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ULTRASONIC TRANSDUCER DRIVING
CIRCUIT AND ULTRASONIC DIAGNOSTIC
APPARATUS

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasonic trans-
ducer driving circuit and an ultrasonic diagnostic apparatus
and, more particularly, relates to an ultrasonic transducer
driving circuit and an ultrasonic diagnostic apparatus that
make it possible to quickly return, from a positive voltage or
negative voltage to a ground voltage, the voltage of an
output line which outputs the positive voltage or the nega-
tive voltage or the ground voltage to an ultrasonic trans-
ducer, and that allow for a reduction in circuit size.

[0002] Heretofore, there is known an ultrasonic diagnostic
apparatus including a positive FET (Field Effect Transistor)
which outputs a positive voltage onto an output line to an
ultrasonic transducer at on state, a negative FET which
outputs a negative voltage onto the output line to the
ultrasonic transducer at on state, and a driver circuit which
turns the positive FET and the negative FET on/off (e.g., see
Patent Document 1 and Patent Document 2).

[0003] [Patent Document 1] Japanese Unexamined Patent
Publication No. 2006-101997 (FIG. 10, FIG. 12, FIG. 14)
[0004] [Patent Document 2] Japanese Unexamined Patent
Publication No. 2004-358133 (FIG. 2)

[0005] The above ultrasonic diagnostic apparatus of prior
art has a problem in which, when a pulse of a positive
voltage or negative voltage is applied to the output line, the
voltage on the output line does not quickly return from the
positive voltage or negative voltage to the ground voltage
because of capacitance of the output line.

[0006] To address this, it is conceivable to incorporate an
active ground clamp circuit that forcibly returns the output
line to the ground voltage. However, a FET with a capacity
of 1 A or more is needed in the active ground clamp circuit
and this poses a problem that the circuit size becomes larger.

SUMMARY OF THE INVENTION

[0007] In a first aspect, the present invention provides an
ultrasonic transducer driving circuit characterized by com-
prising a positive field effect transistor which outputs a
positive voltage onto an output line to an ultrasonic trans-
ducer at on state, a negative field effect transistor which
outputs a negative voltage onto the output line to the
ultrasonic transducer at on state, and a driver circuit which
carries out at least one of turning on of said negative field
effect transistor for only a pull-back period allowing for said
output line to return to the ground voltage immediately after
turning on and turning off said positive field effect transistor
in accordance with a positive pulse signal supplied, and
turning on of said positive field effect transistor for only a
pull-back period allowing for said output line to return to the
ground voltage immediately after turning on and turning off
said negative field effect transistor in accordance with a
negative pulse signal supplied.

[0008] In the ultrasonic transducer driving circuit accord-
ing to the above first aspect, immediately after turning on
and turning off of the positive field effect transistor in
accordance with the positive pulse signal, turning on of the
negative field effect transistor for only the pull-back period
occurs to forcibly return the output line to the ground
voltage; thus, the voltage on the output line can quickly be
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returned from the positive voltage to the ground voltage.
Also, immediately after turning on and turning off of the
negative field effect transistor in accordance with the nega-
tive pulse signal, turning on of the positive field effect
transistor for only the pull-back period occurs to forcibly
return the output line to the ground voltage; thus, the voltage
on the output line can quickly be returned from the negative
voltage to the ground voltage. Since the driver circuit is a
logic circuit through which only little current flows, its
circuit size can be made smaller as compared with an active
ground clamp circuit.

[0009] In a second aspect, the present invention provides
an ultrasonic transducer driving circuit characterized in that
said driver circuit in the ultrasonic transducer driving circuit
according to said first aspect drives the positive field effect
transistor and the negative field effect transistor based on
said positive pulse signal, said negative pulse signal, and a
return voltage returned from said output line.

[0010] In the ultrasonic transducer driving circuit accord-
ing to the above second aspect, the return voltage returned
from the output line is used; thus, the pull-back period for
returning the voltage on the output line from the positive
voltage or negative voltage to the ground voltage can be
determined properly.

[0011] In a third aspect, the present invention provides an
ultrasonic transducer driving circuit characterized in that
said driver circuit in the ultrasonic transducer driving circuit
according to said second aspect comprises a positive driver
circuit which drives said positive field effect transistor and
a negative driver circuit which drives said negative field
effect transistor.

