invention in accordance with a fifth
aspect is an ultrasonic probe having an ultrasonic element
for emitting ultrasound and converting reflection waves of
said ultrasound into electric signals, and a cable for supply-
ing electric power to said ultrasonic element and transmit-
ting said electric signals, said ultrasonic probe characterized
in comprising: a case for accommodating said ultrasonic
element, and provided with a grip portion that can be
gripped by an operator; and a cable protection portion
provided at a pass-through portion of said cable for limiting
flexure of said cable, wherein said case and said cable
protection portion are formed by integral molding.

[0019] According to the invention of the fifth aspect, since
the case and cable protection portion of the ultrasonic probe
are formed by integral molding of a single material, the
number of necessary molds is reduced, and grippability is
improved.

[0020] The present invention in accordance with a sixth
aspect is an ultrasonic probe having an ultrasonic element
for emitting ultrasound and converting reflection waves of
said ultrasound into electric signals, and a cable for supply-
ing electric power to said ultrasonic element and transmit-
ting said electric signals, said ultrasonic probe characterized
in comprising: a case for accommodating said ultrasonic
element, and provided with a grip portion that can be
gripped by an operator; a cable protection portion provided
at a pass-through portion of said cable for limiting flexure of
said cable; and an ultrasonic lens for focusing said ultra-
sound, wherein said cable protection portion covers at least
said grip portion.
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[0021] According to the invention of the sixth aspect,
since the cable protection portion that covers the grip portion
of the ultrasonic probe is provided, grippability during
operation is improved.

[0022] The present invention in accordance with a seventh
aspect is characterized in that, in the invention of the sixth
aspect, said cable protection portion and said case are
formed by two-color molding employing a common mold.

[0023] According to the invention of the seventh aspect,
since the case of the ultrasonic probe is formed with the
cable protection portion using two-color molding, and the
grip portion of the ultrasonic probe is covered with the cable
protection portion, the number of molds and the number of
steps are reduced, and grippability during operation is
improved.

[0024] The present invention in accordance with an eighth
aspect is characterized in that, in the invention of the
first—seventh aspects, said ultrasonic probe further com-
prises a fixing member for fixing said ultrasonic element,
wherein said case, said ultrasonic lens, and said cable
protection portion are formed on the surface of said fixing
member.

[0025] According to the invention of the eighth aspect,
since the case, ultrasonic lens and cable protection portion
are formed on the surface of a fixing member fitted with the
ultrasonic element, the ultrasonic probe can be made by
insert molding.

[0026] The present invention in accordance with a ninth
aspect is characterized in that, in the invention of the eighth
aspect, said fixing member has a positioning portion for
positioning said ultrasonic element, and said positioning
portion determines the positional relationship between said
ultrasonic element and said ultrasonic lens portion.

[0027] According to the invention of the ninth aspect,
since the positional relationship between the ultrasonic
element and ultrasonic lens portion is determined by a
positioning portion provided in the fixing member, the
characteristics of the ultrasonic lens portion can be defined
with high precision.

[0028] Further objects and advantages of the present
invention will be apparent from the following description of
the preferred embodiments of the invention as illustrated in
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a perspective view showing the general
configuration of an ultrasonic probe in accordance with
Embodiment 1.

[0030] FIG. 2 is a cross-sectional view of the ultrasonic
probe 10 shown in FIG. 1 taken along line A-A.

[0031] FIG. 3 shows a method of disposing a fixing
member 6 when a mold and a fixing member 6 are provided
with a positioning portion.

[0032] FIG. 4 is a perspective view showing the general
configuration of an ultrasonic probe 20 that is Embodiment
2 of the present invention.

[0033] FIG. 5 is a cross-sectional view of the ultrasonic
probe 20 shown in FIG. 4 taken along line B-B.
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[0034] FIG. 6 is an exploded view of the ultrasonic probe
20 shown in FIG. 4.

[0035] FIG. 7 is a perspective view showing the general
configuration of an ultrasonic probe 30 that is Embodiment
3 of the present invention.

[0036] FIG. 8 is a cross-sectional view of the ultrasonic
probe 30 shown in FIG. 7 taken along line C-C.

[0037] FIG. 9 is a perspective view showing the general
configuration of an ultrasonic probe 40 that is Embodiment
4 of the present invention.

[0038] FIG. 10 is a cross-sectional view of the ultrasonic
probe 40 shown in FIG. 9 taken along line D-D.

