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TRANSMISSION CIRCUIT, ULTRASONIC
PROBE AND ULTRASONIC IMAGE DISPLAY
APPARATUS

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a transmission cir-
cuit which drives an ultrasonic transducer, an ultrasonic probe
equipped with the transmission circuit, and an ultrasonic
image display apparatus.

[0002] An ultrasonic image display apparatus transmits
ultrasound to within a subject from an ultrasonic probe con-
nected to an apparatus main body and receives its echoes
through the ultrasonic probe thereby to generate an ultrasonic
image within the subject. The ultrasonic probe is equipped
with an ultrasonic transducer comprised of a piezoelectric
material such as piezoelectric ceramic. The ultrasonic trans-
ducer is driven by a transmission circuit to perform the trans-
mission of ultrasound (refer to, for example, Japanese Patent
Application Laid-Open No. 2004-358133 and Japanese
Patent Application Laid-Open No. 2008-68014). The trans-
mission circuit is generally provided in the apparatus main
body.

[0003] Now, a study of the provision of a transmission
circuit in an ultrasonic probe is being conducted. When the
transmission circuit is provided in the ultrasonic probe, it
needs to be made smaller. Since the ultrasonic probe is held
by an operator, the transmission circuit provided in the ultra-
sonic probe also needs to suppress the generation of heat due
to power consumption rather than the case of the provision
thereof in an apparatus main body.

[0004] It is however difficult for a conventional transmis-
sion circuit to be provided in an ultrasonic probe due to the
size of the circuit and the generation of heat. For example, a
transmission circuit described in JP 2004-358133, using
complementary transistors and a ground clamp circuit, pre-
sents a problem in the generation of heat because power
consumption is large upon generating coded pulses. There
has also been known one using a Class-A amplifier as a
transmission circuit. Since, however, the Class-A amplifier
needs a feedback circuit, the size of the circuit becomes a
problem. Further, since a high-speed feedback circuit
becomes necessary, power consumption is large and the gen-
eration of heat also becomes a problem.

BRIEF DESCRIPTION OF THE INVENTION

[0005] The invention of one aspect made to solve the prob-
lems described above provides a transmission circuit com-
prising a high voltage current DAC which outputs a drive
current of an ultrasonic transducer for performing transmis-
sion/reception of ultrasound; and a waveform generator
which outputs a control signal for outputting a drive current
having a desired magnitude from the high voltage current
DAC to the high voltage current DAC with a predetermined
timing, wherein the transmission circuit is provided in an
ultrasonic probe having the ultrasonic transducer.

[0006] The invention of another aspect provides a transmis-
sion circuit comprising a current mirror circuit which outputs
a drive current of an ultrasonic transducer for performing
transmission/reception of ultrasound; a current DAC which
outputs a current corresponding to the drive current having a
desired magnitude to the current mirror circuit; and a wave-
form generator which outputs a control signal for outputting
acurrent corresponding to the drive current having the desired
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magnitude from the current DAC to the current DAC with a
predetermined timing, wherein the transmission circuit is
provided in an ultrasonic probe having the ultrasonic trans-
ducer.

[0007] The invention of a further aspect provides an ultra-
sonic probe comprising a transmission circuit according to
the invention of one or another aspect referred to above.
[0008] The invention of yet another aspect provides an
ultrasonic image display apparatus comprising an ultrasonic
probe according to the invention of the further aspect.
[0009] According to the invention of the above aspect, the
transmission circuit equipped with the high voltage current
DAC and the waveform generator can be provided in the
ultrasonic probe because it is capable of achieving more
circuit downsizing than the conventional transmission circuit
and reducing power consumption to suppress the generation
of heat.

