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ULTRASONIC DIAGNOSTIC APPARATUS
AND CARRIER SIGNAL GENERATING
CIRCUIT

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus which forms a tomographic image or the like
of'a body with a received signal obtained by transmitting an
ultrasonic wave to the body and in particular, a signal trans-
mission technique of generating an arbitrary transmission
signal waveform applied to an ultrasonic probe.

BACKGROUND ART

[0002] Conventionally, a sine wave or a rectangular wave
with about 100 Vpp and about several megahertz to 20 MHZ
is used for driving an ultrasonic probe of an ultrasonic diag-
nostic apparatus. For this reason, as a simple method of gen-
erating such a high-voltage carrier pulse from a transmitter
circuit, which transmits an ultrasonic wave, of an ultrasonic
wave transceiver unit, a method of providing an electronic
switch in each of positive and negative DC high voltage
supplies Vp and Vn and performing alternate switching
thereof is known (refer to PTL 1). Generally, a P type MOS
transistor (hereinafter, a PMOS) and an N type MOS transis-
tor (hereinafter, an NMOS) have been used for fast switching
using such electronic switches.

CITATION LIST
Patent Literature

[0003] [PTL 1] JP-A-9-234202
SUMMARY OF INVENTION
Technical Problem
[0004] However, the above conventional technique has the

following problems.

[0005] (1) Since there are only two values of Vp and Vn as
an output pulse voltage, it is not possible to support an ultra-
sonic diagnostic apparatus for which an arbitrary level is
requested.

[0006] (2) Since both a PMOS and an NMOS are needed,
the manufacturing process becomes complicated when fab-
ricating an IC. This is not economical.

[0007] (3) Although ahigh withstand voltage is required for
both the PMOS and the NMOS, the semiconductor chip size
is large in the case of a MOS with a high withstand voltage.
Accordingly, it is not appropriate to mount many switches in
one chip.

[0008] In order to solve the problem described above, it is
an object of the invention to provide an ultrasonic diagnostic
apparatus including a transmitter circuit for generation of a
carrier signal, which is excellent in IC implementation, and a
carrier signal generating circuit.

Solution to Problem

[0009] In order to achieve the above-described object, in
the invention, there is provided an ultrasonic diagnostic appa-
ratus including: a probe which transmits and receives an
ultrasonic wave to and from an object; a transmitter circuit
unit that supplies a voltage applied to the probe; a receiving
circuit unit that amplifies a received signal from the probe; an
ultrasonic image forming unit that forms an ultrasonic image
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on the basis of ultrasonic image data from the receiving
circuit unit; and a display unit that displays the ultrasonic
image. A source follower circuit of a field effect transistor
(hereinafter, an FET) is used for the transmitter circuit unit,
and the source follower circuit supplies an arbitrary voltage to
the probe by controlling a gate voltage of the FET.

[0010] In addition, in the invention, the transmitter circuit
unit includes: the plurality of source follower circuits con-
nected to each other; a control section for controlling the gate
voltage of each of the plurality of source follower circuits
connected to each other; and a power supply section which
applies a voltage, which is lower than a power supply voltage,
to a drain of each FET through a diode.

[0011] In addition, in the invention, the transmitter circuit
unit includes: the plurality of source follower circuits con-
nected to each other; a control section which makes gate
connections of the FETs of the plurality of source follower
circuits connected to each other to control the voltage of the
gate; and a power supply section which applies a voltage,
which is lower than a power supply voltage, to a drain of each
FET through a diode.

[0012] In addition, in the invention, a current source for
making a bias current flow through a source of the source
follower circuit is formed using the same type of FET as the
source follower circuit.

[0013] Inaddition, a constant current source for biasing of
the source follower circuit is provided in a plural number, and
one of the constant current sources for biasing is connected to
a predetermined voltage supply, and the other constant cur-
rent sources for biasing are connected to voltage supplies,
which have higher voltages and different levels than the pre-
determined voltage supply, with diodes therebetween.
[0014] In addition, in order to achieve the above-described
object, in the invention, there is provided a carrier signal
generating circuit that generates an ultrasonic signal applied
to a probe of an ultrasonic diagnostic apparatus which trans-
mits and receives an ultrasonic wave to and from an object and
forms an ultrasonic image on the basis of received ultrasonic
image data. A source follower circuit of an FET is used, and
the source follower circuit supplies an arbitrary voltage to the
probe by controlling a gate voltage of the FET.

[0015] Similarly, in order to achieve the above-described
object, in the invention, there is provided a carrier signal
generating circuit that generates an ultrasonic signal applied
to a probe of an ultrasonic diagnostic apparatus which trans-
mits and receives an ultrasonic wave to and from an object and
forms an ultrasonic image on the basis of received ultrasonic
image data. An emitter-follower circuit of a bipolar transistor
is used, and an arbitrary voltage is supplied to the probe by
controlling a base voltage of the bipolar transistor.

Advantageous Effects of Invention

[0016] As described above, according to the ultrasonic
diagnostic apparatus using the carrier signal generating cir-
cuit of the invention, the following effects are obtained.
[0017] (1) Since a configuration using a source follower
circuit of a transistor is adopted, an arbitrary output waveform
can be generated by controlling the gate voltage of the tran-
sistor.

[0018] (2) Since a configuration using only one kind of
transistor is adopted, the manufacturing process for IC imple-
mentation is simple and the cost can be reduced. In particular,
in the case of using an NMOSFET, the effect is large in the
operating speed and the manufacturing process.
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[0019] (3) Since a transistor corresponding to each channel
can be replaced with a transistor with a low withstand voltage
by adopting a multi-stage configuration (so-called cascade
connection), the size of the transistor can be reduced (space
can be reduced) and the cost can be reduced.

