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7) ABSTRACT

An electronic scan type ultrasound diagnostic instrument
employing an ultrasound transducer which is constituted by
an array of transducer elements in a predetermined direction
and adapted to drive a plural number of adjacent located
transducer elements in simultaneous or delayed action
mode. Arrayed transducer elements are divided into a plural
number of transducer assembly units in the arrayed direc-
tion. Each one of the transducer elements is provided with
a scparate electrode which is connected with a signal line
separately from other transducer elements, and a common
electrode which is connected commonly with one or a plural
number of transducer elements. A signal line from a separate
electrode of a transducer element is short circuited with a
signal line from a transducer element in a different trans-
ducer assembly unit and connected together to a single
wiring cable.
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ELECTRONIC SCAN TYPE ULTRASOUND
DIAGNOSTIC INSTRUMENT

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Art

[0002] This invention relates to an ultrasound diagnostic
instrument to be used in medical fields for examination of
internal body tissues, and more particularly to an electronic
scan type ultrasound diagnostic instrument incorporating an
array of a large number of ultrasound transducer elements to
be sequentially driven for simultaneous or delayed transmit/
receive actions.

[0003] 2. Prior Art

[0004] Ultrasound diagnostic devices have been in use in
medical fields for examination of internal body tissues of
patients. Ultrasound diagnostic devices are arranged as a
device for acquiring topographic ultrasound images of inter-
nal body tissues by processing echo signals of ultrasound
pules which have been transmitted from ultrasound trans-
ducer elements toward an internal body portion of particular
interest. Ultrasound transducer elements are arranged to
make a scan over a predetermined range, either in a
mechanical scan or in an electronic scan.

[0005] In the case of an electronic scan type ultrasound
diagnostic device, for example, an ultrasound transducer is
constituted by a large number of transducer elements which
are arranged in a linear shape, arcuate shape or cylindrical
shape or in a planar-array matrix. An ultrasound scan is
made by locating the ultrasound transducer at a predeter-
mined position and sequentially driving the ultrasound trans-
ducer elements one after another. In some cases, for trans-
mitting ultrasound pulses in a certain beam diameter or for
focusing ultrasound pulses to a certain depth, ultrasound
pulses are transmitted from a plural number of transducer
elements simultaneously or with predetermined time lags.

[0006] In this connection, in the case of an ultrasound
transducer which is constituted by a large number of trans-
ducer elements as mentioned above, there has been a prob-
lem, in addition to complication in construction, in that it is
inevitable to provide a cable of a large diameter containing
a bundle of a large number of hard-wires for making wring
connections to and from the respective transducer elements.
Let alone transmission of ultrasound pules from outside a
patient’s body, the use of a thick cable is undesirable for an
ultrasound probe having an ultrasound transducer at the fore
end of an insert portion to be introduced into a body cavity
of a patient, because the thick cable will not only degrade
maneuverability of the probe at the time of insertion into a
patient’s body but cause greater pains on the part of the
patient.

[0007] Regarding a wring system for a large number of
arrayed transducer elements, attempts have been made to
reduce the number of wires by dividing transducer elements
in an array into groups except those transducer elements
which are driven simultaneously or with predetermined time
delays (hereinafter referred to as “transducer elements inter-
related for simultancous or delayed actions”), and using
common wires to the transducer groups, for example, as
disclosed in Japanese Laid-Open Patent Application 2003-
319938. Namely, according to this prior art, wiring connec-
tions are made to a large number of arrayed transducer
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elements by the use of switching elements. Signal lines to
the transducer elements in an array are short circuited at
every six or sixteen transducer elements.

[0008] The above-mentioned prior art wiring system suc-
cecded in reducing the number of wires, but still has a
problem that the use of switching elements for the respective
signal lines results in an ultrasound transducer which is more
complicate in construction and larger in size. Therefore, if
the ultrasound transducer is incorporated into an insertion
type ultrasound diagnostic instrument, a fore end portion of
an insertion tube will become too bulky in consideration of
maneuverability of the instrument at the time of insertion
into a body cavity.

SUMMARY OF THE INVENTION

[0009] In view of the foregoing situations, it is an object
of the present invention to provide an electronic scan type
ultrasound diagnostic instrument with a wiring system using
a drastically reduced number of wires to and from transducer
elements of an ultrasound transducer, permitting to reduce
the diameter of a cable of signal lines.

[0010] It is another object of the present invention to
provide an electronic scan type ultrasound diagnostic instru-
ment having an insertion tube of a reduced diameter for
insertion into a body cavity of a patient.

[0011] According to the present invention, in order to
achieve the above-stated objectives, there is provided an
electronic scan type ultrasound diagnostic instrument having
an ultrasound transducer constituted by an array of trans-
ducer elements in a predetermined direction, and adapted to
make an electronic scan by sequentially driving a plural
number of adjacently located transducer elements into inter-
related simultaneous or delayed actions, characterized in
that: the transducer elements are divided into a plural
number of transducer assembly units in the direction of the
transducer array; each one of the transducer elements is
provided with a separate electrode connected with an ultra-
sound signal transmit/reception line separately from other
transducer elements and a common electrode connected with
a common electrode of one or a plural number of other
transducer elements; and a number of signal lines separately
connected to separate electrodes of the respective transducer
elements, each one of the signal line being short circuited
with a signal line from a transducer element in a correspond-
ing position in another transducer assembly unit and con-
nected together to one same wiring cable.

