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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to an ultrasonic
endoscope capable of being inserted into a body of a
patient and imaging ultrasonic tomographic images for
medical diagnoses and an ultrasonic endoscopic appa-
ratus having such an ultrasonic endoscope.

Description of a Related Art

[0002] Conventionally, puncture treatmentusing an ul-
trasonic endoscope has been performed while confirm-
ing in real time the protrusion state of a puncture needle
protruded from the tip of the insertion part of the ultrasonic
endoscope inserted into a body on ultrasonic tomograph-
icimages obtained by using plural ultrasonic transducers
(ultrasonic vibrators) provided at the tip of the insertion
part of the ultrasonic endoscope. However, such punc-
ture treatment using the ultrasonic endoscope is so dif-
ficult that it requires advanced techniques.

[0003] For example, Japanese Patent Application
Publication JP-P2004-105289A discloses an ultrasonic
endoscope that reduces the difficulty of puncture treat-
ment by suppressing the reaction when the puncture nee-
dle is punctured into a target part even if the target part
is a tissue that has become hard due to fibrosis or the
like (paragraphs 0022 and 0023, and Fig. 2). In the ul-
trasonic endoscope, a magnetic force is applied from a
magnetic generation device located outside of the body
of a patient and a current is allowed to flow in an electro-
magnet provided in a position close to the curved part at
the tip side of the flexible portion of the ultrasonic endo-
scope, and thereby, the position close to the curved part
at the tip side of the flexible portion of the ultrasonic en-
doscope is attracted by a magnetic force and fixed to the
luminal wall of the trachea of the patient. Thus, when the
puncture needle is punctured into a target part within the
body cavity by using the ultrasonic endoscope, the inser-
tion part of the ultrasonic endoscope is prevented from
bending due to the reaction of the puncture needle and
the puncture needle can be punctured into the target part
easily and reliably even if the target part is a tissue that
has become hard due to fibrosis or the like.

[0004] However, a conventional ultrasonic endoscope
images ultrasonic tomographic images by using a convex
one-dimensional ultrasonic transducer array 101 includ-
ing plural ultrasonic transducers arranged in a semicircle
form as shown in Fig. 12A. As a result, even though it is
seen that a puncture needle 102 has been able to be
punctured into a target part 105 in a B-mode image,
sometimes the center line of the puncture needle 102
and the target part 105 are actually misaligned in the
width direction of the ultrasonic transducer because of
the focus width in the width direction of the ultrasonic

10

15

20

25

30

35

40

45

50

55

transducer.

[0005] Accordingly, in the case where the target part
105 has become hardened, the reaction when the punc-
ture needle 102 is punctured can be suppressed as dis-
closed in JP-P2004-105289A, however, even in the case
where the target part 105 has not become hardened,
especially when the target part 105 is small, the difficulty
of puncture treatment can not be reduced unless the mis-
alignment between the center line of the puncture needle
102 and the target part 105 because of the focus width
in the width direction of the ultrasonic transducer is elim-
inated.

SUMMARY OF THE INVENTION

[0006] The presentinvention is achieved in view of the
above-mentionedproblems. An object of the present in-
vention is to provide an ultrasonic endoscope and an
ultrasonic endoscopic apparatus by which a positional
relationship can be grasped even in the width direction
of the ultrasonic transducer.

[0007] In order to solve the above-mentioned prob-
lems, an ultrasonic endoscope according to a first aspect
of the present invention comprises: plural two-dimen-
sional ultrasonic transducer arrays arranged in a semi-
circle or polygonal form, each including plural ultrasonic
transducers arranged in M rows and N columns where
M and N are integers not less than 2, for performing
three-dimensional scanning operation; a first group of
interconnections each for electrically connecting to one
another first electrodes of the plural ultrasonic transduc-
ers located in the same row and the same column in the
plural two-dimensional ultrasonic transducer arrays and
electrically connecting a connection point thereof to an
external circuit; and a second group of interconnections
each for electrically connecting to one another second
electrodes of the plural ultrasonic transducers included
in respective one of the plural two-dimensional ultrasonic
transducer arrays and electrically connecting a connec-
tion point thereof to an external circuit.

[0008] An ultrasonic endoscope according to a second
aspect of the present invention comprises: plural two-di-
mensional ultrasonic transducer arrays arranged in a
semicircle or polygonal form, each including plural ultra-
sonic transducers arranged in M rows and N columns
where Mand N are integers not less than 2, for performing
three-dimensional scanning operation; a first group of
interconnections each for electrically connecting to one
another first electrodes of the plural ultrasonic transduc-
ers located in the same row and the same column in the
plural two-dimensional ultrasonic transducer arrays; plu-
ral variable delay line units having first terminals connect-
ed to the first group of interconnections, respectively; a
second group of interconnections each for electrically
connecting to one another second terminals of the plural
variable delay line units connected to the plural ultrasonic
transducers located in the same row in the plural two-di-
mensional ultrasonic transducer arrays and electrically
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connecting a connection point thereof to an external cir-
cuit; and a third group of interconnections each for elec-
trically connecting to one another second electrodes of
the plural ultrasonic transducers included in respective
one of the plural two-dimensional ultrasonic transducer
arrays and electrically connecting a connection point
thereof to an external circuit.

