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(57) ABSTRACT

Provided are an ultrasonic diagnostic apparatus and method
capable of obtaining an image having a preferable SN and no
blur in a wide range from a shallow portion to a deep portion
of the image without using a delay control for each trans-
ducer.

The method includes: a transmission/reception step for trans-
mitting and receiving an ultrasonic wave by focusing to each
of a plurality of focus points; an image acquisition step for
acquiring an ultrasonic image by using the reception signals
from the respective focus points; and a step for selecting a
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ULTRASONIC DIAGNOSTIC APPARATUS
AND ULTRASONIC DIAGNOSTIC METHOD

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus for obtaining an ultrasonic image of a diag-
nostic region in an object to be examined in real time by
scanning ultrasonic beams, particularly to a technique for
obtaining an image having a preferable SN and no blur in a
wide range of the image.

BACKGROUND OF THE INVENTION

[0002] An ultrasonic diagnostic apparatus scans ultrasonic
beams in many directions whose ultrasonic probe wherein a
plurality of transducers are arranged has apertures for trans-
mitting/receiving ultrasonic waves.

[0003] Generally, since ultrasonic waves have a tendency
of being attenuated inside of the object’s body, all kinds of
efforts are made to provide ultrasonic diagnostic apparatuses
capable of penetrating ultrasonic waves to a deep portion of
the object’s body as well as receiving the reflected ultrasonic
waves from the deep portion thereof, so as to obtain images
having preferable SN in deep portion that is having good
penetration.

[0004] As an example, Patent Document 1 discloses the
technique for obtaining an image by changing the transmit-
ting focus point for each scan frame and performing correla-
tion processing among frame data having different focus
points, in order to obtain an image having uniform distance
resolution over a plurality of visual field depths without low-
ering the frame rate of the image.

[0005] Patent Document 1: JP-A-2006-130009
DISCLOSURE OF THE INVENTION
Problems to be Solved
[0006] The technique in Patent Document 1 performs a

delay control for each transducer in order to focus on a desired
focus point. Also, the focus point for obtaining one frame data
is only one. Therefore, this technique requires installation of
delay circuit or function for delay processing in order to
execute a delay control, whereby causing the device configu-
ration to be complex and raising the cost for manufacturing.
Also, in each frame data, distance resolution improves only in
the vicinity of the focus points, and blurring will occur in the
region apart from the focus points. Therefore, even though the
transmitting focus point is changed for every scan frame and
correlation processing is performed among the frame data,
the correlation will be performed between the data of
improved distance resolution and the blurred data in the
respective focus points. As a result, in such obtained images,
it is considered that the unsolved problem remains that blur-
ring of the images over a plurality of visual field depths cannot
be fully eliminated.

[0007] Given this factor, the objective of the present inven-
tion is to provide an ultrasonic diagnostic apparatus capable
of obtaining an image having preferable SN with no blur over
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a wide range from shallow portion to deep portion of the
image without using a delay control for each transducer.

Means for Solving the Problem

[0008] The ultrasonic diagnostic apparatus of the present
invention for solving the above-described problems com-
prises:

[0009] anultrasonic probe having a plurality of transducers

for transmitting/receiving ultrasonic waves;

[0010] transmitting/receiving means for transmitting/re-
ceiving ultrasonic waves by focusing them to each of the
plurality of focus points;

[0011] image acquiring means for acquiring an ultrasonic
image using the receiving signals from the respective focus
points; and

[0012] transducer group forming means for forming a
group of the transducers by selecting, from the plurality of
transducers, a plurality of transducers for transmitting/receiv-
ing ultrasonic waves using the same transmitting/receiving
frequency with respect to every focus point,

[0013] wherein the transmitting/receiving means trans-
mits/receives ultrasonic waves by differentiating transmit-
ting/receiving phases of at least two transducers which belong
to the same group, corresponding to the position of the
respective focus points.

[0014] Also, the ultrasonic diagnostic method of the
present invention for solving the above-described objectives
is configured having:

[0015] a transmitting/receiving step for transmitting/re-
ceiving ultrasonic waves by focusing the ultrasonic waves to
the respective plurality of focus points;

[0016] an image acquiring step for acquiring an ultrasonic
image using the receiving signals from the respective focus
points; and

[0017] astep for selecting, from a plurality of transducers,
a plurality of transducers having the same transmitting/re-
ceiving frequency with respect to every focus point to form a
group of the transducers,

[0018] wherein the transmitting/receiving step transmits/
receives ultrasonic waves by differentiating the transmitting/
receiving phases of at least two transducers which belong to
the same group, corresponding to the position of the respec-
tive focus points.

EFFECT OF THE INVENTION

[0019] By the effect of the above-described configuration,
the ultrasonic diagnostic apparatus and the ultrasonic diag-
nostic method of the present invention is capable of forming
ultrasonic beams focused to the desired focus points by dif-
ferentiating transmitting/receiving phases of at least two
transducers which belong to the same group. Since the posi-
tion of the focus points can be changed without using a delay
control for each transducer due to such effect, it is possible to
acquire an image having preferable SN and no blur in a wide
rage from shallow portion to deep portion of the image.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0020] The respective embodiments of the ultrasonic diag-
nostic apparatus and the ultrasonic diagnostic method of the
present invention will be described below on the basis of the
diagrams. First, a general configuration of theultrasonic diag-
nostic apparatus related to the present invention will be
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described using FIG. 1. FIG. 1 is a block diagram showing the
general configuration of the ultrasonic diagnostic apparatus
of the present invention.

[0021] The ultrasonic diagnostic apparatus of the present
invention is configured by:

[0022] an ultrasonic probe 10 comprising a plurality of
transducers;
[0023] a transducer selecting data unit 11 for selecting the

transducers of the ultrasonic probe 10;

[0024] a transmitting/receiving unit 12 for transmitting
transmission signals to the ultrasonic probe 10;

[0025] a reception phase unit 13 for phasing the receiving
signals received by the ultrasonic probe 10;

[0026] a transmission/reception separating circuit 14 for
switching the flow of the signals among the ultrasonic probe
10, transmitting/receiving unit 12 and reception phasing unit
13;

[0027] asignal processing unit 15 for processing the signals
from the reception phasing unit 13;

[0028] a scan converter 16 for performing scan conversion
of the ultrasonic scan and display scan with respect to the
signals from the signal processing unit 15;

[0029] a monitor 17 for displaying the image data from the
scan converter 16;

[0030] a control unit 18 for controlling the respective com-
ponents; and
[0031] an input unit 23 for inputting the control signals to

the control unit 18.

[0032] The ultrasonic probe 10 is a probe having one-di-
mensional or 2-dimensional array transducers 19. In particu-
lar, 2-dimensional array transducers have a configuration that
m-number and n-number, that is mxn number of the trans-
ducers 19 are 2-dimensionally arranged in each direction of
two orthogonal directions. The transmission/reception of
ultrasonic waves is performed by a plurality of transducers
being selected from the 2-dimensionally arrayed transducers
19 by the switching circuit 21 for each transmission/reception
cycle of the ultrasonic beams. The 2-dimensional ultrasonic
probe has a configuration that these 2-dimensional array
transducers 19 and a switching circuit 21 are contained in a
case. While the present invention will be described mainly
exemplifying the 2-dimensional array transducers, it can be
applied also to one-dimensional transducers.

[0033] A switch control unit 22 is for providing the signals
for selecting the transducers to the switching circuit 21.
[0034] Thetransmitting unit 12 is configured having a digi-
tal memory storing transmitting waveform of a plurality of
frequencies, a pulse generating circuit and an amplifying
circuit. It is for providing driving signals to the transducers for
transmitting ultrasonic waves to the inside of the object’s
body. It generates transmitting waves by the pulse generating
circuit based on the transmitting waveform stored in the digi-
tal memory, amplifies them by the amplifying circuit and
provides the driving signals to the probe via the transmission/
reception separating circuit 14. The transmission/reception
separating circuit 14 is for changing the passing direction of
the signals upon transmission and reception.

[0035] Thereflected waves (echoes) reflected in the body of
the object are detected for each transducer, converted into
electric signals (receiving signals) and amplified by an ampli-
fier (not shown in the diagram) respectively.

[0036] The reception phasing unit 13 receives the plurality
of receiving signals amplified by the amplifier and outputs the
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plurality of the signals by performing phasing addition so as
to make them ultrasonic beam signals from a predetermined
direction.