[0012] With the arrangements just described, in the case of
an ultrasound transducer which is composed of two trans-
ducer assembly units, the number of wiring cables can be
reduced by half as compared with the total number of
separate electrodes on the arrayed transducer elements.
Accordingly, the case of an ultrasound transducer which is
composed of three or four transducer assembly units, the
number of wring cables can be reduced to 3 or % of the total
number of separate electrodes of the transducer elements.
Namely, by holding a common electrode in one transducer
assembly unit in ON state while holding a common elec-
trode in another transducer assembly unit in OFF state, the
arrayed transducer elements can be sequentially driven in
interrelated simultaneous or delayed action mode. That is to
say, the wiring system is adapted to drive a plural number of
interrelated transducer elements in one transducer assembly
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unit alone, without driving other short circuited transducer
elements in another transducer assembly unit.

[0013] In this instance, at the time of simultaneously
driving a plural number of transducer elements which are
located across a transitional portion between the preceding
and succeeding transducer assembly units, it becomes nec-
essary to turn ON common electrodes in both transducer
assembly units. Therefore, transducer elements other than
target transducer elements can be driven simultaneously. To
avoid this, the ultrasound transducer is arranged to proceed
1o the transducer elements in the other transducer assembly
unit, skipping drive of transducer elements in the transitional
portion and interpolating ultrasound signals in the skipped
transitional portion on the basis of preceding and succeeding
ultrasound signals. Especially in a case where a couple of
transducer elements are driven in a simultaneous or delayed
action mode, fairly accurate ultrasound signals can be
obtained by interpolation of only one signal line.

[0014] However, in a case where a greater number of
transducer elements are driven in an interrelated simulta-
neous or delayed action mode, it becomes necessary to
actually drive the transducer elements in the transitional
portion between two transducer assembly units without
skipping, for the purpose of obtaining more accurate ultra-
sound images while facilitating signal processing. For this
purpose, common electrodes of transducer elements in each
transducer assembly unit are divided into anterior and pos-
terior group common electrodes each connected to one or a
plural number of transducer elements, and an independent
switching means is inserted in each one of wiring cables to
the anterior and posterior group common electrodes in each
transducer assembly unit. In this case, at the time of driving
a plural number of transducer elements in a transitional
portion between two transducer assembly units, a posterior
group common electrode in a preceding transducer assembly
unit and an anterior group common electrode in a succeed-
ing transducer assembly unit are tuned on.

[0015] Wiring cables may be directly connected to elec-
trodes of respective transducer elements. In this regard, it is
desirable to connect wiring cables to transducer elements by
the use of a flexible wiring board, for example, a filmy
flexible wiring board. A filmy wiring board is wrapped
around a backing material of an transducer array. The filmy
wiring board is provided with electrodes in rows in its center
portion and opposite side edge portions in relation with a
wiring pattern which is formed on the front side of the film.
In this instance, a wiring pattern can be formed on the rear
side of the wiring film. Namely, the front side as well as the
rear side of the filmy wiring board can be utilized as a
surface area for forming a wiring pattern. In case electrodes
are provided on the front side of the filmy wiring board, a
wiring pattern lines can be led out onto the front side at
suitable points for connection to respective electrodes.

[0016] According to a more particular preferred form of
the present invention, there is provided an electronic scan
type ultrasound diagnostic instrument having an ultrasound
transducer constituted by an array of transducer elements in
a predetermined direction, and adapted to make an electronic
scan by sequentially driving a plural number of adjacently
located transducer elements into interrelated simultaneous
or delayed actions, characterized in that: the transducer
elements are divided into a plural number of transducer
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assembly units in the direction of the transducer array; each
one of the transducer elements is provided with a separate
electrode connected with an ultrasound signal transmit/
reception line separately from other transducer elements and
a common electrode connected with a common electrode of
one or a plural number of other transducer elements; signal
lines separately connected to separate electrodes of the
respective transducer elements, each one of the signal line
being short circuited with a signal line from a transducer
element in a corresponding position in another transducer
assembly unit and connected together to one and same
wiring cable; the common electrodes being divided into an
anterior group and a posterior group in each transducer
assembly unit, the anterior group being common to trans-
ducer elements of a number equal to or larger than a number
of transducer elements in preceding positions interrelated for
simultaneous or delayed actions minus one; and wiring
cables from anterior and posterior group common electrodes
in each transducer unit being each connected with an inde-
pendent switching means and thereby turned ON and OFF.

