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FIG. 4B
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1
ULTRASOUND PROBE AND ULTRASOUND
DIAGNOSIS APPARATUS

FIELD OF THE INVENTION

The embodiments of the present invention relate to an
ultrasound probe and the technology of an ultrasound diag-
nosis apparatus.

BACKGROUND OF THE INVENTION

In an ultrasound two-dimensional (2D) array probe, etc., a
few hundred to a few thousand ultrasound transducers are
used. In this case, because when the probes are connected
directly to an ultrasound diagnosis apparatus, a significant
number of signal lines are required and the entire cable is
thickened, resulting in some troubles in the operation. There-
fore, in such an ultrasound probe, a sub-array reception delay
circuit with a plurality of transducers as one group (sub-array)
is used. Accordingly, since it is allowed to partially apply a
reception delay processing in the ultrasound probe and add
for each sub-array, it is possible to reduce the number of
signal lines.

On the other hand, there is a technology known as an
Aperture growth that improves the reception sound field at a
short distance. In the case of reception signals from a portion
which is close to a body surface, there is a large difference in
the delay between an ultrasound transducer that is close to the
center of the aperture and an ultrasound transducer that is
away from the center of the aperture. Therefore, because the
delay circuit cannot allow any difference in delay, reception
quality may be deteriorated. In the Aperture growth, the aper-
ture of an ultrasound probe is reduced when reflected waves
from a portion which is close to a body surface are received,
and the aperture is widened as the depth is increased. Accord-
ingly, because the ultrasound transducer that is away from the
center of the aperture is not used when reflected waves from
a portion which is close to the body surface are received, the
delay processing based on a large delay does not need to be
performed, it is possible to improve the reception sound field
at short distances.

Aperture control in the ultrasound diagnosis apparatus,
including the Aperture growth, is performed by a reception
circuit in a main body of the ultrasound diagnosis apparatus.
However, in such a constitution, if comprised such that the
signals from a plurality of ultrasound transducers as a 2D
array probe are added and output for each sub-array, aperture
control is performed in the sub-array units. Therefore,
because the Aperture growth is also performed in the sub-
array units, there is a problem in that image quality is more
deteriorated compared to that of an Aperture growth in the
transducer units. In addition, with type of scanning to move
the center of an aperture, because the position of the center of
the aperture is limited in the section that is packaged as a
sub-array, it was difficult to perform fine scanning. Such
problems are eliminated by providing signal lines for carry-
ing out aperture control for each ultrasound transducer and
carrying out aperture control in ultrasound transducer units.
However, in the case of a large number of ultrasound trans-
ducers as a 2D array probe, because there is a problem in that
the number of signal lines increases and the entire cable
becomes thick as described above, it is difficult to employ
such a method.
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2
PRIOR ART DOCUMENTS

Patent Documents

[Patent Document 1] Japanese Published Unexamined Appli-
cation No. 2007-167445

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

The embodiments of the present invention have been cre-
ated in order to solve the abovementioned problems, with the
object of being able to control an aperture in ultrasound
transducer units comprised such that the signals from a plu-
rality of ultrasound transducers are added and output.

Means of Solving the Problems

To achieve the abovementioned objects, the first aspect of
this embodiment is an ultrasound probe comprising a plural-
ity of ultrasound transducers, a plurality of delay circuits, and
an adder circuit, and is configured to be able to control a
reception aperture of ultrasound waves. The ultrasound trans-
ducer transmits ultrasound waves at a predetermined cycle
and receives ultrasonic echoes from the inside of a subject.
The delay circuit receives reception signals from each of the
ultrasound transducers and performs a delay processing to
each of the reception signals. The adder circuit adds and
outputs the reception signals to which the delay processing is
performed for each predetermined group. The ultrasound
probe further comprises a gate means. The gate means is
configured to be able to switch connection and disconnection
of the signal paths for each signal path arranged between the
ultrasound transducer and the adder circuit. The gate means
also connects only the signal path from the ultrasound trans-
ducer corresponding to the initial reception aperture that is
previously set after transmitting the ultrasound waves within
the cycle of the ultrasound waves and sequentially connects a
corresponding signal path from an ultrasound transducer that
is closer to an initial reception aperture according to the lapse
in time of the reception period. In addition, the second aspect
of this embodiment is an ultrasound diagnosis apparatus com-
prising a plurality of ultrasound transducers, a plurality of
delay circuits, and an adder circuit, and further comprises an
ultrasound probe that is configured to be able to control a
reception aperture of the ultrasound waves. The ultrasound
transducer transmits ultrasound waves at a predetermined
cycle and receives ultrasonic echoes from the inside of a
subject. The delay circuit receives reception signals from
each of the ultrasound transducers and performs a delay pro-
cessing to each of the reception signals. The adder circuit adds
and outputs the reception signals to which the delay process-
ing is performed for each predetermined group. The ultra-
sound diagnosis apparatus receives the reception signals that
are output from the ultrasound probe and performs phasing
and addition on the reception signals to generate an ultra-
sound image. The ultrasound probe further comprises a gate
means. The gate means is configured to be able to switch
connection and disconnection of the signal paths for each
signal path arranged between the ultrasound transducer and
the adder circuit. The gate means also connects only the signal
path from the ultrasound transducer corresponding to the
initial reception aperture that is previously set after transmit-
ting the ultrasound waves within the cycle of the ultrasound
waves and sequentially connects a corresponding signal path
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from an ultrasound transducer that is closer to aninitial recep-
tion aperture according to the lapse in time of the reception
period.

