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(7) ABSTRACT

An ultrasound diagnostic apparatus includes a signal genera-
tion unit, amplitude adjustment units and a control unit. The
signal generation unit generates a pulse signal with a prede-
termined voltage amplitude. The amplitude adjustment units
individually change the voltage amplitude of the pulse signal
so as to output pulse signals with individual voltage ampli-
tudes to their respective transducers. The control unit controls
change amounts of the voltage amplitude made by the ampli-
tude adjustment units. Each amplitude adjustment unit
includes resistive elements and switching units which change
a conductive state of their respective resistive elements. The
control unit outputs a control signal to set a combination of
ON and/or OFF of the switching units to change a load of the
amplitude adjustment unit so as to apply to the transducer a
voltage for an amplitude of ultrasound which is transmitted
from each of the transducers.
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ULTRASOUND DIAGNOSTIC APPARATUS

1. FIELD OF THE INVENTION

[0001] The present invention relates to an ultrasound diag-
nostic apparatus.

2. DESCRIPTION OF THE RELATED ART

[0002] There has been a conventional ultrasound diagnos-
tic apparatus which generates ultrasound and detects its
reflected waves to provide medical information. Ultrasound
diagnosis is nondestructive and noninvasive and hence is used
to examine inside of living bodies.

[0003] In the ultrasound diagnostic apparatus, an ultra-
sound probe to transmit ultrasound and receive and detect its
reflected waves is used. The ultrasound probe has a predeter-
mined number of transducers arranged. The transducers
deform when voltage pulses are applied thereto according to
the voltages so as to generate (transmit) ultrasound of a
desired frequency, and vibrate when receiving its reflected
waves of the frequency band and convert the vibrations into
voltage signals. By appropriately selecting transducers to
which voltages are applied and controlling timings to apply
the voltages to the selected transducers, ultrasound having
directivity in a desired direction and being focused at a
desired distance can be generated.

[0004] However, the transducers generate, in addition to the
ultrasound (main lobes) in a desired direction, complemen-
tary waves (side lobes) having directivity in a direction
oblique to the desired direction. This causes a problem that
the transducers detect reflected waves of the side lobes and
accordingly a virtual image (artifact) is formed at a false
position. Then, there has been a conventional art to individu-
ally control the voltages applied to the transducers so as to
vary amplitudes of ultrasound to be transmitted from the
transducers, thereby reducing the side lobes.

[0005] There is described in Japanese Patent Application
Laid-Open. Publication No. H09-234202 an art to prepare a
plurality of voltages of power sources and switch the power
sources to be connected to each transducer for an applied
voltage. Further, there is described in Japanese Patent Appli-
cation Laid-Open Publication No. 2003-275203 an art to
convert a standardized digital waveform signal into an analog
waveform signal and then attenuate the amplitude of the
analog waveform signal to a desired level with an attenuator
circuit. Further, there is described in Japanese Patent Appli-
cation Laid-Open Publication No. 2008-68014 an art to stop
rise of an applied voltage with a comparator when the applied
voltage reaches a desired voltage during rise of an applied
voltage pulse so as to apply a desired voltage to a transducer.
Further, there is described in Japanese Patent Application
Laid-Open Publication No. H07-155322 an art to change a
duty cycle of a pulse voltage applied to a transducer and
appropriately control its timing so as to apply an effective
voltage for a desired applied voltage to the transducer.

BRIEF SUMMARY OF THE INVENTION

[0006] However, ultrasound diagnostic apparatuses config-
ured by the above-described conventional arts each require a
plurality of circuits/devices which are large in size, such as a
power supply circuitand a D/A convertor, and/or require high
accuracy control, such as accurate timing control within a
very short time. Hence, it is difficult to easily manufacture the
ultrasound diagnostic apparatuses at low cost.
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[0007] Objects of the present invention include providing
an ultrasound diagnostic apparatus having a function to indi-
vidually control applied voltages to transducers, the ultra-
sound diagnostic apparatus being easily manufactured at low
cost.

[0008] In order to achieve at least one of the objects,
according to an aspect of the present invention, there is pro-
vided an ultrasound diagnostic apparatus which outputs a
pulse signal to each of a plurality of transducers to make each
of the transducers transmit ultrasound and obtains a reception
signal based on ultrasound received by each of the transduc-
ers, the ultrasound diagnostic apparatus including: a signal
generation unit which generates the pulse signal with a pre-
determined voltage amplitude; a plurality of amplitude
adjustment units which individually change the voltage
amplitude of the pulse signal so as to output pulse signals with
individual voltage amplitudes to the respective transducers;
and a control unit which controls change amounts of the
voltage amplitude made by the amplitude adjustment units,
wherein each of the amplitude adjustment units includes a
plurality of resistive elements and a plurality of switching
units which change a conductive state of the respective resis-
tive elements, the control unit outputs a control signal to seta
combination of ON and/or OFF of the switching units to
change a load of the amplitude adjustment unit so as to apply
a voltage for an amplitude of the ultrasound, which is trans-
mitted from each of the transducers, to the transducer.

[0009] Preferably, in the ultrasound diagnostic apparatus,
the resistive elements in the amplitude adjustment unit are
electrically connected to the transducer in parallel.

[0010] Preferably, the ultrasound diagnostic apparatus fur-
ther includes an ultrasound probe including the transducers
and a connection unit to be connected with a main body of the
ultrasound diagnostic apparatus, wherein the amplitude
adjustment units are disposed in the uvltrasound probe.

[0011] Preferably, the ultrasound diagnostic apparatus fur-
ther includes a signal processing unit which processes the
reception signal, wherein with respect to each of the ampli-
tude adjustment units and each of the transducers, a reception
line to convey the reception signal to the signal processing
unit and a transmission line to convey the pulse signal from
the signal generation unit are connected at a predetermined
node to acommon line connected to the transducer, the ampli-
tude adjustment unit is disposed on the transmission line, and
between the node and the amplitude adjustment unit, a selec-
tive passing unit which selectively allows the pulse signal to
pass is disposed.

[0012] Preferably, in the ultrasound diagnostic apparatus,
the switching units each are an analog switch or a mechanical
relay switch.

[0013] Preferably, in the ultrasound diagnostic apparatus,
resistance values of the resistive elements in the amplitude
adjustment unit are all different from each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present invention is fully understood from the
detailed description given hereinafter and the accompanying
drawings, which are given by way of illustration only and thus
are not intended to limit the present invention, wherein:

[0015] FIG. 1isanoverall view of an ultrasound diagnostic
apparatus according to a first embodiment of the present
invention;
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[0016] FIG. 2 is a block diagram showing the internal con-
figuration of the ultrasound diagnostic apparatus according to
the first embodiment;

[0017] FIG. 3 shows a circuit configuration relating to
transmission/reception of signals to/from an ultrasound
probe in the ultrasound diagnostic apparatus according to the
first embodiment;

[0018] FIG. 4 is a block diagram showing the internal con-
figuration of an ultrasound diagnostic apparatus according to
a second embodiment of the present invention;

[0019] FIG. 5 shows a circuit configuration relating to
transmission/reception of signals to/from an ultrasound
probe in the ultrasound diagnostic apparatus according to the
second embodiment;

[0020] FIG. 6 shows a circuit configuration relating to
transmission/reception of signals to/from an ultrasound
probe in an ultrasound diagnostic apparatus according to a
third embodiment of the present invention;