[0009] An ultrasonic endoscopic apparatus according
to a first aspect of the present invention comprises: an
ultrasonic endoscope including plural two-dimensional
ultrasonic transducer arrays arranged in a semicircle or
polygonal form, each including plural ultrasonic transduc-
ers arranged in M rows and N columns where M and N
are integers not less than 2, for performing three-dimen-
sional scanning operation, a first group of interconnec-
tions each for electrically connecting to one another first
electrodes of the plural ultrasonic transducers located in
the same row and the same column in the plural two-di-
mensional ultrasonic transducer arrays and electrically
connecting a connection point thereof to an external cir-
cuit, and a second group of interconnections each for
electrically connecting to one another second electrodes
of the plural ultrasonic transducers included in Respec-
tive one of the plural two-dimensional ultrasonic trans-
ducer arrays and electrically connecting a connection
point thereof to an external circuit; transmitting means
for generating drive signals and outputting the drive sig-
nals to the plural two-dimensional ultrasonic transducer
arrays via the first group of interconnections; plural piec-
es of switch means connected to the second group of
interconnections and afixed potential; and control means
for controlling whether or not each of the second group
of interconnections is connected to the fixed potential by
supplying control signals to the plural pieces of switch
means so as to select one to be used from among the
plural two-dimensional ultrasonic transducer arrays, and
controlling delay amounts of the drive signals in the trans-
mitting means such that the selected two-dimensional
ultrasonic transducer array performs the three-dimen-
sional scanning operation within a respective area.
[0010] An ultrasonic endoscopic apparatus according
to a second aspect of the present invention comprises:
an ultrasonic endoscope including plural two-dimension-
al ultrasonic transducer arrays arranged in a semicircle
or polygonal form, each including plural ultrasonic trans-
ducers arranged in M rows and N columns where M and
N are integers not less than 2, for performing three-di-
mensional scanning operation, a first group of intercon-
nections each for electrically connecting to one another
first electrodes of the plural ultrasonic transducers locat-
ed in the same row and the same column in the plural
two-dimensional ultrasonic transducer arrays, plural var-
iable delay line units having first terminals connected to
thefirst group of interconnections, respectively, a second
group of interconnections each for electrically connecting
to one another second terminals of the plural variable
delay line units connected to the plural ultrasonic trans-
ducers located in the same row in the plural two-dimen-
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sional ultrasonic transducer arrays and electrically con-
necting a connection point thereof to an external circuit,
and a third group of interconnections each for electrically
connecting to one another second electrodes of the plural
ultrasonic transducers included in respective one of the
plural two-dimensional ultrasonic transducer arrays and
electrically connecting a connection point thereof to an
external circuit; transmitting means for generating drive
signals and outputting the drive signals to the plural
two-dimensional ultrasonic transducer arrays via the sec-
ond group of interconnections; plural pieces of switch
means connected to the third group of interconnections
and a fixed potential; and control means for controlling
whether or not each of the third group of interconnections
is connected to the fixed potential by supplying control
signals to the plural pieces of switch means so as to select
one to be used from among the plural two-dimensional
ultrasonic transducer arrays, and supplying delay
amount control signals for controlling delay amounts of
the drive signals to the plural variable delay line units
such that the selected two-dimensional ultrasonic trans-
ducer array performs the three-dimensional scanning op-
eration within a respective area.

[0011] An ultrasonic endoscopic apparatus according
to a third aspect of the present invention comprises: an
ultrasonic endoscope including plural two-dimensional
ultrasonic transducer arrays arranged in a semicircle or
polygonal form, each including plural ultrasonic transduc-
ers arranged in M rows and N columns where M and N
are integers not less than 2, for performing three-dimen-
sional scanning operation, a first group of interconnec-
tions each for electrically connecting to one another first
electrodes of the plural ultrasonic transducers located in
the same row and the same column in the plural two-di-
mensional ultrasonic transducer arrays and electrically
connecting a connection point thereof to an external cir-
cuit, and a second group of interconnections each for
electrically connecting to one another second electrodes
of the plural ultrasonic transducers included in respective
one of the plural two-dimensional ultrasonic transducer
arrays and electrically connecting a connection point
thereof to an external circuit; an adapter including plural
pieces of switch means connected to the second group
of interconnections and a fixed potential; and an ultra-
sonic observation apparatus including transmitting
means for generating drive signals and outputting the
drive signals to the plural two-dimensional ultrasonic
transducer arrays via the first group of interconnections,
and control means for controlling whether or not each of
the second group of interconnections is connected to the
fixed potential by supplying control signals to the plural
pieces of switch means so as to select one to be used
from among the plural two-dimensional ultrasonic trans-
ducer arrays, and controlling delay amounts of the drive
signals in the transmitting means such that the selected
two-dimensional ultrasonic transducer array performs
the three-dimensional scanning operation within a re-
spective area.
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[0012] An ultrasonic endoscopic apparatus according
to a fourth aspect of the present invention comprises: an
ultrasonic endoscope including plural two-dimensional
ultrasonic transducer arrays arranged in a semicircle or
polygonal form, each including plural ultrasonic transduc-
ers arranged in M rows and N columns where M and N
are integers not less than 2, for performing three-dimen-
sional scanning operation, a first group of interconnec-
tions each for electrically connecting to one another first
electrodes of the plural ultrasonic transducers located in
the same row and the same column in the plural two-di-
mensional ultrasonic transducer arrays, plural variable
delay line units having first terminals connected to the
first group of interconnections, respectively, a second
group of interconnections each for electrically connecting
to one another second terminals of the plural variable
delay line units connected to the plural ultrasonic trans-
ducers located in the same row in the plural two-dimen-
sional ultrasonic transducer arrays and electrically con-
necting a connection point thereof to an external circuit,
and a third group of interconnections each for electrically
connecting to one another second electrodes of the plural
ultrasonic transducers included in respective one of the
plural two-dimensional ultrasonic transducer array and
electrically connecting a connection point thereof to an
external circuit; an adapter including plural pieces of
switch means connected to the third group of intercon-
nections and a fixed potential; and an ultrasonic obser-
vation apparatus including transmitting means for gen-
erating drive signals and outputting the drive signals to
the plural two-dimensional ultrasonic transducer arrays
via the second group of interconnections, and control
means for controlling whether or not each of the third
group of interconnections is connected to the fixed po-
tential by supplying control signals to the plural pieces of
switch means so as to select one to be’ used from among
the plural two-dimensional ultrasonic transducer arrays,
and supplying delay amount control signals for controlling
delay amounts of the drive signals to the plural variable
delay line units such that the selected two-dimensional
ultrasonic transducer array performs the three-dimen-
sional scanning operation within a respective area.
[0013] Accordingtothe presentinvention, the position-
al relationship can be grasped even in the width direction
of the ultrasonic transducer, and therefore, the centerline
of the puncture needle can be precisely aligned with the
target part even when the target part is small, for exam-
ple.

[0014] Further, the number of interconnections within
the ultrasonic transducer array can be drastically re-
duced. As a result, when the ultrasonic transducer array
is formed by arranging plural two-dimensional ultrasonic
transducer arrays in a semicircle form or polygonal form,
the insertion part of the ultrasonic endoscope can be pre-
vented from being thicker due to interconnections within
the ultrasonic transducer array.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

Fig. 1 shows a constitution of an ultrasonic endo-
scopic apparatus 1 according to a first embodiment
of the present invention;

Fig. 2 shows a structure of an ultrasonic endoscope
2 shown in Fig. 1;

Figs. 3A and 3B show a structure of an ultrasonic
transducer array 30 shown in Fig. 2;

Fig. 4 shows the structure of the ultrasonic transduc-
er array 30 shown in Fig. 2;

Fig. 5 shows interconnections within the ultrasonic
transducer array 30 shown in Fig. 2;

Fig. 6 is a chart for explanation of a method of gen-
erating drive pulse signals to be applied to individual
electrodes of the respective ultrasonic transducers
that form the ultrasonic transducer array 30 shown
in Fig. 2;

Fig. 7 is a chart for explanation of a method of gen-
erating drive pulse signals to be applied to individual
electrodes of the respective ultrasonic transducers
that form the ultrasonic transducer array 30 shown
in Fig. 2;

Fig. 8 is a diagram for explanation of sector scan
with respect to the width direction of the ultrasonic
transducer;

Fig. 9 shows a constitution of an ultrasonic endo-
scopic apparatus 200 according to a second embod-
iment of the present invention;

Fig. 10 shows interconnections within the ultrasonic
transducer array 30 of the ultrasonic endoscopic ap-
paratus 200 shown in Fig. 9;

Figs. 11A to 11D are diagrams for explanation of
operation of variable delay line units shown in Fig.
10; and

Figs. 12A and 12B are diagrams for explanation of
aproblem in a conventional ultrasonic endoscopic
apparatus.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0016] Hereinafter, the best modes for implementing
the present invention will be described in detail by refer-
ring to the drawings. The same reference numbers will
be assigned to the same component elements and the
description thereof will be omitted.

