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(57) ABSTRACT 

In an ultrasonic probe including an element part 1 for 
transmitting and receiving ultrasonic Waves, a relay cable 2 
connected to the element part 1 and an oscillation mecha 
nism part for oscillating the element part, a cross section of 
the relay cable 2, Which is taken perpendicularly to a rotation 
aXis 3 of the oscillation that is provided to the element part 
1 by the oscillation mechanism part, has at least tWo 
arc-shaped parts smoothly connected each other, more spe 
ci?cally, S-shape arc-shaped parts or reversed S-shaped 
parts. In addition, the relay cable 2 is draWn from the surface 
of the element part 1 facing the rotation aXis 3. In this 
manner, the stress applied to the relay cable 2 during the 
oscillation of the element part 1 can be dispersed, thereby 
improving durability of the relay cable 2. 
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ULTRASONIC PROBE 

TECHNICAL FIELD 

[0001] The present invention relates to an ultrasonic 
probe, more speci?cally, an ultrasonic probe having a relay 
cable that is used for drawing a signal line and has improved 
durability. 

BACKGROUND ART 

[0002] A knoWn ultrasonic probe used for an ultrasonic 
diagnostic apparatus has an ultrasonic element for transmit 
ting and receiving ultrasonic Waves, and oscillates the ultra 
sonic element in a housing part ?lled With an acoustical 
coupling medium. The acoustical coupling medium has an 
acoustic impedance similar to that of living organisms. Such 
an ultrasonic probe is, for example, described in JP 6(1994) 
038962A. 

[0003] FIG. 5 is a cross-sectional vieW of the con?gura 
tion of a conventional ultrasonic probe. The ultrasonic probe 
20 is connected to an ultrasonic diagnostic apparatus (not 
shoWn in the ?gure) via a cable 25. The ultrasonic probe 20 
has a housing 21 that is composed of an upper case 22 and 
a loWer case 24 and includes a partitioning ?lm 23 therein. 
In the space enclosed by the partitioning ?lm 23 and the 
loWer case 24, an acoustical coupling medium 27 is sealed. 
In the housing 21, an element part 26 is provided so that a 
portion for transmitting and receiving ultrasonic Waves can 
be set in the acoustical coupling medium 27. In addition, an 
oscillation mechanism part 29 is equipped in the housing 21 
for oscillating the element part 26. As shoWn in the ?gure, 
a rotation center 28 for the oscillation of the element part 21 
is positioned at the center of a living organism contact 
barrier 24A forming an apex of the loWer case 24. 

[0004] Moreover, a relay cable (not shoW in the ?gure) is 
connected to the element part 26 so as to draW a signal line 
from the element part 26. The relay cable is electrically 
connected to a cable 25, and signals received by the element 
part 26 can be input into the ultrasonic diagnostic apparatus 
via the cable. In the conventional ultrasonic probe, hoWever, 
the relay cable is positioned at a distance from the central 
axis of the oscillation of the element part, leading to prob 
lems such as the incremental change in the draWing length 
of the relay cable and frequent bending and breaking of the 
relay cable With the oscillation of the element part. 

DISCLOSURE OF THE INVENTION 

[0005] In light of the above-stated conventional problems, 
it is an object of the present invention to provide an 
ultrasonic probe that can suppress the bending and the 
breaking of a relay cable draWing a signal line from an 
ultrasonic element part at the time of oscillation of the 
element part. 

[0006] In order to attain the above-mentioned object, an 
ultrasonic probe of the present invention includes an element 
part for transmitting and receiving ultrasonic Waves, a relay 
cable connected to the element part and an oscillation 
mechanism part for oscillating the element part, Wherein a 
cross section of the relay cable, that is taken perpendicularly 
to a rotation axis of the oscillation provided to the element 
part by the oscillation mechanism part, has at least tWo 
arc-shaped parts smoothly connected each other. 
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BRIEF DESCRIPTION OF DRAWINGS 

[0007] FIG. 1 is a cross-sectional vieW of an example of 
an ultrasonic probe according to Embodiment 1 of the 
present invention. 

[0008] FIG. 2 is a partial cross-sectional vieW of the 
con?guration of the ultrasonic probe. 

[0009] FIG. 3 is a cross-sectional vieW of an example of 
the ultrasonic probe according to Embodiment 2 of the 
present invention. 

