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ULTRASONIC TRANSDUCER ARRAY,
ULTRASONIC PROBE, ULTRASONIC
ENDOSCOPE AND ULTRASONIC
DIAGNOSTIC APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the invention

[0002] The present invention relates to an ultrasonic trans-
ducer array for transmission and reception of ultrasonic
waves, and an ultrasonic probe and an ultrasonic endoscope
including the ultrasonic transducer array, and further, an
ultrasonic diagnostic apparatus for generating ultrasonic
images by using the ultrasonic probe or ultrasonic endo-
scope.

[0003] 2. Description of a Related Art

[0004] Ultrasonic imaging technologies for generating
images showing conditions within an object to be inspected
by receiving ultrasonic echoes, that is, ultrasonic waves
transmitted to the object and reflected by structures (organs
and so on) within the object and performing signal process-
ing thereon, are widely used in various fields including
medical fields. An apparatus for ultrasonic imaging (called
an ultrasonic diagnostic apparatus, ultrasonic imaging appa-
ratus, or the like) is provided with a probe or ultrasonic
endoscope for transmission and reception of ultrasonic
waves. For imaging, the probe is used in contact with the
object, or the ultrasonic endoscope is used by being inserted
into the object.

[0005] In the ultrasonic probe and ultrasonic endoscope,
vibrators (piezoelectric vibrators) having piezoelectric mate-
rials with electrodes formed on both sides thereof are
generally used as ultrasonic transducers for transmission and
reception of ultrasonic waves. When an electric field is
applied to the electrodes of the vibrator, the piezoelectric
material expands and contracts because of piezoelectric
effect and generates ultrasonic waves. Accordingly, by driv-
ing plural vibrators while delaying the timing, an ultrasonic
beam focused at a desired depth can be formed. Further,
when the vibrator receives propagating ultrasonic waves, the
vibrator expands and contracts to generate electric signals.
The electric signals are used as reception signals of ultra-
sonic waves.

[0006] Recent years, an arrayed transducer (an ultrasonic
transducer array), in which plural vibrators are arranged, has
been used in the ultrasonic endoscope and ultrasonic endo-
scope. By using the ultrasonic transducer array, the trans-
mission position or direction of an ultrasonic beam can be
changed by controlling the amplitudes and amounts of delay
of drive signals to be respectively applied to the plural
vibrators without change in the position and orientation of
the probe itself. Such scan system is called a phased array
system or electronic scan system.

[0007] As a related technology, Japanese Patent Applica-
tion Publication JP-A-7-203592 discloses an ultrasonic
probe having, in order to improve the beam directivity in an
ultrasonic probe having high resolving power, plural probe
segments combined and arranged in a matrix form with
ultrasonic transmission faces directed toward a predefined
direction and displacing means for respectively displacing
the ultrasonic radiation faces of the respective probe seg-
ments. That is, in JP-A-7-203592, the ultrasonic transmis-
sion faces of the probe segments (vibrators) are mechani-
cally moved or tilted for easily focusing or deflecting the
ultrasonic waves.
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[0008] Further, recently, researches on a phased array, in
which many vibrators are two-dimensionally arranged, have
been increasingly made. This is because a focal point of an
ultrasonic beam can be formed in a desired point within a
three-dimensional space by transmitting plural ultrasonic
waves from a two-dimensional region. Thereby, ultrasonic
image information (volume data) on a three-dimensional
space within the object can be acquired, and therefore,
three-dimensional images can be constructed and image
quality of ultrasonic images can be improved.

[0009] However, the size of matrix type two-dimensional
phased array is larger than those of other arrays (one-
dimensional array and so on). Further, with microfabrication
and high density of elements, the fabrication of the two-
dimensional phased array becomes difficult. Furthermore,
the number of interconnections increases with increase in
the number of elements, and therefore, a problem that a
cable connected to the probe becomes thicker arises. It is
especially difficult that such an array is applied to an
ultrasonic endoscope. The ultrasonic endoscope is inserted
into a living body, and there is a strong constriction on size.
[0010] On the other hand, researches on a so-called mul-
tirow array, in which plural one-dimensional arrays are
arranged in parallel, have been also made. Although the
number of arrays arranged in a multirow array is not so
many as that in the matrix type two-dimensional phased
array, ultrasonic beams focused with respect to two direc-
tions can be formed by using vibrators arranged in a two-
dimensional region.

[0011] In the multirow array, the ultrasonic beam quality
such as resolving power and the scanning volume remain
inferior to those of the matrix type two-dimensional phased
array. However, according to the multirow array, the number
of elements and interconnections can be drastically reduced,
and thereby, downsizing of the ultrasonic probe and ultra-
sonic endoscope can be realized and the costs can be
reduced. Therefore, it is considered that there is a significant
advantage in practical application of multirow array with a
high performance.

[0012] Further, Japanese Patent Application Publication
JP-P2000-139926A discloses an ultrasonic probe having
ultrasonic transmitting and receiving means provided at a
leading end of an insertion part to be inserted into a body
cavity, for transmitting and receiving an ultrasonic beam,
and a treatment tool lead-out opening from which a treat-
ment tool such as a puncture needle can be led out toward
a scan range of the ultrasonic beam by the ultrasonic
transmitting and receiving means, and the ultrasonic probe
includes ultrasonic deflecting means for deflecting the scan
range of the ultrasonic beam by the ultrasonic transmitting
and receiving means. That is, in JP-P2000-139926 A, ultra-
sonic vibrators are arranged in three rows and ultrasonic
waves with different phases are transmitted from the respec-
tive rows for deflection of the scan range of ultrasonic
waves, and thereby, the ultrasonic beam is applied to the
punctuation needle even when the punctuation needle is
bent.

[0013] Furthermore, Japanese Patent Application Publica-
tion JP-P2004-57460A discloses an ultrasonic diagnostic
apparatus having a continuous wave Doppler mode, and the
ultrasonic diagnostic apparatus includes a vibrator array
having plural vibrating elements arranged in an electronic
scan direction and an elevation direction perpendicular to
the electronic scan direction, and a transmission and recep-
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tion control unit for controlling the operation of the plural
vibrating elements. In the continuous wave Doppler mode,
at least one group of transmission vibrating elements
arranged in the electronic scan direction and at least one
group of reception vibrating elements arranged in the elec-
tronic scan direction are set in different positions from each
other in the elevation direction on the vibrator array. That is,
in JP-P2004-57460A, the transmission aperture and the
reception aperture are taken wider by alternate arrangement
of transmission vibrating element row and reception vibrat-
ing element row.

[0014] Here, a configuration of a conventional multirow

array will be explained with reference to FIGS. 20-23. FIG.

20(a) is a side view showing a conventional multirow array,

FIG. 20(5) is a plan view thereof, and FIG. 21 is a partially

enlarged plan view thereof. Further, FIGS. 22 and 23 show

interconnection methods in the multirow array.

[0015] As shown in FIG. 20, the multirow array contains

five element rows of L2-row, L1-row, C-row, R1-row, and

R2-row in each of which 128 channels of ultrasonic trans-

ducers (also simply referred to as “elements”) are one-

dimensionally arranged. Elements 901 are arranged in the

C-row, elements 902 are arranged in the L1-row and the

R1-row, and elements 903 are arranged in the [L.2-row and

the R2-row. These elements are arranged on a backing layer

900. In the multirow array, the arrangement direction

(X-axis direction) in the respective element rows is called an

azimuth direction, and the direction perpendicular to the

azimuth direction (Y-axis direction) is called an elevation
direction.

[0016] As shown in FIGS. 22 and 23, each of the elements

901-903 includes a piezoelectric material layer 910 formed

of lead (Pb) zirconate titanate (PZT) or the like, and elec-

trodes 911 and 912 formed on the upper face and the lower
face thereof. Generally, the electrodes 912 of all elements
are connected to the ground potential. Further, the respective

elements 901-903 are connected to interconnections 905-

907 for supplying drive signals from the ultrasonic diagnos-

tic apparatus main body to the elements and outputting

reception signals generated by the elements to the ultrasonic
diagnostic apparatus main body.

[0017] Regarding such a multirow array, in Wildes et al.,

“Elevation Performance of 1.25D and 1.5D Transducer

arrays”, (IEEE TRANSACTIONS ON ULTRASONICS,

FERROELECTRICS, AND FREQUENCY CONTROL,

VOL. 44, NO. 5, SEPTEMBER 1997, pp. 1027-1037), the

performance of multirow array is studied, in which the

vibrator arrangement in the elevation direction and the
interconnection method are changed. Here, according to the
definition of Wildes et al., the dimensions of arrays can be

explained as in the following (1) to (5).

[0018] (1) 1D array: Plural elements are arranged in one
row (in the azimuth direction). Accordingly, the aperture
diameter in the elevation direction (the element width in
this case) is fixed, and the focal point of ultrasonic beam
is formed by an acoustic lens or the like, and the focal
length is fixed.

[0019] (2) 1.25D array: As shown in FIG. 22, plural
elements are arranged in several rows (five rows in FIG.
22). The elements arranged in positions symmetric with
respect to a central axis in the longitudinal direction of the
array are commonly connected in parallel to the intercon-
nections 905-907. Since the plural rows of elements are
arranged in the elevation direction, the aperture diameter

Feb. 21, 2008

can be changed. Note that the focal point of ultrasonic
beam is formed by an acoustic lens or the like, and the
focal length is fixed.

[0020] (3) 1.5D array: Plural elements are arranged in
several rows as is the case of the 1.25D array. The
elements arranged in positions symmetric with respect to
a center axis in the longitudinal direction of the array are
commonly connected in parallel to the interconnections
905-907, and further, the focal point of ultrasonic beam is
formed by electronic control. Accordingly, the focal point
of ultrasonic beam can be dynamically changed. Note that
the elements are symmetrically and commonly intercon-
nected, and thereby, the ultrasonic beam cannot be
deflected.

[0021] (4) 1.75D array: Plural elements are arranged in
several rows, and further, the respective elements are
independently interconnected. That is, as shown in FIG.
23, the plural elements arranged in the elevation direction
are separately interconnected to the interconnections 904.
Thereby, the ultrasonic beam can be deflected in the
elevation direction in addition to dynamical change of the
aperture diameter and the focal length of ultrasonic beam
although the number of interconnections is larger than
that of the 1.5D array.

[0022] (5) 2D array: Plural elements are arranged in
substantially the same number in both the elevation
direction and the azimuth direction to form a matrix.
Accordingly, apodization, the focal length of ultrasonic
beam in the three-dimensional space, and the transmission
direction (deflection) of ultrasonic beam can be electri-
cally controlled.