[0010] According to the invention of another aspect
referred to the above, the transmission circuit equipped with
the current mirror circuit, the current DAC and the waveform
generator can be provided in the ultrasonic probe because it is
capable of achieving more circuit downsizing than the con-
ventional transmission circuit and reducing power consump-
tion to suppress the generation of heat.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG.1is a schematic diagram showing one example
of'the embodiments of an ultrasonic image display apparatus
of the present invention;

[0012] FIG. 2 is a block diagram illustrating the configura-
tion of a transmission circuit in the ultrasonic image display
apparatus according to the first embodiment of the present
invention;

[0013] FIG. 3 is a block diagram depicting the configura-
tion of a waveform generator employed in the transmission
circuit shown in FIG. 2;

[0014] FIG. 4 is a circuit diagram showing a high voltage
current DAC employed in the transmission circuit shown in
FIG. 2;

[0015] FIG. 5 is a diagram for explaining one example of
drain currents of respective transistors that configure the high
voltage current DAC;

[0016] FIG. 6 is a diagram showing the relationship
between a control signal outputted from the waveform gen-
erator and a drive current outputted from the high voltage
current DAC;

[0017] FIG.7is acircuit diagram illustrating a high voltage
current DAC employed in a transmission circuit according to
a modification of the first embodiment;

[0018] FIG. 8 is a block diagram depicting the configura-
tion of a transmission circuit employed in an ultrasonic image
display apparatus according to a second embodiment of the
present invention;

[0019] FIG. 9 is a diagram including a circuit diagram of a
current mirror circuit in the transmission circuit shown in
FIG. 8;

[0020] FIG. 10 is a diagram including a circuit diagram of
a current mirror circuit employed in a modification of the
second embodiment;

[0021] FIG. 11 is a diagram showing an output voltage of a
current DAC employed in a transmission circuit shown in
FIG. 10 and positive and negative voltages +HV thereof;
[0022] FIG. 12 is a diagram showing a transmission circuit
employed in an ultrasonic image display apparatus according
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to a third embodiment of the present invention, and a diagram
including a circuit diagram of a current mirror circuit and an
emitter follower circuit; and

[0023] FIG.13 is a diagram illustrating another example of
the transmission circuit employed in the ultrasonic image
display apparatus according to the third embodiment and a
diagram of the transmission circuit having a scale control
circuit.

DETAILED DESCRIPTION OF THE INVENTION

[0024] Preferred embodiments of the present invention will
hereinafter be explained in detail based on the accompanying
drawings.

First Embodiment

[0025] A first embodiment will first be described based on
FIGS. 1 through 6. As shown in FIG. 1, an ultrasonic image
display apparatus 100 has an apparatus main body 101 and an
ultrasonic probe 102 connected to the apparatus main body
101. The ultrasonic probe 102 is connected to the apparatus
main body 101 via a cable 103.

[0026] Theultrasonic probe 102 is provided with a plurality
of ultrasonic transducers 104 (refer to FIGS. 2 and 4) that
perform transmission/reception of ultrasound (only one ultra-
sonic transducer 104 is however illustrated in FIGS. 2 and 4).
The ultrasonic probe 102 is also provided with a transmission
circuit 1 which drives the ultrasonic transducer 104.

[0027] Although not illustrated in particular, the ultrasonic
probe 102 may be provided with a reception circuit that inputs
ultrasound echo signals received by the ultrasonic transducer
104 therein and performs delay addition processing thereon.
[0028] The transmission circuit 1 will be explained. The
transmission circuit 1 outputs a drive current of the ultrasonic
transducer 104, based on a signal inputted from a controller
105 of the apparatus main body 101 via the cable 103. The
signal inputted from the controller 105 contains information
on ultrasonic transmission parameters.

[0029] As shown in FIG. 2, the transmission circuit 1 is
equipped with a waveform generator 2 and a high voltage
current Digital to Analog Converter (DAC) 3.

[0030] The high voltage current DAC 3 is connected to an
output line O coupled to the ultrasonic transducer 104 and
outputs a drive current | of the ultrasonic transducer 104 to the
output line O. The number of the high voltage current DACs
3 is the same number (plural) as the maximum number of
ultrasonic transducers 104 simultaneously used in transmis-
sion. Only one high voltage current DAC 3 relative to one
ultrasonic transducer 104 is, however, shown herein. The high
voltage current DAC 3 is one example of an embodiment of a
high voltage current DAC.

[0031] The waveform generator 2 outputs a control signal
for outputting a desired drive current I to the high voltage
current DAC 3 with a predetermined timing. The waveform
generator 2 is one example of an embodiment of a waveform
generator. The number of the waveform generators 2 may be
the same as the number of the high voltage current DACs 3.
Only one waveform generator 2 relative to one high voltage
current DAC 3 is, however, shown herein.