[0039] FIG. 11 is a perspective view showing the general
configuration of an ultrasonic probe 50 that is Embodiment
5 of the present invention.

[0040] FIG. 12 is a cross-sectional view of the ultrasonic
probe 50 shown in FIG. 11 taken along line E-E.

[0041] FIG. 13 is a perspective view showing the general
configuration of an ultrasonic probe 60 that is Embodiment
6 of the present invention.

[0042] FIG. 14 is a cross-sectional view of the ultrasonic
probe 60 shown in FIG. 13 taken along line F-F.

[0043] FIG. 15 is a perspective view showing the general
configuration of a conventional ultrasonic probe.

[0044] FIG. 16 is an exploded view of the ultrasonic probe
shown in FIG. 15.

DETAILED DESCRIPTION OF THE
INVENTION

[0045] An ultrasonic probe in accordance with several
embodiments of the present invention will now be described
in detail with reference to the accompanying drawings.

[0046] Embodiment 1.

[0047] In Embodiment 1, an ultrasonic probe 10 made by
integral molding of a case, an ultrasonic lens portion, and a
bushing portion will be described with reference to FIGS.
1-3. This ultrasonic probe 10 has a configuration such that
the probe 10 has a tip portion intended for insertion into the
body cavity and an ultrasonic element is fitted in the tip
portion.

[0048] FIG. 1 is a perspective view showing the general
configuration of the ultrasonic probe in accordance with
Embodiment 1. FIG. 2 is a cross-sectional view of the
ultrasonic probe 10 shown in FIG. 1 taken along line A-A.
In FIGS. 1 and 2, the ultrasonic probe 10 has therein an
ultrasonic element 3, a broad cable 4, a connector 4, and a
fixing member 6. The ultrasonic element 3 is fitted in the
fixing member 6, and disposed near the tip portion of the
case 12. The broad cable 4 connected with the ultrasonic
element 3 is connected to a connection cable 2 via the
connector 5, and the connection cable 2 is connected to an
ultrasonic imaging apparatus (not shown). It should be noted
that the broad cable 4, connector 5 and connection cable 2
are fitted in the fixing member 6 and are fixed.

[0049] The case 12 forms an ultrasonic lens portion 11
near the ultrasonic element 3. The case 12 also forms a
bushing portion 13 at a pass-through portion through which
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the connection cable 2 passes into the case 12. The bushing
portion 13 serves as a cable protection portion for preventing
breakage of the connection cable 2 by limiting flexure of the
connection cable 2 at the pass-through portion. Moreover,
the case 12 comprises a grip portion 14 that can be gripped
by an operator.

[0050] The ultrasonic element 3 is supplied with electric
power from the broad cable 4, and generates ultrasound. The
generated ultrasound is focused by the ultrasonic lens por-
tion 11, and the subject to be imaged is illuminated with the
focused ultrasound. The ultrasonic element 3 also receives
reflection waves that are ultrasound reflected by the subject
to be imaged, converts the received waves into electric
signals, and outputs them to the broad cable 4. The broad
cable 4 transmits the electric signals output by the ultrasonic
element 3 to the ultrasonic imaging apparatus (not shown)
via the connector 5 and connection cable 2. The ultrasonic
imaging apparatus produces an image of the imaged subject
based on the electric signals received from the connection
cable 2.

[0051] In performing imaging, the operator grips the grip
portion 14 and puts the ultrasonic lens portion 11 against a
desired portion in the subject to be imaged to conduct
imaging. At that time, a solvent for ultrasonic examination
may be applied to the subject to be imaged. The solvent for
ultrasonic examination is a gel-type solvent that has an
acoustic impedance similar to that of the human body and
prevents attenuation of ultrasound. By applying such a
solvent, multiple reflection can be suppressed and noise can
be prevented. The tip portion of the ultrasonic probe 10 may
be inserted into a body cavity, i.e., into the esophagus,
intestine, vagina, anus or the like, to acquire information on
the interior of the living body.

[0052] In making the ultrasonic probe 10, the ultrasonic
element 3, broad cable 4, connector 5, and connection cable
are first fitted in the fixing member 6. The fixing member 6
is next positioned in the interior of a mold having a cavity
corresponding to the case 12. By injecting into the cavity a
silicon resin that will serve as the ultrasonic lens, the case 12
can be integrally molded, and the ultrasonic lens portion 11
and bushing portion 13 can be formed at the same time.