[0017] As shown in Fig. 1, an ultrasonic endoscopic
apparatus 1 according to a first embodiment of the
present invention includes an ultrasonic endoscope 2,
an ultrasonic observation apparatus 3 to which the ultra-
sonic endoscope 2 is connectable, and a display device
4 connected to the ultrasonic observation apparatus 3.
[0018] The ultrasonic observation apparatus 3 in-
cludes a console 11, a CPU (central processing unit) 12,
firsttotwelfth switches SW1 and SW12, a transmitting cir-
cuit 14, a receiving circuit 15, a processing unit 16, a
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digital scan converter (DSC) 17, an image memory 18,
and a digital/analog converter (D/A converter) 19.
[0019] As shown in Fig. 2, the ultrasonic endoscope 2
includes an insertion part 21, an operation part 22, a con-
necting cord 23, and a universal cord 24.

[0020] The insertion part 21 of the ultrasonic endo-
scope 2 has an elongated flexible tubular shape so as to
be inserted into a body of a patient. The operation part
22 is provided at the base end of the insertion part 21,
connected to the ultrasonic observation apparatus 3 via
the connecting cord 23 and connected to a light source
device and an optical observation device (not shown) via
the universal cord 24.

[0021] In the insertion part 21 of the ultrasonic endo-
scope 2, an illumination window and an observation win-
dow are provided. An illumination lens for outputting illu-
mination light supplied via a light guide from the light
source device is attached to the illumination window.
These form an illumination optical system. Further, an
objective lensis attached to the observation window, and,
in a position where the objective lens forms an image,
an input end of an image guide or solid-state image sen-
sor such as a CCD camera is disposed. These form an
observation optical system.

[0022] Further, at the tip of the insertion part 21 of the
ultrasonic endoscope 2, a convex ultrasonic transducer
array 30 is provided. The ultrasonic transducer array 30
generates ultrasonic waves according to drive signals
supplied from the transmitting circuit 14 of the ultrasonic
observation apparatus 3, receives ultrasonic waves re-
flected from a target part or the like, and outputs plural
reception signals to the receiving circuit 15 of the ultra-
sonic observation apparatus 3. Further, at the tip of the
insertion part 21 of the ultrasonic endoscope 2, a hole
from which a puncture needle 26 inserted from a treat-
ment tool insertion hole 25 provided in the operation part
22 is protruded is formed.

[0023] As shown in Figs. 3A and 3B, the ultrasonic
transducer array 30 is formed by arranging first to twelfth
two-dimensional ultrasonic transducer arrays TA1 to
TA12in a semicircle form for three-dimensional scan with
respect to each of the first to twelfth two-dimensional ul-
trasonic transducer arrays TA1 to TA12.

[0024] Here, each ofthefirst to twelfth two-dimensional
ultrasonic transducer arrays TA1 to TA12 is formed *by
arranging ultrasonic transducers in 15 rows in the cir-
cumferential direction of the ultrasonic transducer array
30 and five columns in the width direction thereof.
[0025] Forexample, as shownin Figs. 4 and 5, the first
two-dimensional ultrasonic transducer array TA1 con-
sists of 15 ultrasonic transducers T4_4_4 to T4_45.4 in the
first column, 15 ultrasonic transducers T4_4.5t0 T4_45.5in
the second column, 15 ultrasonic transducers T4_4_3 to
T4.15.3 in the third column, 15 ultrasonic transducers
T4.1.4 to T4_45.4 in the fourth column, and 15 ultrasonic
transducers T4_1_5 to T4_15.5 in the fifth column. Other
two-dimensional ultrasonic transducer arrays TA2 to
TA12 similarly consist of the ultrasonic transducers.
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[0026] Note that, in the ultrasonic imaging field, an ul-
trasonic transducer array including different numbers of
ultrasonic transducers in rows and columns is generally
called "1.5-dimensional ultrasonic transducer array" and
an ultrasonic transducer array including the same
number of ultrasonic transducers in rows and columns
is generally called "two-dimensional ultrasonic transduc-
er array", however, in the specification, both are referred
to as "two-dimensional ultrasonic transducer array".
[0027] Each of the ultrasonic transducers Tq_4_4 to
T45.15.5 includes an ultrasonic vibrator formed by sand-
wiching a piezoelectric element of PZT, PVDF, or the like
between an individual electrode and a common elec-
trode. When a drive signal is applied to the individual
electrode while the common electrode is connected to a
fixed potential (for example, a ground potential in the em-
bodiment), the transducer transmits ultrasonic wave, and
receives ultrasonic waves reflected from a target part or
the like and generates a reception signal in the individual
electrode.

[0028] In the first to twelfth two-dimensional ultrasonic
transducer arrays TA1 to TA12, the individual electrodes
of the ultrasonic transducers located in the same rows
and columns are electrically connected to the same sig-
nal interconnections EL,_ 4 to EL5.5, respectively, as
shown in Fig. 5.

[0029] For example, in the first to twelfth two-dimen-
sional ultrasonic transducer arrays TA1 to TA12, the in-
dividual electrodes of the 12 ultrasonic transducers
T1a-1 Toers T3 Tacas Tsqors Teogors Traan Teqons
Tg.1-1, T10-1-1> T41-1-1, @and T4o_4_4 located in the first row
and the first column are electrically connected to the sig-
nal interconnection EL,_q. Further, in the first to twelfth
two-dimensional ultrasonic transducer arrays TA1 to
TA12, the individual electrodes of the 12 ultrasonic trans-
ducers Ty5.4, Too.1, Taoqs Tg.10 Tso10 Te-10 T7.0-15
Tgo1, Ta.o-1, T10-2-15 T11-2-1, and Tq,.,_¢ located in the
second row and the first column are electrically connect-
ed to the signal interconnection EL,_;.

