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ULTRASONIC PROBE AND ULTRASONIC
DIAGNOSTIC EQUIPMENT

[0001] This application claims benefit of Japanese Patent
Application No. 2000-126401 filed in Japan on Apr. 26,
2000, the contents of which are incorporated by this refer-
ence.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an ultrasonic probe
and ultrasonic diagnostic equipment provided with an ultra-
sonic transducer used for ultrasonic observation.

[0004]

[0005] In an ultrasonic probe and an ultrasonic endoscope
which produce an ultrasonic image by mechanically rotating
or shaking an ultrasonic transducer, an acoustic medium
which transmits an ultrasonic wave is allowed to fill in
between the ultrasonic transducer and a sheath storing it or
a cap.

[0006] Conventionally, liquid paraffin having low toxicity
to a living body, water, carboxymethyl cellulose (CMC)
aqueous solutions, and the like have been used as the
acoustic medium.

[0007] However, conventional acoustic media in ultra-
sonic probes and ultrasonic scopes-which produced ultra-
sonic images by mechanically rotating or shaking ultrasonic
transducers had problems as described below.

[0008] When water or an aqueous solution of carboxym-
ethyl cellulose or the like is used as the acoustic medium, the
acoustic medium is decreased with time due to volatilization
of water and, therefore, the acoustic medium has to be
periodically replenished.

[0009] When commonly used conventional liquid paraffin
having a kinematic viscosity on the order of 70 mm?s is
used as the acoustic medium, decrease of the capacity of the
acoustic medium with time due to volatilization is reduced.
However, regarding ultrasonic transducers of high frequen-
cies of 10 MHz or more, since ultrasonic attenuation in the
liquid paraffin is large, it is difficult to render adequate
characteristics.

1. Field of the invention

2. Related Art Statement

OBJECT AND SUMMARY OF THE INVENTION

[0010] Ttisan object of the present invention to provide an
ultrasonic probe, in which ultrasonic attenuation at high
frequencies is small and decrease of the capacity of an
acoustic medium due to volatilization can be reduced, and
ultrasonic diagnostic equipment using this ultrasonic probe.

[0011] An ultrasonic probe of the present invention is the
ultrasonic probe for producing an ultrasonic image by
mechanically driving an ultrasonic transducer,

[0012] wherein hydrocarbon-based oil having a kine-
matic viscosity of 20 mm?/s or less is used as an
acoustic medium allowed to fill in between the
ultrasonic transducer and an acoustic window which
is in contact with an examined body and which
transmits an ultrasonic wave.

[0013] To put it briefly, the ultrasonic probe of the present
invention is the ultrasonic probe for producing an ultrasonic
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image by mechanically driving the ultrasonic transducer,
and by using the hydrocarbon-based oil having a kinematic
viscosity of 20 mm” Is or less as the acoustic medium
allowed to fill in between the ultrasonic transducer and the
acoustic window which is in contact with a living body and
which transmits an ultrasonic wave, the characteristic of
ultrasonic attenuation at high frequencies can be reduced, an
ultrasonic image at a significant ultimate depth can be
produced and, in addition, decrease of the capacity of the
acoustic medium due to volatilization can be reduced.

[0014] Ultrasonic diagnostic equipment of the present
invention is provided with an ultrasonic probe with a built-in
ultrasonic transducer, and displays an ultrasonic image by
performing signal processing with respect to the aforemen-
tioned ultrasonic transducer, wherein hydrocarbon-based
oil, having a kinematic viscosity of 20 mm?/s or less, fills the
surrounding of the aforementioned ultrasonic transducer to
serve as an acoustic medium.

[0015] The above and other objects, features and advan-
tages of the invention will become more clearly from the
following description referring to the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a block diagram showing the total con-
figuration of ultrasonic diagnostic equipment provided with
an embodiment of the present invention.

[0017] FIG. 2 is a scctional view showing the structure of
the distal end portion of an ultrasonic probe.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0018] The present embodiments will be described with
reference to the drawings.

[0019] FIGS. 1 and 2 relate to an embodiment of the
present invention. FIG. 1 shows the total configuration of
ultrasonic diagnostic equipment provided with the embodi-
ment, and FIG. 2 shows the structure of the distal end
portion of an ultrasonic probe.

[0020] As shown in FIG. 1, the ultrasonic diagnostic
equipment 1 is composed of an ultrasonic probe 2 which is
inserted into a body cavity, etc., so as to perform transmis-
sion and reception of the ultrasonic wave with respect to an
examined body and an ultrasonic observation apparatus 4
which is connected to this ultrasonic probe 2 and which
displays an ultrasonic image by performing signal process-
ing with respect to an ultrasonic transducer 3 built in the
ultrasonic probe 2 and the like.

