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ULTRASONIC DIAGNOSTIC APPARATUS
BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic diag-
nostic apparatus that has a two-dimensional array and three-
dimensionally scans a subject.

[0003] 2. Description of the Related Art

[0004] As shown in FIG. 4, a conventional ultrasonic
diagnostic apparatus is provided with: a transmitting array
30, including many transducer elements assigned to several
transmitting sub-arrays 31, 31, to 31,,; a transmitting beam
former 40 including several transmitting beam former chan-
nels 41,, 41, to 41,,; in-group transmitting processors 38,
38, to 38,, which are configured and arrayed so as to
generate an acoustic beam emitted to a subject portion; a
receiving array 30, that includes many transducer elements
assigned to several receiving sub-arrays 42, 42, to 42,
several in-group receiving processors 44,, 44, to 44, con-
nected to the several receiving sub-arrays 42, ,; a receiving
beam former 46 that includes charge coupling elements for
forming delaying elements which are arrayed so as to
receive a transducer signal in response to an echo from the
acoustic beam, from the transducer element of the sub-array
where each of the in-group receiving processors 44, \; is
connected, and are arrayed so as to delay the transducer
signal received by each of the in-group receiving processors
44, ;, and includes an adding element for receiving the
delayed transducer signal and adding the delayed transducer
signal; several processing channels 48,, 48, to 48, where
this receiving beam former 46 is connected to the several
in-group receiving processors 44, ; and an image generator
58 that includes a beam former delaying mechanism where
each of the processing channels 48, ,; synthesizes the receiv-
ing beams from the echo in accordance with the receiving
signals received from the in-group receiving processor 44,
and a beam former adding mechanism 50 for receiving the
signals from the processing channels 48, ; and adding them,
and generates the image of the subject portion in accordance
with the signal received from the receiving beam former 46
(for example, refer to the following patent document 1).

[0005] [Patent Document 1] Japanese Patent Application
Publication (2000-33087)

[0006] However, in the conventional ultrasonic diagnostic
apparatus, if a dynamic focus for dynamically changing a
focus distance of reception is tried, a clock frequency of the
charge coupling element of the in-group receiving processor
must be changed, which results in a problem of noise
generation. Also, there is a problem that the numbers of the
in-group receiving processors 44, , the processing chan-
nels 48, ,; and the signal lines to connect them must be
increased in order to exhibit the directivity of the reception
in a plurality of directions at the same time.

SUMMARY OF THE INVENTION

[0007] The present invention is proposed in order to solve
the above-mentioned conventional problems. It is therefore
an object of the present invention to provide an ultrasonic
diagnostic apparatus, which can attain a dynamic focus in
which noise is small, or can exhibit a directivity of reception
in a plurality of directions without any increase in the
number of signal lines.
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[0008] An ultrasonic diagnostic apparatus of the present
invention has the configuration where it has a probe handle
and a main body, and at least two-dimensionally arrayed
transducer elements are divided into a plurality of sub-
arrays, and for each sub-array, a plurality of phasing circuits
are installed inside the probe handle, respectively, and
receiving signal outputs of the plurality of phasing circuits
are coupled inside the probe handle for each sub-array, and
the coupled receiving signal output of the phasing circuit is
generated for each sub-array and delayed and added in the
main body.

[0009] This configuration can attain the dynamic focus
whose noise is small, or can exhibit the directivity of the
reception in the plurality of directions without any increase
in the number of the signal lines.

[0010] Also, in the ultrasonic diagnostic apparatus of the
present invention, the receiving signal outputs of the plu-
rality of phasing circuits of the sub-array are mutually
coupled by a switch, and among the plurality of phasing
circuits, the receiving signal output of the phasing circuit
which carries out a phasing operation is selected by the
switch, and in the phasing circuit which does not carry out
the phasing operation, a phasing data is re-written.

[0011] This configuration can attain the dynamic focus
whose noise is small.

[0012] Moreover, the ultrasonic diagnostic apparatus of
the present invention is configured such that an analog
delaying circuit for delaying the output signal of each
transducer element inside the sub-array is installed, and in
the phasing circuit which does not carry out the phasing
operation, the operation of the analog delaying circuit is
stopped.

[0013] The configuration can directly couple the outputs
from the plurality of phasing circuits and can reduce the
electric power consumption in the phasing circuit.

[0014] Moreover, the ultrasonic diagnostic apparatus of
the present invention is configured such that the receiving
signal outputs of the plurality of phasing circuits of the
sub-array are modulated and then coupled and further
demodulated in the main body and then delayed and added.

[0015] This configuration can exhibit the directivity of the
reception in the plurality of directions without any increase
in the number of the signal lines.

