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ULTRASONIC DIAGNOSTIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a U.S. National Stage Applica-
tion of International Application No. PCT/JP2017/013239,
filed Mar. 30, 2017, and published in Japanese as WO
2017/170865 Al on Oct. 5, 2017, which claims priority to
Japanese Patent Application No. 2016-074030, filed on Apr.
1, 2016. The entire disclosures of the above applications are
incorporated herein by reference.

BACKGROUND

Technical Field

[0002] The present invention relates to an ultrasonic diag-
nostic apparatus.

Related Art

[0003] There has been widely used an ultrasonic diagnos-
tic apparatus that emits an ultrasonic wave toward an
internal part of a subject and generates an ultrasonic image
by using an ultrasonic wave reflected from the internal part
of the subject. The reflected ultrasonic wave is converted
into an electric signal by a transducer. The electric signal is
aweak signal and is amplified by an amplifier circuit. At this
time, various types of noise such as electromagnetic noise or
power-source noise are included in the amplified signal.
[0004] When a noise component is large, it is difficult to
have a clear view of the ultrasonic image. In this respect,
JP-A-2010-240131 discloses a method for reducing noise.
According to JP-A-2010-240131, an ultrasonic diagnostic
apparatus includes a preprocessing substrate on which a
subtraction amplifier is mounted and the subtraction ampli-
fier subtracts a noise signal from an ultrasonic signal. In this
manner, the preprocessing substrate converts a receiving
signal of an ultrasonic wave into a signal having a small
noise component. Thus, the ultrasonic diagnostic apparatus
realizes a display of the ultrasonic image having low noise.
[0005] An ultrasonic element array, in which receiving
elements are disposed in a matrix shape, is installed in an
ultrasonic probe. In order to increase the resolution of the
ultrasonic image, the number of receiving elements is
increased. When a circuit configuration of PTL 1 is applied,
the number of subtraction amplifiers is increased, and thus
it is necessary to increase an area of a circuit substrate. Thus,
a control device becomes a large device. As a countermea-
sure, the circuit substrate is divided into a plurality of circuit
substrates. At this time, noise having a different phase for
each circuit substrate due to the impedance of wiring,
through which the circuit substrates are connected, is super-
imposed on a receiving signal in some cases. In this respect,
there has been a demand for an ultrasonic diagnostic appa-
ratus that is capable of effectively reducing noise that is
included in the receiving signal even when the phase of the
noise that is included in the receiving signal is different for
each circuit substrate.

SUMMARY

[0006] The present invention is made to solve such a
problem described above and can be realized in the follow-
ing aspects or application examples.
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Application Example 1

[0007] An ultrasonic diagnostic apparatus according to
this application example includes: a plurality of receiving
elements that receive an ultrasonic wave, convert the ultra-
sonic wave into an electric signal, and output a receiving
signal; a noise detecting unit that detects noise and outputs
a noise signal; a noise signal amplifying unit that amplifies
the noise signal and outputs an amplified noise signal; a
subtracting unit that receives the receiving signal and the
amplified noise signal and subtracts the amplified noise
signal from the receiving signal; and a plurality of circuit
substrates, each of which has the noise signal amplifying
unit and the subtracting unit.

[0008] According to this application example, the ultra-
sonic diagnostic apparatus includes the plurality of receiving
elements, the plurality of noise detecting units, and the
plurality of circuit substrates. The circuit substrate has the
noise signal amplifying unit and the subtracting unit. The
receiving element receives the ultrasonic wave, converts the
ultrasonic wave into the electric signal, and outputs the
receiving signal. The noise detecting unit detects noise and
outputs the noise signal to the noise signal amplifying unit.
The noise signal amplifying unit amplifies the input noise
signal and outputs the amplified noise signal to the subtract-
ing unit. The subtracting unit receives the receiving signal
and the amplified noise signal and subtracts the amplified
noise signal from the receiving signal. In this manner, even
when the receiving signal includes unnecessary noise, it is
possible to reduce the noise that is included in the receiving
signal. The noise signal amplifying unit is installed for each
circuit substrate. Hence, the noise signal that is subtracted
from the receiving signal changes for each circuit substrate.
As a result, even when a phase of the noise that is included
in the receiving signal is different for each circuit substrate,
it is possible to effectively subtract the noise that is included
in the receiving signal.

Application Example 2

[0009] The ultrasonic diagnostic apparatus according to
the application example described above, further includes: a
storage unit that stores a predetermined coeflicient, and the
subtracting unit subtracts a calculation result obtained by
multiplying the amplified noise signal by the coefficient
from the receiving signal.

[0010] According to this application example, the storage
unit that stores the predetermined coefficient is provided.
Thus, the subtracting unit subtracts the calculation result
obtained by multiplying the amplified noise signal by the
coefficient from the receiving signal. Hence, it is possible to
subtract the calculation result obtained by multiplying the
amplified noise signal by each individual coeflicient for each
subtracting unit from the receiving signal. As a result, it is
possible to easily adjust an amount that is subtracted from
the receiving signal.

Application Example 3

[0011] In the ultrasonic diagnostic apparatus according to
the application example described above, the receiving
elements are arranged in one direction, and the coefficient
corresponding to the receiving signal output from the receiv-
ing element that is positioned at the center is larger than the
coeflicient corresponding to the receiving signal output from
the receiving element that is positioned at the end.
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[0012] According to this application example, the receiv-
ing elements are arranged in one direction. Therefore, the
receiving elements include a receiving element that is posi-
tioned in a portion at an end of an arrangement and a
receiving element that is positioned in a portion at the center
of the arrangement. A noise signal that is included in the
receiving signal which is output by the receiving element
positioned in the portion of the center of the arrangement is
referred to as a noise signal of the central portion. A noise
signal that is included in the receiving signal which is output
by the receiving element positioned in the portion at the end
of the arrangement is referred to as a noise signal of the end
portion. At this time, the noise signal of the central portion
is larger than the noise signal of the end portion.

[0013] A receiving signal which is output by the receiving
element positioned in the portion of the center of the
arrangement is referred to as a receiving signal of the central
portion. A receiving signal which is output by the receiving
element positioned in the portion of the end of the arrange-
ment is referred to as a receiving signal of the end portion.
Thus, the coefficient corresponding to the receiving signal of
the central portion is larger than the coefficient correspond-
ing to the receiving signal of the end portion. Hence, the
noise signal of the central portion is more reduced than the
noise signal of the end portion. As a result, it is possible to
obtain the receiving signal having an influence of noise
which is reduced depending on the position of the arrange-
ment of the receiving elements.

Application Example 4

[0014] The ultrasonic diagnostic apparatus according to
the application example described above further includes: a
coeflicient calculating unit that calculates the coeflicient
from a distribution of noise signals for reference, which are
output from receiving elements when an ultrasonic reflection
signal is not detected.

[0015] According to this application example, the ultra-
sonic diagnostic apparatus further includes the coeflicient
calculating unit. Thus, the coefficient calculating unit cal-
culates the coeflicient from the distribution of noise signals
for reference, which are output from the receiving elements
when an ultrasonic reflection signal is not detected. Hence,
it is possible to calculate the coeflicient corresponding to the
unique distribution of the noise signals for reference for each
arrangement of the receiving elements. As a result, it is
possible to subtract the noise signal from the receiving
signal with higher accuracy.

Application Example 5

[0016] In the ultrasonic diagnostic apparatus according to
the application example described above, the noise detecting
unit includes a noise detecting element that outputs the noise
signal, and the noise detecting element and the receiving
element have the same structure.

[0017] According to this application example, the noise
detecting unit includes the noise detecting element that
outputs the noise signal. The noise detecting element and the
receiving element have the same structure. Hence, the noise
detecting element is capable of detecting a noise signal
having the same intensity as the noise signal that is included
in the receiving signal which is output by the receiving
element.
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Application Example 6

[0018] In the ultrasonic diagnostic apparatus according to
the application example described above, the noise detecting
element and the receiving element are installed in a sub-
strate, and a thickness of the substrate at a position opposite
to the receiving element is smaller than a thickness of the
substrate at a position opposite to the noise detecting ele-
ment.