[0021] The ultrasonic probe 2 includes a slender and
flexible insertion portion 5 to be inserted into a body cavity,
etc.,, a holding portion 6 arranged at the rear end of this
insertion portion 3, a cable portion 7 extended from this
holding portion 6, and a connector 8 arranged at the distal
end portion of this cable portion 7. This connector 8 is
connected to the ultrasonic observation apparatus 4 while
being free to attach and detach.

[0022] Aflexible shaft 11, for example, is inserted through
the insertion portion 5 of this ultrasonic probe 2, and an
ultrasonic transducer 3 is attached to the distal end portion
of this flexible shaft 11. The back end of this flexible shaft
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11 is connected to, for example, a motor 12 arranged in the
holding portion 6, and by rotating this motor 12, the ultra-
sonic transducer 3 is driven to rotate together with the
flexible shaft 11 and, therefore, radial scanning can be
mechanically performed.

[0023] The ultrasonic transducer 3 is connected to a
coaxial cable, although not shown in the drawing, this
coaxial cable is connected to a slip ring 13 in the holding
portion 6 via the hollow portion of the flexible shaft 11, and
a cable 14 connected to the contact on the stator side of this
slip ring 13 is connected to a transmit-receive portion 15 for
performing transmission and reception in the ultrasonic
observation apparatus 4.

[0024] The motor 12 and a rotary encoder 16 for detecting
the rotation angle of this motor 12 are also connected to a

system controller 17 in the ultrasonic observation apparatus
4 via the cable 14.

[0025] The system controller performs control of rotation
of the motor 12 and control of transmission and reception,
etc. The transmit-receive portion 15 applies a transmission
signal (driving signal) to the ultrasonic transducer 3 in order
that an ultrasonic wave is transmitted and, in addition, the
ultrasonic wave reflected at the examined body side is
received by the ultrasonic transducer 3, an echo signal
converted into an electric signal is, for example, amplified,
the resulting signal is converted into a digital signal by an
A/D converter not shown in the drawing, and is written into
a frame memory 18 on a temporary basis under the control
of the system controller 17.

[0026] The echo signal data written into the frame
memory 18 are sound ray data in the radial direction, and are
converted into data of the rectangular coordinate system by
a digital scan converter (abbreviated as DSC) 19. Subse-
quently, the data are output to a monitor 22 via a D/A
converter 21 and, therefore, an ultrasonic image is displayed.

[0027] Furthermore, switches for variably setting the char-
acteristic of STC, etc., are arranged on a front panel 23 of the
ultrasonic-observation apparatus 4.

[0028] FIG. 2 shows the structure of the ultrasonic trans-
ducer 3 arranged at the distal end portion of the ultrasonic
probe 2.

[0029] The ultrasonic transducer 3 is constituted of a
plate-shaped piezoelectric transducer 31 having a piezoelec-
tric property of performing electroacoustic transduction, an
acoustic lens 32 which is made of, for example, an epoxy
resin and which has a property of collecting sounds, and a
backing layer 33 which is made of ferrite rubber and which
attenuates ultrasonic waves. The acoustic lens 32 is arranged
on the front of this piezoelectric transducer 31, and the
backing layer 33 is arranged on the back of the piezoelectric
transducer 31.

[0030] The backing layer 33 portion of this ultrasonic
transducer 3 is adhered and fixed to a housing 34, and this
housing 34 is attached to the distal end of the flexible shaft
11. Although not shown in the drawing, electrodes are
arranged on both surfaces of the piezoelectric transducer 31,
a signal electrode on the acoustic lens surface side is
electrically connected to a ground line of a coaxial cable,
although not shown in the drawing, drawn through the
hollow portion of the flexible shaft 11, and an electrode on
the backing layer 33 side is electrically connected to a signal
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line of the aforementioned coaxial cable. This coaxial cable
is connected to the ultrasonic observation apparatus 4 via a
connector 8.

[0031] The ultrasonic transducer 3 is configured to be
allowed to rotate by rotating the flexible shaft 11 in a flexible
sheath 35 which is made of, for example, polyamide elas-
tomer, and which constitutes an outer sheath of the insertion
portion 3.

[0032] In the present embodiment, polyamide elastomer is
used as the material for the sheath 35. However, polymeth-
ylpentene, polyurethane, polyfluoroethylene, polyethylene,
etc., can also be used.