[0017] For example, in the case of an ultrasound trans-
ducer having thirty-two transducer elements in a linear array,
driving three transducer elements simultaneously, first six-
teen transducer clements in the array is grouped as a first
transducer assembly unit, and the next sixteen transducer
elements, that is to say, a transducer elements in a seven-
teenth position through to a transducer element in a thirty-
second position are grouped as a second transducer assem-
bly unit. Signal lines to separate electrodes of transducer
elements in the first transducer assembly unit are each short
circuited with a signal line to a separate electrode of a
transducer elements in a corresponding position in the
second transducer assembly unit by the use of a single
wiring cable, more particularly, short circuiting signal lines
of transducer No. 1 and transducer No. 17, transducer No. 2
and transducer No. 18, transducer No. 3 and transducer No.
19 and so forth. Accordingly, the number of wiring cables to
be connected to the respective separate electrodes of the
transducer elements can b reduced by half. On the other
hand, with regard to common electrodes, the first two
transducer elements in each transducer assembly unit are
independently connected to an anterior group common elec-
trode, while the remaining transducer elements in that
assembly unit are connected to a posterior group common
electrode. Wiring cables from the anterior and posterior
group common electrodes are each turned on and off by an
independent switching element. In this instance, there is no
necessity for locating the switching elements in the vicinity
of the transducer elements. Namely, the switching elements
can be located on the side of a drive controller. At the time
of driving transducer elements in the first transducer assem-
bly unit, the switching elements of the anterior and posterior
group common electrodes of the first assembly unit are
turned ON, while other switching elements which are con-
nected to the anterior and posterior group common elec-
trodes of the second transducer assembly unit are turned
OFF. At the time of simultaneously driving a last transducer
element in the first transducer assembly unit and a first
transducer element in the second transducer assembly unit,
the anterior group common electrode of the first transducer
assembly unit is turned OFF while the posterior group
common electrode of the first transducer assembly unit as
well as the anterior group common electrode of the second
assembly unit is turned ON, holding the posterior group
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common electrode of the second assembly unit in OFF state.
Further, at the time of putting the transducer elements of the
second transducer assembly unit in action, both of anterior
and posterior group common electrodes of the second trans-
ducer assembly unit are turned ON, while the anterior and
posterior group common electrodes of the first transducer
assembly unit are held in OFF state.

[0018] The separate electrodes which are short circuited to
one wiring cable are not necessarily required to be located
in the same positions in different transducer assembly units.
In short, signal lines of transducer elements which are not
interrelated for simultaneous action are short circuited and
connected to one wiring cable. The number of transducer
assembly units is two or a greater, that is to say, can be three
or four. Further, the number of transducer elements which
are connected to a common electrode depends on the num-
ber of transducer elements which are interrelated for simul-
taneous action, and cannot be less than the number of
transducer elements of simultancous action by two. Other-
wise, for example, equal number of transducer elements can
be allotted to the anterior and posterior group common
electrodes. In this regard, in a case where a couple of
transducer elements are driven simultaneously, an anterior
group common electrode in each transducer assembly unit is
connected to a single transducer element, and the remainder
are connected to a posterior group common electrode.
Strictly speaking, the anterior group common electrode
which connected to a single transducer element cannot be
regarded as “a common electrode” but it functions in the
same way as the posterior group common electrode. There-
fore, functionally it should be regarded as a common elec-
trode although it is connected to one transducer element
only.

[0019] The above and other objects, features and advan-
tages of the present invention will become apparent from the
following particular description of the invention, taken in
conjunction with the accompanying drawings which show
by way of example some preferred embodiments of the
invention. Needless to say, the present invention should not
be construed as being limited to the particular forms shown
in the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

[0021] FIG. 1 is a schematic perspective view of an
ultrasound diagnostic instrument according to the present
invention, which is applied to an ultrasound endoscope and
incorporate into a fore end portion of an elongated insertion
tube;

[0022]

ducer;

In the accompanying drawings:

FIG. 2 is a wiring diagram of an ultrasound trans-

[0023] FIG. 3 is a schematic side view of the ultrasound
transducer fitted with a filmy wiring board;

[0024]
board;

[0025] FIG. 5 is a schematic illustration showing the
manner of separate electrodes to separate electrode wiring
cables;

[0026] FIG. 6 is a delay timing chart shown as an example
of delay control by a delay circuit;

FIG. 4 is a schematic view of the filmy wiring
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[0027] FIG. 7 is a wiring diagram of an ultrasound trans-
ducer in a second embodiment of the present invention;

[0028] FIG. 8 is a schematic view of a filmy wiring board
bearing wiring patterns on its front and rear sides;

[0029] FIG. 9 is a schematic perspective view of an radial
array ultrasound transducer; and

[0030] FIG. 10 is diagrammatic view of a filmy wiring
board for use on the ultrasound transducer of FIG. 9.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0031] Hereafter, the present invention is described more
particularly by way of its preferred embodiments, with
reference to the accompanying drawings. Referring first to
FIG. 1, there is shown a fore end portion of an insertion tube
of an ultrasound endoscope embodying the ultrasound diag-
nostic instrument according to the present invention. Appli-
cation of the ultrasound diagnostic instrument according to
the present invention is not limited to ultrasound probes or
endoscopes. Namely, the ultrasound diagnostic instrument
of the invention can be applied not only as an insertion type
diagnostic instrument which makes intracavitary scans like
an endoscope, but also as an external diagnostic instrument
which makes scans of internal body tissues through the outer
skin of patient.

[0032] InFIG. 1, indicated at 1 is an insertion tube to be
introduced into a body cavity of a patient. An ultrasound
transducer assembly 2 is mounted in a front side of a rigid
tip end section 1a of the insertion tube 1. At the proximal end
of a down slope behind the ultrasound assembly 2, the rigid
tip end section is provided with a semi-circular obliquely
reclined wall with illumination windows 3 and an observa-
tion window 4 in a proximal end portion which accommo-
dates an endoscopic observation mechanism. Provided
between the ultrasound transducer unit 2 of the ultrasound
diagnostic instrument and the endoscopic observation
mechanism is an outlet opening 5 of a biopsy channel
through which a biopsy or surgical instrument is projected
into a body cavity under observation.