[0021] FIG. 7 shows a circuit configuration relating to
transmission/reception of signals to/from an ultrasound
probe in an ultrasound diagnostic apparatus according to a
fourth embodiment of the present invention;

[0022] FIG. 8is a block diagram showing the internal con-
figuration of an ultrasound diagnostic apparatus according to
each of a fifth embodiment and a sixth embodiment of the
present invention;

[0023] FIG. 9A shows a circuit configuration relating to
transmission/reception of signals to/from an ultrasound
probe in an ultrasound diagnostic apparatus according to the
fifth embodiment;

[0024] FIG. 9B shows a circuit configuration relating to
transmission/reception of signals to/from an ultrasound
probe in an ultrasound diagnostic apparatus according to the
sixth embodiment;

[0025] FIG. 10A shows a circuit configuration relating to
transmission/reception of signals to/from an ultrasound
probe in an ultrasound diagnostic apparatus according to a
seventh embodiment of the present invention,

[0026] FIG. 10B shows a circuit configuration relating to
transmission/reception of signals to/from an ultrasound
probe in an ultrasound diagnostic apparatus according to an
eighth embodiment of the present invention;

[0027] FIG. 11A shows a circuit configuration relating to
transmission/reception of signals to/from an ultrasound
probe in an ultrasound diagnostic apparatus according to a
ninth embodiment of the present invention;

[0028] FIG. 11B shows a circuit configuration relating to
transmission/reception of signals to/from an ultrasound
probe in an ultrasound diagnostic apparatus according to a
tenth embodiment of the present invention; and

[0029] FIG. 12 shows a circuit configuration relating to
transmission/reception of signals to/from an ultrasound
probe in an ultrasound diagnostic apparatus according to an
eleventh embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0030] Inthe following, embodiments of the present inven-
tion are described with reference to the drawings.

First Embodiment

[0031] FIG.1isanoverall view of an ultrasound diagnostic
apparatus S according to a first embodiment of the present
invention. FIG. 2 is a block diagram showing the internal
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configuration of the ultrasound diagnostic apparatus S
according to the first embodiment. In the following, the ultra-
sound diagnostic apparatus S of the first embodiment is
described with reference to FIGS. 1 and 2.

[0032] The ultrasound diagnostic apparatus S of the first
embodiment includes a main body 1 of the ultrasound diag-
nostic apparatus S and an ultrasound probe 2.

[0033] The ultrasound probe 2 transmits ultrasound to a
not-shown subjectsuch as a living body and receives reflected
waves (echoes) generated by the transmitted ultrasound being
reflected by the subject. The ultrasound probe 2 includes a
plurality of transducers 21 and a cable 22 (connection unit).
The cable 22 has a connector (not shown) at one end to be
connected with the main body 1. The ultrasound probe 2 is
connected to the main body 1 through the cable 22 so as to be
used.

[0034] The transducers 21 are composed of piezoelectric
elements and arranged in a one-dimensional array in an ori-
entation direction. When voltage pulses (pulse signals) are
applied to the transducers 21, the transducers 21 deform, and
ultrasound is transmitted with amplitudes corresponding to
the voltages. Further, when ultrasound of a predetermined
frequency band is conveyed to the transducers 21, the thick-
nesses of the transducers 21 vary (the transducers 21 vibrate),
so that electrical signals (reception signals) corresponding to
the variations (vibrations) are generated.

[0035] In the first embodiment, the ultrasound probe 2 has
192 transducers 21, for example. The number of transducers
21 can be set appropriately. The transducers 21 may be
arranged in a two-dimensional array. The ultrasound probe 2
adopts electronic scanning or mechanical scanning and
adopts, for the scanning, linear scanning, sector scanning or
convex scanning. Further, the bandwidth of the reception
signals in the ultrasound probe 2 can be set appropriately.
[0036] Theultrasound diagnostic apparatus S is configured
in such a way that one of different types of ultrasound probes
2 is connected to the main body 1 depending on a diagnosis
target (a part of a living body, for example).

[0037] The main body 1 includes, for example, a transmis-
sion unit 12 (signal generation unit), a reception unit 13
(signal processing unit), amplitude adjustment units 14, a
control unit 15, an image processing unit 16, astorage unit17,
an operation input unit 18 and an output display unit 19.
[0038] The transmission unit 12 outputs pulse signals sup-
plied to the ultrasound probe 2 in response to control signals
input from the control unit 15 to make the ultrasound probe 2
generate ultrasound. The transmission unit 12 includes, for
example, a clock generation circuit, a pulse generation cir-
cuit, a pulse width setting unit and a delay circuit. The clock
generation circuit is a circuit to generate clock signals which
determine transmission timings of the pulse signals and the
transmission frequency thereof. The pulse generation circuit
is a circuit to generate the bipolar rectangular pulses with a
preset voltage amplitude at predetermined intervals. The
pulse width setting unit sets the pulse width of the rectangular
pulses output from the pulse generation circuit. The rectan-
gular pulses generated at the pulse generation circuit are
separated toward respective paths for the transducers 21
before or after the pulses are input to the pulse width setting
unit. The delay circuit is a circuit to delay the transmission
timings of the generated rectangular pulses by respective
delay times which are individually set with respect to the
respective paths for the transducers 21 to output the rectan-
gular pulses to the respective transducers 21.



US 2014/0249420 Al

[0039] The reception unit 13 obtains, under control of the
control unit 15, the reception signals input from the ultra-
sound probe 2. The reception unit 13 includes, for example,
an amplifier, an A/D convertor circuit and a phasing addition
circuit. The amplifier is a circuit to amplify the reception
signals corresponding to ultrasound received by the transduc-
ers 21 of the ultrasound probe 2 at a preset amplification
factor. The A/D convertor circuit is a circuit to convert the
amplified reception signals into digital data at a predeter-
mined sampling frequency. The phasing addition circuit is a
circuit to give the delay times, which are individually set with
respect to the respective paths for the transducers 21, to the
A/D conversion-performed reception signals so as to phase
the signals and to add up these signals (phasing addition) so as
to generate sound ray data.

[0040] The amplitude adjustment units 14 are disposed on
the respective paths for the transducers 21 and control the
amplitude of the pulse signals, which are transmitted to the
transducers 21 through the paths. The amplitude adjustment
units 14 are described in detail below.

[0041] The control unit 15 includes a CPU (Central Pro-
cessing Unit), an HDD (Hard Disk Drive) and a RAM (Ran-
dom Access Memory). The CPU reads a program(s) of vari-
ous programs stored in the HDD to load the program into the
RAM and performs centralized control of actions of the com-
ponents of the ultrasound diagnostic apparatus S in accor-
dance with the loaded program. The HDD stores therein: a
control program and various processing programs to make the
ultrasound diagnostic apparatus S act; various setting data;
and the like. These programs and setting data may be stored
in, other than the HDD, an auxiliary storage device using a
nonvolatile memory such as a flush memory in such a way as
to be readable, writable and updatable. The RAM is a volatile
memory such as an SRAM or a DRAM, provides a working
memory space for the CPU, and stores therein temporary
data.

[0042] The image processing unit 16 performs, indepen-
dently from the CPU of the control unit 15, arithmetic pro-
cessing to generate diagnostic images based on received
ultrasound data. Examples of the diagnostic images include
image data to be displayed on the output display unit 19 in
near real-time, moving image data composed of a series of the
image data, and still image data of snapshots. This arithmetic
processing may be performed by the CPU of the control unit
15.

