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(7) ABSTRACT

For the purpose of reducing the load on hardware for driving
a two-dimensional array ultrasonic probe having a multi-
plicity of transducers, the present invention comprises pro-
grammable gain amplifiers a00-299 for amplifying signal
voltages ¢00-¢99 from transducers in a two-dimensional
array ultrasonic probe, voltage-to-current converters h00-
h99 for converting the voltages into current signals 100-199,
a matrix switch M for outputting additive current signals
10-19 obtained by dividing the current signals 100-199 into
groups and adding current signals in respective groups,

(22) Filed: Mar. 27, 2003 current-to-voltage converters HO-H9 for converting the cur-
rents into voltage signals, programmable gain amplifiers
(30) Foreign Application Priority Data A0-A9, A-D converters C0-C9, and a digital beamformer
unit B for conducting reception beamforming using digital
Mar. 29, 2002 (JP) oo 2002-093911 signals D0-D9 and outputting an acoustic line signal W.
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METHOD OF DRIVING TWO-DIMENSIONAL
ARRAY ULTRASONIC PROBE, AND ULTRASONIC
DIAGNOSTIC APPARATUS

BACKROUND OF THE INVENTION

[0001] The present invention relates to a method of driv-
ing a two-dimensional array ultrasonic probe, and an ultra-
sonic diagnostic apparatus, and more particularly to a
method of driving a two-dimensional array ultrasonic probe,
and an ultrasonic diagnostic apparatus that can reduce the
load on hardware for driving the two-dimensional array
ultrasonic probe.

[0002] In a conventional ultrasonic probe having trans-
ducers arranged in one dimension, the number of the trans-
ducers is, for example, about 128. Therefore, the hardware
for driving the ultrasonic probe has the capacity to drive
about 128 transducers.

[0003] Inrecent years, a two-dimensional array ultrasonic
probe having transducers arranged in two dimensions has
been developed, in which, for example, the number of
transducers is 1024 when the transducers are arranged in a
32 by 32 matrix. Therefore, the hardware for driving the
two-dimensional array ultrasonic probe is required to have
the capacity to drive as many as 1024 transducers.

[0004] However, if hardware nust have the capacity to
drive as many as 1024 transducers, the load on the hardware
becomes very large.

SUMMARY OF THE INVENTION

[0005] Tt is therefore an object of the present invention to
provide a method of driving a two-dimensional array ultra-
sonic probe, and an ultrasonic diagnostic apparatus that can
reduce the load on hardware for driving the two-dimensional
array ultrasonic probe.

[0006] In a first aspect, the present invention provides a
method of driving a two-dimensional array ultrasonic probe,
characterized in comprising: dividing N transducers in the
two-dimensional array ultrasonic probe into M (<N) groups,
in which transducers lying at the same or approximately the
same distance from a focal spot of an ultrasonic beam are in
the same group; and driving the transducers on a group-by-
group basis.

[0007] Since transducers lying at the same or approxi-
mately the same distance from a focal spot of an ultrasonic
beam receive an ultrasonic echo spherically propagating
from the focal spot at the same or approximately the same
time, the received echo may be added to form one received
signal. Also in transmission, transducers lying at the same or
approximately the same distance from a focal spot of an
ultrasonic beam may be excited by one transmission signal
by the same reason.

[0008] Therefore, according to the method of driving a
two-dimensional array ultrasonic probe of the first aspect,
transducers lying at the same or approximately the same
distance from a focal spot of an ultrasonic beam are grouped
together, and the transducers are driven on a group-by-group
basis. Thus, hardware capable of driving transducers in a
number of groups less than the number of transducers in the
two-dimensional array ultrasonic probe works sufficiently,
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thus reducing the load on hardware for driving the two-
dimensional array ultrasonic probe.

[0009] 1In a second aspect, the present invention provides
a method of driving a two-dimensional array ultrasonic
probe, characterized in comprising: dividing N transducers
in the two-dimensional array ultrasonic probe into M (<N)
groups, in which transducers lying at the same or approxi-
mately the same distance from an imaginary focal spot
defined by projecting a focal spot of an ultrasonic beam onto
an imaginary plane containing a reception surface of the
two-dimensional array ultrasonic probe are in the same
group; and driving the transducers on a group-by-group
basis.