[0010] FIG. 4 is a perspective vieW of an example of a 
?exible printed board composing the ultrasonic probe. 

[0011] FIG. 5 is a cross-sectional vieW of a conventional 
ultrasonic probe. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0012] As mentioned above, an ultrasonic probe of the 
present invention includes an element part for transmitting 
and receiving ultrasonic Waves, a relay cable connected to 
the element part and an oscillation mechanism part for 
oscillating the element part, Wherein a cross section of the 
relay cable, that is taken perpendicularly to a rotation axis of 
the oscillation provided to the element part by the oscillation 
mechanism part, has at least tWo arc-shaped parts smoothly 
connected each other. 

[0013] In the above-mentioned con?guration, a mechani 
cal load that is applied to the relay cable during the oscil 
lation of the element part is dispersed, thus stress concen 
tration can be suppressed, thereby preventing bending and 
breaking of the relay cable. 

[0014] It is preferable that, in the ultrasonic probe, the 
cross section of the relay cable perpendicular to the rotation 
axis has tWo arc-shaped parts positioned point-symmetri 
cally about an assumed point and shaped similarly to each 
other. More speci?cally, the cross section perpendicular to 
the rotation axis preferably has a S-shape or a reversed 
S-shape. 
[0015] Moreover, in the ultrasonic probe, the relay cable is 
preferably draWn from the surface of the element part at the 
side of the rotation axis. More preferably, the rotation axis 
is located at or around the curvature center of one of the 
arc-shaped parts that compose a cross section of the relay 
cable perpendicular to the rotation axis. In this preferred 
example, by draWing the relay cable toWard the rotation 
axis, it is possible to decrease the operation range of the 
relay cable during its oscillation, thereby decreasing the 
mechanical distortion applied to the cable. 

[0016] Additionally, in the ultrasonic probe, at least a part 
of the relay cable preferably is structured as a laminate of 
plural ?exible printed board or plural ?exible ?at cables. In 
this preferred example, the relay cable can be decreased in 
the thickness and prevented from distortion due to its 
bending. Furthermore, multiple signal lines can be con 
nected to the relay cable by using such a laminate including 
tWo or more layers. 

[0017] Here, in the ultrasonic probe, the plural ?exible 
printed boards or the plural ?exible ?at cables preferably are 
laminated in a state being in contact but not ?xed With each 
other. 
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[0018] In addition, in the ultrasonic probe, the ?exible 
printed boards or the ?exible ?at cables preferably have 
signal lines formed on the one sides and ground lines formed 
on the other sides. 

[0019] Furthermore, in the ultrasonic probe, the element 
part preferably includes an array element formed by arraying 
plural oscillators, and the ?exible printed boards or the 
?exible ?at cables preferably have plural signal lines cor 
responding respectively to the oscillators. 

[0020] Still further, it is preferable that the plural oscilla 
tors are divided into some groups, and received signals of 
the oscillators are processed for each of the groups. It is 
preferable that the ?exible printed boards or the ?exible ?at 
cables have plural signal lines corresponding respectively to 
the oscillators, and the signal lines are bound together for 
each of the groups. 

[0021] The folloWing is a description of the embodiments 
of the present invention With reference to the accompanying 
draWings. 

EMBODIMENT 1 

[0022] FIG. 1 is a cross-sectional vieW of an example of 
the ultrasonic probe according to Embodiment 1 of the 
present invention. The ultrasonic probe can be connected to 
an ultrasonic diagnostic apparatus (not shoWn in the ?gure) 
by a cable 13 draWn from the interior of the probe. 

[0023] In the ultrasonic probe, a housing part 12 is formed 
by joining a frame 10 to a WindoW 9. A degassed acoustical 
coupling medium 8 is ?lled in the housing part 12. 

[0024] The housing part 12 further includes an ultrasonic 
element unit, and the ultrasonic element unit has an element 
part 1 for transmitting and receiving ultrasonic Waves. The 
element part 1 includes oscillators composed of a pieZoelec 
tric material such as a pieZoelectric ceramic. For the element 
part 1, an array element formed by arraying plural oscillators 
can be used. The number of the oscillators composing the 
array element is not particularly limited, but it is, for 
example, 32 or 64. 