[0037] The signal processing unit 15 is for performing pro-
cessing such as detection, logarithmic conversion, filtering
and y compensation as preprocessing for imaging the receiv-
ing signals outputted from the reception phasing unit 13.
[0038] Scanconverter 16 receives the receiving signals out-
putted from the signal processing unit 15 for each transmis-
sion/reception of the ultrasonic beam, digitalizes and accu-
mulates the signals and forms image data. Then it outputs the
accumulated image data in accordance with the scanning of
the image display device. In other words, the scan converter
16 performs the scan conversion of the ultrasonic scan and the
display scan.

[0039] The monitor 17 is a display that converts the image
data outputted from the scan converter 16 into luminance
signals and displays them as an image.

[0040] The control unit 18 controls the above-mentioned
respective units directly or indirectly in accordance with the
scan parameter inputted from the input unit 23 so as to cause
the apparatus to transmit/receive ultrasonic waves and to dis-
play images. The control unit 18 is, for example, a central
operation unit (CPU).

[0041] Next, operation of the above-mentioned ultrasonic
diagnostic apparatus will be described. The ultrasonic diag-
nostic apparatus comprising the ultrasonic probe 10 having
2-dimensional array transducers related to the present inven-
tion uses, for example, Fresnel binding focus technique dis-
closed in Patent Document 2. That is the technique to select,
from the 2-dimensional array transducers, the transducers
included in the same distance range from a predetermined
point (for example, the center) and binds them in a circular or
ring-shaped concentric circle. The concrete description is as
follows.

[0042] The operator applies the ultrasonic probe 10 to a
body surface of a diagnostic region in an object to be exam-
ined, inputs a scan parameter such as transmitting focus depth
from the input unit 23, and inputs the command to start
ultrasonic scanning. Corresponding to this command, the
control unit 18 controls the respective units and starts ultra-
sonic scanning. First, the control unit 18 outputs the com-
mands, with respect to the switch control unit 22 and the
transmitting unit 12, to select the transducers for the first
transmission, and to set the transmitting waveform corre-
sponding to the drive pulse outputting command and the
transmitting focus depth. When these commands are
executed, the driving pulses are provided to the ultrasonic
probe 10 from the transmitting unit 12.

[0043] The switching circuit 21 in the ultrasonic probe 10
connects the transmitting unit 12 and a driving pulse inputting
line of the transducer so as to form a circular or ring-shaped
transducer bundle to be described later or a group of those
transducer bundles, according to the command of the control-
ling unit 18 corresponding to the transmitting focus depth
inputted by the operator from the input unit 23. When the
driving pulses are inputted, the respective transducers oscil-
late at predetermined frequency and transmit ultrasonic
waves to the inside of the object’s body.

[0044] Patent Document 2: JP-2000-325344

[0045] As for the ultrasonic waves transmitted to the inside
of the object’s body, part of them are reflected at a plane
having different acoustic impedance of the tissues or organs
in the living body and returned in the direction of the ultra-
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sonic probe 10 as echoes. The control unit 18 controls the
reception system in order to receive these echoes. First, upon
completion of transmission, the control unit 18 performs
switching selection for connecting the transducers for receiv-
ing and the reception phasing unit 13 to the switch circuit 21.
Also upon reception, the control unit 18 performs the switch-
ing selection of transducers so as to form a circular or ring-
shaped transducer bundle or a group ofthe transducer bundles
thereof in the same manner as upon transmission. The details
thereof will be described later.

[0046] The receiving signals received in each group of
transducer bundles are phased and added in the reception
phasing unit 13 and outputted to the signal processing unit 15
as the receiving signals formed as a beam. The signal pro-
cessing unit 15 performs the previously mentioned process-
ing with respect to the inputted receiving signals, and outputs
the signals after processing to the scan converter 16. The scan
converter 16 stores the inputted signals to the memory, reads
out and outputs the stored content corresponding to the syn-
chromized signals for displaying to the monitor 17. When the
above operation is completed, the control unit 18 repeats the
same series of operations by sequentially changing the posi-
tion or direction of transmission/reception of ultrasonic
waves.

[0047] Next, basic concept of the Fresnel binding focus
technique will be described using F1G. 2. FIG. 2 is a pattern
diagram showing the basic concept of the Fresnel binding
focus technique, indicating the pattern diagram wherein the
ultrasonic beams of transmission/reception are formed on the
central axis of the selected transducer bundles in the 2-dimen-
sional array ultrasonic probe 10.

[0048] The respective transducers of 2-dimensional array
transducers 20 are bundled by the switch control unit 22 in a
circular or ring-pattern of the concentric circle, and selected
so as to form a circular transducer bundle and a plurality of
ring-shaped transducer bundles. Particularly the ring-shaped
transducer bundles are formed by binding the transducers
exist in the region intervened by two concentric circles having
different radii (that is, the region within the same distance
range from the center). And the plurality of transducers
bundled in the same transducer group are transmitted/re-
ceived at the same time. A plurality of line segment bundles
extending from a point “F” to a transducer plane in FIG. 2(a)
indicates the condition that the ultrasonic waves eradiated
from the respective transducer bundles are bound in the point
“F” (the focus point), and that the ultrasonic waves reflected
from the point “F” are heading to the respective transducer
bundles. In FIG. 2(b), 2-dimensional array transducers are
set, for example, as 7x7 each in X-direction and Y-direction
which are orthogonal to each other, and indicated by total of
49 transducers.

[0049] The 2-dimensional array transducers for actual
diagnosis are arranged by, for example, in vertical and hori-
zontal directions about 64x64=4096 transducers. Therefore,
the transducer bundles to be selected in a ring pattern are finer,
and a number of ring-shaped transducer bundles having dif-
ferent radii are 1o be formed.

[0050] As for the distance from the point “F” to the respec-
tive transducers for forming one ring, there is a slight differ-
ence between the distance to the transducers positioned in the
inner side of the ring and the distance to the transducers
positioned in the outer side of the ring. Therefore, it is pref-
erable to set the upper limit in the difference between the radii
of inner periphery and outer periphery of the ring in order to
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cause the transducers positioned in the inner periphery side
and the outer periphery side of the ring to transmit/receive at
the same time.

FIRST EMBODIMENT

[0051] The first embodiment of the present invention will
now be described. The characteristics of the present embodi-
ment are as follows. The plurality of transducers bound as one
transducers bundle transmit/receive ultrasonic waves at the
same time in the same frequency and the same phase without
the different delay times. Further, groups of transducer
bundles are formed by dividing a plurality of transducer
bundles corresponding to the frequency and the position of
the focus points. The plurality of transducer bundles that
belong to the same group transmit/receive in the same fre-
quency. Also, at least two transducer bundles from the plural-
ity of transducer bundles that belong to the same group trans-
mits/receives ultrasonic waves in different phases. As for the
segmentation of the plurality of transducer bundles, more
focus points at different positions can be set by preferably
assembling a pair of adjacent transducer bundles having dif-
ferent phases. However, in the case of reducing the number of
focus points, more than two transducer bundles may be col-
lected up to be set as one group. Also, it may be set so that
different groups can have the same focus point. Hereinafter,
the present embodiment will be described in concrete form.

[0052] Features of the present embodiment will be
described using FIG. 3. FIG. 3 shows the condition that each
transducer of the 2-dimensional array transducers is bundled
using Fresnel binding by the switch control unit 22, that is the
condition that each transducer is selected and bundled so as to
be in a circle or ring pattern of the concentric circle as a
transducer bundle. Also, FIG. 3 shows the condition that the
ultrasonic waves are transmitted from the respective trans-
ducer bundles that are bound by the Fresnel binding so that
they are focused in two points of d1 and d2, the ultrasonic
waves reflected from the two points of d1 and d2 are for-
warded to the respective transducer bundles, and the respec-
tive transducer bundles receive them so that they will be
focused in the two points of d1 and d2.

[0053] (Transmission Using the Fresnel Binding)

[0054] First, transmission using the Fresnel binding will be
described. The switch control unit 22 and the transmitting
unit 12 form a Fresnel bundle FP2 by raising transmission
frequency for focusing the ultrasonic waves to “d2” in a
shallow portion in the depth direction (“d”-direction), and
form the Fresnel bundle FP1 by lowering transmission fre-
quency for focusing ultrasonic waves to the “d1” in a deep
portion in the depth direction (*“d”-direction). In other words,
since attenuation of high-frequency ultrasonic waves
increases as they reach a deeper portion, the switch control
unit 22 and the transmitting unit 12 form the Fresnel binding
which uses the ultrasonic waves of lower frequency as focus-
ing to the deeper portion, compared to the frequency in a
shallow portion. Then the transmission will be performed by
the Fresnel bundle FP1 and the Fresnel bundle FP2 simulta-
neously.

