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1
ULTRASONIC DIAGNOSTIC APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Japanese Applica-
tion No. 2003-029405 filed Feb. 6, 2003.

BACKGROUND OF THE INVENTION

The present invention relates to an ultrasonic diagnostic
apparatus for transmitting ultrasonic signals from ultrasonic
transducers toward a subject to be examined, and receiving
reflected waves of the ultrasonic signals for display, and
more particularly to an ultrasonic diagnostic apparatus of
small size and low power consumption.

Conventionally, an ultrasonic diagnosis for imaging the
interior of a subject by applying ultrasound to a region to be
examined in the subject with an abutting ultrasonic probe,
and producing an image of echo signals of reflected waves
of the applied ultrasound is commonly used. Since ultra-
sound is harmless to a living body, the ultrasonic diagnostic
apparatus is especially useful for medical applications and is
used for detection of foreign material in the living body,
determination of lesion degree, observation of a tumor or a
fetus, and the like.

In recent years, size and weight reduction of an ultrasonic
diagnostic apparatus is desired. An ultrasonic diagnostic
apparatus of small size and light weight overall will desir-
ably provide an ultrasonic diagnostic apparatus that can be
easily carried. A problem in reducing the size and weight of
the ultrasonic diagnostic apparatus is especially in a power
source section. Since the ultrasonic diagnostic apparatus
requires provision of a transmitter power source for ultra-
sonic transducers, and in addition, a bias power source for an
analog switch, attempts have been made to reduce the size
of these power sources.

A conventional method for reducing the size of the power
source involves generating transmitter power source from a
bias power source for an analog switch (for example, see
Patent Document 1).

[Patent Document 1]
Japanese Patent Application Laid Open No. 2002-306475.

In the conventional ultrasonic diagnostic apparatus, how-
ever, although size reduction of the apparatus is achieved by
combining the transmitter power source and bias power
source, a problem of a large power loss arises.

Specifically, since it is necessary for the voltage of the
bias power source to be higher than that of the transmitter
power source, the conventional ultrasonic diagnostic appa-
ratus is configured to obtain the transmitter power source
from the bias power source via a voltage drop circuit (direct
current stabilizing power source circuit). In such a configu-
ration, if the voltage supplied from the transmitter power
source to the ultrasonic transducers is low, the voltage
difference between the bias power source and transmitter
power source becomes large, resulting in the large power
loss.

Such a power loss leads to a problem of shorter usable
time and larger heat generation in a portable ultrasonic
diagnostic apparatus in which the ultrasonic transducers are
driven by a battery.

10

40

45

2
SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to provide
an ultrasonic diagnostic apparatus comprising a power
source of small size and low power consumption.

The present invention of a first aspect for solving the
aforementioned problems and attaining the object is an
ultrasonic diagnostic apparatus for transmitting ultrasonic
signals from ultrasonic transducers toward a subject to be
examined, and receiving reflected waves of said ultrasonic
signals for display, characterized in comprising: an analog
switch for switching ultrasonic transducers for transmission
of said ultrasonic signals and reception of said reflected
waves; a transmitter power source for supplying a high
voltage to a transmitter circuit for causing said ultrasonic
transducers to drive said ultrasonic signals; and a bias power
source generating circuit for generating a bias power source
for said analog switch from said transmitter power source.

According to the invention of the first aspect, in the
ultrasonic diagnostic apparatus, a bias power source is
generated by a bias power source generating circuit from a
transmitter power source for use in transmission of ultra-
sonic signals, and the power is supplied to the analog switch;
and therefore, no separate power source for the bias voltage
for the analog switch is needed, and the power source can be
reduced in size.

The present invention of a second aspect is characterized
in that: in the invention of the first aspect, said bias power
source generating circuit comprises a positive bias power
source generating circuit for outputting a voltage value
higher than a positive voltage value of said transmitter
power source; and a negative bias power source generating
circuit for outputting a voltage lower than a negative voltage
value of said transmitter power source.