[0025] Furthermore, the ultrasonic element unit includes a 
supporting plate 7 that supports the element part 1, and a 
rotation axis 3 that supports the supporting plate 7. The 
rotation axis 3 is supported rotatably by a bearing 14 
attached to the frame 10. Accordingly, the element part 1 
?xed to the supporting plate 7 can oscillate in synchroniZa 
tion With the rotation of the rotation axis 3. 

[0026] The ultrasonic probe further includes an oscillation 
mechanism part for oscillating the ultrasonic element unit. 
The oscillation mechanism part includes a motor 11 for 
generating driving forces, a driving pulley 5 attached to an 
output shaft of the motor 11, a driven pulley 4 attached to the 
rotation axis 3 of the ultrasonic element unit and a belt 6 
bridged betWeen the pulleys 4 and 5. In the oscillation 
mechanism part, a driving force of the motor 11 can be 
transferred to the driven pulley 4 through the belt 6, and the 
element part 1 of the ultrasonic element unit can rotate 
together With the driven pulley 4. Here, by reversing the 
rotating direction of the motor 11 from alternately, the 
element part 1 can oscillate instead of rotating. 

[0027] Furthermore, the relay cable 2 is connected to the 
element part 1 of the ultrasonic element unit. The relay cable 
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2 has a function of draWing out plural signal lines for the 
transmission and reception of electric signals from the 
element part 1. Preferably, the relay cable 2 is draWn out 
from a surface of the element part 1 facing the rotation axis 
3 (upper surface of the element part 1 in the example 
illustrated in FIG. 2). The relay cable can be connected to 
the element part 1 by using a presser plate or the like. 

[0028] In addition, the relay cable 2 passes through the 
frame 10 and is electrically connected to a cable 13. Gen 
erally, this relay cable 2 is ?xed ?rmly to the frame 10 at the 
part of passing-through. The ?xation to the frame 10 is 
carried out using an adhesive 15 in a ?uid-tight manner for 
preventing leakage of the acoustical coupling medium 8. 

[0029] For the relay cable 2, a ?exible cable (e.g., high 
density OKIFLEX (trade name) manufactured by Oki Elec 
tric Cable Co., Ltd.) can be used. 

[0030] FIG. 2 is a cross-sectional vieW of the ultrasonic 
probe, Which is taken perpendicularly With respect to the 
rotation axis 3. FIG. 2 assigns the same parts With the same 
reference numerals as FIG. 1. As illustrated in FIG. 2, the 
relay cable 2 is arranged so that its cross section perpen 
dicular to the rotation axis 3 can have tWo arc-shaped parts 
smoothly-connected each other. In addition, the relay cable 
2 is also arranged so that the rotation axis 3 can be positioned 
at the curvature center of one of the arc-shaped parts 
(hereinafter, the arc-shaped part at Which the rotation axis 3 
is located Will be called “a ?rst arc-shaped part”, and the 
other arc Will be called 2“a second arc-shaped part”). 

[0031] In the present embodiment, the tWo arc-shaped 
parts are positioned point-symmetrically about an assumed 
point, and regarded as having similar ?gures. More speci? 
cally, the cross section of the relay cable 2 is S-shaped or 
reversed S-shaped. In the relay cable 2, an angle of each 
arc-shaped part (an angle formed by straight lines linking the 
curvature center and the both ends of the arc) is preferable 
180° or larger, that is, each arc-shaped part makes a part not 
smaller than a semicircle so as to prevent sharp bending in 
the relay cable 2. 

[0032] It is also preferable that the arc-shaped parts of the 
relay cable 2 respectively start from a point ?xed to the 
frame 10 and from a point connected to the element part 1. 
It is further preferable that, at the point ?xed to the frame 10 
and the point connected to the element part 1, the relay cable 
2 extends in the direction substantially parallel to the surface 
of the frame 10 or to the surface of the element part 1. 

[0033] Next, the operation of the ultrasonic probe is 
described With reference to FIG. 1 and FIG. 2. 

[0034] First, the oscillation mechanism part is driven to 
oscillate the element part 1 of the ultrasonic element unit. 
Then, an electric signal (a transmission signal) is transmitted 
to the element part 1, converted into ultrasonic Waves at the 
element part 1. The ultrasonic Waves are conveyed in the 
acoustical coupling medium 8, and transmitted from the 
WindoW 9 to an object. The thus transmitted ultrasonic 
Waves are re?ected by the object, and a part of the re?ected 
Waves is received by the element part 1 and then converted 
into an electric signal (a received signal). The received 
signal passes through the relay cable 2 and the cable 13, and 
subsequently passes through the relay substrate (not shoWn 
in the ?gures) as appropriate, so as to be input into an 
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ultrasonic diagnostic apparatus (not shown in the ?gures) 
that has a signal processing circuit. 