[0019] According to this application example, the noise
detecting element and the receiving element are installed on
the substrate. Thus, the thickness of the substrate at the
position opposite to the receiving element is small and the
substrate vibrates due to the ultrasonic wave at the position.
On the other hand, the thickness of the substrate at the
position opposite to the noise detecting element is large and
the substrate is unlikely to vibrate due to the ultrasonic wave
at the position. Hence, the receiving element receives the
ultrasonic wave, the noise detecting element is unlikely to be
influenced by the ultrasonic wave, and thus it is possible to
easily detect the noise.

Application Example 7

[0020] In the ultrasonic diagnostic apparatus according to
the application example described above, the circuit sub-
strate is provided with a switching circuit installed to supply
a power source.

[0021] According to this application example, the circuit
substrate is provided with the switching circuit installed to
supply the power source. Since the noise signal amplifying
unit and the subtracting unit are provided on the circuit
substrate, the circuit installed on the circuit substrate can
reduce the noise signal. Thus, since the switching circuit that
supplies the power source is installed for each circuit
substrate, it is possible to easily supply a predetermined
voltage to each circuit substrate.

Application Example 8

[0022] An ultrasonic diagnostic apparatus according to
this application example includes: a plurality of receiving
elements that receive an ultrasonic wave, convert the ultra-
sonic wave into an electric signal, and outputs a receiving
signal; a plurality of noise detecting elements that detect
noise and output a noise signal; and subtracting units that
receive the receiving signal and the noise signal and subtract
the noise signal from the receiving signal. One receiving
element, one noise detecting element, and one subtracting
unit configure one set, and the receiving element and the
noise detecting element in the same set are disposed to be
adjacent to each other.

[0023] According to this application example, one receiv-
ing element, one noise detecting element, and one subtract-
ing unit configure one set. The receiving element and the
noise detecting element in the same set are disposed to be
adjacent to each other. Equivalent electromagnetic noise is
applied to both of the adjacent receiving element and noise
detecting element. Thus, the subtracting unit can remove,
from the receiving signal, a noise signal equivalent to the
noise signal that is added to the receiving signal. Hence, it
is possible to remove the noise signal from the receiving
signal with high accuracy.
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Application Example 9

[0024] The ultrasonic diagnostic apparatus according to
the application example described above further includes a
transmitting element that transmits an ultrasonic wave inter-
mittently, and the transmitting element serves as a noise
detecting element that outputs the noise signal when the
transmitting element does not transmit an ultrasonic wave.
[0025] According to this application example, the ultra-
sonic diagnostic apparatus includes the transmitting element
that transmits the ultrasonic wave intermittently. The trans-
mitting element serves as the noise detecting element that
outputs the noise signal when the transmitting element does
not transmit the ultrasonic wave. Hence, the noise detecting
element may be provided separately from the transmitting
element, and thus it is possible to manufacture the ultrasonic
diagnostic apparatus with high productivity.

BRIEF DESCRIPTION OF DRAWINGS

[0026] FIG. 1 is a schematic perspective view showing a
configuration of an ultrasonic diagnostic apparatus accord-
ing to a first embodiment.

[0027] FIG. 2 is an electric circuit diagram of the ultra-
sonic diagnostic apparatus.

[0028] FIG. 3isan electric circuit diagram of an ultrasonic
diagnostic apparatus according to a second embodiment.

[0029] FIG. 4 is a graph for illustrating an operation of an
electric circuit.
[0030] FIG. 51is a graph for illustrating an operation of the
electric circuit.
[0031] FIG. 6is a graph for illustrating an operation of the
electric circuit.
[0032] FIG. 7isan electric circuit diagram of an ultrasonic

diagnostic apparatus according to a third embodiment.
[0033] FIG. 8is an electric circuit diagram of an ultrasonic
diagnostic apparatus according to a fourth embodiment.
[0034] FIG. 9 is a schematic view for illustrating a struc-
ture of an ultrasonic element array.

[0035] FIG. 10 is an electric circuit diagram of an ultra-
sonic diagnostic apparatus according to a fifth embodiment.

DETAILED DESCRIPTION

[0036] Hereinafter, embodiments will be described with
reference to the figures. Members shown in the figures have
a size to the extent that the members are recognizable on the
figures, and thus a different scale is applied for each of the
members on the figures.

First Embodiment

[0037] In the embodiment, a characteristic example of a
circuit in an ultrasonic diagnostic apparatus is described
with reference to the figures. The ultrasonic diagnostic
apparatus according to the first embodiment is described
with reference to FIGS. 1 and 2. FIG. 1 is a schematic
perspective view showing a configuration of the ultrasonic
diagnostic apparatus. As shown in FIG. 1, an ultrasonic
diagnostic apparatus 1 includes an ultrasonic probe 2 and a
control device 3. The ultrasonic probe 2 and the control
device 3 are connected to each other via a cable 4. An
operator uses by making the ulirasonic probe 2 come into
contact with a subject 19.

[0038] The ultrasonic probe 2 includes an ultrasonic ele-
ment array 5 and a relay substrate 6. The ultrasonic element
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array 5 has ultrasonic elements which are disposed in a
matrix shape. The ultrasonic element maybe configured to
have a transmitting element that transmits an ultrasonic
wave and a receiving element that receives an ultrasonic
wave or may be configured to have a transmitting/receiving
element that transmits and receives the ultrasonic wave. In
the embodiment, the ultrasonic element array 5 has a con-
figuration in which the transmitting element and the receiv-
ing element are disposed.

[0039] The relay substrate 6 is configured to have a first
relay substrate 7 and a second relay substrate 8. The relay
substrate 6 1s configured of a plurality of substrates, and the
number of substrates is not particularly limited. In the
embodiment, the relay substrate 6 is configured to have two
substrates, for easy understanding of the description. The
relay substrate 6 may be configured of three or more
substrates. Some ultrasonic elements are connected to the
first relay substrate 7, and the rest of the ultrasonic elements
are connected to the second relay substrate 8. Thus, the relay
substrate 6 is connected to the cable 4.

[0040] The control device 3 includes a preprocessing
substrate 9 as a circuit substrate, a control substrate 10, an
input unit 11, and a display unit 12. The preprocessing
substrate 9 performs a noise removing process, an amplify-
ing process, an analog/digital (A/D) converting process, and
a parallel/serial converting process. The preprocessing sub-
strate 9 is configured to have a first preprocessing substrate
13 as the circuit substrate and a second preprocessing
substrate 14 as the circuit substrate. The preprocessing
substrate 9 is configured of a plurality of substrates, and the
number of substrates is not particularly limited. In the
embodiment, the preprocessing substrate 9 is configured to
have two substrates, for easy understanding of the descrip-
tion. The first relay substrate 7 outputs a signal to the first
preprocessing substrate 13, and the second relay substrate 8
outputs a signal to the second preprocessing substrate 14.
[0041] The preprocessing substrate 9 may be configured of
three or more substrates. It is preferable that the relay
substrate 6 and the preprocessing substrate 9 have the same
number of substrates. The circuit wiring can be simply
configured. The relay substrate 6 and the preprocessing
substrate 9 may have the different number of substrates.
[0042] The control substrate 10 is connected to the pre-
processing substrate 9. The control substrate 10 performs
signal processing, image processing, and display processing.
The control substrate 10 is connected to the input unit 11 and
the display unit 12 and outputs an image signal to the display
unit 12. The input unit 11 is a keyboard, a mouse controller,
or the like. An operator operates the input unit 11 and inputs
content of instruction to the ultrasonic diagnostic apparatus
1. The display unit 12 displays an ultrasonic image or a
measurement condition. It is possible to use, as the display
unit 12, a liquid crystal display device, an organic electrolu-
minescence display, a plasma display, or a surface field
display.