[0030] Further,the common electrodes of the ultrason-
ictransducers T4_;_4 to T4o_15.5 that form the first to twelfth
two-dimensional ultrasonic transducer arrays TA1 to
TA12 are electrically connected to the same common
interconnections G1 to G12 with respect to each of the
first to twelfth two-dimensional ultrasonic transducer ar-
rays TA1 to TA12 as shown in Fig. 5.

[0031] For example, the common electrodes of the 15
X 5 ultrasonic transducers Tq_q4 t0 Ty 454, Tq.q.0 tO
T145:2 T143 10 Tyqs5.3, Tyq4 to Ty q54, and Ty 5 to
T4.15.5 that form the first two-dimensional ultrasonic
transducer array TA1 are electrically connected to the
common interconnection G1. Further, the common elec-
trodes of the 15 X 5 ultrasonic transducers T, 44 to
To5.4: Toq2t0To 450, To 4310 T 453, To 1410 T 454,
and T,_q_5 to T,_45.5 that form the second two-dimension-
al ultrasonic transducer array TA2 are electrically con-
nected to the common interconnection G2.

[0032] Since the individual electrodes and the com-
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mon electrodes of the ultrasonic transducers T,_4_4 to
T40.15.5 are thus interconnected, and then, the number
of interconnections becomes "87" as the sum of "75" (=
15 X 5) as the number of signal interconnections EL_4
to EL45.5 and "12" as the number of common intercon-
nections G1 to G12. Consequently, the number of inter-
connections can be drastically reduced compared to the
number of interconnections "901" (=12 X 15 X 5+ 1) in
the case where signal interconnections are provided to
the individual electrodes of the ultrasonic transducers
T4.1.1 1o T4o45.5, respectively, and one common inter-
connection is wired to the common electrodes.

[0033] The signal interconnections EL4_; to EL45.5 are
connected to the transmitting circuit 14 and the receiving
circuit 15 of the ultrasonic observation apparatus 3 shown
in Fig. 1 via the connecting cord 23 shown in Fig. 2, and
the common interconnections G1 to G12 are connected
to the first to twelfth switches SW1 to SW12 of the ultra-
sonic observation apparatus 3 via the connecting cord
23.

[0034] The console 11 of the ultrasonic observation
apparatus 3 shown in Fig. 1 outputs control signal A for
controlling start/stop of ultrasonic imaging operation in
the ultrasonic endoscope 2 to the CPU 12.

[0035] The CPU 12 outputs first to twelfth switch con-
trol signals B1 to B12 for controlling ON/OFF of the first
to twelfth switches SW1 to SW12 based on the control
signal A input from the console 11 to the first to twelfth
switches SW1 to SW12, respectively, and outputs trans-
mitting circuit control signal A1 for controlling the start/
stop of operation of the transmitting circuit 14 and delay
times (delay amounts) of the drive signals to the trans-
mitting circuit 14.

[0036] The first to twelfth switches SW1 to SW12 are
turned ON/OFF according to the first to twelfth switch
control signals B1 to B12 input from the CPU 12. When
the first to twelfth switches SW1 to SW12 are turned ON,
the common interconnections G1 to G12 are grounded,
respectively, and, when the first to twelfth switches SW1
to SW12 are turned OFF, the common interconnections
G1to G12 are opened, respectively. Since the ultrasonic
transducer operates only when the common electrode is
grounded, the ultrasonic transducers Tq_4.4 to Tq5.15.5
can be operated with respect to each of the first to twelfth
two-dimensional ultrasonic transducer arrays TA1 to
TA12.

[0037] When the transmitting circuit control signal A1
forinstructing the operation start of the transmitting circuit
14 is input from the CPU 12, the transmitting circuit 14
generates drive signals and outputs them onto the signal
interconnections EL_4 to EL45.5.

[0038] The receiving circuit 15 amplifies the reception
signals input from the plural ultrasonic transducers with
the grounded common electrodes included in the ultra-
sonic transducer array via the signal interconnections
EL,_4 to EL45.5 at a predetermined amplification degree,
and then, converts the amplified reception signals into
digital reception signals byperformingA/D conversion.
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Further, the receiving circuit 15 performs reception focus
processing by performing processing of phase matching
or the like on the digital reception signals to form sound
ray data in which focal points of the ultrasonic echoes
are narrowed.

[0039] The processing unit 16 performs correction of
attenuation depending on the distance according to the
depth of the reflection position of ultrasonic wave on the
sound ray data formed by the receiving circuit 15 and
performs envelope detection processing thereon to gen-
erate B-mode image data. Alternatively, the processing
unit 16 generates Doppler image data formed by extract-
ing only reflection components from bloodstream based
on the sound ray data formed by the receiving circuit 15.
[0040] Since the B-mode image data or the Doppler
image data generated in the processing unit 16 has been
obtained by the scanning method different from the nor-
mal scanning method of television signal, the DSC 17
converts (raster conversion) the data into normal image
data. The image memory 18 stores the image data gen-
erated in the DSC 17. The D/A converter 19 converts the
digital image data read from the image memory 18 into
analog image signals and outputs them to the display
unit 4. Thereby, in the display unit 4, a three-dimensional
ultrasonic tomographic image imaged by the ultrasonic
endoscope 2 is displayed.

[0041] Next, an operation of the ultrasonic endoscopic
apparatus 1 according to the embodiment will be de-
scribed.

[0042] In the case where an ultrasonic tomographic
image is imaged using the ultrasonic endoscope 2 shown
in Fig. 2, the operator emits light from the light source
device connected to one end of the universal cord 24 and
outputs illumination light into the body of the patient from
the illumination window provided at the tip of the insertion
part 21, and inserts the insertion part 21 of the ultrasonic
endoscope 2 into the body of the patient while observing
the insertion state from the observation window.

[0043] When the insertion part 21 reaches a target po-
sition, the operator allows the console 11 to output the
control signal A for starting the operation of the ultrasonic
endoscope 2 to the CPU 12 (see Fig. 1). The CPU 12
outputs the first switch control signal B1 for turning ON
the first switch SW1 to the first switch SW1 and outputs
the transmitting circuit control signal A1 for starting the
operation of the transmitting circuit 14 to the transmitting
circuit 14 according to the control signal A.