[0043] The storage unit 17 is, for example, a volatile
memory such as a DRAM (Dynamic Random Access
Memory). The storage unit 17 may be a nonvolatile memory
of any type capable of high-speed rewriting or a combination
of the nonvolatile memory and the volatile memory. The
storage unit 17 stores therein the diagnostic image data for
real-time display processed by the image processing unit 16
frame by frame. The diagnostic image data stored in the
storage unit 17 is, under control of the control unit 15, read
therefrom to be sent to the output display unit 19 or to be
output to the outside of the ultrasound diagnostic apparatus S
through a not-shown communication unit. If the output dis-
play unit 19 has a television system as its display system, a
DSC (Digital Signal Converter) may be provided between the
storage unit 17 and the output display unit 19 so that the image
data is sent thereto after the scan format is converted.

[0044] The operation input unit 18 includes a press button
switch, a keyboard, a mouse, a trackball or any combination
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thereof and converts user’s input operations into operation
signals to input the operation signals to the main body 1.
[0045] Theoutputdisplay unit 19 includes: a display screen
using one of various display systems such as an LCD (Liquid
Crystal Display), an organic EL (Electro-Luminescent) dis-
play, an inorganic EL. display, a plasma display and a CRT
(Cathode Ray Tube) display; and a driving unit therefor. The
output display unit 19 generates drive signals for the display
screen (display pixels) in response to control signals output
from the CPU of the control unit 15 and in accordance with
the image data generated by the image processing unit 16 and
displays on the display screen a menu for ultrasound diagno-
sis, a status thereof and measurement data based on the
received ultrasound.

[0046] The operation input unit 18 and/or the output dis-
play unit 19 may be integrated with a housing for the main
body 1 or may be attached to the main body 1 through an USB
cable(s). If the main body 1 is provided with an operation
input terminal and a display output terminal, a peripheral for
operation and a peripheral for display may be connected to the
terminals so as to be used as the operation input unit 18 and
the output display unit 19.

[0047] Next, amplitude control in the ultrasound diagnostic
apparatus S of the first embodiment performed when ultra-
sound is transmitted is described.

[0048] FIG. 3 shows a circuit configuration relating to
transmission/reception of signals to/from one transducer 21,
namely, output of a pulse signal to one transducer 21 from the
transmission unit 12 and input of a reception signal from the
transducer 21 to the reception unit 13, according to the first
embodiment.

[0049] The pulse signal output from the transmission unit
12 passes through a transmission line L - provided with inter-
nal resistance RT of a pulser (a circuit which generates pulse
signals) and a T/R (Transmitter/Receiver) switch TRT (selec-
tive passing unit) to enter a common line L for both trans-
mission and reception of signals, namely, for both the pulse
signal and the reception signal, from a node N1 to be input to
an amplitude adjustment unit 14 and then transmitted to the
transducer 21. On the other hand, the reception signal into
which ultrasound received by the transducer 21 is converted
passes through the amplitude adjustment unit 14, which is
disposed on the common line L ., and then flows to a recep-
tion line Lz, from the node N1 to be output to the reception
unit 13.

[0050] The T/R switch TRT includes two diodes disposed
in antiparallel. The T/R switch TRT acts to allow the pulse
signal with a large voltage amplitude transmitted from the
transmission unit 12 to pass toward the common line L5
while acting not to allow the reception signal with a small
voltage amplitude transmitted from the transducer 21 to pass
toward the transmission line L ,-and the transmission unit 12.
[0051] The ultrasound diagnostic apparatus S usually
includes, in addition to the T/R switch TRT, a T/R switch (not
shown) on the reception line L,,, which extends from the
node N1 to the reception unit 13. The T/R switch acts to allow
the reception signal with a small voltage amplitude to pass
toward the reception unit 13 while acting not to allow the
pulse signal with a large voltage amplitude to pass toward the
reception unit 13.

[0052] The amplitude adjustment unit 14 has a plurality of
weighting units. In the first embodiment, the amplitude
adjustment unit 14 has four weighting units 141 to 144. In the
weighting unit 141, a diode switch TP1, a resistor R1 (resistor



US 2014/0249420 Al

element) and a switch SW1 (switching unit) are connected in
series in the order named. The weighing unit 141 is connected
to the common line L, with one end of the diode switch TP1
and grounded with one end of the switch SW1. In the same
manner, in the weighting unit 142, a diode switch TP2, a
resistor R2 and a switch SW2 are connected; in the weighting
unit 143, a diode switch TP3, a resistor R3 and a switch SW3
are connected; and in the weighting unit 144, a diode switch
TP4, a resistor R4 and a switch SW4 are connected. One end
of each of the diode switches TP2 to TP4 is connected to the
common line L, and one end of each of the switches SW2
to SW4 is grounded. Consequently, the weighting units 141 to
144, namely, the resistors R1 to R4, are arranged in parallel
with the transducer 21.

[0053] The diode switches TP1 to TP4 allow a voltage
signal with a predetermined positive threshold voltage or
more or a predetermined negative threshold voltage or less to
pass. The threshold voltages are determined by the forward
voltage characteristics of the diodes of the diode switches
TP1 to TP4. In the ultrasound diagnostic apparatus S, the
voltage amplitude (for example, around 100 V) of the pulse
signal(s) is much larger than the absolute value of each of
these threshold voltages, whereas the voltage amplitude (usu-
ally, in the mV-range) of the reception signal(s) is smaller
than the absolute value of each of these threshold voltages.
Therefore, these diode switches TP1 to TP4 selectively allow
the pulse signal to pass and do not allow the reception signal
to pass.

[0054] On/OFF of the switches SW1 to SW4 is controlled
on the basis of control signals from the control unit 15. These
switches SW1 to SW4 have high voltage resistance so as to
resist a high voltage which is output thereto as the pulse
signal. The switches SW1 to SW4 are, for example, analog
switches such as FETs. If the switches SW1 to SW4 each are
open, thereby being in an OFF state, the weighting units 141
to 144 each are in a floating state and no voltage is applied to
any of the resistors R1 to R4. Consequently, the transducer 21
transmits, on the basis of the pulse signal output from the
transmission unit 12, ultrasound with an amplitude corre-
sponding to a partial voltage applied to the transducer 21 ofa
voltage applied to the internal resistance RT of the pulser and
the transducer 21 in series.

[0055] On the other hand, if one or more of the switches
SW1 to SW4 is closed, thereby being in an ON state, the
weighting units 141, 142, 143 and/or 144 which is/are in the
ON state and the transducer 21 are connected in parallel
between the node N1 and the grounding end. Consequently,
the voltage applied to the transducer 21 on the basis of the
pulse signal decreases in accordance with the magnitude(s)
(resistance value(s)) of the resistor(s) included in the weight-
ing unit(s) connected to the transducer 21 in parallel, and
accordingly the amplitude of ultrasound to be transmitted
from the transducer 21 decreases.

[0056] That is, voltages applied to the respective transduc-
ers 21 are individually controlled in response to control sig-
nals transmitted from the control unit 15 to the respective
amplitude adjustment units 14 disposed on the paths for the
respective transducers 21, so that the amplitudes of ultra-
sound to be transmitted from the respective transducers 21 are
adjusted to follow a desired profile thereof. The profile to be
used may have a distribution of amplitudes the same as/simi-
lar to a publically-known distribution thereof generally used
in ultrasound diagnostic apparatuses. ON/OFF of each of the
weighting units 141 to 144 of the transducers 21 can be
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controlled in such a way that the amplitudes of ultrasound to
be transmitted from the transducers 21 are weighted with
Hanning window as a window function with respect to a
transmission direction of the ultrasound, for example.