[0023] As to the 1.25D array, the 1.5D array, and the
1.75D array, since the degrees of freedom of control of
ultrasonic beam are between those of the 1D array and 2D
array, they are called the 1.25D array, the 1.5D array, and the
1.75D array.

[0024] In such a multirow array, in order to improve the
quality of ultrasonic beam by reducing the grating lobes, the
arrangement pitch of elements in the azimuth direction is
typically set to be equal to or less than the wavelength of
transmission ultrasonic waves.

[0025] On the other hand, with respect to the elevation
direction, the widths W, to W, of the elements 901-903 are
set to become narrower from inside (C-row) toward outside
(L2-row and R2-row). Such arrangement is for improving
the quality of ultrasonic beam, and arrangement methods
called Fresnel arrangement, MIAE (Minimum Integrated
Absolute time-delay Error) arrangement, and so on are
known.

[0026] Refer to Wildes et al., which is incorporated herein
by reference, for details of the Fresnel arrangement and
MIAE arrangement.

[0027] In the multirow array shown in FIGS. 20 and 21,
since the widths W, to W5 of the elements 901-903 are
different from one another while the lengths X, to X, of the
elements 901-903 are common, the electric impedance val-
ues vary with respect to each row. Accordingly, degrees of
electric impedance matching between the ultrasonic diag-
nostic apparatus main body and themselves are different
with respect to each row, and thus, there are disadvantages
that the transmission acoustic energy and reception sensi-
tivity vary with respect to each row and the frequency
characteristic as a system varies.
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[0028] Further, Goldberg et al., “OPTIMIZATION OF
SIGNAL-TO-NOISE RATIO FOR MULTILAYER PZT
TRANSDUCERS”, (ULTRASONIC IMAGING 17, 1995,
pp- 95-113) discloses an ultrasonic transducer having a
multilayered structure (multilayer PZT transducer) in which
the impedance of the ultrasonic transducer is matched to an
output impedance of a transmission circuit or a reactance of
a coaxial cable by changing the number of piezoelectric
material layers. The ultrasonic transducer having a multi-
layered structure refers to an ultrasonic transducer having a
structure in which plural piezoelectric material layers and
plural electrode layers are alternately stacked as shown in
FIG. 1 of Goldberg et al. In the ultrasonic transducer,
electrodes are formed such that the sets of vibrator struc-
tures, each of which is configured by a piezoelectric material
layer and two electrode layers, are connected electrically in
parallel.

[0029] Here, in comparison between an N-layer ultrasonic
transducer and a single-layer ultrasonic transducer having
the equal sizes of the entire element (bottom area and
thickness), the former has N-times the number of layers and
1/N of the thickness of each layer of the latter. Therefore, the
electric impedance Z of the N-layer ultrasonic transducer is
1/N>-times the electric impedance Z, of the single-layer
ultrasonic transducer. Accordingly, in Goldberg et al., the
number of layers of the ultrasonic transducer having the
multilayered structure is optimized according to the follow-
ing principle. That is, in an N-layer ultrasonic transducer,
the energy (acoustic output) of ultrasonic waves to be
transmitted becomes the maximum when Z /N ,”is equal to
the output impedance of the transmission circuit. On the
other hand, in an Ny y-layer ultrasonic transducer, the recep-
tion signal (voltage) becomes the maximum when Z /N>
is equal to the reactance of the coaxial cable. Therefore,
when the number of layers of the ultrasonic transducer
satisfies the geometric mean (N,-Ny,)"?, the transmission
and reception sensitivity of ultrasonic waves (pulse echo
signals) becomes the maximum.

SUMMARY OF THE INVENTION

[0030] Accordingly, in view of the above-mentioned
points, a purpose of the present invention is, in an ultrasonic
transducer array in which plural kinds of ultrasonic trans-
ducers having different areas of ultrasonic transmission/
reception surfaces are arranged, to make electric impedances
among the ultrasonic transducers substantially equal.
[0031] In order to achieve the above-mentioned purpose,
an ultrasonic transducer array according to one aspect of the
present invention is an ultrasonic transducer array in which
at least two kinds of ultrasonic transducers having different
areas of ultrasonic transmission/reception surfaces from one
another and having substantially equal total thicknesses to
one another are arranged, and the ultrasonic transducer array
includes: a first ultrasonic transducer; and a second ultra-
sonic transducer having the larger number of layers than that
of the first ultrasonic transducer and a smaller area of an
ultrasonic transmission/reception surface than that of the
first ultrasonic transducer.

[0032] In the present application, the expression that elec-
tric impedances are substantially equal includes not only the
case where values in comparison are strictly equal but also
the case where they are equal within a predetermine range of
error, that is, those values are generally equal. For example,
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when variation between the values in comparison is within
+30%, it can be said that they are substantially equal.
[0033] According to the present invention, the numbers of
layers of the ultrasonic transducers having the smaller areas
are increased in the plural kinds of ultrasonic transducers
having different areas of ultrasonic transmission/reception
surfaces from one another and having substantially equal
total thicknesses to one another, and thereby, the electric
impedances among the ultrasonic transducers can be made
substantially equal. Further, electric impedance matching
between the respective ultrasonic transducers and the ultra-
sonic diagnostic apparatus main body are easily achieved,
and thereby, the transmission acoustic energy can be
increased in a high frequency. Therefore, by using an
ultrasonic probe or ultrasonic endoscope including such an
ultrasonic transducer array in an ultrasonic diagnostic appa-
ratus, quality of an ultrasonic beam to be transmitted can be
improved and good quality ultrasonic images can be easily
generated based on the acquired reception signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 shows a configuration of an ultrasonic
transducer array according to the first embodiment of the
present invention;

[0035] FIG. 2 shows a configuration of an ultrasonic probe
according to one embodiment of the present invention;
[0036] FIG. 3A shows a configuration example of an
ultrasonic diagnostic apparatus according to one embodi-
ment of the present invention;

[0037] FIG. 3B shows a configuration example of a recep-
tion signal processing unit as shown in FIG. 3A;

[0038] FIG. 4 is a partially sectional perspective view of
an ultrasonic transducer having a multilayered structure;
[0039] FIG. 5 is a table showing simulation results of
comparative example 1 and working examples 1 and 2;
[0040] FIG. 6 shows a configuration of an ultrasonic
transducer array according to the second embodiment of the
present invention;

[0041] FIG. 7 is a partially enlarged plan view of the
ultrasonic transducer array shown in FIG. 6;

[0042] FIG. 8 shows a configuration of an ultrasonic
transducer array according to the third embodiment of the
present invention;

[0043] FIG. 9 is a table showing simulation results of
comparative example 2 and working examples 3 and 4;
[0044] FIG. 10 shows a configuration of an ultrasonic
transducer array according to the fourth embodiment of the
present invention;

[0045] FIG. 11 is a partially enlarged plan view of the
ultrasonic transducer array shown in FIG. 10;

[0046] FIG. 12 shows a configuration of an ultrasonic
transducer array according to the fifth embodiment of the
present invention;

[0047] FIG. 13 is a partially enlarged plan view of the
ultrasonic transducer array shown in FIG. 12;

[0048] FIG. 14 is a schematic diagram showing a configu-
ration of an ultrasonic endoscope according to one embodi-
ment of the present invention;

[0049] FIG. 15 is an enlarged schematic diagram showing
a leading end of an insertion part shown in FIG. 14;
[0050] FIG. 16 is a plan view showing an example of an
ultrasonic transducer array in which plural kinds of elements
are asymmetrically arranged;
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[0051] FIG. 17 is a plan view showing an example of an
ultrasonic transducer array in which plural kinds of oval
elements are arranged;

[0052] FIG. 18 is a plan view showing an example of an
ultrasonic transducer array in which plural kinds of polygo-
nal elements are arranged;

[0053] FIG. 19 is a plan view showing an example of an
ultrasonic transducer array in which plural kinds of annular
elements are arranged;

[0054] FIG. 20 is a plan view showing a conventional
ultrasonic transducer array of Fresnel arrangement;

[0055] FIG. 21 is a partially enlarged plan view of the
ultrasonic transducer array shown in FIG. 20;

[0056] FIG. 22 is a side view showing arrangement and
connection methods of elements in 1.25D array or 1.5D
array; and

[0057] FIG. 23 is a side view showing arrangement and
connection methods of elements in 1.75D array.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0058] Hereinafter, preferred embodiments of the present
invention will be explained in detail with reference to the
drawings. The same reference numerals will be assigned to
the same component elements and the description thereof
will be omitted.

[0059] FIG. 1 schematically shows an ultrasonic trans-
ducer array according to the first embodiment of the present
invention. FIG. 1(a) is a side view showing a state in which
the ultrasonic transducer array according to the embodiment
is provided on a backing layer, and FIG. 1(b) is a plan view
thereof.

[0060] Further, FIG. 2 is a partially sectional perspective
view showing an ultrasonic probe according to one embodi-
ment of the present invention, and FIG. 3A is a block
diagram showing an ultrasonic diagnostic apparatus accord-
ing to one embodiment of the present invention. The ultra-
sonic transducer array shown in FIG. 1 is provided for use
in the ultrasonic probe as shown in FIG. 2, an ultrasonic
endoscope, which will be described later, and so on.
[0061] As shown in FIG. 2, the ultrasonic probe according
to the embodiment includes an ultrasonic transducer array 1,
a backing layer 2, and an acoustic matching layer 3. Further,
the ultrasonic probe may include an acoustic lens 4 accord-
ing to need. These parts are accommodated in a casing 5.
Further, interconnections drawn from the ultrasonic trans-
ducer array 1 are connected to an electronic circuit contained
in an ultrasonic imaging apparatus man body via a cable 6.
[0062] The ultrasonic transducer array 1 includes plural
ultrasonic transducers 11-13 that expand and contract to
generate ultrasonic waves when drive signals are supplied
thereto, and receive ultrasonic waves propagating from an
object to be inspected and output electric signals (reception
signals). A filler la such as urethane resin or epoxy resin may
be provided between and around the ultrasonic transducers
11-13 for protection of the respective ultrasonic transducers
and suppression of unwanted propagation of ultrasonic
waves (e.g., propagation of ultrasonic waves within the
arrangement surface of the vibrators). As below, one ultra-
sonic transducer is also simply referred to as “element”. The
structure of the elements 11-13 will be explained later in
detail.

[0063] The backing layer 2 is formed of a material having
large acoustic attenuation such as an epoxy resin containing
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ferrite powder, metal powder, or PZT powder, or rubber
containing ferrite powder, and promotes attenuation of
unwanted ultrasonic waves generated from the ultrasonic
transducer array 1.