[0032] Incidentally, a RAM 22 (refer to FIG. 3 to be
described later) of the waveform generator 2 may be provided
in common to a plurality of high voltage current DACs 3. In
this case, however, the number of read controllers 21 (refer to
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FIG. 3 to be described later) of the waveform generators 2 is
the same as the number of the high voltage current DACs 3.
[0033] Asshown in FIG. 3, the waveform generator 2 hasa
read controller 21 and a Random Access Memory (RAM) 22.
Data about the magnitude of the drive current I is stored in the
RAM 22. The magnitude of the drive current I is outputted
from the controller 105. The RAM 22 is one example of a
memory.

[0034] Theread controller 21 reads data stored in the RAM
22 with a timing corresponding to a transmission delay. Thus,
a digital control signal corresponding to a drive current |
having a desired magnitude is outputted from the RAM 22
and inputted to the high voltage current DAC 3.

[0035] The high voltage current DAC 3 converts the digital
control signal outputted from the waveform generator 2 into
analog form and outputs it to the output line O as the drive
current I. The high voltage current DAC 3 has a high voltage
current mirror circuit 31 as shown in FIG. 4. In the present
example, the current mirror circuit 31 includes a positive-side
high voltage current mirror circuit 31A and a negative-side
high voltage current mirror circuit 31B.

[0036] The positive-side high voltage current mirror circuit
31A is connected to a positive voltage +HV and outputs a
positive drive current I to the output line O. Whereas, the
negative-side high voltage current mirror circuit 31B is con-
nected to a negative voltage -HV and outputs a negative drive
current I to the output line O. Incidentally, in order to enhance
energy efficiency, the magnitudes of the positive and negative
voltages +HV may be optimized according to the output of
the RAM 22 and the impedance of the ultrasonic probe 102.
[0037] The positive-side high voltage current mirror circuit
31A comprises a pair of transistors M1 and M2, whereas the
negative-side high voltage current mirror circuit 31B com-
prises a pair of transistors M3 and M4. The transistors M1 and
M3 are one example illustrative of an embodiment of a first
transistor. The transistors M2 and M4 are one example illus-
trative of an embodiment of a second transistor.

[0038] The transistors M1 and M2 are p-channel type
MOS-FETs, and the transistors M3 and M4 are n-channel
type MOS-FETs. These transistors M1 through M4 are of
MOS-FETs that are high in breakdown voltage (e.g., 10 to
100V). Incidentally, the term “high voltage” means that the
respective transistors M1 through M4 are high in breakdown
voltage.

[0039] Incidentally, in the positive-side high voltage cur-
rent mirror circuit 31A, a ratio ra between current flowing
through the transistor M1 side and current flowing through
the transistor M2 (corresponding to transistors M2a through
M2e to be described later) side is set to a predetermined ratio.
Whereas, in the negative-side high voltage current mirror
circuit 31B, a ratio rb between current flowing through the
transistor M3 side and current flowing through the transistor
M4 (corresponding to transistors Md4a. through Md4e to be
described later) side is set to a predetermined ratio. The ratio
ra and the ratio rb are the same.

[0040] Of the transistors M1 and M2, the plural transistors
M2 are provided in parallel. In the present example, the
transistors M2a,, M26, M2y, M28 and M2e are provided as
the transistors M2. Of the transistors M3 and M4, the plural
transistors M4 are provided in parallel. In the present
example, the transistors Mda, M4, M4y, M43 and M4e are
provided as the transistors M4.

[0041] Inthetransistor M1 and the transistors M2 through
M2e, the source sides thereof are connected to the positive
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voltage +HV. The gate of the transistor M1 and the gates of the
transistors M2a through M2e are connected to one another.
[0042] On the other hand, in the transistor M3 and the
transistors Mda. through Mde, the source sides thereof are
connected to the negative voltage —-HV. The gate of the tran-
sistor M3 and the gates of the respective transistors M4ao
through M4e are connected to one another.

[0043] The drain side of the transistor M1 is connected to a
first current source CS1, and the drain side of the transistor
M3 is connected to a second current source CS2. On the other
hand, the drain sides of the transistors M2a through M2e and
the transistors Mdo. through M4e are respectively connected
to the output line O.

