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(57) ABSTRACT

An ultrasonic imaging apparatus includes a pulsar including
an output line coupled to a piezoelectric transducer and a
plurality of first push-pull circuits whose output units are
coupled to the output line, and a power source unit which
supplies a plurality of power source voltages with different
levels to the first push-pull circuits. At least one of the first
push-pull circuits includes first rectification elements which
prevent reverse current from flowing into first complementary

(21)  Appl. No.: 12/536,299 transistors configuring the first push-pull circuit. The pulsar
includes a second push-pull circuit whose output unit is
qq. coupled to the output line, the same power source voltage as
(22) Filed: Aug. 5, 2009 in the first push-pull circuit with the first rectification ele-
ments is applied to the second push-pull circuit, and current in
(30) Foreign Application Priority Data the direction opposite to that in the first push-pull circuit flows
in the second push-pull circuit by turning on second comple-
Aug. 13,2008  (JP) oo 2008-208503 mentary transistors configuring the second push-pull circuit.
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ULTRASONIC IMAGING APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Japanese
Patent Application No. 2008-208503 filed Aug. 13, 2008,
which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION
Technical Field

[0002] The embodiments described herein relate to an
ultrasonic imaging apparatus including a pulsar that gener-
ates an electric signal for driving a piezoelectric transducer.
[0003] Recently, a burst waveform including a plurality of
same waveforms is used in an electric signal that drives a
piezoelectric transducer for generating an ultrasonic wave in
an ultrasonic imaging apparatus (refer to Japanese Patent
Application Laid-Open No. 2000-005169). The burst wave-
form has a frequency of about 3 to 10 MHz corresponding to
the resonance frequency of the piezoelectric transducer, and
has an amplitude voltage of about 100V. The number of
piezoelectric transducers which are driven at the same time
reaches tens of channels, and the ultrasonic imaging appara-
tus features compactness, so that it is preferable that a trans-
mission unit for generating these burst waveforms has a
simple configuration.

[0004] As the transmission unit with a simple configuration
for generating the burst waveform, there exist multilevel pul-
sars in which push-pull circuits having different levels of
power source voltage are coupled in parallel. The multilevel
pulsars switch output voltage stepwise by turning on or off the
push-pull circuits to simply generate the burst waveforms
composed of pseudo sine waves similar to sine waves.
[0005] However, according to the above-described back-
ground art, when the output voltage is switched stepwise,
power loss occurs. Specifically, when the output voltage of
the multilevel pulsaris switched stepwise, there occurs charg-
ing and discharging of electric charge charged to the piezo-
electric transducer with capacitive electric characteristics.
The charging and discharging occurs between the piezoelec-
tric transducer and a ground resistor coupled in parallel to the
capacitive piezoelectric transducer, and causes the occur-
rence of the power loss.

[0006] Inparticular, the power loss causes heat generation,
and becomes a significant level for the ultrasonic imaging
apparatus for driving multi-channels.

[0007] Itis desirable that the problem described previously
is solved.

BRIEF DESCRIPTION OF THE INVENTION

[0008] An ultrasonic imaging apparatus, according to a first
aspect of the invention, which supplies predetermined voltage
to a piezoelectric transducer to transmit an ultrasonic wave,
the apparatus including: a pulsar including an output line
coupled to the piezoelectric transducer and a plurality of first
push-pull circuits whose output units are coupled to the out-
putline; and a power source unit which supplies a plurality of
power source voltages with different levels to the plurality of
first push-pull circuits, wherein at least any one of the plural-
ity of first push-pull circuits includes first rectification ele-
ments which prevent reverse current from flowing into first
complementary transistors configuring the first push-pull cir-
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cuit, and the pulsar includes a second push-pull circuit whose
output unit is coupled to the output line, the same power
source voltage as in the first push-pull circuit with the first
rectification elements is applied to the second push-pull cir-
cuit, and current in the direction opposite to that in the first
push-pull circuit flows in the second push-pull circuit by
turning on second complementary transistors configuring the
second push-pull circuit.

[0009] In the invention according to the first aspect, the
current in the direction opposite to that in the first push-pull
circuit flows in the second push-pull circuit by turning on the
second complementary transistors configuring the second
push-pull circuit.

[0010] The ultrasonic imaging apparatus according to a
second aspect of the invention, wherein the power source unit
supplies the maximum driving voltage among the plurality of
power source voltages to the first push-pull circuit without the
first rectification elements.

[0011] In the invention according to the second aspect, the
first push-pull circuit with the maximum driving voltage is
not provided with the first rectification elements.

[0012] The ultrasonic imaging apparatus according to a
third aspect of the invention, wherein the first push-pull cir-
cuits include, as the first complementary transistors, P-chan-
nel first Field Effect Transistors on the high voltage side of the
power source voltage relative to the output units, and N-chan-
nel Field Effect Transistors on the low voltage side of the
power source voltage relative to the output units in the ultra-
sonic imaging apparatus described in the first or second
aspect.

[0013] The ultrasonic imaging apparatus according to a
fourth aspect of the invention, wherein the second push-pull
circuits includes, as the second complementary transistors, an
N-channel second Field Effect Transistor on the high voltage
side relative to the output unit coupled to the output line, and
a P-channel Field Effect Transistor on the low voltage side
relative to the output unit, and further includes second recti-
fication elements which are coupled in series to the respective
second Field Effect Transistors in the ultrasonic imaging
apparatus described in the third aspect.

[0014] In the invention according to the fourth aspect, the
N-channel or P-channel polarity of the complementary tran-
sistor of the second push-pull circuit is opposite to that of the
complementary transistor of the first push-pull circuit, and the
second rectification elements of the output unit limits the
direction in which the current flows.