In addition, the third aspect of this embodiment is an ultra-
sound probe comprising a plurality of ultrasound transducers,
aplurality of delay circuits, an adder circuit, and a gate means.
The ultrasound transducer transmits ultrasound waves and
receives ultrasound echoes from the inside of a subject. The
delay circuit receives reception signals from each of the ultra-
sound transducers and performs a delay processing to each of
the reception signals. The adder circuit adds and outputs the
reception signals to which the delay processing is performed
for each predetermined group. The gate means is configured
to be able to switch connection and disconnection of the
signal paths for each signal path arranged between the ultra-
sound transducer and the adder circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of the reception part of the
ultrasound diagnosis apparatus according to the present
embodiment.

FIG. 2 is a block diagram of the reception part of the
ultrasound probe according to the first embodiment.

FIG. 3A is a diagram describing the relationship between
the transmission timing and reception timing of ultrasound
waves.

FIG. 3B is a diagram describing the operation of an Aper-
ture growth.

FIG. 4A is a diagram describing the control of an Aperture
growth in the present embodiment.

FIG. 4B is a diagram describing the control of an Aperture
growth in the present embodiment.

FIG. 5 is a diagram describing the control of the motion of
an aperture in the present embodiment.

FIG. 6 1s a block diagram of the reception part of the
ultrasound probe according to the second embodiment.

FIG. 7 1s a block diagram of the reception part of the
ultrasound probe according to the third embodiment.

DETAILED DESCRIPTION OF THE INVENTION
First Embodiment

The ultrasound diagnosis apparatus according to the first
embodiment perform to partial phase and add within the
ultrasound probe on signals (hereinafter, referred to as
“reception signals”) that are received by a plurality of ultra-
sound transducers. Assuming such a constitution, the ultra-
sound diagnosis apparatus according to this embodiment con-
trols an aperture that receives ultrasound waves for each
ultrasound transducer. Wherein, in the following, the descrip-
tion of “aperture control” shall include both control of the
position of an aperture (position of the center of an aperture)
and control of the area (size) of an aperture. In the following,
the constitution of the ultrasound diagnosis apparatus accord-
ing to the present embodiment is described focusing on the
constitution to receive ultrasound waves with reference to
FIG. 1 and FIG. 2. Referring now to FIG. 1, the reception part
of the ultrasound diagnosis apparatus according to this
embodiment is configured to include an ultrasound probe 1
and a main body reception part 2.

The ultrasound probe 1 comprises a transmission circuit
10, an ultrasound transducer group 11, a preamplifier group
12, a TGC voltage supply 13, a delay circuit group 14, a
matrix switch 15, an adder circuit 16, and a controller within
probe 18.
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Although not shown, the transmission circuit 10 comprises
a clock generator, a divider cycle, a transmission delay cit-
cuit, and a pulser. The clock pulse generated by the clock
generator is reduced, for example, to a rate pulse of approxi-
mately 5 KHz by the divider. This rate pulse is provided to the
pulser through the transmission delay circuit to generate a
high-frequency voltage pulse, and the ultrasound transducer
group 11 is driven (mechanically oscillated) by this voltage
pulse. Accordingly, ultrasound beams are irradiated from the
ultrasound transducer group 11 towards an observation object
in accordance with electrical signals transmitted from the
transmission circuit 10.

The ultrasound transducer group 11 transmits and receives
ultrasound waves with respect to an observation object (e.g,,
a heart). The ultrasound beams transmitted from each ultra-
sound transducer (hereinafter, referred to as “each trans-
ducer”) comprising the ultrasound transducer group 11 are
reflected on an interface with a different acoustic impedance,
such as the boundary of a structure in the observation object,
in response to the structure, motion, etc., in the observation
object. Each transducer receives ultrasound waves reflected
from the inside of the observation object. Each transducer
converts the received ultrasound waves into electrical signals,
and outputs them to the preamplifier group 12 via a signal line
11a connected for each transducer. Wherein, the signal line
11a is formed from the transducer to the adder circuit 16 for
each transducer. This signal line 11a is equivalent to a “signal
path.”

Referring now to FIG. 2, the controller within the probe 18
is a controller that controls the operation of each part within
the ultrasound probe 1. The controller within the probe 18
includes a reception delay controller 181, an output switching
controller 182, and a TGC gate controller 183. Wherein, the
operation of the reception delay controller 181, the output
switching controller 182, and the TGC gate controller 183 is
described in the following, respectively.