[0053] A method of disposing the fixing member 6 in the
interior of the mold can be arbitrarily selected for use from
among, for example, a method involving suspending the
fixing member 6 within the cavity using the connection
cable 2, and a method involving providing the mold and
fixing member 6 with a positioning portion for positioning.
FIG. 3 shows a method of disposing the fixing member 6
when the mold and fixing member 6 are provided with the
positioning portion. In FIG. 3, a lower mold 15 has a cavity
16, and the cavity 16 is provided in the inside thereof with
positioning pins 16a and 16b. The fixing member 6 has a
positioning portion 6a corresponding to the positioning pin
16a and a positioning portion 6b corresponding to the
positioning pin 16b.

[0054] When the fixing member 6 is disposed in the lower
mold 15, the positional relationship between the mold 15
and the fixing member 6 can be determined by inserting the
positioning pin 164 into the positioning portion 64 and the
positioning pin 16b into the positioning portion 6b. In the
ultrasonic probe 10, since the ultrasonic lens portion 11 is
formed simultaneously with the case 12 by integral molding
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of the case 12, the positional relationship between the mold
15 and the fixing member 6 determines the positional
relationship of the ultrasonic element 3 and ultrasonic lens
portion 11, thus affecting the characteristics of the ultrasonic
lens portion 11. Therefore, the characteristics of the ultra-
sonic lens portion 11 can be defined with high precision by
disposing the positioning pin 16« and the positioning portion
6a near the ultrasonic lens portion 11.

[0055] As described above, since the ultrasonic lens por-
tion 11 and the bushing portion 13 are formed simulta-
neously with the case 12 during integral molding of the case
12 in the ultrasonic probe 10 in accordance with Embodi-
ment 1, the ultrasonic probe 10 can be made using a single
mold. Thus, the number of members is reduced, the number
of assembling steps is reduced, and reduction in the cost of
manufacture can thus be achieved.

[0056] Moreover, since the ultrasonic lens portion 11, case
12, and bushing portion 13 are formed by integral molding
of the silicon material that serves as the ultrasonic lens, the
function as the cable protection portion is fully achieved in
the bushing portion 13, and slipping is prevented and
grippability is improved in the grip portion 14. Furthermore,
by integral molding the case 12, gaps and seams are elimi-
nated in the appearance of the ultrasonic probe 10, improv-
ing aesthetics.

[0057] While the connection cable 2 and the broad cable
4 are connected to each other via the connector 5 in this
embodiment, a configuration in which the connection cable
2 is soldered directly to the broad cable 4 without the
connector § is possible.

[0058] Embodiment 2.

[0059] An ultrasonic probe in accordance with Embodi-
ment 2 will now be described. While the case 12, ultrasonic
lens portion 11 and bushing portion 13 were formed by
integral molding in the ultrasonic probe 10 in accordance
with Embodiment 1 as described above, an ultrasonic probe
20 presented in Embodiment 2 has an ultrasonic lens portion
and a case separately molded, and a bushing portion is
molded covering part of the surface of the case. The remain-
der of the configuration is similar to the ultrasonic probe 10
described in Embodiment 1, and similar components are
designated by like symbols.

[0060] FIG. 4 is a perspective view showing the general
configuration of the ultrasonic probe 20 that is Embodiment
2 of the present invention. FIG. 5 is a cross-sectional view
of the ultrasonic probe 20 shown in FIG. 4 taken along line
B-B. In FIGS. 4 and 5, the ultrasonic probe 20 has an
ultrasonic element 3 at the tip portion of a case 22. A broad
cable 4 connected with the ultrasonic element 3 is connected
to a connection cable 2 via the connector 5, and the
connection cable 2 is connected to an ultrasonic imaging
apparatus (not shown).

[0061] The case 22 comprises a grip portion 24 that can be
gripped by the operator. Moreover, the ultrasonic probe 20
comprises a bushing portion 23 at a pass-through portion
through which the connection cable 2 passes into the case
22. The bushing portion 23 serves as a cable protection
portion for preventing breakage of the connection cable 2 by
limiting flexure of the connection cable 2 at the pass-through
portion. The bushing portion 23 covers the grip portion 24,
and serves as a slip stopper.
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[0062] The ultrasonic element 3 is supplied with electric
power from the broad cable 4, and generates ultrasound. The
generated ultrasound is focused by an ultrasonic lens portion
21, and the subject to be imaged is illuminated with the
focused ultrasound. The ultrasonic element 3 also receives
reflection waves that are ultrasound reflected by the subject
to be imaged, converts the received waves into electric
signals, and outputs them to the broad cable 4. The broad
cable 4 transmits the electric signals output by the ultrasonic
element 3 to the ultrasonic imaging apparatus (not shown)
via the connector 5 and connection cable 2. The ultrasonic
imaging apparatus produces an image of the imaged subject
based on the electric signals received from the connection
cable 2.