[0044] Switches SW2a, SW2p, SW2y, SW23 and SW2e
are respectively provided between the drain sides of the tran-
sistors M2a through M2e and the output line O. Switches
SWda, SW4p, SWdy, SW406 and SW4e are respectively pro-
vided between the drain sides of the transistors M4c. through
M4e and the output line O. The switches SW2a through
SW2e and the switches SW4a through SW4e are respectively
inputted with control signals of respective bits outputted from
the waveform generator 2, by which their on and off are
controlled.

[0045] When the respective switches SW2a through SW2e
are off, the drain currents of the transistors M2a through M2e
do not flow. On the other hand, when the respective switches
SW2a through SW2e are on, the drain currents of the tran-
sistors M2a. through M2e flow. Turning on any or all of the
switches SW2a through SW2e allows a drive current [ to flow
through the output line O. Further, when the respective
switches SW4a through SW4e are off, the drain currents of
the transistors Md4ao. through M4e do not flow. When the
respective switches SWda through SW4e are on, the drain
currents of the transistors M4a. through M4e flow. Turning on
any or all of the switches SW4a through SW4e allow a drive
current [ to flow through the output line O.

[0046] The magnitude of the drive current 1 flowing
through the output line O is determined according to whether
any of the switches SW2a. through SW2 and SW4q. through
SWde is turned on. Described specifically, the drain currents
of the transistors M2a. through M2e are different in magni-
tude. Each of the transistors M2a through M2e takes up such
an area that a desired drive current flows. Assuming that the
magnitude of the drain current of the transistor M2e (simpli-
fied in FIG. 5 and indicated in a circle, and other transistors
are similar to it) is i as shown in FIG. 5, for example, the
magnitude of the drain current of the transistor M23 becomes
2, the magnitude of the drain current of the transistor M2y
becomes 4/, the magnitude of the drain current of the transis-
tor M2f becomes 8/, and the magnitude of the drain current of
the transistor M2a becomes 164, respectively.

[0047] Likewise, the drain currents of the transistors Mdo
through Md4e are also different in magnitude. Each of the
areas of the transistors Mda through M4e also takes up such
an area that a desired drain current flows. Assuming that the
magnitude of the drain current of the transistor M4e is —i as
shown in FIG. 5, for example, the magnitude of the drain
current of the transistor M4d becomes —2i, the magnitude of
the drain current of the transistor M4y becomes -4i, the
magnitude of the drain current of the transistor M43 becomes
-8i, and the magnitude of the drain current of the transistor
M4a. becomes —161, respectively.

[0048] One example ofthe relationship between the control
signals and drive currents I (drain currents) outputted from
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the waveform generator 2 will be explained based on FIG. 6.
FIG. 6 shows the relationship between control signals of 5 bits
inputted to the switches SW2a through SW2 and their corre-
sponding drive currents 1.

[0049] Assume that in FIG. 6, the switch SW2 inputted
with “0” is turned off and the switch SW2 inputted with “1” is
turned on. When, for example, “0” is inputted to the switch
SW2q, “0” is inputted to the switch SW2f, “0” is inputted to
the switch SW2y, “0” is inputted to the switch SW29, and “1”
is inputted to the switch SW2e, the drive current I becomes 1.
When “0” is inputted to the switch SW2a, “0” is inputted to
the switch SW2p, “0” is inputted to the switch SW2y, “1” is
inputted to the switch SW239, and “0” is inputted to the switch
SW2e, the drive current [ becomes 2i. When “0” is inputted to
the switch SW2a, “0” is inputted to the switch SW2p, “0” is
inputted to the switch SW2y, “1” is inputted to the switch
SW29, and “1” is inputted to the switch SW2e, the drive
current I becomes 3i. Thus, the turning on and off of the
switches SW2a through SW2e are controlled so that the
currents from 0 to 31/ are obtained as the drive currents 1.
[0050] Likewise, 5-bit control signals are inputted even to
the switches SW4c. through SW4e so that their on and off are
controlled. Thus, the currents from 0 to —31; are obtained as
the drive currents 1. As described above, the currents of —31:
to 31/ are obtained as desired drive currents I.