The preamplifier group 12 comprises a plurality of pream-
plifiers. Each preamplifier receives reception signals that are
received in a transducer via the signal line 11a connected to
the transducer comprising the ultrasound transducer group
11. The preamplifier performs processes such as low noise
amplification or buffering in order to successfully transfer the
ultrasonic echo signals that are received from a transducer.

The preamplifier according to the present embodiment is
configured so as to be able to control a gain. A TGC (Time
Gain Control) voltage supply 13 supplies TGC voltage for
controlling the gain to each preamplifier via the signal line
12a. In other words, the gain of each preamplifier is deter-
mined by the TGC voltage supplied from the TGC voltage
supply 13. The TGC voltage supply 13 changes the TGC
voltage depending on the timing of receiving ultrasound
waves. Accordingly, attenuated ultrasound waves are allowed
to be kept at a constant level by controlling the gain greater
when the ultrasound waves are reflected at a deeper position
of the inside of a subject, for example. Each preamplifier
outputs amplified reception signals to the delay circuit group
14.

A TGC gate circuit 17 is provided in the signal line 12a
connecting the TGC voltage supply 13 with a preamplifier.
The TGC gate circuit 17 disconnects the supply of TGC
voltage via the signal line 12a temporarily, in response to
instructions from the TGC gate controller 183. The TGC gate
controller 183 is described below.

The gain of each preamplifier is set to zero or an extremely
low value by disconnecting the supply of the TGC voltage
from the TGC voltage supply 13. Accordingly, the preampli-
fier is allowed to disconnect signals that are output from a
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transducer via the signal line 11a (or allow the power to be
reduced to a negligible level). In other words, each preampli-
fier switches connection and disconnection of the signal line
11a by controlling the presence or absence of the supply of
the TGC voltage. Wherein, the preamplifier according to the
present embodiment is configured to be able to switch con-
nection and disconnection of the signal line 11a by control-
ling the presence or absence ofthe supply of the TGC voltage,
which is equivalent to a “gate means.”

The TGC gate controller 183 controls the operation of the
TGC gate circuit 17. The TGC gate controller 183 is config-
ured to be able to individually control the operation of each
TGC gate circuit 17. Accordingly, the supply state of the TGC
voltage is switched between supply and disconnection for
each preamplifier. The gain of the preamplifier for which the
supply of the TGC voltage is disconnected is zero or an
extremely low value, and reception signals from a corre-
sponding preamplifier are disconnected or become signals
with extremely small power. With such a constitution, the
control of an aperture such as an Aperture growth is pet-
formed in the transducer units by switching connection and
disconnection for each signal line 11a. Wherein, detailed
information regarding control of the Aperture growth is
described below.

The delay circuit group 14 comprises a plurality of delay
circuits. Each delay circuit receives reception signals output
from a preamplifier; in other words, it receives reception
signals output from a transducer and amplified in a preampli-
fier. Each delay circuit outputs by performing a delay pro-
cessing to an output from a preamplifier. Delay data with
which each delay circuit performs the delay processing to
reception signals is calculated by the reception delay control-
ler 181 and output to each delay circuit. The reception delay
controller 181 is described later. Each delay circuit outputs
reception signals to which the delay processing is performed
for the matrix switch 15.

The reception delay controller 181 calculates the necessary
delay based on the distance between a transducer and a focus
point of the inside ofa subject for each transducer comprising
the ultrasound transducer group 11. The reception delay con-
troller 181 controls the operation of the delay circuit by out-
putting the calculated delay as delay data to the delay circuit
connected to the transducer corresponding to the delay.
Accordingly, each delay circuit performs the delay process-
ing for reception signals.

The matrix switch 15 mediates between the delay circuit
group 14 and the adder circuit 16 that is provided for each
sub-array. The matrix switch 15 outputs the signals input
from each delay circuit comprising the delay circuit group 14
to the adder circuit 16. During this process, the matrix switch
15 switches the adder circuit 16 that will be a destination of
these signals, for each signal that is input from a delay circuit.
Inthis case, for example, it is preferable that the matrix switch
15 be provided for each sub-array and be configured to be able
to transfer signals between the plurality of matrix switches
15. Accordingly, a signal input to a certain matrix switch is
allowed to be output to the adder circuit 16 provided on the
output side of another matrix switch, and it is possible to
change the combination of transducers that constitute a sub-
array.

The output switching controller 182 controls the destina-
tions of reception signals by the matrix switch 15 based on the
correspondence of each transducer and sub-array. Accord-
ingly, the reception signals from transducers which are output
from the delay circuit group 14 are output to the adder circuit
16 corresponding to the sub-array in which its transducer is
included. Specifically, the output switching controller 182
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controls the matrix switch 15 such that reception signals from
transducers EO to E15 are output to the adder circuit 16
corresponding to a sub-array GO0, as shown in FIG. 2, for
example. Similarly, the output switching controller 182 con-
trols the matrix switch 15 such that reception signals from
transducers En-15 to En are output to the adder circuit 16
corresponding to a sub-array Gm.