[0015] The ultrasonic imaging apparatus according to a
fifth aspect of the invention, wherein each of the second
rectification elements which are coupled in series to the
respective N-channel second Field Effect Transistors is a
diode which is coupled in the forward direction from the
output unit toward the power source unit, and each of the
second rectification elements which are coupled in series to
the respective P-channel second Field Effect Transistors is a
diode which is coupled in the forward direction from the
power source unit toward the output unit in the ultrasonic
imaging apparatus described in the fourth aspect.

[0016] In the invention according to the fifth aspect, the
current is allowed to flow in the second push-pull circuit in the
direction different from that flowing in the complementary
transistors of the first push-pull circuit with the first rectifica-
tion elements.

[0017] The ultrasonic imaging apparatus according to a
sixth aspect of the invention, including a pulsar control unit
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which turns on or off the first Field Effect Transistors and the
second Field Effect Transistors in the ultrasonic imaging
apparatus described in the fourth or fifth aspect.

[0018] In the invention according to the sixth aspect, the
first and second push-pull circuits are controlled by the pulsar
control unit.

[0019] The ultrasonic imaging apparatus according to a
seventh aspect of the invention, wherein the pulsar control
unit includes a first driver which turns on or off the first Field
Effect Transistors and a second driver which turns on or off
the second Field Effect Transistors in the ultrasonic imaging
apparatus described in the sixth aspect.

[0020] Inthe invention according to the seventh aspect, the
first Field Effect Transistors and the second Field Effect Tran-
sistors are turned on or off by the first and second drivers
which are different from each other.

[0021] The ultrasonic imaging apparatus according to an
eighth aspect of the invention, wherein the pulsar control unit
includes a pseudo sine wave generation device which outputs
the plurality of power source voltages to the output line in a
sine wave shape by turning on or off the first Field Effect
Transistors in a predetermined order in the ultrasonic imaging
apparatus described in the sixth or seventh aspect.

[0022] In the invention according to the eighth aspect,
waveforms similar to the sine waves are simply generated by
the pseudo sine wave generation device.

[0023] The ultrasonic imaging apparatus according to a
ninth aspect of the invention, wherein in synchronization with
turning-off of the N-channel or P-channel first Field Effect
Transistor of the first push-pull circuit without the first recti-
fication elements and turning-on of the N-channel or P-chan-
nel first Field Effect Transistor of the first push-pull circuit
with the first rectification elements, the pseudo sine wave
generation device turns on the N-channel or P-channel second
Field Effect Transistor of the second push-pull circuit in the
ultrasonic imaging apparatus described in the eighth aspect.

[0024] In the invention according to the ninth aspect, in
synchronization with turning-on of the first push-pull circuit
with the first rectification elements, the corresponding second
Field Effect Transistor of the second push-pull circuit with the
second rectification elements is turned on.

[0025] The ultrasonic imaging apparatus according to a
tenth aspect of the invention, wherein in synchronization with
turning-off of the N-channel or P-channel first Field Effect
Transistor of the first push-pull circuit with the first rectifica-
tion elements, the pseudo sine wave generation device turns
off the N-channel or P-channel second Field Effect Transistor
ofthe second push-pull circuit in the ultrasonic imaging appa-
ratus described in the ninth aspect.

[0026] Inthe invention according to the tenth aspect, when
the N-channel or P-channel first Field Effect Transistor of the
first push-pull circuit with the first rectification elements is
turned on, the N-channel or P-channel second Field Effect
Transistor of the second push-pull circuit is turned on.

[0027] The ultrasonic imaging apparatus according to an
eleventh aspect of the invention, wherein after a predeter-
mined period oftime passes since the N-channel or P-channel
first Field Effect Transistor of the first push-pull circuit with-
out the first rectification elements is turned off and the
N-channel or P-channel first Field Effect Transistor of the first
push-pull circuit with the first rectification elements is turned
on, the pseudo sine wave generation device turns off the
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N-channel or P-channel second Field Effect Transistor of the
second push-pull circuit in the ultrasonic imaging apparatus
described in the ninth aspect.

[0028] Inthe invention according to the eleventh aspect, the
second Field Effect Transistor is turned off after a predeter-
mined period of time passes since the N-channel or P-channel
first Field Effect Transistor of the first push-pull circuit with
the first rectification elements is turned on.

[0029] The ultrasonic imaging apparatus according to a
twelfth aspect of the invention, wherein the pulsar control unit
turns on or off only the N-channel or P-channel first Field
Effect Transistor of the first push-pull circuit without the first
rectification elements to output the power source voltages to
the output line in a rectangular shape, and in this case, the
pulsar control unit does not turn on or off the N-channel or
P-channel second Field Effect Transistor of the second push-
pull circuit in the ultrasonic imaging apparatus described in
the sixth aspect.

[0030] In the invention according to the twelfth aspect, the
second push-pull circuit is not operated.

[0031] The ultrasonic imaging apparatus according to a
thirteenth aspect of the invention, wherein the second Field
Effect Transistors are lower in the maximum rating of drain
current flowing between drains and sources, as compared to
the first Field Effect Transistors in the ultrasonic imaging
apparatus described in any one of the fourth to twelfth
aspects.

[0032] In the invention according to the thirteenth aspect,
the shapes of the second Field Effect Transistors are made
small, and increase in size caused by adding the transistors is
suppressed.

[0033] The ultrasonic imaging apparatus according to a
fourteenth aspect of the invention, wherein the power source
unit generates the power source voltages with the same level
and with the positive and negative voltage polarities in the
ultrasonic imaging apparatus described in any one of the first
to thirteenth aspects.

[0034] In the invention according to the fourteenth aspect,
the electric signal for driving the piezoelectric transducer is
made stable so as to oscillate relative to the ground potential
as a center.

[0035] The ultrasonic imaging apparatus according to a
fifteenth aspect of the invention, wherein the pulsar includes
a ground circuit which turns on or off the connection between
the output line and a ground terminal in the ultrasonic imag-
ing apparatus described in any one of the first to fourteenth
aspects.

