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(57) Abstract: An ultrasonic transducer driving circuit configured to supply an output current and/or an output voltage to an output
line for driving an ultrasonic transducer is provided. The ultrasonic transducer driving circuit includes a first current discharge cir-
cuit configured to allow a current arising from electric charges accumulated in the ultrasonic transducer to flow from the output line
to ground when the output line is at a positive voltage, and a second current discharge circuit configured to allow the current arising
from the electric charges accumulated in the ultrasonic transducer to flow from ground to the output line when the output line is at a
negative voltage. The first current discharge circuit and the second current discharge circuit are controlled based on the output cur -
rent and/or the output voltage.
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ULTRASONIC TRANSDUCER DRIVING CIRCUIT
AND ULTRASONIC IMAGE DISPLAY
APPARATUS

BACKGROUND OF THE INVENTION

[0001] The embodiments described hercin relate to an ultrasonic

transducer driving circuit and ultrasonic image display apparatus.

[0002] An ultrasonic transducer driving circuit is a circuit that
outputs pulses comprised of positive pulses and negative pulses to an output line
toward an ultrasonic transducer and drives the ultrasonic transducer. As this kind of
ultrasonic transducer driving circuit, a voltage output type circuit that controls an
output voltage and supplies an electrical current for driving an ultrasonic transducer is
described in, for example, Japanese Unexamined Patent Publication No. 2009-
101072. In particular, the voltage output type circuit comprises a positive voltage
output circuit which outputs a positive voltage to the above-mentioned output line and
a negative voltage output circuit which outputs a negative voltage to the above-
mentioned output line. In this ultrasonic transducer driving circuit, when negative
pulses are to be generated from a state in which the above-mentioned output line is at
a positive voltage, the above-mentioned negative voltage output circuit is triggered to
operate; and when positive pulses are to be generated from a state in which the above-
mentioned output line is at a negative voltage, the above-mentioned positive voltage

output circuit is triggered to operate.

[0003] When the above-mentioned negative voltage output circuit is
triggered to operate when generating negative pulses from a state in which the above-
mentioned output line is supplied with a positive voltage, a current arising from
electric charges which have been charged in the above-mentioned ultrasonic
transducer flows in this negative voltage output circuit for a certain period of time and
power is consumed. In turn, when the above-mentioned positive voltage output
circuit is triggered to operate when generating positive pulses from a state in which

the above-mentioned output line is at a negative voltage, a current arising from
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electric charges which have been charged in the above-mentioned ultrasonic
transducer flows in this positive voltage output circuit for a certain period of time and

power is consumed. Therefore, reducing power consumption becomes a problem.

BRIEF DESCRIPTION OF THE INVENTION

[0004] In one aspect, an ultrasonic transducer driving circuit supplies
an output current or an output voltage to an output line for driving an ultrasonic
transducer. The ultrasonic transducer driving circuit includes a first current discharge
circuit that, when the output line is at a positive voltage, allows a current arising from
electric charges accumulated in the ultrasonic transducer to flow from the output line
to ground and a second current discharge circuit that, when the output line is at a
negative voltage, allows the current arising from electric charges accumulated in the
ultrasonic transducer to flow from ground to the output line. The operations of the
first and the second current discharge circuits are controlled in accordance with the
output current or the output voltage.

[0005] Here, the output current or the output voltage is a current or a

voltage of an output line of the ultrasonic transducer driving circuit.

[0006] In another aspect, an ultrasonic transducer driving circuit
includes a current output type circuit that controls an output current for driving an
ultrasonic transducer and a current control unit that outputs a current to the current
output type circuit for controlling the output current. The current output type circuit
includes a first current discharge circuit that, when the output line is at a positive
voltage, allows a current arising from electric charges accumulated in the ultrasonic
transducer to flow from the output line to ground and a second current discharge
circuit that, when the output line is at a negative voltage, allows the current arising
from electric charges accumulated in the ultrasonic transducer to flow from ground to
the output line. The operations of the first current discharge circuit and the second

current discharge circuit are controlled by a current from the current control unit.

[0007] Here the output current is a current of an output line of the

current output type circuit.
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[0008] In yet another aspect, an ultrasonic transducer driving circuit
includes a voltage output type circuit that controls an output voltage and supplies an
electrical current to an output line for driving an ultrasonic transducer and a first
current discharge circuit and a second current discharge circuit connected to the
output line. The first current discharge circuit is a circuit that, when the output line is
at a positive voltage, allows a current arising from electric charges accumulated in the
ultrasonic transducer to flow from the output line to ground and the second current
discharge circuit is a circuit that, when the output line is at a negative voltage, allows
the current arising from electric charges accumulated in the ultrasonic transducer to
flow from ground to the output line. The operations of the first and second current
discharge circuits are controlled by the voltage difference between the output line and

the output of the voltage output type circuit.

[0009] Here, the output voltage is a voltage of an output line of the

voltage output type circuit.

[0010] In yet another aspect, an ultrasonic transducer driving circuit
includes a voltage output type circuit that controls an output voltage and supplies an
electrical current to an output line for driving an ultrasonic transducer and a buffer
amplifier that is provided between this voltage output type circuit and the ultrasonic
transducer and takes input of an output voltage of the voltage output type circuit. The
buffer amplifier includes a first push-pull circuit having a first transistor and a second
transistor connected to an output line of the buffer amplifier and a second push-pull
circuit having a third transistor and a fourth transistor connected between the output
line of the buffer amplifier and a ground. A voltage having a predetermined voltage
difference relative to the output voltage of the voltage output type circuit is input to
cach of the transistors constituting the first push-pull circuit and the second push-pull
circuit. The predetermined voltage difference is larger for the fourth transistor than
for the second transistor, so that, when the output line of the buffer amplifier is at a
positive voltage, the fourth transistor, of the second transistor and the fourth
transistor, turns into an ON state in accordance with an output voltage of the voltage
output type circuit, thereby allowing the current arising from electric charges

accumulated in the ultrasonic transducer to flow from the output line to ground. The
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predetermined voltage difference is also larger for the third transistor than for the first
transistor, so that, when the output line of the buffer amplifier is at a negative voltage,
the third transistor, of the first transistor and the third transistor, turns into an ON state
in accordance with an output voltage of the voltage output type circuit, thereby
allowing the current arising from electric charges accumulated in the ultrasonic

transducer to flow from ground to the output line.

[0011] Here, the output voltage is a voltage of an output line of the

voltage output type circuit.

[0012] A further aspect includes an ultrasonic image display
apparatus having an ultrasonic transducer driving circuit pertaining to any of the

aspects described above.

[0013] According to the aspects described above, when the output
line is at a positive voltage, the current arising from electric charges accumulated in
the ultrasonic transducer flows from the output line to ground. When the output line
is at a negative voltage, the current arising from electric charges accumulated in the
ultrasonic transducer flows from ground to the output line. Thereby, power

consumption can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Fig. 1 is a block diagram showing an exemplary embodiment
of an ultrasonic image display apparatus.
[0015] Fig. 2 is a block diagram showing a transceiving section of

the ultrasonic image display apparatus shown in Fig. 1.

[0016] Fig. 3 is a diagram showing an outlined structure of an
ultrasonic transducer driving circuit in the ultrasonic image display apparatus shown

in Fig. 1.

[0017] Fig. 4 is circuit diagram showing an ultrasonic transducer

driving circuit in the ultrasonic image display apparatus shown in Fig. 1.
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[0018] Fig. 5 is a diagram for explaining how a first current mirror

circuit operates.

[0019] Fig. 6 is a diagram for explaining how a fourth current mirror

circuit operates.

[0020] Fig. 7 is a diagram for explaining how a third current mirror

circuit operates.