[0055] First, the case of focusing ultrasonic waves to “d2”
in a shallow portion by the Fresnel bundle FP2 will be
described. The switch control unit 22 selects a circular trans-
ducer bundle 20 in the central portion and a ring-shaped
transducer bundle 31 which is adjacent to the outer side of the
circular transducer bundle 30, and sets them as one group.
Then the transmitting unit 12 performs focusing by ultrasonic
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waves of high frequency to a shallow portion using the
selected one group of transducer bundles 30 and 31. For
example, in the case of focusing ultrasonic waves to the depth
of d2=10 mm, the transmitting unit 12 transmits the respec-
tive ultrasonic waves simultaneously by the frequency of
f2=10MHz using a group of the circular transducer bundle 30
and the ring-shaped transducer bundle 31. On this occasion,
transmitting unit 12 makes the phases of the transducers for
performing the Fresnel binding in the circular transducer
bundle 30 the same upon transmission, and differentiates the
phases of the transducers for performing the Fresnel binding
in the ring-shaped transducer bundle 31 only by 180° (r) from
the transmitting ultrasonic waves of the circular transducer
bundle 30 upon transmission (hereinafter simply referred to
as “antiphase”). In this way, as for the binding of transducers,
the 2-dimensional array transducers are bound using the
Fresnel binding focus technique (for example, Patent Docu-
ment 2) wherein distance between the focus point and the
transducer are standardized in increments of (transmitting
signal wavelength/2) unit. The feature related to the present
invention is that the phase of ultrasonic waves in adjacent
transducer bundles of the same group are differentiated from
each other upon transmission. By doing so, the respective
ultrasonic waves that are transmitted simultaneously from
each of the transducer bundles in the same group can be
focused at a desired focus point, without appending specific
focus data for each transducer which forms the 2-dimensional
array transducers.

[0056] As for the plurality of transducer bundles of the
same group to be transmitted at the same frequency, the width
in the radial direction of the transducer bundle in the end side
is to be made narrower than the width in the radial direction of
the transducer bundle in the central portion side. Concretely,
the width in the radial direction (that is the radius) of the
ring-shaped transducer bundle 31 on the end-portion side is to
be made narrower than the width in the radial direction of the
circular transducer bundle 30 on the central portion side. In
other words, the closer the ring-shaped transducer bundle is
positioned to the end-portion of the probe, the narrower the
width in the radial direction is to be made. Since the distance
difference from the transducer to the focus point gets longer
between the adjacent transducers as the position of the trans-
ducer gets closer to the end-portion side of the probe, it is
necessary to make the width in radial direction (that is the ring
width) of the ring-shaped transducer bundle narrower as the
position of the transducer bundle gets closer to the end-por-
tion of the probe in order to make the distance difference
among the transducer bundles about the same. Describing
from a different perspective, as for the plurality of transducer
bundles of the same group for transmitting in the same fre-
quency, the number of the transducers to be bound in the
transducer bundle on the end side is to be made less than the
number of transducers to be bound in the transducer bundle
on the central portion side. Concretely, the number of trans-
ducers to be bound in the ring-shaped transducers bundle 31
on the end-portion side is to be made less than the number of
transducers to be bound in the circular transducers bundle 30
on the central-portion side. If the frequency difference
between the adjacent groups is minimal, the same above-
mentioned feature can be applied also to the transducers
belonging to the adjacent group thereof. That is, the closer the
position of the ring-shaped transducer bundle gets to the
end-portion of the probe, the narrower the width in the radial

May 7, 2009

direction becomes and the fewer the number of transducers to
be bound in the transducers bundle gets.

[0057] Next, the case of focusing ultrasonic waves to “d1”
in a deep portion by the Fresnel binding FP1 will be
described. The switch control unit 22 selects the ring-shaped
transducer bundle 32 adjacent to the outer side of the ring-
shaped transducer bundle 31 and the ring-shaped transducer
bundle 33 adjacent to the outer side of the ring-shaped trans-
ducer bundle 32 and sets them as one group, at the same
timing with the transmission of the above-mentioned circular
transducer bundle 30 and the ring-shaped transducer bundle
31 as one group. In doing so, the switch control unit 22 makes
the width in the radial direction of the ring-shaped transducer
bundle 33 on the end-portion side narrower than the width in
the radial direction of the ring-shaped transducer bundle 32 in
the central-portion side (in other words, the number of trans-
ducers to be bound to the ring-shaped transducer bundle 32 on
the end-portion side is to be made less than the number of
transducers to be bound to the ring-shaped transducer bundle
32 on the central-portion side. Then the transmitting unit 12
transmits the ultrasonic waves at a lower frequency than the
group of the circular transducer bundle 30 and the ring-
shaped transducer bundle 31 in the inner side, using the group
of the selected ring-shaped transducer bundles 32 and 33. For
example, in the case of focusing ultrasonic waves to the deep
portion in the depth of d1=50 mm, the transmitting unit 12
transmits the ultrasonic waves respectively at the frequency
of f1=5 MHz using the group of the ring-shaped transducer
bundle 32 and the ring-shaped transducer bundle 33. In doing
s0, the transmitting unit 12 transmits the ultrasonic waves by
making the phase of the transducers to be bound to the ring-
shaped transducer bundle 32 the same, and also by making the
transducers to be bound to the ring-shaped transducer bundle
33 antiphase to the transmitting ultrasonic waves of the ring-
shaped transducer bundle 32.

[0058] Inthisway, the signals from the Fresnel binding FP1
is focused to the depth “d1” at the frequency “f1”, and the
signals from the Fresnel binding FP2 is focused to the depth
“d2” at the frequency “f2” respectively. This makes it possible
to form transmission beams focused to “d1” and “d2” by one
transmission.

[0059] The above-mentioned transmission of ultrasonic
waves will be described using FIG. 4. The same explanation
is to be applied to the reception of ultrasonic waves to be
described later. FIG. 4 shows a cross-section of the transduc-
ers 42 in the Y-axis direction passing through the center of the
ring. While a transducer 42 a cross-section is represented as
16 elements for illustrative purposes, the actual cross-section
is not limited thereto. Also, the region corresponding to the
group of FP2 in FIG. 3 is set as a region 40, and the region
corresponding to the group of FP1 is set as a region 41. The
beam shape transmitted by the transducer 42 in the region 40
is indicated as “43”, and the beam shape transmitted by the
transducer 42 in the region 41 is indicated as “44”.

[0060] A symbol “49” corresponding to the transducer 42 is
a mark for representing the phase of the transmitting ultra-
sonic wave. The symbol in the case that the transducers are
above a dashed line 45 is “+”, and the symbol in the case that
the transducers are below a dashed line 45 is “~” which is an
antiphase to the phase of the symbol “+”. Also, the symbol 49
corresponds to the transducer 42 on one-on-one level. The
symbol 49 is denoted for an illustrative purpose, and is for
illustrating that the transducer 42 having the same symbol is
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transmitted in the same phase, and the transducer 42 having
different symbols is transmitted in antiphase.

[0061] For example, in the region 40, the circular trans-
ducer bundle corresponding to the four symbols in the central
portion on the lower side transmits ultrasonic waves in a “~”
phase, and the ring-shaped transducers corresponding to the
one symbol on both edges of the upper side transmits ultra-
sonic waves in a “+” phase. Focusing is to be performed to a
shallow portion at high frequency of 10 MHz, as one group
formed by the plurality of transducers 42 corresponding to the
phases of “+” and “~” in the region 40. In this way, the beam
shape transmitted by the group of transducers 42 in the region
40 becomes as shown in “43”.

[0062] Also, in the region 41, the ring-shaped transducer
bundle corresponding to the 3 symbols on the lower side
transmits ultrasonic waves in a “~" phase, and the ring-shaped
transducer bundle corresponding to the two symbols at the
end portion adjacent thereto on the outer side transmits ultra-
sonic waves in a “+” phase. Focusing is performed to a deep
portion at low frequency of 5 MHz, as one group formed by
the plurality of transducers 42 corresponding to the phases of
“+” and “-” in the region 41. In this way, the beam shape
transmitted by the group of transducers 42 in the region 41
becomes as shown in “44”.

[0063] The transmissions to the above-mentioned focus 43
and focus 44 are performed simultaneously. This means that
ultrasonic beams having a focus to two different depths can be
formed in one transmission.