[0043] FIG. 2 is an electric circuit diagram of the ultra-
sonic diagnostic apparatus. As shown in FIG. 2, the ultra-
sonic element array 5, in which receiving elements 15 are
arranged, the first relay substrate 7, and the second relay
substrate 8 are installed in the ultrasonic probe 2. The
receiving element 15 in the figures is an element that
receives the ultrasonic wave. The receiving element 15
receives the ultrasonic wave, converts the ultrasonic wave
into the electric signal, and outputs a receiving signal. The
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transmitting element that emits the ultrasonic wave is
installed in the ultrasonic element array 5 but is omitted in
the figures.

[0044] A plurality of amplifier circuits are installed in the
first relay substrate 7. Each of the amplifier circuits has an
input portion and an output portion. The input portion of one
amplifier circuit is grounded to a housing. This amplifier
circuit is a first detecting amplifier 16. The first detecting
amplifier 16 amplifies noise that is input from the ground.
The first detecting amplifier 16 corresponds to a noise
detecting unit that detects the noise and outputs a noise
signal.

[0045] An input portion of another amplifier circuit is
connected to the receiving element 15. This amplifier circuit
is a first ultrasonic wave amplifier 17. The first ultrasonic
wave amplifier 17 amplifies a receiving signal that is output
by the receiving element 15. Since the second relay substrate
8 has the same configuration as that of the first relay
substrate 7, the description thereof is omitted. A plurality of
shielded wires 18 are installed in the cable 4. Output
portions of the first detecting amplifier 16 and the first
ultrasonic wave amplifier 17 are connected to the shielded
wire 18.

[0046] One second detecting amplifier 21 and a plurality
of subtraction amplifiers 22 as subtracting units are installed
on the first preprocessing substrate 13. An input portion of
the second detecting amplifier 21 and the output portion of
the first detecting amplifier 16 are connected to each other
via the shielded wire 18. The second detecting amplifier 21
corresponds to a noise signal amplifying unit that amplifies
the noise signal and outputs the amplified noise signal. An
amplification factor of the second detecting amplifier 21 can
be adjusted by a variable resistance or the like. The sub-
traction amplifier 22 is provided with a +input portion, a
-input portion, and an output portion. The subtraction
amplifier 22 subtracts a voltage input from the -input
portion from a voltage input from the +input portion and
outputs an obtained value to the output portion. The sub-
traction amplifier 22 can be designed by applying a differ-
ence amplifier thereto.

[0047] The number of subtraction amplifiers 22 installed
on the first preprocessing substrate 13 is the same as the
number of first ultrasonic wave amplifiers 17 installed on the
first relay substrate 7. Thus, output portions of the first
ultrasonic wave amplifiers 17 of the first relay substrate 7 are
connected to the +input portions of the subtraction ampli-
fiers 22 of the first preprocessing substrate 13 via the
shielded wires 18. The —input portions of the subtraction
amplifiers 22 are connected to the output portion of the
second detecting amplifier 21 via wiring.

[0048] In this manner, the receiving signal is input to the
+input portion of the subtraction amplifier 22, and the
amplified noise signal is input to the —input portion thereof.
Thus, the subtraction amplifier 22 corresponds to a subtract-
ing unit that subtracts the amplified noise signal from the
receiving signal. A signal obtained by calculation from the
subtraction amplifier 22 is referred to as an ultrasonic signal.
On the first preprocessing substrate 13, A/D converters 23
are installed, and the number of A/D converters is the same
as the number of subtraction amplifiers 22. The A/D con-
verter receives the ultrasonic signal that is output by the
subtraction amplifier 22 and converts the ultrasonic signal
into a digital signal.
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[0049] A parallel/serial (P/S) converting circuit 24 is
installed on the first preprocessing substrate 13. An output
from each of the A/D converter 23 is parallel data, and the
P/S converting circuit 24 converts the parallel data into
serial data and transmits the serial data to the control
substrate 10. Transmission of the serial data enables the
number of data wirings to decrease. Thus, it is possible to
decrease a space that is occupied by the wirings, and thus it
is possible to decrease the control device 3 in size.

[0050] The control device 3 includes a power source unit
25, and the power source unit 25 supplies a DC voltage to
the first preprocessing substrate 13 and the second prepro-
cessing substrate 14. The power source unit 25 may receive
an AC voltage and convert the AC voltage into the DC
voltage or may include a rechargeable battery. A switching
circuit 26 that supplies a power source is installed on the first
preprocessing substrate 13 and the second preprocessing
substrate 14. The switching circuit 26 receives the DC
voltage and converts the DC voltage into a DC voltage
having different voltage. Thus, the switching circuit 26 of
the first preprocessing substrate 13 supplies the DC voltage
to electric elements in the first preprocessing substrate 13
and the first relay substrate 7. Similarly, the switching circuit
26 of the second preprocessing substrate 14 supplies the DC
voltage to electric elements in the second preprocessing
substrate 14 and the second relay substrate 8.

[0051] A circuit configuration in the second preprocessing
substrate 14 is the same as the circuit configuration in the
first preprocessing substrate 13, and the second preprocess-
ing substrate has the same function as that of the first
preprocessing substrate. The preprocessing substrate 9
includes the second detecting amplifier 21 and the subtrac-
tion amplifier 22. Thus, the second preprocessing substrate
14 receives a noise signal and a receiving signal from the
second relay substrate 8 and computes an ultrasonic signal
obtained by subtracting the noise signal from the receiving
signal. Further, the second preprocessing substrate 14 con-
verts the ultrasonic signal into serial data of digital data and
outputs the serial data to the control substrate 10. The
amplification factor of the second detecting amplifier 21 is
adjusted for each of the preprocessing substrates 9 and is
individually set. Noise is detected for each of the prepro-
cessing substrates 9. Thus, even when phase of noise that is
input to the subtraction amplifier 22 is different for each of
the preprocessing substrates 9, noise having a phase match
is detected, and the subtraction amplifier 22 performs sub-
traction. Hence, the noise is appropriately reduced for each
of the preprocessing substrates 9. The circuit configuration
of the second preprocessing substrate 14 is the same as the
circuit configuration of the first preprocessing substrate 13,
and thus the detailed description of the second preprocessing
substrate 14 is omitted.

[0052] A signal processing unit 27, an image processing
unit 28, a display control unit 29, an integrated control unit
30, and a storage unit 31 are installed in the control substrate
10. The signal processing unit 27 receives the serial data
from the first preprocessing substrate 13 and the second
preprocessing substrate 14 and stores ultrasonic data of the
receiving element 15 to the storage unit 31. The image
processing unit 28 receives ultrasonic data and forms an
ultrasonic image. The display control unit 29 converts the
ultrasonic image into data that is driven by the display unit
12 and outputs the data to the display unit 12.
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[0053] The integrated control unit 30 controls the signal
processing unit 27, the image processing unit 28, and the
display control unit 29. The input unit 11 is connected to the
integrated control unit 30, and the integrated control unit 30
has a function of reflecting an instruction of an operator to
a process of the image processing unit 28. The storage unit
31 stores data of various setting conditions, in addition to the
ultrasonic data and the image data. The control substrate 10
may have the CPU, and the CPU may perform functions of
the signal processing unit 27, the image processing unit 28,
and the display control unit 29 in accordance with a pro-
gram. At this time, the program is stored in the storage unit
31. The signal processing unit 27, the image processing unit
28, and the display control unit 29 may be configured of the
electric circuit.

[0054] Next, a flow of a signal and data in the ultrasonic
diagnostic apparatus 1 will be described. First, the transmit-
ting element (not shown) emits the ultrasonic wave to the
subject 19. The ultrasonic wave is reflected from an internal
part of the subject 19, and a part of the ultrasonic wave
reaches the receiving element 15. The receiving element 15
receives the ultrasonic wave, converts the ultrasonic wave
into a receiving signal, which is the electric signal, and
outputs the receiving signal to the first ultrasonic wave
amplifier 17. The first ultrasonic wave amplifier 17 outputs
the receiving signal to the subtraction amplifier 22 via the
shielded wire 18.

