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(7) ABSTRACT

An ultrasonic diagnostic system includes electroacoustic
conversion means in which a plurality of sub-arrays, each
composed of a plurality of electroacoustic transducers, are
arranged at least two-dimensionally, sub-beam formers that
are provided on the sub-array basis, and a main beam former
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ULTRASONIC DIAGNOSTIC SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic system that has a two-dimensional array in which
vibrators are arranged, and scans a subject three-dimension-
ally.

BACKGROUND ART

[0002] As shown in FIG. 4, a conventional ultrasonic
diagnostic system includes a two-dimensional array 107 in
which a sub-array 105 composed of vibrators 101, 102, and
a sub-array 106 composed of vibrators 103, 104 are arranged
two-dimensionally. Received signals from the vibrators 101,
102 constituting the sub-array 105 respectively are input to
amplifying sections 108, 109, and the amplifying sections
108, 109 output a non-inverted output signal (+) and an
inverted output signal (-).

[0003] The non-inverted output signal (+) and the inverted
output signal (=) output from the amplifying section 108
respectively are supplied to variable amplitude sections 110,
111 via a cross point switch 181. Furthermore, the non-
inverted output signal (+) and the inverted output signal (-)
output from the amplifying section 109 respectively are
supplied to the variable amplitude sections 112, 113 via a
cross point switch 191.

[0004] A signal output from the variable amplitude section
110 and a signal output from the variable amplitude section
112 are added to be input to a +45-degree phase shifter 114.
Further, a signal output from the variable amplifier 111 and
a signal output from the variable amplifier 113 are added to
be input to a —45-degree phase shifter 115.

[0005] The output signals from the +45-degree phase
shifter 114 and the -45-degree phase shifter 115 are added
to be input to a main beam former 118.

[0006] As described above, the amplifying sections 108,
109, the cross point switches 181, 191, the variable ampli-
tude sections 110, 111, 112, 113, the +45-degree phase
shifter 114, and the -45-degree phase shifter 115 constitute
a sub-beam former 116.

[0007] Furthermore, received signals from the vibrators
103, 104 constituting the sub-array 106 are input to a
sub-beam former 117. It should be noted that the internal
configuration of the sub-beam former 117 is the same as that
of the sub-beam former 116. The signals output from the
sub-beam formers 116 and 117 are subjected to delay
addition by the main beam former 118, and are input to the
signal processing section 119. The signal input to the signal
processing section 119 is processed to be converted to an
image signal, and displayed on a display section 120.

[0008] In the above-mentioned configuration of the sub-
beam formers 116 and 117, the amplitudes of the received
signals are controlled by the cross point switches 181, 191
and the variable amplitude sections 110 to 113, whereby the
phases of the received signals are controlled, and the
received signals from the vibrators in the sub-array are
phased (e.g., see Patent document 1).

[0009] Patent document 1: U.S. Pat. No. 6,013,032 (col.
8-10, FIGS. 6, 7, and 9)
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DISCLOSURE OF INVENTION

Problem to be Solved by the Invention

[0010] However, in the conventional ultrasonic diagnostic
system, there is the following problem: in order to shift the
phase of a received signal, +45-degree (+n/4) phase shifters
in two channels are installed, which makes it difficult to
adjust phases thereof each other with good precision due to
the component precision variations between the phase shift
circuits in the respective phase shifters.

[0011] The present invention has been achieved in order to
solve the conventional problem, and its object is to provide
an ultrasonic diagnostic system capable of phasing a
received signal with good precision.