[0064] The acoustic matching layer 3 is formed of Pyrex
(registered trademark) glass or an epoxy resin containing
metal powder, which easily propagates ultrasonic waves, for
example, and resolves the mismatch of acoustic impedances
between the object as a living body and the ultrasonic
transducer. Thereby, the ultrasonic waves transmitted from
the ultrasonic transducers efficiently propagate within the
object.

[0065] The acoustic lens 4 is formed of silicon rubber, for
example, and focuses an ultrasonic beam, which is trans-
mitted from the ultrasonic transducer array 1 and propagates
the acoustic matching layer 3, at a predetermined depth
within the object. In the ultrasonic transducer array accord-
ing to the embodiment as explained below, the acoustic lens
4 is not necessarily provided because the ultrasonic beam
can be focused by electronic control, however, the acoustic
lens 4 may be simultaneously used for improvement in the
focus effect of ultrasonic beam.

[0066] As shown in FIG. 3A, the ultrasonic diagnostic
apparatus main body includes a drive signal generating unit
7a, a transmission and reception switching unit 75, a recep-
tion signal processing unit 7¢, an image generating unit 74,
and a display unit 7e. The drive signal generating unit 7a
includes plural pulsers for generating drive signals to be
respectively supplied to the elements provided in the ultra-
sonic transducer array 1 of the ultrasonic probe. Further, the
transmission and reception switching unit 76 switches
between the output of drive signals to the ultrasonic probe
and the input of reception signals from the ultrasonic probe.
[0067] As shown in FIG. 3B, the reception signal process-
ing unit 7¢ includes preamplifiers 71, variable gain circuits
72 such as amplifiers or attenuators for adjusting the signal
levels according to need, A/D converters 73, an arithmetic
processing unit 74, and so on, and performs predetermined
signal processing such as pre-amplification, level adjust-
ment, A/D conversion, phase adjustment and signal addition,
and envelope detection on the reception signals outputted
from the respective elements of the ultrasonic probe. Also,
the arithmetic processing unit 74 may adjust the signal levels
according to correction factors stored in a storage unit 75.
[0068] Referring to FIG. 3A again, the image generating
unit 7d generates image data by performing scan format
conversion or the like on the reception signals that have been
subjected to the predetermined signal processing. The dis-
play unit 7e displays ultrasonic images based on the gener-
ated image data.

[0069] With reference to FIG. 1 again, the elements 11-13
arranged in the ultrasonic transducer array 1 have multilay-
ered structures. Here, the structure of the multilayer ultra-
sonic transducer will be explained by referring to FIG. 4.
FIG. 4 is a partially sectional perspective view showing a
five-layer ultrasonic transducer.

[0070] The ultrasonic transducer shown in FIG. 4 has a
lower electrode layer 10a, five piezoelectric material layers
10, internal electrode layers 105 and 10c alternately inserted
between the piezoelectric material layers 10, an upper elec-
trode layer 10d, and side electrodes 10e and 10f.

[0071] The piezoelectric material layer 10 is formed of a
piezoelectric material such as lead (Pb) zirconate titanate
(PZT). Further, the internal electrode layers 106 and the
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upper electrode layer 10d are formed to be connected to one
side electrode 10e and insulated from the other side elec-
trode 10/ Furthermore, the internal electrode layers 10c and
the lower electrode layer 10a are formed to be connected to
one side electrode 10f and insulated from the other side
electrode 10e. Since the electrodes of the ultrasonic trans-
ducer are formed as described above, five sets of electrode
for applying electric fields to the five piezoelectric material
layers 10 are connected in parallel. In FIG. 4, insulating
regions are formed by covering one end of the internal
electrode 105 or 10¢ with the piezoelectric material layer 10
thereon. However, the ends thereof may be extended to the
side surfaces of the piezoelectric material layer 10 and one
end of the internal electrode 1056 or 10c may be separately
covered by an insulating film on the side surface.

[0072] In the ultrasonic transducer having N piezoelectric
material layers 10 (N=5 in FIG. 4), the number of the
piezoelectric material layers is N-times and the thickness of
each piezoelectric material layer is 1/N compared to a
single-layer ultrasonic transducer (N=1). Therefore, the
electric impedance Z of the N-layer ultrasonic transducer is
1/N*-times the electric impedance Z, of the single-layer
ultrasonic transducer.

[0073] With reference to FIG. 1 again, the ultrasonic
transducer array according to the embodiment includes three
kinds of elements 11-13 arranged in five rows of L2-row,
L1-row, C-row, R1-row, and R2-row. As below, the arrange-
ment direction of elements in the respective rows (X-axis
direction) is referred to as “azimuth direction” and the
direction perpendicular thereto (Y-axis direction) is referred
to as “elevation direction”.

[0074] In each row, 128 channels of ultrasonic transducers
(elements) are arranged at an arrangement pitch P,. The
arrangement pitch P, is designed so as to be equal to or less
than the half of the wavelength of transmission ultrasonic
waves in consideration of generation angle of the grating
lobes in the electronic sector scan system. For example,
assuming that the sound speed in the living body is about
1500 m/s, when the frequency of the transmission ultrasonic
waves is 5 MHz, the wavelength thereof is about 0.3 mm,
and the half of the wavelength of the ultrasonic waves is 0.15
mm. In the embodiment, the arrangement pitch P, is 0.15
mm.

[0075] The widths W, to W and positions Y, to Y of the
elements 11-13 (FIG. 1) are designed in Fresnel arrange-
ment. The Fresnel arrangement is one of the arrangement
methods, by which the widths W, to W, of the elements
become narrower from the center toward outside in the
elevation direction. Further, these elements 11-13 are
designed such that the smaller the area of the ultrasonic
transmission/reception surface becomes, the larger the num-
ber of layers becomes. The reason of changing the number
layers in this manner is as follows. That is, when the Fresnel
arrangement is adopted, the areas of the ultrasonic trans-
mission/reception surfaces of the elements 11-13 change
from one another, and thereby, the electric impedance values
become different from one another. On this account, it
becomes difficult to match the electric impedances between
the elements and the ultrasonic diagnostic apparatus main
body shown in FIG. 3A (specifically, the drive signal gen-
erating unit 74, the reception signal processing unit 7¢, and
the cable 6). Accordingly, in the embodiment, in order to
reduce the variation in electric impedance among elements,
the number of layers is made larger as the element has the
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smaller area of the transmission/reception surface. Thereby,
it becomes easier to match the respective electric imped-
ances between the elements and the ultrasonic diagnostic
apparatus main body, and the transmission and reception
efficiency of ultrasonic waves can be improved.
[0076] Furthermore, as shown in FIG. 1(a), the elements
11-13 arranged in each row are independently connected to
interconnections 14. Drive signals generated in the ultra-
sonic diagnostic apparatus main body are respectively sup-
plied to the elements 11-13 via the interconnections 14.
[0077] When ultrasonic waves are transmitted by using
such an ultrasonic transducer array, the elements 11-13
contained in one or some columns (e.g., three to five
columns) arranged along the elevation direction are set as
one set of drive elements to be simultaneously used, and the
elements are driven while predetermined delay times are
provided to the drive signals to be supplied to the elements.
Thereby, an ultrasonic beam having a focal point at a desired
depth can be transmitted in a desired direction. Further, the
drive elements are sequentially driven while the set positions
of the set of drive elements are moved in the azimuth
direction, and thus, the object can be scanned with the
ultrasonic beam by electronic control. In this regard, the
present set of drive elements may be set such that the
elements are not overlapped with the previous set of drive
elements. For example, the elements of the first to third
columns are used in the first transmission, the elements of
the fourth to sixth columns are used in the second transmis-
sion, and the elements of the seventh to ninth columns are
used in the third transmission. Alternatively, the present set
of drive elements may be set such that the elements are
partly overlapped with the previous set of drive elements.
For example, the elements of the first to third columns are
used in the first transmission, the elements of the third to
fifth columns are used in the second transmission, and the
elements of the fifth to seventh columns are used in the third
transmission.
[0078] Next, specific design values of the ultrasonic trans-
ducer array according to the embodiment will be explained
in comparison with design values in a conventional ultra-
sonic transducer array. Here, the design values as below are
determined on the assumption that the ultrasonic transducer
array is connected to an ultrasonic diagnostic apparatus
under the following conditions.
[0079] <Pulser (drive signal generating unit)>

[0080] Output voltage: 100V

[0081] Output impedance: 30Q
[0082] <Coaxial Cable>

[0083] Length: 3.4 m

[0084] Capacity: 100 pF/m
[0085] Impedance: 942 (5 MHz)
[0086] <Preamplifier (reception signal processing unit)>

[0087] Input impedance: 10 MQ

[0088] The sizes (lengths and widths) of the elements
11-13 contained in the ultrasonic transducer array shown in
FIG. 1 are the same as those of the elements 901-903 shown
in FIGS. 20 and 21, and the elements 11-13 are different
from the elements shown in FIGS. 20 and 21 in that the
elements 11-13 have multilayered structures.

[0089] The design values of the ultrasonic transducer array
shown in FIG. 1 are as follows.

[0090] Arrangement Method: Fresnel arrangement
[0091] Interconnection Method: Independent interconnec-
tion
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[0092]
[0093]
[0094]
[0095]
[0096]
[0097]
[0098]
[0099]
[0100]

Planar Size of Elements:
<C-row (elements 11 and 901)>

Width W,=2.88 mm

Length X,=0.12 mm
<L 1-row, R1-row (elements 12 and 902)>

Width W,=0.57 mm

Length X,=0.12 mm
<[.2-row, R2-row (elements 13 and 903)>

Width W;=0.43 mm

[0101] Length X,=0.12 mm
[0102] Element Interval in Elevation Direction: 0.03 mm

(30 pm)
[0103] Arrangement pitch in Azimuth Direction: P,=0.15

mm
[0104] Element Interval in Azimuth Direction: 0.03 mm

(30 pm)
[0105] Further, the relative dielectric constant €, of the
respective elements 901-903 is 3600. In FIG. 20, the thick-
ness of the respective elements 901-903 is 0.36 mm. From
the values and the sizes of the respective elements, at the
resonant frequency of 5 MHz, the electric impedances Zg,
to Zgos of the respective elements 901-903 are as follows.
[0106] <Element 901 (C-row)>

[0107] Zyp,=326Q2
[0108] <Element 902 (L1-row, R1-row)>

[0109] Z,,,=1647Q
[0110] <Element 903 (L2-row, R2-row)>

[0111] Z,,,=2183Q
[0112] On the other hand, in the embodiment, the numbers
of layers N, to N,; of the respective elements 11-13 are
determined such that the electric impedances Z,, to Z,; of
the respective elements are as close as possible to about 53Q2
as the geometric mean between the output impedance (30£2)
of the drive signal generating unit and the impedance (94€2)
of the cable.
[0113] As a result, the electric impedances of the respec-
tive elements 11-13 are as follows.
[0114] <Element 11 (C-row)>

