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(57) ABSTRACT

An ultrasonic probe includes a plurality of ultrasonic trans-
ducers. The ultrasonic probe is connected to a reception sys-
tem circuit including at least one first delay adder circuit in
which a predetermined number among the plurality of ultra-
sonic transducers is configured as one subarray and delaying
and adding are performed in subarray units with respect to an
ultrasonic wave reception signal that is acquired from the
ultrasonic transducers included in the subarray, and a second
delay adder circuit in which delaying and adding are per-
formed with respect to the ultrasonic wave reception signal
that is acquired from the ultrasonic transducers. The plurality
ofultrasonic transducers include a first group which transmits
the reception signal to the second delay adder circuit passing
through the first delay adder circuit and a second group which
transmits the reception signal directly to the second delay
adder circuit without passing through the first delay adder
circuit.
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ULTRASONIC PROBE AND ULTRASONIC
DIAGNOSTIC APPARATUS

TECHNICAL FIELD

[0001] The present invention is a technology which relates
to an ultrasonic probe and an ultrasonic diagnostic apparatus.

BACKGROUND ART

[0002] An ultrasonic diagnostic apparatus is configured to
include a probe and an apparatus main body so as to image an
internal structure of a living body and the like by using an
ultrasonic wave. In an ultrasonic probe (the probe), a plurality
of ultrasonic transducers (electro-acoustic conversion ele-
ment) are built, thereby performing transmission and recep-
tion of an ultrasonic signal. As an ultrasonic transducer
device, piezoelectric ceramic, single-crystal, a piezoelectric
polymer, or a capacitive transducer is adopted. The devices
generate an ultrasonic wave when being applied with a volt-
age and transmit the ultrasonic wave. In addition, the devices
generate an electrical signal when an acoustic wave is
received.

[0003] Generally, in the ultrasonic probe, the transducer is
partitioned into multitudinous channels and is arrayed. When
performing imaging, a delay time is appropriately applied to
a transmission/reception signal of each channel, thereby gen-
erating an ultrasonic wave beam which is focused on a certain
point.

[0004] FIG. 1 illustrates forming of a transmission beam in
the ultrasonic probe. FIG. 1 illustrates a state where an input
signal applied with a delay time different from each other is
applied to each channel of a one-dimensional array probe at
the time of transmission. The ultrasonic probe in FIG. 1
includes a plurality of ultrasonic transducers 1. A delay circuit
inside the ultrasonic probe or inside a main body apparatus
applies a different delay time 3 to each channel of the ultra-
sonic transducer 1, thereby forming an ultrasonic wave beam
focused on a focus point 2.

[0005] FIG. 2 illustrates forming of a reception beam in the
ultrasonic probe. FIG. 2 illustrates a state where an echo
signal is received in each channel of the one-dimensional
array probe. The ultrasonic probe includes an adder 4 which
is connected to the plurality of ultrasonic transducers 1. At the
time of reception, the reception time for the echo signal
received by each channel of the ultrasonic transducer 1 differs
depending on a distance from the focus point 2. The delay
circuit inside the ultrasonic probe or inside the main body
apparatus applies the delay time 3 to reception signals of each
channel in accordance with a propagation time difference,
thereby arranging the phase. Each signal having the phase
arranged is added by the adder 4 inside the ultrasonic probe or
inside the apparatus, and the reception signal can be taken out
as a signal which is focused on one point. A circuit which
performs such processing is called a phasing circuit or a
beamformer. When including adding, the circuit is called a
phasing adder circuit.

[0006] The ultrasonic probe moves a focus point by chang-
ing the delay time, and acquires a signal of overall imaging
region. The acquired signal is subjected to apodization pro-
cessing, detection processing, filtering processing, and the
like, thereby being displayed on a display of an ultrasonic
diagnostic apparatus as an image.

[0007] Spatial resolution is one of the indexes for image
quality of the ultrasonic diagnostic apparatus. Particularly,
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the spatial resolution in a lateral direction (an orientation
direction) depends on the performance of focusing an ultra-
sonic wave beam. The spatial width of the focus point is
determined by a frequency and the aperture. Therefore, when
a width (a pitch) of one channel in the ultrasonic probe is
fixed, the spatial resolution is improved as the allowed chan-
nels increase.

[0008] Asillustrated in FIG. 1, a aperture W1 is greater than
aaperture W2, and a beam can be focused further at the focus
point 2. In addition, as the aperture increases, energy for
transmitting and receiving an ultrasonic wave increases, and
thus, signal to noise ratio (S/N) is also improved. However,
there is a limitation in the number of the channels in a trans-
mission beamformer and a reception beamformer of the appa-
ratus main body of the ultrasonic diagnostic apparatus (gen-
erally, in an order of 10 channels to 200 channels). Since the
pitch of the channels is designed so as not to generate an
artifact which is caused by the frequency in use, flexibility of
design is low. Therefore, there is limitation in the aperture as
well. Meanwhile, in a case of a matrix array in which the
channels are arranged in a two-dimensional manner, the num-
ber of the channels to be handled in the ultrasonic probe may
increase up to several thousands of the channel order, thereby
leading to a situation in which the number of the channels of
a main body beamformer is predominantly insufficient with
respect to the number of the channels of the probe.

[0009] Therefore, it is considered that the plurality of chan-
nels inside the ultrasonic probe are collectively arranged so as
to perform subarraying (PTL 1). Accordingly, the number of
signal lines connected to the main body beamformer (a main
beamformer) at the time of reception can be reduced (channel
reduction). In the method, separately from a main delay time
in the main beamformer, after a small-delay time is added to
each channel in the circuit at the previous stage, the plurality
of channel signals are added. Accordingly, the circuit which
realizes the above-mentioned performanceis called “a micro-
delay adder circuit” or “a micro-beamformer”. Otherwise, the
circuit is called “a sub-beamformer” and the like, while a
main body circuit is called the main beamformer.

[0010] Meanwhile, when performing transmission accord-
ing to the method, a voltage signal is distributed from one
transmission line to the plurality of channels of the ultrasonic
transducers, and thus, more channels can be handled within
the limited number of the main body channels. Such a circuit
is called “a micro-delay distribution circuit” and the like. On
account of the sub-beamformer circuit for transmission/re-
ception, even though the main body apparatus has the limited
number of the channels, more probe channels can be handled.
In addition, similarly to a two-dimensional matrix array, one
thousand channels or more can be handled, and thus, three-
dimensional volume imaging can be performed.

CITATION LIST

Patent Literature

[0011] PTL 1: JP-A-2005-270423

SUMMARY OF INVENTION

Technical Problem

[0012] However, generally, there are many cases where
performance of a sub-beamformer such as a small-delay
adder circuit and a delay distribution circuit is deteriorated
compared to a main beamformer. The reason is that the cir-
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cuits are restricted in design conditions of consumption
power and the size when being inserted into a probe, com-
pared to a case of being mounted in the main body apparatus.
Even in a case where the circuits are inserted in the main body
apparatus, the performance thereof is deteriorated further
than that in the main beamformer, in order to achieve a cost
benefit.