[0010] A line on which a sphere of an ultrasonic echo
propagating from a focal spot of an ultrasonic beam inter-
sects an imaginary plane containing a reception surface of a
two-dimensional array ultrasonic probe forms a circle with
a center at an imaginary focal spot defined by projecting the
focal spot onto the imaginary plane. Therefore, transducers
lying at the same or approximately the same distance from
the imaginary focal spot are exactly the same as those lying
at the same or approximately the same distance from the
focal spot.

[0011] Therefore, the method of driving a two-dimen-
sional array ultrasonic probe of the second aspect gives the
same result as that in the method of driving a two-dimen-
sional array ultrasonic probe of the first aspect, thus reducing
the load on hardware for driving the two-dimensional array
ultrasonic probe. Moreover, processing for finding transduc-
ers lying at the same or approximately the same distance
from an imaginary focal spot is simpler than that of finding
transducers lying at the same or approximately the same
distance from a focal spot.

[0012] In athird aspect, the present invention provides the
method of driving a two-dimensional array ultrasonic probe
having the aforementioned configuration, characterized in
that 4096=N=256.

[0013] According to the method of driving a two-dimen-
sional array ultrasonic probe of the third aspect, since the
number of transducers N in a two-dimensional array ultra-
sonic¢ probe is 4096=N=256, a two-dimensional array of
64x64-16x16 or of 32x128-8x32 can be employed.

[0014] 1In a fourth aspect, the present invention provides
the method of driving a two-dimensional array ultrasonic
probe having the aforementioned configuration, character-
ized in that 1282M=232.

[0015] According to the method of driving a two-dimen-
sional array ultrasonic probe of the fourth aspect, since the
number of groups M is 128=ZM =32, the load on hardware
for driving the two-dimensional array ultrasonic probe is
reduced.

[0016] In a fifth aspect, the present invention provides an
ultrasonic diagnostic apparatus characterized in comprising:
N voltage amplifiers for amplifying signal voltages from
transducers in a two-dimensional array ultrasonic probe; N
voltage-to-current converters for converting voltages output
from said voltage amplifiers into current signals; a current
addition circuit having N inputs supplied with said current
signals, and having M (<N) outputs for outputting additive
current signals obtained by dividing the N inputs into M
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(<N) groups and adding current signals in respective groups;
M current-to-voltage converters for converting said additive
current signals into voltage signals; and a beamformer for
conducting reception beamforming using said voltage sig-
nals.

[0017] According to the ultrasonic diagnostic apparatus of
the fifth aspect, the methods of driving a two-dimensional
array ultrasonic probe can be suitably implemented. More-
over, since addition is performed on current signals, the
frequency characteristic is not degraded even if the length of
wiring increases 1o some degree.

[0018] In asixth aspect, the present invention provides the
ultrasonic diagnostic apparatus having the aforementioned
configuration, characterized in that said current addition
circuit is a matrix switch.

[0019] Since the ultrasonic diagnostic apparatus of the
sixth aspect employs a matrix switch, the group arrangement
can be dynamically modified according to the change of the
focal spot.

[0020] 1In aseventh aspect, the present invention provides
the ultrasonic diagnostic apparatus having the aforemen-
tioned configuration, characterized in that said beamformer
forms a received beam in one direction, and said current
addition circuit arranges inputs corresponding to transducers
lying at the same or approximately the same distance from
a focal spot of said received beam into the same group.

[0021] According to the ultrasonic diagnostic apparatus
of-the seventh aspect, the methods of driving a two-dimen-
sional array ultrasonic probe can be suitably implemented.

[0022] 1In an eighth aspect, the present invention provides
the ultrasonic diagnostic apparatus having the aforemen-
tioned configuration, characterized in that said beamformer
forms received beams in a plurality of directions such that
imaginary focal spots thereof defined by projecting respec-
tive focal spots onto an imaginary plane containing a recep-
tion surface of the two-dimensional array ultrasonic probe
overlie one another at the same position, and said current
addition circuit arranges inputs corresponding to transducers
lying at the same or approximately the same distance from
said imaginary focal spots into the same group.