[0055] The first detecting amplifier 16 outputs the noise
signal to the second detecting amplifier 21 via the shielded
wire 18. The second detecting amplifier 21 amplifies the
noise signal and outputs the amplified noise signal to the
subtraction amplifier 22. The subtraction amplifier 22 sub-
tracts the amplified noise signal from the receiving signal
and outputs the ultrasonic signal to the A/D converter 23.
The A/D converter 23 converts the ultrasonic signal into the
digital data and outputs the digital data to the P/S converting
circuit 24. The P/S converting circuit 24 converts the digital
data into serial digital data and outputs the serial digital data
to the signal processing unit 27.

[0056] Receiving signals that are output from some receiv-
ing elements 15 installed in the ultrasonic element array 5
are output to the signal processing unit 27 through the first
relay substrate 7, the cable 4, and the first preprocessing
substrate 13. Receiving signals that are output from the rest
of the receiving elements 15 installed in the ultrasonic
element array 5 are output to the signal processing unit 27
through the second relay substrate 8, the cable 4, and the
second preprocessing substrate 14.

[0057] The signal processing unit 27 receives serial data
and outputs digital data of an ultrasonic signal. The image
processing unit 28 outputs an ultrasonic image obtained by
using the digital data of the ultrasonic signal. The display
control unit 29 converts the ultrasonic image into data that
is driven by the display unit 12 and outputs the data to the
display unit 12. The display unit 12 displays the ultrasonic
image.

[0058] As described above, according to the embodiment,
the following effects are achieved.

[0059] (1) According to the embodiment, the ultrasonic
diagnostic apparatus 1 includes the plurality of receiving
elements 15, the plurality of first detecting amplifiers 16, and
the plurality of preprocessing substrates 9. The preprocess-
ing substrate 9 includes the second detecting amplifier 21
and the subtraction amplifier 22. The receiving element 15
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receives the ultrasonic wave, converts the ultrasonic wave
into the electric signal, and outputs the receiving signal to
the subtraction amplifier 22. The first detecting amplifier 16
detects noise and outputs the noise signal to the second
detecting amplifier 21. The second detecting amplifier 21
amplifies the input noise signal and outputs the amplified
noise signal to the subtraction amplifier 22. The subtraction
amplifier 22 receives the receiving signal and the amplified
noise signal and subtracts the amplified noise signal from the
receiving signal. In this manner, even when the receiving
signal includes unnecessary noise, it is possible to reduce the
noise that is included in the receiving signal. The noise
signal amplifying unit is installed for each of the prepro-
cessing substrates 9. Hence, the noise signal that is sub-
tracted from the receiving signal changes for each of the
preprocessing substrates 9. As a result, even when a phase of
the noise that is included in the receiving signal is different
for each of the preprocessing substrates 9, it is possible to
effectively subtract the noise that is included in the receiving
signal.

[0060] (2) According to the embodiment, the preprocess-
ing substrate 9 is provided with the switching circuit 26
installed to supply the power source. Since the preprocess-
ing substrate includes the second detecting amplifier 21 and
the subtraction amplifier 22, and thus it is possible to reduce
the noise signal. Since the switching circuit 26 that supplies
the power source is installed in the preprocessing substrate
9, it is possible to easily increase the number of preprocess-
ing substrates 9.

[0061] (3) According to the embodiment, the first relay
substrate 7 and the first preprocessing substrate 13 are
connected to each other via the cable 4, and the second relay
substrate 8 and the second preprocessing substrate 14 are
connected to each other via the cable 4. When noise is
generated by the switching circuit 26 of the first preprocess-
ing substrate 13, the noise is blocked in the first relay
substrate 7 and the first preprocessing substrate 13. There-
fore, it is possible to reduce the influence of the noise on the
second detecting amplifier 21 and the subtraction amplifier
22 in the first preprocessing substrate 13.

[0062] Similarly, when noise is generated by the switching
circuit 26 of the second preprocessing substrate 14, the noise
is blocked in the second relay substrate 8 and the second
preprocessing substrate 14. Therefore, it is possible to
reduce the influence of the noise on the second detecting
amplifier 21 and the subtraction amplifier 22 in the second
preprocessing substrate 14. The noise generated by the
switching circuit 26 has a different phase or voltage level for
each substrate. Even in this case, since the noise is sub-
tracted for each substrate, it is possible to reduce the noise
with high accuracy.

[0063] (4) According to the embodiment, the relay sub-
strate 6 is divided into the first relay substrate 7 and the
second relay substrate 8. Hence, the first relay substrate 7
and the second relay substrate 8 are disposed to be opposite
to each other, and thereby the ultrasonic probe 2 can be
reduced in size so as to be easily held. Similarly, the
preprocessing substrate 9 is divided into the first prepro-
cessing substrate 13 and the second preprocessing substrate
14. Hence, the first preprocessing substrate 13 and the
second preprocessing substrate 14 are disposed to be oppo-
site to each other, and thereby the control device 3 can be
reduced in size.
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[0064] (5) According to the embodiment, the first detect-
ing amplifier 16 is installed in the ultrasonic probe 2. Hence,
even when the ultrasonic element array 5 receives electro-
magnetic noise, the first detecting amplifier 16 can detect the
electromagnetic noise. As a result, it is possible to remove
the electromagnetic noise from the ultrasonic signal.

[0065] (6) According to the embodiment, the input portion
of the first detecting amplifier 16 is grounded. Hence, it is
possible to detect circuit noise generated in the ultrasonic
diagnostic apparatus 1. Thus, it is possible to reduce image
noise.

Second Embodiment

[0066] Next, an embodiment of the ultrasonic imaging
apparatus will be described with reference to FIGS. 3 to 6.
FIG. 3 is an electric circuit diagram of the ultrasonic
diagnostic apparatus. FIGS. 4 to 6 are graphs for illustrating
operations of the electric circuit. The embodiment differs
from the first embodiment in that the receiving signal and the
noise signal are converted into a digital signal, and then the
noise signal is subtracted from the receiving signal. Descrip-
tion of the same content as that of the first embodiment is
omitted.

[0067] In other words, in the embodiment, as shown in
FIG. 3, an ultrasonic diagnostic apparatus 34 includes the
ultrasonic probe 2 and a control device 35, and the ultrasonic
probe 2 and the control device 35 are connected to each
other via the cable 4. The control device 35 has the control
substrate 10, the input unit 11, the display unit 12, the power
source unit 25, and a preprocessing substrate 36 as the
circuit substrate, and the preprocessing substrate 36 is con-
figured to have a first preprocessing substrate 37 and a
second preprocessing substrate 38. Since the first prepro-
cessing substrate 37 and the second preprocessing substrate
38 have the same circuit configuration, the first preprocess-
ing substrate 37 is described, and the description of the
second preprocessing substrate 38 is omitted.

[0068] The single second detecting amplifier 21 is
installed in the first preprocessing substrate 37. Additionally,
second ultrasonic wave amplifiers 39 are installed in the first
preprocessing substrate 37, and the number of second ultra-
sonic wave amplifiers 39 is the same as the number of first
ultrasonic wave amplifiers 17 installed in the first relay
substrate 7. Additionally, the A/D converters 23 are installed
in the first preprocessing substrate 37, and the number of
A/D converters is the total number of the number of first
detecting amplifiers 16 and the number of first ultrasonic
wave amplifiers 17 installed in the first relay substrate 7.
Additionally, subtractors 40 are installed in the first prepro-
cessing substrate 37, and the number of subtractors 40 is the
same as the number of second ultrasonic wave amplifiers 39.
The subtractor 40 is a circuit that subtracts one input data
from the other input data. In the embodiment, for example,
the subtractor 40 is configured of a programmable digital
circuit. Hence, when a coefficient is multiplied to data
corresponding to the noise signal, it is possible to easily
change the coeflicient. Additionally, the single P/S convert-
ing circuit 24 is installed in the first preprocessing substrate
37.