[0021] Fig. 8 is a diagram for explaining how a second current mirror

circuit operates.

[0022] Fig. 9 is a circuit diagram showing an ultrasonic transducer

driving circuit of a second embodiment.

[0023] Fig. 10 is a diagram showing a voltage waveform with five

levels of voltages.

[0024] Fig. 11 is a circuit diagram showing another example of an

ultrasonic transducer driving circuit of the second embodiment.

[0025] Fig. 12 is a diagram showing one example of a waveform of

an output voltage that is output from a voltage output type circuit.

[0026] Fig. 13 is a diagram for explaining how the ultrasonic

transducer driving circuit of the second embodiment operates.

[0027] Fig. 14 is a diagram for explaining how the ultrasonic

transducer driving circuit of the second embodiment operates.

[0028] Fig. 15 is a diagram for explaining how the ultrasonic

transducer driving circuit of the second embodiment operates.

[0029] Fig. 16 is a diagram for explaining how the ultrasonic

transducer driving circuit of the second embodiment operates.
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[0030] Fig. 17 is a circuit diagram showing an ultrasonic transducer

driving circuit of a first example of modification to the second embodiment.

[0031] Fig. 18 is a circuit diagram in which switches were turned off

in the ultrasonic transducer driving circuit shown in Fig. 17.

[0032] Fig. 19 is a circuit diagram showing an ultrasonic transducer

driving circuit of a second example of modification to the second embodiment.

[0033] Fig. 20 is a circuit diagram showing an ultrasonic transducer

driving circuit of a third embodiment.

[0034] Fig. 21 is a diagram for explaining how the ultrasonic

transducer driving circuit of the third embodiment operates.

[0035] Fig. 22 is a diagram for explaining how the ultrasonic

transducer driving circuit of the third embodiment operates.

[0036] Fig. 23 is a diagram for explaining how the ultrasonic

transducer driving circuit of the third embodiment operates.

[0037] Fig. 24 is a diagram for explaining how the ultrasonic

transducer driving circuit of the third embodiment operates.
DETAILED DESCRIPTION OF THE INVENTION

[0038] In the following, embodiments of the present invention will

be described in detail based on the drawings.
[0039] (First Embodiment)

[0040] To begin with, a first embodiment is described based on Figs.
1-8. As shown in Fig. 1, an ultrasonic image display apparatus 100 includes an
ultrasonic probe 101, a transceiver unit 102, an echo data processing unit 103, a
display control unit 104, a display unit 105, an operational unit 106, and a control unit

107.
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[0041] The ultrasonic probe 101 is provided with a plurality of

ultrasonic transducers 101a for transmitting and receiving ultrasonic waves.

[0042] The transceiver unit 102 includes a transmitter unit 1021 and
a receiver unit 1022, as shown in Fig. 2. The transmitter unit 1021 supplies an
electric signal for transmitting ultrasonic waves under predetermined scanning
conditions to the ultrasonic transducers 101a, based on a control signal from the
control unit 107. The transmitter unit 1021 includes ultrasonic transducer driving
circuits 1 that supply an electric signal for driving the ultrasonic transducers 101a and
causing them to transmit ultrasonic waves (not shown in Fig. 2; see Fig. 3). Further

description about the ultrasonic transducer driving circuits 1 will be provided later.

[0043] The receiver unit 1022 performs signal processing such as
A/D conversion, phasing and addition, etc. on an echo signal received by the
ultrasonic probe 2 and outputs resulting echo data to the echo data processing unit

103.

[0044] The echo data processing unit 103 performs processing for
producing an ultrasonic image on echo data which has been input from the transceiver
unit 102. For example, the echo data processing unit 103 performs B-mode
processing such as logarithmic compression and envelope detection and Doppler

processing such as quadrature detection and filtering.

[0045] The display control unit 104 performs scan conversion of data
obtained by the echo data processing unit 103 using a scan converter and produces
ultrasonic image data. Then, the display control unit 104 causes the display unit 105

to display an ultrasonic image in accordance with the ultrasonic image data.

[0046] The display unit 105 includes an LCD (liquid crystal display),
a CRT (Cathode Ray tube), or any other type of display. The operational unit 106
includes a keyboard and a pointing device (not shown) or the like for allowing an

operator to enter a command and information.
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[0047] The control unit 107 includes a CPU (Central Processing
Unit). This control unit 107 reads a control program stored in a memory unit which is
not shown and causes respective components of the ultrasonic image display

apparatus 100 to perform their functions.

[0048] Description about the ultrasonic transducer driving circuits 1
is provided based on Figs. 3 and 4. The number of the (plural) ultrasonic transducer
driving circuits 1 corresponds to a maximum number of the ultrasonic transducers
101a which are used for transmission (only one of them is shown in Fig. 3). Each of
the ultrasonic transducer driving circuits 1 includes a current DAC (Digital to Analog
Converter) 2 and a current output type circuit 3. The current output type circuit 3
controls an output current flowing through an output line O and supplies electrical
currents to the output line O for driving the corresponding ultrasonic transducer 101a.

This output line O is one example of an embodiment of an output line.

[0049] In fact, the output line O is the output line of the current
output type circuit 3 and also the output line of each of the ultrasonic transducer
driving circuits 1. The output line of the current output type circuit 3 is the output line

of each of the ultrasonic transducer driving circuits 1.

[0050] The current DAC 2 includes a positive current DAC 21 and a
negative current DAC 22. The current output type circuit 3 includes a positive current
output type circuit 31 and a negative current output type circuit 32. The current DAC
2 is one example of an embodiment of a current control. The current output type

circuit 3 is one example of an embodiment of a current output type circuit.

[0051] The positive current DAC 21 and the negative current DAC
22 output a current for controlling an output current of the positive current output type

circuit 31 and the negative current output type circuit 32.

[0052] The positive current DAC 21 is connected to the positive
current output type circuit 31. The output current of the positive current output type
circuit 31 is controlled by the current that is output from the positive current DAC 21

to the positive current output type circuit 31. The negative current DAC 22 is
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connected to the negative current output type circuit 32. The output current of the
negative current output type circuit 32 is controlled by the current that is output from

the negative current DAC 22 to the negative current output type circuit 32.

[0053] By the way, in conjunction with controlling the output
currents of the positive current output type circuit 31 and the negative current output
type circuit 32, the operations of a second current mirror circuit 312 and a fourth
current mirror circuit 322 which will be described later are controlled. More
specifically, the operations of the second current mirror circuit 312 and the fourth
current mirror circuit 322 are controlled by the currents that are output from the

positive current DAC 21 and the negative current DAC 22.

[0054] The positive current output type circuit 31 outputs a positive
current to the corresponding ultrasonic transducer 101a. On the other hand, the
negative current output type circuit 32 outputs a negative current to the corresponding

ultrasonic transducer 101a.

[0055] How the positive current output type circuit 31 and the
negative current output type circuit 32 are configured is described in detail based on
Fig. 4. The positive current output type circuit 31 includes a first current mirror
circuit 311, a second current mirror circuit 312, and a positive current switching
circuit 313. The first current mirror circuit 311 is configured with a transistor Tr1 and
a transistor Tr2. The second current mirror circuit 312 is configured with a transistor
Tr3 and a transistor Tr4. The positive current switching circuit 313 is configured with
a transistor Tr5 and a transistor Tr6. The transistors Trl to Tr4 are p-channel type
MOSFETs (Metal-Oxide Semiconductor Field-Effect Transistors). The transistors
Tr5, Tr6 are n-channel type MOSFETs.