[0063] In performing imaging, the operator grips the grip
portion 24 and puts the ultrasonic lens portion 21 against a
desired portion in the subject to be imaged to conduct
imaging. At that time, a solvent for ultrasonic examination
may be applied to the subject to be imaged. The tip portion
of the ultrasonic probe 20 may be inserted into the body
cavity, i.e., into the esophagus, intestine, vagina, anus or the
like, to acquire information on the interior of the living body.

[0064] A process of making the ultrasonic probe 20 will
next be described with reference to FIG. 6. FIG. 6 is an
exploded view of the ultrasonic probe 20. The ultrasonic
probe 20 is made by separately forming the ultrasonic lens
portion 21, a case member 224, and a case member 22, and
combining them.

[0065] The case members 22 and 22b are made of a hard
resin, and are provided with a bushing member 23¢ and a
bushing member 23b, respectively, of a rubbery material on
the surface of the hard resin. The bushing members 234 and
23b are formed using two-color molding so that they cover
the surface of the case members 22a and 22b corresponding
to the grip portion 24.

[0066] The procedure of making the ultrasonic probe 20
involves separately forming the ultrasonic lens portion 21,
case member 222 and case member 22b first. Next, the
ultrasonic element 3, broad cable 4, connector 5, and con-
nection cable 2 are fitted into the case member 22b. Then,
the ultrasonic lens portion 21, case member 22a and case
member 22 are assembled, and the ultrasonic probe 20 can
be thus obtained.

[0067] As described above, since the bushing portion 23
and the case 22 are formed using two-color molding in the
ultrasonic probe 20 in accordance with Embodiment 2, the
number of molds for use in manufacture is reduced and the
number of assembling steps is reduced, thus reducing the
cost of manufacture.

[0068] Moreover, since the bushing portion 23 is made of
a rubbery material, it fully achieves its function as the cable
protection portion, and at the same time, slipping is pre-
vented and grippability is improved in the grip portion 24.

[0069] While the connection cable 2 and the broad cable
4 are connected to each other via the connector § in this
embodiment, a configuration in which the connection cable
2 is soldered directly to the broad cable 4 without the
connector 5 is possible.
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[0070] Embodiment 3.

[0071] An ultrasonic probe in accordance with Embodi-
ment 3 will now be described. While the case 12, ultrasonic
lens portion 11 and bushing portion 13 are formed by
integral molding in the ultrasonic probe 10 in accordance
with Embodiment 1, an ultrasonic probe 30 presented in
Embodiment 3 has an ultrasonic lens portion and a busing
portion integrally molded beforehand, and a case is formed
on their surface. The remainder of the configuration is
similar to the ultrasonic probe 10 described in Embodiment
1, and similar components are designated by similar sym-
bols.

[0072] FIG. 7 is a perspective view showing the general
configuration of the ultrasonic probe 30 that is Embodiment
3 of the present invention. FIG. 8 is a cross-sectional view
of the ultrasonic probe 30 shown in FIG. 7 taken along line
C-C. In FIGS. 7 and 8, the ultrasonic probe 30 comprises
a silicon material that is integrally molded within a case 32
to form an ultrasonic lens portion 31 and a bushing portion
33. The silicon material has therein an ultrasonic element 3,
a broad cable 4, a connector 5, and a fixing member 6.

[0073] The ultrasonic element 3 is fitted in the fixing
member 6, and disposed near the tip portion of the silicon
material. The broad cable 4 connected with the ultrasonic
element 3 is connected to a connection cable 2 via the
connector 5, and the connection cable 2 is connected to an
ultrasonic imaging apparatus (not shown). It should be noted
that the broad cable 4, connector 5 and connection cable 2
are fitted in the fixing member 6 and are fixed.

[0074] The silicon material forms the ultrasonic lens por-
tion 31 near the ultrasonic element 3. The silicon material
also forms the bushing portion 33 at a pass-through portion
through which the connection cable 2 passes into the silicon
material. The bushing portion 33 serves as a cable protection
portion for preventing breakage of the connection cable 2 by
limiting flexure of the connection cable 2 at the pass-through
portion. The case 32 forms a grip portion 34 that can be
gripped by the operator and that covers the surface of the
silicon material with the ultrasonic lens portion 31 and
bushing portion 33 exposed.