[0033] The ultrasound transducer 2 is constituted by a
large number of transducer elements T which are arrayed
from a proximal base end portion toward a fore distal end of
the rigid tip end section 1a. In the case of the particular
example shown, the transducer elements T are arranged in a
convexly arcuate shape which is suitable for the so-called
convex electronic ultrasound scans. Nevertheless, the ultra-
sound transducer may have the transducer elements arranged
in other directions or in other shapes. For example, the
transducer elements may be arrayed in a linear or cylindrical
shape or otherwise may be arrayed in X- and Y-directions
like a matrix.

[0034] As described hereinbefore, the ultrasound trans-
ducer 2 is constituted by an array of a large number of
ultrasound transducer elements T. In the case of the particu-
lar embodiment shown, the ultrasound transducer 2 is pro-
vided with an array of 32 transducer elements as shown in
FIG. 2. Generally, an ultrasound transducer element T is
provided with an electrode S on one side and an electrode D
on the other side. By applying a predetermined voltage to the
electrode S while retaining the electrode D at the earth
potential, an ultrasound pulse is transmitted into a patient’s
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body to receive echoes from internal body tissues. Accord-
ingly, it is necessary to make a separate wiring connection
to the electrode S on each one of the ultrasound transducer
elements T in the array, but the electrodes D on the other side
of the transducer elements T can be connected to a single
wire of a common electrode. The number of ultrasound
transducer elements has to be increased as much as possible
in order to get a clear ultrasound image of high resolution on
a monitor screen.

[0035] Wiring hard-wires from the transducer elements T
are passed through the insertion tube 1 and extended as far
as an ultrasound image observation terminal. Especially, in
case the ultrasound diagnostic instrument is applied to an
endoscope with a solid-state image sensor in an endoscopic
image pickup system, the wiring hard-wires which have to
be completely shielded to transmit weak signals of received
ultrasound echoes without picking up noises from wiring
hard-wires to and from the solid-state image sensor which
are also passed through the endoscopic insertion tube 1.
Normally, a coaxial cable is used for wring from each
individual electrode S, so that internal space of the insertion
tube is mostly occupied by wiring cables from the ultra-
sound transducer 2.

[0036] According to the present invention, while increas-
ing the number of the transducer elements T of the ultra-
sound transducer 2, attempts have been made to minimize
the diameter of the insertion tube 1.

[0037] An assembly of 32 transducer elements is
employed in the case of the ultrasound transducer 2 exem-
plified in FIG. 2. The 32 transducer elements T are labeled
with reference numerals T1 to T32, while individual elec-
trodes S which are connected to the transducer elements T
are labeled with reference numerals S1 to $32, respectively.
Of the 32 transducer elements T, transducer elements T1 to
T16 are grouped as a first transducer assembly unit, and
transducer elements T17 to T32 are grouped as a second
transducer assembly unit. With regard to the common elec-
trodes D, the transducer elements T1 and T2 of the first
transducer assembly unit are connected an anterior group
common electrode D1, while the transducer elements T3 to
T16 of the first transducer assembly unit are connected to a
posterior group common electrode D2. On the other hand,
the transducer elements T17 and T18 of the second trans-
ducer assembly unit are connected to an anterior group
common electrode D3, and the transducer elements T19 to
T20 of the second transducer assembly unit are connected to
a posterior group common electrode D4.

[0038] Shown in FIG. 3 is the construction of the ultra-
sound transducer 2. In this case, the 32 transducer elements
T of the ultrasound transducer 2 are arrayed in a direction
perpendicular to the plane of that figure. The assembly of the
transducer elements T is in the form of a multi-layer
laminated structure having an acoustic matching layer M
and an acoustic lens L. laminated on the outer side of the
transducer elements T and having a backing material B
laminated on the other side. In this instance, the acoustic
matching layer M, acoustic lens L and backing material B
are provided commonly for each one of the 32 transducer
elements T1 to T32.

[0039] Shown in FIG. 4 is an example of a flexible filmy
wiring board 6 to be mounted on the ultrasound transducer
2. As seen in FIG. 4, the filmy wiring board 6 bears a wiring
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pattern on a flexible synthetic resin sheet. The wiring pattern
on the filmy wiring board 6 is formed to make wiring
connections to the respective separate electrodes S. More
particularly, the wiring pattern contains contact points C1 to
C 16 for lines 7 to be connected to separate electrodes S1 and
S17, separate electrodes S2, separate electrodes S18, S3 and
S19 and so forth. Thus, at the contact points C1 to C16,
wiring lines to the separate electrodes S1 to S18 and wiring
lines to the separate electrodes S17 to S32 are successively
connected in a short-circuited state. A row of contact points
C1 to C16 is provided in a center zone 6« of the filmy wiring
board 6 which has a predetermined width, between connect-
ing wire portions 6/ and 6¢ running to the opposite side
edges of the filmy wiring board 6 for connection to the
ultrasound transducer 2. In mounting the filmy wring board
6 on the ultrasound transducer 2, the filmy wiring board 6 in
such a way as to embrace the backing material of the
ultrasound transducer 2. Connecting portions 6b at one side
of the filmy wiring board 6 are bonded on to make electrical
connections to the separate electrodes S1 to S16 of the
transducer elements T1 to T16, respectively, while the
connecting portions 6¢ at the other side of the filmy wiring
board 6 are similarly bonded on to make electrical connec-
tions to the separate electrodes S17 to S32 of the transducer
elements T17 to T32, respectively. Further, the center zone
6a of the filmy wiring board 6 is wrapped around the rear
and lateral sides of the backing material B, so that the
contact points C1 to C16 are located in an exposed state on
the lower or back side of the backing material B. Accord-
ingly, as clear from FIG. 3, on the back side of the
ultrasound transducer 2, core wires 8a of separate electrode
wiring cables 8 are connected to the respective contact
points C1 to C16.