[0056] The operations of the first current mirror circuit 311 and the
second current mirror circuit 312 are controlled by the output current of the positive
current DAC 21, as will be described later. The first current mirror circuit 311 is one

example of an embodiment of a positive current mirror circuit. The second current
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mirror circuit 312 is one example of an embodiment of a second current discharge

circuit.

[0057] For the transistors Trl, Tr2, their gate terminals are connected
to each other and their source terminals are connected to a power supply voltage
+HV. A drain terminal of the transistor Trl is connected to a drain terminal of the
transistor Tr6 and a drain terminal of the transistor Tr2 is connected to the output line

0.

[0058] For the transistors Tr3, Tr4, their gate terminals are connected
to each other and their source terminals are connected to a ground. A drain terminal
of the transistor Tr3 is connected to the transistor Tr5 and a drain terminal of the
transistor Tr4 is connected to the output line O. Besides, a diode D1 is connected
between a drain terminal of the transistor Tr4 and the output line O. This diode D1 is
connected, oriented so that a current flows from the transistor Tr4 toward the output

line O.

[0059] For the transistors Tr5, Tr6, their source terminals are
connected to the positive current DAC 21. A gate terminal of the transistor Tr5 is
connected to a voltage -VrefGND and a gate terminal of the transistor Tr6 is
connected to the output line O. By the way, -VrefGND is a voltage that is lower by a

predetermined voltage than ground.

[0060] The positive current switching circuit 313 formed of the
transistors Tr5, Tr6 is a differential amplifier circuit in which the transistor Tr6 will
be OFF when the transistor Tr5 is put in an ON state, whereas the transistor Tr6 will
be ON when the transistor Tr5 is put in an OFF state. The transistor Tr6 is put in an
ON state when the output line O is at a positive voltage and in an OFF state when the
output line O is at a negative voltage. Hence, the transistor Tr5 is put in an OFF state
when the output line O is at a positive voltage and in an ON state when the output line

O is at a negative voltage.

[0061] The negative current output circuit 32 includes a third current

mirror circuit 321, a fourth current mirror circuit 322, and a negative current

-10-
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switching circuit 323. The third current mirror circuit 321 is configured with a
transistor Tr7 and a transistor Tr8. The fourth current mirror circuit 322 is configured
with a transistor Tr9 and a transistor Tr10. The negative current switching circuit 323
is configured with a transistor Tr11 and a transistor Tr12. The transistors Tr7 to Tr10
are n-channel type MOSFETs (Metal-Oxide Semiconductor Field-Effect Transistors).
The transistors Tr11, Tr12 are p-channel type MOSFETS.

[0062] The third current mirror circuit 321 is one example of an
embodiment of a negative current mirror circuit. The fourth current mirror circuit 322

is one example of an embodiment of a first current discharge circuit.

[0063] For the transistors Tr7, TrS, their gate terminals are connected
to each other and their source terminals are connected to a power supply voltage -HV.
A drain terminal of the transistor Tr7 is connected to a drain terminal of the transistor

Tr12 and a drain terminal of the transistor Tr8 is connected to the output line O.

[0064] For the transistors Tr9, Trl0, their gate terminals are
connected to each other and their source terminals are connected to a ground. A drain
terminal of the transistor Tr9 is connected to the transistor Tr11 and a drain terminal
of the transistor Tr10 is connected to the output line O. Besides, a diode D2 is
connected between the drain terminal of the transistor Tr10 and the output line O.
This diode D2 is connected to be oriented so that a current flows from the output line

O toward the transistor Tr10.

[0065] For the transistors Trll, Trl2, their source terminals are
connected to the negative current DAC 22. A gate terminal of the transistor Trl1 is
connected to a voltage +VrefGND and a gate terminal of the transistor Trl2 is
connected to the output line O. By the way, +VrefGND is a voltage that is higher by

a predetermined voltage than ground.

[0066] The negative current switching circuit 323 formed of the
transistors Trll, Tr12 is a differential amplifier circuit in which the transistor Tr12
will be OFF when the transistor Trl1 is put in an ON state, whereas the transistor

Tr12 will be ON when the transistor Tr11 is put in an OFF state. The transistor Tr12

-11-
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is put in an OFF state when the output line O is at a positive voltage and in an ON
state when the output line O is at a negative voltage. Hence, the transistor Tr11 is put
in an ON state when the output line O is at a positive voltage and in an OFF state

when the output line O is at a negative voltage.

[0067] Then, how an ultrasonic transducer driving circuit 1 of the
present example operates is described. In this ultrasonic transducer driving circuit 1,
a positive current is output from the positive current output type circuit 31 and a
negative current is output from the negative current output type circuit 32 and
electrical currents for driving the corresponding ultrasonic transducer 101a are output.

This is explained specifically below.

[0068] First, the first current mirror circuit 311 operates and a
positive current +lo is output. Concretely speaking, as shown in Fig. 5, a negative
current -li is input from the positive current DAC 21 to the positive current output
type circuit 31. At this time, the transistor Tr6 is put in an ON state and there is a
current 16 flowing through this transistor Tr6. This, in consequence, produces a
current 11 flowing through the transistor Trl and a current 12 flowing through the
transistor Tr2. This current 12 is output to the output line O as the positive current +lo

and the voltage of this output line O rises and becomes a positive voltage.

[0069] Then, the fourth current mirror circuit 322 operates and the
output of the positive current +lo causes discharging of electric charges accumulated
in the ultrasonic transducer 101a. Concretely, as shown in Fig. 6, instead of the input
of the negative current -Ii from the positive current DAC 21 to the positive current
output type circuit 31, a positive current +li is input from the negative current DAC
22 to the negative current output type circuit 32. At this time, the transistor Trl1 is
put in an ON state and, therefore, the positive current +li produces a current 111
flowing through the transistor Trl1, a current 19 flowing through the transistor Tr9,
and a current 110 flowing through the transistor Tr10. This current 110 is a current
arising from electric charges accumulated in the ultrasonic transducer 101a and is one

example of an embodiment of a current flowing from the output line to ground.

-12-
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[0070] In turn, the third current mirror circuit 321 operates.
Concretely, the flowing of the current 110 causes a decrease in the voltage (positive
voltage) of the output line O. Then, when the voltage of the output line O comes to
the voltage +VrefGND, the transistor Tr12 turns into an ON state, whereas the
transistor Trll turns into an OFF state. As shown in Fig. 7, the turning of the
transistor Tr12 into the ON state produces a current 112 flowing through this transistor
Tr12. This, in consequence, produces a current 17 flowing through the transistor Tr7
and a current I8 flowing through the transistor Tr8. This current I8 is output to the
output line O as a negative current -lIo and the voltage of this output line O falls and

becomes a negative voltage.

[0071] Then, the second current mirror circuit 312 operates and the
output of the negative current -lo causes discharging of electric charges accumulated
in the ultrasonic transducer 101a. Concretely, as shown in Fig. 8, instead of the input
of the positive current +1i from the negative current DAC 22 to the negative current
output type circuit 32, the negative current -Ii is input from the positive current DAC
21 to the positive current output type circuit 31. At this time, the transistor Tr5 is put
in an ON state and, therefore, the negative current -Ii produces a current 15 flowing
through the transistor Tr5, a current 13 flowing through the transistor Tr3, and a
current 14 flowing through the transistor Tr4. This current 14 is a current arising from
electric charges accumulated in the ultrasonic transducer 101a and is one example of

an embodiment of a current flowing from ground to the output line.

[0072] The flowing of the current 14 causes an increase of the
voltage (negative voltage) of the output line O. Then, when the voltage of the output
line O comes to the voltage -VrefGND, the transistor Tr6 turns into an ON state,
whereas the transistor Tr5 turns into an OFF state. The turning of the transistor Tr6
into the ON state produces the current 12 again and the positive current +lo is supplied

to the output line O.