[0064] While the number of transducer bundles belonging
to each group is set as two (that is a pair of transducer bundles
having antiphase from each other) in the example shown in
FIG. 4, the number of transducer bundles may be differenti-
ated in at least two groups. Further, the number of transducer
bundles in the same phase may be differentiated, without
setting the transducer bundles in antiphase from each other as
a pair. For example, the transducer bundles in the phase of
“=”, “4” and “-” may be set as one group, or the transducer

bundles in the phase of “+”, “~ and “+” may be set as one

group.
[0065] Also, within the transducer bundles belonging to the
same group, the width in radial direction ofthe transducers on
the central portion side should be wider than the width in the
radial direction of the transducers on the end-portion side
(that is to make the number of transducers to be bound to the
transducer bundles on the end-portion side to be less).

[0066] (Reception Using the Fresnel Binding)

[0067] Next, the reception using the Fresnel binding will be
described.

[0068] Upon reception, the Fresnel binding pattern that are

the same or different from the one upon transmission may be
used. Hereinafter, the case of receiving ultrasonic waves
using the same Fresnel binding pattern as the one upon trans-
mission will be described in detail. In the same manner as
transmission time, the transducer bundles are formed by bind-
ing the transducers, and a plurality of transducer bundles are
divided so as to form a plurality of groups. Then the reception
frequency of the plurality of transducers belonging to the
same group is made the same to receive ultrasonic waves.
Also, at least two transducer bundles within the plurality of
transducers belonging to the same group receive ultrasonic
waves in different phases. In this way, the receiving focus
points are differentiated for every group. The concrete expla-
nation of the above-mentioned reception will be described
below.
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[0069] The ultrasonic waves to be received include ultra-
sonic waves in different frequencies, such as 10 MHz and 5
MHz upon transmission. The control unit 18 receives the
ultrasonic waves using the transducers 42 which are the same
as the transmitted transducers 42. For example, the transduc-
ers 42 which receive the ultrasonic waves transmitted to the
focus 43 are the transducers of the group in the region 40, and
the transducers 42 which receive the ultrasonic waves trans-
mitted to the focus 44 are the transducers of the group in the
region 41.

[0070] (Filtering Process)

[0071] Next, the filtering process of the receiving signals
will be described.

[0072] Since the focus 43 and the focus 44 have different
depths, the times to receive the signals are also different. The
focus 43 that is the ultrasonic waves in a shallow portion are
received earlier, and the focus 44 that is the ultrasonic waves
in a deep portion are received later. Thus, with respect to the
ultrasonic waves obtained from the respective focus points,
the signals from the respective focus points are selected by
applying the filter corresponding to a high frequency or low
frequency. Given this factor, the ultrasonic diagnostic appa-
ratus of the present invention divides the receiving signals
into several frequency bands by performing filtering process
on the receiving signals using a plurality of filters having
different passing bands placed in the reception phasing unit
13.

[0073] Here, the sequence of the transmission/reception
timing will be described referring to FIG. 5. In a sequence 50
shown in FIG. 5, the rectangular period being convex on top
represents the reception timing, and a rectangle period being
convex underneath represents the transmission timing. Also,
in a filter 51, the high-frequency receiving signals pass
through, and the low-frequency receiving signals are blocked.
In a filter 52, the low-frequency receiving signals pass
through, and the high-frequency receiving signals are
blocked. The corresponding relationship between timings of
each filtering process and the depth of the focus point is
illustrated in FIG. 4.

[0074] During the reception period, in the reception phas-
ing unit 13, the reflected ultrasonic waves based on the high-
frequency ultrasonic waves focused in a shallow region 430
are received in an earlier timing since the distance from the
transducer to the focus position is closer. Therefore, in the
earlier timing from the time that the transmission is switched
to the reception, the high-frequency receiving signals are
performed with the filtering process by the filter 51, and the
low-frequency receiving signals are eliminated. Also, in the
reception phasing unit 13, the reflected ultrasonic waves
based on the low-frequency ultrasonic waves focused in a
deep region 440 are received in a later timing since the dis-
tance from the transducer to the focus position is farther.
Therefore, after passing of predetermined time from the fil-
tering process by the filter 51, the low-frequency receiving
signals are performed with the filtering process by the filter
52, and the high-frequency receiving signals are eliminated.
When the filtering process by the filter 52 is completed and a
predetermined time has passed, the reception timing is
switched to the transmission timing, and the ultrasonic waves
are transmitted. In accordance with such method, the trans-
mission and the reception are alternately repeated.

[0075] As forthe filter, a plurality of filters may be prepared
for each frequency, or it may be the kind wherein the passing
band of one filter can be dynamically changed from high
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frequency to low frequency in accordance with the reception
timing. For example, the passing band can be changed by
dynamically changing the coefficient of an FIR filter in accor-
dance with the reception timing.

[0076] (Intensity Control of Ultrasonic Waves)

[0077] Next, the distance between the probe surface and the
focus point, that is intensity control of transmitting ultrasonic
waves in accordance with the depth will be described. Since
an ultrasonic beam transmitted from the region on the end
portion of a probe has tendency that the beam intensity gets
attenuated compared to the ultrasonic beam transmitted from
the central region of the probe, it is preferable that the beam
intensity of ultrasonic beams in the end-portion region is
made higher. Because the number of transducers to be used
for transmission, distance of the focus point (depth) and
extensity of focus which influence the beam intensity of ultra-
sonic waves in the living body are different between a deep
portion and a shallow portion.

[0078] Concretely, the deeper the distance of the focus
point is the weaker the beam intensity gets due to attenuation
of the ultrasonic waves. Also, the fewer the number of trans-
ducers to be used for transmission of ultrasonic waves, the
weaker the beam intensity gets. Also, the closer the region
gets to the end-portion of the probe, the weaker the beam
intensity gets due to extension of the focus of the transmitted
ultrasonic beams. Given this factor, the transmitting unit 12
controls intensity of transmitting ultrasonic beams in accor-
dance with the distance of the focus point (depth), the number
of transducers and extensity of the focus. In other words, the
intensity of ultrasonic beams on the end-portion side of the
probeis made higher than the intensity of ultrasonic beams on
the central-portion side so as to make the ultrasonic beams
transmitted from the central-portion side of the probe and the
ultrasonic beams transmitted from the end-portion of the
probe to be practically in the same level at the focus point. Or,
in the reception phasing unit 13, the receiving signals
received on the end-portion side of the probe may be drasti-
cally amplified as compared to the receiving signals received
in the central-portion of the probe. In order to drastically
amplify the receiving signals, for example, gain of the pream-
plifier can be raised, or the value can be increased by multi-
plying the value by the coefficient after digitalizing the
receiving signals.

[0079] (Frequency Control of Ultrasonic Waves)

[0080] Next, frequency control of transmitting ultrasonic
waves in accordance with depth will be described. Distance
resolution can be raised by variably transmitting the wave-
number in accordance with each depth. The wavenumber of
the high-frequency ultrasonic waves to be transmitted toward
a shallow portion in the group of the circular transducer
bundle 30 and the ring-shaped transducer bundle 31 in the
central-portion side of the probe 10 is to be set larger than the
wavenumber of the low-frequency ultrasonic waves to be
transmitted toward a deep portion in the group of the ring-
shaped transducer bundle 32 and the ring-shaped transducer
bundle 33 on the end-portion side of the probe. Conversely,
the wavenumber of the low-frequency ultrasonic waves to be
focused to a deep portion is to be set less compared to the
wavenumber of the high-frequency ultrasonic waves to be
focused to a shallow portion. For example, the wavenumber
97 of 4 waves is transmitted to a shallow portion, and the
wavenumber 99 of two waves is transmitted to a deep portion.
In the case of focusing to the shallow portion, there will be
more portions that the waves are overlapped since the dis-
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tance difference between the respective transducer bundles
and the focus point is smaller. Thus the distance resolution
can be increased by setting the larger wavenumber. Con-
versely, in the case of focusing to a deep portion, there will be
fewer portions that the waves are overlapped since the dis-
tance difference between the respective transducer bundles
and the focus point is larger. Thus the wavenumber need to be
set fewer in order to raise the distance resolution.

[0081] As described above, in the present embodiment, the
Fresnel binding is formed by setting higher frequency as the
focus point is set in a shallower portion. Also, the deeper the
portion gets for setting the focus point, the lower the fre-
quency is to be set for forming the Fresnel binding. In other
words, the most appropriate Fresnel binding pattern is deter-
mined corresponding to a plurality of sets of the focus point
position in the depth direction and the frequency thereof. In
this way, the ultrasonic beams which are focused to the plu-
rality of focus points can be formed in one transmission/
reception by applying the ultrasonic waves in accordance
with the depth of the focus point for every group of transducer
bundles. As a result, an image with no blur and with prefer-
able SN can be obtained in a wide range from a shallow
portion to a deep portion of the image without lowering the
frame rate of the image or without using delay control for
each transducer.