[0023] Transducers in a two-dimensional array ultrasonic
probe are divided into groups, in which transducers lying at
the same or approximately the same distance from a focal
spot of an ultrasonic beam are in the same group. On the
other hand, the transducers in the two-dimensional array
ultrasonic probe are divided into groups, in which transduc-
ers lying at the same or approximately the same distance
from an imaginary focal spot defined by projecting the focal
spot onto an imaginary plane containing a reception surface
of the two-dimensional array ultrasonic probe are in the
same group. These groups coincide with each other.

[0024] Next, considering a plurality of focal spots at
different positions, the transducers in the two-dimensional
array ultrasonic probe are divided into groups corresponding
to the focal spots, in which transducers lying at the same or
approximately the same distance from each focal spot are in
the same group. If imaginary focal spots defined by project-
ing the plurality of the focal spots onto an imaginary plane
containing a reception surface of the two-dimensional array
ultrasonic probe overlie one another, all the groups coincide
with one another.
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[0025] Therefore, according to the ultrasonic diagnostic
apparatus of the eighth aspect, one current addition circuit
can be used in common even if the beamformer forms
received beams in a plurality of directions.

[0026] 1In aninth aspect, the present invention provides an
ultrasonic diagnostic apparatus characterized in comprising:
N voltage amplifiers for amplifying signal voltages from
transducers in a two-dimensional array ultrasonic probe; N
multiplied by k (kZ2) voltage-to-current converters for
converting voltages output from said voltage amplifiers into
current signals; k current addition circuits each having N
inputs supplied with said current signals, and having M (<N)
outputs for outputting additive current signals obtained by
dividing the N inputs into M (<N) groups and adding current
signals in respective groups; M multiplied by k current-to-
voltage converters for converting said additive current sig-
nals into voltage signals; and k beamformers for conducting
reception beamforming using said voltage signals.

[0027] Since the ultrasonic diagnostic apparatus of the
ninth aspect comprises respective voltage-to-current con-
verters and the like corresponding to received beams in k
directions, the beamformers can form received beams in the
k directions without limitation on the position of the focal
spot.

[0028] In atenth aspect, the present invention provides the
ultrasonic diagnostic apparatus having the aforementioned
configuration, characterized in that said current addition
circuits are matrix switches.

[0029] Since the ultrasonic diagnostic apparatus of the
tenth aspect employs matrix switches, the group arrange-
ment can be dynamically modified according to the change
of the focal spot.

[0030] In an eleventh aspect, the present invention pro-
vides the ultrasonic diagnostic apparatus having the afore-
mentioned configuration, characterized in that said k beam-
formers form received beams in one direction having
respective focal spots of different depths, and said k current
addition circuits arrange inputs corresponding to transducers
lying at the same or approximately the same distance from
each focal spot into the same group; and said ultrasonic
diagnostic apparatus further comprises a combination circuit
for combining the outputs from said k beamformers.

[0031] According to the ultrasonic diagnostic apparatus of
the eleventh aspect, up to k focal spots of different depths
can be defined in received beams in one direction.

[0032] 1In a twelfth aspect, the present invention provides
the ultrasonic diagnostic apparatus having the aforemen-
tioned configuration, characterized in that said combination
circuit is for adding the outputs from the k beamformers with
weights corresponding to the depth.

[0033] According to the ultrasonic diagnostic apparatus of
the twelfth aspect, outputs obtained from received beams
corresponding to focal spots of different depths can be
smoothly combined.

[0034] 1In a thirteenth aspect, the present invention pro-
vides the ultrasonic diagnostic apparatus having the afore-
mentioned configuration, characterized in that said k beam-
formers form received beams in different directions having
respective focal spots of different depths, and said current
addition circuits arrange inputs corresponding to transducers
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lying at the same or approximately the same distance from
each focal spot into the same group.

[0035] The ultrasonic diagnostic apparatus of the thir-
teenth aspect can conduct scanning with received beams in
k separate directions.

[0036] 1In a fourteenth aspect, the present invention pro-
vides the ultrasonic diagnostic apparatus having the afore-
mentioned configuration, characterized in that said voltage
amplifiers are programmable gain amplifiers.