[0073] According to the ultrasonic transducer driving circuit 1 of the
present example, when the output line O is at a positive voltage, the current arising

from electric charges accumulated in the ultrasonic transducer 101a flows from the

-13-
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output line O to ground via the fourth current mirror circuit 322. Likewise, when the
output line O is at a negative voltage, the current arising from electric charges
accumulated in the ultrasonic transducer 101a flows from ground to the output line O
via the second current mirror circuit 312. In this way, the current arising from electric
charges accumulated in the ultrasonic transducer 101a does not flow through the first
current mirror circuit 311 and the third current mirror circuit 321 and, thus, power

consumption can be reduced.
[0074] (Second Embodiment)

[0075] Next, a second embodiment is described.  Ultrasonic
transducer driving circuits 50 of the present example are provided in the transmitter
unit 1021 of the ultrasonic image display apparatus 100 (see Fig. 1 and Fig. 2), as is

the case for the ultrasonic transducer driving circuits 1 of the first embodiment.

[0076] As shown in Fig. 8, each of the ultrasonic transducer driving
circuits 50 includes a voltage output type circuit 51, a first current discharge circuit
52, and a second current discharge circuit 53. The voltage output type circuit 51
controls an output voltage of an output line O and supplies an electrical current to an
output line O for driving the corresponding ultrasonic transducer 101a. This output

line O is one example of an embodiment of an output line.

[0077] The output line O is the output line of the voltage output type
circuit 51 and also the output line of each of the ultrasonic transducer driving circuits
1. The output line of the voltage output type circuit 51 is the output line of each of the

ultrasonic transducer driving circuits 50.

[0078] The voltage output type circuit 51 is a multi-level pulser
having three or more levels of output voltages. For example, the voltage output type
circuit 51 outputs five levels of voltages as output voltages, as is illustrated in Fig. 10.

This is, however, not to be regarded as limiting.

[0079] The voltage output type circuit 51 includes an operational
amplifier 511. To this operational amplifier 511, a positive power supply 512 which

-14-
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supplies a positive supply voltage and a negative power supply 513 which supplies a

negative supply voltage are connected.

[0080] Besides, a power supply 514 is connected to a non-inverting
input terminal (+) of the operational amplifier 511. On end of this power supply 514
is connected to the non-inverting input terminal (+) and the other end is connected to

a ground.

[0081] A resistor R1 is connected between an inverting input
terminal (-) of the operational amplifier 511 and the ground. The other end of a
feedback line FL whose one end is connected to the output line O and having a
resistor R2 is connected between this resistor R1 and the inverting input terminal (-).
Thus, by way of this feedback line FL, the output voltage of the output line O is
divided by the resistor R2 and input to the inverting input terminal (-).

[0082] The first current discharge circuit 52 and the second current
discharge circuit 53 are provided along the output line O. In other words, the first
current discharge circuit 52 and the second current discharge circuit 53 are provided
between the voltage output type circuit 51 and the corresponding ultrasonic transducer
101a. The first current discharge circuit 52 is configured with a current mirror circuit
having transistors Tr21 and Tr22. The second current discharge circuit 53 is
configured with a current mirror circuit having transistors Tr23 and Tr24. The
transistors Tr21 and Tr22 are p-channel type MOSFETSs and the transistors Tr23 and
Tr24 are n-channel type MOSFETSs.

[0083] For the transistors Tr21 and Tr22, their gate terminals are
connected to each other and their source terminals are connected to the ultrasonic
transducer 101a. A drain terminal of the transistor Tr21 is connected to the voltage
output type circuit 51 and a drain terminal of the transistor Tr22 is connected to the

ground.

[0084] For the transistors Tr23, Tr24, their gate terminals are
connected to each other and their source terminals are connected to the ultrasonic

transducer 101a. A drain terminal of the transistor Tr23 is connected to the voltage
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output type circuit 51 and a drain terminal of the transistor Tr24 is connected to the

ground.

[0085] Here, a path between the transistors T21, T22 and an output
terminal of the operational amplifier 511 is assumed as a first output line O1. A path
between the transistors Tr21 to Tr24 and the ultrasonic transducer 101a is assumed as
a second output line O2. That is, the output line includes the first output line O1 and
the second output line O2. One end of the first output line O1 is connected to the
output terminal of the operational amplifier 511 and the other end branches to connect

to the drain terminals of the transistors Tr21 and Tr23.

[0086] The operations of the first current discharge circuit 52 and the
second current discharge circuit 53 are controlled according to an output voltage of
the voltage output type circuit 51. In the present example, the operations of the first
current discharge circuit 52 and the second current discharge circuit 53 are controlled
by the voltage difference between the second output line O2 and the first output line

O1. Further details will be provided later.

[0087] Diodes D21 and D23 are connected at points on the branches
of the first output line O1. The diode D21 is connected to be oriented so that a current
flows from the transistor Tr21 toward the output terminal of the operational amplifier
511. The diode D23 is connected to be oriented so that a current flows from the

output terminal of the operational amplifier 511 toward the transistor Tr23.

[0088] However, the diodes D21 and D23 may not necessarily be
provided.

[0089] A diode D22 is connected between the transistor Tr22 and the
ground. A diode D24 is connected between the transistor Tr24 and the ground. The
diode D22 is connected to be oriented so that a current flows from the transistor Tr22
toward the ground. The diode D24 is connected to be oriented so that a current flows

from the ground toward the transistor Tr24.
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[0090] Here, as shown in Fig. 11, the diode D21 may be connected
between the source terminal of the transistor Tr21 and the second output line O2. The
diode D22 may be connected between the source terminal of the transistor Tr22 and
the second output line O2. The diode D23 may be connected between the transistor
Tr23 and the second output line O2. The diode D24 may be connected between the

transistor Tr24 and the second output line O2.

[0091] Although not shown particularly, an additional circuit may be
provided to avoid an excessive inverse voltage between the gate and source terminals

of the transistors Tr21 to Tr24.

[0092] Then, how an ultrasonic transducer driving circuit 1 of the
present example operates is described. In this ultrasonic transducer driving circuit 1,
a voltage having a waveform that is shown in Fig. 12 is output from the voltage
output type circuit 51. In Fig. 12, the waveform of an output voltage is simplified and

represented as a sine wave.

[0093] In a state in which the second output line O2 is at a ground
voltage, when an output voltage starts to be supplied from the voltage output type
circuit 51 to the first output line O1 at time t1, the voltage of this first output line Ol
rises and the output voltage becomes a positive voltage. This produces a current 123
flowing through the transistor Tr23, as shown in Fig. 13, and the voltage of the second

output line O2 rises.

[0094] Then, after the output voltage of the voltage output type
circuit 51 has reached a peak at time t2, when it starts to fall, the voltage of the second
output line O2 becomes smaller than that of the first output line Ol, thereby
producing a current 121 flowing through the transistor Tr21 and a current 122 flowing
through the transistor Tr22, as shown in Fig. 14. The current 121 is a current that
flows from the second output line O2 toward the first output line O1. The current 122

is a current that flows from the second output line O2 toward the ground.

[0095] Then, after the output voltage of the voltage output type

circuit 51 has become equal to the ground voltage at time t3, when it further falls and

-17-



WO 2013/062816 PCT/US2012/060476

becomes a negative voltage, the second output line O2 becomes lower than the ground
voltage, thus resulting in that the current 121 only flows, but the current 122 does not

flow, as shown Fig. 15.