[0033] An acoustic medium 36 composed of hydrocarbon-
based oil having a kinematic viscosity of 20 mm?/s or less
is allowed to fill in between the ultrasonic transducer 3 and
the sheath 33,

[0034] By using the hydrocarbon-based oil having a kine-
matic viscosity of 20 mm?/s or less as the acoustic medium
36 for filling in between the ultrasonic transducer 3 and the
sheath 35 as described above, even for an ultrasonic probe
of 10 MHz or more, the time and effort for replenishing the
acoustic medium due to volatilization can be omitted while
ensuring adequate ultimate depth in contrast to the case of
conventional liquid paraffin where a problem of shortage of
the ultimate depth has been brought about because of large
ultrasonic attenuation.

[0035] That is, it is found out that when the low-viscosity
petroleum-based hydrocarbon oil is used as the acoustic
medium 36, ultrasonic attenuation in the acoustic medium
36 is reduced compared with the case where the conven-
tional high-viscosity liquid paraffin is used as the acoustic
medium 36. By using this hydrocarbon-based oil having a
kinematic viscosity of 20 mm®/s or less as the acoustic
medium 36, even in the ultrasonic probe of 10 MHz or more,
the time and effort for replenishing the acoustic medium 36
due to volatilization can be omitted while ensuring adequate
ultimate depth.

[0036] By arranging bearings 37 at the distal end portion
of the flexible shaft 11, the ultrasonic transducer 3 can be
driven to rotate without jouncing and, therefore, radial
scanning can be performed.

[0037] An ultrasonic wave transmission window portion
(acoustic window) 38 is arranged in the portion facing the
ultrasonic transducer 3 on the distal end portion of the sheath
3s.

[0038] The following Table shows ultrasonic attenuation
factors of the petroleum-based hydrocarbon oil used in the
present embodiment and the conventional liquid paraffin
having a different viscosity. The measurement of the ultra-
sonic attenuation is performed at an ultrasonic frequency of
5 MHz.

TABLE

Kinematic Sound Ultrasonic
viscosity  Density velocity attenuation
mm?s  giem® m/s  dB/emat 5 MHz

petroleum-based 12-15 0.85 1400 1.19
hydrocarbon oil used

in the present

embodiment
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TABLE-continued

Kinematic Sound Ultrasonic
viscosity Density velocity attenuation
mm?/s g/crn3 m/s dB/cm at 5 MHz
Conventional liquid 74-77 0.87 1450 2.44
paraffin
[0039] In this Table, the kinematic viscosity is indicated as

12 to 15 mm?/s. However, when the kinematic viscosity is
20 mm?/s or less, excellent characteristics are exhibited with
respect to the prevention of ultrasonic attenuation, etc.,
compared with those in the conventional example.

[0040] As described above, the present embodiment is
characterized in that by using as the acoustic medium 36 of
the ultrasonic probe 2 the hydrocarbon-based oil having a
kinematic viscosity of 20 mm®/s or less and a property of
being unlikely to volatilize, in transmission and reception of
ultrasonic waves at high frequencies, ultrasonic attenuation
in the acoustic medium 36 can be reduced and, therefore, an
ultrasonic image having an excellent S/N at a significant
ultimate depth can be produced.

[0041] Next, actions of the present embodiment will be
described.

[0042] As shown in FIG. 1, when the ultrasonic probe 2
is connected to the ultrasonic observation apparatus 4, and
a switch of ultrasonic transmission and reception, although
not shown in the drawing, is turned to the ON position, the
motor 12 is rotated and, therefore, the ultrasonic transducer
3 is driven to rotate via the flexible shaft 11.

[0043] The rotation thereof is detected by the encoder 16,
and a transmission signal is applied from the transmit-
receive portion 15 to the piezoelectric transducer 31 of the
ultrasonic transducer 3 in synchronization with the rotation.
An ultrasonic wave is excited by this piezoelectric trans-
ducer 31, and the ultrasonic wave is sent out in the shape of
a pulse while being converged by the acoustic lens 32.

[0044] This ultrasonic wave is propagated through the
acoustic medium 36, and is passed through the ultrasonic
wave transmission window portion 38 facing the ultrasonic
transducer 3 in the sheath 35. The ultrasonic wave is emitted
onto the examined body side in contact with this ultrasonic
wave transmission window portion 38, and is reflected at the
portion at which acoustic impedance changes on the exam-
ined body side.

[0045] The reflected ultrasonic wave is moved along a
return route which is the reverse of the approach route, and
is received by the piezoclectric transducer 31 so as to
convert into an electric signal, that is, an echo signal. The
resulting signal is detected and amplified by the transmit-
receive portion 15 and, thereafter, A/D conversion is per-
formed so that each of sound ray data (ultrasonic data) is
stored sequentially in the frame memory 18.