[0044] When the first switch SW1 is turned ON, the
common interconnection G1 is grounded and the com-
mon electrodes of the ultrasonic transducers Tq__4 to
T4.45.5 that form the first two-dimensional ultrasonic
transducer array TA1 shown in Fig. 5 are grounded.
[0045] The transmitting circuit 14 respectively gener-
ates drive signals to be applied to the individual elec-
trodes of the ultrasonic transducers T4_4_4 to Tq_45.5 hat
form the first two-dimensional ultrasonic transducer array
TA1 via the signal interconnections EL;_; to EL45_.5. Si-
multaneously, the transmitting circuit 14 provides delay
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times to the respective drive signals (pulse signals in the
embodiment) based on the transmitting circuit control sig-
nal A1 from the CPU 12 in order to perform transmission
beam forming and steering of transmission beam.
[0046] Thatis, the transmitting circuit 14 provides de-
lay times as shown in Fig. 6 to the drive pulse signals to
be applied to the 15 ultrasonic transducers T4_y_4 to
T4.15.5 in the first column of the first two-dimensional ul-
trasonic transducer array TA1 via the signal interconnec-
tions EL;_ to EL45.4 in order to perform transmission
beam forming with respect to the circumferential direction
of the ultrasonic transducer. Further, the transmitting cir-
cuit 14 changes the delay times of the drive signals with
time such that the sector scan with viewing angle of about
60° is performed with respect to the circumferential di-
rection of the ultrasonic transducer as shown in Fig. 4.
The operation is the same for the drive pulse signals to
be applied to the ultrasonic transducers in the second to
fifth columns of the first two-dimensional ultrasonic trans-
ducer array TA1.

[0047] Further, the transmitting circuit 14 provides de-
lay times as shown in Fig. 7 to the respective drive pulse
signals to be applied to the five ultrasonic transducers
Ti4-10 T1-1-2 T1.1-3» T1.1.4, @nd T4_4_5 in the first row of
the first two-dimensional ultrasonic transducer array TA1
shown in Fig. 5 via the signal interconnections EL,_4,
EL,., EL4_3, EL44, and EL,_5 in order to perform trans-
mission beam forming with respect to the width direction
of the ultrasonic transducer. Further, the transmitting cir-
cuit 14 changes the delay times of the drive pulse signals
with time such that the sector scan with predetermined
viewing angle is performed with respect to the width di-
rection of the ultrasonic transducer. The operation is the
same for the drive pulse signals to be applied to the ul-
trasonic transducers in the second to fifteenth rows of
the first two-dimensional ultrasonic transducer array
TA1.

[0048] Thereby, ultrasonic waves are emitted from the
ultrasonic transducers T4_4_4 to T4_45.5 that form the first
two-dimensional ultrasonic transducer array TA1, and
the sector scan with viewing angle of about 60° is per-
formed with respect to the circumferential direction of the
ultrasonic transducer as shown in Fig. 4 and the sector
scan is also performed with respect to the width direction
as shown in Fig. 8.

[0049] The plural reception signals obtained by the
sector scan are output to the receiving circuit 15, sound
ray data is formed, the B-mode image data or the Doppler
image data is generated in the processing unit 16, and
then, the data is raster-converted in the DSC 17 and im-
age datais formed. The image datais stored in the image
memory 18.

[0050] When the sector scan by the first two-dimen-
sional ultrasonic transducer array TAlis finished, the CPU
12 outputs the first switch control signal B1 for turning
OFF the first switch SW1 to the first switch SW1 and
outputs the second switch control signal B2 for turning
ON the second switch SW2 to the second switch SW2.
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Thereby, the common interconnection G2 is grounded
and the common electrodes of the ultrasonic transducers
T5_1.1 to To_45.5 that forms the second two-dimensional
ultrasonic transducer array TA2 are grounded.

[0051] Inthe transmitting circuit 14, the drive pulse sig-
nals to be applied to the individual electrodes of the ul-
trasonictransducers T,_4_; to T5_45.5 that form the second
two-dimensional ultrasonic transducer array TA2 via the
signal lines EL,_ to EL,5.5 are respectively generated
as described above.

[0052] Thereby, ultrasonic waves are emitted from the
ultrasonic transducers T,_4_1 to T,_45.5 that form the sec-
ond two-dimensional ultrasonic transducer array TA2,
and the sector scan with viewing angle of about 60° is
performed with respect to the circumferential direction of
the ultrasonic transducer as shown in Fig. 4 and the sec-
tor scan is also performed with respect to the width di-
rection as shown in Fig. 8.

[0053] The plural reception signals obtained by the
sector scan are output to the receiving circuit 15, sound
ray data is formed, the B-mode image data or the Doppler
image data is generated in the processing unit 16, and
then, the data is raster-converted in the DSC 17 and im-
age datais formed. The image data is stored in the image
memory 18.

[0054] The above operation is repeated, and thereby,
sector scan is performed with respect to each of the first
to twelfth two-dimensional ultrasonic transducer arrays
TA1 to TA12 with respect to the circumferential direction
of the ultrasonic transducer while performing sector scan
with respect to the width direction of the ultrasonic trans-
ducer.

[0055] Asaresult,image data obtained by the three-di-
mensional scanning with the ultrasonic endoscope 2 is
stored in the image memory 18. The image data is read
from the image memory 18, and then, converted into an-
alog image signals by the D/A converter 19, and output
to the display device 4. Thereby, in the display unit 4, a
three-dimensional ultrasonic tomographic image imaged
by the ultrasonic endoscope 2 is displayed.

[0056] Since the three-dimensional ultrasonic tomo-
graphic image is formed also by scanning with respect
to the width direction of the ultrasonic transducer, the
operator can precisely puncture the puncture needle 26
into the target part by allowing the puncture needle 26
inserted from the treatment tool insertion hole 25 shown
in Fig. 2 to protrude from the hole at the tip of the insertion
part 21 while confirming the position of the target part in
the three-dimensional ultrasonic tomographic image dis-
played in the display device 4.

[0057] Next, an ultrasonic endoscopic apparatus ac-
cording to the second embodiment of the present inven-
tion will be described by referring to Figs. 9 to 11D.
[0058] An ultrasonic endoscopic apparatus 200 ac-
cording to the embodiment differs from the ultrasonic en-
doscopic apparatus 1 according to the first embodiment
shown in Fig. 1 in the following points (1) to (4) :



13 EP 1629 778 A1 14

(1) As shown in Fig. 9, the CPU 12 of the ultrasonic
observation apparatus 3 outputs a 3-bit delay
amount control signal CONT for switching the delay
amounts of variable delay line units DL4_; to DL45.5
provided in the ultrasonic endoscope 2, which will
be described later, to delay amount control lines 320
(Fig. 10) when the control signal A for instructing the
start of the operation of the ultrasonic endoscope 2
from the console 11;

(2) The number of the signal interconnections EL,
td EL45 output from the transmitting circuit 14 of the
ultrasonic observation apparatus 3 is 15;