[0040] The above-described wiring pattern on the filmy
wiring board 6 makes it possible to reduce by half the
number of wiring cables 8 to the 32 separate electrodes S,
that is to say, to reduce the number of wiring cables 8 to 16
which is half the number of connecting conduction lines 7.
Each separate electrode wiring cable 8 is connected to a
couple of connecting conduction lines 7 which are con-
nected to a pair of separate electrodes S. The separate
electrodes S11 to S16 in the first transducer assembly unit
are paired with the separate electrodes S17 to S32 in the
second transducer assembly unit, respectively. In other
words, the separate electrodes in the first transducer assem-
bly unit are paired with the separate electrodes in the
corresponding positions in the second transducer assembly
unit.

[0041] On the other hand, wiring connections to the com-
mon electrodes D1 to D4 may be made by way of the filmy
wiring board 6 or otherwise by the use of independent wire
cables 9. However, in a case where coaxial cables are used
for the separate electrode wiring cables 8 as shown in FIG.
5, a core wire of each coaxial cable is connected to a couple
of connecting conduction lines 7, and a braided wire 84
which is provided between an insulating layer 85 and a cover
layer 8¢ can be utilized as a transmission path of the
common electrodes D1 to D4. In such a case, the common
electrode wiring cables 9 from the common electrodes D1 to
D4 may be connected to braided wires on four of the
separate electrode wiring cables 8, while dividing the
remaining 28 separate electrode wiring cables 8 into four
groups and conducting with each other the braid wires 84 on
the separate electrode wiring cables 8 of each group. More
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particularly, in FIG. 2, a braid wire 8d on one of the separate
electrode wiring cables 8 in the first and second positions
from the top side is connected to the common electrode 8d
and at the same time put in conduction with a braid wire 84
on the other separate electrode wiring cable 8. A braid wire
8d on one of the separate electrode wiring cables 8 in the
third to eighth positions is connected to the common elec-
trode D2 and at the same time put in conduction with braid
wires 8d on other separate electrode wiring cables 8. Abraid
wire 84 on one of the separate electrode wiring cables 8 in
the ninth and tenth positions is connected to the common
electrode D3 and at the same time put in conduction with a
braid wire 8d on the other separate electrode wiring cable 8.
Further, a braid wire 84 on one of the separate electrode
wiring cables 8 in the eleventh to sixteenth positions are
connected to the common electrode D4 and at the same time
put in conduction with braid wires 84 on other separate
electrode wiring cables 8.

[0042] Further, the above-mentioned sixteen separate
electrode wiring cables 8 (plus four common electrode
wiring cables 9 in case these independent wiring cable are
provided) are led into the insertion tube 1 of the endoscope
and encased in a cable (not shown) which is led out of the
endoscope and, as shown in FIG. 2, terminated with a
connector 1b at an outer distal end to be disconnectibly
connected to an ultrasound image observation terminal 10.

[0043] As shown schematically in FIG. 2, the ultrasound
image observation terminal 10 is provided with a transmit/
reception circuit 11 which is provided with a switch 12 to
switch its operation between transmit and reception modes.
A delay circuit 13 is connected to the transmit side of the
transmit/reception circuit 11. As soon as a drive pulse is fed
to the delay circuit 13, three ultrasound transducer elements
T are activated by drive pulses in a simultaneous action
mode. For example, drive pulses to the three transducer
elements T are sequentially delayed as shown in FIG. 6 for
the purpose of changing directivity of ultrasound pulses or
for controlling a beam pattern. However, if desired, all of the
three transducer elements T of the simultaneous action group
may be put in transmit action simultaneously, or transmit
timing of the transducer elements T in preceding and suc-
ceeding positions may be shifted relative to that of the
transducer element T in an intermediate position.

[0044] On the other hand, a switching element 14 is
connected to each one of the wiring cables 9 from the
common electrodes D1 to D4. When the switching element
14 is ON and a drive pulse is fed to transducer elements T
through a separate electrode wiring cable 8, ultrasound
pulses are transmitted from the driven transducer elements
T. Namely, as long as the switching element 14 if OFF, no
ultrasound pulse is transmitted from transducer elements T
even if a drive pulse is supplied thereto.

[0045] The ultrasound transducer 2 of the above construc-
tion can be used for electronic ultrasound scans in the
manner as follows. In making an ultrasound scan, three
consecutive transducer elements are driven simultancously
or at least one of three consecutive transducer elements is
driven with a delay relative to other transducer elements.

[0046] In the first place, among thirty-three transducer
elements T, the transducer elements T1 to T3 are driven and
put in transmit action. For this purpose, switching elements
14 which are connected to the common electrode wiring
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cables 9 to the anterior group common electrode D1 and the
posterior group common electrode D2 of the first transducer
assembly unit are turned ON, while turning OFF the wiring
cables 9 to the anterior group common electrode D3 and the
posterior group common electrode D4 of the second trans-
ducer assembly unit. Then, a drive signal is applied to the
transducer elements T1 to T3 from the separate electrodes
S1 to S3, respectively. Whereupon, ultrasound is transmitted
from the transducer elements T1 to T3. The separate elec-
trode wiring cables 8 which are connected to the separate
electrodes S1 to S3 of the transducer elements T1 to T3 are
also connected to the separate electrodes S17 to S19 of the
second transducer assembly unit. However, since the ante-
rior group common electrode D3 and the posterior group
common electrode D4 are OFF, no ultrasound is transmitted
from the transducer elements T17 to T19 of the second
transducer assembly unit.