[0115] N,,=3

[0116] Z,,=7,,,/3°-36.2Q
[0117] <Element 12 (L1-row, R1-row)>

[0118] N,,=6

[0119] Z,,=Z,,/6°~45.8Q
[0120] <Element 13 (L2-row, R2-row)>

[0121] N, =7

[0122] Z,,=7,,/7*~44.6Q
[0123] As working example 1, the characteristics of the
ultrasonic transducer array according to the embodiment
shown in FIG. 1 are simulated under the above-mentioned
apparatus conditions. Further, as comparative example 1, the
characteristics of the conventional ultrasonic transducer
array shown in FIG. 20 are simulated under the same
apparatus conditions. Thereby, the transmission and recep-
tion characteristics shown in FIG. 5 are obtained. Here, the
reception sensitivity shows a relative reception voltage when
sound waves having constant sound pressure are received in
arbitrary unit (a.u.).
[0124] As clearly found from FIG. 5, in comparative
example 1, the electric impedances largely vary among the
elements 901-903, that is, 100x(Zgg3-Zog; )/ Zo5~85.0% at
the maximum. Further, the effect of transmission acoustic
energy by the element 901 in the C-row is dominant. Even
when an attempt to form an ultrasonic beam with such
elements is made, the acoustic energy transmitted from the
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elements arranged outside (in the L1-row, R1-row, L2-row,
R2-row) is not effectively acted thereon. That is, the entire
aperture of the ultrasonic transducer array is not effectively
utilized. Further, when the ultrasonic beam is deflected, the
symmetry of the acoustic energy transmitted from the ele-
ments 901-903 is lost with respect to the transmission
direction of the ultrasonic beam, and thus, the beam quality
is deteriorated and the formation of good quality images
becomes difficult.

[0125] On the other hand, in working example 1, the
electric impedances among the elements 11-13 are substan-
tially made equal, and variation is 100x(Z,,-Z,,)/Z,,~20.
1% at the maximum. Since the electric impedances of the
elements 11-13 are made close to the output impedance of
the transmission circuit, the magnitude of the transmission
acoustic energy itself can be significantly improved. Further,
the transmission acoustic energies of the elements 11-13 are
nearly the same.

[0126] Meanwhile, regarding the reception sensitivity,
although the reception sensitivity values themselves are
improved compared to those in comparative example 1,
slight variation remains with respect to each element. Here,
when the reception sound pressure is constant, the reception
voltage is proportional to the thickness of the piezoelectric
material layer. Generally, in the case where the number of
layers is increased to N-times, the reception voltages
become 1/N. Accordingly, it is desirable that means for
correcting the variation in reception voltage is provided.

[0127] For example, in the reception signal processing
unit 7¢ as shown in FIG. 3B, preamplifiers 71 having gains
(amplification factors), which are set for respective element
rows, may be provided. The gain ratio among element rows
may be set generally in correspondence with the ratio among
numbers of layers, and may be further fine adjusted. For
example, given that the gain corresponding to the element 11
in the C-row is G, the gain corresponding to the element 12
in the L1-row and R1-row is G,, and the gain corresponding
to the L2-row and R2-row is G, and these gains are set to
satisfy G:G,:G;=3:6.42:7.41. Thereby, the levels of recep-
tion signals can be corrected to be nearly constant in all
element rows.

[0128] Alternatively, as correcting means, variable gain
circuits 72 such as amplifiers or attenuators may be provided
at the downstream of the preamplifiers 71 in the reception
signal processing unit 7¢ so as to set gains with respect to
respective element rows. Or, the reception signals may be
digitalized by A/D converters 73 provided at the down-
stream of the preamplifiers 71 or variable gain circuits 72,
and arithmetic processing on the digital reception signals
may be performed by an arithmetic processing unit 74 to
correct the reception signals according to correction factors
which correspond to the above-mentioned gain ratio. The
correction factors have been previously stored in a storage
unit 75.

[0129] Furthermore, such correction may be performed at
the ultrasonic probe (or ultrasonic endoscope) side. That is,
the preamplifiers or variable gain circuits for the respective
elements, or the A/D converters and arithmetic processing
unit may be provided in the ultrasonic probe (or ultrasonic
endoscope) in which the ultrasonic transducer array is
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provided, and the gains or correction factors may be set to
become the above-mentioned ratio.

[0130] As explained above, according to the embodiment,
since the numbers of layers of the elements 11-13 are
determined according to the areas of ultrasonic transmission/
reception surfaces, the electronic impedances among the
elements can be made substantially equal to one another.
Thereby, it becomes easier to match between the electric
impedances of the respective elements and the electric
impedance of the apparatus side, and the transmission
acoustic energy and reception sensitivity can be improved.
Furthermore, regarding the reception signals outputted from
the respective elements, variation in reception sensitivity
can be reduced by adjusting gains with respect to the
respective elements (respective element rows).

[0131] Consequently, all elements within the aperture can
effectively act, and thus, ultrasonic beams with focal point
that have been sufficiently narrowed can be transmitted and
received. Further, even when the ultrasonic beam is
deflected in the elevation direction, the ultrasonic beam with
relatively good symmetry of acoustic energy with respect to
the transmission direction, i.e., good quality ultrasonic beam
can be formed. Therefore, good quality ultrasonic images
can be formed based on ultrasonic image information
obtained by such ultrasonic beams. Especially, ultrasonic
image information (volume data) on the respective positions
in the three-dimensional space within the object can be
acquired by deflecting the ultrasonic beam without change in
the position and orientation of the ultrasonic probe, and thus,
three-dimensional images can be constructed at a high
speed.

[0132] Next, an ultrasonic transducer array according to
the second embodiment of the present invention will be
explained with reference to FIGS. 6 and 7. FIG. 6(a) is a side
view showing a state in which the ultrasonic transducer
array according to the embodiment is provided on a backing
layer, FIG. 6(4) is a plan view thereof, and FIG. 7 is a
partially enlarged plan view showing ultrasonic transducers
shown in FIG. 6(b).

[0133] As shown in FIG. 6, the ultrasonic transducer array
according to the embodiment includes three kinds of ele-
ments 21-23 arranged in five rows of L2-row, L1-row,
C-row, Rl-row, and R2-row. These elements 21-23 are
respectively connected to interconnections 24. The arrange-
ment method (Fresnel arrangement), the interconnection
method (independent interconnection), and the arrangement
pitch of elements are the same as those shown in FIG. 1.
[0134] In the ultrasonic transducer array according to the
embodiment, the lengths (the sizes in the azimuth direction)
of the respective elements are changed from those of the
ultrasonic transducer array shown in FIG. 1. In the first
embodiment, although it is attempted to make the electric
impedance among elements equal by adjusting the numbers
of layers of the respective elements, it has limitations
because the numbers of layers are integral numbers. Accord-
ingly, in the embodiment, the lengths X, to X, of the
elements are adjusted to satisfy S,,:S,,:S,5=1/N,,*:1/N,,*:
1/N,,%, where S,, to S,, represent the areas (lengthxwidth)
of ultrasonic transmission/reception surfaces of the elements
21-23, respectively, and N, to N, represent the numbers of
layers of them, respectively. Thereby, variation in the elec-
tric impedances Z,, to Z,; can be further reduced while
maintaining the Fresnel arrangement (element sizes and
element intervals in the elevation direction).
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[0135] Specific design values of the ultrasonic transducer
array according to the embodiment are as follows.

[0136] <Element 21 (C-row)>
[0137] N,,=3
[0138] Width W,=2.88 mm
[0139] Length X,=0.095 mm
[0140] Z,,=45.8Q7 (at a resonant frequency of 5 MHz)

The value of electric impedance Z,, is equivalent to about
X /X, times the electric impedance Z,, of the element 11
shown in FIG. 1.

[0141] <Element 22 (L1-row and R1-row)>
[0142] N,,=6
[0143] Width W,=0.57 mm
[0144] Length X,=0.120 mm

[0145] Z,,=45.8Q (at a resonant frequency of 5 MHz)

The value of electric impedance Z,, is equivalent to about
X /X, times the electric impedance Z,, of the element 12
shown in FIG. 1.

[0146] <Element 23 (L.2-row and R2-row)>
[0147] N,,=7
[0148] Width W,=0.43 mm
[0149] Length X,=0.116 mm
[0150] Z,,=46.1Q (at a resonant frequency of 5 MHz)

The value of electric impedance 7,5 is equivalent to about
X /X times the electric impedance Z,; of the element 13
shown in FIG. 1.

[0151] As working example 2, the characteristics of the
above-mentioned ultrasonic transducer array are simulated
under the same apparatus conditions as those of working
example 1 and comparative example 1. Thereby, results
shown in FIG. 5 are obtained.

[0152] As shown in FIG. 5, the electric impedances among
the elements 21-23 are substantially made equal (variation is
100x (Z3-Z5,)/753~0.7% at the maximum) by adjusting the
lengths of the elements in addition to the numbers of layers
of the respective elements. Further, variation in transmission
acoustic energy can be further reduced. Regarding the
elements 21 and 23, the transmission acoustic energies are
slightly lower because the lengths of elements are made
smaller than those of the elements 11 and 13 in working
example 1. However, matching between the electric imped-
ances of the respective elements and the output impedance
of the transmission circuit is good, and thus, the values
significantly higher than those of comparative example 1 can
be still maintained.

[0153] On the other hand, slight variation remains with
respect to each element. Accordingly, in the embodiment, it
is desirable that means for correcting variation in reception
sensitivity is provided at the apparatus side or ultrasonic
probe side as is the case of the first embodiment. The gain
ratio among element rows can be generally regarded as the
ratio among numbers of layers. For example, the reception
sensitivity can be corrected to be nearly constant in all
element rows by setting the gains G,, G,, G; corresponding
to the C-row, the L1-row and R1-row, and the L.2-row and
R2-row to 3:6:7.

[0154] As explained above, according to the embodiment,
since the numbers of layers and lengths of the elements are
adjusted such that the electronic impedances among the
elements are made substantially equal, variation in trans-
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mission acoustic energy and reception sensitivity can be
further reduced. Further, in this regard, the electric imped-
ances of the respective elements are made equal to the
electric impedance of the apparatus side, and thus, the
transmission acoustic energy and reception sensitivity can
be further improved.

[0155] Next, an ultrasonic transducer array according to
the third embodiment of the present invention will be
explained with reference to FIG. 8. FIG. 8(a) is a side view
showing a state in which the ultrasonic transducer array
according to the embodiment is provided on a backing layer
and FIG. 8(b) is a plan view thereof.