[0035] When the element part 1 is oscillated by the 
mechanism part, the relay cable 2 bends and stretches 
alternately, While changing the curvature of the arcs, so as to 
correspond to the oscillation of the element part. 

[0036] FIG. 2 illustrates the element part positioned at the 
middle of the scanning range. In FIG. 2, R1 and R2 denote 
the radiuses of the ?rst arc-shaped part and the second 
arc-shaped part, respectively. When the element part 1 is 
moved by the oscillation mechanism part from this position 
in the direction shoWn by an arroW P, the ?rst arc-shaped part 
is deformed to increase its radius R1, and second arc-shaped 
part is deformed to decrease its radius R2. When the element 
part 1 is moved in the reverse direction to the arroW P, the 
?rst arc-shaped part and the second arc-shaped part are 
deformed respectively to decrease the R1 and to increase the 
R2. Due to the deformation, the relay cable 2 Will be applied 
With mechanical load over the entire arc-shaped parts. Here, 
since the movement of the element part 1 is not a rotation but 
an oscillation, Winding or tension of the relay cable 2 does 
not occur in general. 

[0037] As mentioned above, according to Embodiment 1 
of the present invention, repeated stresses applied to the 
relay cable are dispersed, thereby decreasing the fatigue of 
the metal conductor of the relay cable so as to suppress 
failures such as breaking, thus providing an apparatus With 
improved stability. In addition, according to the present 
embodiment, the range of the cable’s movement caused by 
oscillation is decreased to reduce the length and the moving 
space of the relay cable, and thus a more compact apparatus 
can be obtained. 

EMBODIMENT 2 

[0038] FIG. 3 is a cross-sectional vieW of an example of 
the ultrasonic probe according to Embodiment 2 of the 
present invention. Similarly to FIG. 2, this ?gure is a cross 
section taken perpendicularly to the rotation axis of the 
element part of the ultrasonic probe. Here, FIG. 3 assigns 
the same parts With the same reference numerals as FIG. 1 
and FIG. 2. 

[0039] In the ultrasonic probe, a part of the relay cable 16 
is formed by laminating plural ?exible printed boards or 
?exible ?at cables. In the laminated part, the layers are in 
contact With each other but physically separate so as not to 
be ?xed to each other. The number of the layers to be 
laminated is not limited particularly but may be, for 
example, from 3 to 5. 

[0040] For the ?exible printed board, for example, 
FLEXIBLES CIRCUIT (trade name) manufactured by NOK 
CORPORATION can be used. For the ?exible ?at cable, for 
example, LEAFCONN (trade name) manufactured by Shi 
bata Corporation Ltd. can be used. 

[0041] Except for the above-mentioned structures, the 
ultrasonic probe of the present embodiment is substantially 
the same as that of Embodiment 1. The operations and the 
effects are also similar to those in Embodiment 1. 

[0042] According to the present embodiment, multiple 
connections can be provided by using a laminate of ?exible 
printed boards or ?exible ?at cables for the relay cable. 
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Since the ends of the ?exible printed boards or the ?exible 
?at cables for the relay cable are ?xed respectively to the 
element part and the frame, tWisting and Waving during the 
oscillation of the element part can be prevented. Thereby, 
disorder of the scanning traces of the element part, Which 
may be caused by tWisting or the like of the relay cable, can 
be suppressed to secure a stable operation. 

EMBODIMENT 3 

[0043] FIG. 4 is a perspective vieW of an example of a 
?exible printed board that can be used for the relay cable in 
Embodiment 2. 

[0044] The ?exible printed board includes a substrate 19, 
signal line pattern 17 formed on one surface of the substrate 
19 and a ground pattern 18 formed on the other surface of 
the same substrate 19. The substrate 19 is composed of a 
material that has suf?cient strength even When it is thinned, 
such as polyimide and polyester. For the signal line pattern 
17 and the ground pattern 18, a conductive material such as 
a metal like Cu is used. The conductive parts on the both 
surfaces of the ?exible printed board preferably are coated 
With an insulating material by an overlay processing. 