[0096] Then, after the output voltage of the voltage output type
circuit 51 has become minimum, when it starts to rise, the voltage of the first output
line O1 becomes larger than that of the second output line O2, thereby producing a
current 123 flowing through the transistor Tr23 and a current 124 flowing through the
transistor Tr24, as shown in Fig. 16. The current 123 is a current that flows from the
first output line O1 toward the second output line O2. The current 123 is a current that

flows from the ground toward the second output line O2.

[0097] According to the ultrasonic transducer driving circuits 50 of
the present example, when the output line O is at a positive voltage, the current
arising from electric charges accumulated in the ultrasonic transducer 101a flows
from the second output line O2 to the ground as the current 122 via the first current
discharge circuit 52 and also flows from the second output line O2 to the first output
line O1 as the current 121. Therefore, power consumption can be reduced by an

amount equivalent to the amount of the current 122 flowing.

[0098] Likewise, when the output line O is at a negative voltage, the
current arising from electric charges accumulated in the ultrasonic transducer 101a
flows from the ground to the second output line O2 as the current 124 via the second
current discharge circuit 53 and also flows from the first output line O1 to the second
output line O2 as the current 123. Therefore, power consumption can be reduced by

an amount equivalent to the amount of the current 124 flowing.

[0099] Next, examples of modification to the second embodiment are
described. To being with, a first modification example is described. In an ultrasonic
transducer driving circuit 50 of the first modification example, a switch SWI is
provided on a connection path between the transistors Tr21 and Tr22, that is, between
the gate terminals of the transistors Tr21 and Tr22, as shown in Fig. 17. Besides, a

switch SW2 is provided on a connection path between the transistors Tr23 and Tr24,
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that is, between the gate terminals of the transistors Tr23 and Tr24. As shown in Fig.
18, by turning the switches SW1 and SW2 off, it is possible to make the transistors
Tr22 and Tr24 and the diodes D22 and D24 operate as a ground clamp circuit that
keeps the voltage of the output line O at the ground voltage level.

[00100] Then, a second modification example is described. In an
ultrasonic transducer driving circuit 50 of the second modification example, instead of
the voltage output type circuit 51, a voltage output type circuit 51° shown in Fig. 19 is
connected to the output line O. The ultrasonic transducer driving circuit 50 of the

second modification example outputs two levels of voltages as output voltages.

[00101] The voltage output type circuit 51° includes a positive
voltage output circuit 54 and a negative voltage output circuit 55. Both the positive
voltage output circuit 54 and the negative voltage output circuit 55 output a voltage to
the output line O. The positive voltage output circuit 54 outputs a positive voltage to
the output line O and the negative voltage output circuit 55 outputs a negative voltage

to the output line O.

[00102] The positive voltage output circuit 54 includes a positive
supply voltage +HV, a transistor Tr25, and a diode D25. The diode D25 is connected

between the transistor Tr25 and the output line O.

[00103] The transistor Tr25 is a p-channel type MOSFET in which
the positive supply voltage +HV is connected to its source terminal and the diode D2
is connected to its drain terminal. To a gate terminal of the transistor Tr25, a first

driver circuit 56 is connected that outputs a drive signal to turn the transistor Tr25
on/off.

[00104] The negative voltage output circuit 55 includes a negative
supply voltage -HV, a transistor Tr26, and a diode D26. The diode D26 is connected

between the transistor Tr26 and the output line O.

[00105] The negative voltage output circuit 55 is an n-channel

MOSFET in which the negative supply voltage -HV is connected to its source
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terminal and the diode D26 is connected to its drain terminal. To a gate terminal of
the transistor Tr26, a second driver circuit 57 is connected that outputs a drive signal

to turn the transistor Tr26 on/off.

[00106] How the circuit of the second modification example operates
is described. At time tl, as shown in Fig. 12, the transistor Tr25 turns into an ON
state. This produces a current 123 flowing through the transistor Tr23 and the voltage

of the output line O rises.

[00107] Then, at time t2, the transistor Tr25 turns into an OFF state
and the transistor Tr26 turns into an ON state. This causes a decrease in the voltage
of the first output line O1, thereby producing currents 121 and 122 flowing through the
transistors Tr21 and Tr22.

[00108] Then, at time t4, the transistor Tr26 turns into an OFF state
and the transistor Tr25 turns into an ON state. This causes an increase in the voltage
of the first output line O1, thereby producing currents 123, 124 flowing through the
transistors Tr23, Tr24.

[00109] (Third Embodiment)

[00110] Next, a third embodiment is described.  Ultrasonic
transducer driving circuits 70 of the present example are provided in the transmitter
unit 1021 of the ultrasonic image display apparatus 100 (see Fig. 1 and Fig. 2), as is
the case for the ultrasonic transducer driving circuits 1 of the first embodiment and the

ultrasonic transducer driving circuits 50 of the second embodiment.

[00111] As shown in Fig. 20, each of the ultrasonic transducer
driving circuits 70 includes a voltage output type circuit 71 and a buffer amplifier 72.
The voltage output type circuit 71 controls an output voltage of an output line O and
supplies an electrical current to an output line O for driving the corresponding
ultrasonic transducer 101a. This output line O corresponds to an output line of the

voltage output type circuit 71. The output line O includes an output line of the
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ultrasonic transducer driving circuit 70. The output line O is one example of an

embodiment of an output line.

[00112] Here, a detailed configuration of the voltage output type

circuit 71 is not shown.

[00113] The buffer amplifier 72 is provided along the output line O
of the voltage output type circuit 71. Here, the output line includes an input line IL to
the buffer amplifier 72 and an output line Ob of the buffer amplifier 72. To the buffer
amplifier 72, an output voltage of the voltage output type circuit 71 is input through
the input line IL.

[00114] The output line Ob of the buffer amplifier 72 is also the

output line of the ultrasonic transducer driving circuit 70.

[00115] The buffer amplifier 72 includes a first push-pull circuit 73
and a second push-pull circuit 74. The first push-pull circuit 73 is configured with
transistors Tr31 and Tr32. The second push-pull circuit 74 is configured with
transistors Tr33 and Tr34. The transistors Tr31 and Tr33 are npn type bipolar

transistors. The transistors Tr32 and Tr34 are pnp type bipolar transistors.

[00116] The first push-pull circuit 73 is one example of an
embodiment of a first push-pull circuit and the second push-pull circuit 74 is one
example of an embodiment of a second push-pull circuit. Besides, the transistor Tr31
is one example of an embodiment of a first transistor and the transistor Tr32 is one
example of an embodiment of a second transistor. Further, the transistor Tr33 is one
example of an embodiment of a third transistor and the transistor Tr34 is one example

of an embodiment of a fourth transistor.

[00117] In the first push-pull circuit 73, emitter terminals of the
transistors Tr31 and Tr32 are connected to each other. In the second push-pull circuit
74, emitter terminals of the transistors Tr33 and Tr34 are connected to each other.
The output line Ob of the buffer amplifier 72 is connected between the transistors

Tr31 and Tr32, and between the transistors Tr33 and Tr34.
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[00118] A positive supply voltage +HV is connected to a collector
terminal of the transistor Tr31. A negative supply voltage -HV is connected to a

collector terminal of the transistor Tr32.

[00119] Collector terminals of the transistors Tr33 and Tr34 are

connected to a ground.

[00120] Between the positive supply voltage +HV and the input line
IL, a current source IS1 and a schottky diode D31 are provided. The current source
IS1 is arranged to the positive supply voltage +HV and the schottky diode D31 is
arranged to the input line IL. A base terminal of the transistor Tr31 is connected

between the current source IS1 and the schottky diode D31.

[00121] Between the negative supply voltage -HV and the input line
IL, a current source IS2 and a schottky diode D32 are provided. The current source
IS2 is arranged to the negative supply voltage -HV and the schottky diode D32 is
arranged to the input line IL. A base terminal of the transistor Tr32 is connected

between the current source IS2 and the schottky diode D32.