According to the present invention of the second aspect,
in the ultrasonic diagnostic apparatus, a positive bias power
source circuit generates a voltage higher than a positive
voltage value of the transmitter power source, and a negative
bias power source circuit generates a voltage lower than a
negative voltage value of the transmitter power source; and
therefore, a bias voltage of sufficient magnitude as compared
with the transmission voltage can be obtained.

The present invention of a third aspect is characterized in
that: in the invention of the first or second aspect, said
positive bias power source generating circuit comprises a
positive charge pump circuit that uses the positive voltage of
said transmitter power source as a reference; said negative
bias power source generating circuit comprises a negative
charge pump circuit that uses the negative voltage value of
said transmitter power source as a reference; and said bias
power source generating circuit uses outputs of said positive
charge pump circuit and said negative charge pump circuit
as the bias power source for said analog switch.

According to the present invention of the third aspect, in
the ultrasonic diagnostic apparatus, a charge pump circuit
that uses the positive voltage of the transmitter power source
as a reference generates a voltage higher than the positive
voltage of the transmitter power source, and a charge pump
circuit that uses the negative voltage of the transmitter
power source as a reference generates a voltage lower than
the negative voltage of the transmitter power source; and
therefore, a bias power source for the analog switch is
obtained with a simple configuration, and power consump-
tion in the power source is reduced. Accordingly, the ultra-
sonic diagnostic apparatus is reduced in overall size and
reduction in power consumption is achieved.
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The present invention of a fourth aspect is characterized
in that: in the invention of the first, second or third aspect,
said apparatus further comprises a transmission voltage
control section for variably controlling the voltage value of
said transmitter power source.

According to the present invention of the fourth aspect,
the ultrasonic diagnostic apparatus is capable of arbitrarily
controlling the transmission voltage by a transmission volt-
age control section, and the bias voltage is generated based
on the transmission voltage; and therefore, power consump-
tion in the power source is minimized. Thus, by applying the
present invention to a battery-driven ultrasonic diagnostic
apparatus, a portable ultrasonic diagnostic apparatus that can
be operated over a long time is obtained.

The present invention of a fifth aspect is characterized in
that: in the invention of the third or fourth aspect, a driving
circuit for said charge pump shares a driving circuit in said
transmitter power source.

According to the present invention of the fifth aspect, the
shared use of a driving circuit enables size reduction and
high efficiency, and is suitable for a portable ultrasonic
diagnostic apparatus.

The present invention of a sixth aspect is characterized in
that: in the invention of the first—fifth aspects, said trans-
mitter power source comprises a stabilizing power source
circuit for decreasing the positive voltage value supplied to
said transmitter circuit, and a stabilizing power source
circuit for increasing the negative voltage value supplied to
said transmitter circuit.

According to the present invention of the sixth aspect, in
the ultrasonic diagnostic apparatus, the transmitter power
source can be provided with a voltage drop circuit to reduce
noise in the transmission voltage.

According to the present invention, a charge pump circuit
is connected to a transmitter power source for generating a
voltage supplied to ultrasonic transducers, and an output of
the charge pump circuit is employed as a bias power source
for an analog switch, and therefore, an effect is obtained that
there is provided an ultrasonic diagnostic apparatus having
a power source section reduced in size and having reduced
power consumption.

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

FIG. 1 is an explanatory diagram for explaining the
overall configuration of an ultrasonic diagnostic apparatus in
accordance with an embodiment of the present invention.

FIG. 2 shows the internal configuration of an analog
switch shown in FIG. 1.

FIG. 3 shows the circuit configuration of a power source
section shown in FIG. 1.

FIG. 4 shows the circuit configuration of a power source
section having charge pump circuits of multi-stage configu-
ration.

FIG. 5 illustrates variation of the power source circuit
shown in FIG. 3.

FIG. 6 shows a noise removing circuit for use in the
transmitter power source.
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4

DETAILED DESCRIPTION OF THE
INVENTION

An ultrasonic diagnostic apparatus in accordance with an
embodiment of the present invention will now be described
in detail with reference to the appended drawings.