(3) As shown in Fig. 10, the signal interconnections
EL1 to EL15 include plural first conducting lines L;_4
to L45.5 to which the individual electrodes of the ul-
trasonic transducers located in the same rows and
columns in the first to twelfth two-dimensional ultra-
sonic transducer arrays TA1 to TA12 are electrically
connected and plural second conducting lines L1 to
L15 for inputting the same drive pulse signals to the
individual electrodes of the ultrasonic transducers
located in the same rows and columns in the first to
twelfth two-dimensional ultrasonic transducer arrays
TA1 to TA12. Further, the variable delay line units
DL4.1 to DL,5.5 are respectively provided between
the plural first conducting lines L;_; to L ;5.5 and sec-
ond conductinglines L1to L15, and the delay amount
control lines 320 for inputting the delay amount con-
trol signal CONT for controlling the delay amounts
of the variable delay line units DL,_4 to DL45_5 to the
variable delay line units DL_4 to DL45_5 are connect-
ed to the variable delay line units DL_4 to DL45_s.
That is, the same drive pulse signals are input to the
individual electrodes of the ultrasonic transducers
T4.1.1 to T45.15.5 located in the same rows and col-
umns in the first to twelfth two-dimensional ultrasonic
transducer arrays TA1to TA12via, the variable delay
line units DL,_4 to DL45.5.

For example, the drive pulse signal output from the
transmitting circuit 14 shown in Fig. 9 onto the signal
interconnection EL, is input to the individual elec-
trodes of the ultrasonic transducers Ty 4.4, To 4.1,
T340 Taas Tsaos Teaas Tz Teqqs Tooar
T10-1-1» T11-1-1,» and T45_4_4 located in the first row
and the first column in the first to twelfth two-dimen-
sional ultrasonic transducer arrays TA1 to TA12 via
the first conducting line L,_4, the variable delay line
unit DL4_4, and the second conducting line L1. Fur-
ther, the drive pulse signal output from the transmit-
ting circuit 14 shown in Fig. 9 onto the signal inter-
connection EL, is input to the individual electrodes
of the ultrasonic transducers T4.5_.1, To.o.1, T3.0.1,
T4 Ts.2.10 Te2-10 T72.00 Tgots Too1s Troo2-1s
T41-2.4, and T4,__4 located in the second row and
the first column in the first to twelfth two-dimensional
ultrasonic transducer arrays TA1 to TA12 via the first
conducting line L, 4, the variable delay line unit
DL,_4, and the second conducting line L2.
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Thereby, the number of interconnections within the
ultrasonic transducer array 30 becomes 15 (signal
interconnections EL, to EL,5) + 12 (common inter-
connections G1 to G12) + 3 (delay amount control
lines 320) = 30, and the number can be drastically
reduced compared to that in the ultrasonic endo-
scope 2 according to the first embodiment shown in
Fig. 5.

The variable delay line units DL ;_; to DL45_5 connect-
ed to the same signal interconnections EL, to EL 5
can change the combination of delay amounts by
the 3-bit delay amount control signal CONT input
from the CPU 12 via the delay amount control lines
320 among eight different combinations such that
the sector scan in the width direction of the ultrasonic
transducer can be performed as shown in Fig. 11A,
for example.

When the delay amount control signal CONT (0, O,
0) is input as shown in Fig. 11B, the variable delay
line units DL,_4 to DL45_5 connected to the signal in-
terconnection EL; are controlled to be provided with
the same delay amount. When the delay amount
control signal CONT (0, 0, 1) is input as shown in
Fig. 11C, the delay amounts are controlled to be
smaller by a first amount from the variable delay line
unit DL,_4 toward the variable delay line unit DL, 5 .
When the delay amount control signal CONT (0, 1,
1) is input as shown in Fig. 11D, the delay amounts
are controlled to be smaller by a second amount,
whichis larger than the first amount, from the variable
delay line unit DL4_4 toward the variable delay line
unit DL _g.

(4) In the ultrasonic endoscope 2, as shown in Fig.
11A, an acoustic lens 330 for performing transmis-
sion beam forming with respect to the width direction
of the ultrasonic transducer is provided on the ultra-
sonic transducer array 30.

[0059] Next, an operation of the ultrasonic endoscopic
apparatus 200 according to the embodiment will be de-
scribed, however, because the operation of the receiving
circuit 15, the processing unit 16, the DSC 17, the image
memory 18, the D/A converter 19, and the display device
4 is the same as the operation in the ultrasonic endo-
scopic apparatus 1 according to the first embodiment
shown in Fig. 1, the description thereof will be omitted.
[0060] When the insertion part21 reaches a target po-
sition, the operator allows the console 11 to output the
control signal A for starting the operation of the ultrasonic
endoscope 2 to the CPU 12. The CPU 12 sequentially
outputs one delay amount control signal CONT of (0, O,
0) to (1, 1, 1) onto the delay amount control lines 320 for
sector scan in the width direction of the ultrasonic trans-
ducer, outputs the first switch control signal B1 for turning
ON the first switch SW1 to the first switch SW1, and out-
puts the transmitting circuit control signal A1 for starting
the operation of the transmitting circuit 14 according to
the control signal A.
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[0061] When the first switch SW1 is turned ON, the
common interconnection G1 is grounded and the com-
mon electrodes of the ultrasonic transducers T,_4_4 to
T4.45.5 that form the first two-dimensional ultrasonic
transducer array TA1 are grounded.

[0062] The transmitting circuit 14 respectively gener-
ates drive signals to be applied to the individual elec-
trodes of the ultrasonic transducers T,_4_ to T4_45.5 Via
the signal interconnections EL, to EL45. Simultaneously,
the transmitting circuit 14 provides predetermined delay
times as shown in Fig. 6 to the respective pulse signals
in order to perform transmission beam forming with re-
spect to the circumferential direction of the ultrasonic
transducer, and changes with time the delay times of the
drive pulse signals provided with the predetermined de-
lay time such that the sector scan with viewing angle of
about 60° is performed with respect to the circumferential
direction of the ultrasonic transducer as shown in Fig. 4.
Further, since the transmission beam forming is per-
formed by the acoustic lens 330 (Fig. 11A) with respect
to the width direction of the ultrasonic transducer, the
transmitting circuit 14 does not provide the predeter-
mined delay times as shown in Fig. 7 to the respective
drive pulse signals.

[0063] In the case where the acoustic lens 330 is not
used, the transmitting circuit 14 may provide the prede-
termined delay times as shown in Fig. 7 to the respective
drive pulse signals in order to perform transmission beam
forming with respect to the width direction of the ultra-
sonic transducer.

[0064] Thereby, ultrasonic waves are emitted from the
ultrasonic transducers T4_4_4 to T4_45.5 that form the first
two-dimensional ultrasonic transducer array TA1, and
the sector scan with viewing angle of about 60° is per-
formed with respect to the circumferential direction of the
ultrasonic transducer as shown in Fig. 4 and the sector
scan is also performed with respect to the width direction
as shown in Fig. 8. The reception signals obtained by the
sector scan are output to the receiving circuit 15 via the
signal interconnections EL, to ELs.