Wherein, if the combinations of the transducers compris-
ing a sub-array do not need to be changed, the matrix switch
15 may not be provided. In this case, the reception signals that
are output from the delay circuit group 14 are input to the
adder circuit 16.

The adder circuit 16 is provided for each sub-array. The
adder circuit 16 receives reception signals to which a delay
processing is performed by the delay circuit group 14, via the
matrix switch 15, and adds these reception signals. The adder
circuit 16 outputs the added reception signals to the main
body reception part 2. As shown in FIG. 2, the adder circuit 16
adds reception signals from these transducers, wherein, for
example, the transducers E0 to E15 act as one sub-array G0,
and outputs them to a channel CHO in the main body reception
part 2. Similarly, the adder circuit 16 adds reception signals
from these transducers, wherein the transducers En-15 to En
act as one sub-array Gm, and outputs them to a channel CHm
in the main body reception part 2. Accordingly, the number of
output signal lines from the ultrasound probe 1 can be
reduced. In other words, the number of signal lines in a probe
cable is reduced.

Referring now to FIG. 1, the main body reception part 2
comprises a reception main delay circuit 20, a signal proces-
sor 21, an image processor 22, and a display part 23.

The reception main delay circuit 20 comprises, for
example, delay adder circuits such as digital beam former
units, receives signals from the ultrasound probe 1, and per-
formsto phase and add the signals. During this process, it may
be a constitution in which an amplifier circuit such as a
preamplifier is provided on the input side of the delay adder
circuit to amplify signals by this amplifier circuit and perform
to phase and add.

The signals on which phasing and addition are performed
by the reception main delay circuit 20 are detected by the
signal processor 21 and envelopes are extracted therefrom.
Furthermore, the extracted envelopes are provided with coor-
dinate transformation so as to coordinate with a cross-section
of an observation object by the image processor 22 and with
a gradation processing that is suitable for image display, and
then displayed on the display part 23 as an ultrasound image.

Next, the control of the Aperture growth in the present
embodiment is described with reference to FIG. 3A, FIG. 3B,
FIG. 4A, and FIG. 4B. First, an overview of the Aperture
growth is described with reference to FIG. 3A and FIG. 3B.
FIG. 3A is a diagram describing the relationship between the
transmission timing and reception timing of ultrasound
waves. The vertical axis in FIG. 3A shows the power of
ultrasound waves, while the horizontal axis shows time. FIG.
3B is a diagram viewing the ultrasound transducer group 11
from the side of a probe, and is a diagram for describing an
operation of an Aperture growth based on the timing accord-
ing to the transmission and reception of ultrasound waves
shown in FIG. 3A. The Z-axis in FIG. 3B shows the direction
of a lens that converges ultrasound waves, while the X-axis
shows one array direction (a horizontal axis direction) of
two-dimensionally arranged ultrasound transducers.

The ultrasound diagnosis apparatus according to the
present embodiment uses pulse waves such as B-mode and
drives each ultrasound transducer by dividing into a period
during which ultrasound waves are transmitted and a period
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during which ultrasound waves are received, for example. T1
in FIG. 3A shows a transmission cycle for transmitting pulse
waves. The transmission cycle T1 includes a period T2 during
which ultrasound waves are transmitted and a period T3 dur-
ing which ultrasound waves that are reflected from the inside
of asubject are received. During the period T3, the ultrasound
waves that are reflected at different depths inside a subject are
received during different periods T30 to T36, respectively.
This is because the time from when the transmitted ultra-
sound waves are reflected from the inside of a subject to when
they reach an ultrasound transducer again gets longer as the
depth at which the ultrasound waves reflect is deepened. For
example, it is assumed that the depth is deepened in the order
ofadepth1,adepth2, ..., and adepth 6 from the vicinity of
a body surface. In this case, during the period T30 that is just
after the period T2 during which ultrasound waves are trans-
mitted, the ultrasound waves that are reflected in the vicinity
of a body surface are received. In addition, the ultrasound
waves that are reflected at the depth 1 are received during the
period T31. In this way, during the period T2, ultrasound
waves are received during an earlier period in order from a
shallower depth to a deeper depth. In other words, ultrasound
waves that are reflected at the depth 2, the depth 3, . . ., and the
depth 6 arereceived during the period T32,T 33, ..., and T36,
respectively. Wherein, the period T2 is equivalent to a “recep-
tion period” and the period T30 is equivalent to an “initial
reception period”.