[0013] Currently, digitized main body beamformers (main
beamformers) are the mainstream, and the delay time accu-
racy thereof is sufficiently high. In addition, since the main
body beamformer is digitized, there is no S/N deterioration.
Moreover, multiple-beam having a plurality of focus points at
a time can be generated. Meanwhile, generally, the small-
delay circuit (the sub-beamformer) is an analog delay circuit,
and accuracy of the delay time and a noise level thereof are
deteriorated further than those of the main body beamformer.
In order to generate a multiple-beam, a plurality of small-
delay circuits are necessary, thereby leading to an increase of
the scale of the circuit. In a case of using the small-delay
circuit, due to the limitation of consumption power and the
like, it is not possible to realize sufficient number of multiple-
beam similarly to the main body beamformer.

[0014] In order to perform subarraying, causing a signal to
pass through a certain circuit which is deteriorated in beam
forming performance compared to the main beamformer,
such as the sub-beamformer, for example, a small-delay
adder circuit and a small-delay distribution circuit leads
directly to image deterioration. If accuracy of the delay time
1s insufficient, it is not possible to focus on a particular point
inside an imaging space, thereby being deteriorated in reso-
lution. Moreover, if S/N is insufficient, a weak signal is buried
in noise, thereby being deteriorated in image depiction abil-
ity. When multiple ultrasonic wave beams are generated at a
time, a frame rate can be increased or a high density image can
be acquired. However, the small-delay adder circuit is
unlikely to generate many beams as the main beamformer.
[0015] Regarding delay time accuracy, for example, when a
signal of the frequency of 10 MHz is phased, if standard delay
time accuracy in main body phasing is set to Y64 wavelength
(6 bit), the delay time accuracy of io MHz/64=1.5625 nsec is
required. Depending on the purpose or the imaging condition
of the superficial region, there is a case where a signal of the
frequency up to 20 MHz is used. In such a case, twice the
delay time accuracy is required. Therefore, delaying accuracy
ofthe digital beamformer included in the currently used ultra-
sonic diagnostic apparatus exhibits time resolution of
approximately 1 nsec. Meanwhile, in an analog delay method
which is used in the small-delay adder circuit, due to various
limited conditions, the time accuracy ranges approximately
from Yisto Va2 wavelength (4 bit to 5 bit) in many cases. Inthis
case, the time accuracy ranges from 6.25 nsec to 12.5 nsec.
Compared to an apparatus of the time accuracy of Y64 wave-
length in the related art, the circuit can be handled with
sufficient accuracy only within a range of the frequency of %4
to 4, that is, the frequency corresponding to 2.5 MHz to 5
MHz. Therefore, a signal passing through such a small-delay
adder circuit has unfavorable focusing accuracy, thereby
causing deterioration in resolution and S/N on an image,
compared to that of the apparatus in the related art. Due to the
similar reason, accuracy is deteriorated in a transmission
small-delay distribution circuit as well compared to that of the
main beamformer.

[0016] Generally, a signal from the ultrasonic transducer of
the ultrasonic probe is amplified by a low noise amplifier
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(LNA), or is subjected to impedance conversion through a
buffer circuit so as to increase S/N of the signal, thereby
ensuring a necessary dynamic range. When being inserted
into such an amplifier and a buffer circuit at the previous stage
of the small-delay circuit, a certain amplification rate needs to
be obtained in order to ensure a desired dynamic range. How-
ever, if the amplification rate is increased, consumption
power of the circuit increases. As a result, the circuit gener-
ates heat. When such circuits are mounted inside the probe,
another problem occurs in that the temperature standard of
the probe cannot be fulfilled. Therefore, generally, the
dynamic range is smaller than that is originally required.
[0017] As described above, causing a signal to pass through
a circuit, that is, a small-delay adder circuit or a small-delay
distribution circuit which is deteriorated further than the main
beamformer built in the main body apparatus in the related art
leads to image deterioration of an image in its entirety.
[0018] Therefore, the present invention provides a technol-
ogy in which while the channel is increased and the aperture
is widened, deterioration of image quality caused by the
circuit for a subarray (the sub-beamformer) which exhibits
less performance than the main body main beamformer is
reduced.

Solution to Problem

[0019] In order to solve the above-described problems,
according to the present invention, channels of a transmis-
sion/reception main beamformer in a main body apparatus
are divided into a channel group which passes through a sub
beamformer such as a small-delay adder circuit and a small-
delay distribution circuit, and a channel group which is con-
nected directly to the main beamformer of the main body
apparatus from a probe channel. The channel group of the
probe which requires higher phasing accuracy or S/N is con-
nected directly to the main beamformer, and the channel
group of the probe which requires relatively less performance
is connected to the main beamformer passing through the sub
beamformer.

[0020] In order to solve the above-described problems, for
example, the configurations disclosed in Claims are
employed. The present application includes multiple solu-
tions to the above-described problems. According to an
example thereof, there is provided an ultrasonic probe that
includes a plurality of ultrasonic transducers and is connected
to a reception system circuit including at least one first delay
adder circuit in which a predetermined number among the
plurality of ultrasonic transducers is configured as one sub-
array and delaying and adding are performed in subarray
units with respect to an ultrasonic wave reception signal that
is acquired from the ultrasonic transducers included in the
subarray, and a second delay adder circuit in which delaying
and adding are performed with respect to the ultrasonic wave
reception signal that is acquired from the ultrasonic transduc-
ers. In the ultrasonic probe, the plurality of ultrasonic trans-
ducers include a first group which transmits the reception
signal to the second delay adder circuit passing through the
first delay adder circuit and a second group which transmits
the reception signal directly to the second delay adder circuit
without passing through the first delay adder circuit.

[0021] According to another example, there is provided an
ultrasonic probe that includes a plurality of ultrasonic trans-
ducers and is connected to a transmission system circuit
including a transmission circuit which transmits a plurality of
independent drive voltage signals for generating an ultrasonic
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wave from the ultrasonic transducers, and at least one trans-
mission distribution circuit in which a predetermined number
among the plurality of ultrasonic transducers is configured as
one subarray and distributing is performed in subarray units
with respect to the drive voltage signals for generating an
ultrasonic wave from the ultrasonic transducers included in
the subarray. In the ultrasonic probe, the plurality of ultra-
sonic transducers include a first group in which the drive
voltage signals are input from the transmission circuit passing
through the transmission distribution circuit and a second
group in which the drive voltage signals are input directly
from the transmission circuit without passing through the
transmission distribution circuit.

[0022] According to further another example, there is pro-
vided an ultrasonic diagnostic apparatus including an ultra-
sonic probe that includes a plurality of ultrasonic transducers,
at least one first delay adder circuit in which a predetermined
number among the plurality of ultrasonic transducers is con-
figured as one subarray and delaying and adding are per-
formed in subarray units with respect to an ultrasonic wave
reception signal that is acquired from the ultrasonic transduc-
ers included in the subarray, a second delay adder circuit in
which delaying and adding are performed with respect to the
ultrasonic wave reception signal that is acquired from the
ultrasonic transducers, and an image processing unit that
forms an image based on a signal acquired from the second
delay adder circuit. In the ultrasonic diagnostic apparatus, the
plurality of ultrasonic transducers include a first group which
transmits the reception signal to the second delay adder cir-
cuit passing through the first delay adder circuit and a second
group which transmits the reception signal directly to the
second delay adder circuit without passing through the first
delay adder circuit.