[0047] Upon completion of ultrasound transmit and recep-
tion by the transducer elements T1 to T3, following trans-
ducer elements are sequentially driven in the order of
transducer elements T2 to T4, transducer elements T3 to TS
and so forth. Upon completion of transmit and reception by
the transducer elements T14 to T16, the switching elements
14 of the common electrode wiring cables 9 from the
anterior group common electrode D1 of the first transducer
assembly unit are turned OFF, while holding ON the switch-
ing elements 14 of the common electrode wiring cables 9
from the posterior group common electrode D2, with the
anterior and posterior group common electrodes D3 and D4
of the second transducer assembly unit in ON and OFF
states, respectively. In this state, a drive signal is applied to
the separate electrodes S115 and S117 to drive the trans-
ducer elements T15 to T17. Namely, in a transitional phase
from the first transducer assembly unit to the second trans-
ducer assembly unit, the posterior group common electrode
D2 of the first transducer assembly unit and the anterior
group common electrode D3 of the second transducer
assembly unit are held in ON state. Accordingly, the separate
electrode S15 is short circuited to the separate electrode S31,
the separate electrode S16 is short circuited to the separate
electrode S32, and the separate electrode S17 is short
circuited to the separate electrode S1. However, since the
common electrodes D1 and D2 which are connected with the
transducer elements T1, T31 and T32 are in OFF state, no
ultrasound is transmitted from these transducer elements T1,
T31 and T32. The transducer elements T16 to T18 are driven
under similar circumstances. At the time of driving the
transducer elements T16 to T18 of the second transducer
assembly unit, switching elements 14 of common electrode
wiring cables 9 from the anterior and posterior group
common electrodes D3 and D4 of the second transducer
assembly unit are held in ON state, while the anterior and
posterior group common electrodes D1 and D2 of the first
transducer assembly unit are held in OFF state. Transducer
elements other than T16 to T18 are not driven at this time.

[0048] Even though the ultrasound transducer 2 is consti-
tuted by thirty-two ultrasound transducer elements T as
described above, the insertion tube 1 of the endoscope can
be made narrower because the number of separate electrode
wiring cables 8 to be fitted in the insertion tube 1 of the
endoscope can be reduced by half, that is, can be reduced to
sixteen cables. Besides, the common electrode is divided
into four parts, so that the number of common electrode
wiring cables 9 is increased by three as compared with the
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arrangement in the conventional counterpart. Nevertheless,
the total number of cables to be fitted internally of the
insertion tube 1 can be reduced drastically. In addition, in a
case where the braid wires 8d in the separate electrode
wiring cables 8 are used for making wiring connections to
the common electrodes D, it suffices to provide only sixteen
wiring cables within the insertion tube 1. Such sixteen
wiring cables can be bundled into a single slim cord and
passed through the insertion tube 1 in a shielded state.

[0049] In the above-described ultrasound transducer con-
struction, the transducer is arranged to put three consecutive
transducer elements simultaneously in action. If desired, it
can be arranged to activate two transducer elements simul-
taneously. In such a case, the anterior group common
electrode in the first and second transducer assembly units
can be constituted by a single ultrasound transducer element.
In this manner, the anterior and posterior group common
electrodes for a plural number of transducer elements in
each transducer assembly unit need to be connected to a
number of transducer elements which is greater than a
number of transducer elements in simultaneous action minus
one. That is, in a case where five transducer elements are
simultaneously put in action, the common electrode is
connected to more than four transducer elements. Accord-
ingly, in a case where, among the sixteen transducer ele-
ments in each one of the first and second transducer assem-
bly units, eight transducer elements are connected to each
one of the anterior and posterior group common electrodes
as shown in FIG. 7, it is possible to drive the respective
transducer elements sequentially one after another or to
drive simultaneously a desired number of transducer ele-
ments at one time. If necessary, three or more transducer
assembly units may be incorporated into the ultrasound
transducer 2. In this case, a separate electrode wiring cable
8 is connected to a number of separate electrodes corre-
sponding to the number the transducer assembly units.

[0050] Now, referring to FIG. 8, there is shown another
embodiment of the present invention. In this embodiment,
the conduction lines 7 are provided as a printed pattern on
a filmy wiring board, and separate electrode wiring cables 8
are directly connected to the ultrasound transducer 2. There-
fore, contact points M for connection to the respective
separate electrodes S of the transducer elements T are
provided on the filmy wiring board 20, along with contact
points N for connection to the respective separate electrode
wiring cables 8 and a printed wiring pattern P connecting the
contact point M to the contact points N. In this instance, the
contact points, M1 to M32, on the side of the transducer
elements T are provided in the same number as the separate
electrodes S of the transducer elements T. The number of the
contact points, N1 to N16, on the side of the separate
electrode wiring cables 8 is half the number of the contact
points M. The wiring pattern P is constituted by wiring lines
P1 to P32, the same number as the contact points M on the
side of the transducer elements T.