[0046] The sound ray data are converted into sound ray
data of the rectangular coordinate system by the DSC 19,
and the resulting data are converted into an analog video
signal by the D/A converter 21. The resulting signal is output
to a monitor 22 together with an synchronizing signal not
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shown in the drawing and, therefore, an ultrasonic image is
displayed on the display screen of the monitor 22.

[0047] In the present embodiment, since the acoustic
medium 36 which exhibits reduced ultrasonic attenuation at
high frequencies and which has a property of being unlikely
to volatilize is used, the piezoelectric transducer 31 can get
ultrasonic data having an excellent S/N compared with that
in the conventional example. Consequently, an ultrasonic
image having excellent quality at a significant ultimate depth
can be produced and, in addition, there is an effect that it is
possible to use stably for a long time without replenishment
of the acoustic medium 36.

[0048] For example, when used for the acoustic medium
36 in the ultrasonic probe 2 of high frequencies having a
center frequency of 10 MHz or more, an image with high
resolution by high frequencies at a significant ultimate depth
can be produced. Furthermore, since the volatility is low, it
is possible to use without periodical replenishment for a long
time.

[0049] 1In the above description, the case where the ultra-
sonic transducer 3 is driven to rotate is explained. However,
it is clear that the ultrasonic transducer 3 is driven to shake
is possible. Furthermore, application to the case of driving to
rotate in a spiral is also possible.

[0050] As described above, the present embodiment has
an significant effect on the case where the ultrasonic trans-
ducer 3 is mechanically driven, although may be applied to
the case of electronic scanning.

[0051] In the present embodiment, the case where the
ultrasonic probe 3 is provided with the ultrasonic transducer
3 at the distal end of the probe is described, but it is not
limited to this, as a matter of course. For example, in an
ultrasonic endoscope provided with an endoscope function,
that is, optical observation means (optical system illumina-
tion means and optical observation device or image pickup
means), in addition to the ultrasonic transducer at the distal
end portion of the probe, the aforementioned acoustic
medium 36 may be adopted around the ultrasonic transducer
as well.

[0052] Having described the preferred embodiments of the
invention referring to the accompanying drawings, it should
be understood that the present invention is not limited to
those precise embodiments, and various changes and modi-
fications thereof could be made by one skilled in the art
without departing from the spirit or scope of the invention as
defined in the appended claims.

What is claimed is:
1. An ultrasonic probe for producing an ultrasonic image
by mechanically driving an ultrasonic transducer, wherein:

hydrocarbon-based oil having a kinematic viscosity of 20
mm?/s or less is used as an acoustic medium to be filled
in between the ultrasonic transducer and an acoustic
window which is in contact with an examined body and
which transmits an ultrasonic wave.

2. The ultrasonic probe according to claim 1, comprising:

a function of an endoscope provided with optical obser-
vation means in the neighborhood of the ultrasonic
transducer.

3. An ultrasonic probe for producing an ultrasonic image

by mechanically driving an ultrasonic transducer, wherein:
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hydrocarbon-based oil exhibiting small ultrasonic attenu-
ation in high frequency regions and having a kinematic
viscosity of 20 mm?/s or less is used as an acoustic
medium to be filled in between the ultrasonic trans-
ducer and an acoustic window which is in contact with
an examined body and which transmits an ultrasonic
wave.

4. The ultrasonic probe according to claim 3, wherein:

the high frequency regions are from 3 MHz to 50 MHz.
5. The ultrasonic probe according to claim 3, comprising:

an endoscope function provided with an optical observa-
tion means in the neighborhood of the ultrasonic trans-
ducer.

6. Ultrasonic diagnostic equipment which comprises an

ultrasonic probe with a built-in ultrasonic transducer and

which displays an ultrasonic image by performing signal
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processing with respect to the ultrasonic transducer,
wherein:

the surrounding of the ultrasonic transducer is filled with
hydrocarbon-based oil having a kinematic viscosity of
20 mm?*/s or less to serve as an acoustic medium.
7. Ultrasonic diagnostic equipment comprising an ultra-
sonic probe for producing an ultrasonic image by mechani-
cally driving an ultrasonic transducer wherein:

the ultrasonic probe uses hydrocarbon-based oil having a
kinematic viscosity of 20 mm?/s or less as an acoustic
medium to be filled in between the ultrasonic trans-
ducer and an acoustic window which is in contact with
an examined body and which transmits an ultrasonic
wave.
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