[00122] Between the positive supply voltage +HV and the input line
IL, a current source 1S3 and a diode 33 are also provided in parallel with the current
source IS1 and the schottky diode D31. The current source 1S3 is arranged to the
positive supply voltage +HV and the diode D33 is arranged to the input line IL. A
base terminal of the transistor Tr33 is connected between the current source 1S3 and

the diode D33.

[00123] Likewise, between the negative supply voltage -HV and the
input line IL, a current source 1S4 and a diode 34 are provided in parallel with the
current source IS2 and the schottky diode D32. The current source IS3 is arranged to
the negative supply voltage -HV and the diode D34 is arranged to the input line IL. A
base terminal of the transistor Tr34 is connected between the current source 1S4 and

the diode D34.
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[00124] To the transistors Tr31 to Tr34, a voltage having a
predetermined difference relative to the voltage of the input line IL, that is, the output
voltage of the voltage output type circuit 71 is input. For example, the potential of the
base terminal of the transistor Tr31 is 0.3 V higher than the potential of the input line
IL and the potential of the base terminal of the transistor Tr33 is 0.7 V higher than the
potential of the input line IL. The potential of the base terminal of the transistor Tr32
is 0.3 V lower than the potential of the input line IL and the potential of the base
terminal of the transistor Tr34 is 0.7 V lower than the potential of the input line IL.

[00125] The potential difference between the base terminal of the
transistor Tr33 and the input line IL is larger than the potential difference between the
base terminal of the transistor Tr31 and the input line IL. The potential difference
between the base terminal of the transistor Tr34 and the input line IL is larger than the

potential difference between the base terminal of the transistor Tr32 and the input line

IL.

[00126] Due to the fact that the potential differences of the base
terminals of the transistors Tr31, Tr33 and the input line IL are as above, when the
output line Ob is at a negative voltage, the transistor Tr33, of the transistor Tr31 and
the transistor Tr33, turns into an ON state in accordance with an output voltage of the
voltage output type circuit 71, thereby allowing the current arising from electric
charges accumulated in the ultrasonic transducer 101a to flow from ground to the

output line Ob. Further details will be provided later.

[00127] Due to the fact that the potential differences of the base
terminals of the transistors Tr32, Tr34 and the input line IL are as above, when the
output line Ob is at a positive voltage, the transistor Tr34, of the transistor Tr32 and
the transistor Tr34, turns into an ON state in accordance with an output voltage of the
voltage output type circuit 71, thereby allowing the current arising from electric
charges accumulated in the ultrasonic transducer 101a to flow from the output line Ob

to ground. Further details will be provided later.
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[00128] Then, how the ultrasonic transducer driving circuit 70
operates is described. A voltage having a waveform that is shown in Fig. 12, as is the
case for the second embodiment, is output from the voltage output type circuit 71. In
a state in which the output line Ob is at a ground voltage, when an output voltage
starts to be supplied from the voltage output type circuit 71 to the input line IL at time
t1, the voltage of this input line IL rises. With the rise of the voltage of this input line
IL, a base-emitter voltage of the transistor Tr31 rises and the transistor Tr31 turns into
an ON state. This produces a current 131 flowing through the transistor Tr31, as

shown in Fig. 21, and the voltage of the output line Ob rises.

[00129] Then, after the output voltage of the voltage output type
circuit 71 has reached a peak at time t2, when it starts to fall, the transistor Tr31 turns
into an OFF state due to a decrease in its base voltage. As the output voltage of the
voltage output type circuit 71 falls, the base voltages of the transistors 32 and 34 fall.
Because the turning of the transistor Tr31 into the OFF state stops the rise of the
voltage of the output line Ob, the falling base voltages of the transistors Tr32 and
Tr34 cause an increase in the potential difference of base terminal with respect to

emitter terminal in the transistors Tr32 and Tr34.

[00130] Here, as mentioned above, the potential difference between
the base terminal of the transistor Tr34 and the input line IL is larger than the
potential difference between the base terminal of the transistor Tr32 and the input line
IL. Therefore, the transistor Tr34 turns into an ON state earlier than the transistor
Tr32, thereby producing a current 134 flowing through the transistor Tr34, as shown
in Fig. 22.

[00131] After the transistor Tr34 has turned into the ON state, until
the output voltage of the voltage output type circuit 71 comes to the ground voltage at
time t3, the voltage of the input line IL and the voltage of the output line Ob fall in a
state in which the voltage of the base terminal with respect to the emitter terminal of
the transistor Tr34 is equal to the voltage of the base terminal of the transistor Tr34
with respect to the input line IL. After the output voltage of the voltage output type

circuit 71 has come to the ground voltage at time t3, when it further falls, the voltage
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of the base terminal with respect to the emitter terminal of the transistor Tr32 falls and
the transistor Tr32 turns into an ON state, as the voltage of the output line Ob remains
at the ground voltage. This, in consequence, produces a current 132 flowing through

the transistor Tr32, as shown in Fig. 23, and the voltage of the output line Ob falls.

[00132] Then, after the output voltage of the voltage output type
circuit 71 has become minimum, when it starts to rise, the transistor Tr32 turns into an
OFF state due to a rise of its base voltage. As the output voltage of the voltage output
type circuit 71 rises, the base voltages of the transistors Tr31 and Tr33 rise. Because
the turning of the transistor Tr32 into the OFF state stops the fall of the voltage of the
output line Ob, the rising base voltages of the transistors Tr31 and Tr33 cause an
increase in the potential difference of base terminal with respect to emitter terminal in

the transistors Tr31 and Tr33.

[00133] Here, as mentioned above, the potential difference between
the base terminal of the transistor Tr33 and the input line IL is larger than the
potential difference between the base terminal of the transistor Tr31 and the input line
IL. Therefore, the transistor Tr33 turns into an ON state earlier than the transistor
Tr31, thereby producing a current 133 flowing through the transistor Tr33, as shown
in Fig. 24.

[00134] After the transistor Tr33 has turned into the ON state, until
the output voltage of the voltage output type circuit 71 comes to the ground voltage at
time t4, the voltage of the input line IL and the voltage of the output line Ob rise in a
state in which the voltage of the base terminal with respect to the emitter terminal of
the transistor Tr33 is equal to the voltage of the base terminal of the transistor Tr33
with respect to the input line IL. After the output voltage of the voltage output type
circuit 71 has come to the ground voltage at time t4, when it further rises, the voltage
of the base terminal with respect to the emitter terminal of the transistor Tr31 rises
and the transistor Tr31 turns into an ON state again, as the voltage of the output line

ODb remains at the ground voltage.
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[00135] According to the ultrasonic transducer driving circuit 50 of
the present example, when the output line Ob is at a positive voltage, the current
arising from electric charges accumulated in the ultrasonic transducer 101a flows
from the output line Ob to ground as the current 134, due to the fact that the transistor
Tr34 turns into an ON state. When the output line Ob is at a negative voltage, the
current arising from electric charges accumulated in the ultrasonic transducer 101a
flows from ground to the output line Ob as the current 133, due to the fact that the

transistor Tr33 turns into an ON state.