FIG. 1 is an explanatory diagram for explaining the
overall configuration of an ultrasonic diagnostic apparatus in
accordance with an embodiment of the present invention. In
FIG. 1, an ultrasonic diagnostic apparatus 1 is connected to
a monitor 2, a control unit 3 and an ultrasonic probe 18. For
the monitor 2, any monitor, such as a CRT or liquid crystal
monitor, may be used. The control unit 3 may be a general-
purpose input device such as a keyboard or mouse, or may
be provided with a dedicated console panel.

The ultrasonic diagnostic apparatus 1 also comprises
therein a control section 11, an image processing section 12,
a power source section 13, an analog switch 16 and a
transmission/reception beamformer 17. Moreover, the
power source section 13 has therein a transmitter power
source 14 and a bias power source 15.

In a diagnosis using the ultrasonic diagnostic apparatus 1,
first, transmitter power +HV1 is supplied from the transmit-
ter power source 14 to the transmission/reception beam-
former 17. The transmission/reception beamformer 17 uses
the transmitter power source +HV1 to transmit ultrasonic
signals from ultrasonic transducers in the ultrasonic probe
18 connected via the analog switch 16 and a connection
cable 19. The ultrasonic transducers then receive reflected
waves of the transmitted ultrasonic signals, and input them
to the transmission/reception beamformer via the connection
cable 19 and analog switch 16.

The transmission/reception beamformer 17 transmits the
input reflected waves to the image processing section 12,
which produces an ultrasonic image based on the reflected
waves. The control section 11 displays on the monitor 2 the
ultrasonic image produced by the image processing section
12 based on the input from the control unit 3.

The analog switch 16 conducts switching of ultrasonic
transducers to be connected to the transmission/reception
beamformer 17. Since ultrasonic transducers for transmit-
ting ultrasonic signals are selected by the switching by the
analog switch 16, an area to be examined can be scanned by
appropriately operating the analog switch 16.

FIG. 2 shows the internal configuration of the analog
switch 16. As shown, the analog switch 16 comprises therein
a plurality of switches 16a. If the transmission/reception
beamformer 17 has 63 channels and the ultrasonic probe 18
has 124 ultrasonic transducers, for example, the number of
switches 164 included in the analog switch 16 is 124. The
analog switch 16 selects ultrasonic transducers to be con-
nected to the transmission/reception beamformer 17 by
turning on selected switches 16a. Moreover, the analog
switch 16 changes ultrasonic transducers for transmitting
ultrasonic signals by changing switches 16a that are turned
on, and an ultrasonic scan is thus conducted.

The analog switch 16 is supplied with a bias voltage
+HV?2 by the bias power source 15. The bias voltage +tHV2
is in a range that is desirably 10-20V positively and nega-
tively larger than the transmission voltage +HV1 output by
the transmitter power source 14. For example, if the trans-
mission voltage tHV1 is ~100V-+100V, the bias voltage
+HV2 is -120V-+120V.

The amplitude range of the bias voltage +HV2 is made
larger than that of the transmission voltage +HV1 for
preventing an increase of on-resistance in the analog switch
16 due to reduction in bias voltage.
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Next, a specific configuration of the power source section
13 will be described. FIG. 3 shows a circuit configuration of
the power source section 13 shown in FIG. 1. In FIG. 3, the
power source section 13 comprises charge pump circuits 50
and 60 connected to the transmitter power source 14, and
outputs of the charge pump circuits 50 and 60 are used as the
bias power source 15.

Specifically, a regulator circuit comprised of capacitors
31, 38 and 40, diodes 33, 37 and 39, a resistance 32, and
inductors 34, 35 and 36 is formed in the transmitter power
source 14, and the transmitter power source 14 outputs the
transmission voltage +HV1 from a direct current power
source V1.

Moreover, the transmitter power source 14 is controlled
by a transistor 42, an SW power source control IC 41, a
resistance 43 and a feedback circuit 44. More particularly,
the transmission voltage +HV1 and a comparison voltage
V3 are input to the feedback circuit 44, which inputs the
transmission voltage +HV1 and comparison voltage V3 to
the SW power source control IC 41.