[0012] In the ultrasonic transducer driving circuit accord-
ing to the above third aspect, the positive driver circuit and
the negative driver circuit are separate; thus, each respective
logic circuit becomes easy to construct.

[0013] In a forth aspect, the present invention provides an
ultrasonic transducer driving circuit characterized in that
said positive driver circuit in the ultrasonic transducer
driving circuit according to said third aspect includes: a
positive comparator which compares a positive threshold
and said return voltage; and a positive logic circuit which
outputs a drive signal based on said positive pulse signal,
said negative pulse signal, and an output voltage of said
positive comparator.

[0014] In the ultrasonic transducer driving circuit accord-
ing to the above fourth aspect, the pull-back period can be
adjusted by adjusting the positive threshold.

[0015] In a fifth aspect, the present invention provides an
ultrasonic transducer driving circuit characterized in that
said positive threshold in the ultrasonic transducer driving
circuit according to said fourth aspect is a voltage depending
on a negative transmit voltage.

[0016] In the ultrasonic transducer driving circuit accord-
ing to the above fifth aspect, the pull-back period can be
terminated slightly before returning from the negative volt-
age to the ground voltage, e.g., at 0% to 20% of the negative
voltage; thus, a large overshoot can be prevented from
occurring.

[0017] In asixth aspect, the present invention provides an
ultrasonic transducer driving circuit characterized in that
said native driver circuit in the ultrasonic transducer driving
circuit according to any of said third through fifth aspects
includes: a negative comparator which compares a negative
threshold with said return voltage; and a negative logic
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circuit which outputs a drive signal based on said positive
pulse signal, said negative pulse signal, and an output
voltage of said negative comparator.

[0018] In the ultrasonic transducer driving circuit accord-
ing to the above sixth aspect, the pull-back period can be
adjusted by adjusting the negative threshold.

[0019] In a seventh aspect, the present invention provides
an ultrasonic transducer driving circuit characterized in that
said negative threshold in the ultrasonic transducer driving
circuit according to said sixth aspect is a voltage depending
on a positive transmit voltage.

[0020] In the ultrasonic transducer driving circuit accord-
ing to the above seventh aspect, the pull-back period can be
terminated slightly before returning from the positive volt-
age to the ground voltage, e.g., at 0% to 20% of the positive
voltage; thus, a large overshoot can be prevented from
occurring.

[0021] In an eighth aspect, the present invention provides
an ultrasonic diagnostic apparatus characterized by compris-
ing an ultrasonic probe, an ultrasonic transducer driving
circuit according to any of said first through seventh aspects,
a receiver circuit which receives echo signals acquired at
said ultrasonic probe and outputs an acoustic beam signal, an
image generating means which generates an ultrasonic
image based on said acoustic beam signal, and a display
means which displays said ultrasonic image.

[0022] In the ultrasonic diagnostic apparatus according to
the above eighth aspect, the size of the ultrasonic transducer
driving circuit can be reduced.

[0023] According to the ultrasonic transducer driving cir-
cuit and the ultrasonic diagnostic apparatus of the present
invention, the voltage on the output line can quickly be
returned from the positive voltage or negative voltage to the
ground voltage. Besides, the circuit size can be reduced.
[0024] The ultrasonic transducer driving circuit and the
ultrasonic diagnostic apparatus of the present invention can
be utilized to improve the performance of ultrasonic diag-
nostic apparatus and reduce the size thereof.

[0025] Further objects and advantages of the present
invention will be apparent from the following description of
the preferred embodiments of the invention as illustrated in
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a block diagram showing an ultrasonic
diagnostic apparatus relevant to Embodiment 1.

[0027] FIG. 2 is a circuit diagram showing an ultrasonic
transducer driving circuit relevant to Embodiment 1.
[0028] FIG. 3 shows the true tables for a positive logic
circuit and a negative logic circuit relevant to Embodiment
L.

[0029] FIG. 4 is a timing chart for a period in which a
positive voltage is applied to an ultrasonic transducer, fol-
lowed by a return to the ground voltage and application of
a negative voltage.

[0030] FIG. 5lists the logical values of the signals for each
time phase in FIG. 4.

[0031] FIG. 6 is a timing chart for a period in which the
positive voltage is applied to the ultrasonic transducer,
followed by application of the negative voltage.
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[0032] FIG. 7 lists the logical values of the signals for each
time phase in FIG. 6.