[0051] Conduction lines 7 are connected in pairs to each
one of the separate electrode wiring cable 8, so that they are
crossed at least at some points. Therefore, both sides of the
filmy wiring board 20 are used for routing the wiring pattern
P. Besides, the contact points N for the separate electrode
wiring cables are located at transversely intermediate posi-
tions on the filmy wiring board 20, between the contact
points M which are located at intervals along opposite side
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edges of the filmy wiring board 20. Accordingly, the contact
points M and N are arranged in three rows running longi-
tudinally along the opposite side edges and a center line of
the filmy wiring board 20 and each containing the same
number of contact points, that is to say, each containing eight
contact points.

[0052] The ultrasound transducer elements T are each in
the form of a short strip of a predetermined length. Of the
transducer elements T1 to T32 in a linear array, those
transducer elements which are in odd-number positions have
a separate electrode located in the vicinity of a left end of a
strip-like body, while those transducer elements which are in
even-number positions have a separate electrode located in
the vicinity of a right end of the strip-like body. That is to
say, the separate electrodes are located alternately at a left
end and at a right end of the arrayed transducer elements T.
The wiring pattern lines P1 to P16 which are connected to
the separate electrode S1 to S16 of the transducer elements
T1 to T16 are formed on the front side of the filmy wiring
board 20 (the side on which the contact points M and N are
provided), while the wiring pattern lines P17 to P32 which
are connected to the separate electrodes S17 to 832 of the
transducer elements T17 to T32 are formed on the opposite
rear side of the filmy wiring board 20 (on the side away from
the side with the contact points M and N). Therefore, all of
the wiring pattern lines can be formed on the filmy wiring
board 20 without crossing each other.

[0053] Since the wiring pattern P is formed partly on the
front side and partly on the rear side of the filmy wiring
board 20 in the manner as described above, the contact
points M on the side of the transducer elements T as well as
the contact points N on the side of the separate electrode
wiring cables are all exposed on both sides of the filmy
wiring board 20. Therefore, for example, the respective
contact points M and N which are electrically connected
with the wiring pattern lines P on the front and rear sides of
the filmy wiring board 20 can be formed by filling conduc-
tive material in apertures which are perforated in the filmy
wiring board 20 in relation with positions of the wiring
pattern lines P.

[0054] Thus, in connecting the separate electrode wiring
cables 8 with the separate electrodes S of the transducer
elements T by way of the filmy wiring board 20 and in short
circuiting a couple of separate electrodes by a separate
electrode wiring cable 8 in the manner as described above,
the wiring pattern lines P are not crossed at any point. In
addition, since the contact points M on the side of the
transducer clements are alternately allotted to the opposite
side edges of the filmy wiring board 20, each contact point
M can be formed on a relative wide area for facilitating
registration of position of the filmy wiring board 20 on the
ultrasound transducer 20, permitting to assemble a wiring
board of the separate electrode wiring cables into the ultra-
sound transducer 2 with accuracy.

[0055] Further, for example, the present invention can be
applied to an ultrasound transducer 30 having a large num-
ber of transducer elements T arranged in a cylindrical array
as shown in FIG. 9. In this case, a cylindrical filmy wiring
board 31 is used for the cylindrical transducer array. As
shown in FIG. 10, contact points M on the side of transducer
elements and contact points N on the side separate electrode
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wiring cables are likewise connected with wiring pattern
lines P on the front and rear sides of the filmy wiring board
31

[0056] In this instance, the transducer elements T are
divided into two groups. Namely, the transducer elements
are divided into Group I consisting of transducer elements
T1 to T16 and Group II consisting of transducer elements
T17 to T32. As shown in FIG. 10, the filmy wiring board 31
is provided with contact points M1 to M16 on its front side
for connection to separate electrodes S1 to S16 of the
transducer elements T1 to T16, along with contact points
M17 to M32 to be connected to separate electrodes S17 to
S32 of the transducer elements T17 to T32. Contact points
N1 to N16 for the separate electrode wiring cables are
connected to wiring pattern lines P1 to P16, respectively.
Wiring pattern lines P1 to P16 as well as wiring pattern lines
P17 to P32 are connected to conduction points (indicated by
a black dot in FIG. 10) which are formed through the filmy
wiring board 31. Further, the wiring pattern lines P1 to P16
are short circuited with a corresponding one of the wiring
pattern lines P17 to P32 by a wiring pattern (indicated by
broken lines) which is formed on the rear side of the filmy
wiring board 31. By the use of the filmy wiring board 31, it
becomes possible to reduce by half the number of the
separate electrode wiring cables as compared with the
number of the transducer elements on the ultrasound trans-
ducer 30. This ultrasound transducer 30 operates in the same
manner as in the foregoing embodiments.

What 1s claimed is:

1. An electronic scan type ultrasound diagnostic instru-
ment having an ultrasound transducer constituted by an
array of transducer elements in a predetermined direction,
and adapted to make an e¢lectronic scan by sequentially
driving a plural number of adjacently located transducer
elements into interrelated simultaneous or delayed actions,
characterized in that:

said transducer elements are divided into a plural number
of transducer assembly units in the direction of said
transducer array;

each one of said transducer elements is provided with a
separate electrode connected with an ultrasound signal
transmit/reception line separately from other transducer
elements and a common electrode connected with a
common electrode of one or a plural number of other
transducer elements; and

a number of signal lines separately connected to separate
electrodes of the respective transducer elements, each
one of said signal line being short circuited with a
signal line from a transducer element in a correspond-
ing position in another transducer assembly unit and
connected together to one same wiring cable.