[0057] The resistance values of the resistors R1 to R4 in
each amplitude adjustment unit 14 are set appropriately.
When the resistance values of the resistors R1 to R4 in each
amplitude adjustment unit 14 are set to be all different from
each other, more levels of an applied voltage to a transducer
21 are settable with a small number of resistors.

[0058] As described above, the ultrasound diagnostic appa-
ratus S of the first embodiment includes the amplitude adjust-
ment units 14 which individually adjust the voltage amplitude
of pulse signals output from the transmission unit 12 for their
respective transducers 21, to which the amplitude adjustment
units 14 output the pulse signals, and output pulse signals
with the individual voltage amplitudes to the respective trans-
ducers 21. Each amplitude adjustment unit 14 includes the
resistors R1 to R4 and the switches SW1 to SW4 which
change the conductive state of the respective resistors R1 to
R4. The control unit 15 controls ON/OFF of each of the
switches SW1 to SW4 so as to change and apply to the
transducer 21 a partial voltage for an amplitude of ultrasound
to be transmitted from the transducer 21. Thus, the amplitudes
of ultrasound to be output from the respective transducers 21
can be individually controlled easily with a simple configu-
ration, namely, only with the resistive elements and the
switches such as FETs.

[0059] Further, four weighting units 141 to 144, namely,
the resistors R1 to R4, in each amplitude adjustment unit 14
are electrically connected to a transducer 21 in parallel, so
that a partial voltage against the preset internal resistance RT
of the pulser is applied to the amplitude adjustment unit 14
and the transducer 21. Consequently, even if the resistance of
transducers 21 varies depending on ultrasound probes 2,
namely, even if an ultrasound probe 2 having a specification
(frequency, shape or the like) different from that of the cur-
rently-connected ultrasound probe 2 is connected, partial
voltages applied to the transducers 21 are not much different
from those applied to the transducers 21 of the currently-
connected ultrasound probe 2.

[0060] Further, the weighting units 141 to 144 in each
amplitude adjustment unit 14 include the diode switches TP1
to TP4, respectively. Each ofthe diode switches TP1 to TP4 is
composed of two diodes disposed in antiparallel. The diode
switches TP1 to TP4 allow a large voltage of the pulse signal
to pass so as to adjust the amplitude thereof while not allow-
ing a small voltage of the reception signal to pass. Conse-
quently, with a simple configuration, the reception signals can
be input to the reception unit 13 without being attenuated.
Accordingly, high-speed switching control of the switches
SW1 to SWY performed at the time when transmission and
reception of ultrasound are switched is unnecessary in order
that the only pulse signals are allowed to pass through the
weighting units 141 to 144 in the amplitude adjustment units
14.

[0061] Further, analog switches having high voltage resis-
tance, such as FETs, are used as the switches SW1 to SW4.
Consequently, high voltage resistance and a high-speed
action are achievable with a small and simple configuration.

[0062] Further, when the resistance values of the resistors
R1 to R4 in each amplitude adjustment unit are set to be all
different from each other, more levels of combined resistance
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are settable with a small number of resistors, and the number
of components and/or the number of lines for control signals
can be reduced.

Second Embodiment

[0063] Next, an ultrasound diagnostic apparatus according
to asecond embodiment of the present invention is described.

[0064] FIG. 4 is a block diagram showing the internal con-
figuration of an ultrasound diagnostic apparatus Sa according
to the second embodiment.

[0065] A main body 1a of the ultrasound diagnostic appa-
ratus Sa of the second embodiment is the same as the main
body 1 of the ultrasound diagnostic apparatus S of the first
embodiment except that the arrangement and configuration of
amplitude adjustment units 14« are different from those of the
amplitude adjustment units 14. The same reference numbers
are given to the same components, and description thereof is
omitted herein.

[0066] In the main body 1a, pulse signals output from a
transmission unit 12 are input to the amplitude adjustment
units 14a, transmission lines L, which is threaded through
the respective amplitude adjustment units 14a are tied with
their respective reception lines L, ,-which lead to a reception
unit 13 so as to form common lines L, and the main body 1a
is connected with an ultrasound probe 2 through the common
lines L.

[0067] FIG. 5 shows a circuit configuration relating to
transmission of a pulse signal and reception of a reception
signal in the ultrasound diagnostic apparatus Sa of the second
embodiment.

[0068] In the ultrasound diagnostic apparatus Sa of the
second embodiment, as described above, an amplitude
adjustment unit 14a is disposed on a transmission line L,
between internal resistance RT of a pulser and a T/R switch
TRT. In the amplitude adjustment unit 14, weighting units
141a to 144q are connected in parallel. With this configura-
tion, no reception signal is conveyed to the amplitude adjust-
ment unit 14a owing to the T/R switch TRT, and hence none
of diode switches TP1 to TP4 is provided in any of the weight-
ing units 141a to 144a.

[0069] With the configuration of the ultrasound diagnostic
apparatus Sa of the second embodiment too, the voltage
amplitude of pulse signals for transducers 21 can be appro-
priately controlled, and ultrasound with desired amplitudes
can be transmitted from the respective transducers 21 by
setting the resistance values of resistors R1 to R4 and/or by
controlling ON/OFF of each of switches SW1 to SW4 in the
same manner as that in the ultrasound diagnostic apparatus S
of the first embodiment.

[0070] Further, each amplitude adjustment unit 14a is dis-
posed at a point of a transmission line L, the point being
apart from a reception line [z y-connected to the reception unit
13, and the T/R switch TRT is disposed on the transmission
line L, to prevent backflow of a reception signal. Conse-
quently, itis unnecessary to provide the amplitude adjustment
unit 14a with a component or to make the amplitude adjust-
ment unit 14a perform a switching action in order to prevent
the reception signal from passing. Accordingly, the voltage
amplitude of the pulse signals can be adjusted with a simpler
configuration.
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Third Embodiment

[0071] Next, an ultrasound diagnostic apparatus according
to a third embodiment of the present invention is described.
[0072] An ultrasound diagnostic apparatus S of the third
embodiment is the same as the ultrasound diagnostic appara-
tus S of the first embodiment except that the amplitude adjust-
ment units 14 are replaced by amplitude adjustment units 145.
The same reference numbers are given to the same compo-
nents, and description thereof is omitted herein.

[0073] FIG. 6 shows a circuit configuration relating to
transmission of a pulse signal and reception of a reception
signal in the ultrasound diagnostic apparatus S of the third
embodiment.

[0074] Anamplitude adjustment unit 145 of the ultrasound
diagnostic apparatus S of the third embodiment is disposed on
a common line L, which extends from a node N1 to a
transducer 21 so as to be connected to the transducer 21 in
series. In the amplitude adjustment unit 14, weighting units
1415 to 144b are connected in parallel. In addition, a shortcut
circuit 1455 is connected to the weighting units 1415 to 1445
in parallel.

[0075] In the weighting unit 1415, a resistor R1 and a
switch SW1 are connected in series. Similarly, in the weight-
ing unit 1425, a resistor R2 and a switch SW2 are connected
in series; in the weighting unit 1435, aresistor R3 and a switch
SW3 are connected in series; and in the weighting unit 1445,
aresistor R4 and a switch SW4 are connected in series.
[0076] The shortcut circuit 1455 includes a switch SW5§
only. On/Off of the switch SW5 is controlled on the basis of
a control signal from a control unit 15, as with ON/OFF of
each of the switches SW1 to SW4.