[0023] According to still another example, there is pro-
vided an ultrasonic diagnostic apparatus including an ultra-
sonic probe that includes a plurality of ultrasonic transducers,
atransmission circuit that transmits a plurality of independent
drive voltage signals for generating an ultrasonic wave from
the ultrasonic transducers, and at least one transmission dis-
tribution circuit in which a predetermined number among the
plurality of ultrasonic transducers is configured as one sub-
array and distributing is performed in subarray units with
respect to the drive voltage signals for generating an ultra-
sonic wave from the ultrasonic transducers included in the
subarray. In the ultrasonic diagnostic apparatus, the plurality
of ultrasonic transducers include a first group in which the
drive voltage signals are input from the transmission circuit
passing through the transmission distribution circuit and a
second group in which the drive voltage signals are input
directly from the transmission circuit without passing
through the transmission distribution circuit.

Advantageous Effects of Invention

[0024] According to the present invention, image deterio-
ration does not occur even though a circuit for a subarray (a
sub-beamformer) which exhibits less performance compared
to a main body main beamformer is used.

[0025] More characteristics related to the present invention
are clarified through the disclosure of the present specifica-
tion and the accompanying drawings. Problems, configura-
tions, and effects other than those described above will be
clarified through the descriptions of the following Examples.
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BRIEF DESCRIPTION OF DRAWINGS

[0026] FIG. 1 is a diagram illustrating forming of a trans-
mission beam in an ultrasonic probe.

[0027] FIG. 2 is a diagram illustrating forming of a recep-
tion beam in the ultrasonic probe.

[0028] FIG. 3 is a configurational example of an ultrasonic
diagnostic apparatus.

[0029] FIG. 4 is a configurational example of a subarray
circuit.
[0030] FIG.5is adiagramillustrating distribution of ampli-

tude of a reception signal in a probe channel direction.
[0031] FIG. 6 is a diagram illustrating a relationship
between a focus depth and a aperture width.

[0032] FIG. 7 is a diagram illustrating a relationship
between the focus depth and a spectrum of the reception
signal.

[0033] FIG. 8 is a diagram illustrating distribution of
apodization applied to a transmission/reception signal of a
probe channel.

[0034] FIG. 9 is a diagram illustrating a reception system
circuit in the ultrasonic diagnostic apparatus of First
Example.

[0035] FIG. 10 is a diagram illustrating the reception sys-
tem circuit in which 4:1 reduction and 9:1 reduction are
adopted together.

[0036] FIG. 11 is a diagram illustrating a transmission sys-
tem circuit in the ultrasonic diagnostic apparatus of First
Example.

[0037] FIG. 12 is a diagram illustrating an example in
which the transmission system circuit and the reception sys-
tem circuit are not connected to the same subarray.

[0038] FIG. 13 is a diagram illustrating a configuration in
which the probe channel is selected by using a channel selec-
tion switch.

[0039] FIG. 14 is a diagram illustrating another example of
the configuration in which the probe channel is selected by
using the channel selection switch.

[0040] FIG. 15 is a diagram illustrating the reception sys-
tem circuit in the ultrasonic diagnostic apparatus of Second
Example.

[0041] FIG.16is adiagram illustrating the ultrasonic probe
in the ultrasonic diagnostic apparatus of Third Example and
an application example with respect to a 1.25D matrix array
and a 1.5D matrix array.

[0042] FIG. 17 is another diagram illustrating the ultra-
sonic probe in the ultrasonic diagnostic apparatus of Third
Example and an application example with respect to a 2D
matrix array.

DESCRIPTION OF EMBODIMENTS

[0043] Hereinafter, Examples of the present invention will
be described with reference to the accompanying drawings.
The accompanying drawings illustrate specific Examples
conforming to the principle of the present invention. How-
ever, the Examples are provided so as to illuminate the present
invention. The Examples are not to be adopted for interpret-
ing the present invention in a limited manner.

FIRST EXAMPLE

[0044] First, descriptions will be given regarding an appa-
ratus configuration of an ultrasonic diagnostic apparatus and
a flow of a signal up to a process of imaging the signal. FIG.
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3 illustrates the apparatus configuration of a representative
ultrasonic diagnostic apparatus.

[0045] The ultrasonic diagnostic apparatus includes an
ultrasonic probe 100, a transmission/reception switch 40,
transmission and reception system circuits 400, a voltage
limiter 41, a power source 42, a DC power source 45, a D/A
converter 46, an A/D converter 47, a transmission beam-
former 48, a reception beamformer 49, a control unit 50, a
signal processing unit 51, a scan converter 52, a display unit
53, and a user interface 54. As described below, the DC power
source 45 is not necessarily included when connecting an
ultrasonic probe which does not require a DC voltage.
[0046] Theultrasonic probe 1001in FIG. 3 corresponds to an
ultrasonic transducer 1 which includes a plurality of channels
illustrated in FIGS. 1 and 2. Each channel of the ultrasonic
probe 100 is switched between the transmission system cir-
cuit and the reception system circuit through the transmis-
sion/reception switch 40. The ultrasonic probe 100 operates
as an array which forms an ultrasonic wave beam through a
transmission amplifier 43 and a reception amplifier 44 driven
by the power source 42. The ultrasonic probe 100 is utilized
for transmitting and receiving an ultrasonic wave.

[0047] When the ultrasonic probe 100 requires a biased
power source similar to a capacitive micro-machined ultra-
sonic transducer (CMUT), the ultrasonic probe 100 is con-
nected to the DC power source 45.

[0048] Theplurality of channels of the ultrasonic probe 100
are connected to the transmission beamformer 48 and the
reception beamformer 49 of an ultrasonic wave imaging
device. A transmission/reception signal is controlled by the
control unit 50 in accordance with an operation through the
user interface 54. When transmitting a signal, the transmis-
sion signal is controlled by the control unit 50, and a wave-
form, amplitude, and a delay time are set to each channel. The
control unit 50 may control apodization which is illustrated in
FIG. 8. The transmission signal is transmitted to the ultra-
sonic probe 100 through the transmission beamformer 48, the
D/A converter 46, and the transmission amplifier 43. Here, a
voltage of which the waveform is formed due to controlling
by the control unit 50 is input to the transmission amplifier 43,
and the voltage is amplified through the transmission ampli-
fier43, thereby being output. Accordingly, a plurality of inde-
pendent drive voltage signals for generating an ultrasonic
wave are input to the plurality of channels of the ultrasonic
probe 100. The voltage limiter 41 is provided in order to
prevent a voltage from being excessively applied to the ultra-
sonic probe 100 or to control a transmission waveform.
[0049] When the ultrasonic probe 100 receives an ultra-
sonic wave signal, the reception signals in the plurality of
channels are subjected to phasing (delaying) and adding. The
reception signals are transmitted to the signal processing unit
(an image processing unit) 51 after passing through the recep-
tion amplifier 44, the A/D converter 47, and the reception
beamformer 49. The signal processing unit 51 executes B
mode tomographic image processing or processing in accor-
dance with the function thereof such as a blood flow color
mode or Doppler, thereby converting the reception signal into
a video signal. Thereafter, the video signal is transmitted to
the display unit 53 through the scan converter 52, and the
display unit 53 displays an image or a numetrical value. The
reception amplifier 44 is configured to be an LNA or a vari-
able gain amplifier.

[0050] Subsequently, a general subarrayed circuit configu-
ration will be described with reference to FIG. 4. FIG. 4
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illustrates a configurational example of a subarray circuit in
the ultrasonic diagnostic apparatus. The ultrasonic diagnostic
apparatus includes a subarray reception circuit 13 and a sub-
array transmission circuit 16, as the subarray circuit.