On the other hand, the SW power source control IC 41
conducts switching control of the transistor 42 to control the
operation of the regulator circuit. By controlling the tran-
sistor 42 so that the transmission voltage +HV1 input from
the feedback circuit 44 is a constant multiple of the com-
parison voltage V3, the transmission voltage +HV1 can be
controlled to a desired value. It is thus possible to adjust the
ultrasonic signal output transmitted from the ultrasonic
transducers to an optimum value by enabling control of the
transmission voltage value.

The charge pump circuit 50 is formed from capacitors 51
and 54 and diodes 52 and 53. The charge pump circuit 50 is
connected to a point A between the regulator circuit and
transistor 42, and driven by the regulator circuit to output a
voltage higher than the transmission voltage +HV1 as the
positive bias voltage +HV?2.

Likewise, the charge pump circuit 60 is formed from
capacitors 61 and 64 and diodes 62 and 63. The charge pump
circuit 60 is connected to the point A between the regulator
circuit and transistor 42, and driven by the regulator circuit
to output a voltage lower than the transmission voltage
-HV1 as the negative bias voltage ~-HV2.

By thus adding the charge pump circuits 50 and 60 to the
transmitter power source 14 and driving the charge pump
circuits 50 and 60 by the regulator in the transmitter power
source 14, the bias voltage +HV2 higher than the transmis-
sion voltage +HV1 and the bias voltage -HV2 lower than
the transmission voltage ~-HV1 can be obtained.

Desirably, the bias voltage +HV2 is 10-20V higher than
the transmission voltage +HV1, and the bias voltage ~-HV2
is 10-20V lower than the transmission voltage ~-HV 1. There-
fore, if a desired bias voltage cannot be obtained by the
one-stage charge pump circuit for the transmission voltage
+HV1, a multi-stage configuration in which the charge pump
circuit 50 or 60 is connected with an additional charge pump
circuit may be employed.

A circuit configuration of the multi-stage power source
section 13 in which the charge pump circuits are connected
with additional charge pump circuits is shown in FIG. 4. In
the power source section shown in FIG. 4, the charge pump
circuit 50 is connected with an additional charge pump
circuit 55 and the charge pump circuit 60 is connected with
an additional charge pump circuit 65.

Particularly, the charge pump circuit 55 is formed from a
capacitor 56 and diodes 57 and 58, and outputs a voltage still
higher than the bias voltage +HV2 as a positive bias voltage
+HV3. The charge pump circuit 65 is formed from a
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capacitor 66 and diodes 67 and 68, and outputs a voltage still
lower than the bias voltage ~-HV?2 as a negative bias voltage
-HV3.

By thus using a multi-stage charge pump in which a
charge pump circuit is connected with an additional charge
pump circuit, the positive bias voltage can be increased to a
desired value and the negative bias voltage can be decreased
to a desired value.

Although the charge pump is shown as having a dual-
stage configuration in FIG. 4, additional charge pump cir-
cuits may be added as needed. Moreover, in FIG. 4, the bias
voltage +HV?2 output by the charge pump circuits 50 and 60
and the bias voltage +tHV3 output by the charge pump
circuits 55 and 65 are separately output.

Therefore, in the power source circuit shown in FIG. 4,
any one of +HV2 and *HV3 may be employed as a bias
voltage depending upon the required voltage. The selection
of the bias voltage can be made by any switching means
such as a switch. Moreover, if the value +HV3 is constantly
used as the bias voltage, the switching means and output
terminals for *HV2 are not needed.

Although the charge pump circuits 50 and 60 are con-
nected to the point A between the regulator and transistor in
the power source circuit shown in FIG. 3, the connecting
position for the charge pumps is not limited to the point A.

A variation of the power source circuit is shown in FIG.
5. In FIG. 5, the charge pump circuit 50 is connected to a
point B between the inductor 35 and diode 37 in the
transmitter power source 14. The charge pump circuit 60 is
connected to a point C between the inductor 35 and diode 39
in the transmitter power source 14.

When the charge pump circuit 50 is connected to the point
B, its output +HV2 is again sufficiently higher than the
transmission voltage +HV1. Similarly, when the charge
pump circuit 60 is connected to the point C, its output -HV2
is sufficiently lower than the transmission voltage —-HV1.
Therefore, points to which the charge pump circuits 50 and
60 are to be connected can be freely designed taking the
overall circuit configuration and the like into account.