[0069] The input portion of the second detecting amplifier
21 is connected to the output portion of the first detecting
amplifier 16 via the shielded wire 18. The output portion of
the second detecting amplifier 21 is connected to one input
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portion of the A/D converter 23, and an output portion of the
A/D converter 23 is connected to all of the input portions of
the subtractors 40.

[0070] An Input portion of the second ultrasonic wave
amplifier 39 is connected to the output portion of the single
first ultrasonic wave amplifier 17 via the shielded wire 18.
The output portion of the second ultrasonic wave amplifier
39 is connected to the single input portion the A/D converter
23, and the output portion of the A/D converter 23 is
connected to the input portion of the single subtractor 40.
The output portions of the subtractors 40 are connected to
the P/S converting circuit 24.

[0071] The noise signal output from the first detecting
amplifier 16 is amplified by the second detecting amplifier
21 and becomes the amplified noise signal. The amplified
noise signal is input to the A/D converter 23, and the A/D
converter 23 converts the amplified noise signal into the
digital data. The amplified noise signal converted into the
digital data is input to all of the subtractors 40.

[0072] The receiving signal output from the first ultrasonic
wave amplifier 17 is amplified by the second ultrasonic
wave amplifier 39. The receiving signal is input to the A/D
converter 23, and the A/D converter 23 converts the receiv-
ing signal into the digital data. The receiving signal con-
verted into the digital data is input to the single subtractor
40. The receiving element 15, the first ultrasonic wave
amplifier 17, the second ultrasonic wave amplifier 39, the
A/D converter 23, and the subtractor 40 are connected in
series. The output portions of all of the subtractors 40 are
connected to an input portion of the single P/S converting
circuit 24. An output portion of the P/S converting circuit 24
is connected to the signal processing unit 27.

[0073] Next, a flow of a signal and data in the ultrasonic
diagnostic apparatus 34 will be described. The first ultra-
sonic wave amplifier 17 amplifies the receiving signal and
outputs the receiving signal to the second ultrasonic wave
amplifier 39 via the shielded wire 18. The second detecting
amplifier 21 amplifies the noise signal and outputs the
amplified noise signal to the A/D converter 23. The A/D
converter 23 converts the amplified noise signal into the
digital data and outputs the digital data to all of the sub-
tractors 40.

[0074] On the other hand, the second ultrasonic wave
amplifier 39 receives and amplifies the receiving signal and
outputs the amplified signal to the A/D converter 23. The
A/D converter 23 converts the receiving signal into the
digital data and outputs the digital data to the single sub-
tractor 40. The integrated control unit 30 and the storage unit
31 are installed in the control device 35, and the data of
coefficients that is used in the calculation by the subtractor
40 is stored in the storage unit 31. The integrated control unit
30 transmits the data of coefficients to the subtractors 40.
The data of coeflicients may be different for each of the
subtractors 40 or may be the same value.

[0075] The subtractor 40 receives the amplified noise
signal, the receiving signal, and the digital data of coeffi-
cients. Thus, the subtractor 40 subtracts a calculation result
obtained by multiplying the amplified noise signal by the
coeflicient from the receiving signal. Hence, it is possible to
subtract the calculation result obtained by multiplying by
each individual coefficient for each of the subtractors 40
from the receiving signal. As a result, it is possible to easily
adjust an amount that is subtracted from the receiving signal.
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[0076] The subtractors 40 outputs the calculation result to
the P/S converting circuit 24. The P/S converting circuit 24
converts parallel digital data of the calculation result into
serial digital data and outputs the serial digital data to the
signal processing unit 27. The content of the subsequent
signal processing is the same as that of the first embodiment,
and thus the description thereof is omitted.

[0077] Next, coefficients, which are used in the calculation
by the subtractor 40, and calculation results will be
described. In FIG. 4, the vertical axis represents values of
coeflicients, and an upper side has a larger value than a lower
side in the figure. The horizontal axis represents numbers
assigned to the subtractors 40. The receiving elements 15 are
arranged in one direction in the ultrasonic element array 5.
The number of receiving elements 15 arranged in one row is
not particularly limited; however, in the embodiment, the
number is reduced to 20 elements for easy understanding of
the description.

[0078] The subtractors 40 are numbered from 1 to 20, and
the numbers of the subtractors 40 are set to match the order
of arrangement of the corresponding receiving elements 15.
The subtractor 40 assigned a subtractor number of 10 is the
subtractor 40 corresponding to the receiving element 15 that
is positioned at the center. Subtractors 40 assigned subtrac-
tor numbers of 1 and 20 are subtractors 40 corresponding to
the receiving elements 15 that are positioned at the ends. The
coeflicient line 41 represents coefficients that are set by the
subtractors 40. As shown by the coeflicient line 41, the
coeflicient corresponding to the receiving signal output from
the receiving element 15 that is positioned at the center is set
to be larger than the coeflicient corresponding to the receiv-
ing signal output from the receiving element 15 that is
positioned at the end.

[0079] In FIG. 5, the vertical axis represents values of
noise outputs that are output by the A/D converter 23, and
an upper side has a larger value than a lower side in the
figure. The horizontal axis represents numbers assigned to
the A/D converters 23. The A/D converter 23 having an A/D
converter number of “0” is the A/D converter 23 connected
to the second detecting amplifier 21. Hence, a noise output
with the A/D converter number of “0” represents the ampli-
fied noise signal.

[0080] The A/D converter number is associated with the
subtractor. In other words, for the A/D converter 23 and the
subtractor 40, which are connected to each other via wiring,
the A/D converter number and the subtractor number are the
same number. Thus, the noise output line 42 represents the
ultrasonic signal that is output by the A/D converter 23 when
the transmitting element is not driven. As shown by the noise
output line 42, the noise output that is output from the
receiving element 15 that is positioned at the center is set to
be larger than the noise output that is output from the
receiving element 15 that is positioned at the end. A distri-
bution of the noise output line 42 with the noise outputs is
understood to be found because of an influence of the
arrangement of the receiving elements 15 in the ultrasonic
element array 5.

[0081] In FIG. 6, the vertical axis represents values of
noise outputs that are output by the subtractor 40, and an
upper side has a larger value than a lower side in the figure.
The horizontal axis represents numbers assigned to the
subtractors 40. Thus, the noise output line 43 represents the
ultrasonic signal that is output by the subtractor 40 when the
transmitting element is not driven. As shown by the noise
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output line 43, a noise output that is output from the
subtractor 40 is substantially “0”. This is because the coef-
ficient line 41 is set as a time average value in the noise
output line 42. Hence, the noise obtained by multiplying the
amplified noise signal by the coefficient shown on the
coeflicient line 41 is subtracted from the noise output shown
on the noise output line 42, and thereby the noise that is
output from the subtractor 40 is suppressed.

[0082] When the same noise is added to the ultrasonic
probe 2 and all of the circuit elements of the first prepro-
cessing substrate 37, the first detecting amplifier 16 outputs
the noise. Since the subtractor 40 subtracts the noise signal
from the ultrasonic signal, it is possible to suppress the
influence by the noise.

[0083] As described above, according to the embodiment,
the following effects are achieved.

[0084] (1) According to the embodiment, the storage unit
31 stores a predetermined coeflicient. Thus, the subtractor 40
subtracts the calculation result obtained by multiplying the
amplified noise signal by the coeflicient from the receiving
signal. Hence, it is possible to subtract the calculation result
obtained by multiplying by each individual coefficient for
each of the subtractors 40 from the receiving signal. As a
result, it is possible to easily adjust an amount that is
subtracted from the receiving signal.