[0037] The ultrasonic diagnostic apparatus of the four-
teenth aspect can apply TGC (time gain control) when
amplifying signal voltages from the transducers in the
two-dimensional array ultrasonic probe for the first time.

[0038] In afifteenth aspect, the present invention provides
the ultrasonic diagnostic apparatus having the aforemen-
tioned configuration, characterized in that programmable
gain amplifiers are provided between said current-to-voltage
converters and said beamformer.

[0039] The ultrasonic diagnostic apparatus of the fifteenth
aspect can apply TGC using a smaller number of program-
mable gain amplifiers.

[0040] In a sixteenth aspect, the present invention pro-
vides the ultrasonic diagnostic apparatus having the afore-

mentioned  configuration,  characterized in  that
4096=NZ=256.
[0041] According to the ultrasonic diagnostic apparatus in

the sixteenth aspect, since the number of transducers N in
the two-dimensional array ultrasonic probe is
4096 ZN =256, a two-dimensional array of 64x64-16x16 or
of 32x128-8x32 can be employed.

[0042] 1In a seventeenth aspect, the present invention pro-
vides the ultrasonic diagnostic apparatus as defined by any
one of claims 5-16 having the aforementioned configuration,
characterized in that 128ZM=32.

[0043] According to the ultrasonic diagnostic apparatus in
the seventeenth aspect, since the number of groups M is
1282M =32, the load on hardware for driving the two-
dimensional array ultrasonic probe is reduced.

[0044] According to the method of driving a two-dimen-
sional array ultrasonic probe, and an ultrasonic diagnostic
apparatus of the present invention, the load on hardware for
driving a two-dimensional array ultrasonic probe having a
multiplicity of transducers can be reduced.

[0045] Further objects and advantages of the present
invention will be apparent from the following description of
the preferred embodiments of the invention as illustrated in
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] FIG. 1 is a configuration diagram showing an
ultrasonic diagnostic apparatus in accordance with a first
embodiment.

[0047] FIG. 2 is a detailed configuration diagram of a
receiver section in accordance with the first embodiment.

[0048] FIG. 3 is an explanatory diagram showing a
received beam, focal spot and imaginary focal spot in
accordance with the first embodiment.
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[0049] FIG. 4 is an explanatory diagram showing group
arrangement of transducers in accordance with the first
embodiment.

[0050] FIG. 5 is an explanatory diagram showing an
example setting of a matrix switch in accordance with the
first embodiment.

[0051] FIG. 6 is an explanatory diagram showing another
received beam, focal spot and imaginary focal spot in
accordance with the first embodiment.

[0052] FIG. 7 is an explanatory diagram showing another
example of group arrangement of transducers in accordance
with the first embodiment.

[0053] FIG. 8 is an explanatory diagram showing another
example setting of the matrix switch in accordance with the
first embodiment.

[0054] FIG. 9 is a detailed configuration diagram of a
receiver section in accordance with a second embodiment.

[0055] FIG. 10 is an explanatory diagram showing
received beams, focal spots and imaginary focal spots in
accordance with the second embodiment.

[0056] FIG. 11 is an explanatory diagram showing group
arrangement of transducers in accordance with the second
embodiment.

[0057] FIG. 12 is a detailed configuration diagram of a
receiver section in accordance with a third embodiment.

[0058] FIG. 13 is an explanatory diagram showing
received beams, focal spots and a scan plane in accordance
with the third embodiment.

[0059] FIG. 14 is an explanatory diagram showing
weights for addition in accordance with the third embodi-
ment.

[0060] FIG. 15 is an explanatory diagram showing
received beams, focal spots and imaginary focal spots in
accordance with the third embodiment.

[0061] FIG. 16 is an explanatory diagram showing group
arrangement of transducers in accordance with the third
embodiment.

[0062] FIG. 17 is a detailed configuration diagram of a
receiver section in accordance with a fourth embodiment.

[0063] FIG. 18 is an explanatory diagram showing
received beams, focal spots and imaginary focal spots in
accordance with the fourth embodiment.

[0064] FIG. 19 is an explanatory diagram showing group
arrangement of transducers in accordance with the fourth
embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

[0065] The present invention will now be described in
more detail with reference to several embodiments shown in
the accompanying drawings.