[0036] Intheinvention according to the fifteenth aspect, the
ground potential of the electric signal for driving the piezo-
electric transducer is made secured.

[0037] According to the embodiments described herein, the
consumption of the stable current generated by the pulsar that
forms the pseudo sine waves is eliminated, the power con-
sumption generated in a transition state in which the voltage
is changed can be reduced, and the heat generation of the
pulsar can be reduced.

[0038] Further objects and advantages of the present inven-
tion will be apparent from the following description of
embodiments of the invention as illustrated in the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1 is a block diagram for showing the entire
configuration of an ultrasonic imaging apparatus.
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[0040] FIG. 2 is a block diagram for showing a configura-
tion of an image production unit of the ultrasonic imaging
apparatus.

[0041] FIG. 3 is a block diagram for showing a configura-
tion of a transmission unit of the ultrasonic imaging appara-
tus.

[0042] FIG. 4 is a circuit diagram for showing a configura-
tion of amultilevel pulsar that may be used with the ultrasonic
imaging apparatus.

[0043] FIGS. 5(A) and 5(B) are explanatory diagrams for
showing the entire output operation of the multilevel pulsar.
[0044] FIG. 6 is an explanatory diagram for showing a
circuit operation of the multilevel pulsar.

[0045] FIGS. 7(A) and 7(B) are explanatory diagrams for
showing output voltage of the multilevel pulsar and current
flowing into transistors.

[0046] FIG. 8 is an explanatory diagram for showing a
configuration and an operation of a multilevel pulsar with a
simple configuration.

[0047] FIGS. 9(A) and 9(B) are explanatory diagrams for
showing an operation and changes of current when the output
voltage of the multilevel pulsar with a simple configuration is
switched.

DETAILED DESCRIPTION OF THE INVENTION

[0048] Embodiments of an ultrasonic imaging apparatus
according to the invention will be described below with ref-
erence to the accompanying diagrams. It should be noted that
the invention is not limited to the embodiments described
herein.

[0049] First of all, the entire configuration of an ultrasonic
imaging apparatus 100 according to the embodiment will be
described. FIG. 1 is a block diagram for showing the entire
configuration of the ultrasonic imaging apparatus 100 accord-
ing to the embodiment. The ultrasonic imaging apparatus 100
includes an ultrasonic probe 10, an image production unit
102, an image memory unit 104, an image display control unit
105, a display unit 106, an input unit 107, and a control unit
108.

[0050] The ultrasonic probe 10 is equipped with a piezo-
electric transducer array, and transmits and receives ultra-
sonic waves. The ultrasonic probe 10 closely-attached to a
surface of a subject 2 irradiates the ultrasonic waves onto an
imaging cross section, and receives an ultrasonic echo
reflected each time from the inside of the subject 2 as a
time-series sound ray. The ultrasonic probe 10 performs elec-
tronic scanning while sequentially switching the irradiation
direction of the ultrasonic waves.

[0051] Theimage production unit 102 generates an electric
signal for driving the piezoelectric transducer array of the
ultrasonic probe, and performs a B-mode process or a Dop-
pler process using the electric signal received by the piezo-
electric transducer array to form B-mode image information
or Doppler image information. The detailed functions of the
image production unit 102 will be described later.

[0052] Theimage memory unit 104 includes a large-capac-
ity memory, and stores two-dimensional tomographic image
information and cine image information that is two-dimen-
sional tomographic image information that is temporally
changed.

[0053] Theimage display control unit 105 performs display
frame rate conversion of the B-mode image information gen-
erated by the B-mode process and blood flow image informa-
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tion generated by the Doppler process, and controls the shape
and position of the image display.

[0054] The display unit 106 includes a CRT (Cathode Ray
Tube), an LCD (Liquid Crystal Display) or the like, and
displays the B-mode image or the blood flow image.

[0055] The input unit 107 includes a keyboard or the like,
and operation information is input by an operator. For
example, operation information for selecting display in the
B-mode or display of the Doppler process, and operation
information for setting a Doppler imaging area to perform the
Doppler process are input through the input unit 107.

[0056] The control unit 108 controls the operation of the
respective units of the ultrasonic imaging apparatus including
the ultrasonic probe on the basis of the operation information
input through the input unit 107 and a program and data that
are stored in advance.

[0057] FIG. 2 is a block diagram for showing a configura-
tion of the image production unit 102. The image production
unit 102 includes a transmission beamformer 21, a transmis-
sion unit 22, a reception unit 23, a reception beamformer 24,
a B-mode processing unit 25, and a Doppler processing unit
26. The transmission beamformer 21 generates a driving sig-
nal with a predetermined delay time so as to perform elec-
tronic focus at a set focal depth position on the basis of
information from the control unit 108.

[0058] The transmission unit 22 forms a burst waveform
that drives the piezoelectric transducer of the ultrasonic probe
10 on the basis of the driving signal from the transmission
beamformer 21. It should be noted that the transmission unit
22 is described later in detail.

[0059] The reception unit 23 performs initial amplification
of the electric signal received by the piezoelectric transducer
of the ultrasonic probe 10. The reception beamformer 24
performs delay addition in which the predetermined delay
time similar to that at the time of transmission is added to the
electric signal received by the reception unit 23, and forms an
electric signal on the sound ray.

[0060] The B-mode processing unit 25 performs processes
such as logarithmic conversion and a filter process for the
electric signal on the sound ray in which the delay time is
added, and forms the B-mode image. The Doppler processing
unit 26 performs orthogonal detection, a filter process and the
like for the electric signal on the sound ray in which the delay
time is added, and displays the blood flow information in the
subject 2 as frequency spectrum information or CMF (Colour
Flow Mapping) information.