[0075] The ultrasonic element 3 is supplied with electric
power from the broad cable 4, and generates ultrasound. The
generated ultrasound is focused by the ultrasonic lens por-
tion 31, and the subject to be imaged is illuminated with the
focused ultrasound. The ultrasonic element 3 also receives
reflection waves that are ultrasound reflected by the subject
to be imaged, converts the received waves into electric
signals, and outputs them to the broad cable 4. The broad
cable 4 transmits the electric signals output by the ultrasonic
element 3 to the ultrasonic imaging apparatus (not shown)
via the connector 5 and connection cable 2. The ultrasonic
imaging apparatus produces an image of the imaged subject
based on the electric signals received from the connection
cable 2.

[0076] In performing imaging, the operator grips the grip
portion 34 and puts the ultrasonic lens portion 31 against a
desired portion in the subject to be imaged to conduct
imaging. At that time, a solvent for ultrasonic examination
may be applied to the subject to be imaged. The solvent for
ultrasonic examination is a gel-type solvent that has an
acoustic impedance similar to that of the human body and
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prevents attenuation of ultrasound. By applying such a
solvent, multiple reflection can be suppressed and noise can
be prevented. The tip portion of the ultrasonic probe 30 may
be inserted into the body cavity, i.e., into the esophagus,
intestine, vagina, anus or the like, to acquire information on
the interior of the living body.

[0077] In making the ultrasonic probe 30, the ultrasonic
element 3, broad cable 4, connector 5, and connection cable
2 are first fitted in the fixing member 6. Insert molding is
next used to mold the silicon material surrounding the fixing
member 6 to form the ultrasonic lens portion 31 and the
bushing portion 33. Next, the case 32 is insert-molded using
a hard resin, and the ultrasonic probe 30 can thus be
obtained.

[0078] As described above, since the ultrasonic lens por-
tion 31 and the bushing portion 13 are integrally molded of
the same material, and the case 32 is formed by insert
molding in the ultrasonic probe 30 in accordance with
Embodiment 3, the number of members is reduced, the
number of assembling steps is reduced, and reduction in the
cost of manufacture can thus be achieved.

[0079] Moreover, since the case 32 is separately formed
using insert molding of a hard resin, gaps and seams are
eliminated in the appearance of the ultrasonic probe 30,
improving aesthetics, and at the same time, the strength of
the ultrasonic probe 30 is improved.

[0080] While the connection cable 2 and the broad cable
4 are connected to each other via the connector 5 in this
embodiment, a configuration in which the connection cable
2 is soldered directly to the broad cable 4 without the
connector § is possible.

[0081]

[0082] An ultrasonic probe in accordance with Embodi-
ment 4 will now be described. While the case, ultrasonic lens
portion and bushing portion are formed by integral molding
in the ultrasonic probe 10 in accordance with Embodiment
1 as described above, an ultrasonic probe 40 in this embodi-
ment has a case and an ultrasonic lens portion integrally
molded, and a bushing portion is separately molded. The
remainder of the configuration is similar to the ultrasonic
probe 10 described in Embodiment 1, and similar compo-
nents are designated by similar symbols.

[0083] FIG. 9 is a perspective view showing the general
configuration of the ultrasonic probe 40 that is Embodiment
4 of the present invention. FIG. 10 is a cross-sectional view
of the ultrasonic probe 40 shown in FIG. 9 taken along line
D-D. In FIGS. 9 and 10, the ultrasonic probe 40 has therein
an ultrasonic element 3, a broad cable 4, a connector 5, and
a fixing member 6. The ultrasonic element 3 is fitted in the
fixing member 6, and disposed near the tip portion of a case
42. The broad cable 4 connected with the ultrasonic element
3 is connected to a connection cable 2 via the connector 5,
and the connection cable 2 is connected to an ultrasonic
imaging apparatus (not shown). It should be noted that the
broad cable 4, connector 5 and connection cable 2 are fitted
in the fixing member 6 and are fixed.