In the case of controlling the Aperture growth, a reception
aperture of ultrasound waves is gradually widened in the
order of period T30, T31, ..., T36 in FIG. 3A. This operation
is described specifically with reference to FIG. 3A and FIG.
3B. W0 to W6 in FIG. 3B show the width of a reception
aperture of ultrasound waves. For example, in the periods
T30, T31, ..., and T36 in FIG. 3A, as shown in FIG. 3B, a
range of transducers that receive ultrasound waves and output
reception signals is gradually increased to W0, W1, ..., W6.
Accordingly, the reception aperture gradually widens to W0,
W1, . .., and W6. By controlling in this way, when the
ultrasound waves reflected in the vicinity of a body surface
(corresponding to the period T30), the width of the reception
aperture is narrowed to W0. The width W0 during the period
T30 is equivalent to an “initial reception aperture.” Wherein,
W0a to W2a in FIG. 3B show the width of a reception aper-
ture that is able to be set in a conventional ultrasound diag-
nosis apparatus. Because in a conventional ultrasound diag-
nosis apparatus the reception aperture was controlled for each
sub-array 111, the width of the reception aperture had to be
widened in the sub-array units as W0a, Wla, W2a. In con-
trast, the ultrasound diagnosis according to the present
embodiment controls the reception aperture in the transducer
units as W0 to W6 in FIG. 3B. Wherein, in the following, the
description of “widen the reception aperture” means that the
number of transducers for receiving ultrasound waves and
outputting reception signals is increased.

Now, the specific control of the Aperture growth in the 2D
array probe is described with reference to FIG. 4A and FIG.
4B. Referring first to FIG. 4A, FIG. 4A is a diagram in which
an ultrasound transducer group 11 is viewed from the direc-
tion of transmission of ultrasound waves. The X-axis in FIG.
4A shows the X-axis direction and corresponds to the X-axis
direction in FIG. 3B.

For example, a region A0 in FIG. 4A shows a region with a
width W0 in both the X-axis direction and the Y-axis direc-
tion. In the case of receiving ultrasound waves reflected in the
vicinity of a body surface (equivalent to period T30 in FIG.
3A) are received, this region A0 is set as a reception aperture.
Assuming that the state in which the reception aperture is set
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to this region A0 is an initial state, regions A1,A2, .. .,and A6
are sequentially added to the initial state for each period
during which ultrasound waves from a deeper depth are
received (the periods T31to T36 in FIG. 3A). By controlling
in this way, the reception aperture is gradually widened
depending on the timing of receiving ultrasound waves
reflected at each depth. Wherein, it is sufficient as long as the
reception aperture is widened depending on the depth, so the
width of the X-axis direction and the Y-axis direction of the
reception aperture and the shape of the reception aperture are
not necessarily limited to those described above.

Next, the control of the Aperture growth in the present
embodiment is described focusing on control timing with
reference to FIG. 4B. The Y-axis in FIG. 4A shows the direc-
tion of a longitudinal axis that is orthogonal to the X-axis.
FIG. 4B shows the control timing regarding the Aperture
growth in the ultrasound diagnosis apparatus according to the
present embodiment. Wherein, “TGC voltage: Common
input” in F1G. 4B shows the power of the TGC voltage that the
TGC voltage supply 13 supplies to the preamplifier group 12.
In addition, FIG. 4B shows graphs of “TGC gate control
signals” and “TGC voltage” for each region (A0 to A6) shown
in FIG. 4A. The graphs of “TGC gate control signals” show
the power of a control signal controlling the TGC gate circuit
17. When this control signal is input to the TGC gate circuit
17, the TGC voltage from the TGC voltage supply 13 passes
through the TGC gate circuit 17 and is supplied to a corre-
sponding preamplifier. The power of the supplied TGC volt-
age during this process is shown as a “TGC voltage”
Wherein, in these specifications, the description of “a pream-
plifier corresponding to the region A0” shall indicate “a
preamplifier that amplifies signals from the transducers that
are included in the region A0.” for example. In addition, “a
TGC gate circuit corresponding to the region A0” shall indi-
cate “a TGC gate circuit controlling the presence or absence
of the supply of the TGC voltage to the amplifier amplifying
signals from the transducers that are included in the region
A0,” for example.

First, during the period T2, ultrasound waves are transmit-
ted from each transducer comprising the ultrasound trans-
ducer group 11 to a subject. During this period, the TGC
voltage supply 13 does not supply TGC voltage to the pream-
plifier group 12, as shown by “TGC voltage: Common input”
in FI1G. 4B. Next, during the period T3, each transducer starts
to receive ultrasound waves reflected from the inside of a
subject. In response to the start of this period T3, the TGC
voltage supply 13 starts to supply TGC voltage to the pream-
plifier group 12.

During the period T30, ultrasound waves reflected in the
vicinity of a body surface are received by each transducer.
Therefore, during the period T30, the TGC gate controller
183 starts to transmit TGC gate control signals to the TGC
gate circuit 17 corresponding to the region A0, while the TGC
gate control signals are not transmitted to the TGC gate circuit
17 corresponding to other regions. Accordingly, in response
to the start of the period T30, the supply of the TGC voltage
is started to only the preamplifier corresponding to the region
A0. Thus, during the period T30, only signals from the trans-
ducers included in the region A0 are amplified by each pream-
plifier and input to the delay circuit group 14, while signals
from the transducers included in other region are discon-
nected by each preamplifier. Accordingly, a reception aper-
ture shown as the region A( is formed.