[0016] The present invention can provide the ultrasonic
diagnostic apparatus, where at least two-dimensionally
arrayed transducer elements are divided into the plurality of
sub-arrays, and for each sub-array, the plurality of phasing
circuits are installed inside the probe handle, respectively,
and the receiving signal outputs of the plurality of phasing
circuits are coupled inside the probe handle for each sub-
array, and the coupled receiving signal output of the phasing
circuit is delayed and added, and this can accordingly have
the effect that the dynamic focus with the small noise is
possible and that the directivity of the reception is exhibited
in the plurality of directions without any increase in the
number of the signal lines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a main portion block diagram showing a
receiver of an ultrasonic diagnostic apparatus in a first
embodiment of the present invention;
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[0018] FIG. 2 is a detailed block diagram showing a
phasing circuit and its periphery in the first embodiment of
the present invention;

[0019] FIG. 3 is a main portion block diagram showing a
receiver of an ultrasonic diagnostic apparatus in a second
embodiment of the present invention; and

[0020] FIG. 4 is a block diagram showing a conventional
ultrasonic diagnostic apparatus.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0021] An ultrasonic diagnostic apparatus of the embodi-
ment of the present invention will be described below with
reference to the drawings.

FIRST EMBODIMENT

[0022] FIG. 1 shows a main portion block diagram of a
receiver of an ultrasonic diagnostic apparatus in the first
embodiment of the present invention. In FIG. 1, a transducer
element 1; is two-dimensionally arrayed and constitutes a
sub-array 2;. The sub-array 2; is two-dimensionally arrayed
and constitutes an arrayed transducer elements 3. An output
of the transducer element 1; of the sub-array 2, is sent to a
phasing circuit 4; and a phasing circuit §; both functioning as
phase-adjusting circuits. Outputs of the phasing circuits 4;,
5, are coupled by a coupling circuit 6;. In FIG. 1, for
convenience, symbols are given to only the i-th and j-th
units, among all of the transducer elements, sub-arrays,
phasing circuits and coupling circuits. All of the foregoing
transducer elements, sub-arrays, phasing circuits and cou-
pling circuits are accommodated inside a probe handle 7. An
output from the coupling circuit 6; is sent through a probe
cable 8 to a delay adding circuit 10 of a main body 9. Also,
the phasing circuits 4., 5. are controlled by a control circuit
11. An output of the delay adding circuit 10 is processed by
a signal processor 12, and an image screen is displayed on
a display 21.

[0023] FIG. 2 is a detailed block diagram showing the
phasing circuits 4;, 5; and their peripheries. At first, a signal
of a transducer element of one sub-array is sent to a delaying
circuit 13,. In FIG. 2, for convenience, among all of the
delaying circuits 13, (X is a character to specify an indi-
vidual delaying circuit, and hereafter, all of the delaying
circuits are indicated by the symbols 13), a symbol is given
to only the k-th circuit. A focus data of the delaying circuits
13, is sent by a register 14;. Although the delaying circuits
13, is operated in accordance with a clock sent from the
control circuit 11, its clock is controlled so as to be turned
on and off by a switch 15;. The clock, the switching signal
of the switch 15;, and the focus data of the register 14; are
sent from the control circuit 11. The output of the delaying
circuits 13, is added at an addition point 16;. The outputs of
t6he phasing circuits 4, 5, are added by the coupling circuit

-
[0024] The operation of the ultrasonic diagnostic appara-
tus having the foregoing configuration will be described
below with reference to FIG. 2. At first, the arrayed trans-
ducer elements 3 shown in FIG. 2 send an ultrasonic wave
to a particular direction. Then, in such a way that the
directivity of reception is generated in the sent direction, the
focus data is stored in the register 14 prior to the receiving
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start, and the focus data is sent to each delaying circuits 13,.
Next, among the switches 15 of the phasing circuits 4;, 5,,
the switch 15; of the phasing circuit 4; is turned on, and the
delaying circuits 13_ starts its operation. The switch of the
phasing circuit 5; is turned off, and the operation of the
delaying circuits 13, is stopped. In the phasing circuit 4, in
such a way that a receiving signal is phased at the shortest
distance L, the focus data is stored in the register 14;. Next,
the switch 15, of the phasing circuit 4, is turned off, and the
operation of the delaying circuits 13, 1s stopped. The switch
of the phasing circuit 5; is turned on, and the delaying
circuits 13, of the phasing circuit §; starts its operation. In
the phasing circuit 5., in such a way that a receiving signal
is phased at a distance L+AL, the focus data is stored in the
register. In a period where the switch of the phasing circuit
5, is on, the focus data is stored in the register 14; of the
phasing circuit 4; so that the receiving signal is phased at a
distance L+2AL. The phasing of the receiving signal and the
storing into the register of the focus data are executed
alternately as mentioned above. The phasing circuit can
phase the receiving signal from the near distance to the
remote distance. Since the clock frequency of the delaying
circuits 13, operated as mentioned above and the focus data
are not changed, the noise is never generated in the receiving
signal. The outputs of the phasing circuits 4;, 5; as mentioned
above are added by the coupling circuit 6;, and delayed and
added to the receiving signal from the other sub-array by the
delay adding circuit 10. According to the ultrasonic diag-
nostic apparatus of the first embodiment of the present
invention as mentioned above, the receiving signal from one
sub-array is sent to the plurality of phasing circuits 4;, 5;, and
the phasing operation is performed in one of the phasing
circuits 4;, 5;, and the focus data is stored in the other circuit,
and the outputs of the phasing circuits 4;, 5; are coupled.
Consequently, the phasing circuit can phase the receiving
signal from the near distance to the remote distance by
dynamically changing the focus position. By the way, in the
foregoing explanation, the coupling circuit carries out the
addition. However, it may be a switch for selecting the
output of the phasing circuit that is operated.