[0084] The case 42 forms an ultrasonic lens portion 41
near the ultrasonic element 3. The ultrasonic probe 40
comprises a bushing portion 43 at a pass-through portion
through which the connection cable 2 passes into the case

Embodiment 4.
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42. The bushing portion 43 is made of a rubbery material,
and serves as a cable protection portion for preventing
breakage of the connection cable 2 by limiting flexure of the
connection cable 2 at the pass-through portion. The case 42
also forms a grip portion 44 that can be gripped by the
operator.

[0085] The ultrasonic element 3 is supplied with electric
power from the broad cable 4, and generates ultrasound. The
generated ultrasound is focused by an ultrasonic lens portion
41, and the subject to be imaged is illuminated with the
focused ultrasound. The ultrasonic element 3 also receives
reflection waves that are ultrasound reflected by the subject
to be imaged, converts the received waves into electric
signals, and outputs them to the broad cable 4. The broad
cable 4 transmits the electric signals output by the ultrasonic
element 3 to the ultrasonic imaging apparatus (not shown)
via the connector 5 and connection cable 2. The ultrasonic
imaging apparatus produces an image of the imaged subject
based on the electric signals received from the connection
cable 2.

[0086] In performing imaging, the operator grips the grip
portion 44 and puts the ultrasonic lens portion 41 against a
desired portion in the subject to be imaged to conduct
imaging. At that time, a solvent for ultrasonic examination
may be applied to the subject to be imaged. The tip portion
of the ultrasonic probe 40 may be inserted into the body
cavity, i.e., into the esophagus, intestine, vagina, anus or the
like, to acquire information on the interior of the living body.

[0087] In making the ultrasonic probe 40, the ultrasonic
element 3, broad cable 4, connector 5, and connection cable
are first fitted in the fixing member 6. Next, the bushing
portion 43 is formed in the fixing member 6. The fixing
member 6 is then positioned in the interior of a mold having
a cavity corresponding to the case 42; and by injecting into
the cavity a silicon resin that will serve as the ultrasonic lens,
the case 42 and the ultrasonic lens portion 41 can be
integrally molded.

[0088] As described above, since the ultrasonic lens por-
tion 41 is formed simultaneously with the case 42 during
integral molding of the case 42 in the ultrasonic probe 40 in
accordance with Embodiment 4, the case 42 and ultrasonic
lens portion 41 can be made using a single mold. Thus, the
number of members is reduced, the number of assembling
steps is reduced, and reduction in the cost of manufacture
can thus be achieved.

[0089] Moreover, since the ultrasonic lens portion 41 and
the case 42 are integrally molded by integral molding of the
silicon material that serves as the ultrasonic lens, slipping is
prevented and grippability is improved in the grip portion
44. Furthermore, by integral molding the case 42, gaps and
seams are eliminated in the appearance of the ultrasonic
probe 40, improving aesthetics.

[0090] While the connection cable 2 and the broad cable
4 are connected to each other via the connector 5 in this
embodiment, a configuration in which the connection cable
2 is soldered directly to the broad cable 4 without the
connector 5 is possible.

[0091] Embodiment 5.

[0092] An ultrasonic probe in accordance with Embodi-
ment 5 will now be described. While the case, ultrasonic lens
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portion and bushing portion are formed by integral molding
in the ultrasonic probe 10 in accordance with Embodiment
1 as described above, an ultrasonic probe 50 presented in
Embodiment 5 has a case and bushing portion integrally
molded, and an ultrasonic lens portion is separately molded.
The remainder of the configuration is similar to the ultra-
sonic probe 10 described in Embodiment 1, and similar
components are designated by similar symbols.

[0093] FIG. 11 is a perspective view showing the general
configuration of the ultrasonic probe 50 that is Embodiment
5 of the present invention. FIG. 12 is a cross-sectional view
of the ultrasonic probe 50 shown in FIG. 11 taken along line
E-E. In FIGS. 11 and 12, the ultrasonic probe 50 comprises
an ultrasonic lens portion 51 at the tip portion of a case 52,
and an ultrasonic element 3 inside the ultrasonic lens portion
51. A broad cable 4 connected with the ultrasonic element 3
is connected to a connection cable 2 via the connector 5, and
the connection cable 2 is connected to an ultrasonic imaging
apparatus (not shown). The ultrasonic lens portion 51,
ultrasonic element 3, broad cable 4, connector 5 and con-
nection cable 2 are fitted in a fixing member 6 and are fixed.