[0156] In the ultrasonic transducer array according to the
embodiment, the interconnection method and the numbers
of layers of the respective elements are changed from those
of the ultrasonic transducer array shown in FIG. 1. The
planar sizes of the respective elements and the arrangement
method (Fresnel arrangement) are the same as those shown
in FIG. 1.

[0157] As shown in FIG. 8(5), the ultrasonic transducer
array includes three kinds of elements 31-33 arranged in five
rows of L2-row, L1-row, C-row, R1-row, and R2-row. Fur-
ther, as shown in FIG. 8(a), the elements 31 in the C-row are
connected to an interconnection 34, the elements 32 in the
L1-row and R1-row are connected to an interconnection 35,
and the elements 33 in the L.2-row and R2-row are connected
to an interconnection 36. Thus, the elements arranged sym-
metrically with respect to the center in the elevation direc-
tion are commonly interconnected, and thereby, drive sig-
nals generated in the ultrasonic diagnostic apparatus main
body are supplied to those elements with the same timing.
[0158] Specific design values of the ultrasonic transducer
array according to the embodiment will be explained in
comparison with design values in the conventional ultra-
sonic transducer array. The design values as below are
determined on the assumption that the ultrasonic transducer
array is connected to the ultrasonic diagnostic apparatus
under the same conditions as those in the first embodiment.
[0159] The design values of the common connection type
ultrasonic transducer array shown in FIGS. 8 and 22 are as
follows.

[0160] Arrangement Method: Fresnel arrangement
[0161] Interconnection Method: Common interconnection
[0162] Planar Size of Elements:
[0163] <Elements 31 connected to interconnection 34
(C-row)>
[0164] <Elements 901 connected to interconnection 905
(C-row)>

[0165] Width W,=2.88 mm

[0166] Length X,=0.12 mm
[0167] <Two elements 32 connected to interconnection 35

(L1-row, R1-row)>
[0168] <Two elements 902 connected to interconnection
906 (L1-row, R1-row)>
[0169] Width W,=0.57x2 mm
[0170] Length X,=0.12 mm
[0171] <Two elements 33 connected to interconnection 36
(L2-row, R2-row)>
[0172] <Two elements 903 connected to interconnection
907 (L2-row, R2-row)>
[0173] Width W;=0.43x2 mm
[0174] Length X,=0.12 mm
[0175] Element Interval in Elevation Direction: 0.039 mm
(39 pm)
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[0176] Arrangement pitch in Azimuth Direction: Py=0.15
mm

[0177] Element Interval in Azimuth Direction: 0.03 mm
(30 pm)

[0178] Further, the relative dielectric constant €, of the

respective elements 901-903 is 3600. In FIG. 22, the thick-
ness of the respective elements 901-903 is 0.36 mm. From
the values and the sizes of the respective elements, at the
resonant frequency of 5 MHz, the synthesized electric
impedances Zg,,' t0 Zgos' of the elements connected to
common interconnections are as follows.

[0179] <Element 901>
[0180] Z,,,'=326Q
[0181] <Two elements 902>
[0182] Z,,,'=824Q
[0183] <Two elements 903>
[0184] Zo0,'=1092Q
[0185] On the other hand, in the embodiment, the numbers

of layers Nj; to N;; of the respective elements 31-33 are
determined such that the synthesized electric impedances
Z  to Z,; of the elements connected to common intercon-
nections are as close as possible to about 53Q as the
geometric mean between the output impedance (30Q) of the
drive signal generating unit and the impedance (94Q2) of the
cable.
[0186] As a result, the synthesized electric impedances of
the respective elements connected to the respective inter-
connections are as follows.
[0187] <Elements 31 connected to interconnection 34
(C-row)>

[0188] N;,=3

[0189] Z,,=Z0,"/3°~36.2Q
[0190] <Two elements 32 connected to interconnection 35
(L1-row, R1-row)>

[0191] N,,=4

[0192] Z;,=70,/4°~51.5Q
[0193] <Two elements 33 connected to interconnection 36
(L2-row, R2-row)>

[0194] N, ;=5
[0195] Z,3=705/5°~43.7Q
[0196] As working example 3, the characteristics of the

ultrasonic transducer array according to the embodiment
shown in FIG. 8 are simulated under the above-mentioned
apparatus conditions. Further, as comparative example 2, the
characteristics of the conventional ultrasonic transducer
array shown in FIGS. 20 and 22 are simulated under the
same apparatus conditions. Thereby, the transmission and
reception characteristics shown in FIG. 9 are obtained.
[0197] As clearly found from FIG. 9, in comparative
example 2, the synthesized electric impedances with respect
to each of the interconnections 905-907 largely vary (100x
(Zoos'-Z o0,V 7Z605'=70.1% at the maximum). Further, the
effect of transmission acoustic energy by the element 901 in
the C-row is dominant, and the elements 902 in the L1-row
and R1-row and the elements 903 in the L.2-row and R2-row
do effectively function. That is, the entire aperture of the
ultrasonic transducer array is not effectively utilized. On this
account, it may be impossible to form the focal point at a
desired depth by dynamic focusing and the resolving power
is reduced.

[0198] On the other hand, in working example 3, the
synthesized electric impedances with respect to each of the
interconnections 35-37 (i.e., the sums of capacitances) can
be substantially made equal to one another (100x(Z;,-Z5,)/
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755~29.7% at the maximum) by adjusting the numbers of
layers of the respective elements. Since the electric imped-
ances with respect to each interconnection are made close to
the output impedance of the transmission circuit, the mag-
nitude of the transmission acoustic energy itself can be
significantly improved. Further, the transmission acoustic
energies among the elements 31-33 are nearly the same.
[0199] Meanwhile, regarding the reception sensitivity,
although the reception sensitivity values themselves are
improved compared to those in comparative example 2,
slight variation remains with respect to each element.
Accordingly, in the embodiment, it is desirable that means
for correcting the variation in reception sensitivity is pro-
vided at the apparatus side or the ultrasonic probe side as is
the case of the first embodiment. The gain ratio among
element rows may be generally the ratio among numbers of
layers, and may be further fine adjusted. For example, the
reception sensitivity can be corrected to be nearly constant
in all element rows by setting the gains G,, G,, G5 corre-
sponding to the C-row, the L1-row and Rl-row, and the
L2-row and R2-row to 3:4.47:5.28.

[0200] As explained above, according to the embodiment,
variation in transmission acoustic energy and reception
sensitivity can be reduced and the values can be improved.
Accordingly, the entire aperture can effectively act and
accurate dynamic focusing can be performed. Therefore,
good quality ultrasonic images with high resolving power
can be generated. Further, according to the embodiment,
since the elements arranged symmetrically with respect to
the center row are connected to common interconnections,
the number of interconnections can be reduced, and the
downsizing of the ultrasonic probe, the thinning down of the
cable, and the reduction in costs can be realized.

[0201] Next, an ultrasonic transducer array according to
the fourth embodiment of the present invention will be
explained with reference to FIGS. 10 and 11. FIG. 10(a) is
a side view showing a state in which the ultrasonic trans-
ducer array according to the embodiment is provided on a
backing layer, FIG. 10(5) is a plan view thereof, and FIG. 10
is a partially enlarged plan view showing ultrasonic trans-
ducers shown in FIG. 10(5).

[0202] As shown in FIG. 10(a), the ultrasonic transducer
array according to the embodiment includes three kinds of
elements 41-43 arranged in five rows of L2-row, L1-row,
C-row, R1-row, and R2-row. Further, the elements 41 in the
C-row are connected to an interconnection 44, the elements
42 in the L1-row and R1-row are connected to an intercon-
nection 45, and the elements 43 in the L2-row and R2-row
are connected to an interconnection 46. The arrangement
method (Fresnel arrangement), the interconnection method
(common interconnection), and the arrangement pitch of
elements in the embodiment are the same as those shown in
FIG. 8.

[0203] In the ultrasonic transducer array according to the
embodiment, the lengths (the sizes in the azimuth direction)
of the respective elements are changed from those of the
ultrasonic transducer array shown in FIG. 8. That is, in the
embodiment, the lengths X, to X; of the elements are
adjusted to satisfy S,;:S,5:8,;=1/(N,,**M,,):1/(N4,>M,,):
1/(N,3>M,,), where S, to S,, represent the areas (lengthx
width) of ultrasonic transmission/reception surfaces of the
elements 41-43, respectively, N, to N,; represent the num-
bers of layers of them, respectively, and M,, to M,; repre-
sent the numbers of elements connected to the same inter-
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connections. Thereby, variation in the synthesized electric
impedances Z,; to Z,; with respect to each interconnection
can be further reduced while maintaining the Fresnel
arrangement (element sizes and element intervals in the
elevation direction).

[0204] Specific design values of the ultrasonic transducer
array according to the embodiment are as follows.

[0205] <Elements 41 connected to interconnection 44
(C-row)>

[0206] N,,=3

[0207] Width W,=2.88 mm

[0208] Length X,'=0.085 mm

[0209] Z,,=51.1Q (at a resonant frequency of 5 MHz)

The value of electric impedance Z,, is equivalent to about
Xo/X," times the electric impedance Z;; of the element 31
shown in FIG. 8.

[0210] <Two elements 42 connected to interconnection 45
(L1-row, R1-row)>

[0211] N,,=4

[0212] Width W,=0.57 mm

[0213] Length X,'=0.120 mm

[0214] Z7,,=51.5Q (at a resonant frequency of 5 MHz)

The value of electric impedance Z,, is equivalent to about
X /X, times the electric impedance Z,, of the element 32
connected to the interconnection 35 shown in FIG. 8.

[0215] <Two elements 43 connected to interconnection 46
(L2-row, R2-row)>
[0216] N, ;=5

[0217] Width W,=0.43 mm
[0218] Length X;'=0.102 mm
[0219] Z7,;=51.4Q (at a resonant frequency of 5 MHz)

The value of electric impedance 7,5 is equivalent to about
X /X, times the electric impedance Z,; of the element 33
connected to the interconnection 36 shown in FIG. 8.

[0220] As working example 4, the characteristics of the
above-mentioned ultrasonic transducer array are simulated
under the same apparatus conditions as those of working
example 3 and comparative example 2. Thereby, results
shown in FIG. 9 are obtained.