Next, the output of the transmitter power source 14 will
be described. The transmission voltage +HV1 output by the
transmitter power source 14 is supplied to the ultrasonic
transducers for use in transmission of ultrasonic signals, and
therefore, removal of noise from the transmission voltage
+HV1 is important. To remove noise from the transmission
voltage +HV1, a voltage drop circuit or a filter circuit is
needed.

FIG. 6 shows an exemplary circuit for use in the noise
removal for the transmitter power source 14. FIG. 6(a) is a
circuit configuration in which a voltage drop circuit is
employed for the noise removing circuit. As shown, the
voltage drop circuit 70 is made from a transistor 71 and a
feedback circuit 72. The feedback circuit 72 conducts
switching control of the transistor 71 with reference to a
voltage V4, and the value of voltage +HV1 is reduced by a
predetermined amount to output a voltage +HV1a. A similar
voltage drop circuit is connected to the voltage ~-HV1, and
the value of voltage -HV1 is increased by a predetermined
amount to output a voltage —-HV1a.

By supplying the voltage +HVl1a and -HVla to the
transmission/reception beamformer 17, power source with
lower noise than in supplying the voltage +HV1 is achieved.
Preferably, the difference between the voltages +HV1 and
+HV1a is of the order of 3 V.

FIG. 6(b) is a circuit configuration in which a filter circuit
is employed for the noise removing circuit. As shown, the
filter circuit 75 is made from an inductor 76 and a capacitor
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77. The filter circuit 75 outputs a voltage +HV1b obtained by
removing noise of predetermined frequency from the volt-
age +HV1. A similar filter circuit is connected to the voltage
-HV1, and a voltage ~-HV1b obtained by removing noise of
predetermined frequency from the voltage ~-HV1 is output.

By supplying the voltage +HV1b and -HV1b to the
transmission/reception beamformer 17, power source with
lower noise than in supplying the voltage +HV1 is achieved.
The frequency of noise removed by the filter circuit is
determined by the inductor 76 and capacitor 77.

As described above, in the ultrasonic diagnostic apparatus
in accordance with the present embodiment, the charge
pump circuits are connected to the transmitter power source
for the transmission/reception beamformer 17, and outputs
of the charge pump circuits are employed as a bias power
source for the analog switch, and therefore, the power source
section is reduced in size and power consumption is reduced.

Moreover, since a charge pump circuit for generating a
positive bias voltage and that for generating a negative bias
voltage each can be made by two capacitors and two diodes,
the power source section can be constructed with a simple
configuration and at a low cost. Although a driving circuit
for the charge pump may be separately provided, it is
possible to use an output of the switching driving circuit in
the transmitter power source. Furthermore, a circuit design
with a high degree of freedom can be realized by using a
multi-stage configuration of the charge pump or changing
connection points between the charge pumps and transmitter
power source.

In addition, since the low power consumption of such a
configuration reduces the amount of heat generation from
the power source section, no large cooling means is needed.
While cooling means such as forced air cooling is needed if
the amount of heat generation from the power source section
is large, such cooling means is not needed, and hence, the
ultrasonic diagnostic apparatus is further reduced in size.

The size reduction and lowering of power consumption of
the power source section itself, and, in addition, the fact that
no cooling means is needed, enable the ultrasonic diagnostic
apparatus to have smaller overall size and longer battery
operation time, and therefore, a small portable ultrasonic
diagnostic apparatus can be implemented.

Although the analog switch 16 is provided inside the
ultrasonic diagnostic apparatus 1 in the present embodiment,
the present invention may be applied without limitation on
the position of the analog switch; for example, the analog
switch may be provided inside the ultrasonic probe.

Moreover, a charge pump circuit is employed in the
present invention. This is because a capacitor used in the
charge pump is smaller and cheaper than a small-size
transformer. The basic efficacy of the present invention is,
however, obtainable by constructing the bias power source
from the transmitter power source using the small-size
transformer.