[0051] A probe channel 6 in FIG. 4 corresponds to the
probe channel of the ultrasonic transducer 1 illustrated in
FIGS. 1 and 2. In FIG. 4, the probe channels 6 of four ultra-
sonic transducers are configured as one subarray 5.

[0052] The subarray reception circuit 13 includes a low
noise amplifier (LNA) 8, a variable gain amplifier (VGA)9, a
small-delay circuit 10, an adder circuit 11, and a buffer ampli-
fier 12. Each of'the reception signals acquired by some of the
subarrayed probe channels 6 (four channels in FIG. 4) is
added in the adder circuit 11 after passing through a trans-
mission/reception separation circuit (or a protection circuit)
7, the LNA 8, the VGA 9, and the small-delay circuit 10,
thereby becoming an electrical signal. Thereafter, the electri-
cal signal from the adder circuit 11 passes through the buffer
amplifier 12 and is transmitted to a main beamformer. As
illustrated in FIG. 4, there are a plurality of such subarray
circuits, and electrical signals (subarray signals) are transmit-
ted to the main beamformer from the subarray circuit. In the
main beamformer, delaying and adding are performed with
respect to the plurality of subarray signals. Here, the LNA 8,
the VGA 9, and the buffer amplifier 12 are appropriately used,
and disposition sites thereof can vary.

[0053] The subarray transmission circuit 16 includes a
small-delay circuit 14 and a distribution circuit 15. As for
transmission, a high voltage signal from a transmission cir-
cuit such as a transmission amplifier and a transmission
pulser is distributed to the plurality of channels through the
distribution circuit 15, and the distributed signal is applied
with a delay time in the small-delay circuit 14. Thereafter, the
signal is transmitted to the probe channel 6. In a case of
transmission, since focusing is not performed as much as that
in a case of reception, the small-delay circuit 14 may not be
inserted. When performing subarraying, the subarray recep-
tion circuit 13 and the subarray transmission circuit 16 are not
necessarily mounted at the same time, and only one therebe-
tween can be mounted.

[0054] In this manner, it is possible to handle the probe
channels more than the number of the channels in the main
beamformer by performing subarraying. For example, if the
number of the probe channels included in one subarray is
four, even though there are 48 channels in the main body main
beamformer, signals of the probe channels (48x4=192 chan-
nels) can be handled.

[0055] However, as described above, when the perfor-
mance (delay time accuracy, S/N, and the like) of subarraying
the circuit is deteriorated further than that in the main beam-
former whichis built in the main body apparatus in the related
art, the deterioration affects an image in its entirety. A signal
which is added with unfavorable small-delay accuracy in the
small-delay circuit cannot be restored to the signal state
before being added in the main body apparatus. Therefore,
even if the main beamformer of the main body apparatus has
high delay time accuracy, the delay time accuracy is deter-
mined eventually by the accuracy of a small-delay adder
circuit. Otherwise, degradation of $/N and a dynamic range
may occur depending on the performance of an LNA or a
VGA. Inthe circuit of FIG. 4, the VGA 9 is inserted into each
of the probe channels 6. However, the VGA 9 may not be able
to be inserted into all the channels due to consumption power
and the like. When a VGA 1s inserted after being added, only



US 2015/0313575 Al

discontinuous (coarse) apodization can be applied to each the
subarray signal. In this case, block noise may be caused on an
image.

[0056] Therefore, the present invention focuses on three
characteristics which appear when an ultrasonic diagnostic
machine performs imaging. The first characteristic will be
described with reference to FIG. 5. FIG. 5 illustrates distri-
bution 20 of amplitude of a reception signal in a probe chan-
nel direction when an echo signal reflected from a certain
focus point 2 is received in a one-dimensional linear array
probe.

[0057] Since the channels in the vicinity of the center of a
aperture (the axis of a focus point) are positioned in front of a
beam transmitted toward a reflector and has the shortest dis-
tance therebetween, acoustic energy is concentrated and the
amplitude of a signal becomes a maximum. Therefore, in a
process of imaging, the influence degree with respect to an
image quality of a reception signal of the channels in the
vicinity of the center of the aperture (the axis of the focus
point)is high, and the influence degree ofa reception signal of
the channel away from the center of the aperture is low. In
other words, it is desirable that the channel closer to the center
of the aperture includes a signal having higher delay time
accuracy and S/N.

[0058] The second characteristic will be described with
reference to FIGS. 6 and 7. FIG. 6 is a diagram illustrating a
relationship between a focus depth and a aperture width, and
FIG. 7 is a diagram illustrating a relationship between the
focus depth and a spectrum of a reception signal.

[0059] Generally, in the ultrasonic diagnostic apparatus,
the width of a aperture to be used is changed in accordance
with the depth to be imaged. Practically, a aperture ratio
(f-number=focus distance/aperture) is substantially fixed and
used. It is because a focus region in a depth direction is to be
limited to a certain extent. Therefore, for example, in FIG. 6,
the aperture of a focus point 21 at a superficial portion is
referred to as W1, and the aperture of a focus point 22 at a
deep portion is referred to as W2. In other words, as the focus
point is closer to the superficial portion, only the signals of the
channels in the vicinity of the center of the aperture are used,
and as imaging of a deeper position is performed, signals of
the channel away from the center of the aperture are utilized.
The channels in the vicinity of the center of the aperture are
used at all times. However, as the channel is farther away from
the center of the aperture, a frequency of use decreases.
[0060] Incidentally, there is attenuation in distance as one
ofthe characteristics of an ultrasonic wave. The characteristic
is that as a propagated distance becomes longer, the ultrasonic
wave is attenuated, and as the frequency becomes higher, an
amount of attenuation increases. FIG. 7 illustrates a signal
spectrum 23 of the focus point at the superficial portion, and
a signal spectrum 24 of the focus point at the deep portion.
[0061] Asillustrated in FIG. 7, the signal spectrum 23 at the
superficial portion is less attenuated and includes an even a
higher frequency signal. Meanwhile, the signal spectrum 24
of the deep portion is attenuated in all the frequencies. The
signal spectrum 24 is attenuated further on a side of a rela-
tively higher frequency. and a center frequency (bandwidth/2)
becomes a low frequency. In other words, the aperture
becomes narrow at the superficial portion, and even signals on
the high frequency side need to be handled. The aperture
becomes wide at the deep portion, and signals of a low fre-
quency are dominant. As described above, as a frequency
becomes high, delay time accuracy is required, and as a
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frequency becomes low, accuracy may be coarse. Therefore,
in a process of imaging, the channel closer to the vicinity of
the center of the aperture requires highly accurate delay time
accuracy, and the channel away from the center of the aper-
ture may have relatively low delay time accuracy.

[0062] Subsequently. the third characteristic will be
described with reference to FIG. 8. FIG. 8 illustrates distri-
bution 25 of apodization applied to the transmission/recep-
tion signal of each channel in a probe when the probe opens a
certain aperture.

[0063] In an ultrasonic diagnostic machine, in order to
improve the characteristics of an ultrasonic wave beam,
apodization is applied in a channel direction so as to prevent
signal strength from varying discontinuously at an end por-
tion of the aperture. Apodization to the channel at the center
of the aperture is great, and apodization to the channel away
from the center of the aperture is small. Therefore, the influ-
ence degree of a signal of the channel away from the center of
the aperture becomes relatively low, and an influence with
respect to an image becomes small as much as thereof.
[0064] Taking the above-described three characteristics
into account, the following configuration is considered in the
present invention. The channels of the main beamformer for
transmission and reception in the main body apparatus are
divided into a channel group which passes through a sub
beamformer such as the small-delay adder circuit and a small-
delay distribution circuit, and a channel group which is con-
nected directly to the main beamformer of the main body
apparatus from the probe channel.