DETAILED DESCRIPTION OF THE
INVENTION

[0033] In the following, the present invention will be
described in more detail by way of its embodiments that are
shown in the drawings. These embodiments are not intended
to limit the present invention.

Embodiment 1

[0034] FIG. 1 is a structural diagram showing an ultra-
sonic diagnostic apparatus 100 relevant to Embodiment 1.
[0035] This ultrasonic diagnostic apparatus 100 comprises
an ultrasonic probe 1 within which multiple ultrasonic
transducers E are installed to transmit ultrasonic pulses from
the transducer into a specimen body and receives ultrasonic
echoes from within the specimen body, a receiver unit 2
which generates and outputs an acoustic beam signal from
the ultrasonic echoes, an image generating unit 3 which
generates an ultrasonic image based on the acoustic beam
signal, a display unit which displays the ultrasonic image, an
ultrasonic transducer driving circuit 10 which drives the
ultrasonic transducer E for transmitting the ultrasonic
pulses, a pulser unit 5 which inputs a signal for transmission
to the ultrasonic transducer driving circuit 10, a control unit
which takes overall control of the apparatus, and an input
unit 7 which is used for an operator to operate the apparatus.
[0036] FIG. 2 is a circuit diagram showing the ultrasonic
transducer driving circuit 10 relevant to Embodiment 1.
[0037] The ultrasonic transducer driving circuit 10 com-
prises a positive FET 11P which outputs a positive voltage
+HV onto an output line W to the ultrasonic transducer E at
on state, a negative FET 1IN which outputs a negative
voltage -HV onto the output line W at on state, a positive
driver circuit 12P which drives the positive FET 11P based
on a positive pulse signal PP and a negative pulse signal
supplied from the pulser unit 5 as well as a positive threshold
THP and a return voltage Vo returned from the output line
W, and a negative driver circuit 12N which drives the
negative FET 11N based on the positive pulse signal PP and
the negative pulse signal PN as well as a negative threshold
THN and the return voltage Vo.

[0038] The positive threshold THP is a value in relation to
the negative voltage -HV as a transmit voltage and is
supplied from the pulser unit 5.

[0039] The negative threshold THN a value in relation to
the positive voltage +HV as a transmit voltage and is
supplied from the pulser unit 5.

[0040] The positive driver circuit 12P includes: a com-
parator 13P which outputs a positive comparison signal LVP
being “H” when the return voltage Vo is higher than the
positive threshold THP and “L” otherwise; and a positive
logic circuit 14P which outputs a positive drive signal DVP
based on the positive pulse signal PP, the negative pulse
signal PN, and the positive comparison signal LVP.

[0041] The negative driver circuit 12N includes: a com-
parator 13N which outputs a negative comparison signal
LVN being “H” when the return voltage Vo is higher than the
negative threshold THN and “L” otherwise; and a negative
logic circuit 14N which outputs a negative drive signal DVN
based on the positive pulse signal PP, the negative pulse
signal PN, and the positive comparison signal LVN.
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[0042] A resistor RS and a capacitor C5 which are shown
in FIG. 2 are omissible.

[0043] FIG. 3 shows a true table listing logic values of the
positive logic circuit 14P and a true table listing logic values
of the negative logic circuit 14N.

[0044] “Xh” denotes that it is desirably “H” from a
fail-safe perspective, although it may be either “H” or “L”.
[0045] “X1” denotes that it is desirably “L” from the
fail-safe perspective, although it may be either “H” or “L”.
[0046] FIG. 4 is a timing chart for a period in which the
positive voltage +HV is applied to the ultrasonic transducer
E, followed by a return to the ground voltage and application
of the negative voltage —-HV. FIG. 5 lists the logical values
of the signals for each time phase.

[0047] When the positive drive signal DVP is “L”, the
positive FET 11P is in on state. When the negative drive
signal DVN is “H”, the negative FET 11N is in on state.
[0048] As can be seen from the positive drive signal DVP
and the negative drive signal DVN, immediately after turn-
ing on and turning off of the positive FET 11P in accordance
with the positive pulse signal PP, turning on of the negative
FET 11N for only a short pull-back period T2d occurs,
thereby quickly returning the output line L to the ground
voltage. Also, immediately after turning on and turning off
of the negative FET in accordance with the negative pulse
signal PN, turning on of the positive FET 11P for only a
short pull-back period Tdd occurs, thereby quickly returning
the output line L to the ground voltage.