Means for Solving Problem

[0012] In order to achieve the above-described object, the
ultrasonic diagnostic system according to the present inven-
tion comprises: electroacoustic conversion means in which
a plurality of sub-arrays, each composed of a plurality of
electroacoustic transducers, are arranged at least two-dimen-
sionally; sub-beam formers that are provided on the sub-
array basis, for subjecting signals output from the electroa-
coustic conversion means to delay addition; and a main
beam former for subjecting signals output from the sub-
beam formers to delay addition, wherein each sub-beam
former, from each of received signals from the electroacous-
tic transducers in the sub-array, generates a non-inverted
signal and an inverted signal having different polarities from
each other, respectively, obtains a first signal by controlling
amplitudes of the signals having a first polarity among the
polarities, followed by adding, and obtains a second signal
by controlling amplitudes of the signals having a second
polarity among the polarities, followed by adding, imparts a
delay time difference corresponding to a quarter of one
period of the received signal between the first signal and the
second signal by first delay means composed of a capacitor
memory provided inside, and adds the first signal and the
second signal to which the delay time difference is imparted.

[0013] With this configuration, the received signal can be
phased with high precision.

[0014] Further, in the ultrasonic diagnostic system accord-
ing to the present invention, each sub-beam former includes:
amplifying sections provided on the sub-array basis, each
amplifying section generating a non-inverted signal and an
inverted signal that have different polarities from each other,
from a received signal from the corresponding electroacous-
tic transducer in the sub-array; cross point switches, each
selectively switching the non-inverted signal and the
inverted signal output from the corresponding amplifying
section and outputting the same; variable amplitude sections
for outputting the first signal and the second signal, the first
signal being obtained by controlling amplitudes of the
signals that are output from the cross point switches and that
have a first polarity among the polarities, followed by
adding, and the second signal being obtained by controlling
amplitudes of the signals that are output from the cross point
switches and that have a second polarity among the polari-
ties, followed by adding; a delay section for imparting a
delay time difference corresponding to a quarter of one
period of the received signal between the first signal and the
second signal output from the variable amplitude sections;
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and an adding section for adding an output signal from the
delay section and output signals from the variable amplitude
sections.

[0015] Still further, in the ultrasonic diagnostic system
according to the present invention, the capacitor memory
includes: at least one N-ary counter (N22); a writing
decoder that receives a count value output from the counter
and outputs N writing control signals; N writing switches
that commonly receive the first signal at ends thereof, and
are turned on/off according to the N writing control signals,
respectively; N capacitors whose ends are connected to the
other ends of the N writing switches and whose other ends
are connected to a ground potential; a reading decoder that
receives the count value output from the counter and outputs
N reading control signals; N reading switches that receive
potentials of the N capacitors at ends thereof, respectively,
are turned on/off according to the N reading control signals,
respectively, and output delay signals of the first signal via
the other ends thereof that are connected commonly; and
second delay means for imparting a delay time difference
between an operation of the writing decoder and an opera-
tion of the reading decoder.

[0016] In this case, the counter preferably can be set to be
M-ary (MEN) according to a frequency of the received
signal.

[0017] Further, the counter preferably is composed of a
writing counter outputting a count value to the writing
decoder, and a reading counter outputting a count value to
the reading decoder, and the second delay means is a first
delay circuit (latch) for delaying an operation initiation
timing of the writing counter.

[0018] Alternatively, the second delay means is disposed
between an output end of the counter and an input end of the
reading decoder, or between the output end of the counter
and an input end of the writing decoder, and is means (adder
or subtracter) for incrementally increasing or decreasing the
count value output from the counter.

[0019] Still alternatively, the second delay means prefer-
ably is disposed between an output end of the counter and an
input end of the writing decoder, and is a second delay
circuit (latch) for delaying the count value output from the
counter.

EFFECTS OF THE INVENTION

[0020] According to the present invention, the following
special effect is exhibited: an ultrasonic diagnostic system
capable of phasing a received signal from an electroacoustic
transducer in a two-dimensional array with high precision
can be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1A s a block diagram showing one exemplary
configuration of a receiving section in an ultrasonic diag-
nostic system according to a first embodiment of the present
invention.

[0022] FIG. 1B is a schematic diagram showing an exem-
plary configuration of a two-dimensional array composed of
a number of vibrators including vibrators 1 to 4 in FIG. 1A.