SECOND EMBODIMENT

[0082] A second embodiment of the present embodiment
will now be described. A difference from the first embodi-
ment is that ultrasonic waves are transmitted/received to/from
three focus points. Other points are the same as the first
embodiments, thus the detailed explanation about the same
points will be omitted. Hereinafter, the present embodiment
will be described in concrete form.

[0083] The feature of the present embodiment will be
described referring to FIG. 6. The beam shape transmitted by
the group of the transducers 42 in the region 60 is indicated by
“66”, the beam shape transmitted by the group of the trans-
ducers 42 in the region 61 is indicated by “67”, and the beam
shape transmitted by the group of transducers 42 in the region
62 is indicated by “68”.

[0084] As shown in FIG. 6(a), in the region 60, four sym-
bols in the central part on the lower side are “~”, and one
symbol on both ends in the upper side is “+”. In this way, the
switch control unit 22 selects the transducers 42 from one
region (group) wherein ultrasonic waves are transmitted/re-
ceived in the same frequency so as to make the width of the
transducer bundles in radial direction for transmitting from
the end-portion side become narrower compared to the width
of the transducer bundles in radial direction for transmitting
from the central-portion side (that is to set the less number of
transducers for binding to the transducer bundle in the end-
portion side fewer). The transmitting unit 12 transmits the
circular transducer bundle in which the transducers having
the “=” symbol in the central portion side are bound by setting
them as “~” phase, and transmits the ring-shaped transducer
bundles in which the transducers having “+” phase in the
end-portion side are bound and is adjacent to the circular
transducer bundle by setting them as “+” phase. The bundles
of the transducers 42 of “+” and “~” in the region 60 are
transmitted as one group at the high frequency of 10 MHz,
and focused to a shallow portion. In this way, the beam shape
transmitted by the group of transducers 42 in the region 60
becomes “66”.
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[0085] Also, in the region 61, two transducers in the inner
side of the lower side are “-”, and one transducer in the
end-portion side of the upper side is “+”. The switch control
unit 22, in the same manner as the region 60, selects the
transducers 42 so as to make the width in radial direction of
the transducers to be transmitted from the end-portion side
narrower compared to the width in radial direction of the
transducers to be transmitted from the central-portion side.
The transmitting unit 12 transmits the ring-shaped transducer
bundle wherein the transducer 42 in the lower side are bound
by setting them as “~” phase, and transmits the ring-shaped
transducer bundle which is adjacent to the previously men-
tioned ring-shaped transducer bundle wherein the transducers
42 in the end-portion are bound by setting them as “+” phase.
The bundle of the transducers 42 of “+” and “~” in the region
61 is transmitted as one group at the frequency of 5 MHz, and
focused to an intermediate portion. In this way, the beam
shape transmitted by the group of transducers 42 in the region
61 becomes “67”.

[0086] Also, in the region 62, one transducer in the inner
side of the lower side is “~”, and one transducer in the end-
portion side of the upper side is “+”. The transmitting unit 12
transmits the ring-shaped transducer bundle wherein the
transducers 42 of the lower-side are bound by setting them as
“~” phase, and transmits the transducer bundle which is adja-
cent to the previously mentioned ring-shaped transducer
bundle wherein the transducers 42 of the end-portion side are
bound by setting them as “+” phase. The bundle of the trans-
ducers 42 of “+” and “~” in the region 62 is transmitted as one
group at the frequency of 2.5 MHz, and focused to a deep
portion. In this way, the beam shape transmitted by the group
of the transducers 42 in the region 62 becomes “68”.

[0087] The ultrasonic beams are transmitted to the above-
described focus 66, focus 67 and focus 68 simultaneously. It
means that ultrasonic beams having a focus to three different
depths can be transmitted by one transmission.

[0088] As in the embodiment 1, while the switch control
unit 22 has two transducer bundles belonging to the same
group (which is a pair of transducer bundles having relation-
ship being antiphase to each other) in the example shown in
FIG. 6(a), the number of transducer bundles of at least one
group may be different from the number of transducer
bundles of other groups. Further, in the same group, the
number of transducer bundles of the same phase may be
differentiated without making them a pair of transducer
bundles being antiphase to each other.

[0089] Also, since the depths among the focus 66, focus 67
and focus 68 are different upon reception, the time for receiv-
ing the reflected waves from each focus point will also be
different. In the reception phasing unit 13, the focus 66 that is
the ultrasonic waves in a shallow portion is received earlier,
the focus 67 that is the ultrasonic waves in the intermediate
portion are received next, and the focus 68 that is the ultra-
sonic waves in the deep portionis received at thelast. As in the
first embodiment, as shown in FIG. 6(5), the filter corre-
sponding to each frequency is applied for each of the ultra-
sonic wave obtained from each focus point. A filter 70 for
filtering the high-frequency of 10 MHz is applied to the focus
66 of a region 660, a filter 71 for filtering the intermediate-
frequency of 5 MHz is applied to the focus 67 in a region 670
and a filter 72 for filtering the low-frequency of 2.5 MHz is
applied to the focus 68 in a region 680.

[0090] As in the first embodiment, a plurality of filters may
be prepared for each frequency, or the filter may be the one
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capable of dynamically changing the passing band of one
filter from high frequency to low frequency in accordance
with the reception timing,

[0091] Next, in the case of receiving ultrasonic waves using
the Fresnel binding pattern different from the one upon trans-
mission time will be described in detail.

[0092] Upon reception, the ultrasonic waves are received
by setting the Fresnel binding pattern that is different from the
one upon transmission time. For example, the switch control
unit 22 differentiates the segments or group number of trans-
ducer bundles upon reception from those upon transmission.
Then the reception phasing unit 13 differentiates the recep-
tion frequency of the respective groups or the reception phase
of the respective transducer bundles upon reception from
those upon transmission. Accordingly, the reception signals
are phased by differentiating at least one out of the position of
the focus point and the number of the focus points upon
reception from the one upon transmission. As shown in FIG.
6(c), for example, after the transmitting unit 12 transmits the
ultrasonic waves by focusing to one point, the switch control
unit 22 and the reception phasing unit 13 receives them by
setting a plurality of focus points. Concretely, upon receiving
the receiving signals at clock C1, the reception will be per-
formed using the group of transducer bundles in the region 60
which is in the central portion so as to be able to receive the
ultrasonic waves reflected from a shallow portion. Then the
ultrasonic waves are received using the group of the ring-
shaped transducer bundles in the outer side region as the time
elapses from clock C2 to clock C3. Lastly, upon reception of
the receiving signals at clock Cm, the ultrasonic waves are
received using the group of ring-shaped transducer bundle in
the region 62 which is positioned at the end-portion.

[0093] Theswitch controlunit 22 and the reception phasing
unit 13 set the phase for the group of transducer bundles and
each transducer bundle in the group respectively so that the
ultrasonic waves reflected from the respective focus points
can be received by the phase in compliance with the depth.
For example, in the case of the clock C1, the phase is set for
each transducer bundle of the group of transducer bundles in
the region 60. The group of transducer bundles in the region
60 is a pair of transducer bundles which receive the signals in
the same phase or in antiphase to each other, and receives the
signals using the group formed by the pair of transducer
bundles to which the phase is set.

[0094] Inthis way, the switch control unit 22 sets the trans-
ducer bundle for forming the Fresnel binding in accordance
with the focus point, and divides the plurality of transducers
into groups. The reception phasing unit 13 sets the reception
frequency for each group, and sets the same phase or the
antiphase with respect to every transducer bundle in the
group. Then it receives the signals corresponding to the group
of the transducer bundles, the frequency of the group thereof
and the phase for each transducer bundle in the group with
respect to every focus point, while changing the focus points.
In this way, itis possible to set a plurality of focus points upon
receiving ultrasonic waves even when only one or a few focus
points are set upon transmission of the ultrasonic waves.
[0095] While the above-described example receives the
signals by setting more focus points compared to the number
of focus points upon transmission, it may be other way around
by setting less focus points compared to the number of focus
points upon transmission. In this way, it is possible to differ-
entiate the number of focus points upon transmission time
from the one upon reception time. QOr, it also is possible to
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differentiate the position of the focus point upon transmission
time from the one upon reception time.