[0061] FIG. 3 is a block diagram for showing a configura-
tion of the transmission unit 22. The transmission unit 22
includes a pulsar power source unit 31, a pulsar control unit
32, and a plurality of multilevel pulsars 33. The pulsar control
unit 32 includes a first driver 34, a second driver 35, and a
pseudo sine wave generation device 36, and allows the mul-
tilevel pulsars 33 to generate predetermined driving wave-
forms on the basis of the driving signal from the transmission
beamformer 21. The driving waveform includes a rectangular
wave or a pseudo sine wave, and in the case of generating, for
example, the pseudo sine wave, a controlling signal is formed
by the pseudo sine wave generation device 36.

[0062] The first driver 34 and the second driver 35 include
a plurality of drivers (not shown), and drive transistors Q1 to
Q8 to be described later. It should be noted that the second
driver 35 is a driver that is lower in the maximum rating of
output current and the driving capability than the first driver
34.
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[0063] The pulsar power source unit 31 is a high-voltage
power source unit that is configured by using a switching
regulator or the like. The pulsar power source unit 31 gener-
ates positive and negative maximum driving voltages +HVH
corresponding to the maximum amplitude of'the pseudo sine
wave to be generated and positive and negative intermediate
driving voltages +HVT with the approximately half the levels
of the maximum driving voltages +HVH.

[0064] The multilevel pulsars 33 generate the rectangular
waves or the pseudo sine waves on the basis of the controlling
signal from the pulsar control unit 32. FIG. 4 is a circuit
diagram for showing a configuration of the multilevel pulsar
33. The multilevel pulsar 33 includes an output line 1 made of
an electric conductor coupled to the piezoelectric transducer
11, transistors Q1 to Q8, diodes D1 to D8, D30, D40, D70,
and D80, resistors R1 to R4, R7, and R8, and capacitors C1 to
C4,C7, and C8.

[0065] The transistors Q1 to Q8 include Q1, Q3, Q5, and
Q8 using P-channel Field Effect Transistors, and Q2, Q4, Q6,
and Q7 using N-channel Field Effect Transistors. The tran-
sistors Q1 to Q6 form first Field Effect Transistors, and
include complementary transistors in which transistor char-
acteristics are the same in rating. The transistors Q7 and Q8
form second Field Effect Transistors, and, as will be
described later, are operated only when electric charge
charged to the piezoelectric transducer 11 is discharged. The
second Field Effect Transistors require small current, and
thus, are lower in the maximum rating of drain current as
compared to the first Field Effect Transistors.

[0066] Thetransistors Q1 and Q2 form first complementary
transistors, and configure a first push-pull circuit 41 without
first rectification elements. In the first push-pull circuit 41,
coupling of the positive and negative power source voltages
+HVH that are the maximum driving voltages coupled to
source terminals of the transistors Q1 and Q2 to the output
line 1 is controlled by on/off operation of the transistors Q1
and Q2. An electric signal for turning on or off the transistors
Q1 and Q2 is formed by the first driver 34 of the pulsar control
unit 32, and is input to gate terminals of the transistors Q1 and
Q2 through the capacitors C1 and C2 through which AC
coupling is performed. The gate terminals of the transistors
Q1 and Q2 are coupled to the source terminals through the
resistors R1 and R2 and protection diodes D1 and D2, respec-
tively, and perform determination of the operation potential
and overvoltage protection of the gate terminals. Drain ter-
minals of the transistors Q1 and Q2 are coupled to each other,
and serve as output units of the first push-pull circuit 41. The
output units are coupled to the output line 1.

[0067] Thetransistors Q3 and Q4 form first complementary
transistors, and configure a first push-pull circuit 42 with the
first rectification elements. The first push-pull circuit 42 with
the first rectification elements is a circuit to which voltage
lower than the maximum driving voltage is supplied from the
pulsar power source unit 31, and coupling of the positive and
negative power source voltages +HVL that are the interme-
diate driving voltages coupled to source terminals of the
transistors Q3 and 4 to the output line 1 is controlled by on/off
operation of the transistors Q3 and Q4. An electric signal for
turning on or off the transistors Q3 and Q4 is formed by the
first driver 34 of the pulsar control unit 32, and is input to gate
terminals of the transistors Q3 and Q4 through the capacitors
C3 and C4 through which AC coupling is performed. The gate
terminals of the transistors Q3 and Q4 are coupled to the
source terminals through the resistors R3 and R4 and protec-
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tion diodes D3 and D4, respectively, and perform determina-
tion of the operation potential and overvoltage protection of
the gate terminals.

[0068] The diodes D30 and D40 that are the first rectifica-
tion elements couple between drain terminals of the transis-
tors Q3 and Q4 and the output line 1, and the coupling portion
therebetween serves as an output unit of the first push-pull
circuit 42. When the voltage of the output line 1 is higher than
the voltage +HVL of the source terminal of the transistor 3,
the diode D30 that is the first rectification element prevents
reverse current flowing toward the side from which the volt-
age +HVL is supplied (toward the pulsar power source unit
31), from flowing into the transistor Q3. When the voltage of
the output line 11is lower than the voltage ~-HVL of the source
terminal of the transistor Q4, the diode D40 that is the first
rectification element prevents reverse current flowing toward
the output line 1 side from flowing into the transistor Q4.

[0069] The transistors Q5 and Q6 form ground circuits that
controls coupling of the ground terminals to the output line 1
by on/off operation of the transistors Q5 and Q6. A control
signal that turns on or off the transistors Q5 and Q6 that are the
ground circuits is formed by the pulsar control unit 32.