[0077] Inamainbody 1 of the ultrasound diagnostic appa-
ratus S of the third embodiment, an output voltage from a
transmission unit 12 is divided to be applied to internal resis-
tance RT of a pulser, an amplitude adjustment unit 14 and a
transducer 21. Then, ultrasound with an amplitude corre-
sponding to a partial voltage applied to the transducer 21 is
generated to be transmitted from the transducer 21. More
specifically, when ultrasound is transmitted, the switch SW5
is made to be OFF, and ON/OFF of each of the switches SW1
to SW4 is appropriately controlled, so that a partial voltage
applied to the amplitude adjustment unit 14b varies and
accordingly the amplitude of ultrasound to be transmitted
varies. On the other hand, when ultrasound is received, the
switch SW5 is made to be ON in order that a reception signal
bypasses the resistors R1 to R4, so that the reception signal
based on the received ultrasound is transmitted to a reception
unit 13 with no attenuation of the amplitude (strength) of the
reception signal.

[0078] As described above, in the ultrasound diagnostic
apparatus S of the third embodiment, the resistors R1to R4 in
each amplitude adjustment unit 145 are electrically con-
nected to a transducer 21 in series. Consequently, as com-
pared with a case in which the resistors R1 to R4 are electri-
cally connected to the transducer 21 in parallel, the value of
combined resistance is large, so that current is reduced as a
whole, and accordingly power consumption can be reduced.

Fourth Embodiment

[0079] Next, an ultrasound diagnostic apparatus according
to a fourth embodiment of the present invention is described.
[0080] An ultrasound diagnostic apparatus Sa of the fourth
embodiment is the same as the ultrasound diagnostic appara-
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tus Sa of the second embodiment except that the amplitude
adjustment units 14¢ are replaced by amplitude adjustment
units 14¢. The same reference numbers are given to the same
components, and description thereof is omitted herein.

[0081] FIG. 7 shows a circuit configuration relating to
transmission of a pulse signal and reception of a reception
signal in the ultrasound diagnostic apparatus Sa of the fourth
embodiment.

[0082] Anamplitude adjustment unit 14¢ ofa main body 1a
of the ultrasound diagnostic apparatus Sa of the fourth
embodiment is disposed on a transmission line L, between
internal resistance RT of a pulser and a T/R switch TRT. In the
amplitude adjustment unit 14¢, weighting units 1415 to 1445
are conrlected in parallel. No reception signal flows to the
amplitude adjustment unit 14¢ owing to the T/R switch TRT,
and hence a shortcut circuit 1455 to allow a reception signal
to pass is not provided. However, a shortcut circuit 1455 may
be connected to the weighting units 1415 to 1445 in parallel.
Inthis case, when a switch SW5 therein is ON, a voltage pulse
as a pulse signal can be applied to a transducer 21 with no
attenuation of the voltage amplitude of the pulse signal
through resistors R1 to R4.

[0083] In the ultrasound diagnostic apparatus Sa of the
fourth embodiment, as with the ultrasound diagnostic appa-
ratus S of the third embodiment, a pulse signal with a certain
voltage amplitude is divided to be applied to internal resis-
tance RT of a pulser, one or more of the resistors R1 to R4 of
an amplitude adjustment unit 14¢ and a transducer 21. Then,
ultrasound with an amplitude corresponding to a partial volt-
age applied to the transducer 21 is generated to be transmit-
ted. More specifically, when ultrasound is transmitted, (i)
ON/OFF of each of switches SW1 to SW4 is controlled in
such a way that a partial voltage applied to the amplitude
adjustment unit 14¢ decreases, and in relation to it, a partial
voltage applied to the transducer 21 increases, and accord-
ingly the amplitude of ultrasound to be transmitted increases,
or (ii)) ON/OFF of each of the switches SW1 to SW4 is
controlled in such a way that a partial voltage applied to the
amplitude adjustment unit 14¢ increases, and in relation to it,
a partial voltage applied to the transducer 21 decreases, and
accordingly the amplitude of ultrasound to be transmitted
decreases.

[0084] As described above, in the ultrasound diagnostic
apparatus Sa of the fourth embodiment, each amplitude
adjustment unit 14¢ (resistors R1 to R4) is disposed on a
transmission line [, between internal resistance RT of a
pulser and a T/R switch TRT to be electrically connected to
the internal resistance RT of the pulser and the T/R switch
TRT in series. In the amplitude adjustment unit 14¢, the
weighting units 1415 to 1445 are connected in parallel. In the
ultrasound diagnostic apparatus Sa having this configuration,
no reception signal flows to the amplitude adjustment units
14¢, and the amplitudes of ultrasound to be transmitted from
the transducers 21 can be individually controlled appropri-
ately and easily with a simple configuration while unneces-
sary power consumption in the amplitude adjustment units
14c is prevented.

Fifth Embodiment and Sixth Embodiment

[0085] Next, ultrasound diagnostic apparatuses according
to a fifth embodiment and a sixth embodiment of the present
invention are described.
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[0086] FIG. 8 is a block diagram showing the internal con-
figuration of each of ultrasound diagnostic apparatuses Sd
according to the fifth embodiment and the sixth embodiment.

[0087] In the ultrasound diagnostic apparatus Sd, ampli-
tude adjustment units 14d are disposed in an ultrasound probe
2d. Pulse signals transmitted to the ultrasound probe 24 from
a transmission unit 12, reception signals transmitted from the
ultrasound probe 24 to a reception unit 13 and control signals
transmitted from a control unit 15 to the amplitude adjust-
ment units 144 are conveyed through a cable 22. Except for
that, the ultrasound diagnostic apparatus Sd of each of the
fifth embodiment and the sixth embodiment is the same as
that of the ultrasound diagnostic apparatus S of the first
embodiment. The same reference numbers are given to the
same components, and description thereof is omitted herein.

[0088] FIG. 9A shows a circuit configuration relating to
transmission of a pulse signal and reception of a reception
signal in the ultrasound diagnostic apparatus Sd of the fifth
embodiment. FIG. 9B shows a circuit configuration relating
to transmission of a pulse signal and reception of a reception
signal in the ultrasound diagnostic apparatus Sd of the sixth
embodiment.

[0089] Intheultrasound diagnostic apparatus Sd of the fifth
embodiment, as shown in FIG. 9A, an amplitude adjustment
unit 144 is disposed on a common line L. In the amplitude
adjustment unit 144, weighting units 1414 to 1444 are con-
nected in series. In the weighting unit 1414, a resistor R1 and
aswitch SW1 are connected in parallel. That is, in the weight-
ing unit 1414, when the switch SW1 is ON, the ends of the
resistor R1 short-circuit, and a pulse signal and a reception
signal bypass the resistor R1. On the other hand, when the
switch SW1 is OFF, the pulse signal and the reception signal
pass through the resistor R1. Similarly, in the weighting unit
1424, a resistor R2 and a switch SW2 are connected in par-
allel; in the weighting unit 1434, a resistor R3 and a switch
SW3 are connected in parallel; and in the weighting unit
144d, a resistor R4 and a switch SW4 are connected in par-
allel. When the switches SW1 to SW4 are ON and accord-
ingly a signal bypasses the resistors R1 to R4, the load of the
whole amplitude adjustment unit 144 (a partial voltage
applied to the whole amplitude adjustment unit 14d)
decreases, and in relation to it, a voltage applied to a trans-
ducer 21 increases. On the other hand, when the switches
SW1to SW4 are OFF and accordingly a signal passes through
the resistors R1 to R4, the load of the whole amplitude adjust-
ment unit 144 (the partial voltage applied to the whole ampli-
tude adjustment unit 14d) increases, and in relation to it, the
voltage applied to the transducer 21 decreases.