[0065] Regarding a case of a one-dimensional array as an
example, F1G. 9 illustrates a configurational example thereof.
FIG. 9 illustrates the reception system circuit in the ultrasonic
diagnostic apparatus of First Example. In FIG. 9, the probe
channels of four ultrasonic transducers 1 are configured as
one subarray 5. The subarray reception circuit 13 in FIG. 9
corresponds to the subarray reception circuit 13 in FIG. 4. In
other words, the subarray reception circuit 13 is a delay adder
circuit in which the probe channels of four ultrasonic trans-
ducers 1 are configured as one subarray, and delaying and
adding are performed in subarray units with respect to an
ultrasonic wave reception signal acquired from the ultrasonic
transducer 1 included in the subarray 5.

[0066] A main body beamformer 31 is a delay adder circuit
in which delaying and adding are performed with respect to
an ultrasonic wave reception signal acquired from the ultra-
sonic transducer 1 and corresponds to the main beamformer
for reception. In the example of FIG. 9, the channels included
in the main body beamformer 31 are divided into two groups.
The channels of the main body beamformer 31 are divided
into a first main body beamformer channel 32 and a second
main body beamformer channel 33.

[0067] Inthe present Example, a plurality of the ultrasonic
transducers 1 include a first group and a second group. The
first group is a group which forms the subarrays 5 inside the
probe channel of the ultrasonic transducer 1 and is connected
to the first main body beamformer channel 32 passing
through the subarray reception circuit 13. The second group is
a group which is connected directly to the second main body
beamformer channel 33 from probe channels 30 of the ultra-
sonic transducer 1.

[0068] In the above-described example, it is desirable that
the probe channels 30 which are connected to the second main
body beamformer channel 33 are concentrated in the vicinity
of the center of the aperture, and the subarrayed group is
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disposed in a region away from the center of the aperture. In
the example of FIG. 9, the probe channels 30 which are
connected directly to the second main body beamformer
channel 33 are continuously disposed in the vicinity of the
center of the aperture. Meanwhile, the probe channels at both
ends being away from the center of the aperture are config-
ured as the subarrays 5, and are connected to the first main
body beamformer channel 32 passing through the subarray
reception circuit 13.

[0069] Therefore, in a case of a aperture W1, a reception
signal is transmitted directly to the second main body beam-
former channel 33. In addition, in a case of a aperture W2, a
reception signal in the vicinity of the center of the aperture is
transmitted directly to the second main body beamformer
channel 33, and a reception signal at a position away from the
center of the aperture is transmitted to the first main body
beamformer channel 32 passing through the subarray recep-
tion circuit 13. Accordingly, signals which are used at all
times and are in the vicinity of the center of the aperture
requiring delay time accuracy and S/N are directly processed
in the main body beamformer 31 (the main beamformer) with
high accuracy and high sensitivity, thereby generating a sig-
nal which becomes a high-resolution image coming close to
an apparatus in the related art. Meanwhile, signals of the
channel away from the center of the aperture are relatively
low in a frequency of use. Otherwise, even in a case of being
used, apodization to the signal is relatively small, and thus, an
influence degree with respect to an image is low. Moreover,
even though the delay time accuracy ofthe subarray reception
circuit 13 is low, when the aperture is in a significantly open
state, the frequency band to be used becomes small, and thus,
an influence on an image is small. In other words, according
to the present Example, even though a signal which is dete-
riorated due to the subarray reception circuit 13 is generated,
an image can be prevented from deteriorating.

[0070] In the subarraying of the related art, since all the
channels inside the aperture are completely subarrayed and
all the signals are deteriorated, thereby leading to image
deterioration of an image in its entirety. However, in the
present Example, taking into consideration that not all the
channel signals have the uniform characteristics, the number
of the channels of the main body beamformer 31 is divided
into multiple numbers. Then, the probe channel which is
subjected to higher apodization and requires accuracy is con-
nected directly to the main body beamformer 31, and the
probe channel which allows relatively low performance is
subarrayed. Accordingly, an image can be prevented from
deteriorating.

[0071] According to the present Example, when the num-
ber of the channels in the main beamformer counts 64 chan-
nels, and the small-delay adder circuit for reducing the chan-
nels from four channels to one channel (4:1 reduction) is
adopted, for example, the probe channels of 44 channels
among 64 channels are connected directly to the main beam-
former, and are disposed at the center of the aperture. The
remaining 20 channels are set for the subarray, thereby dis-
posing the channels (20 channelsx4=80 channels) by 40
channels at both ends away from the center of the aperture.
Therefore, equivalently, the probe including the aperture of
124 channels is obtained. According to such a configuration,
even though the small-delay adder circuit and the like exhib-
iting less performance are used, the aperture can be widened
without deteriorating an image.
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[0072] Naturally, when a circuit having a reduction ratio of
9:1, 16:1, and the like in place of the reduction ratio of 4:1 is
adopted, the number of the probe channels which can be
equivalently handled with a fewer number of channels in the
main body can be increased. The reduction ratio is not par-
ticularly limited, and any ratio may be adopted in accordance
with the design condition.

[0073] Inthe above-described example, the reduction ratio
of the subarray is fixed, but the subarray may have multiple
reduction ratios at the same time. For example, FIG. 10 illus-
trates an example in which 4:1 reduction and 9:1 reduction are
adopted together. In FIG. 10, four probe channels are config-
ured as a first subarray 34, and nine probe channels are con-
figured as a second subarray 35. The probe channels of the
first subarray 34 are connected to the first main body beam-
former channel 32 passing through a circuit 36 for the first
subarray. In addition, the probe channels of the second sub-
array 35 are connected to the first main body beamformer
channel 32 passing through a circuit 37 for the second subar-
ray. The first and second circuits 36 and 37 for subarrays
correspond to the subarray reception circuits 13 in FIG. 4. In
FIGS. 9 and 10, the pattern of the subarray is bilaterally
symmetrical with respect to the center of the aperture. How-
ever, the pattern of the subarray is not necessarily bilaterally
symumetrical with respect to the center of the aperture.
[0074] Intheabove-described example, 44 channels among
64 channels which are the number of the channels included in
the main beamformer are connected directly to the main
beamformer as the probe channels for direct connection.
However, the distribution is not necessarily uniform, and may
vary in accordance with the situation. For example, depend-
ing on the design, 32 channels among 64 channels maybe
used as the probes for direct connection, and the remaining 32
channels may be used for the subarray.

[0075] The similar configuration is applied to the case of
transmission as well. FIG. 11 illustrates the transmission
system circuit in the ultrasonic diagnostic apparatus of First
Example. In FIG. 11, the probe channels of four ultrasonic
transducers 1 are configured as one subarray 5. The subarray
transmission circuit 16 in FIG. 11 corresponds to the subarray
transmission circuit 16 in FI1G. 4. In other words, the subarray
transmission circuit 16 configures the four ultrasonic trans-
ducers 1 as one subarray 5, and includes a transmission dis-
tribution circuit in which distribution is performed in subar-
ray units with respect to the drive voltage signal in order to
generate an ultrasonic wave from the ultrasonic transducer 1
included in the subatray 5, and the small-delay circuit which
applies a delay time to distributed signals. As described
above, the subarray transmission circuit 16 may not include
the small-delay circuit.