[0066]

[0067] FIG. 1 is a configuration diagram of an ultrasonic
diagnostic apparatus 100 in accordance with a first embodi-
ment.

First Embodiment
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[0068] The ultrasonic diagnostic apparatus 100 comprises
a two-dimensional array ultrasonic probe 1, a transmitter
section 2 that excites transducers in the two-dimensional
array ultrasonic probe 1 to transmit ultrasonic pulses in a
desired beam transmission direction, a receiver section 3-1
for receiving ultrasonic echoes from a desired beam recep-
tion direction via the two-dimensional array ultrasonic probe
and outputting an acoustic line signal W, a signal processing
section 4 for processing the acoustic line signal W and
outputting B-mode data etc., a DSC 5 for generating image
data from the B-mode data etc., a CRT 6 for displaying an
image etc. based on the image data, and a scan controller 7
for overall control.

[0069] Tt is assumed that the two-dimensional array ultra-
sonic probe has an array of 10x10 transducers as shown in
FIG. 4. The number 10x10 is selected for convenience of
illustration, and in practice, the two-dimensional array has
64x64-16x16 or 32x128-8x32 transducers.

[0070] FIG. 2 is a configuration block diagram of the
receiver section 3-1. The receiver section 3-1 comprises one
hundred programmable gain amplifiers a00-a99 for ampli-
fying signal voltages €00-¢99 from the transducers in the
two-dimensional array ultrasonic probe 1, one hundred
voltage-to-current converters h00-h99 for converting volt-
ages output from the programmable gain amplifiers a00-a99
into current signals 100-199, a matrix switch M having one
hundred inputs supplied with the current signals 100-199, and
having ten outputs for outputting additive current signals
10-19 obtained by dividing the one hundred inputs into ten
groups and adding current signals in respective groups, ten
current-to-voltage converters HO-H9 for converting the
additive current signals 10-19 into voltage signals, ten pro-
grammable gain amplifiers A0-A9 for amplifying the volt-
age signals, ten A-D converters C0-C9 for converting the
amplified voltage signals into digital signals D0-D9, and a
digital beamformer unit B for conducting reception beam-
forming using the digital signals D0-D9 and outputting an
acoustic line signal W.

[0071] If either the programmable gain amplifiers a00-a99
or the programmable gain amplifiers A0-A9 apply TGC and
the others do not, the ones that do not may be fixed-gain
amplifiers.

[0072] Although the number of outputs in the matrix
switch M is ten for convenience of illustration, it is more
practical for the matrix switch M to have 128-32 outputs.

[0073] Referring to FIG. 3, it is assumed that the beam-
former unit B forms a received beam in a direction of a
received beam centerline w having a focal spot f. Moreover,
an imaginary focal spot F is defined as a point corresponding
the focal spot f projected onto an imaginary plane 10b
containing a reception surface 10z of the transducer array
10.

[0074] As shown in FIG. 4, the scan controller 7 divides
the transducers in the transducer array 10 into ten groups, in
which transducers lying at the same or approximately the
same distance from the virtual focal spot F are in the same
group. More particularly, the transducers are divided into ten
groups based on arcs RO-RY whose center is at the imaginary
focal spot F. Such group arrangement is identical to that of
putting transducers lying at the same or approximately the
same distance from the focal spot f into the same group.
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[0075] 1In FIG. 4, row/column indices of the transducers
are marked outside the transducer array 10, and group
indices “07-“9” are marked at the positions of the transduc-
ers in the transducer array 10.

[0076] Specifically, the transducers 01-08 are assigned to
a group index “0”, the transducers 00, 09, and 10-19 are
assigned to a group index “1”, the transducers 20-29 are
assigned to a group index “2”, the transducers 30-39 are
assigned to a group index “3”, the transducers 40-49 are
assigned to a group index “4”, the transducers 50-59 are
assigned to a group index “5”, the transducers 60-69 are
assigned to a group index “6”, the transducers 70-79 are
assigned to a group index “7”, the transducers 80-89 are
assigned to a group index “8”, and the transducers 90-99 are
assigned to a group index “9”.