[0090] In this case, the node N1 may be disposed in a main
body 14, and the common line L., may be threaded through
the cable 22.

[0091] In the ultrasound diagnostic apparatus Sd of the
sixth embodiment, as shown in FIG. 9B, an amplitude adjust-
ment unit 144 is disposed on a transmission line L.y, which is
for a pulse signal output from a transmission unit 12, between
internal resistance RT of a pulser and a T/R switch TRT. That
is, in the ultrasound diagnostic apparatus Sd of the sixth
embodiment, as with the ultrasound diagnostic apparatus Sd
of the fifth embodiment, resistors R1 to R4 of weighing units
141d to 1444 and a transducer 21 are connected in series.
Hence, the amplitude of ultrasound to be transmitted from the
transducer 21 is appropriately controlled by changing a par-
tial voltage applied to the transducer 21 by a combination of
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ON and/or OFF of switches SW1 to SW4 based on control
signals from a control unit 15.

[0092] As described above, in the ultrasound diagnostic
apparatus Sd of each of the fifth embodiment and the sixth
embodiment, the amplitude adjustment units 14d are dis-
posed in the ultrasound probe 2d. In each amplitude adjust-
ment unit 144, the resistors R1 to R4 in the weighting units
141d to 144d and the transducer 21 are all electrically con-
nected in series. Consequently, unnecessary power consump-
tion in amplitude adjustment in the amplitude adjustment
units 14d can be prevented. Further, the resistance values of
the resistors R1 to R4 of each amplitude adjustment unit 144
and the resistance value of each transducer 21 can be set
together in forming the ultrasound probe 2d. Hence, even
when there is a variation in the resistance values of transduc-
ers 21 according to ultrasound probes 25, an appropriate
output profile of amplitudes of ultrasound can be set for each
ultrasound probe 2d which is connected to the main body 14.
[0093] The amplitude adjustment units 14d may be dis-
posed at any point of the cable 22 (a connector thereof
included) too. Even when the amplitude adjustment units 144
are disposed on the cable 22, the resistance value of each
transducer 21 and the resistance values of the resistors R1 to
R4 can be set together. Hence, an appropriate output profile of
amplitudes of ultrasound can be set for each ultrasound probe
2b.

Seventh Embodiment and Eighth Embodiment

[0094] Next, ultrasound diagnostic apparatuses according
to a seventh embodiment and an eighth embodiment of the
present invention are described.

[0095] An ultrasound diagnostic apparatus S of the seventh
embodiment is the same as the ultrasound diagnostic appara-
tus S of the first embodiment shown in FIG. 2 except that the
amplitude adjustment units 14 are replaced by amplitude
adjustment units 14e. The same reference numbers are given
to the same components, and description thereof is omitted
herein.

[0096] An ultrasound diagnostic apparatus Sa of the eighth
embodiment is the same as the ultrasound diagnostic appara-
tus Sa of the second embodiment shown in F1G. 4 except that
the amplitude adjustment units 14 are replaced by amplitude
adjustment units 14e. The same reference numbers are given
to the same components, and description thereof is omitted
herein.

[0097] FIG. 10A shows a circuit configuration relating to
transmission of a pulse signal and reception of a reception
signal in the ultrasound diagnostic apparatus S of the seventh
embodiment. FIG. 10B shows a circuit configuration relating
to transmission of a pulse signal and reception of a reception
signal in the ultrasound diagnostic apparatus Sa of the eighth
embodiment.

[0098] In the ultrasound diagnostic apparatus S of the sev-
enth embodiment, as shown in FIG. 10A, an amplitude
adjustment unit 14e is connected to a transducer 21 in paral-
lel. In the amplitude adjustment unit 14e, weighting units
1414 to 144d are connected to each other in such a way that
resistors R1 to R4 respectively included in the weighting units
141d to 1444 are connected in series. One end of the weight-
ing unit 1414 is connected to a common line L, through a
switch SW6, and one end of the weighting unit 144d is
grounded.

[0099] The switch SW6 is made to be OFF on the basis of
control signals from a control unit 15 when ultrasound is
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received so as to prevent areception signal from flowing to the
amplitude adjustment unit 14e. The switch SW6 is also made
to be OFF whena voltage pulse as a pulse signal is transmitted
to the transducer 21 without using the amplitude adjustment
unit 14e. If there is no expectation that ultrasound is trans-
mitted without using the amplitude adjustment unit 14e, the
amplitude adjustment unit 14e may be provided with a diode
switch described above instead of the switch SW6.

[0100] In the ultrasound diagnostic apparatus Sa of the
eighth embodiment, as shown in FIG. 10B, an amplitude
adjustment unit 14e is disposed on a transmission line L,
between internal resistance RT of a pulser and a T/R switch
TRT. The amplitude adjustment unit 14e is connected to a
transducer 21 in parallel.

[0101] In the ultrasound diagnostic apparatus Sa of the
eighth embodiment, no reception signal flows to the ampli-
tude adjustment unit 14e owing to the T/R switch TRT, and
hence ON/OFF of the switch SW6 is controlled by a control
unit 15 on the basis of whether or not the amplitude adjust-
ment unit 14e is used to transmit a pulse signal to the trans-
ducer 21. If there is no expectation that a pulse signal is
transmitted to the transducer 21 without using the amplitude
adjustment unit 14e, the switch SW6 may be omitted.
[0102] As described above, in each of the ultrasound diag-
nostic apparatus S of the seventh embodiment and the ultra-
sound diagnostic apparatus Sa of the eighth embodiment, in
each amplitude adjustment unit 14e electrically connected to
a transducer 21 in parallel, four resistors R1 to R4 are con-
nected in series, and the switches SW1 to SW4 can provide
bypasses around the resistors R1 to R4, respectively. Conse-
quently, a partial voltage for the amplitude of ultrasound to be
transmitted can be applied to the amplitude adjustment unit
14¢ and the transducer 21. As described above, the resistors
R1 to R4 electrically connected to the transducer 21 in par-
allel can be connected in series instead of in parallel. With
either of the configurations of these embodiments, as with the
other embodiments, the amplitudes of ultrasound to be trans-
mitted from the transducers 21 can be appropriately weighted
with a simple configuration which does not to increase the
circuit size and with a simple action.

Ninth Embodiment and Tenth Embodiment

[0103] Next, ultrasound diagnostic apparatuses according
to a ninth embodiment and a tenth embodiment of the present
invention are described.

[0104] An ultrasound diagnostic apparatus S of the ninth
embodiment is the same as the ultrasound diagnostic appara-
tus S of the first embodiment except that the amplitude adjust-
ment units 14 are replaced by amplitude adjustment units 14f.
An ultrasound diagnostic apparatus S of the tenth embodi-
ment is the same as the ultrasound diagnostic apparatus S of
the first embodiment except that the amplitude adjustment
units 14 are replaced by amplitude adjustment units 14g. The
same reference numbers are given to the same components,
and description thereof is omitted herein.