[0076] A transmission circuit 60 is a circuit for transmis-
sion through which the plurality of independent drive voltage
signals for generating an ultrasonic waveare transmitted from
the ultrasonic transducer 1, and corresponds to the main
beamformer for transmission. In the example of FIG. 11, the
channels included in the highly accurate transmission circuit
are divided into two groups. The channels of the transmission
circuit 60 are divided into a first main body beamformer
channel 61 and a second main body beamformer channel 62.
[0077] In the present Example, the plurality of ultrasonic
transducers 1 include the first group and the second group.
The first group is a group in which the drive voltage signal is
input from the first main body beamformer channel 61 to the
probe channel passing through the subarray transmission cir-
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cuit 16 which performs delaying distribution. The second
group is a group in which the drive voltage signal is input
directly from the second main body beamformer channel 62
to the probe channel.

[0078] In this manner, the number of the channels of the
transmission circuit 60 is divided into multiple numbers.
Then, the probe channels (the probe channels in the vicinity
of the center of the aperture) which are subjected to higher
apodization and require accuracy are connected directly to
the second main body beamformer channel 62, and the probe
channels (the probe channels away from the center of the
aperture) which allow relatively low performance are subar-
rayed. According to such a configuration, even though the
small-delay distribution circuit and the like exhibiting less
performance are used, the aperture can be widened without
deteriorating an image.

[0079] As illustrated in FIG. 3, since there is a method of
selecting the probe channel by using the transmission/recep-
tion switch 40 and the like, the transmission system circuit
and the reception system circuit are not necessarily connected
to the same subarray. FIG. 12 illustrates an example in which
the transmission system circuit and the reception system cir-
cuitare not connected to the same subarray. In the example of
FIG. 12, a predetermined number among the probe channels
30 in the vicinity of the center of the aperture is connected
directly to the second main body beamformer channel 33.
Meanwhile, the probe channels at one end portion away from
the center of the aperture are configured as the subarray 5, and
are connected to the first main body beamformer channel 32
passing through the subarray reception circuit 13. In addition,
the remaining channels among the probe channels 30 in the
vicinity of the center of the aperture are connected directly to
the second main body beamformer channel 62. Meanwhile,
the probe channels at the other end portion away from the
center of the aperture are connected to the first main body
beamformer channel 61 passing through the subarray trans-
mission circuit 16.

[0080] FIG. 13 illustrates a configuration in which the
probe channel is selected by using a channel selection switch.
FIG. 13 illustrates the reception system circuit as an example,
and the transmission system circuit can have the same con-
figuration.

[0081] InFIG.13,achannelselection switch 70 is provided
between the reception system circuit (the subarray reception
circuit 13 and the main body beamformer 31) and the ultra-
sonic transducer 1. The channel selection switch 70 is utilized
for moving the aperture to be used, and is controllable by the
control unit 50 and the like in FIG. 3. The channel selection
switch 70 allows selection to be arbitrarily made between the
ultrasonic transducer 1 which is selected as the subarray 5,
and the ultrasonic transducer 1 which is selected as the probe
channels 30 which are connected directly to the second main
body beamformer channel 33.

[0082] By using the channel selection switch 70, the aper-
ture can be appropriately moved and used in a similar manner
as the so-called linear scanning. For example, if a aperture
which is used when acquiring data of a certain raster on an
image is referred to as Wn1, a aperture of Wn2 is used in the
nextraster,and Wn3 is used in the successive raster thereafter.
Since selection of the channels is freely made, the channels
are not necessarily moved one by one when moving the aper-
ture. Moreover, the patterns of the probe channel which is
connected directly to the main body beamformer 31 (the main
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beamformer) and the probe channel which is connected to the
subarray reception circuit 13 (the sub beamformer) maybe
appropriately changed.

[0083] By using the channel selection switch 70, for
example, a patternin which nearly all the channels of the main
beamformer are connected directly to the ultrasonic trans-
ducer 1 may be formed. Compared to a case where the sub-
array is not used, even though the aperture is limited, the
pattern is suitable for a case where imaging is performed at a
high resolution of an image. On the contrary, the subarraying
ratio can be increased so as to put priority on imaging at the
aperture.

[0084] FIG. 14 illustrates another example of the configu-
ration in which the probe channel is selected by using the
channel selection switch. In FIG. 14, a channel selection
switch 71 is provided between the reception system circuit
(the subarray reception circuit 13 and the main body beam-
former 31) and the transmission system circuit (the subarray
transmission circuit 16 and the transmission circuit 60), and
the ultrasonic transducer 1. The channel selection switch 71
allows selection of the probe channel, and also performs
switching between transmission and reception.

[0085] By using the channel selection switch 71, as illus-
trated in FIG. 14, the probe channel can be freely selected to
be used for transmission and reception. Accordingly, the aper-
ture which is used at the time of transmission and the aperture
which is used at the time of reception are arbitrarily changed
so that optimal selection of the channel and setting of the
aperture can be performed in both transmission and reception.
[0086] In a case where the number of the channels in the
main beamformer is excessively few, and the like, the aper-
ture divided in the main beamformer becomes small, and at a
glance, the present invention may be considered to lose effec-
tiveness. However, the effectiveness of the present invention
can be retained by using an imaging technology such as a
synthetic aperture and the like. In the synthetic aperture, even
though the aperture width which can be handled at a time is
limited, transmission and reception are performed multiple
times by changing the aperture position. Then, a plurality of
acquired items of information are collectively arranged after-
wards as one, and thus, a captured image can be configured to
be the same as if data is acquired through a large aperture. The
aperture to be used can be realized by using the channel
selection switches 70 and 71. The channel selection switches
70 and 71 may be provided in the ultrasonic probe 100.

SECOND EXAMPLE

[0087] In First Example, the probe channels connected to
the main beamformer are continuously disposed in the vicin-
ity of the center of the aperture, and the subarrays are con-
tinuously disposed at positions away from the aperture. How-
ever, when the difference in the performance between the
main beamformer and the sub beamformer is excessively
significant, there is a possibility that an unfavorable influence
is discontinuously caused in the image quality as soon as the
aperture enters the subarray region while performing imag-
ing. FIG. 15 illustrates the reception system circuit in the
ultrasonic diagnostic apparatus of Second Example which is
provided in order to solve such a problem. FIG. 15 illustrates
the reception system circuit as an example, and the transmis-
sion system circuit can have the same configuration.

[0088] In FIG. 15, the channels of the main body beam-
former 31 are divided into a plurality of the first main body
beamformer channels 32 and a plurality of the second main
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body beamformer channels 33. The group which is disposed
in the vicinity of the center of the aperture among the probe
channels of the ultrasonic transducer 1 is connected directly
to the second main body beamformer channels 33. In addi-
tion, two probe channels adjacent to the channel are config-
ured as a subarray 5A and are connected to the first main body
beamformer channels passing through the subarray reception
circuit 13. Moreover, the group of the probe channels adjacent
to the subarray 5A is connected directly to the second main
body beamformer channel 33.

[0089] In this manner, the group of the probe channels
connected directly to the second main body beamformer
channels 33, and the group of the subarrayed probe channels
are alternately disposed. In the example of F1G. 15, since the
group of the probe channels connected directly to the second
main body beamformer channels 33, and the group of the
subarrayed probe channels are discontinuously disposed, it is
possible to avoid an influence on the image quality as soon as
the aperture enters the subarray region while performing
imaging.