[0070] Thetransistors Q7 and Q8 form second complemen-
tary transistors, and configure a second push-pull circuit 43
with second rectification elements. In the second push-pull
circuit 43, coupling of the positive and negative power source
voltages +HVL. that are the intermediate driving voltages
coupled to source terminals of the transistors Q7 and Q8 to the
output line 1 is controlled by on/off operation of the transis-
tors Q7 and Q8. In the example, the second push-pull circuit
43 couples the interconnected portion between the transistor
Q3 in the first push-pull circuit 42 and the power source
voltage +HVL to the output line 1, and couples the intercon-
nected portion between the transistor Q4 in the first push-pull
circuit 42 and the power source voltage —-HVL to the output
line 1. When reverse voltage is applied to the diodes D30 and
D40, the second push-pull circuit 43 turns on the transistors
Q7 and Q8to allow current to flow in the direction opposite to
that flowing the first push-pull circuit 42.

[0071] The transistors Q7 and Q8 are the N-channel and
P-channel Field Effect Transistors, and require small current,
for example, about half the maximum rating of the drain
current, as compared to the transistors Q1 to Q4.

[0072] Anelectric signal for turning on or off the transistors
Q7 and Q8 is formed by the second driver 35, with less driving
capability, of the pulsar control unit 32, and is input to gate
terminals of the transistors Q7 and Q8 through the capacitors
C7 and C8 through which AC coupling is performed. The gate
terminals of the transistors Q7 and Q8 are coupled to the
source terminals through the resistors R7 and R8 and protec-
tion diodes D7 and D8, respectively, and perform determina-
tion of the operation potential and overvoltage protection of
the gate terminals.

[0073] The diodes D70 and D80 that are the second recti-
fication elements couple between drain terminals of the tran-
sistors Q7 and Q8 and the output line 1, and the coupling
portion therebetween serves as an output unit of the second
push-pull circuit 43. When the voltage of the output line 1 is
higher than the voltage +HVL of the source terminal of the
transistor Q7, the diode D70 that is the second rectification
element is coupled to the transistor Q7 so as to flow current.
When the voltage of the output line 1 is lower than the voltage
-HVL of the source terminal of the transistor Q8, the diode
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D80 that is the second rectification element is coupled to the
transistor Q8 so as to flow current.

[0074] The controlling signals from the pulsar control unit
32 to the transistors Q1 to Q8 of the multilevel pulsar 33 are
represented by DVPH, DVNH, DVPL, DVPL*, DVNL,
DVNL#*, CPP, and CPN, respectively. In these character
strings, DV is an abbreviation of Drive, N is an abbreviation
of N-channel, P is an abbreviation of P-channel, H is an
abbreviation of the maximum driving voltage HVH, and L is
an abbreviation of the intermediate driving voltage HVL. In
addition, the control signals, each having the mark * at the
upper right of the character string, represent the control sig-
nals synchronized with DVPL and DVNL that are driven by
the second driver 35.

[0075] Next, the operation of the multilevel pulsar 33 will
be described using FIGS. 5(A), 5(B), and 6. FIGS. 5(A) and
5(B) are diagrams for showing time changes of the control
signals that drive the transistors Q1 to Q8 of the multilevel
pulsar 33, and the pseudo sine waves to be output. The hori-
zontal axis represents a time axis, and the vertical axis repre-
sents a voltage. It should be noted that the drawings shown in
FIGS. 5(A) and 5(B) share the time axis.

[0076] DVPL, DVPH, CPP, and DVPL* that are the control
signals of the transistors Q3, Q1, Q5, and Q8, respectively,
using the P-channel Field Effect Transistors allow the tran-
sistors to be in on-states when the control signals are at
L-levels oflow voltage levels, and to be in off-states when the
control signals are at H-levels of high voltage levels. Further,
DVNL, DVNH, CPN, and DVNL* that are the control signals
of the transistors Q2, Q4, Q6, and Q7, respectively, using the
N-channel Field Effect Transistors allow the transistors to be
in off-states when the control signals are at the [-levels of low
voltage levels, and to be in off-states when the control signals
are at the H-levels of high voltage levels.

[0077] In FIG. 5(A), DVPL of the control signal becomes
the L-level, and the transistor Q3 becomes the on-state (Step
1). At this timing, the intermediate driving voltage +HVL is
output as the output voltage of Step 1 shown in FIG. 5(B).
[0078] Thereafter, when DVPL of the control signal
becomes the H-level, the transistor Q3 becomes the off-state,
and at the same time, when DVPH of the control signal
becomes the L-level, the transistor Q1 becomes the on-state
(Step 2). At this timing, the maximum driving voltage +HVH
is output as the output voltage of Step 2 shown in FIG. 5(B).
[0079] Thereafter, when DVPH of the control signal
becomes the H-level, the transistor Q1 becomes the off-state,
and at the same time, when DVPL of the control signal
becomes the L-level, the transistor Q3 becomes the on-state
(Step 3). At this timing, the intermediate driving voltage
+HVL is output as the output voltage of Step 3 shown in FIG.
5(B), and at the same time, when DVNL¥* of the control signal
becomes the H-level, the transistor Q7 becomes the off-state.
It should be noted that the operation at this timing is described
later in detail.

[0080] Thereafter, when DVPL and DVNL* of the control
signals become the H-level and the L-level, respectively, the
transistors Q3 and Q7 become the off-states, and at the same
time, when CPN of the control signal becomes the H-level,
the transistor Q6 becomes the on-state (Step 4). At this timing,
the ground potential is output as the output voltage of Step 4
shown in FIG. 5(B).

[0081] Thereafter, when CPN of the control signal becomes
the L-level, the transistor Q6 becomes the off-state, and at the
same time, when DVNL of the control signal becomes the
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H-level, the transistor Q4 becomes the on-state (Step 5). At
this timing, the negative intermediate driving voltage ~-HVL
is output as the output voltage of Step 5 shown in FIG. 5(B).