[0085] (2) According to the embodiment, the receiving
elements 15 are arranged in one direction. Therefore, the
receiving elements 15 include a receiving element that is
positioned in a portion at an end of the arrangement and a
receiving element that is positioned in a portion at the center
of the arrangement. A noise signal that is included in the
receiving signal which is output by the receiving element 15
positioned in the portion at the center of the arrangement is
referred to as the noise signal of the central portion. A noise
signal that is included in the receiving signal which is output
by the receiving element positioned in the portion at the end
of the arrangement is referred to as a noise signal of the end
portion. At this time, the noise signal of the central portion
is larger than the noise signal of the end portion.

[0086] A receiving signal which is output by the receiving
element 15 positioned in the portion at the center of the
arrangement is referred to as a receiving signal of the central
portion. A receiving signal which is output by the receiving
element 15 positioned in the portion at the end of the
arrangement is referred to as a receiving signal of the end
portion. Thus, the coefficient corresponding to the receiving
signal of the central portion is larger than the coeflicient
corresponding to the receiving signal of the end portion.
Hence, the noise signal of the central portion is more
reduced than the noise signal of the end portion. As a result,
it is possible to obtain the ultrasonic signal from which noise
is reduced without an influence of the position of the
arrangement of the receiving elements 15.

Third Embodiment

[0087] Next, an embodiment of the ultrasonic imaging
apparatus will be described with reference to FIG. 7. FIG. 7
is an electric circuit diagram of the ultrasonic diagnostic
apparatus. The embodiment differs from the second embodi-
ment in that the ultrasonic diagnostic apparatus includes a
coeflicient calculating unit that computes the coeflicient that
is used in the calculation by the subtractor 40. Description
of the same content as that of the second embodiment is
omitted.
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[0088] In other words, in the embodiment, as shown in
FIG. 7, an ultrasonic diagnostic apparatus 46 includes a
control device 47. The control device 47 includes a control
substrate 48, in addition to the input unit 11, the display unit
12, the power source unit 25, and the preprocessing substrate
36. The control substrate 48 includes a coeflicient calculat-
ing unit 50, in addition to the signal processing unit 27, the
image processing unit 28, the display control unit 29, the
integrated control unit 30, and the storage unit 31.

[0089] In a state in which the transmitting element is not
driven, the receiving signal that is output by the receiving
element 15 is used as a noise signal for reference. The
coeflicient calculating unit 50 calculates the coefficient from
the distribution of noise signals for reference, which are
output from the receiving elements 15 when an ultrasonic
reflection signal is not detected. The calculation of the
coeflicient is performed in a state in which the transmitting
element is not driven.

[0090] The first detecting amplifier 16 outputs the noise
signal. The second detecting amplifier 21 amplifies the noise
signal, and the A/D converter 23 converts the amplified
noise signal into digital data. The subtractor 40 receives the
digital data of the amplified noise signal and outputs the
digital data of the amplified noise signal to the P/S convert-
ing circuit 24 without subtraction. The P/S converting circuit
24 converts the digital data of the amplified noise signal into
serial data and outputs the serial data to the signal processing
unit 27. The signal processing unit 27 converts the serial data
back into the digital data of the amplified noise signal and
stores the digital data to the storage unit 31.

[0091] The noise signal for reference that is output by the
receiving element 15 is amplified by the first ultrasonic wave
amplifier 17 and the second ultrasonic wave amplifier 39.
The A/D converter 23 converts the noise signal for reference
into the digital data. The subtractor 40 receives the digital
data of the noise signal for reference and outputs the digital
data of the noise signal for reference to the P/S converting
circuit without subtraction. The P/S converting circuit 24
converts the digital data of the noise signal for reference into
the serial data and outputs the serial data to the signal
processing unit 27. The signal processing unit 27 converts
the serial data back into the digital data of the noise signal
for reference and stores the digital data to the storage unit 31.
The signal processing unit 27 receives the digital data of the
noise signal for reference for each receiving element 15 and
stores the digital data to the storage unit 31.

[0092] The coeflicient calculating unit 50 divides the
digital data of the noise signal for reference for each of the
receiving elements 15 by the digital data of the amplified
noise signal. The divided result is used as the coeflicient. The
coeflicient is calculated for each of the receiving elements
15. As aresult, it is possible to obtain data corresponding to
the coefficient line 41. The coeflicients correspond to the
distribution of the noise signals for reference.

[0093] As described above, according to the embodiment,
the following effect is achieved.

[0094] (1) According to the embodiment, the ultrasonic
diagnostic apparatus 46 includes the coefficient calculating
unit 50. The coefficient calculating unit 50 calculates the
coeflicient from the distribution of the noise signals for
reference, which are output from the receiving elements 15
when the ultrasonic reflection signal is not detected. Hence,
it is possible to calculate the coeflicient corresponding to the
unique distribution of the noise signals for reference for each
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arrangement of the receiving elements 15. As a result, it is
possible to subtract the noise signal from the receiving
signal with higher accuracy.

Fourth Embodiment

[0095] Next, an embodiment of the ultrasonic imaging
apparatus will be described with reference to FIGS. 8 and 9.
FIG. 8 is an electric circuit diagram of the ultrasonic
diagnostic apparatus, and FIG. 9 is a schematic view for
illustrating a structure of the ultrasonic element array. The
embodiment differs from the first embodiment in that the
input portion of the first detecting amplifier 16 is provided
with the same element as the ultrasonic element. Description
of the same content as that of the first embodiment is
omitted.

[0096] In other words, in the embodiment, as shown in
FIG. 8, an ultrasonic diagnostic apparatus 53 includes the
control device 3 and an ultrasonic probe 54. The control
device 3 and the ultrasonic probe 54 are connected to each
other via the cable 4. The ultrasonic probe 54 includes the
relay substrate 6 and an ultrasonic element array 55, a noise
detecting element 56, in addition to the receiving elements
15 are installed in the ultrasonic element array 55. The noise
detecting element detects the noise signal. The relay sub-
strate 6 is configured to have the first relay substrate 7 and
the second relay substrate 8, and the first detecting amplifier
16 is installed in the first relay substrate 7 and the second
relay substrate 8. The input portion of the first detecting
amplifier 16 and the noise detecting element 56 are con-
nected via wiring, and a noise detecting unit 57 is configured
to have the first detecting amplifier 16 and the noise detect-
ing element 56.

[0097] InFIG. 9, the ultrasonic element array 55 includes
an element substrate 58 as the substrate, the element sub-
strate 58 is provided with openings 58a, the number of
openings are the same as the number of the receiving
elements 15. The element substrate 58 has a rectangular
plate shape, and a thickness direction is set as a Z direction.
A longitudinal direction of the element substrate 58 is set as
an X direction, and a direction orthogonal to the Z direction
and the X direction is set as a Y direction. A vibration
membrane 59 is installed on a side in a —Z direction of the
element substrate 58 so as to be overlapped with the element
substrate 58. The element substrate 58 and the vibration
membrane 59 configure a substrate 60. The vibration mem-
brane 59 is exposed through the opening 58a. The opening
58a is blocked by the vibration membrane 59, has a recessed
shape, and corresponds to a recessed portion.

[0098] An upper electrode 61 is installed on the side in the
-7 direction of the vibration membrane 59 so as to be
overlapped with the vibration membrane 59. Piezoelectric
membranes 62 are arranged and installed on the side in the
-7 direction of the upper electrode 61 so as to be overlapped
with the upper electrode 61. A lower electrode 63 is installed
on the side in the -7 direction of the piezoelectric membrane
62 so as to be overlapped with the piezoelectric membrane
62. The receiving element 15 is configured to have the upper
electrode 61, the piezoelectric membrane 62, and the lower
electrode 63 at a position opposite to each of the openings
58a.

[0099] The upper electrode 61, the piezoelectric mem-
brane 62, and the lower electrode 63 are installed even at a
position which is not opposite to the opening 58a, and the
upper electrode 61, the piezoelectric membrane 62, and the
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lower electrode 63 installed at the position which is not
opposite to the opening 58a configure the noise detecting
element 56. Hence, the noise detecting element 56 and the
receiving element 15 are installed in the element substrate
58, the clement substrate 58 at a position opposite to the
receiving element 15 is thin, and the element substrate 58 at
a position opposite to the noise detecting element 56 is thick.
The noise detecting element 56 and the receiving element 15
have the same structure.