[0090] As for being away from the center of the aperture, it
is desirable that the number of the channels (the aperture
width) connected directly to the main body beamformer 31 is
gradually decreased, and on the contrary, the region of the
subarray is gradually increased. In the example of FIG. 15, as
being away from the center of the aperture, the number of the
channels (the aperture width) connected directly to the sec-
ond main body beamformer channels 33 is gradually
decreased, and the regions of the subarrays 5A, 5B, and 5C
are gradually increased. By having such a configuration, it is
possible to be smoothly connected to a region where the sub
beamformer is used, and it is possible to avoid discontinuity
in an image.

THIRD EXAMPLE

[0091] The first and second embodiments described above
presume the one-dimensional array. However, the present
invention can also be applied to a matrix array. FIG. 16 is a
configurational example of a 1.25D array and a 1.5D array.
The 1.25D denotes a matrix array in which the aperture of the
probe in the minor axis is variable, and the 1.5D denotes a
matrix array in which the focus point on the minor axis side
can be arbitrarily set on the central axis of the aperture in the
minor axis.

[0092] FIG. 16 illustrates a structure of an array seen from
above an acoustic radiation plane of the ultrasonic probe. In
the ultrasonic probe of FIG. 16, the channels of the probe are
divided not only in a major axis direction but also in a minor
axis direction. Since an ultrasonic wave beam on a cross
section of 1.25D and 1.5D in the minor axis is symmetric to
the center of the aperture in the minor axis, the channels on
both sides are applied with short circuits and the same delay
time or apodization.

[0093] Regarding imaging, acoustic energy is mostly con-
centrated in the vicinity of the center of the aperture in the
minor axis. In addition, apodization with respect to the trans-
mission/reception signal of the channel away from the center
of the aperture in the minor axis is decreased, or when imag-
ing the vicinity, the aperture is narrowed in the minor axis so
as to be used. Therefore, similar to the aperture in the major
axis, in the aperture in the minor axis as well, it is desirable
that the channels in the vicinity of the center of the aperture
have signals having higher delay time accuracy and higher
S/N.
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[0094] 1In the present Example as well, the channel of the
main body beamformer 31 includes the first main body beam-
former channel 32 and the second main body beamformer
channel 33. In the matrix array of the present Example, the
channels in the vicinity of the center of the aperture in the
minor axis are connected directly to the second main body
beamformer channel 33, and the channel group on the periph-
ery of the center of the aperture in the minor axis is connected
to the first main body beamformer channel 32 passing
through the subarray reception circuit 13.

[0095] In1.75D, abeam is tilted in the minor axis direction
as well (not illustrated), both sides of the channel in the minor
axis are not short-circuited, thereby applying different delay
time. Therefore, an independent sub beamformer is con-
nected to the probe channels on both sides of the center of the
aperture in the minor axis. Depending on distribution of the
number of the channels in the main beamformer, the subarray
region may be provided even for the channel at the center of
the aperture in the minor axis, thereby applying the same
configuration as the one-dimensional array. In FIG. 16, only
the reception system circuit is illustrated. However, the
matrix array can also be applied to the transmission system
circuit.

[0096] FIG. 17 is a configurational example of a 2D matrix
array in which the number of division in the minor axis is
increased. The 2D matrix array has a structure in which the
focus point is arbitrarily formed in both the major axis direc-
tion and the minor axis direction. Generally, in the 2D matrix
array, since the aperture ratio of the minor axis and the aper-
ture ratio of the major axis come close to each other, the center
of the aperture mostly has a shape which is close to a circle or
a square.

[0097] Inthe present Example, as illustrated in FIG. 17, the
probe channels of the ultrasonic transducer are divided into a
channel group 80 which is connected directly to the main
beamformer, and a channel group 81 which forms one sub-
array and is connected to the main beamformer passing
through the sub beamformer. In FIG. 15, the group connected
directly to the main beamformer, and the subarray group are
continuously disposed. However, as the case of the one-di-
mensional array illustrated in FIG. 15, the groups are not
necessarily continuous, and the disposition pattern thereof
may be arbitrarily set by using the channel selection switch
and the like.

[0098] Inthe case ofthe 2D matrix array, the number of the
channels in the main beamformer reduces remarkably with
respect to the number of the channels (several thousands of
the channel order) which the ultrasonic probe physically
includes. Therefore, the aperture area formed in the channel
connected directly to the main beamformer may not be suf-
ficiently secured. However, as described above, by using a
method of aperture synthesis and the like, it is possible to
obtain an image which is imaged by an ultrasonic wave beam
having the equivalently significant aperture through multiple
times of transmission and reception. Therefore, in the 2D
matrix array as well, the effectiveness of the present invention
is not affected in the least.

[0099] The present invention is not limited to Examples
described above and includes various deformation examples.
For example, Examples described above are given in order to
illuminate the present invention in detail. However, the
present invention is not limited to Example including all the
described configurations. In addition, a portion of the con-
figuration of one Example can be replaced with the configu-
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ration of another Example, and the configuration of one
Example may be added to the configuration of another
Example. With respect to a portion of the configuration of
each Example, another configuration can be added, omitted,
and replaced. For example, in the ultrasonic diagnostic appa-
ratus, when performing subarraying, the subarray reception
circuit 13 and the subarray transmission circuit 16 are not
necessarily mounted at the same time, and only one therebe-
tween can be mounted.

REFERENCE SIGNS LIST

1 ULTRASONIC TRANSDUCER
2 FOCUS POINT

3 DELAY TIME

4 ADDER

5 SUBARRAY

[0105] 6 PROBE CHANNEL

[0106] 7 TRANSMISSION/RECEPTION SEPARATION
CIRCUIT OR PROTECTION CIRCUIT

[0107] 8 LNA (LOW NOISE AMPLIFIER)

[0108] 9 VGA (VARIABLE GAIN AMPLIFIER)

[0109] 10 SMALL-DELAY CIRCUIT (FOR RECEP-
TION)
[0110]

[0100]
[0101]
[0102]
[0103]
[0104]

11 ADDER CIRCUIT
[0111] 12 BUFFER AMPLIFIER

[0112] 13 SUBARRAY RECEPTION CIRCUIT (SUB
BEAMFORMER FOR RECEPTION)

[0113] 14 SMALL-DELAY CIRCUIT (FOR TRANSMIS-
SION)

[0114] 15 DISTRIBUTION CIRCUIT

[0115] 16 SUBARRAY TRANSMISSION CIRCUIT
(SUB BEAMFORMER FOR TRANSMISSION)

[0116] 20 AMPLITUDE DISTRIBUTION OF RECEP-
TION SIGNALS (DISTRIBUTION IN CHANNEL DIREC-
TION)
[0117] 21 FOCUS POINT OF SUPERFICIAL PORTION
[0118] 22 FOCUS POINT OF DEEP PORTION

[0119] 23 SIGNAL SPECTRUM OF SUPERFICIAL
PORTION

[0120] 24 SIGNAL SPECTRUM OF DEEP PORTION
[0121] 30 GROUP DIRECTLY CONNECTED TO MAIN
BODY BEAMFORMER

[0122] 31 MAIN BODY BEAMFORMER (MAIN
BEAMFORMER)