[0051] Incidentally,in FIG. 4, the high voltage current DAC
3 is simplified. The high voltage current mirror circuit 31, for
example, may be cascade current mirror circuit. The switches
SW2a through SW2e and the switches SW4a through SW4e
are MOS-FETs. Furthermore, it is needless to say that the
added circuit(not illustrated) for protecting devices against
voltage destruction is needed in the high voltage current DAC
3.

[0052] According to the present embodiment as described
above, the transmission circuit 1 comprising the high voltage
current DAC 3 having the high voltage current mirror circuit
31, and the waveform generator 2 is capable of achieving
more downsizing than the conventional transmission circuit
and reducing power consumption to suppress the generation
of'heat. The transmission circuit 1 can therefore be provided
in the ultrasonic probe 102.

[0053] Then, a modification of the first embodiment will be
explained based on FIG. 7. As shown in FIG. 7, the switches
SW2a through SW2e are respectively provided between the
gates of the transistor M1 and the transistors M2a. through
M2e. Any or all of the switches SW2a through SW2e are
turned on in a manner similar to the above, so that the drive
currents I flow through the output line O. The magnitude of
the drive current | is determined according to whether any of
the switches SW2a. through SW2e is turned on.

[0054] Further, the switches SW4a through SW4e are pro-
vided between the gate of the transistor M3 and the gates of
the transistors Mdao. through M4e. Any or all of the switches
SWda through SW4e are turned on in a manner similar to the
above, so that the drive currents I flow through the output line
O. The magnitude of the drive current I is determined accord-
ing to whether any of the switches SW4a through SW4e is
turned on.

Second Embodiment

[0055] A second embodiment will next be explained based
on FIGS. 8 and 9. The same components as those in the first
embodiment are however assigned the same reference numer-
als, and explanations thereof are omitted.
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[0056] A transmission circuit 50 according to the present
embodiment is equipped with the waveform generator 2,
current DAC 51 and current mirror circuit 52 as shown in FIG.
8. Incidentally, the transmission circuit 50 of the present
embodiment is also provided in the ultrasonic probe 102
(referto FIG. 1). The numbers of the current DACs 51 and the
current mirror circuits 52 are respectively the same number
(plural) as the maximum number of ultrasonic transducers
104 simultaneously used in transmission. Only one high volt-
age current DAC 3 relative to one ultrasonic transducer 104 is
however shown herein.

[0057] Here, the current mirror circuit 52 includes a posi-
tive-side high voltage current mirror circuit 52A and a nega-
tive-side high voltage current mirror circuit 52B to be
described later. The number of these positive-side and nega-
tive-side high voltage current mirror circuits 52A and 52B
becomes the same number as the maximum number of ultra-
sonic transducers 104 simultaneously used in transmission.

[0058] The current mirror circuit 52 is connected to the
output line O and outputs a drive current I to the output line O.
The current DAC 51 outputs a current id corresponding to a
desired drive current I to the current mirror circuit 52. Further,
the waveform generator 2 outputs a control signal for output-
ting the current id to the current DAC 51 in the present
embodiment. The current DAC 51 is one example of an
embodiment of a current DAC. The current mirror circuit 52
is one example of an embodiment of a current mirror circuit.

[0059] The RAM 22 (refer to FIG. 2) of the waveform
generator 2 outputs a control signal for outputting a current id
corresponding to a drive current | having a desired magnitude.
The current DAC 51 converts a digital control signal output-
ted from the waveform generator 2 into analog form and
outputs it as the current id. Although not illustrated in par-
ticular, the current DAC 51 comprises a current mirror circuit
having a pair of transistors and outputs a current id having a
magnitude corresponding to a control signal inputted thereto.
The current DAC 51 is of a low voltage current DAC. Here,
the term “low voltage” means that the transistors (not shown)
in the current mirror circuit that configures the current DAC
51 are low in breakdown voltage (e.g., 3 to 5V).

[0060] Inthe present example, the current mirror circuit 52
includes a positive-side high voltage current mirror circuit
52A and a negative-side high voltage current mirror circuit
52B. The positive-side high voltage current mirror circuit
52A is connected to a positive voltage +HV and outputs a
positive drive current Ito the output line O. Whereas, the
negative-side high voltage current mirror circuit 52B is con-
nected to a negative voltage -HV and outputs a negative drive
current I to the output line O. The positive-side high voltage
current mirror circuit 52A is one example of an embodiment
of a positive-side current mirror circuit. The negative-side
high voltage current mirror circuit 52B is one example of an
embodiment of a negative-side current mirror circuit.

[0061] As shown in FIG. 9, the positive-side high voltage
current mirror circuit 52A comprises a pair of transistors MS
and M6, and the negative-side high voltage current mirror
circuit 52B comprises a pair of transistors M7 and M8. The
transistors MS and M6 are p-channel type MOS-FETs, and
the transistors M7 and M8 are n-channel type MOS-FETs.
These transistors MS through M8 are of MOS-FETs that are
high in breakdown voltage (e.g., 10 to 100V). Incidentally,
the term “high voltage” means that the transistors MS through
M8 are high in breakdown voltage.
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[0062] In the transistors MS and M6, the source sides
thereof are connected to the positive voltage +HV and their
gates are connected to each other. The drain side of the tran-
sistor MS is connected to the current DAC 51, and the drain
side of the transistor M6 is connected to the output line O.
[0063] In the transistors M7 and M8, the source sides
thereof are connected to the negative voltage —-HV and their
gates are connected to each other. The drain side of the tran-
sistor M7 is connected to the current DAC 51, and the drain
side of the transistor M8 is connected to the output line O.
[0064] Each ofthe positive-side high voltage current mirror
circuit 52 A and the negative-side high voltage current mirror
circuit 52B outputs a drive current I corresponding to the
magnitude of a current id inputted from the current DAC 51 to
the output line O. Even in the present example, a current
having a desired magnitude is outputted as the drive current I.
[0065] According to the present embodiment, the transmis-
sion circuit 50 equipped with the current mirror circuit 52, the
current DAC 51 and the waveform generator 2 is also capable
of achieving more circuit downsizing than the conventional
transmission circuit and reducing power consumption to sup-
press the generation of heat in a manner similar to the first
embodiment. The transmission circuit 50 can therefore be
provided in the ultrasonic probe 102.

[0066] Then, a modification of the second embodiment will
be explained. In the present modification, as shown in FIG.
10, a scale control circuit 53 for adjusting or controlling the
scale of a current id outputted from the current DAC 51 is
connected to the current DAC 51. In the present modification,
in order to enhance energy efficiency, the magnitudes of the
positive and negative voltages +HV may be optimized
according to the control of the scale by the scale control
circuit 53.

[0067] The magnitude of the scale may be set by the scale
control circuit 53 in such a manner as to have a portion at
which the absolute value of the output voltage vd shown in
FIG. 11, of the current DAC 51 becomes larger than each of
the positive and negative voltages tHV at the waveform of the
output voltage vd. Since harmonic components are contained
in the waveform of such an output voltage vd, the transmis-
sion of ultrasound in a harmonic mode is enabled.

[0068] The scale control circuit 53 may be configured to be
capable of independently controlling the scale of an output
current id of the current DAC 51 to the positive-side current
mirror circuit 52A and the scale of an output current id of the
current DAC 51 to the negative-side current mirror circuit
52B.

[0069] Here, an error may occur between a ratio ra between
the current on the transistor M5 side and the current on the
transistor M6 side in the positive-side current mirror circuit
52A and a ratio rb between the current on the transistor M7
side and the current on the transistor M8 side in the negative-
side current mirror circuit 52B. As described above, however,
the scale control circuit 53 can independently control the
scale of the output current id to the positive-side current
mirror circuit 52 A and the scale of the output current id to the
negative-side current mirror circuit 52B, thereby making it
possible to correct the error between the ratio ra and the ratio
rb.

Third Embodiment

[0070] Then, a third embodiment will be described based
on FIG. 12. The same components as those in the respective
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embodiments are however assigned the same reference
numerals, and explanations thereof are omitted.

[0071] Inatransmission circuit 50 according to the present
embodiment, the current mirror circuit 52 has a positive-side
low voltage current mirror circuit 52C and a negative-side low
voltage current mirror circuit 52D as shown in FIG. 12. The
transmission circuit 50 has a first voltage protection circuit
54, a second voltage protection (common-gate) circuit 55, a
third voltage protection circuit 56 and a fourth voltage pro-
tection circuit 57. The positive-side low voltage current mir-
ror circuit 52C is one example of an embodiment of a posi-
tive-side current mirror circuit. The negative-side low voltage
current mirror circuit 52D is one example of an embodiment
of a negative-side current mirror circuit. Each of the voltage
protection circuits 54 through 57 is one example of an
embodiment of a voltage protection circuit.

[0072] The positive-side low voltage current mirror circuit
52C comprises a pair of transistors M9 and M10, and the
negative-side low voltage current mirror circuit 52D com-
prises a pair of transistors M11 and M12. The transistors M9
and M10 are p-channel type MOS-FETs, and the transistors
M11 and M12 are n-channel type MOS-FETs. These transis-
tors M9 through M12 are of MOS-FETs that are low in
breakdown voltage (e.g., 3 to 5V). Incidentally, the term “low
voltage” means that the transistors M9 through M12 are low
in breakdown voltage.

[0073] The first voltage protection circuit 54 comprised of
atransistor M13 is connected to the drain side of the transistor
M9. The transistor M13 is of an n-channel type MOS-FET, of
which the drain side is connected to the drain side of the
transistor M9 and the source side is connected to the current
DAC 51. The gate of the transistor M13 is connected to a
positive bias voltage (L.Vias +).

[0074] The second voltage protection circuit 55 comprised
of a transistor M14 is connected to the drain side of the
transistor M10. The transistor M14 is of a p-channel type
MOS-FET, of which the source side is connected to the drain
side of the transistor M10 and the drain side is connected to
the output line O. The gate of the transistor M14 is connected
to a positive bias voltage (HVias +). Incidentally, HVias
+>LVias +.

[0075] The third voltage protection circuit 56 comprised of
atransistor M15 is connected to the drain side of the transistor
M11. The transistor M15 is of a p-channel type MOS-FET, of
which the drain side is connected to the drain side of the
transistor M11 and the source side is connected to the current
DAC 51. The gate of the transistor M15 is connected to a
negative bias voltage (HVias -).

[0076] The fourth voltage protection circuit 57 comprised
of a transistor M16 is connected to the drain side of the
transistor M12. The transistor M16 is of an n-channel type
MOS-FET, of which the source side is connected to the drain
side of the transistor M12 and the drain side is connected to
the output line O. The gate of the transistor M16 is connected
to a negative bias voltage (LVias -). Incidentally, [.Vias
—>HVias +.

[0077] The transistors M13 through M16 are MOS-FETs
high in breakdown voltage (e.g., 10 to 100V). The first
through fourth voltage protection circuits 54 through 57
respectively comprising the transistors M13 through M16
protect the transistors M9 through M12 from breakdown due
to the voltage. Each of the first through fourth voltage pro-
tection circuits 54 through 57 is one example of an embodi-
ment of a protection circuit in the present invention.
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[0078] Incidentally, bipolar transistors may be used as tran-
sistors in place of MOS-FETs.

[0079] Even in the transmission circuit 50 of the present
embodiment, as shown in FIG. 13, the scale control circuit 53
may be connected to the current DAC 51.

[0080] Although the present invention has been described
above by the embodiments, it is needless to say that the
present embodiments may be modified in various ways in a
range not departing from the gist of the present invention.

1. A transmission circuit for use with an ultrasonic probe
including an ultrasonic transducer, said transmission circuit
comprising:

a high voltage current digital to analog converter (DAC)
configured to output a drive current to the ultrasonic
transducer to transmit and receive ultrasound; and

a waveform generator configured to output a control signal
to the high voltage current DAC with a predetermined
timing to output the drive current with a desired magni-
tude from the high voltage current DAC.

2. The transmission circuit according to claim 1, wherein
the high voltage current DAC is configured to convert each of
digital control signals outputted from the waveform generator
into analog signals and to output the analog signals as the
drive current.

3. The transmission circuit according to claim 1, wherein
the high voltage current DAC comprises a high voltage cur-
rent mirror circuit including a first transistor and a plurality of
second transistors corresponding to the first transistor,
wherein currents flow from at least one of the second transis-
tors to an output line.