[0049] FIG. 6 is a timing chart for a period in which the
positive voltage +HV is applied to the ultrasonic transducer
E, followed by application of the negative voltage -HV.
FIG. 7 lists the logical values of the signals for each time
phase.

[0050] As can be seen from the positive drive signal DVP
and the negative drive signal DVN, immediately after turn-
ing on and turning off of the negative FET 11N in accor-
dance with the negative pulse signal PN, turning on of the
positive FET 11P for only a short pull-back period T4d
occurs, thereby quickly returning the output line [ to the
ground voltage.

[0051] According to the ultrasonic transducer driving cir-
cuit 10 and the ultrasonic transducer driving circuit 100 of
Embodiment 1, immediately after turning on and turning off
of the positive FET 11P in accordance with the positive pulse
signal PP, turning on of the negative FET 1IN for only the
pull-back period T2d occurs and, thus, the voltage on the
output line W can quickly be returned from the positive
voltage +HV to the ground voltage. Also, immediately after
turning on and turning off of the negative FET 1IN in
accordance with the negative pulse signal PN, turning on of
the positive FET 11P for only the pull-back period T4d
occurs and, thus, the voltage on the output line W can
quickly be returned from the negative voltage -HV to the
ground voltage. Since the driver circuits 12P, 12N are logic
circuits through which only little current flows, their circuit
size can be made smaller as compared with an active ground
clamp circuit.

Embodiment 2

[0052] The present invention can be applied in the same
manner as for Embodiment 1, when the negative voltage
-HV 1is applied to the ultrasonic transducer E, followed by
areturn to the ground voltage and application of the positive
voltage +HV, and even when the negative voltage -HV is
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applied to the ultrasonic transducer E, followed by applica-
tion of the positive voltage +HV.

[0053] Many widely different embodiments of the inven-
tion may be configured without departing from the spirit and
the scope of the present invention. Tt should be understood
that the present invention is not limited to the specific
embodiments described in the specification, except as
defined in the appended claims.

1. An ultrasonic transducer driving circuit comprising:

a positive field effect transistor which outputs a positive
voltage onto an output line to an ultrasonic transducer
at on state;

a negative field effect transistor which outputs a negative
voltage onto the output line to the ultrasonic transducer
at on state; and

a driver circuit which carries out at least one of turning on
of said negative field effect transistor for only a pull-
back period allowing for said output line to return to the
ground voltage immediately after turning on and turn-
ing off said positive field effect transistor in accordance
with a positive pulse signal supplied, and turning on of
said positive field effect transistor for only a pull-back
period allowing for said output line to return to the
ground voltage immediately after turning on and turn-
ing off said negative field effect transistor in accordance
with a negative pulse signal supplied.

2. The ultrasonic transducer driving circuit according to
claim 1, wherein said driver circuit drives said positive field
effect transistor and said negative field effect transistor based
on said positive pulse signal, said negative pulse signal, and
a return voltage returned from said output line.

3. The ultrasonic transducer driving circuit according to
claim 2, wherein said driver circuit comprises a positive
drive circuit which drives said positive field effect transistor
and a negative drive circuit which drives said negative field
effect transistor.

4. The ultrasonic transducer driving circuit according to
claim 3, wherein said positive drive circuit includes: a
positive comparator which compares a positive threshold
and said return voltage; and a positive logic circuit which
outputs a drive signal based on said positive pulse signal,
said negative pulse signal, and an output voltage of said
positive comparator.

5. The ultrasonic transducer driving circuit according to
claim 4, wherein said positive threshold is a voltage depend-
ing on a negative transmit voltage.

6. The ultrasonic transducer driving circuit according to
claim 3, wherein said negative drive circuit includes: a
negative comparator which compares a negative threshold
with said return voltage; and a negative logic circuit which
outputs a drive signal based on said positive pulse signal,
said negative pulse signal, and an output voltage of said
negative comparator.

7. The ultrasonic transducer driving circuit according to
claim 4, wherein said negative drive circuit includes: a
negative comparator which compares a negative threshold
with said return voltage; and a negative logic circuit which
outputs a drive signal based on said positive pulse signal,
said negative pulse signal, and an output voltage of said
negative comparatot.