2. An electronic scan type ultrasound diagnostic instru-
ment as defined in claim 1, wherein said ultrasound trans-
ducer provided as an ultrasound scan head at the fore end of
an insertion tube of an endoscope.

3. An electronic scan type ultrasound diagnostic instru-
ment as defined in claim 2, wherein said endoscope is further
provided with an optical observation means immediately
behind said ultrasound scan head.
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4. An electronic scan type ultrasound diagnostic instru-
ment as defined in claim 2, wherein said transducer elements
are arrayed linearly in the axial direction of said insertion
tube.

5. An electronic scan type ultrasound diagnostic instru-
ment as defined in claim 2, wherein said ultrasound elements
are arrayed in a circular or annular from.

6. An electronic scan type ultrasound diagnostic instru-
ment as defined in claim 1, wherein common electrodes of
ultrasound elements in each transducer assembly unit are
divided into an anterior group and a posterior group, and an
independent switching means is connected to a wiring cable
to each group of common electrodes.

7. An electronic scan type ultrasound diagnostic instru-
ment as defined in claim 6, wherein said anterior group is
constituted by a number of common electrodes, which is
greater than a number of transducer elements interrelated for
simultaneous or delayed actions minus one.

8. An electronic scan type ultrasound diagnostic instru-
ment as defined in claim 6, wherein said anterior and
posterior groups are constituted by the same number com-
mon electrodes.

9. An electronic scan type ultrasound diagnostic instru-
ment as defined in claim 1, wherein each one of said wiring
cables is constituted by a coaxial cable having a core wire
connected to separate electrodes of transducer elements, and
said common electrodes are connected to a braid wire on one
wiring cable which is connected with a braid wire on another
wiring cable which braid wire is connected with a common
electrode or electrodes of the same group.

10. An electronic scan type ultrasound diagnostic instru-
ment as defined in claim 1, further comprising a filmy wiring
board having contact points to be connected to separate
electrodes of said transducer elements and wiring lines
connecting said contact points with respective separate
electrodes of said transducer elements in such a way as to
short circuit signal lines of said separate electrodes.

11. An electronic scan type ultrasound diagnostic instru-
ment as defined in claim 10, wherein said filmy wiring board
is provided with a wiring pattern on front and rear sides
thereof, a wiring pattern on the rear side being led out onto
the front side by way of conductive parts inlayed through
said filmy wiring board.

12. An electronic scan type ultrasound diagnostic instru-
ment as defined in claim 10, wherein said ultrasound trans-
ducer has said transducer elements arrayed in a linear
direction on and along a backing material, and said filmy
wiring board is wrapped around said backing material with
opposite ends thereof tucked in and gripped between said
backing material and arrayed transducer elements, and with
said contact points located on the rear side of said backing
material.

13. An electronic scan type ultrasound diagnostic instru-
ment as defined in claim 11, wherein said filmy wiring board
is provided with rows of a predetermined number of trans-
ducer contact points to be connected with the respective
transducer elements in a transducer array, one row of contact
points being formed along one side edge of said filmy wiring
board for connection to transducer elements in odd-number
positions while another row of contact points being formed
along the other side edge of said filmy wiring board for
connection to transducer elements in even-number positions.

14. An electronic scan type ultrasound diagnostic instru-
ment as defined in claim 13, wherein said filmy wiring board
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is centrally provided with a row of wiring cable contact
points, which contact points being less than half the number
of said transducer contact points and arranged to short
circuit a wiring pattern on the front side of said filmy wiring
board with a wiring pattern on the rear side of said filmy
wiring board.

15. An electronic scan type ultrasound diagnostic instru-
ment as defined in claim 1, wherein said transducer elements
are arranged as an annular array in the circumferential
direction of said insertion tube, and said filmy wiring board
is rolled into a cylindrical shape and provided with a row of
transducer contact points on the front side and along a side
edge of said filmy wiring board, and wiring pattern lines
from said transducer contact points are led out onto the rear
side of said filmy wiring board and short circuited with
corresponding wiring pattern lines on the rear side of said
filmy wiring board.

16. An electronic scan type ultrasound diagnostic instru-
ment having an ultrasound transducer constituted by an
array of transducer elements in a predetermined direction,
and adapted to make an electronic scan by sequentially
driving a plural number of adjacently located transducer
elements into interrelated simultaneous or delayed actions,
characterized in that:

said transducer elements are divided into a plural number
of transducer assembly units in the direction of said
transducer array;
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each one of said transducer elements is provided with a
separate electrode connected with an ultrasound signal
transmit/reception line separately from other transducer
elements and a common electrode connected with a
common electrode of one or a plural number of other
transducer elements;

signal lines separately connected to separate electrodes of
the respective transducer elements, each one of said
signal line being short circuited with a signal line from
a transducer element in a corresponding position in
another transducer assembly unit and connected
together to one and same wiring cable;

said common electrodes being divided into an anterior
group and a posterior group in each transducer assem-
bly unit, said anterior group being common to trans-
ducer elements of a number equal to or larger than a
number of transducer elements in preceding positions
interrelated for simultaneous or delayed actions minus
one; and

wiring cables from anterior and posterior group common
electrodes in each transducer unit being each connected
with an independent switching means.
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