[0065] When the sector scan by the first two-dimen-
sional ultrasonic transducer array TA1 is finished, the
first switch control signal B1 for turning OFF the first
switch SW1 is output to the first switch SW1 and the
second switch control signal B2 for turning ON the second
switch SW2 is output to the second switch SW2. Thereby,
the common interconnection G2 is grounded and the
common electrodes of the ultrasonic transducers T,_4_4
to T,_45.5 that form the second two-dimensional ultrason-
ic transducer array TA2 are grounded.

[0066] The transmitting circuit 14 respectively gener-
ates the drive pulse signals to be applied to the individual
electrodes of the ultrasonic transducers T,_q_4 t0 To_45.5
that form the second two-dimensional ultrasonic trans-
ducer array TA2 via the signal lines EL, to EL45 as de-
scribed above.

[0067] Thereby, ultrasonic waves are emitted from the
ultrasonic transducers T,_4_4 to T5_45_5 that form the sec-
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ond two-dimensional ultrasonic transducer array TA2,
and the sector scan with viewing angle of about 60° is
performed with respect to the circumferential direction of
the ultrasonic transducer as shown in Fig. 4 and the sec-
tor scan is also performed with respect to the width di-
rection as shown in Fig. 8. The plural reception signals
obtained by the sector scan are output to the receiving
circuit 15 via the signal interconnections EL; to EL 5.
[0068] The above operation is repeated, and thereby,
sector scan is performed with respect to each of the first
to twelfth two-dimensional ultrasonic transducer arrays
TA1 to TA12 with respect to the circumferential direction
of the ultrasonic transducer while performing sector scan
with respect to the width direction of the ultrasonic trans-
ducer.

[0069] In the above description, in the ultrasonic en-
doscope 2, twelve sets of two-dimensional ultrasonic
transducer arrays formed by 15 X 5 ultrasonic transduc-
ers are arranged in the semicircle form for performing
three-dimensional scan with respect to each two-dimen-
sional ultrasonic transducer array, however, these
two-dimensional ultrasonic transducer arrays may be ar-
ranged in a dodecagonal form for performing three-di-
mensional scan with respect to each two-dimensional
ultrasonic transducer array. Further, the number of ultra-
sonic transducers that form the two-dimensional ultra-
sonic transducer array may be not 15 X 5 (including the
same number of ultrasonic transducers in the circumfer-
ential direction and the width direction).

[0070] Further, the first to twelfth switches SW1 and
SW12 shown in Figs. 1 and 9 have been provided in the
ultrasonic observation apparatus 3, however, they may
be provided in the ultrasonic endoscope 2, or provided
in an adapter and the ultrasonic endoscope 2 and the
observation device 3 may be connected via the adapter.
[0071] Furthermore, the control signal A for controlling
start/stop of ultrasonic imaging operation of the ultrasonic
endoscope 2 has been output from the console 11, how-
ever, for example, a button for generating the control sig-
nal A may be provided in the operation part 22 of the
ultrasonic endoscope 2 and the control signal A may be
output from the operation part 22 to the CPU 12.

Claims
1. An ultrasonic endoscope comprising:

plural two-dimensional ultrasonic transducer ar-
rays (TA1 to TA12) arranged in a semicircle or
polygonal form, each including plural ultrasonic
transducers arranged in M rows and N columns
where M and N are integers not less than 2, for
performing three-dimensional scanning opera-
tion;

afirstgroup of interconnections (EL4_4 to EL5_5)
each for electrically connecting to one another
first electrodes of the plural ultrasonic transduc-
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ers located in a same row and a same column
in said plural two-dimensional ultrasonic trans-
ducer arrays and electrically connecting a con-
nection point thereof to an external circuit; and
a second group of interconnections (G1to G12)
each for electrically connecting to one another
second electrodes of the plural ultrasonic trans-
ducers included in respective one of said plural
two-dimensional ultrasonic transducer arrays
and electrically connecting a connection point
thereof to an external circuit.

2. An ultrasonic endoscope comprising:

plural two-dimensional ultrasonic transducer ar-
rays (TA1 to TA12) arranged in a semicircle or
polygonal form, each including plural ultrasonic
transducers arranged in M rows and N columns
where M and N are integers not less than 2, for
performing three-dimensional scanning opera-
tion;

a first group of interconnections (L4_1 to Ly5.5)
each for electrically connecting to one another
first electrodes of the plural ultrasonic transduc-
ers located in a same row and a same column
in said plural two-dimensional ultrasonic trans-
ducer arrays;

plural variable delay line units (DL_4 to DL45_5)
having first terminals connected to said first
group of interconnections, respectively;

a second group of interconnections (L1 to L15)
each for electrically connecting to one another
second terminals of the plural variable delay line
units connected to the plural ultrasonic trans-
ducers located in a same row in said plural
two-dimensional ultrasonic transducer arrays
and electrically connecting a connection point
thereof to an external circuit; and

a third group of interconnections (G1 to G12)
each for electrically connecting to one another
second electrodes of the plural ultrasonic trans-
ducers included in respective one of said plural
two-dimensional ultrasonic transducer arrays
and electrically connecting a connection point
thereof to an external circuit.

3. An ultrasonic endoscopic apparatus comprising:

an ultrasonic endoscope (2) including plural
two-dimensional ultrasonic transducer arrays
(TA1 to TA12) arranged in a semicircle or po-
lygonal form, each including plural ultrasonic
transducers arranged in M rows and N columns
where M and N are integers not less than 2, for
performing three-dimensional scanning opera-
tion, a first group of interconnections (EL4_; to
EL45.5) each for electrically connecting to one
another first electrodes of the plural ultrasonic
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transducers located in a same row and a same
columnin said plural two-dimensional ultrasonic
transducer arrays and electrically connecting a
connection point thereof to an external circuit,
and a second group of interconnections (G1 to
G12) each for electrically connecting to one an-
other second electrodes of the plural ultrasonic
transducers included in respective one of said
plural two-dimensional ultrasonic transducer ar-
rays and electrically connecting a connection
point thereof to an external circuit;

transmitting means (14) for generating drive sig-
nals and outputting the drive signals to said plu-
ral two-dimensional ultrasonic transducer ar-
rays via said first group of interconnections;
plural pieces of switch means (SW1 to SW12)
connected to said second group of interconnec-
tions and a fixedpotential ; and

control means (12) for controlling whether or not
each of said second group of interconnections
is connected to the fixed potential by supplying
control signals to said plural pieces of switch
means so as to select one to be used from
among said plural two-dimensional ultrasonic
transducer arrays, and controlling delay
amounts of the drive signals in said transmitting
means such that the selected two-dimensional
ultrasonic transducer array performs the
three-dimensional scanning operation within a
respective area.