[00136] Although the present invention has been described in
accordance with the embodiments, it will be obvious that various modifications to the

present invention may be made without changing the gist of the invention.
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1. An ultrasonic transducer driving circuit configured to supply at least one
of an output current and an output voltage to an output line for driving an ultrasonic

transducer, the ultrasonic transducer driving circuit comprising:

a first current discharge circuit configured to allow a current arising from
electric charges accumulated in the ultrasonic transducer to flow from the output line

to ground when the output line is at a positive voltage; and

a second current discharge circuit configured to allow the current arising from
the electric charges accumulated in the ultrasonic transducer to flow from ground to

the output line when the output line is at a negative voltage,

wherein said first current discharge circuit and said second current discharge
circuit are controlled based on the at_least one of the output current and the output

voltage.
2. Anultrasonic transducer driving circuit comprising:

a current output type circuit configured to control an output current for driving

an ultrasonic transducer, said current output type circuit comprising;:

a first current discharge circuit configured to allow a current arising
from electric charges accumulated in the ultrasonic transducer to flow from an

output line to ground when the output line is at a positive voltage; and

a second current discharge circuit configured to allow the current
arising from the electric charges accumulated in the ultrasonic transducer to
flow from ground to the output line when the output line is at a negative

voltage; and

a current control unit configured to output a current to said current output type
circuit for controlling the output current, wherein said first current discharge circuit
and said second current discharge circuit are controlled by a current from said current

control unit.
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3. The ultrasonic transducer driving circuit according to claim 2, wherein said
current control unit comprises a current digital-to-analog converter (DAC) configured

to output a current for controlling an output current of said current output type circuit.
4. The ultrasonic transducer driving circuit according to claim 3, wherein:

said current output type circuit comprises a positive current output type circuit
configured to output a positive current and a negative current output type circuit

configured to output a negative current; and

said positive current output circuit comprises said second current discharge
circuit and said negative current output type circuit comprises said first current

discharge circuit.
5. The ultrasonic transducer driving circuit according to claim 4, wherein:

said positive current output type circuit comprises a positive current mirror
circuit connected to a positive power supply and configured to output said positive

current; and

said negative current output type circuit comprises a negative current mirror
circuit connected to a negative power supply and configured to output said negative

current.

6. The ultrasonic transducer driving circuit according to claim 5, wherein said
current DAC comprises a positive current DAC connected to said positive current
output type circuit and a negative DAC connected to said negative current output type

circuit.
7. The ultrasonic transducer driving circuit according to claim 6, wherein:

said positive current output type circuit comprises a positive current switching
circuit connected to said positive current mirror circuit and said second current
discharge circuit, said positive current switching circuit configured to allow a current
to flow through one of said positive current mirror circuit and said second current

discharge circuit; and
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said negative current output type circuit comprises a negative current
switching circuit connected to said negative current mirror circuit and said first
current discharge circuit, said negative switching circuit configured to allow a current
to flow through one of said negative current mirror circuit and said first current

discharge circuit.

8. The ultrasonic transducer driving circuit according to claim 2, wherein said
first current discharge circuit and said second current discharge circuit each comprises

a current mirror circuit including a pair of transistors connected to a ground.
9. An ultrasonic transducer driving circuit comprising:

a voltage output type circuit configured to control an output voltage and to

supply an electrical current to an output line for driving an ultrasonic transducer; and

a first current discharge circuit and a second current discharge circuit each

connected to the output line, wherein:

said first current discharge circuit is configured to allow a current arising from
electric charges accumulated in the ultrasonic transducer to flow from the output line

to ground when the output line is at a positive voltage;

said second current discharge circuit is configured to allow the current arising
from the electric charges accumulated in the ultrasonic transducer to flow from

ground to the output line when the output line is at a negative voltage; and

said first current discharge circuit and said second current discharge circuit are
controlled by a voltage difference between the output line and an output of said

voltage output type circuit.

10. The ultrasonic transducer driving circuit according to claim 9, wherein
said first current discharge circuit and said second current discharge circuit each

comprises a current mirror circuit connected to the output line.

11. The ultrasonic transducer driving circuit according to claim 10, further

comprising a pair of transistors, a first transistor of the pair of transistors including
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said current mirror circuit is connected to said voltage output type circuit and a second

transistor of the pair of transistors is connected to the ground.

12. The ultrasonic transducer driving circuit according to claim 10, further
comprising a switch on a connection path between a pair of transistors that includes

said current mirror circuit.
13. An ultrasonic transducer driving circuit comprising:

a voltage output type circuit configured to control an output voltage and to

supply an electrical current to an output line for driving an ultrasonic transducer; and

a buffer amplifier along an output line of said voltage output type circuit, the
buffer amplifier configured to receive an output voltage of said voltage output type

circuit, said buffer amplifier comprising:

a first push-pull circuit comprising a first transistor and a second

transistor connected to an output line of the buffer amplifier; and

a second push-pull circuit comprising a third transistor and a fourth
transistor connected between the output line of said buffer amplifier and a
ground, wherein each transistor of said first push-pull circuit and said second
push-pull circuit is configured to receive a voltage having a predetermined
voltage difference relative to the output voltage of said voltage output type

circuit;

wherein the predetermined voltage difference is larger for said fourth
transistor than for said second transistor such that said fourth transistor has an ON
state based on the output voltage of said voltage output type circuit when the output
line of said buffer amplifier is at a positive voltage to allow a current arising from
electric charges accumulated in the ultrasonic transducer to flow from the output line

of said buffer amplifier to the ground; and

the predetermined voltage difference is larger for said third transistor than for

said first transistor such that said third transistor has an ON state based on the output
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voltage of said voltage output type circuit when the output line of said buffer
amplifier is at a negative voltage to allow the current arising from the electric charges
accumulated in the ultrasonic transducer to flow from the ground to the output line of

said buffer amplifier.

14. The ultrasonic transducer driving circuit according to claim 13, wherein
said first transistor and said second transistor are connected between the output line of

said buffer amplifier and a power supply.

15. The ultrasonic transducer driving circuit according to claim 14, wherein
said first transistor is connected to a positive supply voltage and said second transistor

is connected to a negative supply voltage.
16. The ultrasonic transducer driving circuit according to claim 13, wherein:

said first transistor and said third transistor are configured to receive a voltage

larger than the output voltage of said voltage output type circuit; and

said second transistor and said fourth transistor are configured to receive a

voltage smaller than the output voltage of said voltage output type circuit.

17. An ultrasonic image display apparatus comprising an ultrasonic

transducer driving circuit according to claim 1.

18. The ultrasonic transducer driving circuit according to claim 1, wherein
said first current discharge circuit and said second current discharge circuit each

comprises a current mirror circuit connected to the output line.

19. The ultrasonic transducer driving circuit according to claim 18, further
comprising a pair of transistors, a first transistor of the pair of transistors including
said current mirror circuit is connected to said voltage output type circuit and a second

transistor of the pair of transistors is connected to the ground.

20. The ultrasonic transducer driving circuit according to claim 18, further
comprising a switch on a connection path between a pair of transistors that includes

said current mirror circuits.

-31-



WO 2013/062816

102

!

103

PCT/US2012/060476

{

3
3

104 105

TRANS-

¥

;
ECHO DATA

DISPLAY DISPLAY

101

P > PROCESSING |1 CONTROL p-» V0
CENER UNIT| ]ORN 1 S UNT
ii 1 Y &
¥
CONTROL | OPERATIONAL
UNIT uNIT
107 106
102
.-"/j
/
o TRANSMITTER | ¢py
N UNIT 1021
(101) <>
wm RECENER 4o (103)
!