[0077] Next, the scan controller 7 divides the signal volt-
ages ¢00-¢99 into groups with group indices “0”-“9” corre-
sponding 1o the group arrangement of the transducers, and
accordingly divides the current signals 100-199 into groups
with group indices “07-“9”, The matrix switch M is then set
so that it adds the current signals in respective groups and
outputs the additive current signals [0-19.

[0078] FIG. 5 shows part of the thus-set matrix switch.

[0079] An additive current signal 10 is a signal obtained by
adding current signals 101-108 assigned to the group index
“0”, an additive current signal I1 is a signal obtained by
adding current signals 100, 109, 110-119 assigned to the group
index “1”, an additive current signal 12 is a signal obtained
by adding current signals 120-i29 assigned to the group
index “2”, an additive current signal I3 is a signal obtained
by adding current signals 130-i39 assigned to the group
index “3”, an additive current signal 14 is a signal obtained
by adding current signals 140-i49 assigned to the group
index “4”, an additive current signal I5 is a signal obtained
by adding current signals 150-i59 assigned to the group
index “5”, an additive current signal I6 is a signal obtained
by adding current signals 160-i169 assigned to the group
index “6”, an additive current signal I7 is a signal obtained
by adding current signals 170-i79 assigned to the group
index “7”, an additive current signal I8 is a signal obtained
by adding current signals i80-i89 assigned to the group
index “8”, and an additive current signal 19 is a signal
obtained by adding current signals 190-199 assigned to the
group index “9”.

[0080] FIGS. 6 and 7 show another example of areceived
beam different from that of FIGS. 3 and 4. The transducers
are divided into groups as shown in FIG. 7. The matrix
switch M is set as shown in FIG. 8.

[0081] According to the ultrasonic diagnostic apparatus
100 of the first embodiment, the load on hardware for
driving the two-dimensional array ultrasonic probe 1 that
has many transducers can be reduced. Moreover, since
current addition is employed, the frequency characteristic is
not degraded even if the length of wiring increases to some
degree.

[0082]

[0083] An ultrasonic diagnostic apparatus of the second
embodiment comprises a receiver section 3-2 shown in FIG.
9 in place of the receiver section 3-1 of FIG. 2.
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[0084] The receiver section 3-2 comprises a digital beam-
former B' in place of the digital beamformer unit B of FIG.
2.

[0085] As shown in FIGS. 10 and 11, the digital beam-
former unit B' forms received beams (w, w') in two direc-
tions having imaginary focal spots F and F defined by
projecting respective focal spots f and f' onto an imaginary
plane 105, overlying each other at the same position.

[0086] When the imaginary focal spots F and F overlie
each other at the same position as shown in FIG. 11, the
transducers’ group arrangement is the same even for the
different received beams (w, w').

[0087] The matrix switch M can thus process the different
received beams (w, w') in the same setting.

[0088] According to the ultrasonic diagnostic apparatus of
the second embodiment, a plurality of ultrasonic beams can
be simultaneously formed.

[0089]

[0090] An ultrasonic diagnostic apparatus of the third
embodiment comprises a receiver section 3-3 shown in FIG.
12 in place of the receiver section 3-1 of FIG. 2.

[0091] The receiver section 3-3 comprises the configura-
tion of the receiver section 3-1 of FIG. 2 additionally
provided with another set of voltage-to-current converters
h00d-h99d, a matrix switch Md, current-to-voltage convert-
ers H0d-H9d, programmable gain amplifiers AOd-A9d, A-D
converters C0d-C9d, and a digital beamformer unit Bd, and
in addition, a combination circuit G for combining an output
Ws from the digital beamformer unit B and an output Wd
from the digital beamformer unit Bd.

[0092] As shown in FIG. 13, the digital beamformer unit
B and the digital beamformer unit Bd form received beams
(w) In the same direction. However, a shallow focal spot fs
of the received beam (w) formed by the digital beamformer
unit B is shallower than a deep focal spot fd of the received
beam (w) formed by the digital beamformer unit Bd.

[0093] The combination circuit G adds the outputs Ws and
Wd weighted using weights Ls and Ld shown in FIG. 14, as
follows:

Third Embodiment

W=Ls Ws+Ld-Wd.