Next, during the period T31, the ultrasound waves reflected
at the depth 1 are received in each transducer. Therefore, in
response to the start of the period T31, the TGC gate control-
ler 183 starts to transmit the TGC gate control signals to the
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TGC gate circuit 17 corresponding to the region Al in addi-
tion to the region A0. Accordingly, in response to the start of
the period T31, the supply of the TGC voltage to the pream-
plifier corresponding to the region A1 is started. Thus, during
the period T31, only signals from the transducers that are
included in the regions A0 and A1l are amplified by each
preamplifier and input to the delay circuit group 14, while
signals from the transducers that are included in other regions
are disconnected by each preamplifier. Accordingly, a recep-
tion aperture shown by the regions A0 and Al is formed.

Similarly, in response to the start of each of the periods
T32,T33,...,and T36, transmission of the TGC gate control
signals to the TGC gate circuit 17 corresponding to the region
A2, A3, ..., and A6 is sequentially started. Accordingly, a
reception aperture is gradually widened depending on the
timing (the period T30, T31, . . ., and T36) of receiving
ultrasound waves from each depth.

Wherein, although the abovementioned description was
made focusing on the Aperture growth, other aperture control
can be similarly performed in the transducer units. For
example, as shown in FIG. 5, when an aperture is moved from
a position P1 to P2, it is preferably operated such that the
supply of TGC voltage to a preamplifier corresponding to
transducers that are not included in the aperture is discon-
nected by the TGC gate circuit 17 depending on the position
of the aperture in conjunction with the movement and size of
the aperture. A specific operation is described focusing on
transducers arranged in the X-axis direction included in the
range shown by Y1. First, in the initial state, the TGC gate
circuit 17 is controlled so that the TGC voltage is supplied to
a preamplifier corresponding to transducers included in the
region with a width W1b. Accordingly, an aperture is formed
in the position P1. Subsequently, in response to the movement
of the aperture, the TGC gate circuit 17 is controlled such that
TGC voltage is supplied to a preamplifier corresponding to
transducers included in the region with widths in the order of
W2b, W3b, ... W17b, W18b. Accordingly, a reception aper-
ture is allowed to be moved from the position P1 to the
position P2 in the transducer units.

In conventional ultrasound diagnosis apparatuses, this
aperture control is controlled for each sub-array 111. There-
fore, for example, in the case of the Aperture growth, a recep-
tion aperture was controlled in the sub-arrays 111 units in
order of W0a, Wla, and W24 in FIG. 3B. In contrast, the
ultrasound diagnosis apparatus according to the present
embodiment switches connection and disconnection for each
signal line 11a by switching the presence or absence of the
supply of the TGC voltage for each preamplifier by the TGC
gate controller 183. Accordingly, as shown by W0 to W6 in
FIG. 3B, it is allowed to control an aperture for each trans-
ducer.

Second Embodiment

The constitution of the ultrasound diagnosis apparatus
according to the second embodiment is described with refer-
ence to FIG. 6. FIG. 6 is a block diagram of the reception part
of the ultrasound probe according to the present embodiment.
In the ultrasound diagnosis apparatus according to the first
embodiment, connection and disconnection of the signal line
11a corresponding to the preamplifier is switched by indi-
vidually controlling the presence or absence of the supply of
the TGC voltage to each preamplifier by the TGC gate con-
troller 17. On the other hand, the ultrasound diagnosis appa-
ratus according to the second embodiment provides a discon-
nection part 151 instead of providing the TGC gate circuit 17,
which switches passage and disconnection of signals flowing

20

25

35

40

45

60

65

10

on the signal line 11« from each transducer. In the following,
the description is made by focusing on a portion different
from the first embodiment.

The disconnection part 151 is a switch configured to be
able to switch passage and disconnection of signals flowing in
the signal line 11a for each signal line 11a. The switching of
the disconnection part 151 is controlled by an output switch-
ing controller 182A. Wherein, although the disconnection
part 151 mediates between the delay circuit group 14 and the
matrix switch 15 in FIG. 7, the position is not limited thereto
as long as it is provided on the signal line 11a between the
ultrasound transducer group 11 and the adder circuit 16.

The output switching controller 182A controls the matrix
switch 15 in the same manner as the switching controller 182
according to the first embodiment. In addition, the output
switching controller 182A individually controls the switch-
ing of the disconnection part 151 for each signal line 11a.
Specifically, the output switching controller 182A controls
the disconnection part 151 such that reception signals from
the transducers that are included in an aperture are passed,
while reception signals from the transducers not included in
the aperture are disconnected. Accordingly, an aperture for
each transducer is allowed to be controlled.