[0096] Also, as in the first embodiment, intensity control of
ultrasonic waves and frequency control of ultrasonic waves
are can be performed in accordance with depth of the focus
point.

[0097] As for the intensity control of ultrasonic waves, it is
controlled so as to make the transmitting ultrasonic beams or
the receiving signals to be practically the same level regard-
less of the depth of the focus point. Concretely, in the trans-
mitting unit 12, the intensity of the ultrasonic beams to be
transmitted toward the focus point in an intermediate portion
may be made stronger compared to the ultrasonic beams to be
transmitted toward the focus point in a shallow portion, and
the intensity of ultrasonic beams to be transmitted toward the
focus point in a deep portion may be stronger compared to the
ultrasonic beams to be transmitted toward the focus point in
the intermediate portion. Or, in the reception phasing unit 13,
the receiving signals from the focus point in an intermediate
portion may be drastically amplified compared to the receiv-
ing signals from the focus point in a shallow portion, and the
receiving signals from the focus point in a deep portion may
be drastically amplified compared to the receiving signals
from the focus point in the intermediate portion.

[0098] In the same manner, the wavenumber of the ultra-
sonic waves to be transmitted toward the focus point in an
intermediate portion may be increased compared to the wave-
number of the ultrasonic waves to be transmitted toward the
focus point in a deep portion, and the wavenumber of the
ultrasonic waves to be transmitted toward the focus point ina
shallow portion may be increased compared to the wavenum-
ber of the ultrasonic waves to be transmitted toward the focus
point in the intermediate portion.

[0099] As mentioned above, in accordance with the present
embodiment, as in the first embodiment, an ultrasonic beam
can be formed wherein the ultrasonic waves are focused to a
plurality of focus points in one transmission/reception, even
in the case of setting three focus points. As a result, it is
possible to obtain an image with no blur and with preferable
SN in a wide range from a shallow portion to a deep portion
in the image without lowering the frame rage of the image and
without using a delay control for each transducer.

[0100] (Dividing the Transducers into Groups)

[0101] Next, basic principle on dividing the transducers
into groups which is described above in relation to forming
the transmission beams having a focus on a plurality of depths
by one transmission and the reception thereof will be
described using FIG. 7 and formulas. In the case of focusing
ultrasonic waves to a focus point of “focus 1” in a shallow
portion referring to FIG. 7(a), the distance “dn” from the
center to the n-th transducer bundle is expressed as:

[Formula 1]

dn=+JB (P .

[0102] Here, 1, is the distance between the center of the
surface of the transducer 42 and the focus point “focus 17, and
1, 1s the distance between the focus point “focus 1" and the
n-th transducer bundle. And the following relational expres-
sion can be expressed between the adjacent transducer
bundles:

L=ty 1=hgnl2 [Formula 2]
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[0103] Also, general formula of a waveform is expressed

as:
M=Vl [Formula 3]
[0104]

d,=D;

And the upper limit of d,, can be expressed as:
[Formula 4]

[0105] Inthisregard, however, D is the distance capable of
forming the Fresnel binding for transmitting/receiving ultra-
sonic waves with respect to the “focus 1”. Relationship
between the symbols and the transducers are shown in FIG.
7(b). In the right and left ends of the transducer, a plurality of
symbols are allotted to one transducer where d,>D,. In this
way, the transducer to which two or more symbols are allotted
is set as not for transmitting ultrasonic waves. In other words,
the switch control unit 22 does not select the transducer to
which two or more symbols are allotted, and selects the
transducer bundle that is on the inner side of the unselected
transducer to transmit/receive the ultrasonic waves. In the
same manner, in the case of focusing the signals to a focus
point “focus 2” in a deep portion, the distance from the center
to the respective transducer bundles can be expressed as:

[Formula 5]

o =\ KE = (ko).

[0106] Here, k, is the distance between the center of the
surface of transducer 42 and the focus point “focus 27, and k,
is the distance between the focus point “focus 2" and the n-th
transducer bundle. And the following relational expression
can be expressed between the adjacent transducer bundles.

k=2

n ‘n-1
[0107] Also, general formula of a waveform can be
expressed as:

[Formula 6]

g, =V, [Formula 7]

[0108]
0,ZM,,.

And the upper limit of q,, can be expressed as:

[Formula 8]

[0109] In this regard, however, M,, is a distance capable of
forming the Fresnel binding for transmitting/receiving ultra-
sonic waves with respect to the “focus 2”. Relationship
between the symbols and the transducers are shown in FIG.
7(b). As D, in the case of the focus point “focus 17, in the right
and left ends of the transducer, there are places where the
symbol does not match with the transducer. M,, is the distance
to the place thereof. In this way, the transducer to which two
or more symbols are allotted is set as not for transmitting
ultrasonic waves. In other words, the switch control unit 22
does not select the transducer to which two or more symbols
are allotted, and selects the transducer bundle that is on the
inner side of the unselected transducer to transmit/receive the
ultrasonic waves.

[0110] Here, the simulation on the relationship between the
selection of transducers (appending symbols) and the depth
using the above described formula is illustrated in FIG. 8. The
simulation therein is performed using the circular transducer
bundle 30 and the ring-shaped transducer bundle 31. The
region indicated by black color is in “~” phase, and the trans-
mitting signals to be transmitted by the circular transducer
bundle 30 is conformed to the phase thereof. Also, the region
indicated by white color is in “+” phase, and the transmitting
signals to be transmitted by the ring-shaped transducer
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bundle 31 is conformed to the phase thereof. The region
indicated by “An” is the region by which the transducer
bundle is not selected.

[0111] Forexample, at the position in the vicinity of 10 mm
depth, the circular transducer bundle 30 in the central portion
is formed by seven transducers, and the ring-shaped trans-
ducer bundle 31 in the end-portion is formed by two trans-
ducers. Such defined transducer bundles are obtained based
on the above-mentioned formula 1 and formula 2 respec-
tively. On this occasion, since the upper limit of the distance
capable of forming the Fresnel binding is surpassed in the
“An” region, the transducer bundles in the region thereof is
not to be used.

[0112] Inthedepthof 11 m ~22 mm, the ring-shaped trans-
ducer bundle of “~” phase can be set on the further outer side
of the ring-shaped transducer bundle 31. This ring-shaped
transducer bundle of “~” phase can be utilized to execute the
Fresnel binding focus in the same depth.

THIRD EMBODIMENT

[0113] Next, the third embodiment of the present invention
will be described. The difference from the first embodiment is
that the transducers are configured having a plurality of
microvibrational elements. Other than that is the same as the
first embodiment and the detailed explanation on the same
part will be omitted. Hereinafter, the present embodiment will
be described in concrete form.

[0114] An example of a transducer configured having
micro-vibrational elements will be described referring to
FIG. 9. The transducer here is configured having, for
example, a plurality of polygonal vibrational elements. The
vibrational element is, for example, a nano-processed ultra-
sonic transducer of several micrometers. As vibrational ele-
ment, for example, cMUT (Capacitive Micromachined Ultra-
sonic Transducer: IEEE Trans. Ultrasonic. Ferroelect. Freq.
Contr. Vol45 pp. 678-690 May 1998, etc.) can be applied
wherein the ultrasonic transmitting/receiving sensitivity that
is electromechanical coupling coefficient varies in accor-
dance with the intensity of bias voltage to be superimposed
and applied to the driving signal provided from the transmit-
ting unit 12. The ¢cMUT is a nano-capacitance ultrasonic
transducer manufactured by semiconductor nano-processing
(for example, LPCVD: Low Pressure Chemical Vapor Depo-
sition). In this regard, however, the nano-processed ultrasonic
transducer can be applied without being limited to the cMUT.
Such vibrational elements are aligned in equal or unequal
intervals in major-axis direction “X” and the minor-axis
direction “Y” to configure the transducer. In addition, other
transducers are configured in the same manner.

[0115] Though in FIG. 9 an example for focusing to a deep
portion is illustrated on the left side and an example for
focusing to an intermediate portion is illustrated on the right
side for illustrative purposes, an actual focus will be executed
by the circular transducer bundles, the ring-shaped transducer
bundles or the group thereof using both sides of the trans-
ducer.