[0023] FIG. 1C is a detailed block diagram of a capacitor
memory constituting a delay section shown in FIG. 1A.
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[0024] FIG. 2 is a detailed block diagram of a capacitor
memory constituting a delay section of a receiving section in
an ultrasonic diagnostic system according to a second
embodiment of the present invention.

[0025] FIG. 3 is a detailed block diagram of a capacitor
memory constituting a delay section of a receiving section in
an ultrasonic diagnostic system according to a third embodi-
ment of the present invention.

[0026] FIG. 4 is a block diagram showing an exemplary
configuration of a conventional ultrasonic diagnostic sys-
tem.

DESCRIPTION OF REFERENCE NUMERALS

[0027] 1 to 4 vibrator
[0028] 5. 6 sub-array
[0029] 7 two-dimensional array (electroacoustic conver-

sion means)

[0030] 8.9 amplifying section

[0031] 10 to 13 variable amplitude section

[0032] 14 delay section (first delay means)

[0033] 15 adding section

[0034] 16, 17 sub-beam former

[0035] 18 main beam former

[0036] 21, 25 amplifier

[0037] 22 writing decoder

[0038] 23 writing counter (counter)

[0039] 24 latch (first delay circuit as second delay means)
[0040] 26 reading decoder

[0041] 27 reading counter (counter)

[0042] 28 adder (means for incrementally increasing or

decreasing a count value, as second delay means)

[0043] 29 latch (second delay circuit as second delay
means)
DESCRIPTION OF THE INVENTION
[0044] Hereinafter, preferable embodiments of the present

invention will be described with reference to the drawings.

First Embodiment

[0045] FIG. 1A is a block diagram showing one exemplary
configuration of a receiving section in an ultrasonic diag-
nostic system according to a first embodiment of the present
invention.

[0046] In FIG. 1A, vibrators 1 to 4 are composed of
electroacoustic transducers, and convert an acoustic echo
signal to a received signal. The vibrators 1 and 2 constitute
a sub-array 5, the vibrators 3 and 4 constitute a sub-array 6,
and the sub-arrays 5 and 6 constitute a two-dimensional
array 7. Although only the vibrators 1 to 4 are illustrated in
FIG. 1A, actually, a number of vibrators are arranged
two-dimensionally as shown in FIG. 1B.

[0047] Amplifying sections 8, 9 respectively output a
non-inverted output signal (+) and an inverted output signal



US 2007/0225604 Al

(=) of the received signals from the vibrators 1, 2. Variable
amplitude sections 10, 11 are connected to the amplifying
section 8 via a cross point switch 81, and variable amplitude
sections 12, 13 are connected to the amplifying section 9 via
a cross point switch 91. The output signals of the variable
amplitude sections 10, 12 are added, and the signal thus
obtained by addition (first signal) is supplied to a delay
section 14 (first delay means). Furthermore, the output
signals of the variable amplitude sections 11, 13 are added,
and the signal thus obtained by addition (second signal) is
added to the output signal of the delay section 14 in an
adding section 15.

[0048] As described above, the amplifying sections 8, 9,
the cross point switches 81, 91, the variable amplitude
sections 10, 11, 12, 13, the delay section 14, and the adding
section 15 constitute a sub-beam former 16.

[0049] Furthermore, the received signals from the vibra-
tors 3, 4 are input to a sub-beam former 17. The internal
configuration of the sub-beam former 17 is the same as that
of the sub-beam former 16.

[0050] The output signals of the sub-beam formers 16, 17
are subjected to delay addition by a main beam former 18.
The output signal of the main beam former 18 is processed
to be an image signal by a signal processing section 19. The
image signal from the signal processing section 19 is dis-
played on a display section 20. A controller 31 controls the
switching control with respect to the cross point switches 81
and 91, and coeflicients of the variable amplitude sections
10, 11, 12, and 13, which will be described later.

[0051] FIG. 1C is a detailed block diagram of a capacitor
memory constituting the delay section 14 shown in FIG. 1A.