Wherein, when the Aperture growth is controlled, in
response to the transmission timing of TGC gate control
signals shown in FIG. 4A, the output switching controller
182A preferably controls the disconnection part 151 to pass
reception signals flowing on corresponding signal line 11a.
Thus, the output switching controller 182A preferably con-
trols the disconnection part 151 such that, in response to the
start of the period T30, reception signals from the transducers
included in the region A0 are passed, while reception signals
from the transducers included in other region are discon-
nected. In addition, in response to the start of each period
(T31, T32, . . ., and T36), the output switching controller
182A preferably sequentially passes reception signals from
the transducers included in the region (the region Al,
A2, ..., and A6) corresponding to that period. Accordingly,
the reception aperture is gradually widened depending on the
timing of receiving ultrasound waves from each depth (the
period T30, T31, . . ., and T36). Wherein, it may be a
constitution in which the same operation as the switching by
the disconnection part 151 is realized by the matrix switch 15.

As described above, with the ultrasound diagnosis appara-
tus according to the present embodiment, an aperture for each
transducer can be controlled in the same manner as the first
embodiment by controlling the pass and disconnection of
reception signals by the disconnection part 151 instead of
controlling the TGC voltage supply using the TGC gate cit-
cuit 17 according to the first embodiment.

Third Embodiment

The constitution of the ultrasound diagnosis apparatus
according to the third embodiment is described with refer-
ence to FIG. 7. FIG. 7 is ablock diagram of the reception part
of the ultrasound probe according to the present embodiment.
The ultrasound diagnosis apparatus according to the third
embodiment switches passage and disconnection of signals
flowing in the signal line 11a from each transducer by each
delay circuit comprising the delay circuit group 14 instead of
providing the TGC gate circuit 17. In the following, a descrip-
tion is made focusing on portions different from the first
embodiment.

The reception circuit group 14A according to the present
embodiment is characterized in that a multiplier circuit is
employed as a delay circuit. A specific example of the multi-
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plier circuits includes a mixer. The delay circuit according to
the present embodiment receives reference signals as delay
data from a reception delay controller 181 A. The delay circuit
shifts the phase of the reception signals by which these ref-
erence signals are multiplied (mixed), with respect to the
reception signals that are received from the preamplifier
group 12. Tn other words, a delay processing is performed to
the reception signals by changing these reference signals
depending on the delay.

The reception delay controller 181A calculates the neces-
sary delay based on the distance between a transducer and a
focus point of the inside of a subject for each transducer
comprising the ultrasound transducer group 11. This opera-
tion is the same as that of the delay controller 181 according
to the first embodiment. The reception delay controller 181A
generates reference signals by which the reception signals
from the transducers are multiplied, based on the calculated
delay. The reception delay controller 181A controls the
operation of the delay circuit by outputting the generated
reference signals as delay data to the delay circuit connected
to the transducer corresponding to the delay. The case in
which the reference signals for performing a delay processing
to reception signals in this way is equivalent to “the case in
which the reference signals include delay instructions.”

In addition, the reception delay controller 181A stops the
transmission of the reference signals to the delay circuit cor-
responding to the transducers not included in the aperture. In
this case, the reference signals are not supplied to the delay
circuit, resulting in the reception signals input to this delay
circuit not being output to the matrix switch 15 located at a
subsequent stage. In other words, the reception signals are
disconnected by stopping the transmission of the reference
signals. During this process, the delay circuit may be of a
constitution in which reception signals escape to the ground.
The case in which the reference signals are not output to the
delay circuit is equivalent to “the case in which the reference
signals include disconnection instructions.” Accordingly, the
passage and disconnection of the reception signals output
from each transducer is allowed to be controlled individually.
In other words, an aperture for each transducer can be con-
trolled.

Wherein, when the Aperture growth is controlled, in
response to the transmission timing of TGC gate control
signals shown in FIG. 4A, the reception delay controller
181A preferably controls the delay circuit to pass reception
signals flowing in the corresponding signal line 11a. In other
words, in response to the start of the period T30, the reception
delay controller 181 A transmits reference signals to the delay
circuit corresponding to the transducers included in the
region A0. Accordingly, the delay circuit passes the reception
signals from these transducers. In addition, during the pro-
cess, the reception delay controller 181A does not transmit
reference signals to the delay circuit corresponding to the
transducers not included in the region A0. Accordingly, the
delay circuit disconnects the reception signals from these
transducers. In addition, in response to the start of each period
(T31,T32,...,and T36), the reception delay controller 181A
preferably sequentially transmits reference signals to the
delay circuit included in the region (the region Al, A2, .. .,
and A6) corresponding to that period. Accordingly, the recep-
tion aperture is allowed to be gradually widened by sequen-
tially passing the signals in the corresponding region depend-
ing on the timing (the period T30, T31, .. ., T36) of receiving
ultrasound waves from each depth.

As described above, with the ultrasound diagnosis appara-
tus according to the present embodiment, an aperture for each
transducer can be controlled in the same manner as the first
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embodiment by controlling the transmission of delay data to
each delay circuit instead of controlling the TGC voltage
supply using the TGC gate circuit 17 according to the first
embodiment.

Although some embodiments of the present invention have
been described above, these embodiments are presented as
examples and are not intended to limit the scope of the inven-
tion. These novel embodiments can be implemented in other
various forms, with various abbreviations and exchanges, and
changes can be made within a scope not departing from the
essence of the invention. These embodiments and their modi-
fications are included in the scope and essence of the inven-
tion and are included in the invention described in the claims,
along with the equal scope thereof.

EXPLANATION OF THE SYMBOLS

1 Ultrasound probe

10 Transmission circuit

11 Ultrasound transducer group

12 Preamplifier group

13 TGC voltage supply

14,14 A Delay circuit group

15 Matrix switch

151 Disconnection part

16 Adder circuit

17 TGC gate circuit

18 Controller within probe

181, 181A Reception delay controller
182, 182 A Output switching controller
183 TGC gate controller

2 Main body reception part

20 Reception main delay circuit

21 Signal processor

22 Image processor

23 Display part

What is claimed is:

1. An ultrasound probe, comprising:

a plurality of ultrasound transducers configured to transmit
ultrasound waves at a predetermined cycle and receive
ultrasound echoes from inside of a subject;

a plurality of delay circuits configured to receive reception
signals from each of the ultrasound transducers and
apply a delay processing to each of the reception signals;

an adder circuit configured to add and output the reception
signals to which the delay processing is performed for
each predetermined group of a plurality of groups,
wherein the ultrasound probe is configured to control a
reception aperture of the ultrasound waves; and

a gate circuit configured to switch connection and discon-
nection of signal paths for each signal path arranged
between an ultrasound transducer of the plurality of
ultrasound transducers and the adder circuit, and con-
nect only the signal path from the ultrasound transducer
corresponding to an initial reception aperture that is
previously set after transmitting the ultrasound waves
within the cycle of the ultrasound waves, and sequen-
tially connect corresponding signal paths from ultra-
sound transducers outside the initial reception aperture
according to a lapse in time of a reception period.

2. The ultrasound probe according to claim 1, wherein

the gate circuit further comprises preamplifiers that medi-
ate in the signal paths between the ultrasound transduc-
ers and the delay circuits and amplify the reception
signals, the ultrasound probe further comprising:
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againcontrol voltage supply unit configured to supply gain
control voltages for controlling gains of the preamplifi-
ers; and

a gain control gate circuit configured to control supply and
disconnection of the gain control voltages to the pream-
plifiers, wherein

the gain control gate circuit is configured to control the
reception aperture by supplying the gain control volt-
ages to the gain control gate circuit to individually con-
nect the signal paths from the preamplifiers to the delay
circuits.

3. The ultrasound probe according to claim 1, wherein

the gate circuit further comprises a switch that mediates in
the signal paths between the delay circuits and the adder
circuit, and

the switch is configured to control the reception aperture by
switching connection and disconnection of the signal
paths between the delay circuits and the adder circuit for
each signal path.

4. The ultrasound probe according to claim 1, wherein

each delay circuit is a multiplier circuit configured to
receive reference signals including either delay instruc-
tions or disconnection instructions and multiply the ref-
erence signals by the reception signals, the multiplier
circuit is configured to perform the delay processing to
the reception signals and output reception signals to
which the delay processing has been performed when
the reference signals include delay instructions, the mul-
tiplier circuit is configured to disconnect the output of
the reception signal when the reference signals include
disconnection instructions, and the delay circuit is con-
figured to switch reference signals to the delay circuits to
control the reception aperture.

5. An ultrasound diagnosis apparatus, comprising:

aplurality of ultrasound transducers configured to transmit
ultrasound waves at a predetermined cycle and receive
ultrasound echoes from inside of a subject;

a plurality of delay circuits configured to receive reception
signals from each of the ultrasound transducers and
apply a delay processing to each of the reception signals;
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an adder circuit configured to add and output the reception
signals to which the delay processing is performed for
each predetermined group;

an ultrasound probe configured to control a reception aper-
ture of the ultrasound waves, wherein

the ultrasound diagnosis apparatus is configured to receive
the reception signals output from the ultrasound probe
and perform a phasing and addition operation on the
reception signals to generate an ultrasound image, and

the ultrasound probe further comprises a gate circuit con-
figured to switch connection and disconnection of the
signal path for each signal path arranged between an
ultrasound transducer of the plurality of ultrasound
transducers and the adder circuit, and connect only a
signal path from an ultrasound transducer correspond-
ing to an initial reception aperture that is previously set
after transmitting the ultrasound waves within the cycle
of the ultrasound waves, and sequentially connect cor-
responding signal paths from ultrasound transducers
outside the initial reception aperture according to a lapse
in time of a reception period.

6. An ultrasound probe, comprising:

a plurality of ultrasound transducers configured to transmit
ultrasound waves and receive ultrasound echoes from
inside of a subject;

aplurality of delay circuits configured to receive reception
signals from each of the ultrasound transducers and
apply a delay processing to each of the reception signals;
and

an adder circuit configured to add and output the reception
signals to which the delay processing is performed for
each predetermined group; and

a gate circuit configured to switch the connection and dis-
connection of a signal path for each signal path arranged
between an ultrasound transducer of the plurality of
ultrasound transducers and the adder circuit.
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