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

The invention claimed is:

1. An ultrasonic diagnostic apparatus for transmitting
ultrasonic signals from ultrasonic transducers toward a sub-
ject to be examined, and receiving reflected waves of said
ultrasonic signals for display, said ultrasonic diagnostic
apparatus comprising:
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an analog switch for switching ultrasonic transducers for
transmission of said ultrasonic signals and reception of
said reflected waves;

a transmitter power source comprising a regulator circuit
coupled to a power source for supplying a high voltage
to a transmitter circuit for causing said transmitter
circuit to drive said ultrasonic transducers, said regu-
lator circuit comprising a capacitor, a diode, a resistor,
a first inductor, and a second inductor, wherein the first
and second inductors are configured such that the first
inductor induces a voltage in the second inductor; and
a bias power source generating circuit for generating a
bias power source for said analog switch from said
transmitter power source.

2. The ultrasonic diagnostic apparatus of claim 1, wherein

said bias power source generating circuit comprises a
positive bias power source generating circuit for out-
putting a voltage value higher than a positive voltage
value of said transmitter power source, and a negative
bias power source generating circuit for outputting a
voltage lower than a negative voltage value of said
transmitter power source.

3. The ultrasonic diagnostic apparatus of claim 2 wherein
each of said positive bias power source generating circuit
and said negative power generating circuit comprises at least
one charge pump circuit.

4. The ultrasonic diagnostic apparatus of claim 1, wherein

said circuit for generating said bias power source from
said transmitter power source is a charge pump.

5. The ultrasonic diagnostic apparatus of claim 4, wherein

a driving circuit for said charge pump shares a driving
circuit in said transmitter power source.

6. The ultrasonic diagnostic apparatus of claim 4 wherein
said charge pump is coupled between said regulator circuit
and a transistor.

7. The ultrasonic diagnostic apparatus of claim 4 wherein
said charge pump comprises a plurality of capacitors and a
plurality of diodes configured for either generating a positive
bias voltage or a negative bias voltage.

8. The ultrasonic diagnostic apparatus of claim 1, wherein

said apparatus is a transmission voltage control circuit for
variably controlling the voltage value of said transmit-
ter power source.

9. The ultrasonic diagnostic apparatus of claim 8 wherein
said transmission voltage control circuit further comprises a
transistor and an integrated circuit.

10. The ultrasonic diagnostic apparatus of claim 8
wherein said transmission voltage control circuit further
comprises a feedback circuit.

11. The ultrasonic diagnostic apparatus of claim 10
wherein said feedback circuit controls a transistor based on
a reference voltage to facilitate controlling a transmission
voltage.

12. The ultrasonic diagnostic apparatus of claim 1,
wherein

said transmitter power source comprises a stabilizing
power source circuit for decreasing and stabilizing the
positive voltage value supplied to said transmitter cir-
cuit, and a stabilizing power source circuit for increas-
ing and stabilizing the negative voltage value supplied
to said transmitter circuit.

13. The ultrasonic diagnostic apparatus of claim 1 further
comprising a voltage drop circuit coupled to said transmitter
power source.

14. The ultrasonic diagnostic apparatus of claim 13
wherein said voltage drop circuit further comprises a tran-
sistor and a feedback circuit.
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15. The ultrasonic diagnostic apparatus of claim 14
wherein said feedback circuit controls said transistor using
a reference voltage.

16. The ultrasonic diagnostic apparatus of claim 1 further
comprising a filter circuit for facilitating removing noise
from said transmitter circuit voltage.

17. The ultrasonic diagnostic apparatus of claim 16
wherein said filter circuit further comprises an inductor and
a capacitor.

18. The ultrasonic diagnostic apparatus of claim 1
wherein said transmitter power source further comprises a
positive transmission voltage source and a negative trans-
mission voltage source.

10
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19. The ultrasonic diagnostic apparatus of claim 18 fur-
ther comprising at least one charge pump circuit coupled to
said at least one positive transmission voltage source for
generating at least one positive bias voltage having a higher
value than a positive transmission voltage.

20. The ultrasonic diagnostic apparatus of claim 18 fur-
ther comprising at least one charge pump circuit coupled to
said at least one negative transmission voltage source for
generating at least one negative bias voltage having a higher
value than a negative transmission voltage.
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