[0100] A sealing plate 64 is installed on the side in the -7
direction of the upper electrode 61 and the receiving element
15 so as to be overlapped with the upper electrode 61. The
sealing plate 64 is provided with a recessed portion 64a
corresponding to the receiving element 15 and the noise
detecting element 56. The receiving element 15 and the
noise detecting element 56 are stored inside the recessed
portion 64a. The sealing plate 64 prevents the piezoelectric
membrane from being degraded by attachment of moisture
to the piezoelectric membrane 62.

[0101] An acoustic matching layer 65 is installed on a side
in a +Z direction of the element substrate 58 and the opening
58a so as to be overlapped with the element substrate 58 and
the opening 58a. An acoustic lens 66 is installed on the side
in the +7 direction of the acoustic matching layer 65 so as
to be overlapped with the acoustic matching layer 65.
[0102] A material of a region that configures the ultrasonic
element array 55 is not particularly limited, and a material,
which has a property required for the region, may be used.
In the embodiment, for example, a silicon substrate is used
as the element substrate 58 and the sealing plate 64. A
membrane obtained by laminating silicon oxide and zirco-
nium oxide is used for the vibration membrane 59. A
membrane obtained by laminating an iridium oxide mem-
brane and a platinum membrane for the upper electrode 61
and the lower electrode 63. Lead zirconatetitanate (PZT) is
used for the piezoelectric membrane 62. A silicone resin is
used for the acoustic matching layer 65 and the acoustic lens
66.

[0103] As described above, according to the embodiment,
the following effects are achieved.

[0104] (1) According to the embodiment, the noise detect-
ing unit 57 includes the noise detecting element 56 that
outputs the noise signal. The noise detecting element 56 and
the receiving element 15 have the same structure. Hence, the
noise detecting element 56 is capable of detecting a noise
signal having the same intensity as the noise signal that is
included in the receiving signal which is output by the
receiving element 15.

[0105] (2) According to the embodiment, the noise detect-
ing element 56 and the receiving element 15 are installed in
the element substrate 58. The element substrate 58 is pro-
vided with the opening 58a. The receiving element 15 is
installed at a position opposite to the opening 58a, and the
noise detecting element 56 is installed at a position that is
not opposite to the opening 58a. The thickness of the
substrate 60 at the position opposite to the receiving element
15 is the thickness of the vibration membrane 59 and is not
small, and thus the substrate vibrates due to the ultrasonic
wave at the position. On the other hand, the thickness of the
substrate 60 at the position opposite to the noise detecting
element 56 is not large but is a thickness obtained by adding
the thicknesses of the element substrate 58 and the vibration
membrane 59, and thus the substrate is unlikely to vibrate
due to the ultrasonic wave at the position. Hence, the
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receiving element 15 receives the ultrasonic wave, the noise
detecting element 56 is unlikely to be influenced by the
ultrasonic wave, and thus it is possible to easily detect the
noise.

[0106] (3) According to the embodiment, a structure in
which the opening 58a is formed at the position opposite to
the receiving element 15, and the opening 58a is not formed
at the position that is not opposite to the noise detecting
element 56 is employed. Since the opening 58a is formed
through patterning of the element substrate 58, it is possible
to easily form a pattern of the opening 58a.

Fifth Embodiment

[0107] Next, an embodiment of the ultrasonic imaging
apparatus will be described with reference to FIG. 10. FIG.
10 is an electric circuit diagram of the ultrasonic diagnostic
apparatus. The embodiment differs from the first embodi-
ment in that the transmitting element serves as the noise
detecting element. Description of the same content as that of
the first embodiment is omitted.

[0108] In other words, in the embodiment, as shown in
FIG. 10, an ultrasonic diagnostic apparatus 69 includes an
ultrasonic probe 70 and a control device 71, and the ultra-
sonic probe 70 and the control device 71 are connected to
each other via the cable 72. An ultrasonic element array 73
is installed in the ultrasonic probe 70, and the plurality of the
receiving elements 15 and the plurality of transmitting
element 74 are installed in an ultrasonic element array 73 in
a matrix shape. The receiving element 15 receives the
ultrasonic wave, converts the ultrasonic wave into the elec-
tric signal, and outputs a receiving signal. The transmitting
element 74 transmits the ultrasonic wave intermittently. The
transmitting element 74 has a structure in which the ultra-
sonic wave is easily emitted and has a structure in which
receiving sensitivity is low. Hence, when a reflected wave of
the ultrasonic wave reaches the ultrasonic element array 73,
the receiving element 15 outputs the receiving signal, and
the transmitting element 74 is difficult to output the receiv-
ing signal.

[0109] Additionally, the plurality of relay substrates 75 are
installed in the ultrasonic probe 70. The plurality of first
ultrasonic wave amplifiers 17 are installed in the relay
substrate 75, and some receiving elements 15 are connected
to the input portion of the first ultrasonic wave amplifier 17.
The plurality of shielded wires 18 are installed in the cable
72.

[0110] The control device 71 has the preprocessing sub-
strate 76 as the plurality of circuit substrate, in addition to
the control substrate 10, the input unit 11, the display unit 12,
and the power source unit 25. The number of preprocessing
substrates 76 and the number of relay substrate 75 are the
same as each other, and the single preprocessing substrate 76
and the single relay substrate 75 are connected to each other
via cable 72.

[0111] The plurality of subtraction amplifiers 22 are
installed in the preprocessing substrate 76. The number of
subtraction amplifiers 22 installed in the preprocessing sub-
strate 76 is the same as the number of first ultrasonic wave
amplifiers 17 installed in the relay substrate 75. The output
portions of the first ultrasonic wave amplifiers 17 of the relay
substrate 75 are connected to the +input portions of the
subtraction amplifiers 22 of the preprocessing substrate 76
via the shielded wires 18.
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[0112] A plurality of switches 77 and the plurality of
second detecting amplifiers 21 are installed in the prepro-
cessing substrate 76. The single transmitting element 74 is
connected to the input portion of the switch 77 via the
shielded wire 18. Further, the output portion of the switch 77
is connected to the input portion of the second detecting
amplifier 21 via wiring. The output portion of the second
detecting amplifier 21 is connected to the -input portion of
the subtraction amplifier 22.

[0113] One receiving element 15, one transmitting ele-
ment 74, and one subtraction amplifier 22 configure one set.
The receiving element 15 and the transmitting element 74
which are connected to the same subtraction amplifier 22
belong to the same set. The receiving element 15 and the
transmitting element 74 of the same set are disposed to be
adjacent to each other. When the transmitting element 74
does not emit the ultrasonic wave, the switch 77 is short-
circuited. The transmitting element 74 detects the noise and
functions as the noise detecting element that outputs the
noise to the second detecting amplifier 21. The transmitting
element 74 outputs the noise signal to the second detecting
amplifier 21. The second detecting amplifier 21 outputs the
amplified noise signal to the subtraction amplifier 22.
[0114] In this manner, the receiving signal is input to the
+input portion of the subtraction amplifier 22, and the
amplified noise signal is input to the —input portion thereof.
Thus, the subtraction amplifier 22 corresponds to a subtract-
ing unit that subtracts the amplified noise signal from the
receiving signal. The subtraction amplifier 22 computes the
ultrasonic signal. The A/D converters 23 are installed in the
preprocessing substrate 76, and the number of A/D convert-
ers is the same as the number of subtraction amplifiers 22.
The A/D converter receives the ultrasonic signal that is
output by the subtraction amplifier 22 and converts the
ultrasonic signal into the digital signal.

[0115] The P/S converting circuit 24 is installed in the
preprocessing substrate 76. An output from each of the A/D
converter 23 is parallel data, and the P/S converting circuit
24 converts the parallel data into serial data and transmits the
serial data to the control substrate 10.