1022



WO 2013/062816

. T i s

2123

3

§
}

20

CURRENT BAC

21

POSITIVE

CURRENT DAC |

CURRENT OUTRUT TYPE

CIRCU

POSITIVE
CURRENT
QUIPUT TYRE
CIRCUT

NEGATIVE

CURRENT DAC |

31

PCT/US2012/060476

NEGATIVE
CURRENT
QUTRUTTYPE
CIRCUT

32

|



WO 2013/062816

PCT/US2012/060476

3
¢
Y ) ,A;’""’N/ 3 '§
; Trd
Tri R ot Tr3~ eyt %«;f’r
, sed N . P S
R S e [ IS
31 1] ~ D
| L ¥ 0
cuagéi?ggc 21 Tr5y 3 ) (101a)
| Trﬁ
~VrefGND t
~313
MEQS
=
P refQND “‘”‘3 \
TH 2 e 3D
NEGATIVE Trit”
CURRENT DAC 22 i jzfgg
oo e s | ‘
Tr9. |
A T o
Tr7- “Te8 “1
A , %
f ™
Jé1 ~HV 322



WO 2013/062816 PCT/US2012/060476

3
Tel. T1r2 T Trd
PR iy Trd~ gt
“i ey E‘~E - lii g —E P w312
M- - g | e
3117 ) ~ D
- [ v O
POSITIVE 3 ,
§*“'k“s‘ AL 94 [ t {} {16yt aY
CURRENT DAC 21 Tr5. : ‘ (101a)
- N ;J Ly {_{T 5 o
~VrefGND Eﬁi *
JoND |
*x,
313
e w 323
b
+VrefGND |8 j;f %\}2 1
oy ri2l 3
NEGATIVE Trid i
CURRENTDAC 22 1 ~D2

gy | ] gy | g
R E‘j b Tr9 oy j M TrIO
Tr7 L g R

; IEZR
321 WY 322

N



PCT/US2012/060476

WO 2013/062816
5123
3
gj
.g‘ﬁv
Tri et -
ST
e IR
3117 |
POSITIVE
CURRENTDAC 28
T?"g‘\
“\frefifiN{}

NEGATIVE
CURRENT DAC 22

*ﬂ&ﬁuwa Etﬂ !

Trﬁ"

g {
M\’»

323

— T2

ST
Tr7- T

32’*53 Y

_

Tr8 3%
Te9

1l

L




WO 2013/062816

PCT/US2012/060476
6/23
3
/«‘
4 31
+ H V ﬁ"’“’m’
Tri Ut -
=L
i
3117 f
POSITIVE
CURRENT DAC 21 o5
~WrafGND
A
! E 1 “‘“‘T i
FrerGhD ;:J | 2'1 et IR
J | ' -
NEGATIVE 7
CURRENT DAC 22 1 Sz*”fm
E?i T s [
‘ /*MM b - iw“\/Tré{}
Te7 T e L
Tr8
("’";g‘ ?:.1;?‘ }‘\w
321 -HV 399



PCT/US2012/060476

WO 2013/062816
7123
3
¥
oy 31
4 '?I?‘ W{S"’{%
i E‘} " Trd- Ly sm‘,f;@
- gt N 2} ey W
e [} b L3R e | o | ~~312
311+ ~D1
\Yad
PORITIVE H_ Q
CURRENT DAC 1 ‘ ;
Trd }_J (_L—i i:{f'ﬁ
~VrafGND ' Liﬁ y
{ |
_ | ™313
...E‘
828
VrefGND lﬂ iR ~t ;«\m )
¥ R
NEGATIVE Trit’ [‘
CURRENT DAC 22 i jz D2
e ] [
Te7 T g ? r
321 -HV 129



PCT/US2012/060476

WO 2013/062816

8/23

6 9l4

:
N

z 14
,\_
4 § b
-4 M‘/ ‘m,.\ Fo
224y 1 1AL
2za~% -hed
4 | %
SRS
i IR B o
pziL | €L
bel-~x A4 zxeed
2 £4
\..K
0%




WO 2013/062816 PCT/US2012/060476

9/23

FIG. 10

VOLTAGE

A

3

¥

TIME




PCT/US2012/060476

WO 2013/062816

10/23

I

b
N

AAC I

77/

5~120

60

T4 RN




WO 2013/062816 PCT/US2012/060476

11/23

FIG. 12

A

VOLTAGE

¥

TIME




PCT/US2012/060476

28 14

12/23

- b LLL
iw e
Zz4y | FEAL s O
7180 1G> 5

Ged~372 3

WO 2013/062816

- } b
e B 4 f
imw Lwi ‘WNM

ypzay | B4AL




PCT/US2012/060476

13/23

Nwm_

TAAG I

L

O~

WO 2013/062816

¥20-7

Iy




PCT/US2012/060476

WO 2013/062816

14/23

i
i

~4
i

2205

mJ
\

GGl

T,
e HR

w1l

4

—

m<l..““
i3

yZAL




PCT/US2012/060476

WO 2013/062816

15/23

» A
il H,.v
¥
oo -
MﬁM -t wf im F .
T AR 24~
mﬁg 22y L | 7
LA~y yted
ﬂ_ - ‘ﬂ,
A% A v JMWJ \WTH £l
0 pzip | €L
L4 o
z A~ted
- £g
A
L
0G




PCT/US2012/060476
16/23

WO 2013/062816

Ll 9l4

L0 mw smm
: ‘
e e ﬁau% foe] 0
T b s |l |
- L / s
2101 224 Lol e~z O (
2e0-% w120 ST =
0 A > w s | e
O e 8241
ey A ~£20
LU £5




PCT/US2012/060476

WO 2013/062816

17/23

B
N

i
!

i

ey
o™

8l Ol

{ /
¥

..... 1 & A 7 §oreee

fane | wi \\u\ﬁ “\\_ 3o

~i1 | IMS J ey

2241

5120

]
=]
]

T OIMS
A




WO 2013/062816 PCT/US2012/060476

18/23

FIG. 19

MY 50
56 >
: ¥
}
§.....
Tros 2 ;3 77
r2f- ; | 777
P D23~%7 o4
[547 5 Tr23 | frad 0
5?‘1 | o I e
, 5& o -—-—-—§ = \‘;
X x‘\&\ Sz\\
' >-ma“l
. @22‘ i
Trab~, D21~ 7 101a
E l Trotl | Tr22 ,,
g g { Ly =
i g ooy
} L -
57
_‘WH\;‘ ??“



PCT/US2012/060476

A

19/23

8

\\u\ N Mw..w:ws

LR
3dAL INdin0
AT9L04

Poft

ol

~4
P \\\.m...,"

LEd]

WO 2013/062816

\f Tm +

{
4
1
£

Ll




PCT/US2012/060476

WO 2013/062816

20/23

A~
v
T 0 ®
pEAL .N -~ ,wmm
- Ny * M TOX
epol o A A
PR s mw

; ,ﬂ../m
P \\\.m...,"

LEd]

P
L

\f Tm +

HASHID
ddAl HdiN0
ESLAR A7

{
4

1
£

Ll




PCT/US2012/060476

WO 2013/062816

21/23

A

8L

P
P \\\.m...,"

8

ol

LEd]

g
L

\f Tm +

HNOH0
ddAL INdING
FYLI0A

4
i
b

Ll




PCT/US2012/060476

WO 2013/062816

22/23

b
%\ .

epg)

A

N

\\.,\ N m.wxwaws

P
L

_ # .Anf/ .Jn...(/ MM
.ww Nu g - m:,. \,.\Km‘ \\.m...J ™
- et % £oQ
Ll AL oo iedd QW
| £S]
\fm 4

LNCHID
ddAl INdIN0
ADYLI0A

e

Ll




PCT/US2012/060476

WO 2013/062816

23/23

A

w
[ Y > § R
* Mﬂ FAN

©
ﬁn
3
e
3
R
]
Q
5
X,

™

8

4 Y
.\&w ™
S = 7 s ~y
H - 3

LE4 L O]

ol
e St

i ran

L

oy R
L9
a
grbinn

P
L

\f Tm +

LNOHID
3dAl NELn0
FEYLI0A

{
4

1
£

Ll




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings

