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Description

[0001] The present invention relates to an ultrasonic
diagnostic apparatus for transmitting ultrasonic signals
from ultrasonic transducers toward a subject to be ex-
amined, and receiving reflected waves of the ultrasonic
signals for display, and more particularly to an ultrasonic
diagnostic apparatus of small size and low power con-
sumption.

[0002] Conventionally, an ultrasonic diagnosis for im-
aging 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 sig-
nals of reflected waves of the applied ultrasound is com-
monly used. Since ultrasound 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.

[0003] In recent years, size and weight reduction of
an ultrasonic diagnostic apparatus is desired. An ultra-
sonic diagnostic apparatus of small size and light weight
overall will desirably provide an ultrasonic diagnostic ap-
paratus that can be easily carried. A problem in reducing
the size and weight of the ultrasonic diagnostic appara-
tus is especially in a power source section. Since the
ultrasonic diagnostic apparatus requires provision of a
transmitter power source for ultrasonic transducers, and
in addition, a bias power source for an analog switch,
attempts have been made to reduce the size of these
power sources.

[0004] 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 Japanese Patent Application Laid
Open No. 2002-306475).

[0005] Inthe conventional ultrasonic diagnostic appa-
ratus, however, 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.

[0006] Specifically, since it is necessary for the volt-
age of the bias power source to be higher than that of
the transmitted power source, the conventional ultra-
sonic diagnostic apparatus 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 configuration, if the voltage
supplied from the transmitter power source to the ultra-
sonic transducers is low, the voltage difference between
the bias power source and transmitter power source be-
comes large, resulting in the large power loss.

[0007] Such a power loss leads to a problem of short-
er usable time and larger heat generation in a portable
ultrasonic diagnostic apparatus in which the ultrasonic
transducers are driven by a battery.

[0008] Therefore, the present invention seeks to pro-
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vide an ultrasonic diagnostic apparatus comprising a
power source of small size and low power consumption.
[0009] The presentinvention of a first aspect for solv-
ing the aforementioned problems and attaining the ob-
jectis 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 transmit-
ter circuit for causing said ultrasonic transducers to drive
said ultrasonic signals; and a bias power source gener-
ating circuit for generating a bias power source for said
analog switch from said transmitter power source.
[0010] 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 trans-
mission of ultrasonic 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 need-
ed, and the power source can be reduced in size.
[0011] 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 output-
ting 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.

[0012] According to the present invention of the sec-
ond 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.

[0013] The presentinvention of a third aspect is char-
acterized in that: in the invention of the first or second
aspect, said positive bias power source generating cir-
cuit comprises a positive charge pump circuit that uses
the positive voltage of said transmitter power source as
areference; said negative bias power source generating
circuit comprises a negative charge pump circuit that us-
es the negative voltage value of said transmitter power
source as a reference; and said bias power source gen-
erating circuit uses outputs of said positive charge pump
circuit and said negative charge pump circuit as the bias
power source for said analog switch.

[0014] 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 trans-
mitter power source as a reference generates a voltage
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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 pow-
er source for the analog switch is obtained with a simple
configuration, and power consumption in the power
source is reduced. Accordingly, the ultrasonic diagnos-
tic apparatus is reduced in overall size and reduction in
power consumption is achieved.

[0015] 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 control-
ling the voltage value of said transmitter power source.
[0016] According to the presentinvention of the fourth
aspect, the ultrasonic diagnostic apparatus is capable
of arbitrarily controlling the transmission voltage by a
transmission voltage control section, and the bias volt-
age is generated based on the transmission voltage;
and therefore, power consumption in the power source
is minimized. Thus, by applying the present invention to
a battery-driven ultrasonic diagnostic apparatus, a port-
able ultrasonic diagnostic apparatus that can be oper-
ated over a long time is obtained.

[0017] The present invention of a fifth aspect is char-
acterized 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.

[0018] 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 port-
able ultrasonic diagnostic apparatus.

[0019] The presentinvention of a sixth aspectis char-
acterized in that: in the invention of the first - fifth as-
pects, said transmitter power source comprises a stabi-
lizing power source circuit for decreasing the positive
voltage value supplied to said transmitter circuit, and a
stabilizing power source circuit for increasing the nega-
tive voltage value supplied to said transmitter circuit.
[0020] According to the present invention of the sixth
aspect, in the ultrasonic diagnostic apparatus, the trans-
mitter power source can be provided with a voltage drop
circuit to reduce noise in the transmission voltage.
[0021] According to the present invention, a charge
pump circuit is connected to a transmitter power source
for generating a voltage supplied to ultrasonic transduc-
ers, and an output of the charge pump circuit is em-
ployed 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 con-
sumption.

[0022] The invention will now be described in greater
detail, by way of example, with reference to the draw-
ings, in which:-

Figure 1 is an explanatory diagram for explaining

10

15

20

25

30

35

40

45

50

55

the overall configuration of an ultrasonic diagnostic
apparatus in accordance with an embodiment of the
present invention.

Figure 2 shows the internal configuration of an an-
alog switch shown in Figure 1.

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

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

Figure 5 illustrates variation of the power source cir-
cuit shown in Figure 3.

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

[0023] An ultrasonic diagnostic apparatus in accord-
ance with an embodiment of the present invention will
now be described in detail with reference to the append-
ed drawings.

[0024] Figure 1is an explanatory diagram for explain-
ing the overall configuration of an ultrasonic diagnostic
apparatus in accordance with an embodiment of the
present invention. In Figure 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 provid-
ed with a dedicated console panel.

[0025] 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 beam-
former 17. Moreover, the power source section 13 has
therein a transmitter power source 14 and a bias power
source 15.

[0026] In a diagnosis using the ultrasonic diagnostic
apparatus 1, first, transmitter power +HV1 is supplied
from the transmitter power source 14 to the transmis-
sion/reception beamformer 17. The transmission/recep-
tion 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 ultra-
sonic 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.

[0027] The transmission/reception beamformer 17
transmits the input reflected waves to the image
processing section 12, which produces an ultrasonic im-
age based on the reflected waves. The control section
11 displays on the monitor 2 the ultrasonic image pro-
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duced by the image processing section 12 based on the
input from the control unit 3.

[0028] The analog switch 16 conducts switching of ul-
trasonic transducers to be connected to the transmis-
sion/reception beamformer 17. Since ultrasonic trans-
ducers for transmitting 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.

[0029] Figure 2 shows the internal configuration of the
analog switch 16. As shown, the analog switch 16 com-
prises therein a plurality of switches 16a. If the trans-
mission/reception beamformer 17 has 63 channels and
the ultrasonic probe 18 has 124 ultrasonic transducers,
for example, the number of switches 16a included in the
analog switch 16 is 124. The analog switch 16 selects
ultrasonic transducers to be connected to the transmis-
sion/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.

[0030] The analog switch 16 is supplied with a bias
voltage tHV2 by the bias power source 15. The bias
voltage £HV2 is in a range that is desirably 10 — 20V
positively and negatively larger than the transmission
voltage £HV1 output by the transmitter power source
14. For example, if the transmission voltage tHV1 is
-100V — +100V, the bias voltage £HV2 is -120V —
+120V.

[0031] 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.
[0032] Next, a specific configuration of the power
source section 13 will be described. Figure 3 shows a
circuit configuration of the power source section 13
shown in Figure 1. In Figure 3, the power source section
13 comprises charge pump circuits 50 and 60 connect-
ed to the transmitter power source 14, and outputs of
the charge pump circuits 50 and 60 are used as the bias
power source 15.

[0033] Specifically, a regulator circuit comprised of
capacitors 31, 38 and 40, diodes 33, 37 and 39, a re-
sistance 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 +tHV1
from a direct current power source V1.

[0034] Moreover, the transmitter power source 14 is
controlled by a transistor 42, an SW power source con-
trol 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.

[0035] On the other hand, the SW power source con-
trol IC 41 conducts switching control of the transistor 42

10

15

20

25

30

35

40

45

50

55

to control the operation of the regulator circuit. By con-
trolling the transistor 42 so that the transmission voltage
+HV1 input from the feedback circuit 44 is a constant
multiple of the comparison voltage V3, the transmission
voltage +HV1 can be controlled to a desired value. It is
thus possible to adjust the ultrasonic signal output trans-
mitted from the ultrasonic transducers to an optimum
value by enabling control of the transmission voltage
value.

[0036] The charge pump circuit 50 is formed from ca-
pacitors 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 reg-
ulator circuit to output a voltage higher than the trans-
mission voltage +HV1 as the positive bias voltage
+HV2.

[0037] 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 be-
tween 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.

[0038] 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 transmission voltage +HV1 and the bias
voltage -HV2 lower than the transmission voltage -HV1
can be obtained.

[0039] 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 -HV1. Therefore, if a desired bias voltage cannot
be obtained by the one-stage charge pump circuit for
the transmission voltage +tHV1, a multi-stage configu-
ration in which the charge pump circuit 50 or 60 is con-
nected with an additional charge pump circuit may be
employed.

[0040] 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 Figure 4. In the power source section shown in Figure
4, the charge pump circuit 50 is connected with an ad-
ditional charge pump circuit 55 and the charge pump
circuit 60 is connected with an additional charge pump
circuit 65.