[0094] The case 52 forms a bushing portion 53 at a
pass-through portion through which the connection cable 2
passes into the case 52. The bushing portion 53 serves as a
cable protection portion for preventing breakage of the
connection cable 2 by limiting flexure of the connection
cable 2 at the pass-through portion. The case 52 has the
ultrasonic lens portion 51 exposed near the ultrasonic ele-
ment 3. The case 52 also forms a grip portion 54 that can be
gripped by the operator.

[0095] The ultrasonic element 3 is supplied with electric
power from the broad cable 4, and generates ultrasound. The
generated ultrasound is focused by the ultrasonic lens por-
tion 51, and the subject to be imaged is illuminated with the
focused ultrasound. The ultrasonic element 3 also receives
reflection waves that are ultrasound reflected by the subject
to be imaged, converts the received waves into electric
signals, and outputs them to the broad cable 4. The broad
cable 4 transmits the electric signals output by the ultrasonic
element 3 to the ultrasonic imaging apparatus (not shown)
via the connector 5 and connection cable 2. The ultrasonic
imaging apparatus produces an image of the imaged subject
based on the electric signals received from the connection
cable 2.

[0096] In performing imaging, the operator grips the grip
portion 54 and puts the ultrasonic lens portion 51 against a
desired portion in the subject to be imaged to conduct
imaging. At that time, a solvent for ultrasonic examination
may be applied to the subject to be imaged. The tip portion
of the ultrasonic probe 50 may be inserted into the body
cavity, i.e., into the esophagus, intestine, vagina, anus or the
like, to acquire information on the interior of the living body.

[0097] In making the ultrasonic probe 50, the ultrasonic
lens portion 51, ultrasonic element 3, broad cable 4, con-
nector 5, and connection cable are first fitted in the fixing
member 6. The fixing member 6 is then positioned in the
interior of a mold having a cavity corresponding to the case
52; and the case 52 and bushing portion 53 both made of a
rubbery material are integrally molded on the surface of the
fixing member 6 by insert molding.

[0098] As described above, since the bushing portion 53 is
formed simultaneously with the case 52 during integral
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molding of the case 52 in the ultrasonic probe 50 in
accordance with Embodiment 5, the case 32 and the bushing
portion 53 can be made using a single mold. Thus, the
number of members is reduced, the number of assembling
steps is reduced, and reduction in the cost of manufacture
can thus be achieved.

[0099] Moreover, since the bushing portion 53 is made of
a rubbery material, it fully achieves its function as the cable
protection portion, and slipping is prevented and grippability
is improved in the grip portion 54.

[0100] Furthermore, since the ultrasonic lens portion 51 is
a separate member, the function of the ultrasonic lens is not
required in the material for the case 52 and bushing portion
53, and a low-cost material can be used, thus further
reducing the cost of manufacture. In addition, since the
ultrasonic lens portion 51 is fitted in the fixing member 6,
positioning of the ultrasonic lens portion 51 relative to the
ultrasonic element 3 can be easily achieved.

[0101] While the connection cable 2 and the broad cable
4 are connected to each other via the connector 5 in this
embodiment, a configuration in which the connection cable
2 is soldered directly to the broad cable 4 without the
connector 5 is possible.

[0102] Embodiment 6.

[0103] An ultrasonic probe in accordance with Embodi-
ment 6 will now be described. The ultrasonic probe had a
configuration such that the probe has a tip portion intended
for insertion into the body cavity and an ultrasonic element
is fitted in the tip portion in Embodiments 1-5 described
above, whereas an ultrasonic probe especially suitable for
use with the probe put against the surface of the body will
be described hereinbelow.

[0104] FIG. 13 is a perspective view showing the general
configuration of an ultrasonic probe 60 that is Embodiment
6 of the present invention. FIG. 14 is a cross-sectional view
of the ultrasonic probe 60 shown in FIG. 13 taken along line
F-F. In FIGS. 13 and 14, the ultrasonic probe 60 comprises
an ultrasonic element 3 at one end of a case 62 provided with
a grip portion 64, and a connection cable 2 is drawn out from
the other end just opposite to the ultrasonic element 3. The
end of the case 62 at which the ultrasonic element 3 is
disposed is wider than the grip portion 62, and the end is
provided with an ultrasonic lens portion 61. The ultrasonic
lens portion 61 has a surface extending in a normal direction
with respect to the axis of the case 62, and has a shape
suitable for being put against the subject to be imaged.