[0052] In FIG. 1C, the first signal obtained by adding the
signals output from the variable amplitude sections 10 and
12 is supplied to an amplifier 21. An output signal from the
amplifier 21 is supplied commonly to ends of N (N=6 in the
present embodiment) writing switches WS0 to WS5 (in the
case of N=6). The turning on/off of the writing switches
WS0 to WS5 is controlled by a writing control signal output
from a writing decoder 22. The writing decoder 22 is
controlled according to a count value output from a writing
counter 23 composed of a N-ary (N22) counter. To the
writing counter 23, a set value (M-1), a clock, and a count
initiation signal delayed by a latch 24 (first delay circuit as
second delay means) are input.

[0053] The other ends of the writing switches WSO to
WS5 are connected to ends of N (N=6 in the present
embodiment) capacitors C0 to C5, respectively, while other
ends of the capacitors C0 to C5 are connected with a ground
potential. Furthermore, still other ends of the capacitors C0
to C5 are connected with ends of N (N=6 in the present
embodiment) reading switches RS0 to RSS5, respectively.
Delay signals of the first signal, which are output from the
other ends of the reading switches RS0 to RS5, are supplied
to an amplifier 25. The turning on/off of the reading switches
RS0 to RS5 is controlled according to a reading control
signal output from the reading decoder 26. The reading
decoder 26 is controlled according to a count value output
from a reading counter 27. To the reading counter 27
composed of the N-ary counter (NZ2), a set value (M-1), a
clock, and a count initiation signal are input.
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[0054] Next, an operation of the ultrasonic diagnostic
system configured as described above will be described with
reference to FIG. 1A.

[0055] First, the vibrator 1 generates a received signal
a(t)cos(2m-f1t). Herein, tis a time, a(t) is an envelope of the
received signal, and f1 is a center frequency of the received
signal.

[0056] The amplifying section 8 outputs a non-inverted
output signal a(t)cos(2r-f1-t), and an inverted output signal
—a(t)cos(2m-f1-t) based on the received signal input thereto.

[0057] Depending upon the switch connection state in the
cross point switch 81, the variable amplitude section 10
multiplies the non-inverted output signal or the inverted
output signal by a coefficient w(0) to output
xw(0)-a(t)cos(2r-f1-t). Furthermore, depending upon the
connection state between the non-inverted output and the
inverted output in the cross point switch 81, the variable
amplitude section 11 multiplies the non-inverted output
signal or the inverted output signal by a coeflicient w(1) to
output X1(t)=tw(1)-a(t)cos(2x-f1-1). The output signal from
the variable amplitude section 10 is added to a signal from
a variable amplitude section 12 (to be described later), and
the signal thus obtained by addition is input to the delay
section 14.

[0058] The delay section 14 imparts a delay time AT=T1/
4, which is a quarter of one period T1=1/f of the received
signal to the output signal of the variable amplitude section
10, and generates an output signal X0(t) represented by the
following expression depending upon the connection state of
the cross point switch 81.

XO()=tw(0) a(t-AT)cos(2m:f1-(1-AT)) o)

Since 2n-f1-AT=n/2 is satisfied and a(t—-AT) is approximated
to a(t), Expression (1) can be represented as follows.

XO(t)=tw(0)a(r)cos(2m:f1 1t-m/2) 2

An output signal X0(?) of the delay section 14 is added in the
adding section 15 to an output signal X1(z) obtained by
adding the output signal of the variable amplitude section 11
and the output signal of the variable amplitude section 13,
thereby to be a sub-beam former output signal Z0(¢). For
example, in the case where w(0)=0, w(1)=1, and the non-
inverted output of the amplifying section 8 is connected to
the variable amplitude section 11, the sub-beam former
output signal is represented by the following expression.

Z0(t)=a(ticos(2m:f1-1) (3)
[0059] Furthermore, in the case where w(0)=0.71, w(1)=
0.71, the non-inverted output of the amplifying section 8 is
connected to the variable amplitude section 10, and the
non-inverted output of the amplifying section 8 is connected

to the variable amplitude section 11, the sub-beam former
output signal is represented by the following expression.