4. The transmission circuit according to claim 3, further
comprising switches between the second transistors and the
output line respectively, wherein the switches are turned on
and off by the control signal to control the currents flowing
from the second transistors to the output line.

5. The transmission circuit according to claim 3, wherein
the first and second transistors comprise field effect transis-
tors connected to each other, said transmission circuit further
comprising switches coupled between gates of the first and
second field effect transistors, wherein the switches are
turned on and oft by the control signal to control the currents
flowing from the second transistors to the output line.

6. The transmission circuit according to claim 3, wherein
the high voltage current mirror circuit comprises:

a positive-side high voltage current mirror circuit con-
nected to a positive voltage and configured to output a
positive drive current; and

a negative-side high voltage current mirror circuit con-
nected to a negative voltage.

7. The transmission circuit according to claim 1 compris-
ing a plurality of high voltage current DACs and a plurality of
the waveform generators.

8. A transmission circuit for use with an ultrasonic probe
including an ultrasonic transducer, said transmission circuit
comprising:

a current mirror circuit configured to output a drive current
to the ultrasonic transducer to transmit and receive ultra-
sound;

a current digital to analog converter (DAC) configured to
output a current corresponding to the drive current with
a desired magnitude to the current mirror circuit; and

a waveform generator configured to output a control signal
from the current DAC to the current DAC with a prede-
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termined timing, wherein the control signal includes a
current corresponding to the drive current having the
desired magnitude.

9. The transmission circuit according to claim 8, wherein
the currently mirror circuit further comprises a pair of tran-
sistors, a first transistor of the pair of transistors is connected
to an output line connected to the ultrasonic transducer, and a
second transistor of the pair of transistors is connected to the
current DAC.

10. The transmission circuit according to claim 8, wherein
the current mirror circuit comprises a high voltage current
mirror circuit.

11. The transmission circuit according to claim 8, wherein
the current mirror circuit comprises a low voltage current
mirror circuit, said transmission circuit further comprising a
voltage protection circuit configured to protect a transistor of
the low voltage current mirror circuit from breakdown caused
by a voltage connected to the transistor.

12. The transmission circuit according to claim 8, wherein
the current DAC comprises a low voltage current DAC.

13. The transmission circuit according to claim 8, further
comprising a scale control circuit configured to control a
scale of an output current of the current DAC.

14. The transmission circuit according to claim 13,
wherein the current mirror circuit comprises:

a positive-side current mirror circuit connected to a posi-
tive voltage and configured to output a positive drive
current; and

a negative-side current mirror circuit connected to a nega-
tive voltage and configured to output a negative drive
current, wherein the scale control circuit is configured to
independently control a scale of an output current of the
current DAC to the positive-side current mirror circuit
and a scale of an output current of the current DAC to the
negative-side current mirror circuit.
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15. The transmission circuit according to claim 8, wherein
the current mirror circuit comprises:

a positive-side current mirror circuit connected to a posi-
tive voltage and configured to output a positive drive
current; and

a negative-side current mirror circuit is connected to a
negative voltage and configured to output a negative
drive current.

16. The transmission circuit according to claim 8, further
comprising a plurality of current mirror circuits, a plurality of
current DACs, and a plurality of waveform generators.

17. The transmission circuit according to claim 8, wherein
the waveform generator comprises:

a memory configured to store data corresponding to mag-

nitudes of a plurality of drive and currents; and

a read controller configured to read the data in the memory
as the control signal with a timing corresponding to an
ultrasonic transmission delay.

18. An ultrasonic probe comprising:

an ultrasonic transducer; and

a transmission circuit comprising:

a current mirror circuit configured to output a drive
current to said ultrasonic transducer to transmit and
receive ultrasound;

acurrent digital to analog converter (DAC) configured to
output a current corresponding to the drive current
with a desired magnitude to the current mirror circuit;
and

a waveform generator configured to output a control signal
from the current DAC to the current DAC with a prede-
termined timing, wherein the control signal includes a
current corresponding to the drive current having the
desired magnitude.

19. An ultrasonic image display apparatus comprising the

ultrasonic probe according to claim 18.
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