[0082] Thereafter, when DVNL of the control signal
becomes the L-level, the transistor Q4 becomes the off-state,
and at the same time, when DVNH of the control signal
becomes the H-level, the transistor Q2 becomes the on-state
(Step 6). At this timing, the negative maximum driving volt-
age —-HVH is output as the output voltage of Step 6 shown in
FIG. 5(B).

[0083] Thereafter, when DVNH of the control signal
becomes the L-level, the transistor Q2 becomes the off-state,
and at the same time, when DVNL of the control signal
becomes the H-level, the transistor Q4 becomes the on-state
(Step 7). At this timing, the negative intermediate driving
voltage -HVL is output as the output voltage of Step 7 shown
in FIG. 5(B). In addition, at this timing, DVPL* of the control
signal becomes the [-level, and the transistor Q8 becomes the
on-state at the same time.

[0084] Thereafter, when DVNL and DVPL* of the control
signals become the L-level and the H-level, respectively, the
transistors Q4 and Q8 become the off-states, and at the same
time, when CPP of the control signal becomes the L-level, the
transistor Q5 becomes the on-state (Step 8). At this timing, the
ground potential is output as the output voltage of Step 8
shown in FIG. 5(B).

[0085] With the above-described operation, one wave-
length of the pseudo sine wave is formed. Thereafter, the
operations of Steps 1 to 8 are repeated to form the burst
waveform having the predetermined number of pseudo sine
waves.

[0086] FIG. 6 is a diagram for schematically explaining a
state of the circuit in which the transistor Q1 becomes the
off-state, and the transistors Q3 and Q7 become the on-states
in Step 3. In the drawing, the transistors Q1 to Q8 are illus-
trated as simplified on-off switches, and the illustration of the
transistors Q5 and Q6 that are the ground circuits in the
off-states is omitted.

[0087] FIGS. 7(A) and 7(B) are diagrams for explaining
enlarged voltage and current waveforms output to the output
line 1 when Step 2 moves to Step 3. In FIG. 7(A), the hori-
zontal axis represents time, and the vertical axis represents
output voltage of the output line 1. In addition, in FIG. 7(B),
the horizontal axis shares the time axis similar to FIG. 7(A),
and the vertical axis represents the level of current flowing in
the transistor Q7.

[0088] Here, in Step 2 that is the previous step of Step 3, the
maximum driving voltage +HVH is output to the output line
1. In this state, electric charge corresponding to the applying
voltage of +HVH is charged to the piezoelectric transducer 11
that is a capacitive load.

[0089] Thereafter, in Step 3, when the transistor Q1
becomes the off-state, the transistors Q3 and Q7 become the
on-states as shown in FIG. 6. At this time, the voltage of
+HVH is maintained in the output line 1 by the electric charge
charged to the piezoelectric transducer 11, and the diode D30
becomes the off-state. In the meantime, the diode D70
becomes the on-state in which forward voltage is applied. In
this state, the electric charge with the potential of +HVH
charged to the piezoelectric transducer 11 is discharged,
through the diode D7 and the transistor Q7, to the pulsar
power source unit 31 which outputs the intermediate driving
voltage +HVL.
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[0090] The transistor Q7 is lower in the maximum rating of
drain current as compared to the transistors Q1 to Q8, and
thus, the current flowing in the transistor Q7 becomes sub-
stantially constant in the discharge. FIG. 7(B) is a diagram for
showing the current flowing in the transistor Q7 when Step 2
moves to Step 3. During a transition time T1 when the electric
potential of the electric charge charged to the piezoelectric
transducer 11 is changed from +HVH to +HVL, substan-
tially-constant drain current ID flows in the transistor Q7.
[0091] FIG. 7(A) shows a state in which the output voltage
of the output line 1 is temporally changed. The output voltage
is decreased from +HVH to +HVL in a substantially linear
manner, and when the output voltage reaches +HVL, the
diode D70 becomes the off-state in which reverse bias voltage
is applied. At this time, the diode D30 becomes the on-state in
which forward bias voltage is applied.

[0092] Even in the case where Step 6 moves to Step 7, the
same operation is performed though the polarity of the volt-
age is inversed. In this case, when the voltage of the output
line 1 is changed from the negative maximum driving voltage
-HVH to the negative intermediate driving voltage -HVL,
the diode D80 becomes the on-state. Accordingly, current
flows from the transistor Q8 and the diode D80 to the piezo-
electric transducer 11, and the electric charge charged to the
piezoelectric transducer 11 is discharged only during the
transition time.

[0093] The electric power consumed by the multilevel pul-
sar 33 is smaller than that consumed by, for example, a mul-
tilevel pulsar 53 with a configuration shown below. FIG. 8 is
a diagram for explaining a simplified configuration of the
multilevel pulsar 53, as similar to FIG. 6. Transistors Q1 to
Q4, diodes D30 and D40, power source voltages +HVH and
+HVL, transistors Q5 and Q6 (not shown) that are ground
circuits, and an output line 1 of the multilevel pulsar 53 are the
same as those of the multilevel pulsar 33. In the multilevel
pulsar 53, a resistor R44 that couples the output line 1 to a
ground terminal is arranged in order to discharge electric
charge charged to a piezoelectric transducer 11. Here, the
value of the resistor R44 is about 100 to 300€2.

[0094] Here, in Step 2 that is the previous step of Step 3, the
maximum driving voltage +HVH is output to the output line
1, as similar to FIG. 6. In this state, electric charge corre-
sponding to the applying voltage of +HVH is charged to the
piezoelectric transducer 11 that is a capacitive load.

[0095] Thereafter, when the transistor Q1 becomes the off-
state, the transistors Q3 becomes the on-state as shown in
FIG. 8. At this time, the voltage of +HVH is maintained in the
output line 1 by the electric charge charged to the piezoelec-
tric transducer 11, and the diode D30 becomes the off-state. In
this state, the electric charge charged to the piezoelectric
transducer 11 passes through the resistor R44, so that current
flows to the ground terminal, and transition current is genet-
ated during a transition time T2.