[0105] The ultrasonic probe 60 also comprises a bushing
portion 63 at a pass-through portion through which the
connection cable 2 passes into the case 62. The bushing
portion 63 serves as a cable protection portion for preventing
breakage of the connection cable 2 by limiting flexure of the
connection cable 2 at the pass-through portion. Moreover,
the bushing portion 63 covers the grip portion 64, and serves
as a slip stopper.

[0106] The ultrasonic element 3 is connected to a connec-
tion cable 2 via a broad cable 4 and a connector 5, and the
connection cable 2 is connected to an ultrasonic imaging
apparatus (not shown).

[0107] The ultrasonic element 3 is supplied with electric
power from the broad cable 4, and generates ultrasound. The

May 29, 2003

generated ultrasound is focused by the ultrasonic lens por-
tion 61, and the subject to be imaged is illuminated with the
focused ultrasound. The ultrasonic element 3 also receives
reflection waves that are ultrasound reflected by the subject
to be imaged, converts the received waves into electric
signals, and outputs them to the broad cable 4. The broad
cable 4 transmits the electric signals output by the ultrasonic
element 3 to the ultrasonic imaging apparatus (not shown)
via the connector 5 and connection cable 2. The ultrasonic
imaging apparatus produces an image of the imaged subject
based on the electric signals received from the connection
cable 2.

[0108] In performing imaging, the operator grips the grip
portion 64, and puts the ultrasonic lens portion 61 against a
desired portion in the subject to be imaged to conduct
imaging. At that time, a solvent for ultrasonic examination
may be applied to the subject to be imaged.

[0109] In this embodiment, the bushing portion 63 and the
case 62 are formed using two-color molding as in Embodi-
ment 2. By using two-color molding, the number of molds
for use in making the ultrasonic probe 60 is reduced and the
number of assembling steps is reduced, thus reducing the
cost of manufacture.

[0110] Moreover, since the bushing portion 63 is made of
a rubbery material, it fully achieves its function as the cable
protection portion, and at the same time, slipping is pre-
vented and grippability is improved in the grip portion 64.

[0111] Although the ultrasonic probe in Embodiment 6 is
a modification based on the ultrasonic probe described in
Embodiment 2 that is shaped to be especially suitable for
imaging with the probe put against the subject to be imaged,
the shape in Embodiment 6 may be applied to the ultrasonic
probes described in Embodiments 1-5.

[0112] While the connection cable 2 and the broad cable 4
are connected to each other via the connector 5 in this
embodiment, a configuration in which the connection cable
2 is soldered directly to the broad cable 4 without the
connector § is possible.

[0113] Many widely different embodiments of the inven-
tion may be configured without departing from the spirit and
the scope of the present invention. It should be understood
that the present invention is not limited to the specific
embodiments described in the specification, except as
defined in the appended claims.

1. An ultrasonic probe having an ultrasonic element for
emitting ultrasound and converting reflection waves of said
ultrasound into electric signals, and a cable for supplying
electric power to said ultrasonic element and transmitting
said electric signals, said ultrasonic probe comprising:

a case for accommodating said ultrasonic element, and
provided with a grip portion that can be gripped by an
operator;

a cable protection portion provided at a pass-through
portion of said cable for limiting flexure of said cable;
and

an ultrasonic lens for focusing said ultrasound,

wherein said case, said ultrasonic lens, and said cable
protection portion are formed by integral molding.
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2. An ultrasonic probe having an ultrasonic element for
emitting ultrasound and converting reflection waves of said
ultrasound into electric signals, and a cable for supplying
electric power to said ultrasonic element and transmitting
said electric signals, said ultrasonic probe comprising:

a case for accommodating said ultrasonic element, and
provided with a grip portion that can be gripped by an
operator;

a cable protection portion provided at a pass-through
portion of said cable for limiting flexure of said cable;
and

an ultrasonic lens for focusing said ultrasound,

wherein said ultrasonic lens and said cable protection
portion are formed by integral molding.
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3. The ultrasonic probe of claim 2, wherein said case is
formed on the surface of said ultrasonic lens and said cable
protection portion that are formed by said integral molding.

4. An ultrasonic probe having an ultrasonic element for
emitting ultrasound and converting reflection waves of said
ultrasound into electric signals, and a cable for supplying
electric power to said ultrasonic element and transmitting
said electric signals, said ultrasonic probe comprising:

a case for accommodating said ultrasonic element, and
provided with a grip portion that can be gripped by an
operator; and

an ultrasonic lens for focusing said ultrasound,

wherein said ultrasonic lens and said case are formed by
integral molding.

* * * #® *®
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