8. The ultrasonic transducer driving circuit according to
claim 5, wherein said negative drive circuit includes: a
negative comparator which compares a negative threshold
with said return voltage; and a negative logic circuit which
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outputs a drive signal based on said positive pulse signal,
said negative pulse signal, and an output voltage of said
negative comparator.

9. The ultrasonic transducer driving circuit according to
claim 6, wherein said negative threshold is a voltage depend-
ing on a positive transmit voltage.

10. The ultrasonic transducer driving circuit according to
claim 7, wherein said negative threshold is a voltage depend-
ing on a positive transmit voltage.

11. An ultrasonic diagnostic apparatus comprising: an
ultrasonic probe, an ultrasonic transducer driving circuit as
recited in claim 1; a receiver circuit which receives echo
signals acquired at said ultrasonic probe and outputs an
acoustic beam signal; an image generating device which
generates an ultrasonic image based on said acoustic beam
signal; and a display device which displays said ultrasonic
image.

12. An ultrasonic diagnostic apparatus comprising: an
ultrasonic probe, an ultrasonic transducer driving circuit as
recited in claim 2; a receiver circuit which receives echo
signals acquired at said ultrasonic probe and outputs an
acoustic beam signal; an image generating device which
generates an ultrasonic image based on said acoustic beam
signal; and a display device which displays said ultrasonic
image.

13. An ultrasonic diagnostic apparatus comprising: an
ultrasonic probe, an ultrasonic transducer driving circuit as
recited in claim 3; a receiver circuit which receives echo
signals acquired at said ultrasonic probe and outputs an
acoustic beam signal; an image generating device which
generates an ultrasonic image based on said acoustic beam
signal; and a display device which displays said ultrasonic
image.

14. An ultrasonic diagnostic apparatus comprising: an
ultrasonic probe, an ultrasonic transducer driving circuit as
recited in claim 4; a receiver circuit which receives echo
signals acquired at said ultrasonic probe and outputs an
acoustic beam signal; an image generating device which
generates an ultrasonic image based on said acoustic beam
signal; and a display device which displays said ultrasonic
image.

15. An ultrasonic diagnostic apparatus comprising: an
ultrasonic probe, an ultrasonic transducer driving circuit as
recited in claim 5; a receiver circuit which receives echo
signals acquired at said ultrasonic probe and outputs an
acoustic beam signal; an image generating device which
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generates an ultrasonic image based on said acoustic beam
signal; and a display device which displays said ultrasonic
image.

16. An ultrasonic diagnostic apparatus comprising: an
ultrasonic probe, an ultrasonic transducer driving circuit as
recited in claim 6; a receiver circuit which receives echo
signals acquired at said ultrasonic probe and outputs an
acoustic beam signal; an image generating device which
generates an ultrasonic image based on said acoustic beam
signal; and a display device which displays said ultrasonic
image.

17. An ultrasonic diagnostic apparatus comprising: an
ultrasonic probe, an ultrasonic transducer driving circuit as
recited in claim 7; a receiver circuit which receives echo
signals acquired at said ultrasonic probe and outputs an
acoustic beam signal; an image generating device which
generates an ultrasonic image based on said acoustic beam
signal; and a display device which displays said ultrasonic
image.

18. An ultrasonic diagnostic apparatus comprising: an
ultrasonic probe, an ultrasonic transducer driving circuit as
recited in claim 8; a receiver circuit which receives echo
signals acquired at said ultrasonic probe and outputs an
acoustic beam signal; an image generating device which
generates an ultrasonic image based on said acoustic beam
signal; and a display device which displays said ultrasonic
image.

19. An ultrasonic diagnostic apparatus comprising: an
ultrasonic probe, an ultrasonic transducer driving circuit as
recited in claim 9; a receiver circuit which receives echo
signals acquired at said ultrasonic probe and outputs an
acoustic beam signal; an image generating device which
generates an ultrasonic image based on said acoustic beam
signal; and a display device which displays said ultrasonic
image.

20. An ultrasonic diagnostic apparatus comprising: an
ultrasonic probe, an ultrasonic transducer driving circuit as
recited in claim 10; a receiver circuit which receives echo
signals acquired at said ultrasonic probe and outputs an
acoustic beam signal; an image generating device which
generates an ultrasonic image based on said acoustic beam
signal; and a display device which displays said ultrasonic
image.
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