4. An ultrasonic endoscopic apparatus comprising:

an ultrasonic endoscope (2) including plural
two-dimensional ultrasonic transducer arrays
(TA1 to TA12) arranged in a semicircle or po-
lygonal form, each including plural ultrasonic
transducers arranged in M rows and N columns
where M and N are integers not less than 2, for
performing three-dimensional scanning opera-
tion, a first group of interconnections (L4 to
L15.5) each for electrically connecting to one an-
other first electrodes of the plural ultrasonic
transducers located in a same row and a same
columnin said plural two-dimensional ultrasonic
transducer arrays, plural variable delay line units
(DL4_1 to DL45.5) having first terminals connect-
ed to said first group of interconnections, respec-
tively, a second group of interconnections (L1
to L15) each for electrically connecting to one
another second terminals of the plural variable
delay line units connected to the plural ultrasonic
transducers located in a same row in said plural
two-dimensional ultrasonic transducer arrays
and electrically connecting a connection point
thereof to an external circuit, and a third group
of interconnections (G1 to G12) each for elec-
trically connecting to one another second elec-
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trodes of the plural ultrasonic transducers in-
cluded in respective one of said plural two-di-
mensional ultrasonic transducer arrays and
electrically connecting a connection point there-
of to an external circuit;

transmitting means (14) for generating drive sig-
nals and outputting the drive signals to said plu-
ral two-dimensional ultrasonic transducer ar-
rays via said second group of interconnections;
plural pieces of switch means (SW1 to SW12)
connected to said third group of interconnec-
tions and a fixedpotential; and

control means (12) for controlling whether or not
each of said third group of interconnections is
connected to the fixed potential by supplying
control signals to said plural pieces of switch
means so as to select one to be used from
among said plural two-dimensional ultrasonic
transducer arrays, and supplying delay amount
control signals for controlling delay amounts of
the drive signals to said plural variable delay line
units such that the selected two-dimensional ul-
trasonic transducer array performs the three-di-
mensional scanning operation within a respec-
tive area.

An ultrasonic endoscopic apparatus according to
claim 3, said control means (12) controls the delay
amounts of the drive signals in said transmitting
means so as to perform the three-dimensional scan-
ning operation according to a sector method.

An ultrasonic endoscopic apparatus according to
claim 4, said control means (12) supplying the delay
amount control signals for controlling delay amounts
of the drive signals to said plural variable delay line
units so as to perform the three-dimensional scan-
ning operation according to a sector method.

An ultrasonic endoscopic apparatus according to
claim 3, saidplural pieces of switch means (SW1 to
SW12) are provided within said ultrasonic endo-
scope.

An ultrasonic endoscopic apparatus according to
claim 4 , said plural pieces of switch means (SW1 to
SW12) are provided within said ultrasonic endo-
scope.

An ultrasonic endoscopic apparatus comprising:

an ultrasonic endoscope (2) including plural
two-dimensional ultrasonic transducer arrays
(TA1 to TA12) arranged in a semicircle or po-
lygonal form, each including plural ultrasonic
transducers arranged in M rows and N columns
where M and N are integers not less than 2, for
performing three-dimensional scanning opera-
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tion, a first group of interconnections (EL4_; to
EL45.5) each for electrically connecting to one
another first electrodes of the plural ultrasonic
transducers located in a same row and a same
columnin said plural two-dimensional ultrasonic
transducer arrays and electrically connecting a
connection point thereof to an external circuit,
and a second group of interconnections (G1 to
G12) each for electrically connecting to one an-
other second electrodes of the plural ultrasonic
transducers included in respective one of said
plural two-dimensional ultrasonic transducer ar-
rays and electrically connecting a connection
point thereof to an external circuit;

an adapter including plural pieces of switch
means (SW1 to SW12) connected to said sec-
ond group of interconnections and a fixed po-
tential; and

an ultrasonic observation apparatus (3) includ-
ing transmitting means (14) for generating drive
signals and outputting the drive signals to said
plural two-dimensional ultrasonic transducer ar-
rays via said first group of interconnections, and
control means (12) for controlling whether or not
each of said second group of interconnections
is connected to the fixed potential by supplying
control signals to said plural pieces of switch
means so as to select one to be used from
among said plural two-dimensional ultrasonic
transducer arrays, and controlling delay
amounts of the drive signals in said transmitting
means such that the selected two-dimensional
ultrasonic transducer array performs the
three-dimensional scanning operation within a
respective area.

10. An ultrasonic endoscopic apparatus comprising:

an ultrasonic endoscope (2) including plural
two-dimensional ultrasonic transducer arrays
(TA1 to TA12) arranged in a semicircle or po-
lygonal form, each including plural ultrasonic
transducers arranged in M rows and N columns
where M and N are integers not less than 2, for
performing three-dimensional scanning opera-
tion, a first group of interconnections (L4 to
L15.5) each for electrically connecting to one an-
other first electrodes of the plural ultrasonic
transducers located in a same row and a same
columnin said plural two-dimensional ultrasonic
transducer arrays, plural variable delay line units
(DL4_4 to DL5.5) having first terminals connect-
ed to said first group of interconnections, respec-
tively, a second group of interconnections (L1
to L15) each for electrically connecting to one
another second terminals of the plural variable
delay line units connected to the plural ultrasonic
transducers located in a same row in said plural
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two-dimensional ultrasonic transducer arrays
and electrically connecting a connection point
thereof to an external circuit, and a third group
of interconnections (G1 to G12) each for elec-
trically connecting to one another second elec-
trodes of the plural ultrasonic transducers in-
cluded in respective one of said plural two-di-
mensional ultrasonic transducer arrays and
electrically connecting a connection point there-
of to an external circuit;

an adapter including plural pieces of switch
means (SW1 to SW12) connected to said third
group of interconnections and a fixed potential;
and

an ultrasonic observation apparatus (3) includ-
ing transmitting means (14) for generating drive
signals and outputting the drive signals to said
plural two-dimensional ultrasonic transducer ar-
rays via said second group of interconnections,
and control means (12) for controlling whether
or not each of said third group of interconnec-
tions is connected to the fixed potential by sup-
plying control signals to said plural pieces of
switch means so as to select one to be used
from among said plural two-dimensional ultra-
sonic transducer arrays, and supplying delay
amount control signals for controlling delay
amounts of the drive signals to said plural vari-
able delay line units such that the selected
two-dimensional ultrasonic transducer array
performs the three-dimensional scanning oper-
ation within a respective area.
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FIG.2
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FIG.3A
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