Z0(ty=a(ticos(2m:f1-1-m/4) 4)

[0060] Furthermore, in the case where w(0)=1, w(1)=0,
and the non-inverted output of the amplifying section 8 is
connected to the variable amplitude section 10, the sub-
beam former output signal is represented by the following
expression.

Z0(ty=a(ticos(2m:f1-1-m/2) 3)

[0061] Furthermore, in the case where w(0)=0.71, w(l)=
0.71, the non-inverted output of the amplifying section 8 is
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connected to the variable amplitude section 10, and the
inverted output of the amplifying section 8 is connected to
the variable amplitude section 11, the sub-beam former
output signal is represented by the following expression.

Z0(t)=a(t)cos(2m:f1-1-3m/4) (6)

[0062] Furthermore, in the case where w(0)=0, w(1)=1,
and the inverted output of the amplifying section 8 is
connected to the variable amplitude section 11, the sub-
beam former output signal is represented by the following
expression.

Z0(8)=a(t)cos(2mf1 1-m) M

[0063] Furthermore, in the case where w(0)=0.71, w(1)=
0.71, the inverted output of the amplifying section 8 is
connected to the variable amplitude section 10, and the
inverted output of the amplifying section 8 is connected to
the variable amplitude section 11, the sub-beam former
output signal is represented by the following expression.

Z0(t)y=a(t)cos(2m:f1-1-5n/4) (8)

[0064] Furthermore, in the case where w(0)=1, w(1)=0,
and the inverted output of the amplifying section 8 is
connected to the variable amplitude section 10, the sub-
beam former output signal is represented by the following
expression:

Z0(H=a(ticos(2mf1-1-3m/2) 9
[0065] Furthermore, in the case where w(0)=0.71, w(1)=
0.71, the inverted output of the amplifying section 8 is
connected to the variable amplitude section 10, and the
non-inverted output of the amplifying section 8 is connected
to the variable amplitude section 11, the sub-beam former
output signal is represented by the following expression.

Z0(t)y=a(t)cos(2m:f1-t-Tni4) (10)

[0066] Thus, a phase ¢a of the received signal
a(t)cos(2mtfl 1) of the vibrator 1 can be controlled.

[0067] Next, in the case where the variable amplitude
section 12 generates a coeflicient w(2) and the variable
amplitude section 13 generates a coefficient w(3), with
respect to a received signal b(t)cos(2m-f1-t) of the vibrator 2,
and the received signal of the vibrator 1 also is considered,
the output signal of the adding section 15 is represented by
the following expression.

Z0(D=a(ticos(2mf1-t+9a)+b(t)cos(2m f1-1+¢b) 1n

Thus, a phase ¢b of the received signal b(t)cos(27-f1-1) of the
vibrator 2 also can be controlled, and the received signals of
the vibrators 1, 2 in the sub-array 5 can be subjected to
phasing addition in the sub-beam former 16. It should be
noted that Expression (11) shows the phasing addition by the
control of a phase, but actually with a delay in a received
signal owing to the delay section 14, more excellent phasing
addition is performed.

[0068] Similarly, the received signals of the vibrators 3, 4
in the sub-array 6 can be subjected to phasing addition in the
sub-beam former 17. The output signals of the sub-beam
formers 16 and 17 are subjected to delay addition in the main
beam former 18. Thus, the received signals of the vibrators
1 to 4 in the two-dimensional array 7 are subjected to beam
forming.

[0069] Next, an operation of a capacitor memory consti-
tuting the delay section 14 will be described with reference
to FIG. 1C.
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[0070] The set value (M-1) is supplied so as to cause the
writing counter 23 and the reading counter 27 to operate as
M-ary counters (M=N).

[0071] The writing counter 23 and the reading counter 27
output M count values, i.e., values of 0 to M-1, cyclically.
Since the count initiation of the writing counter 23 is delayed
by one clock by the latch 24, when the writing counter 23
outputs “0”, the reading counter 27 outputs “1”. When the
writing counter 23 outputs “M-17, the reading counter 27
outputs “M”.

[0072] When the count value output from the writing
counter 23 is “i”, the writing decoder 22 outputs a writing
control signal that turns on the writing switch WSi and turns
off the other writing switches WSj (j=i). Likewise, when the
count value output from the reading counter 27 is “i”, the
reading decoder 26 outputs a reading control signal that
turns on the reading switch RSi and turns off the other
reading switches RSj (j=1).

[0073] FIG. 1C shows an exemplary case where the writ-
ing switch WSO is turned on and the reading switch RS1 is
turned on. Assuming that the set value (M-1) for the writing
counter 23 and the reading counter 27 is 3, the writing
counter 23 and the reading counter 27 are M=4-ary, i.e.,
quarternary counters, and four capacitors C0 to C3 are
selected cyclically. As a result, at the same clock timing at
which data equivalent to a signal obtained by amplifying the
first signal are written in the capacitor C0, data are read out
of the capacitor C1, data are read out of the capacitor C2 at
a next clock timing, data are read out of the capacitor C3 at
a further next clock timing, and data are read out of the
capacitor CO at a still further next clock timing.

[0074] Thus, a delay time corresponding to three clocks
can be taken between the amplifier 21 and the amplifier 25,
and the only requisition is that the foregoing delay time
should correspond to a quarter of one period of the received
signal. Assuming that a time of one clock is Tck and a time
of a quarter of one period of the received signal is Tq, the
relationship represented by the following expression is
required to be satisfied:

(M-1) TekeTq (12)
Thus, the optimal and minimal value of M can be selected.

[0075] It should be noted that in an actual circuit, a noise
having a period corresponding to M-Tck occurs to the
amplifier 25 since ON resistances of the writing switches
WS0 to WS5 and the reading switches RS0 to RS5, capaci-
tances of the capacitors C0 to C5, etc. vary. However, since
the value of M is set to a minimal value according to the
expression (12) depending on the frequency of the received
signal, the frequency of the noise can be set enough higher
than the center frequency of the received signal, which is
advantageous because the noise can be removed easily by a
filter.

[0076] As described above, according to the ultrasonic
diagnostic system of the first embodiment of the present
invention, by providing the sub-beam former 16 composed
of the amplifying sections 8, 9, the cross point switches 81,
91, the variable amplitude sections 10 to 13, the delay
section 14 composed of a capacitor memory, and the adding
section 15, a received signal can be subjected to phasing
addition with high precision.
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[0077] It should be noted that the frequency of the
received signal may be a frequency of the fundamental of the
received signal or a frequency of harmonics of the same.

Second Embodiment

[0078] FIG. 2 is a block diagram of a capacitor memory
constituting a delay section 14 of a receiving section in an
ultrasonic diagnostic system according to a second embodi-
ment of the present invention. It should be noted that in FIG.
2, parts that have the same configurations and functions as
those shown in FIG. 1C referred to in conjunction with the
first embodiment are designated by the same reference
numerals or marks, and descriptions of the same are omitted.
Further, the other constituent elements not shown in FIG. 2
are the same as the constituent elements shown in FIGS. 1A,
1B,and 1C.

[0079] 1In FIG. 2, a count value output from a counter 30
is supplied to a writing decoder 22. Further, a value of “1”
is added to the count value of the counter 30 by an adder 28
(means for incrementally increasing or decreasing a count
value, as second delay means) and thereafter the count value
is supplied also to the reading decoder 26.

[0080] Next, an operation of a capacitor memory consti-
tuting the delay section 14 according to the present embodi-
ment will be described with reference to FIG. 2.

[0081] First, a set value (M-1) is supplied so as to cause
the counter 30 to operate as a M-ary counter.

[0082] The counter 30 outputs M count values, i.e., values
of 0 to M-1, cyclically. Since the adder 28 adds a value of
“1” to the count value output from the counter 30 and
supplies it to the reading decoder 26, when “0” is input to the
writing decoder 22, “1” is input to the reading decoder 26.
Likewise, when “M-1" is input to the writing decoder 22,
“M” is input to the reading decode 26. FIG. 2 shows an
exemplary case where the count value output from the
counter 30 is “0”, the writing switch WS0 is turned on while
the other writing switches WSj (j=0) are turned off, and the
reading switch RS1 is turned on while the other reading
switches RSj (j=1) are turned off.

[0083] Assuming that the set value (M-1) of the counter
30 is 3, the counter 30 is a M=4-ary, i.e., quarternary counter,
and four capacitors C0 to C3 are selected cyclically. As a
result, a delay time corresponding to three clocks can be
taken between the amplifier 21 and the amplifier 25, and the
only requirement is that the foregoing delay time should
correspond to a quarter of one period of the received signal.

[0084] As described above, according to the ultrasonic
diagnostic system according to the second embodiment of
the present invention in which the counter 30 and the adder
28 are provided in the delay section 14 in place of the writing
counter, the reading counter, and the latch of the first
embodiment, a received signal can be delayed with high
precision.

[0085] Tt should be noted that though the adder 28 is
disposed between the counter 30 and the reading decoder 26
in the configuration described above, a subtracter may be
provided instead between the counter 30 and the writing
decoder 22.

[0086] Further, though an incrementally increasing
counter is used as the counter 30, an incrementally decreas-
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ing counter may be used instead. In such a case, the position
where the adder or subtracter is disposed is inverted as
compared with the case of the incrementally increasing
counter.

Third Embodiment

[0087] FIG. 3 is a block diagram of a capacitor memory
constituting a delay section 14 of a receiving section in an
ultrasonic diagnostic system according to a third embodi-
ment of the present invention. It should be noted that in FIG.
3, parts that have the same configurations and functions as
those shown in FIG. 1C referred to in conjunction with the
first embodiment are designated by the same reference
numerals or marks, and descriptions of the same are omitted.
Further, the other constituent elements not shown in FIG. 3
are the same as the constituent elements shown in FIGS. 1A,
1B, and 1C.

[0088] In FIG. 3, a count value output from a counter 30
is supplied to a writing decoder 22 via a latch 29 (second
delay circuit as second delay means). Further, the count
value of the counter 30 also is supplied to the reading
decoder 26.

[0089] Next, an operation of a capacitor memory consti-
tuting the delay section 14 according to the present embodi-
ment will be described with reference to FIG. 3.

[0090] First, a set value (M-1) is supplied to the counter
30 so as to cause the counter 30 to operate as a M-ary
counter.

[0091] The counter 30 outputs M count values, i.e., values
of 0 to M-1, cyclically. The latch 29 outputs values one
clock before the count values output from the counter 30,
that is, (M-1), 0, . . . (M=2). Therefore, when “0” is input
to the writing decoder 22, “1” is input to the reading decoder
26, and when “M-1”is input to the writing decoder 22, “M”
is input to the reading decoder 26. FIG. 3 shows an exem-
plary case where the count value output from the counter 30
is “0”, the writing switch WS0 is turned on while the other
writing switches WSj (j=0) are turned off, and the reading
switch RS1 is turned on while the other reading switches RS
(j#1) are turned off.

[0092] Assuming that the set value (M-1) of the counter
30 is 3, the counter 30 is a M=4-ary, i.e., quarternary,
counter, and four capacitors C0 to C3 are selected cyclically.
As a result, a delay time corresponding to three clocks can
be taken between the amplifier 21 and the amplifier 25, and
the only requirement is that the foregoing delay time should
correspond to a quarter of one period of the received signal.

[0093] As described above, according to the ultrasonic
diagnostic system according to the third embodiment of the
present invention in which the counter 30 and the latch 29
are provided in the delay section 14 in place of the writing
counter, the reading counter, and the latch of the first
embodiment, a received signal can be delayed with high
precision.