[0123] 32FIRST MAIN BODY BEAMFORMER CHAN-
NEL OF RECEPTION MAIN BEAMFORMER CHANNEL
[0124] 33 SECOND MAIN BODY BEAMFORMER
CHANNEL OF RECEPTION MAIN BEAMFORMER
CHANNEL

[0125] 34 FIRST SUBARRAY (4 CHANNELS SUBAR-
RAY)

[0126] 35 SECOND SUBARRAY (9 CHANNELS SUB-
ARRAY)

[0127] 36 FIRST CIRCUIT FOR SUBARRAY (4:1
REDUCTION CIRCUIT)

[0128] 37 SECOND CIRCUIT FOR SUBARRAY (9:1
REDUCTION CIRCUIT)

[0129] 60 TRANSMISSION CIRCUIT (MAIN TRANS-
MISSION BEAMFORMER (AMPLIFIER))

[0130] 61 FIRST MAIN BODY BEAMFORMER CHAN-
NEL OF TRANSMISSION MAIN BEAMFORMER
[0131] 62 SECOND MAIN BODY BEAMFORMER
CHANNEL OF TRANSMISSION MAIN BEAMFORMER
[0132] 70 CHANNEL SELECTION SWITCH
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[0133] 71 CHANNEL SELECTION SWITCH

[0134] 80 CHANNEL GROUP DIRECTLY CON-
NECTED TO MAIN BEAMFORMER IN 2D ARRAY
[0135] 81 CHANNEL GROUP PASSING THROUGH
SUB BEAMFORMER IN 2D ARRAY (4 CHANNELSx4
CHANNELS=16 CHANNELS SUBARRAY)

[0136] 100 ULTRASONIC PROBE

[0137] 400 TRANSMISSION AND RECEPTION SYS-
TEM CIRCUIT

1. An ultrasonic probe comprising:

a plurality of ultrasonic transducers,

wherein the ultrasonic probe is connected to a reception
system circuit including at least one first delay adder
circuit in which a predetermined number among the
plurality of ultrasonic transducers is configured as one
subarray and delaying and adding are performed in sub-
array units with respect to an ultrasonic wave reception
signal that is acquired from the ultrasonic transducers
included in the subarray, and a second delay adder cir-
cuit in which delaying and adding are performed with
respect to the ultrasonic wave reception signal that is
acquired from the ultrasonic transducers, and

wherein the plurality of ultrasonic transducers include a
first group which transmits the reception signal to the
second delay adder circuit passing through the first delay
adder circuit and a second group which transmits the
reception signal directly to the second delay adder cir-
cuit without passing through the first delay adder circuit.

2. The ultrarasonic probe according to claim 1,

wherein the first group includes a plurality ofthe subarrays
each of which the number of the ultrasonic transducers
included in the subarray is different from one another.

3. The ultrasonic probe according to claim 1,

wherein the ultrasonic transducers of the second group are
continuously disposed in the vicinity of the center of a
aperture through which an ultrasonic wave beam is
formed.

4. The ultrasonic probe according to claim 1,

wherein the ultrasonic transducers included in the subarray
of the first group and the ultrasonic transducers included
in the second group are alternately disposed.

5. The ultrasonic probe according to claim 1,

wherein the ultrasonic probe forms a matrix array which is
divided along a major axis and a minor axis.

6. The ultrasonic probe according to claim 1, further com-

prising:

an ultrasonic transducer selection switch that allows selec-
tion to be arbitrarily made between the ultrasonic trans-
ducers included in the first group and the ultrasonic
transducers included in the second group.

7. An ultrasonic probe comprising:

a plurality of ultrasonic transducers,

wherein the ultrasonic probe is connected to a transmission
system circuit including a transmission circuit which
transmits a plurality of independent drive voltage signals
for generating an ultrasonic wave from the ultrasonic
transducers, and at least one transmission distribution
circuit in which a predetermined number among the
plurality of ultrasonic transducers is configured as one
subarray and distributing is performed in subarray units
with respect to the drive voltage signals for generating
an ultrasonic wave from the ultrasonic transducers
included in the subarray, and
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wherein the plurality of ultrasonic transducers include a
first group in which the drive voltage signals are input
from the transmission circuit passing through the trans-
mission distribution circuit and a second group in which
the drive voltage signals are input directly from the
transmission circuit without passing through the trans-
mission distribution circuit.

8. The ultrasonic probe according to claim 7,

wherein the first group includes a plurality of the subarrays
each of which the number of the ultrasonic transducers
included in the subarray is different from one another.

9. The ultrasonic probe according to claim 7,

wherein the ultrasonic transducers of the second group are
continuously disposed in the vicinity of the center of a
aperture through which an ultrasonic wave beam is
formed.

10. The ultrasonic probe according to claim 7,

wherein the ultrasonic transducers included in the subarray
of the first group and the ultrasonic transducers included
in the second group are alternately disposed.

11. The ultrasonic probe according to claim 7,

wherein the ultrasonic probe forms a matrix array which is
divided along a major axis and a minor axis.

12. The ultrasonic probe according to claim 7, further

comprising:

an ultrasonic transducer selection switch that allows selec-
tion to be arbitrarily made between the ultrasonic trans-
ducers included in the first group and the ultrasonic
transducers included in the second group.

13. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe that includes a plurality of ultrasonic
transducers;

at least one first delay adder circuit in which a predeter-
mined number among the plurality of ultrasonic trans-
ducers is configured as one subarray and delaying and
adding are performed in subarray units with respect to an
ultrasonic wave reception signal that is acquired from
the ultrasonic transducers included in the subarray;

asecond delay adder circuit in which delaying and adding
are performed with respect to the ultrasonic wave recep-
tion signal that is acquired from the ultrasonic transduc-
ers; and

an image processing unit that forms an image based on a
signal acquired from the second delay adder circuit,
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wherein the plurality of ultrasonic transducers include a
first group which transmits the reception signal to the
second delay adder circuit passing through the first delay
adder circuit and a second group which transmits the
reception signal directly to the second delay adder cir-
cuit without passing through the first delay adder circuit.

14. The ultrasonic diagnostic apparatus according to claim

13, further comprising:

an ultrasonic transducer selection switch that allows selec-
tion to be arbitrarily made between the ultrasonic trans-
ducers included in the first group and the ultrasonic
transducers included in the second group.

15. An ultrasonic diagnostic apparatus comprising;

an ultrasonic probe that includes a plurality of ultrasonic
transducers;

a transmission circuit that transmits a plurality of indepen-
dent drive voltage signals for generating an ultrasonic
wave from the ultrasonic transducers; and

at least one transmission distribution circuit in which a
predetermined number among the plurality of ultrasonic
transducers is configured as one subarray and distribut-
ing is performed in subarray units with respect to the
drive voltage signals for generating an ultrasonic wave
from the ultrasonic transducers included in the subarray,

wherein the plurality of ultrasonic transducers include a
first group in which the drive voltage signals are input
from the transmission circuit passing through the trans-
mission distribution circuit and a second group in which
the drive voltage signals are input directly from the
transmission circuit without passing through the trans-
mission distribution circuit.

16. The ultrasonic diagnostic apparatus according to claim

15, further comprising:

an ultrasonic transducer selection switch that allows selec-
tion to be arbitrarily made between the ultrasonic trans-
ducers included in the first group and the ultrasonic
transducers included in the second group.

17. The ultrasonic diagnostic apparatus according to claim

15,

wherein the transmission distribution circuit also includes
a delay circuit which applies a delay time to the distrib-
uted drive voltage signals.
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