[0096] FIGS.9(A)and 9(B) are diagrams for explaining an
operation in the case of using the multilevel pulsar 53. In FIG.
9(A), the horizontal axis represents a time axis on which Step
2 moves to Step 3 and Step 4, and the vertical axis represents
avoltage axis for showing changes in the output voltage of the
multilevel pulsar 53. F1G. 9(B) shares the time axis similar to
FIG. 9(A), and has the vertical axis showing current flowing
in the resistor R44. The transition current flowing in the
resistor R44 as shown in FIG. 8 flows during the transition
time T2 when Step 2 moves to Step 3 in the voltage waveform
of FIG. 9(A).
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[0097] Thereafter, the output voltage of the output line 1 is
decreased from +HVH to +HVL due to the discharge of the
electric charge accumulated in the piezoelectric transducer
11. Here, during a period when the diode D30 becomes the
on-state and the transistor Q3 becomes the on-state, the out-
put line 1 is maintained at the intermediate driving voltage
+HVL. In the voltage waveform shown in FIG. 9(A), the
voltage of +HVL is output to the output line 1 during a period
from the time when the transition time T2 passes in Step 3 to
the time when Step 3 moves to Step 4. It should be noted that
current +HVL/R44 flows in the resistor R44 during the
period.

[0098] The power consumption of the multilevel pulsar 53
generated in Steps 1 to 8 is larger than that generated in the
multilevel pulsar 33. Specifically, during a period when the
output voltage in Steps 1 to 8 is not OV, current that constantly
flows in the resistor R44 is generated in the multilevel pulsar
53. The current increases the power consumption of the mul-
tilevel pulsar 53 using the resistor R44. In the meantime,
current is not constantly consumed in the multilevel pulsar 33
except for a case where the piezoelectric transducer 11 is
charged or discharged. In the case where the electric charge
charged to the piezoelectric transducer 11 is discharged, it is
possible to discharge at a high speed while turning on the
transistor Q7 or Q8, so that the power consumption can be
further decreased. The power consumption generated in the
case of charging to the piezoelectric transducer 11 is the same
in the multilevel pulsar 33 and the multilevel pulsar 53.

[0099] As described above, in the embodiment, there is
provided the second push-pull circuit having the transistors
Q7 and Q8 and the diodes D70 and D80 coupled between the
intermediate driving voltage +HVL and the output line 1, and
the current that is constantly consumed in Steps 1 to 8 is
eliminated to discharge the electric charge charged to the
piezoelectric transducer 11 at a high speed. Accordingly, it is
possible to reduce the power consumption and to reduce the
heat generation of the multilevel pulsar 33.

[0100] The embodiment of the invention has been
described above, and it is obvious that the invention can be
variously changed and implemented in a range without
changing the gist of the invention. For example, although not
particularly shown, as a part of the ground circuit including
the transistors Q5 and Q6 of the multilevel pulsar 33, a resis-
tor that couples between the output line 1 and the ground
terminal may be further provided. In this case, the value of the
resistor is 500Q or more that is larger as compared to the
resistor R44 of the multilevel pulsar 53. Accordingly, it is
possible to configure the multilevel pulsar in which increase
of the power consumption is suppressed as compared to the
multilevel pulsar 53 with a simple configuration.

[0101] In addition, the second Field Effect Transistors Q7
and Q8 are turned on or off while being synchronized with the
first Field Effect Transistors Q3 and Q4 in the embodiment.
However, the second Field Effect Transistors Q7 and Q8 may
be turned on only for a predetermined period exceeding, for
example, the transition time TI after the first Field Effect
Transistor Q3 or Q4 is turned on.

[0102] In addition, the second Field Effect Transistors Q7
and Q8 are turned on or off while being synchronized with the
first Field Effect Transistors Q3 and Q4 in the embodiment.
However, in the case where the electric signal of the rectan-
gular waveform is generated by turning on or off the first Field
Effect Transistors Q1 and Q2 while maintaining the first Field
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Effect Transistors Q3 and Q4 in the off-states, it is possible
not to operate the second Field Effect Transistors Q7 and Q8
without turning on them.

[0103] In addition, it is obvious that the circuit diagram
showing the configuration of the multilevel pulsar 33 shown
in FIG. 4 may be appropriately changed in a range without
changing the gist of the invention.

[0104] Many widely different embodiments of the inven-
tion may be configured without departing from the spirit and
the scope of the present invention. It should be understood
that the present invention is not limited to the specific embodi-
ments described in the specification, except as defined in the
appended claims.

1. An ultrasonic imaging apparatus configured to supply a
predetermined voltage to a piezoelectric transducer to trans-
mit an ultrasonic wave, the ultrasonic imaging apparatus
comptising:

a pulsar comprising an output line coupled to the piezo-
electric transducer and a plurality of first push-pull cir-
cuits comprising output units that are coupled to the
output line; and

a power source unit configured to supply a plurality of
power source voltages with different levels to the plu-
rality of first push-pull circuits, wherein at least one of
the plurality of first push-pull circuits comprises first
rectification elements configured to prevent reverse cur-
rent from flowing into first complementary transistors
configuring the first push-pull circuit, and wherein the
pulsar further comprises a second push-pull circuit com-
prising an output unit that is coupled to the output, line
such that when the same power source voltage as in the
first push-pull circuit with the first rectification elements
is applied to the second push-pull circuit, a current in a
direction opposite to a current direction in the first push-
pull circuit flows in the second push-pull circuit by turn-
ing on second complementary transistors configuring
the second push-pull circuit.

2. The ultrasonic imaging apparatus according to claim 1,
wherein the power source unit is configured to supply the
maximum driving voltage among the plurality of power
source voltages to the first push-pull circuit without the first
rectification elements.

3. The ultrasonic imaging apparatus according to claim 1,
wherein the plurality of first push-pull circuits comprises, as
the first complementary transistors, P-channel first Field
Effect Transistors on a high voltage side of the power source
voltage relative to the output units, and N-channel Field
Effect Transistors on a low voltage side of the power source
voltage relative to the output units.

4. The ultrasonic imaging apparatus according to claim 2,
wherein the plurality of first push-pull circuits comprises, as
the first complementary transistors, P-channel first Field
Effect Transistors on a high voltage side of the power source
voltage relative to the output units, and N-channel Field
Effect Transistors on a low voltage side of the power source
voltage relative to the output units.

5. The ultrasonic imaging apparatus according to claim 3,
wherein the second push-pull circuit comprises, as the second
complementary transistors, an N-channel second Field Effect
Transistor on the high voltage side relative to the output unit
coupled to the output line, and a P-channel Field Effect Tran-
sistor on the low voltage side relative to the output unit, the
second push-pull circuit further comprising second rectifica-
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tion elements which are coupled in series to the respective
second Field Effect Transistors.

6. The ultrasonic imaging apparatus according to claim 4,
wherein the second push-pull circuit comprises, as the second
complementary transistors, an N-channel second Field Effect
Transistor on the high voltage side relative to the output umt
coupled to the output line, and a P-channel Field Effect Tran-
sistor on the low voltage side relative to the output unit, the
second push-pull circuit further comprising second rectifica-
tion elements which are coupled in series to the respective
second Field Effect Transistors.

7. The ultrasonic imaging apparatus according to claim 5,
wherein each of the second rectification elements which are
coupled in series to the respective N-channel second Field
Effect Transistors is a diode that is coupled in a forward
direction from the output unit toward the power source unit,
and each of the second rectification elements which are
coupled in series to the respective P-channel second Field
Effect Transistors is a diode that is coupled in the forward
direction from the power source unit toward the output unit.

8. The ultrasonic imaging apparatus according to claim 6,
wherein each of the second rectification elements which are
coupled in series to the respective N-channel second Field
Effect Transistors is a diode that is coupled in a forward
direction from the output unit toward the power source unit,
and each of the second rectification elements which are
coupled in series to the respective P-channel second Field
Effect Transistors is a diode that is coupled in the forward
direction from the power source unit toward the output unit.

9. The ultrasonic imaging apparatus according to claim 5,
further comprising a pulsar control unit configured to selec-
tively activate and deactivate the first Field Effect Transistors
and the second Field Effect Transistors.

10. The ultrasonic imaging apparatus according to claim 6,
further comprising a pulsar control unit configured to selec-
tively activate and deactivate the first Field Effect Transistors
and the second Field Effect Transistors.

11. The ultrasonic imaging apparatus according to claim 7,
further comprising a pulsar control unit configured to selec-
tively activate and deactivate the first Field Effect Transistors
and the second Field Effect Transistors.

12. The ultrasonic imaging apparatus according to claim 9,
wherein the pulsar control unit comprises a first driver con-
figured to selectively activate and deactivate the first Field
Effect Transistors and a second driver configured to selec-
tively activate and deactivate the second Field Effect Transis-
tors.

13. The ultrasonic imaging apparatus according to claim 9,
wherein the pulsar control unit comprises a pseudo sine wave
generation device configured to output the plurality of power
source voltages to the output line in a sine wave shape by
selectively activating and deactivating the first Field Effect
Transistors in a predetermined order.

14. The ultrasonic imaging apparatus according to claim
13, wherein the pseudo sine wave generation device is con-
figured to activate one of the N-channel second Field Effect
Transistor of the second push-pull circuit and the P-channel
second Field Effect Transistor of the second push-pull circuit
and to simultaneously deactivate one of the N-channel first
Field Effect Transistor of the first push-pull circuit and the
P-channel first Field Effect Transistor of the first push-pull
circuit without the first rectification elements to activate one
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of the N-channel first Field Effect Transistor and the P-chan-
nel first Field Effect Transistor with the first rectification
elements.

15. The ultrasonic imaging apparatus according to claim
14, wherein the pseudo sine wave generation device is con-
figured to deactivate one of the N-channel second Field Effect
Transistor and the P-channel second Field Effect Transistor
and to simultaneously deactivate one of the N-channel first
Field Effect Transistor and the P-channel first Field Effect
Transistor with the first rectification elements.

16. The ultrasonic imaging apparatus according to claim
14, wherein the pseudo sine wave generation device is con-
figured to deactivate one of the N-channel second Field Effect
Transistor and the P-channel second Field Effect Transistor
after a predetermined period of time passes after one of the
N-channel first Field Effect Transistor and the P-channel first
Field Effect Transistor without the first rectification elements
is deactivated and one of the N-channel first Field Effect
Transistor and the P-channel first Field Effect Transistor with
the first rectification elements is activated.

17. The ultrasonic imaging apparatus according to claim 9,
wherein the pulsar control unit is configured to selectively
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activate and deactivate only one of the N-channel first Field
Effect Transistor and the P-channel first Field Effect Transis-
tor without the first rectification elements to output the power
source voltages to the output line in a rectangular shape
without selectively activating and deactivating one of the
N-channel second Field Effect Transistor and the P-channel
second Field Effect Transistor.

18. The ultrasonic imaging apparatus according to claim 5,
wherein the second Field Effect Transistors have a lower
maximum rating of drain current flowing between drains and
sources, as compared to the first Field Effect Transistors.

19. The ultrasonic imaging apparatus according to claim 1,
wherein the power source unit is configured to generate the
power source voltages with a same level and with positive and
negative voltage polarities.

20. The ultrasonic imaging apparatus according to claim 1,
wherein the pulsar further comprises a ground circuit which
configured to selectively activate and deactivate the connec-
tion between the output line and a ground terminal.

LI T T
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