[0094] FIG. 15 shows a shallow imaginary focal spot Fs
defined by projecting the shallow focal spot fs onto an
imaginary plane 105 and a deep imaginary focal spot Fd
defined by projecting the deep focal spot fd onto the imagi-
nary plane 10b.

[0095] As shown in FIG. 16(), the scan controller 7
divides the transducers in the transducer array 10 into groups
with group indices “0”-“9”, in which transducers lying at the
same or approximately the same distance from the shallow
imaginary focal spot Fs are in the same group. Next, the scan
controller 7 divides the signal voltage ¢00-¢99 into groups
with group indices “0”-“9” corresponding to the group
arrangement of the transducers, and accordingly divides the
current signals 100-199 into groups with group indices “0”-
“9”. The matrix switch M is then set so that it adds the
current signals in respective groups and outputs the additive
current signals 10-19.
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[0096] Moreover, as shown in FIG. 16(b), the scan con-
troller 7 divides the transducers in the transducer array 10
into groups with group indices “07-“9”, in which transducers
lying at the same or approximately the same distance from
the deep imaginary focal spot Fd are in the same group.
Next, the scan controller 7 divides the signal voltage e00-
€99 into groups with group indices “0”-“9” corresponding to
the group arrangement of the transducers, and accordingly
divides the current signals 100d-199d into groups with group
indices “07-“9”. The matrix switch Md is then set so that it
adds the current signals in respective groups and outputs the
additive current signals 10d-19d.

[0097] According to the ultrasonic diagnostic apparatus of
the third embodiment, imaging for a shallow region Ps in a
scan plane P can be achieved with the output Ws from the
digital beamformer unit B and imaging for a deep region Pd
can be achieved with the output Wd from the digital beam-
former unit Bd, and then, images of these regions Ps and Pd
can be smoothly combined.

[0098]

[0099] An ultrasonic diagnostic apparatus of the fourth
embodiment comprises a receiver section 3-4 shown in FIG.
17 in place of the receiver section 3-1 of FIG. 2.

[0100] The receiver section 3-4 consists of the configura-
tion of the receiver section 3-1 of FIG. 2 additionally
provided with another set of voltage-to-current converters
h00'-h99', a matrix switch M', current-to-voltage converters
HO'-HY', programmable gain amplifiers A0-A9', A-D con-
verters C0'-C9', and a digital beamformer unit B'".

[0101] As shown in FIG. 18, the digital beamformer unit
B and the digital beamformer unit B' form received beams
(w, w') In different directions. A first focal spot f of the first
received beam (w) formed by the digital beamformer unit B
is separate from a second focal spot f' of the second received
beam (w') formed by the digital beamformer unit B', and a
first imaginary focal spot F and a second imaginary focal
spot F' respectively defined by projecting the focal spot f and
f onto an imaginary plane 105 do not overlie each other.

[0102] As shown in FIG. 19(a), the scan controller 7
divides the transducers in the transducer array 10 into groups
with group indices “07-“9”, in which transducers lying at the
same or approximately the same distance from the first
imaginary focal spot F are in the same group. Next, the scan
controller 7 divides the signal voltage ¢00-¢99 into groups
with group indices “0”-“9” corresponding to the group
arrangement of the transducers, and accordingly divides the
current signals 100-199 into groups with group indices “0”-
“9”. The matrix switch M is then set so that it adds the
current signals in respective groups and outputs the additive
current signals 10-19.

[0103] Moreover, as shown in FIG. 19(b), the scan con-
troller 7 divides the transducers in the transducer array 10
into groups with group indices “07-“9”, in which transducers
lying at the same or approximately the same distance from
the second imaginary focal spot F' are in the same group.
Next, the scan controller 7 divides the signal voltage e00-
€99 into groups with group indices “0”-“9” corresponding to
the group arrangement of the transducers, and accordingly
divides the current signals 100'-199' into groups with group
indices “07-“9”. The matrix switch M is then set so that it
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adds the current signals in respective groups and outputs the
additive current signals 10'-19".

[0104] According to the ultrasonic diagnostic apparatus of
the fourth embodiment, a plurality of separate received
beams can be simultaneously formed.

[0105] Many widely different embodiments of the inven-
tion may be configured without departing from the spirit and
the scope of the present invention. It should be understood
that the present invention is not limited to the specific
embodiments described in the specification, except as
defined in the appended claims.

claims:
1. Amethod of driving a two-dimensional array ultrasonic
probe comprising the steps of:

dividing N transducers in the two-dimensional array ultra-
sonic probe into M (<N) groups, in which transducers
lying at the same or approximately the same distance
from a focal spot of an ultrasonic beam are in the same
group; and

driving the transducers on a group-by-group basis.

2. The method of driving a two-dimensional array ultra-
sonic probe of claim 1, wherein 4096ZN=256.

3. The method of driving a two-dimensional array ultra-
sonic probe of claim 1, wherein 1282M=32.

4. An ultrasonic diagnostic apparatus comprising:

N voltage amplifiers for amplifying signal voltages from
transducers in a two-dimensional array ultrasonic
probe;

N voltage-to-current converters for converting voltages
output from said voltage amplifiers into current signals;

a current addition circuit having N inputs supplied with
said current signals, and having M (<N) outputs for
outputting additive current signals obtained by dividing
the N inputs into M (<N) groups and adding current
signals in respective groups;

M current-to-voltage converters for converting said addi-
tive current signals into voltage signals; and

a beamformer for conducting reception beamforming

using said voltage signals.

5. The ultrasonic diagnostic apparatus of claim 4, wherein
said current addition circuit is a matrix switch.

6. The ultrasonic diagnostic apparatus of claim 4, wherein
said beamformer forms a received beam in one direction,
and said current addition circuit arranges inputs correspond-
ing to transducers lying at the same or approximately the
same distance from a focal spot of said received beam into
the same group.

7. The ultrasonic diagnostic apparatus of claim 4, wherein
said beamformer forms received beams in a plurality of
directions such that imaginary focal spots thereof defined by
projecting respective focal spots onto an imaginary plane
containing a reception surface of the two-dimensional array
ultrasonic probe overlie one another at the same position,

Oct. 9, 2003

and said current addition circuit arranges inputs correspond-
ing to transducers lying at the same or approximately the
same distance from said imaginary focal spots into the same
group.
8. An ultrasonic diagnostic apparatus comprising:
N voltage amplifiers for amplifying signal voltages from
transducers in a two-dimensional array ultrasonic
probe;

N multiplied by k (k=2) voltage-to-current converters for
converting voltages output from said voltage amplifiers
into current signals;

k current addition circuits each having N inputs supplied
with said current signals, and having M (<N) outputs
for outputting additive current signals obtained by
dividing the N inputs into M (<N) groups and adding
current signals in respective groups;

M multiplied by k current-to-voltage converters for con-
verting said additive current signals into voltage sig-
nals; and

k beamformers for conducting reception beamforming

using said voltage signals.

9. The ultrasonic diagnostic apparatus of claim 8, wherein
said current addition circuits are matrix switches.

10. The ultrasonic diagnostic apparatus of claim 8,
wherein said k beamformers form received beams in one
direction having respective focal spots of different depths,
and said k current addition circuits arrange inputs corre-
sponding to transducers lying at the same or approximately
the same distance from each focal spot into the same group;
and said ultrasonic diagnostic apparatus further comprises a
combination circuit for combining the outputs from said k
beamformers.

11. The ultrasonic diagnostic apparatus of claim 8,
wherein said combination circuit is for adding the outputs
from the k beamformers with weights corresponding to the
depth.

12. The ultrasonic diagnostic apparatus of claim 8,
wherein said k beamformers form received beams in differ-
ent directions having respective focal spots of different
depths, and said current addition circuits arrange inputs
corresponding to transducers lying at the same or approxi-
mately the same distance from each focal spot into the same
group.

13. The ultrasonic diagnostic apparatus of claim 4 or 8,
wherein said voltage amplifiers are programmable gain
amplifiers.

14. The ultrasonic diagnostic apparatus of claim 4 or 8,
wherein programmable gain amplifiers are provided
between said current-to-voltage converters and said beam-
former.

16. The ultrasonic diagnostic apparatus of claim 4 or 8,
wherein 4096ZN=256.

17. The ultrasonic diagnostic apparatus of claim 4 or 8,
wherein 1282MZ32.
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