[0116] Transmitting circuits 78 and a single transmission
wave forming circuit 79 are installed in the preprocessing
substrate 76, and the number of transmitting circuits 78 is
the same as the number of subtraction amplifiers 22. The
transmission wave forming circuit 79 is a circuit that forms
a waveform for driving the transmitting element 74 by
matching the timing of the ultrasonic wave that is output by
the transmitting elements 74. The transmitting circuit 78 is
a circuit that amplifies the driving waveform with electric
power suitable for the driving of the transmitting element 74.
The transmitting circuit 78 is connected to the transmitting
element 74 via the shielded wire 18, and the transmitting
circuit 78 is connected to the transmission wave forming
circuit 79. The transmission wave forming circuit 79 is
connected to the signal processing unit 27.

[0117] Next, an operation of the ultrasonic diagnostic
apparatus 69 will be described. The transmission wave
forming circuit 79 receives an instruction signal from the
signal processing unit 27, forms a drive waveform, and
outputs the drive waveform to the transmitting circuit 78.
The transmitting circuit 78 amplifies the drive waveform
with electric power and outputs the drive waveform to the
transmitting element 74. At this time, the switch 77 is not to
be opened and the signal is not to flow. The transmitting
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element 74 drives the vibration membrane 59 based on the
drive waveform, and emits the ultrasonic wave. The switch
77 is closed after the ultrasonic wave is emitted.

[0118] The ultrasonic wave travels into the internal part of
the subject 19, a part of reflected wave reaches the receiving
element 15. The receiving element 15 outputs the receiving
signal to the first ultrasonic wave amplifier 17. The first
ultrasonic wave amplifier 17 outputs the amplified receiving
signal to the +input portion of the subtraction amplifier 22.
The transmitting element 74 outputs the noise signal to the
second detecting amplifier 21 without responding to the
reflected wave of the ultrasonic wave. The noise signal is the
electromagnetic noise or the power-supply noise and the
noise that is received by the receiving element 15 and the
transmitting element 74. The transmitting element 74 serves
as the noise detecting element that detects the noise and
outputs the noise signal when the transmitting element does
not transmit the ultrasonic wave. Hence, the plurality of
noise detecting elements.

[0119] The second detecting amplifier 21 outputs the
amplified noise signal, which is obtained by amplifying the
noise signal) to the —input portion of the subtraction ampli-
fier 22. The subtraction amplifier 22 subtracts the amplified
noise signal from the receiving signal. The subtraction
amplifier 22 outputs the computed ultrasonic signal to the
A/D converter 23. An operation of the A/D converter 23 is
the same as that of the first embodiment, and the description
thereof is omitted.

[0120] As described above, according to the embodiment,
the following effects are achieved.

[0121] (1) According to the embodiment, one receiving
element 15, one transmitting element 74, and one subtrac-
tion amplifier configure one set. The receiving element 15
and the transmitting element 74 in the same set are disposed
to be adjacent to each other. Equivalent electromagnetic
noise is applied to both of the adjacent receiving element 15
and noise detecting element 74. The subtraction amplifier 22
can remove, from the receiving signal, the noise signal
equivalent to the noise signal that is added to the receiving
signal. Hence, it is possible to remove the noise signal from
the receiving signal with high accuracy.

[0122] (2) According to the embodiment, the ultrasonic
diagnostic apparatus 69 includes the transmitting element 74
that transmits the ultrasonic wave intermittently. The trans-
mitting element 74 serves as the noise detecting element,
and the transmitting element 74 outputs the noise signal
when the transmitting element does not transmit the ultra-
sonic wave. Hence, the noise detecting element may be
provided separately from the transmitting element 74, and
thus it is possible to manufacture the ultrasonic diagnostic
apparatus 69 with high productivity.

[0123] The embodiment is not limited to the embodiments
described above, and it is possible for those who have
common knowledge in the art to perform various modifica-
tions and improvements within the technical ideas of the
present invention. Hereinafter, modification examples will
be described.

MODIFICATION EXAMPLE 1

[0124] In the first embodiment, the input portion of the
first detecting amplifier 16 is grounded. The noise detecting
element 56 or the transmitting element 74 may be connected
to the input portion of the first detecting amplifier 16. At this
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time, it is also possible to output the electromagnetic noise
to the first detecting amplifier 16.

MODIFICATION EXAMPLE 2

[0125] In the fifth embodiment, the subtraction amplifier
22 subtracts the amplified noise signal from the receiving
signal. As described in the second embodiment, after per-
forming conversion into the digital data by the A/D con-
verter 23, the subtractor 40 may subtract the amplified noise
signal from the receiving signal. Further, as described in the
third embodiment, the coeflicient calculating unit 50 may
calculate the coefficient.

MODIFICATION EXAMPLE 3

[0126] In the fifth embodiment, the transmitting element
74 and the transmitting circuit 78 are always connected to
each other. Hence, a bypass voltage is applied to the trans-
mitting element 74. A configuration, in which a switching
element is installed between the transmitting element 74 and
the transmitting circuit 78, and the bypass voltage is not
applied to the transmitting element 74 during receiving, may
be employed. It is possible to reduce the influence by the
bypass voltage.

1. An ultrasonic diagnostic apparatus comprising:

aplurality of receiving elements that receive an ultrasonic
wave, convert the ultrasonic wave into an electric
signal, and output a receiving signal;

a noise detecting unit that detects noise and outputs a
noise signal;

a noise signal amplifving unit that amplifies the noise
signal and outputs an amplified noise signal,

a subtracting unit that receives the receiving signal and
the amplified noise signal and subtracts the amplified
noise signal from the receiving signal; and

a plurality of circuit substrates, each of which has the
noise signal amplifying unit and the subtracting unit.

2. The ultrasonic diagnostic apparatus according to claim

1, further comprising:

a storage unit that stores a predetermined coeflicient,

wherein the subtracting unit subtracts a calculation result
obtained by multiplying the amplified noise signal by
the coefficient from the receiving signal.

3. The ultrasonic diagnostic apparatus according to claim

27

wherein the receiving elements are arranged in one direc-
tion, and

wherein the coeflicient corresponding to the receiving
signal output from the receiving element that is posi-
tioned at the center is larger than the coeflicient corre-
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sponding to the receiving signal output from the receiv-
ing element that is positioned at the end.

4. The ultrasonic diagnostic apparatus according to claim

2, further comprising:

a coeflicient calculating unit that calculates the coefficient
from a distribution of noise signals for reference, which
are output from receiving elements when an ultrasonic
reflection signal is not detected.

5. The ultrasonic diagnostic apparatus according to claim

15

wherein the noise detecting unit includes a noise detecting
element that outputs the noise signal, and

wherein the noise detecting element and the receiving
element have the same structure.

6. The ultrasonic diagnostic apparatus according to claim

55

wherein the noise detecting element and the receiving
element are installed on a substrate, and

wherein a thickness of the substrate at a position opposite
to the receiving element is smaller than a thickness of
the substrate at a position opposite to the noise detect-
ing element.

7. The ultrasonic diagnostic apparatus according to claim

15

wherein the circuit substrate is provided with a switching
circuit installed to supply a power source.

8. An ultrasonic diagnostic apparatus comprising:

a plurality of receiving elements that receive an ultrasonic
wave, convert the ultrasonic wave into an electric
signal, and output a receiving signal;

a plurality of noise detecting elements that detect noise
and output a noise signal; and

subtracting units that receive the receiving signal and the
noise signal and subtract the noise signal from the
receiving signal,

wherein one receiving element, one noise detecting ele-
ment, and one subtracting unit configure one set, and

wherein the receiving element and the noise detecting
element in the same set are disposed to be adjacent to
each other.

9. The ultrasonic diagnostic apparatus according to claim

8, further comprising:

a transmitting element that transmits an ultrasonic wave
intermittently,

wherein the transmitting element serves as a noise detect-
ing element that outputs the noise signal when the
transmitting element does not transmit an ultrasonic
wave.
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