[0221] As shown in FIG. 9, the synthesized electric
impedances with respect to each of the interconnections
44-46 (i.e., the sums of capacitances) are substantially made
equal to one another (variation is 100x(Z.,,-Z.4,)/7.4,~0.8%
at the maximum) by adjusting the lengths of the elements in
addition to the numbers of layers of the respective elements.
Further, variation in transmission acoustic energy among the
elements 41-43 can be further reduced. Regarding the ele-
ments 41 and 43, the transmission acoustic energies are
slightly lower because the lengths of elements are made
smaller than those of the elements 31 and 33 in working
example 3. However, matching between the electric imped-
ances of the respective sets of elements and the output
impedance of the transmission circuit is good, and thus, the
values significantly higher than those of comparative
example 2 can be still maintained.

[0222] On the other hand, slight variation remains with
respect to each element. Accordingly, in the embodiment, it
is desirable that means for correcting variation in reception
sensitivity is provided at the apparatus side or ultrasonic
probe side as is the case of the first embodiment. The gain
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ratio among element rows can be generally regarded as the
ratio among numbers of layers. For example, the reception
sensitivity can be corrected to be nearly constant in all
element rows by setting the gains G,, G,, G; corresponding
to the C-row, the L1-row and R1-row, and the L.2-row and
R2-row to 3:4:5.

[0223] As explained above, according to the embodiment,
since the numbers of layers and lengths of the elements are
adjusted such that the synthesized electronic impedances
with respect to each interconnection are made substantially
equal, variation in transmission acoustic energy and recep-
tion sensitivity can be further reduced. Further, the synthe-
sized electric impedances of the elements of the respective
interconnections are made equal to the electric impedance of
the apparatus side, and thus, the transmission acoustic
energy and reception sensitivity can be further improved.

[0224] Next, an ultrasonic transducer array according to
the fifth embodiment of the present invention will be
explained with reference to FIGS. 12 and 13.

[0225] In the ultrasonic transducer array according to the
embodiment, the arrangement of elements is changed from
that of the ultrasonic transducer array shown in FIG. 6. That
is, the element intervals in the azimuth direction are unified
to 0.03 mm in the C-row where the elements 21 are
arranged, the L1-row and the R1-row where the elements 22
are arranged, and the L2-row and the R2-row where the
elements 23 are arranged. The element interval of 0.03 mm
is designed such that the arrangement pitches P, to P; of the
elements containing the lengths X, to X; of the elements
21-23 are equal to or less than the half of the wavelength of
the transmission ultrasonic waves (e.g., 150 pm or less) at
the maximum.

[0226] The sizes and the numbers of layers of the respec-
tive elements 21-23, the arrangement in the elevation direc-
tion (Fresnel arrangement), and the interconnection method
(independent interconnection) are the same as those in the
second embodiment.

[0227] Specifically, as shown in FIG. 13, 152 channels of
elements 21 are arranged at the arrangement pitch P,=0.125
um (element length 0.095 pm+element interval 0.03 mm) in
the central C-row. Further, 128 channels of elements 22 are
arranged at the arrangement pitch P,=0.15 mm (element
length 0.12 m+element interval 0.03 mm) in the L.1-row and
R1-row. Furthermore, 132 channels of elements 23 are
arranged at the arrangement pitch P;=0.146 mm (element
length 0.116 mm+element interval 0.03 mm) in the L2-row
and R2-row.

[0228] When ultrasonic waves are transmitted using such
an ultrasonic transducer array, the elements 21-23 contained
in a predetermined range are set as one set of drive elements
to be simultaneously used, and the elements are driven while
predetermined delay times are provided to the elements.
Thereby, an ultrasonic beam having a focal point at a desired
depth can be transmitted in a desired direction. For example,
as shown by the dotted line in FIG. 13, at the Nth transmis-
sion, the elements 23 contained in the third to fifth columns
of the L2-row and R2-row, the elements 22 contained in the
third to fifth columns of the L1-row and R1-row, and the
elements 21 contained in the third to sixth columns of the
C-row are set as drive elements. Further, for the next
transmission, the present set of drive elements may be set
such that the elements are not overlapped with the previous
set of drive elements, or the present set of drive elements

Feb. 21, 2008

may be set such that the elements are partly overlapped with
the previous set of drive elements as shown by the dashed-
dotted line in FIG. 13.

[0229] As described above, according to the embodiment,
since the elements are arranged at the same element intervals
in the respective rows of C-row, L2-row, and R2-row, the
filling ratio of elements to the entire area of the ultrasonic
transducer array can be improved. Thereby, the transmission
and reception sensitivity of ultrasonic waves and resolving
power can be improved, and therefore, image quality of
ultrasonic images generated in the ultrasonic diagnostic
apparatus main body can be improved.

[0230] Note that the ultrasonic transducer array explained
in the fourth embodiment of the present invention may be
modified such that the intervals of the elements 41-43 are the
same in the respective rows.

[0231] Next, an ultrasonic endoscope according to one
embodiment of the present invention will be explained with
reference to FIGS. 14 and 15. The ultrasonic transducer
array according to the above-mentioned first to fifth embodi-
ments is applicable not only to an ultrasonic probe to be used
in contact with the object (see FIG. 2) but also an endoscope
to be inserted into the object.

[0232] FIG. 14 is a schematic diagram showing an appear-
ance of the ultrasonic endoscope. As shown in FIG. 14, the
ultrasonic endoscope 100 includes an insertion part 101, an
operation part 102, a connecting cord 103, and a universal
cord 104.

[0233] The insertion part 101 of the ultrasonic endoscope
100 is an elongated tube formed of a material having
flexibility for insertion into the body of the patient. The
operation part 102 is provided at the base end of the insertion
part 101, connected to the ultrasonic diagnostic apparatus
main body (see FIG. 3A) via the connecting cord 103, and
connected to a light source unit via the universal cord 104.
[0234] FIG. 15 is an enlarged schematic diagram showing
the leading end of the insertion part 101 shown in FIG. 14.
FIG. 15(a) is a side view showing a leading end of the
insertion part 101, and FIG. 15(5) is a plan view showing the
leading end of the insertion part 101.

[0235] As shown in FIG. 15, at the leading end of the
insertion part 101, an ultrasonic transducer array 110, an
observation window 111, an illumination window 112, a
treatment tool passage opening 113, and a nozzle hole 114
are provided. Further, a punctuation needle 106 is provided
in the treatment tool passage opening 113.

[0236] The ultrasonic transducer array 110 is a convex-
type multirow array and includes five rows of elements
arranged on a curved surface. Any arrangement method of
elements (Fresnel arrangement or the like), size and number
of layers of elements, and interconnection method (indepen-
dent interconnection or common interconnection) for the
ultrasonic transducer array explained in the first to fifth
embodiments may be applied.

[0237] Further, as shown in FIG. 15(5), it is desirable that
the ultrasonic transducer array 110 is provided such that the
elevation direction is perpendicular to the insertion direction
of the treatment tool (e.g., the punctuation needle 106)
provided in the treatment tool passage opening 113 as seen
from above. Thereby, the position of the leading end of the
treatment tool in the elevation direction can be detected.
[0238] Furthermore, an acoustic matching layer is pro-
vided on the ultrasonic transmission face of the ultrasonic
transducer array 110, and a backing layer is provided on the
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opposite face to the ultrasonic transmission face of the
ultrasonic transducer array 110. In addition, an acoustic lens
may be provided on the upper layer of the acoustic matching
layer according to need.

[0239] An objective lens is fit in the observation window
111, and an input end of an image guide or a solid-state
image sensor such as a CCD camera is provided in the
imaging position of the objective lens. These configure an
observation optical system. Further, an illumination lens for
outputting illumination light to be supplied from the light
source unit via a light guide is fit in the illumination window
112. These configure an illumination optical system.
[0240] The treatment tool passage opening 113 is a hole
for leading out a treatment tool inserted from a treatment
tool insertion opening 105 (FIG. 14) provided in the opera-
tion part 102. Various treatments are performed within a
living cavity of the object by projecting the treatment tool
such as the punctuation needle 106 or forceps from the hole
and operating it in the operation part 102. Furthermore, the
nozzle hole 114 is provided for injecting a liquid (water or
the like) for cleaning the observation window 111 and the
illumination window 112.

[0241] In the case where one of the ultrasonic transducer
arrays explained in the first to fifth embodiments of the
present invention is applied to the ultrasonic endoscope,
three-dimensional images on a region of interest with good
image quality can be acquired in real time. Referring to such
ultrasonic images, a practitioner (a doctor or the like) can
accurately grasp the relative position between the treatment
tool (e.g., the punctuation needle 106) and an affected part.
Thereby, even when the punctuation needle 106 is bent or
the insertion direction is deflected from the proper direction,
for example, the practitioner can perform treatment accu-
rately and easily.

[0242] Here, in FIG. 15, the convex-type multirow array is
shown as the ultrasonic transducer array 110, however, a
cylindrical (radial-type) multirow array formed by further
curving the multirow array and a spherical array curved not
only in the azimuth direction but also in the elevation
direction may be applied to the ultrasonic endoscope.
[0243] In the above-explained embodiments of the present
invention, the Fresnel arrangement is used as the arrange-
ments of elements in the elevation direction of the multirow
array, however, other arrangements such as MIAE (Mini-
mum Integrated Absolute time-delay Error) arrangement
may be used. Further, the number of rows (the number of
elements arranged in the elevation direction), the number of
columns (the number of elements arranged in the azimuth
direction), and the width and length of the entire ultrasonic
transducer array may be arbitrarily designed. That is, the
present invention is applicable to the case where plural kinds
of elements having different areas of ultrasonic transmis-
sion/reception surfaces are arranged in one ultrasonic trans-
ducer.

[0244] Specifically, the present invention may be applied
not only to the multirow array in which the element arrange-
ment is symmetric with respect to the center of the elevation
direction is explained but also to an ultrasonic transducer
array in which plural kinds of elements 201-203 are asym-
metrically arranged as shown in FIG. 16.

[0245] Further, the number of rows in which the elements
are arranged is not limited to five, but the present invention
may be applied to a multirow array having at least two rows.
Furthermore, in the above-mentioned embodiments, the
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arrangement pitch in the elevation direction is equal to or
more than the wavelength of transmission ultrasonic waves,
however, it may be less than the wavelength of transmission
ultrasonic waves.

[0246] On the other hand, regarding the shape of elements,
not only the rectangular shape but also an arbitrary shape
may be used. As shown in FIG. 17, oval elements 211-213
may be arranged in multi row. Or, as shown in FIG. 18,
polygonal (e.g., hexagonal) elements 221 and 222 may be
arranged in multirow. Furthermore, as shown in FIG. 19,
annular elements 231-233 may be arranged in a concentric
pattern or plural elements may be annularly arranged. Alter-
natively, the shapes of plural kinds of elements arranged in
one ultrasonic transducer array may be different from one
another. In any case, the number of layers of elements are
designed such that electric impedances are substantially
made equal among the plural kinds of elements having
different areas of ultrasonic transmission/reception surfaces,
and therefore, variation in transmission acoustic energy and
variation in reception sensitivity can be reduced.