[0041] 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 cir-
cuit 65 is formed from a capacitor 66 and diodes 67 and
68, and outputs a voltage still lower than the bias voltage
-HV2 as a negative bias voltage -HV3.

[0042] By thus using a multi-stage charge pump in
which a charge pump circuit is connected with an addi-
tional charge pump circuit, the positive bias voltage can
be increased to a desired value and the negative bias
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voltage can be decreased to a desired value.

[0043] Although the charge pump is shown as having
a dual-stage configuration in Figure 4, additional charge
pump circuits may be added as needed. Moreover, in
Figure 4, the bias voltage £HV2 output by the charge
pump circuits 50 and 60 and the bias voltage +HV3 out-
put by the charge pump circuits 55 and 65 are separately
output.

[0044] Therefore, in the power source circuit shown
in Figure 4, any one of £tHV2 and +tHV3 may be em-
ployed 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 tHV2 are
not needed.

[0045] Although the charge pump circuits 50 and 60
are connected to the point A between the regulator and
transistor in the power source circuit shown in Figure 3,
the connecting position for the charge pumps is not lim-
ited to the point A.

[0046] A variation of the power source circuit is shown
in Figure 5. In Figure 5, the charge pump circuit 50 is
connected to a point B between the inductor 35 and di-
ode 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.

[0047] 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 free-
ly designed taking the overall circuit configuration and
the like into account.

[0048] Next, the output of the transmitter power
source 14 will be described. The transmission voltage
+HV1 output by the transmitter power source 14 is sup-
plied to the ultrasonic transducers for use in transmis-
sion of ultrasonic signals, and therefore, removal of
noise from the transmission voltage £HV1 is important.
To remove noise from the transmission voltage tHV1,
a voltage drop circuit or a filter circuit is needed.
[0049] Figure 6 shows an exemplary circuit for use in
the noise removal for the transmitter power source 14.
Figure 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 con-
nected to the voltage -HV1, and the value of voltage
-HV1 is increased by a predetermined amount to output
a voltage -HV1a.
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[0050] By supplying the voltage +HV1a and -HV1a 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.
[0051] Figure 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 77. The filter circuit 75 outputs a volt-
age +HV1b obtained by removing noise of predeter-
mined frequency from the voltage +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.

[0052] 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 ca-
pacitor 77.

[0053] As described above, in the ultrasonic diagnos-
tic apparatus in accordance with the present embodi-
ment, 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 re-
duced in size and power consumption is reduced.
[0054] Moreover, since a charge pump circuit for gen-
erating a positive bias voltage and that for generating a
negative bias voltage each can be made by two capac-
itors 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 con-
figuration of the charge pump or changing connection
points between the charge pumps and transmitter pow-
er source.

[0055] In addition, since the low power consumption
of such a configuration reduces the amount of heat gen-
eration 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 diag-
nostic apparatus is further reduced in size.

[0056] The size reduction and lowering of power con-
sumption of the power source section itself, and, in ad-
dition, 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 appa-
ratus can be implemented.

[0057] Although the analog switch 16 is provided in-
side the ultrasonic diagnostic apparatus 1 in the present
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embodiment, the present invention may be applied with-
out limitation on the position of the analog switch; for
example, the analog switch may be provided inside the
ultrasonic probe.

[0058] 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 bi-
as power source from the transmitter power source us-
ing the small-size transformer.

Claims

1. An ultrasonic diagnostic apparatus for transmitting
ultrasonic signals from ultrasonic transducers to-
ward a subject to be examined, and receiving re-
flected waves of said ultrasonic signals for display,
comprising:

an analog switch for switching ultrasonic trans-
ducers for transmission of said ultrasonic sig-
nals 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 gen-
erating 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 outputting a voltage value higher than a
positive voltage value of said transmitter power
source, and a negative bias power source generat-
ing circuit for outputting a voltage lower than a neg-
ative voltage value of said transmitter power
source.

3. The ultrasonic diagnostic apparatus of claim 1,
wherein a circuit for generating said bias power
source from said transmitter power source is a
charge pump.

4. The ultrasonic diagnostic apparatus of claim 1,
wherein said apparatus is a transmission voltage
control circuit for variably controlling the voltage val-
ue of said transmitter power source.

5. The ultrasonic diagnostic apparatus of claim 3 or 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 1,
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wherein said transmitter power source comprises a
stabilizing power source circuit for decreasing and
stabilizing the positive voltage value supplied to
said transmitter circuit, and a stabilizing power
source circuit for increasing and stabilizing the neg-
ative voltage value supplied to said transmitter cir-
cuit.
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FIG. 3
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FIG. 4
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