[0105] FIG. 11A shows a circuit configuration relating to
transmission of a pulse signal and reception of a reception
signal in the ultrasound diagnostic apparatus S of the ninth
embodiment. FIG. 11B shows a circuit configuration relating
to transmission of a pulse signal and reception of a reception
signal in the ultrasound diagnostic apparatus S of the tenth
embodiment.

[0106] As shown in FIG. 11A, in an amplitude adjustment
unit 14f of the ultrasound diagnostic apparatus S of the ninth
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embodiment, four weighting units 141/ to 144f are electri-
cally connected to a transducer 21 in parallel between a node
N1 and a ground level. In the weighting unit 141/, a switch
SW1 is disposed on the node N1 side, a resistor R1is disposed
onthe ground side, and the switch SW1 and the resistor R1 are
connected in series. Similarly, in the weighting unit 142f, a
switch SW2 is disposed on the node N1 side, a resistor R2 is
disposed on the ground side, and the switch SW2 and the
resistor R2 are connected in series; in the weighting unit 143f,
a switch SW3 is disposed on the node N1 side, a resistor R3
is disposed on the ground side, and the switch SW3 and the
resistor R3 are connected in series; and in the weighting unit
144f; a switch SW4 is disposed on the node N1 side, a resistor
R4 is disposed on the ground side, and the switch SW4 and the
resistor R4 are connected in series. The position of each of the
switches SW1 to SW4 and the position of each of the resistors
R1 to R4 may be reversed to be the same as those in an
amplitude adjustment unit 14a.

[0107] In the amplitude adjustment unit 14/ of the ultra-
sound diagnostic apparatus S of the ninth embodiment, when
ultrasound is transmitted, a voltage of the node N1, namely, a
voltage applied to the transducer 21, is appropriately changed
by a combination of ON and/or OFF of the switches SW1 to
SW4 based on control signals from a control unit 15. On the
other hand, when ultrasound is received, the whole reception
signal from the transducer 21 is input to a reception unit 13 by
making all the switches SW1 to SW4 OFF based on control
signals from the control unit 15.

[0108] As described above, in the ultrasound diagnostic
apparatus S of the ninth embodiment, on the contrary to the
ultrasound diagnostic apparatus S of the first embodiment,
ON/OFF of each of the switches SW1 to SW4 is controlled at
high speed at the time when transmission and reception of
ultrasound are switched. Consequently, signal paths for the
pulse signal and the reception signal can be appropriately
controlled with no diode switch, and hence the amplitude
adjustment unit 14f'can be smaller.

[0109] In an amplitude adjustment unit 14g of the ultra-
sound diagnostic apparatus S of the tenth embodiment, as
shown in FIG. 11B, four weighting units 141g to 144g are
electrically connected to a transducer 21 in parallel between a
node N1and a ground level. The weighting units 141gto 144g
are the same as the weighting units 141 to 144 of the first
embodiment except that the diode switches TP1 to TP4 are
respectively replaced by diode switches TP5 to TP8. Each of
the diode switches TP5 to TP8 is composed of two zener
diodes disposed in anti-series. This configuration allows a
voltage signal with a voltage equal to or more than a break-
down voltage of the zener diode connected in the reverse
direction to an applied voltage to pass and blocks a voltage
signal with a voltage less than the breakdown voltage. Con-
sequently, a reception signal with a small voltage amplitude
does not flow to the amplitude adjustment unit 14g and is
transmitted to a reception unit 13, whereas a pulse signal with
a large voltage amplitude flows to the amplitude adjustment
unit 14g and the voltage amplitude of the pulse signal applied
to a transducer 21 is adjusted.

[0110] Thebreakdown voltage of the zener diode can be set
to a proper value within a range of values stably settable. By
setting this value to be sufficiently small to the voltage ampli-
tude of the pulse signal and sufficiently large to the expected
voltage amplitude of the reception signal, bad influence is not
exerted on either the waveform of the pulse signal or the
waveform of the reception signal. Further, even if a desired
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output voltage profile is difficult to set by using commercial
resistors R1 to R4 in the weighting units 141g to 144g, an
output voltage can be adjusted with the breakdown voltage.
[0111] As described above, in the ultrasound diagnostic
apparatus S of the tenth embodiment, the weighting units
141g to 144g include the diode switches TP5 to TP8, respec-
tively. Consequently, the pulse signal which should be
allowed to pass through the weighting units 141g to 144g and
the reception signal which should not be allowed to pass
through the weighting units 141g to 144g can be easily sepa-
rated from each other with a simple configuration which does
not to increase the circuit size and without ON/OFF control of
the switches SW1 to SW4 performed at the time when trans-
mission and reception of ultrasound are switched.

Eleventh Embodiment

[0112] Next, an ultrasound diagnostic apparatus according
to an eleventh embodiment of the present invention is
described.

[0113] An ultrasound diagnostic apparatus S of the elev-
enth embodiment is the same as the ultrasound diagnostic
apparatus S of the first embodiment except that, in the elev-
enth embodiment, amplitude adjustment units 14 each are
connected to one of a plurality of connectable transducers 21.
The same reference numbers are given to the same compo-
nents, and description thereof is omitted herein.

[0114] FIG. 12 shows a circuit configuration relating to
transmission of a pulse signal and reception of a reception
signal in the ultrasound diagnostic apparatus S of the eleventh
embodiment.

[0115] Intheultrasound diagnostic apparatus S of the elev-
enth embodiment, an amplitude adjustment unit 14 is con-
nected to one of a plurality of connectable transducers 21
through a switch SSW. In the eleventh embodiment, two
transducers 21 are shown as an example of the transducers 21
connectable to one amplitude adjustment unit 14. However,
the number of connectable transducers 21 may be more than
two. Transducers 21 connectable to one amplitude adjust-
ment unit 14 and transducers 21 connectable to another
amplitude adjustment unit 14 are not exclusive thereto, and
each transducer 21 can be connected to one of a plurality of
amplitude adjustment units 14. For example, the switches
SSW are switched in a state in which ON/OFF states of
switches SW1 to SW4 of the amplitude adjustment units 14
are fixed so as to shift the transducers 21 connected to the
amplitude adjustment units 14 by one transducer 21, so that
the direction of ultrasound to be transmitted (transmission
ultrasound) from an ultrasound probe 2 can be changed with
a transmission ultrasound profile determined by the ampli-
tude adjustment units 14 kept, namely, scanning can be pet-
formed.

[0116] In this case, the number of amplitude adjustment
units 14 can be less than the number of transducers 21, and a
transducer(s) 21 which does not transmit/receive ultrasound
is not connected to any of the amplitude adjustment units 14.
[0117] According to this kind of ultrasound diagnostic
apparatus S, the number of situations where ON/OFF of not
the plurality of switches SW1 to SW4 but only one switch
SSW in each amplitude adjustment unit 14 needs to be
changed increases, so that, as a whole, the output amount of
control signals from a control unit 15 can be reduced and
control can be simple and easy. In this case, switching fre-
quencies of the switches SW1 to SW4 decrease, so that,
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instead of FETs, other switches having high voltage resis-
tance, such as mechanical relay switches, may be used as the
switches SW1 to SW4.

[0118] As described above, the ultrasound diagnostic appa-
ratus S of the eleventh embodiment includes the switches
SSW each of which sets a connection relationship between an
amplitude adjustment unit 14 and transducers 21. With this
configuration, each amplitude adjustment unit 14 is con-
nected, on the basis of a control signal from the control unit
15, to a transducer 21 which outputs ultrasound with an
amplitude set by the amplitude adjustment unit 14. Conse-
quently, the switching frequencies of many switches SW1 to
SW4 included in the amplitude adjustment units 14 can be
reduced and a processing load can be prevented from increas-
ing.