[0116] In the case of focusing to a focus point 95 in an
intermediate portion, ultrasonic waves are transmitted by
binding 3 transducers each as a transducer bundle. The trans-
ducerbundle to be transmitted is set witha phase based on A/2
(\: wavelength of the ultrasonic wave) for each adjacent
transducer. In other words, the transducer bundle within the
range wherein the distance difference AL from the focus point
95 is A/2 and below 1s transmitted by making the phase of the
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ultrasonic waves the same, and the transducer bundle is trans-
mitted by rotating the phase of the ultrasonic wave by only
every time the distance difference AL from the focus point 95
surpasses /2. In the example shown in FIG. 9, to the respec-
tive three bundles of transducers on the left and the right side,
the phase of o, o+m and a+2x (o is the initial phase) is set
respectively from the central-portion side. In the same man-
ner, in the case of focusing to the focus point 96 in a deep
portion, four, three and two transducers from the central-
portion side are bound as a transducer bundle, and the ultra-
sonic waves are transmitted by setting the phase of f, p+m and
[+27t(is the initial phase) respectively. While the example of
focusing by the group of three transducer bundles is illus-
trated in FIG. 9, the focusing may be performed by the group
of two transducer bundles.

[0117] Inthis way, by normalizing the distance difference A
L from the focus point by A/2 unit, the kind of phase for
transmitting/receiving signals are confined to two. More spe-
cifically, when the distance difference AL between the adja-
cent transducer bundles is half the wavelength or below, the
phase of the ultrasonic waves for transmitting/receiving in the
respective transducers thereof are made the same. Also, every
time the distance difference AL between the adjacent trans-
ducer bundles surpasses half the wavelength, the phase of the
ultrasonic waves for transmitting/receiving in the respective
transducers thereof are made antiphase to each other through
rotating only by m. In other words, as for the transducer
bundles which satisfy the condition that “the phase difference
®(=AL/A) based on the distance difference is 0=¢<n”, the
phase of the ultrasonic waves for transmitting/receiving are
made the same. On the other hand, as for the transducer
bundles which satisfy the condition that “the phase difference
¢ is t=¢<2n”, the phase of the ultrasonic waves for transmit-
ting/receiving is made antiphase to each other through rotat-
ing only by m with respect to the transducer bundles which
satisfy the condition of “0=¢<2xn”.

[0118] Accordingly, the ultrasonic beams for focusing to
the desired focus points among the plurality of transducer
bundles are formed.

[0119] Also, from among the plurality of transducer ele-
ments, active element(s) and non-active element(s) are
selected. The non-active elements here are the transducer
element wherein the driving signals are not provided from the
transmitting unit 12, or the transducer element wherein the
direct-current bias is not applied. By adjusting the number for
selecting the non-active elements, fine adjustment of the pitch
among the groups can be performed. Also, by selecting the
non-active transducer elements, it is possible to reduce cross
talk generated among the groups. By such non-active trans-
ducer elements, a width 90 and a width 91 that are the pitch
among the groups are set, the active transducer elements are
set, and the transducer bundles are formed.

[0120] Also in the present embodiment, as in the first
embodiment, it is possible to control the intensity and wave-
number of the ultrasonic waves in accordance with the depth
of the focus point. In other words, the ultrasonic waves to be
transmitted toward a focus point in a deep portion can be
transmitted by making the intensity higher or making the
wavenumber lower compared to the ultrasonic waves to be
transmitted toward the focus point in a shallow portion.
[0121] As described above, in accordance with the present
embodiment, freedom is increased with respect to the ultra-
sonic wavelength of the transducer pitch by using the trans-
ducers formed by the groups of microvibrational elements,
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whereby also increasing the freedom for combining the
microvibrational elements to form the transducers. In other
words, since the size of transducers can be variable with
respect to the wavelength and can avoid the case that one
transducer is allotted with a plurality of symbols as shown in
FIG. 7(b), all of the transducers can be utilized effectively. As
a result, intensity of the beams to be formed or azimuth
resolution are improved.

FOURTH EMBODIMENT

[0122] Next, the fourth embodiment of the present embodi-
ment will be described referring to FIG. 10. While the trans-
mitting ultrasonic beams are transmitted wherein ultrasonic
waves are focused to “d1” and “d2” simultaneously by one
transmission using the pattern of symbols shown in FIG.
10(a) inthe above-described embodiments, they are transmit-
ted by adding two transmitting signals created by varying the
pattern of symbols in the present embodiment.

[0123] The transmitting unit 12, in the first pattern of sym-
bols for focusing to a shallow portion, forms the transmitting
signals using the symbols shown in the upper part of FIG.
10(b). Concretely, assuming the group formed by transducers
49 positioned at the central portion, the phase of the trans-
ducer bundle for bounding four transducers in the central
portion on the lower side is set as “~”, and the phase of the
transducer bundle for bounding one transducer each on both
ends in the upper side is set as “+”. There is no symbol on the
outer side of the above-mentioned both ends. That is, the
transducers on the outer side than both ends thereof are not to
be used. On the other hand, the transmitting unit 12 forms the
transmitting signal using the symbols shown in the lower part
of FIG. 10(d) in the second pattern of symbols for focusing to
a deep portion. Concretely, assuming the group formed by
further more transducers 49 positioned at the central portion,
the phase of the transducer bundle for bounding 12 transduc-
ers in the central portion of the lower side is set as “~”, and the
phase of the transducer bundle for bounding two transducers
each on both ends in the upper side is set as “+”. The trans-
mitting unit 12 adds the two transmitting signals created
respectively as above, and forms the adding transmitting sig-
nals. By such adding transmitting signals, the transmitting
beams having a focus in a different plurality of depths can be
formed in one transmission.

[0124] The setting described in the present embodiment
can be performed also upon reception, and it also is possible
to set the phase of the respective transducer bundles so as to
have a focus in a plurality of different depths in one reception.
[0125] As described above, in accordance with the present
embodiment, appending symbols to each transducer bundle
for each transmission/reception is not necessary since the
waveform signals are created considering the focus point in
advance.

FIFTH EMBODIMENT

[0126] Next, the fifth embodiment of the present invention
will be described. While the pattern for executing the Fresnel
binding using 2-dimensional array transducers is described in
the previous embodiment, the principle of the Fresnel binding
related to the present invention is applied to one-dimensional
array transducers in the fifth embodiment. That is to apply the
pattern illustrated in the respective first ~fourth embodiments
to one-dimensional array transducers. For example, the allo-

May 7, 2009

cation ofthe symbols (phases) shown in FIG. 4 and FIGS. 6~9
are applied to one-dimensional array transducers.

[0127] Concretely, the cross-sectionin FIG. 4 is regarded as
aone-dimensional transducer, and the transducers included in
the same distance range from a predetermined one point (for
example, the center) is selected and bound. In other words, the
phase symbol “~” and the phase symbol “+” are appended to
the respective one-dimensional array transducers 42, and the
transducers to which the same phase is appended are bound to
make a transducer bundle. Then a plurality of groups for
transmitting/receiving ultrasonic waves by combining a pair
of adjacent transducer bundles of different phases are set, and
transmission/reception of ultrasonic waves is executed using
the plurality of groups. The detailed description on the other
aspects of the present embodiment will be omitted here to
avoid repetition of the description above. In this way, also in
one-dimensional array transducers, it is possible to form an
ultrasonic beam capable of focusing ultrasonic waves to focus
points in a plurality of different depths in one transmission,
and to obtain the receiving signals that are phased so as to
focus to the focus points thereof upon reception.

[0128] In accordance with the above-described present
embodiment of one-dimensional array transducers, as in the
case of the previously mentioned 2-dimensional array trans-
ducers, it is possible to reduce focus data and to form the
ultrasonic beams that are focused in different frequencies for
each of the plurality of different focus points in one transmis-
sion/reception. As a result, also in the case of one-dimen-
sional array transducers, it is possible to obtain images with
no blur and with preferable SN in a wide range from a shallow
portion to a deep portion without lowering frame rate of the
image nor using delay control for every transducer.

[0129] While the above respective embodiments described
the pattern for forming the focus in two different depths and
three different depths respectively upon transmission/recep-
tion of ultrasonic waves, no limitations are intended to the
content disclosed in the above-described embodiments, and
the intension is to cover all modifications, equivalents and
alternatives falling within the spirit and scope of the inven-
tion. For example, a focus can be formed in four or more
different depths by selecting more transducers in detail in the
switch control unit 22. Also, while the pattern for differenti-
ating the two kinds of phases which are “+” and “~” in the
above-described respective embodiments, the different
phases to be allotted does not have to be limited to two and
may be three kinds or more (for example, 0, /3 and 27/3).
[0130] Also, while the pattern for focusing the group in the
central-portion side to a shallow portion and the group in the
end-portion side to a deep portion is described in the above
respective embodiments, by contraries, the group in the cen-
tral-portion side may be focused in a deep portion and the
group in the end-portion side may be focused in a shallow
portion.