SECOND EMBODIMENT

[0025] Next, FIG. 3 shows a main portion block of a
receiver of an ultrasonic diagnostic apparatus of the second
embodiment of the present invention. By the way, the same
symbols or signs are given to the portions having the same
configurations and functions as FIGS. 1, 2 referred by the
first embodiment, and their explanations are omitted.

[0026] In FIG. 3, a modulator 17; modulates the output of
the phasing circuit 4;. A filter 18, is connected to the output
of the coupling circuit 6;. One output of the filter 18; is sent
to a first delay adding circuit 10A, and the other output of the
filter 18; is sent through a demodulator 19; to a second delay
adding circuit 20.

[0027] The operation of the ultrasonic diagnostic appara-
tus having the above-mentioned configuration will be
described below with reference to FIG. 3. At first, the
control circuit 11 sends the focus data where the receiving
directivities are different, to the phasing circuits 4y, 5,. The
output of the phasing circuit 4; has a central frequency 0. A
signal of a frequency fl is mixed with the output of the
phasing circuit 4; by the modulator 17;, and the component
of a frequency f0+11 is outputted. In the coupling circuit 6;,
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the output of the phasing circuit 5; is added to the output of
the modulator 17;. However, the frequency 10 of the output
of the phasing circuit 5; and the frequency f0+f1 of the
output of the modulator 17; are sufficiently separate, which
has no influence on the mutual signals. The filter 18;
separates the output of the coupling circuit 6; into the
component of the frequency f0 corresponding to the output
of the phasing circuit 5; and the component of the frequency
{0+11 corresponding to the output of the modulator 17;. The
component of the frequency f0 is sent to the first delay
adding circuit 10A. The component of the frequency f0+{1
is mixed with the frequency f0 by the demodulator 19;, and
the component of the frequency f0 corresponding to the
output of the phasing circuit 4 is outputted. The output of the
demodulator 19; is sent to the second delay adding circuit 20.
Consequently, the outputs of the plurality of phasing circuits
4;, 5; having the directivities where the receiving directions
are different can be coupled and sent to one signal line.

[0028] As mentioned above, according to the ultrasonic
diagnostic apparatus of the second embodiment of the
present invention, the plurality of phasing circuits and
modulators are installed inside the probe handle. Thus, the
plurality of receiving signals corresponding to the plurality
of receiving directivities can be sent through one signal line
to the main body. Hence, it is possible to reduce the number
of the signal lines to connect the probe handle and the main
body.

[0029] As mentioned above, the ultrasonic diagnostic
apparatus according to the present invention has the effect
that the phasing circuit can phase the receiving signal from
the near distance to the remote distance by dynamically
changing the focus position, and this is useful as the ultra-
sonic diagnostic apparatus which has the two-dimensional
array and three-dimensionally scans the subject.

What is claimed is:
1. An ultrasonic diagnostic apparatus having a probe
handle and a main body,
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wherein at least two-dimensionally arrayed transducer
elements are divided into a plurality of sub-arrays,

for each of said sub-arrays, a plurality of phasing circuits
are installed inside said probe handle, respectively,

receiving signal outputs of said plurality of phasing
circuits are coupled inside said probe handle for each
sub-array, and

the coupled receiving signal output of the phasing circuit
is generated for said each sub-array and delayed and
added in said main body.
2. The ultrasonic diagnostic apparatus according to claim
ls

wherein the receiving signal outputs of the plurality of
phasing circuits of said sub-array are mutually coupled
by a switch,

among said plurality of phasing circuits, the receiving
signal output of the phasing circuit which carries out a
phasing operation is selected by said switch, and

in the phasing circuit which does not carry out the phasing
operation, a phasing data is re-written.
3. The ultrasonic diagnostic apparatus according to claim
ls

wherein an analog delaying circuit for delaying the output
signal of each transducer element inside said sub-array
is installed, and

in the phasing circuit which does not carry out the phasing
operation, the operation of said analog delaying circuit
is stopped.
4. The ultrasonic diagnostic apparatus according to claim
1, wherein the receiving signal outputs of the plurality of
phasing circuits of said sub-array are modulated and then
coupled and demodulated in said main body and then
delayed and added.
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