[0119] Further, as the switches (SW1 to SW4) having low
switching frequencies, mechanical relay switches can be
used, so that electrical continuity can be physically broken.
Consequently, the resistance against a high applied voltage
can be obtained more certainly.

[0120] The present invention is not limited to the above-
described embodiments and hence can be variously modified.
[0121] For example, in the embodiments, all the resistors
R1 to R4 in each amplitude adjustment unit are connected in
parallel or in series. However, if a set of resistors is formed to
useonthe basis of a relationship between a desired profile and
an easily-obtainable resistance value, it is possible that the
resistors of the set are connected in series and controlled with
one switch, and the other resistor(s) is connected to the resis-
tors of the set in parallel.

[0122] Further, in the embodiments, the diode switches
using the forward voltage characteristics of diodes or the
diode switches using the zener breakdown voltage of the
reverse voltage are used. However, these types of diode
switches may coexist depending on the resistors connected to
the switches in series.

[0123] Further, in the embodiments, the main body and the
ultrasound prove are combined to configure the ultrasound
diagnostic apparatus S, Sa or Sd. However, in the case where
the amplitude adjustments (any of 14 to 14g) are disposed
inside the main body, the ultrasound diagnostic apparatus of
the present invention may be composed of the main body
only, and this ultrasound diagnostic apparatus can be used by
being connected to an external ultrasound probe attachable to
the main body.

[0124] Further, only the amplitude adjustment units 144 of
the ultrasound diagnostic apparatus Sd of each of the fifth
embodiment and the sixth embodiment are disposed inside
the ultrasound prove 2d. However, the amplitude adjustment
units of the ultrasound diagnostic apparatus S or Sa of each of
the other embodiments may also be disposed inside the ultra-
sound probe 2d (or at any point of the cable 22 including the
connector). Alternatively, the amplitude adjustment units 144
may also be disposed inside the main body 1 or 1a.

[0125] Further, in the embodiments, the bipolar rectangular
pulses are applied to the transducers 21. However, the wave-
form of the pulse signals can be set appropriately. It is pref-
erable that amplitude adjustment units suitable for the wave-
form be selected from the amplitude adjustment units 14 to
14g.

[0126] The specific details such as the configurations and
the circuits described in the above-described embodiments
can be appropriately modified without departing from the
scope of the present invention.
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[0127] This application is based upon and claims the ben-
efit of priority under 35 USC 119 of Japanese Patent Appli-
cation No. 2013-041379 filed on Mar. 4, 2013, the entire
disclosure of which, including the description, claims, draw-
ings and abstract, is incorporated herein by reference in its
entirety.

What is claimed is:

1. An ultrasound diagnostic apparatus which outputs a
pulse signal to each of a plurality of transducers to make each
of the transducers transmit ultrasound and obtains a reception
signal based on ultrasound received by each of the transduc-
ers, the ultrasound diagnostic apparatus comprising:

a signal generation unit which generates the pulse signal
with a predetermined voltage amplitude;

a plurality of amplitude adjustment units which individu-
ally change the voltage amplitude of the pulse signal so
as to output pulse signals with individual voltage ampli-
tudes to the respective transducers; and

a control unit which controls change amounts of the volt-
age amplitude made by the amplitude adjustment units,
wherein

each of the amplitude adjustment units includes a plurality
of resistive elements and a plurality of switching units
which change a conductive state of the respective resis-
tive elements,

the control unit outputs a control signal to set a combina-
tion of ON and/or OFF of the switching units to change
aload of the amplitude adjustment unit so as to apply a
voltage for an amplitude of the ultrasound, which is
transmitted from each of the transducers, to the trans-
ducer.

2. The ultrasound diagnostic apparatus according to claim
1, wherein the resistive elements in the amplitude adjustment
unit are electrically connected to the transducer in parallel.

3. The ultrasound diagnostic apparatus according to claim
2, wherein two diode elements disposed in antiparallel are
electrically connected to each of the resistive elements and
each of the switching units in series in the amplitude adjust-
ment unit.

4. The ultrasound diagnostic apparatus according to claim
1 further comprising an ultrasound probe including the trans-
ducers and a connection unit to be connected with a main
body of the ultrasound diagnostic apparatus, wherein
the amplitude adjustment units are disposed in the ultra-
sound probe.
5. The ultrasound diagnostic apparatus according to claim
2 further comprising an ultrasound probe including the trans-
ducers and a connection unit to be connected with a main
body of the ultrasound diagnostic apparatus, wherein
the amplitude adjustment units are disposed in the ultra-
sound probe.

6. The ultrasound diagnostic apparatus according to claim
3 further comprising an ultrasound probe including the trans-
ducers and a connection unit to be connected with a main
body of the ultrasound diagnostic apparatus, wherein

the amplitude adjustment units are disposed in the ultra-
sound probe.

7. The ultrasound diagnostic apparatus according to claim
4, wherein the resistive elements in each of the amplitude
adjustment units are electrically connected to each of the
transducers in series.
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8. The ultrasound diagnostic apparatus according to claim
5, wherein the resistive elements in each of the amplitude
adjustment units are electrically connected to each of the
transducers in series.
9. The ultrasound diagnostic apparatus according to claim
6, wherein the resistive elements in each of the amplitude
adjustment units are electrically connected to each of the
transducers in series.
10. The ultrasound diagnostic apparatus according to claim
1 further comprising a signal processing unit which processes
the reception signal, wherein with respect to each of the
amplitude adjustment units and each of the transducers,
areception line to convey the reception signal to the signal
processing unit and a transmission line to convey the
pulse signal from the signal generation unit are con-
nected at a predetermined node to a common line con-
nected to the transducer,
the amplitude adjustment unit is disposed on the transmis-
sion line, and
between the node and the amplitude adjustment unit, a
selective passing unit which selectively allows the pulse
signal to pass is disposed.
11. The ultrasound diagnostic apparatus according to claim
2 further comprising a signal processing unit which processes
the reception signal, wherein with respect to each of the
amplitude adjustment units and each of the transducers,
areception line to convey the reception signal to the signal
processing unit and a transmission line to convey the
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pulse signal from the signal generation unit are con-
nected at a predetermined node to a common line con-
nected to the transducer,

the amplitude adjustment unit is disposed on the transmis-
sion line, and

between the node and the amplitude adjustment unit, a
selective passing unit which selectively allows the pulse
signal to pass is disposed.

12. The ultrasound diagnostic apparatus according to claim

3 further comprising a signal processing unit which processes
the reception signal, wherein with respect to each of the
amplitude adjustment units and each of the transducers,

a reception line to convey the reception signal to the signal
processing unit and a transmission line to convey the
pulse signal from the signal generation unit are con-
nected at a predetermined node to a common line con-
nected to the transducer,

the amplitude adjustment unit is disposed on the transmis-
sion line, and

between the node and the amplitude adjustment unit, a
selective passing unit which selectively allows the pulse
signal to pass is disposed.

13. The ultrasound diagnostic apparatus according to claim

1, wherein the switching units each are an analog switch or a
mechanical relay switch.

14. The ultrasound diagnostic apparatus according to claim

1, wherein resistance values of the resistive elements in the
amplitude adjustment unit are all different from each other.
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