[0131] Also, while the pattern for transmitting/receiving
signals of the respective groups simultaneously is described
in the above respective embodiments, the respective groups
may transmitted/received signals independently for every
focus point. For example, only groups in the central portion of
a probe may transmit/receive ultrasonic waves toward/from
the focus point in a shallow portion, then only groups in the
end-portion of the probe may transmit/receive ultrasonic
waves toward/from the focus point in a deep portion, to con-
struct an image using the respective receiving signals. Or, as
described in the Patent Document 1, one frame data may be
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obtained by transmitting/receiving signals toward/from the
focus point in a shallow portion by only the groups in the
central portion of the probe, then the next frame data may be
obtained by transmitting/receiving signals toward/from the
focus point in a deep portion by only the groups in the end-
portion of the probe, and the operations thereof may be
repeated alternately.

BRIEF DESCRIPTION OF THE DIAGRAMS

[0132] FIG. 1 shows a block diagram for illustrating the
general configuration of the present invention.

[0133] FIG.2isapattern diagram showing the formation of
an ultrasonic beam for transmission/reception in the central
portion of the 2-dimensional array transducer.

[0134] FIG. 3 shows the feature of the first embodiment of
the present invention.

[0135] FIG. 4 is shows a cross-section of a ring formed by
2-dimensional array transducers.

[0136] FIG. 5 is a sequence diagram of the transmission/
reception timing.

[0137] FIG. 6 shows the feature of the second embodiment
in the present invention.

[0138] FIG. 7 shows the region segmentation of a trans-
ducer.
[0139] FIG. 8 is a block diagram illustrating the general

configuration of the present invention.

[0140] FIG. 9 shows the feature of the third embodiment in
the present invention.

[0141] FIG. 10 shows the feature of the fourth embodiment
in the present invention.

DESCRIPTION OF THE SYMBOLS

[0142] 10 ...ultrasonic probe, 11 ... transducer selecting
data unit, 12 . . . transmitting unit, 13 . . . reception phasing
unit, 14 . . . transmission/reception separating circuit, 15 . . .
signal processing unit, 16 . . . scan converter, 17 . . . monitor,
18 . .. control unit, 23 . .. input unit

1. An ultrasonic diagnostic apparatus comprising:
an ultrasonic probe having a plurality of transducers for
transmitting/receiving ultrasonic waves;
transmitting/receiving means for transmitting/receiving
ultrasonic waves by focusing to each of a plurality of
focus points; and
image acquiring means for acquiring an ultrasonic image
using the receiving signals from the respective focus
points,
characterized in further comprising transducer-group
forming means for forming a group of transducers for
each focus point, by selecting, from the plurality of
transducers, a plurality of transducers which transmit/
receive signals by the same transmitting/receiving fre-
quency,
wherein the transmitting/receiving means corresponds to
the position of the respective focus points, and transmits/
receives the ultrasonic waves by differentiating the
transmitting/receiving phases of at least two transducers
which belong to the same group.
2. The ultrasonic diagnostic apparatus according to claim
1, wherein the transmitting/receiving means transmits/re-
ceives ultrasonic waves by each group independently with
respect to every focus point.

May 7, 2009

3. The ultrasonic diagnostic apparatus according to claim
1, wherein the transmitting/receiving means transmits/re-
ceives ultrasonic waves of the respective groups simulta-
neously.

4. The ultrasonic diagnostic apparatus according to claim
1, wherein the transmitting/receiving means differentiates the
transmitting/receiving frequencies in at least two groups.

5. The ultrasonic diagnostic apparatus according to claim
1, wherein the transmitting/receiving means makes the trans-
mitting/receiving frequency ofthe group corresponding to the
focus point positioned in a shallow portion which is closer to
the transmitting/receiving surface of the ultrasonic probe
higher than the transmitting/receiving frequency of the group
corresponding to the focus point positioned in a deep portion
which is farther from the transmitting/receiving surface of the
ultrasonic probe.

6. The ultrasonic diagnostic apparatus according to claim
1, wherein the transmitting/receiving means makes the trans-
mitting/receiving frequency of the group in the central-por-
tion side of the transmitting/receiving surface of the ultra-
sonic probe higher than the transmitting/receiving frequency
of the group in the end-portion side.

7. The ultrasonic diagnostic apparatus according to claim
1, wherein the transmitting/receiving means makes the inten-
sity of the ultrasonic signals to be transmitted toward the
focus point positioned in a deep portion which is farther from
the transmitting/receiving surface of the ultrasonic probe
higher than the intensity of the ultrasonic signals to be trans-
mitted toward the focus point positioned in a shallow portion
which is closer to the transmitting/receiving surface of the
ultrasonic probe.

8. The ultrasonic diagnostic apparatus according to claim
1, wherein the transmitting/receiving means sets the focus
point of the group positioned at the central-portion side of the
transmitting/receiving surface of the ultrasonic probe to a
shallow portion which is closer to the transmitting/receiving
surface thereof, and sets the focus point of the group posi-
tioned at the end-portion side to a deep portion which is
farther from the transmitting/receiving surface thereof.

9. The ultrasonic diagnostic apparatus according to claim
1, wherein the transmitting/receiving means receives the sig-
nals from a shallow portion using the group positioned at the
central-portion side of the transmitting/receiving surface of
the ultrasonic probe, and receives the signals from a deep
portion using the group positioned at the end-portion side.

10. The ultrasonic diagnostic apparatus according to claim
1, wherein the transmitting/receiving means differentiates the
number or position of the focus point upon transmission from
the one upon reception.

11. The ultrasonic diagnostic apparatus according to claim
1, wherein the transmitting/receiving means makes the num-
ber or the position of the focus point upon transmission the
same as the one upon reception.

12. The ultrasonic diagnostic apparatus according to claim
1, wherein the transmitting/receiving means differentiates the
transmitting/receiving phases of at least two transducers
which belong to the same group by 7.

13. The ultrasonic diagnostic apparatus according to claim
1, wherein the transmitting/receiving means makes the dif-
ference number of the transmitting/receiving phases and the
value of the respective transmitting/receiving phases the
same in at least two groups.

14. The ultrasonic diagnostic apparatus according to claim
1, wherein the transmitting/receiving means applies a high-
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frequency pass filter for blocking the passing of low-fre-
quency receiving signals by passing high-frequency receiv-
ing signals with respect to the receiving signals from a
shallow portion, and a low-frequency pass filter for blocking
the passing of high-frequency receiving signals by passing
low-frequency receiving signals with respect to the receiving
signals from a deep portion respectively.
15. The ultrasonic diagnostic apparatus according to claim
1, wherein the transmitting/receiving means makes the wave-
number of the ultrasonic waves to be transmitted using the
group positioned at an end-portion side of the transmitting/
receiving surface of the ultrasonic probe fewer than the wave-
number of the ultrasonic waves to be transmitted using the
group positioned at a central-portion side.
16. The ultrasonic diagnostic apparatus according to claim
1, wherein:
the plurality of transducers are one-dimensional array
transducers, and
the transducer group forming means selects the transducers
included in the same distance range from a predeter-
mined point and makes them as one group.
17. The ultrasonic diagnostic apparatus according to claim
1, wherein:
the plurality of transducers are 2-dimensional array trans-
ducers, and
the transducer group forming means selects the transducers
included in the same distance range from a predeter-
mined point and forms a circular or ring-shaped group of
the concentric circle.
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18. The ultrasonic diagnostic apparatus according to claim
1, wherein the transducers are cMUT transducers.

19. The ultrasonic diagnostic apparatus according to claim
16 or 17, wherein the transmitting/receiving means transmits/
receives ultrasonic waves by adding the combination pattern
and phase pattern of the transducers for focusing to a shallow
portion, and the combination pattern and phase pattern of the
transducers for focusing to a deep portion.

20. An ultrasonic diagnostic method comprising:

a transmitting/receiving step for transmitting/receiving
ultrasonic waves by focusing to each of a plurality of
focus points using an ultrasonic probe configured having
a plurality of transducers; and

an image acquiring step for acquiring an ultrasonic image
using the receiving signals from the respective focus
points,

characterized in further comprising a step for forming a
group of transducers by selecting, from the plurality of
transducers, a plurality of transducers for transmitting/
receiving in the same transmitting/receiving frequency
with respect to every focus point,

wherein the transmitting/receiving step corresponds to the
position of the respective focus points, and transmits/
receives ultrasonic waves by differentiating the trans-
mitting/receiving phases of at least two transducers
which belong to the same group.

ok o ok %k
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