INDUSTRIAL APPLICABILITY

[0094] The ultrasonic diagnostic system according to the
present invention has an advantage that a received signal
from electroacoustic transducers arranged two-dimension-
ally can be phased with high precision. The system is useful
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as an ultrasonic diagnostic system or the like that has a
two-dimensional array and scans a subject three-dimension-
ally, and is applicable for medical purposes and the like.
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signal between the first signal and the second signal
output from the variable amplitude sections; and

1. An ultrasonic diagnostic system, comprising:

electroacoustic conversion means in which a plurality of
sub-arrays, each composed of a plurality of electroa-
coustic transducers, are arranged at least two-dimen-
sionally;

sub-beam formers that are provided on the sub-array
basis, for subjecting signals output from the electroa-
coustic conversion means to delay addition; and

amain beam former for subjecting signals output from the
sub-beam formers to delay addition,

wherein each sub-beam former,

from each of received signals from the electroacoustic
transducers in the sub-array, generates a non-in-
verted signal and an inverted signal having different
polarities from each other, respectively,

obtains a first signal by controlling amplitudes of the
signals having a first polarity among the polarities,
followed by adding, and obtains a second signal by
controlling amplitudes of the signals having a second
polarity among the polarities, followed by adding,

imparts a delay time difference corresponding to a
quarter of one period of the received signal between
the first signal and the second signal by first delay
means composed of a capacitor memory provided
inside, and

adds the first signal and the second signal to which the
delay time difference is imparted.
2. The ultrasonic diagnostic system according to claim 1,

wherein each sub-beam former includes:

amplifying sections provided on the sub-array basis, each
amplifying section generating a non-inverted signal
and an inverted signal that have different polarities
from each other, from a received signal from the
corresponding electroacoustic transducer in the sub-
array,;

cross point switches, each selectively switching the non-
inverted signal and the inverted signal output from the
corresponding amplifying section and outputting the
same;

variable amplitude sections for outputting the first signal
and the second signal, the first signal being obtained by
controlling amplitudes of the non-inverted signals out-
put from the cross point switch, followed by adding,
and the second signal being obtained by controlling
amplitudes of the inverted signals output from the cross
point switch, followed by adding;

a delay section for imparting a delay time difference
corresponding to a quarter of one period of the received

an adding section for adding an output signal from the
delay section and output signals from the variable
amplitude sections.
3. The ultrasonic diagnostic system according to claim 1,
wherein the capacitor memory includes:

at least one N-ary counter (NZ2);

a writing decoder that receives a count value output from
the counter and outputs N writing control signals;

N writing switches that commonly receive the first signal
at ends thereof. and are turned on/off according to the
N writing control signals, respectively;

N capacitors whose ends are connected to the other ends
of the N writing switches and whose other ends are
connected to a ground potential;

a reading decoder that receive the count value output from
the counter and output N reading control signals;

N reading switches that receive potentials of the N
capacitors at ends thereof, respectively, are turned
on/off according to the N reading control signals,
respectively, and output delay signals of the first signal
via the other ends thereof that are connected com-
monly; and

second delay means for imparting a delay time difference
between an operation of the writing decoder and an
operation of the reading decoder.

4. The ultrasonic diagnostic system according to claim 3,
wherein the counter can be set to be M-ary (M=N) accord-
ing to a frequency of the received signal.

5. The ultrasonic diagnostic system according to claim 3,
wherein

the counter comprises a writing counter outputting a count
value to the writing decoder, and a reading counter
outputting a count value to the reading decoder, and

the second delay means is a first delay circuit for delaying
an operation initiation timing of the writing counter.
6. The ultrasonic diagnostic system according to claim 3,
wherein

the second delay means is disposed between an output end
of the counter and an input end of the reading decoder,
or between the output end of the counter and an input
end of the writing decoder, and is means for incremen-
tally increasing or decreasing the count value output
from the counter.

7. The ultrasonic diagnostic system according to claim 3,

wherein

the second delay means is disposed between an output end
of the counter and an input end of the writing decoder,
and is a second delay circuit for delaying the count
value output from the counter.

# 0k % k&
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