[0045] Use of the above ?exible printed board enables 
protection of the signal lines from noises, and decreases the 
cross talk betWeen the signal lines. 

[0046] In the ?exible printed board, the number of the 
signal line patterns 17 is preferably the same as that of 
driving channels, that is, the number of oscillators compos 
ing the element part. 

[0047] In some methods of driving the ultrasonic diagnos 
tic apparatus, the oscillators are divided into some groups, 
and received signals of the oscillators are processed for each 
of the groups. In the above methods, the plural signal line 
patterns 17 formed on the ?exible printed board, Which 
correspond respectively to the oscillators, are preferably 
bound together for each of the above-mentioned groups. 

[0048] According to the above-described structure, a lay 
out of connector pins can be recogniZed easily When con 
necting the ?exible printed boards to the array elements, and 
this can decrease Wiring errors and facilitate checkups. 
Moreover, this structure also alloWs simpli?ed Wiring, and 
decreases harmful effects such as interference occurring 
betWeen the oscillators. 

[0049] Although the above description is regarding the 
?exible printed boards, it is substantially applicable to the 
?exible ?at cables as Well. 

[0050] The example illustrated in FIG. 4 relates to a 
?exible printed board that can be applied When the element 
part is composed of linear array type elements. HoWever, the 
present invention is not limited to the example. It is also 
substantially applicable, for example, to the structure that 
the element part includes convex type elements. 

[0051] In any of the embodiments, the scanning method 
using ultrasonic Waves is not particularly limited, and can be 
applied to ultrasonic probes or the like regarding electric 
sector scanning or mechanical sector scanning. 

INDUSTRIAL APPLICABILITY 

[0052] As mentioned above, the ultrasonic probe of the 
present invention enables to dispersion of the mechanical 
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load that is applied to the relay cable during the oscillation 
of the element part, and prevent the relay cable from bending 
and breaking, thereby providing an apparatus With high 
reliability. The ultrasonic probe is particularly useful for the 
ultrasonic diagnostic apparatus Which obtains information 
about the interior of a living organism by transmitting and 
receiving ultrasonic Waves With respect to the living organ 
ism. 

1. An ultrasonic probe comprising an element part for 
transmitting and receiving ultrasonic Waves, a relay cable 
connected to the element part and an oscillation mechanism 
part for oscillating the element part, Wherein a cross section 
of the relay cable, that is taken perpendicularly to a rotation 
axis of the oscillation provided to the element part by the 
oscillation mechanism part, has at least tWo arc-shaped parts 
smoothly connected each other. 

2. The ultrasonic probe according to claim 1, Wherein the 
relay cable is draWn from the surface of the element part on 
the side of the rotation axis. 

3. The ultrasonic probe according to claim 1, Wherein the 
cross section of the relay cable perpendicular to the rotation 
axis has tWo arc-shaped parts positioned point-symmetri 
cally about an assumed point and shaped similarly to each 
other. 

4. The ultrasonic probe according to claim 1, Wherein the 
cross section of the relay cable perpendicular to the rotation 
axis has a S-shape or a reversed S-shape. 

5. The ultrasonic probe according to claim 1, Wherein the 
rotation axis is located at a curvature center of at least one 
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of the arc-shaped parts that compose a cross section of the 
relay cable perpendicular to the rotation axis of the relay 
cable. 

6. The ultrasonic probe according to claim 1, Wherein at 
least a part of the relay cable is structured as a laminate of 
plural ?exible printed boards or plural ?exible ?at cables. 

7. The ultrasonic probe according to claim 6, Wherein the 
plural ?exible printed boards or the plural ?exible ?at cables 
are laminated in a state being in contact With each other but 
not ?xed. 

8. The ultrasonic probe according to claim 6, Wherein the 
?exible printed boards or the ?exible ?at cables have signal 
lines formed on the one sides and ground lines formed on the 
other sides. 

9. The ultrasonic probe according to claim 8, Wherein the 
element part includes an array element formed by arraying 
plural oscillators, and the ?exible printed boards or the 
?exible ?at cables have plural signal lines corresponding 
respectively to the oscillators. 

10. The ultrasonic probe according to claim 9, Wherein the 
plural oscillators are divided into plural groups, received 
signals of the oscillators are processed for each of the 
groups, the ?exible printed boards or the ?exible ?at cables 
have plural signal lines corresponding respectively to the 
oscillators, and the signal lines are bound together for each 
of the groups. 