[0247] Further, in the embodiment, at a maximum two
elements are commonly interconnected, however, three or
more elements may be commonly interconnected. In this
case, the number of layers of the respective elements may be
determined according to the total area of ultrasonic trans-
mission/reception surfaces such that the synthesized electric
impedances with respect to each interconnection become
substantially the same. Furthermore, since the Fresnel
arrangement is adopted in FIGS. 8 and 10, the area of the
ultrasonic transmission/reception surface of the indepen-
dently interconnected element (e.g., element 31) is larger
than the total area of the ultrasonic transmission/reception
surfaces of the commonly interconnected two elements (e.g.,
elements 32). However, the arrangement method is not
limited to the Fresnel arrangement, and therefore, the area of
the ultrasonic transmission/reception surface of the indepen-
dently interconnected element can be sometimes larger than
the total area of the ultrasonic transmission/reception sur-
faces of the commonly interconnected plural elements. In
such a case, the synthesized electric impedances with respect
to interconnection can be made substantially the same by
increasing the number of layers of the elements having the
smaller areas ultrasonic transmission/reception surfaces or
decreasing the number of layers of the groups of elements
having the larger total area of ultrasonic transmission/recep-
tion surfaces.

[0248] In addition, the arrangement surface of elements in
the ultrasonic transducer array may be a flat surface as
shown in FIG. 1, a convex surface as shown in FIG. 15, a
concave surface, a spherical surface, or any other curved
surfaces.

1. An ultrasonic transducer array in which at least two
kinds of ultrasonic transducers having different areas of
ultrasonic transmission/reception surfaces from one another
and having substantially equal total thicknesses to one
another are arranged, said ultrasonic transducer array com-
prising:

a first ultrasonic transducer; and

a second ultrasonic transducer having a larger number of

layers than that of said first ultrasonic transducer and a
smaller area of an ultrasonic transmission/reception
surface than that of said first ultrasonic transducer.

2. The ultrasonic transducer array according to claim 1,
wherein an electric impedance of said first ultrasonic trans-
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ducer and an electric impedance of said second ultrasonic
transducer are substantially equal to each other.

3. The ultrasonic transducer array according to claim 2,
wherein S,:S,=1/N,%1/N,? where N, represents the num-
ber of layers of said first ultrasonic transducer, S, represents
the area of the ultrasonic transmission/reception surface
thereof, N, represents the number of layers of said second
ultrasonic transducer, and S, represents the area of the
ultrasonic transmission/reception surface thereof.

4. An ultrasonic transducer array in which at least two
kinds of ultrasonic transducers having substantially equal
total thicknesses to one another are arranged, said ultrasonic
transducer array comprising:

at least one first ultrasonic transducer connected to a first

interconnection; and

at least one second ultrasonic transducer connected to a

second interconnection, having a larger number of
layers than that of said at least one first ultrasonic
transducer and a smaller total area of ultrasonic trans-
mission/reception surface than that of said first ultra-
sonic transducer.

5. The ultrasonic transducer array according to claim 4,
wherein a total capacitance of said at least one first ultra-
sonic transducer and a total capacitance of said at least one
second ultrasonic transducer are substantially equal to each
other.

6. The ultrasonic transducer array according to claim 4,
wherein S,:S,=1/(N,>M,):1/(N,>M,), where N, represents
the number of layers of said at least one first ultrasonic
transducer, S, represents the total area of the ultrasonic
transmission/reception surface thereof, M, represents the
number of said at least one first ultrasonic transducer con-
nected to the first interconnection, N, represents the number
of layers of said at least one second ultrasonic transducer, S,
represents the total area of the ultrasonic transmission/
reception surface thereof, and M, represents the number of
said at least one second ultrasonic transducer connected to
the second interconnection.

7. The ultrasonic transducer array according to claim 1,
comprising:

plural first ultrasonic transducers one-dimensionally

arranged in a first element row; and

plural second ultrasonic transducers one-dimensionally

arranged in a second element row in parallel with the
first element row.

8. The ultrasonic transducer array according to claim 4
comprising:

plural first ultrasonic transducers one-dimensionally

arranged in a first element row; and

plural second ultrasonic transducers one-dimensionally

arranged in a second element row in parallel with the
first element row.

9. The ultrasonic transducer array according to claim 7,
wherein each of said plural first and second ultrasonic
transducers has a rectangular ultrasonic transmission/recep-
tion surface.

10. The ultrasonic transducer array according to claim 7,
wherein a width of an ultrasonic transducer arranged in an
outer element row is narrower than that of an ultrasonic
transducer arranged in an inner element row in a direction
perpendicular to an arrangement direction of ultrasonic
transducers in each element row.

11. The ultrasonic transducer array according to claim 7,
wherein an arrangement pitch of said plural first ultrasonic

12
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transducers in said first element row and an arrangement
pitch of said plural second ultrasonic transducers in said
second element row are equal to each other.

12. The ultrasonic transducer array according to claim 7,
wherein an interval between said plural first ultrasonic
transducers in said first element row and an interval between
said plural second ultrasonic transducers in said second
element row are equal to each other.

13. The ultrasonic transducer array according to claim 7,
wherein an arrangement pitch of ultrasonic transducers
arranged in an inner element row is less than that of
ultrasonic transducers arranged in an outer element row.

14. An ultrasonic probe comprising:

an ultrasonic transducer array in which at least two kinds

of ultrasonic transducers having different areas of ultra-
sonic transmission/reception surfaces from one another
and having substantially equal total thicknesses to one
another are arranged, said ultrasonic transducer array
including a first ultrasonic transducer, and a second
ultrasonic transducer having a larger number of layers
than that of said first ultrasonic transducer and a smaller
area of an ultrasonic transmission/reception surface
than that of said first ultrasonic transducer;

an acoustic matching layer provided at an ultrasonic

transmission/reception surface side of said ultrasonic
transducer array; and

a backing layer provided at an opposite side to said

ultrasonic transmission/reception surface side of said
ultrasonic transducer array.

15. An ultrasonic probe comprising:

an ultrasonic transducer array in which at least two kinds

of ultrasonic transducers having substantially equal
total thicknesses to one another are arranged, said
ultrasonic transducer array including at least one first
ultrasonic transducer connected to a first interconnec-
tion, and at least one second ultrasonic transducer
connected to a second interconnection, having a larger
number of layers than that of said at least one first
ultrasonic transducer and a smaller total area of ultra-
sonic transmission/reception surface than that of said
first ultrasonic transducer;

an acoustic matching layer provided at an ultrasonic

transmission/reception surface side of said ultrasonic
transducer array; and

a backing layer provided at an opposite side to said

ultrasonic transmission/reception surface side of said
ultrasonic transducer array.

16. The ultrasonic probe according to claim 14, further
comprising;

correcting means for correcting a level difference between

a reception signal outputted from said first ultrasonic
transducer and a reception signal outputted from said
second ultrasonic transducer.

17. The ultrasonic probe according to claim 15, further
comprising;

correcting means for correcting a level difference between

a reception signal outputted from said first ultrasonic
transducer and a reception signal outputted from said
second ultrasonic transducer.

18. An ultrasonic endoscope to be used by being inserted
into a body of a patient, said ultrasonic endoscope compris-
ing:

an insertion part formed of a material having flexibility

and to be inserted into the body of the patient; and
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an ultrasonic transducer array provided at a leading end of
said insertion part in which at least two kinds of
ultrasonic transducers having different areas of ultra-
sonic transmission/reception surfaces from one another
and having substantially equal total thicknesses to one
another are arranged, said ultrasonic transducer array
including a first ultrasonic transducer, and a second
ultrasonic transducer having a larger number of layers
than that of said first ultrasonic transducer and a smaller
area of an ultrasonic transmission/reception surface
than that of said first ultrasonic transducer.

19. An ultrasonic endoscope to be used by being inserted

into a body of a patient, said ultrasonic endoscope compris-

ing:

an insertion part formed of a material having flexibility
and to be inserted into the body of the patient; and

an ultrasonic transducer array provided at a leading end of
said insertion part in which at least two kinds of
ultrasonic transducers having substantially equal total
thicknesses to one another are arranged, said ultrasonic
transducer array including at least one first ultrasonic
transducer connected to a first interconnection, and at
least one second ultrasonic transducer connected to a
second interconnection, having a larger number of
layers than that of said at least one first ultrasonic
transducer and a smaller total area of ultrasonic trans-
mission/reception surface than that of said first ultra-
sonic transducer.

20. The ultrasonic endoscope according to claim 18,

further comprising:

a treatment tool to be passed through said insertion part
and inserted from an opening provided at the leading
end of said insertion part into the body of the patient;

wherein said ultrasonic transducer array includes plural
first ultrasonic transducers one-dimensionally arranged
in a first element row, and plural second ultrasonic
transducers one-dimensionally arranged in a second
element row in parallel with the first element row, and
plural ultrasonic transducers in each element row are
arranged to be able to detect a position of a leading end
of said treatment tool.

21. The ultrasonic endoscope according to claim 19,

further comprising:

a treatment tool to be passed through said insertion part
and inserted from an opening provided at the leading
end of said insertion part into the body of the patient;

wherein said ultrasonic transducer array includes plural
first ultrasonic transducers one-dimensionally arranged
in a first element row, and plural second ultrasonic
transducers one-dimensionally arranged in a second
element row in parallel with the first element row, and
plural ultrasonic transducers in each element row are
arranged to be able to detect a position of a leading end
of said treatment tool.

22. The ultrasonic endoscope according to claim 18,

further comprising:

correcting means for correcting a level difference between
a reception signal outputted from said first ultrasonic
transducer and a reception signal outputted from said
second ultrasonic transducer.

23. The ultrasonic endoscope according to claim 19,

further comprising:

correcting means for correcting a level difference between
a reception signal outputted from said first ultrasonic
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transducer and a reception signal outputted from said
second ultrasonic transducer.

24. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe including (i) an ultrasonic transducer
array in which at least two kinds of ultrasonic trans-
ducers having different areas of ultrasonic transmis-
sion/reception surfaces from one another and having
substantially equal total thicknesses to one another are
arranged, said ultrasonic transducer array including a
first ultrasonic transducer, and a second ultrasonic
transducer having a larger number of layers than that of
said first ultrasonic transducer and a smaller area of an
ultrasonic transmission/reception surface than that of
said first ultrasonic transducer, (ii) an acoustic match-
ing layer provided at an ultrasonic transmission/recep-
tion surface side of said ultrasonic transducer array, and
(iii) a backing layer provided at an opposite side to said
ultrasonic transmission/reception surface side of said
ultrasonic transducer array;

a drive signal generating unit for generating drive signals
to be respectively supplied to said first and second
ultrasonic transducers;

a signal processing unit for processing reception signals
respectively outputted from said plural first and second
ultrasonic transducers; and

an image generating unit for generating an ultrasonic
image based on the reception signals processed by said
signal processing unit.

25. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe including (i) an ultrasonic transducer
array in which at least two kinds of ultrasonic trans-
ducers having substantially equal total thicknesses to
one another are arranged, said ultrasonic transducer
array including at least one first ultrasonic transducer
connected to a first interconnection, and at least one
second ultrasonic transducer connected to a second
interconnection, having a larger number of layers than
that of said at least one first ultrasonic transducer and
a smaller total area of ultrasonic transmission/reception
surface than that of said first ultrasonic transducer, (ii)
an acoustic matching layer provided at an ultrasonic
transmission/reception surface side of said ultrasonic
transducer array, and (iii) a backing layer provided at an
opposite side to said ultrasonic transmission/reception
surface side of said ultrasonic transducer array;

a drive signal generating unit for generating drive signals
to be respectively supplied to said first and second
ultrasonic transducers;

a signal processing unit for processing reception signals
respectively outputted from said plural first and second
ultrasonic transducers; and

an image generating unit for generating an ultrasonic
image based on the reception signals processed by said
signal processing unit.

26. An ultrasonic diagnostic apparatus comprising:

an ultrasonic endoscope to be used by being inserted into
a body of a patient, said ultrasonic endoscope including
(i) an insertion part formed of a material having flex-
ibility and to be inserted into the body of the patient,
and (ii) an ultrasonic transducer array provided at a
leading end of said insertion part in which at least two
kinds of ultrasonic transducers having different areas of
ultrasonic transmission/reception surfaces from one
another and having substantially equal total thicknesses
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to one another are arranged, said ultrasonic transducer
array including a first ultrasonic transducer, and a
second ultrasonic transducer having a larger number of
layers than that of said first ultrasonic transducer and a
smaller area of an ultrasonic transmission/reception
surface than that of said first ultrasonic transducer;

a drive signal generating unit for generating drive signals
to be respectively supplied to said first and second
ultrasonic transducers;

a signal processing unit for processing reception signals
respectively outputted from said plural first and second
ultrasonic transducers; and

an image generating unit for generating an ultrasonic
image based on the reception signals processed by said
signal processing unit.

27. An ultrasonic diagnostic apparatus comprising:

an ultrasonic endoscope to be used by being inserted into
a body of a patient, said ultrasonic endoscope including
(1) an insertion part formed of a material having flex-
ibility and to be inserted into the body of the patient,
and (ii) an ultrasonic transducer array provided at a
leading end of said insertion part in which at least two
kinds of ultrasonic transducers having substantially
equal total thicknesses to one another are arranged, said
ultrasonic transducer array including at least one first
ultrasonic transducer connected to a first interconnec-
tion, and at least one second ultrasonic transducer
connected to a second interconnection, having a larger
number of layers than that of said at least one first
ultrasonic transducer and a smaller total area of ultra-
sonic transmission/reception surface than that of said
first ultrasonic transducer;

a drive signal generating unit for generating drive signals
to be respectively supplied to said first and second
ultrasonic transducers;

a signal processing unit for processing reception signals
respectively outputted from said plural first and second
ultrasonic transducers; and

an image generating unit for generating an ultrasonic
image based on the reception signals processed by said
signal processing unit.

28. The ultrasonic diagnostic apparatus according to

claim 24, wherein said signal processing unit includes:
correcting means for correcting a level difference between
a reception signal outputted from said first ultrasonic
transducer and a reception signal outputted from said
second ultrasonic transducer.
29. The ultrasonic diagnostic apparatus according to
claim 25, wherein said signal processing unit includes:
correcting means for correcting a level difference between
a reception signal outputted from said first ultrasonic
transducer and a reception signal outputted from said
second ultrasonic transducer.
30. The ultrasonic diagnostic apparatus according to
claim 26, wherein said signal processing unit includes:
correcting means for correcting a level difference between
a reception signal outputted from said first ultrasonic
transducer and a reception signal outputted from said
second ultrasonic transducer.
31. The ultrasonic diagnostic apparatus according to
claim 27, wherein said signal processing unit includes:
correcting means for correcting a level difference between
a reception signal outputted from said first ultrasonic
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transducer and a reception signal outputted from said
second ultrasonic transducer.

32. The ultrasonic diagnostic apparatus according to
claim 28, wherein said correcting means includes plural
preamplifiers for pre-amplifying reception signals respec-
tively outputted from said first and second ultrasonic trans-
ducers, said plural preamplifiers having gains respectively
set according to the numbers of layers and/or the areas of
ultrasonic transmission/reception surfaces of said first and
second ultrasonic transducers.

33. The ultrasonic diagnostic apparatus according to
claim 29, wherein said correcting means includes plural
preamplifiers for pre-amplifying reception signals respec-
tively outputted from said first and second ultrasonic trans-
ducers, said plural preamplifiers having gains respectively
set according to the numbers of layers and/or the areas of
ultrasonic transmission/reception surfaces of said first and
second ultrasonic transducers.

34. The ultrasonic diagnostic apparatus according to
claim 30, wherein said correcting means includes plural
preamplifiers for pre-amplifying reception signals respec-
tively outputted from said first and second ultrasonic trans-
ducers, said plural preamplifiers having gains respectively
set according to the numbers of layers and/or the areas of
ultrasonic transmission/reception surfaces of said first and
second ultrasonic transducers.

35. The ultrasonic diagnostic apparatus according to
claim 31, wherein said correcting means includes plural
preamplifiers for pre-amplifying reception signals respec-
tively outputted from said first and second ultrasonic trans-
ducers, said plural preamplifiers having gains respectively
set according to the numbers of layers and/or the areas of
ultrasonic transmission/reception surfaces of said first and
second ultrasonic transducers.

36. The ultrasonic diagnostic apparatus according to
claim 28, wherein said correcting means includes plural
variable gain circuits for adjusting levels of reception signals
outputted from said first and second ultrasonic transducers
and pre-amplified, said plural variable gain circuits having
gains respectively set according to the numbers of layers
and/or the areas of ultrasonic transmission/reception sur-
faces of said first and second ultrasonic transducers.

37. The ultrasonic diagnostic apparatus according to
claim 29, wherein said correcting means includes plural
variable gain circuits for adjusting levels of reception signals
outputted from said first and second ultrasonic transducers
and pre-amplified, said plural variable gain circuits having
gains respectively set according to the numbers of layers
and/or the areas of ultrasonic transmission/reception sur-
faces of said first and second ultrasonic transducers.

38. The ultrasonic diagnostic apparatus according to
claim 30, wherein said correcting means includes plural
variable gain circuits for adjusting levels of reception signals
outputted from said first and second ultrasonic transducers
and pre-amplified, said plural variable gain circuits having
gains respectively set according to the numbers of layers
and/or the areas of ultrasonic transmission/reception sur-
faces of said first and second ultrasonic transducers.

39. The ultrasonic diagnostic apparatus according to
claim 31, wherein said correcting means includes plural
variable gain circuits for adjusting levels of reception signals
outputted from said first and second ultrasonic transducers
and pre-amplified, said plural variable gain circuits having
gains respectively set according to the numbers of layers
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and/or the areas of ultrasonic transmission/reception sur-
faces of said first and second ultrasonic transducers.

40. The ultrasonic diagnostic apparatus according to
claim 28, wherein said correcting means includes processing
means for performing arithmetic processing on reception
signals outputted from said first and second ultrasonic
transducers and A/D converted, said processing means cor-
recting levels of the respective reception signals with cor-
rection factors according to the numbers of layers and/or the
areas of ultrasonic transmission/reception surfaces of said
first and second ultrasonic transducers.

41. The ultrasonic diagnostic apparatus according to
claim 29, wherein said correcting means includes processing
means for performing arithmetic processing on reception
signals outputted from said first and second ultrasonic
transducers and A/D converted, said processing means cor-
recting levels of the respective reception signals with cor-
rection factors according to the numbers of layers and/or the
areas of ultrasonic transmission/reception surfaces of said
first and second ultrasonic transducers.

42. The ultrasonic diagnostic apparatus according to
claim 30, wherein said correcting means includes processing
means for performing arithmetic processing on reception
signals outputted from said first and second ultrasonic
transducers and A/D converted, said processing means cor-
recting levels of the respective reception signals with cor-
rection factors according to the numbers of layers and/or the
areas of ultrasonic transmission/reception surfaces of said
first and second ultrasonic transducers.

43. The ultrasonic diagnostic apparatus according to
claim 31, wherein said correcting means includes processing
means for performing arithmetic processing on reception
signals outputted from said first and second ultrasonic
transducers and A/D converted, said processing means cor-
recting levels of the respective reception signals with cor-
rection factors according to the numbers of layers and/or the
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areas of ultrasonic transmission/reception surfaces of said
first and second ultrasonic transducers.

44. The ultrasonic diagnostic apparatus according to
claim 28, wherein said correcting means corrects the recep-
tion signal outputted from said first ultrasonic transducer and
the reception signal outputted from said second ultrasonic
transducer such that a ratio of gains or correction factors is
N;:N,, where N represents the number of layers of said first
ultrasonic transducer and N, represents the number of layers
of said second ultrasonic transducer.

45. The ultrasonic diagnostic apparatus according to
claim 29, wherein said correcting means corrects the recep-
tion signal outputted from said first ultrasonic transducer and
the reception signal outputted from said second ultrasonic
transducer such that a ratio of gains or correction factors is
N;:N,, where N, represents the number of layers of said first
ultrasonic transducer and N, represents the number of layers
of said second ultrasonic transducer.

46. The ultrasonic diagnostic apparatus according to
claim 30, wherein said correcting means corrects the recep-
tion signal outputted from said first ultrasonic transducer and
the reception signal outputted from said second ultrasonic
transducer such that a ratio of gains or correction factors is
N;:N,, where N represents the number of layers of said first
ultrasonic transducer and N, represents the number of layers
of said second ultrasonic transducer.

47. The ultrasonic diagnostic apparatus according to
claim 31, wherein said correcting means corrects the recep-
tion signal outputted from said first ultrasonic transducer and
the reception signal outputted from said second ultrasonic
transducer such that a ratio of gains or correction factors is
N;:N,, where N, represents the number of layers of said first
ultrasonic transducer and N, represents the number of layers
of said second ultrasonic transducer.
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