[0020] (4) Since power supplies of transistors in a multi-
stage configuration can be automatically changed according
to the output voltage, power consumption can be reduced.
This reduces heat or noise.

BRIEF DESCRIPTION OF DRAWINGS

[0021] [FIG. 1] FIG. 1 is a block diagram showing an
example of the entire configuration of an ultrasonic diagnos-
tic apparatus to which the invention is applied.

[0022] [FIG. 2] FIG. 2 is a view showing a transmitter
circuit which generates a carrier signal to a probe according to
a first embodiment.

[0023] [FIG. 3A]FIG. 3A is a view showing a transmitter
circuit which generates a carrier signal to a probe according to
a second embodiment.

[0024] [FIG. 3B] FIG. 3B is a view showing an example of
an operation waveform of the transmitter circuit according to
the second embodiment.

[0025] [FIG. 4] FIG. 4 is a view showing a transmitter
circuit which generates a carrier signal to a probe according to
a third embodiment.

[0026] [FIG. 5A] FIG. 5A is a view showing a constant
current source circuit for biasing of a transmitter circuit
according to a fourth embodiment.

[0027] [FIG.5B] FIG. 5B is a view showing an example of
an operation waveform of the constant current source circuit
for biasing of the transmitter circuit according to the fourth
embodiment.

[0028] [FIG. 6A] FIG. 6A is a view showing a constant
current source circuit for biasing of a transmitter circuit
according to a fifth embodiment.

[0029] [FIG. 6B] FIG. 6B is a view showing an example of
an operation waveform of the constant current source circuit
for biasing of the transmitter circuit according to the fifth
embodiment.

DESCRIPTION OF EMBODIMENTS

[0030] Hereinafter, embodiments of the invention will be
described in detail according to the drawings. First, the basic
configuration of an ultrasonic diagnostic apparatus to which
the invention is applied will be described.

[0031] FIG. 1 is a block diagram showing the basic con-
figuration of an ultrasonic diagnostic apparatus. An ultrasonic
diagnostic apparatus 1 forms and displays a two-dimensional
ultrasonic image or a three-dimensional ultrasonic image for
a portion to be diagnosed using a reflected echo signal
obtained by transmitting to or receiving an ultrasonic wave
from an object 2. The ultrasonic diagnostic apparatus 1
includes: an ultrasonic probe 3 including a plurality of trans-
ducer elements which irradiates the object 2 with an ultra-
sonic signal and receives the ultrasonic signal; an ultrasonic
wave transceiver unit 4 that transmits or receives an ultrasonic
signal; an ultrasonic image forming unit 5 that forms a two-
dimensional ultrasonic image (B-mode image) or a three-
dimensional ultrasonic image on the basis of the received
signal; a display unit 6 that displays the ultrasonic image
formed by the ultrasonic image forming unit 5; a control unit
7 that controls each component; and a control panel 8 which
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gives an instruction to the control unit 7. In such an ultrasonic
probe 3, a plurality of transmission signal amplifiers is
required.

[0032] The invention provides a transmitter circuit, which
transmits an ultrasonic wave, of the ultrasonic wave trans-
ceiver unit 4, in particular, a carrier signal generating circuit
suitable for IC implementation. In addition, the transmitter
circuit may be called a carrier signal generating circuit or a
transmitter circuit section.

First Embodiment

[0033] First, the carrier signal generating circuit of a first
embodiment will be described on the basis of FIG. 2.

[0034] FIG. 2 is a view showing a carrier signal generating
circuit for one channel. In FIGS. 2, 11 to 14 are source
followertype NMOSFETs (TR11 to TR14) connected to each
other in a multi-stage manner (so-called a cascade connec-
tion), 21 to 24 are resistors with resistance of R21 to R24, 31
is a variable current source, 32 is a constant current source for
biasing, and 41 is a probe for 1 channel. In addition, 51 and 52
are DC power supplies Vdd and Vss, respectively. For
example, they are +100 V and =100V, respectively.

[0035] When a pulse current Is with a current value chang-
ing from Ia to Ib is generated by the variable current source
31, a gate voltage V4 of the NMOSFET 14 changes from
V4a=Vdd-(R21+R22+R23+R24)la to V4b=Vdd-(R21+
R22+R23+R24)Ib. As a result, a voltage of Vo=V4-Vgs4
appears as a source voltage Vo of the NMOSFET 14. Here,
Vgsd is a gate-to-source voltage of the NMOSFET 14. Gen-
erally, when Ib1 is constant, Vgs4 is almost constant and is
small. Approximately, Vo=V4. By controlling the output cur-
rent of the variable current source 31 in this way, it is possible
to generate a voltage with arbitrary amplitude in the probe 41.
In addition, since a voltage (voltage between a source and a
drain) applied to each NMOSFET is divided by connecting
the NMOSFETs to each other in multiple stages, withstand
voltages of the NMOSFETs 11 to 14 may be small. For
example, when R21 to R24 are equal and Vdd=100V, Vss=—
100V, and Vo=-60'V, the voltage applied to each NMOSFET
is about 40 V.

[0036] Thus, in the carrier signal generating circuit of the
present embodiment, a waveform with arbitrary amplitude
can be generated. In addition, since an NMOSFET which has
alow withstand voltage due to cascade connection is used and
the carrier signal generating circuit can be formed only by
NMOSFETs, the carrier signal generating circuit has a small
size. Accordingly, since the IC manufacturing process is easy,
it is possible to provide a carrier signal generating circuit at
low cost.

Second Embodiment

[0037] Next, a second embodiment will be described using
FIG. 3A. The second embodiment is different from the first
embodiment in that power supplied to the NMOSFETs 11 to
14 changes with a voltage of a transmission pulse output to
the probe 41. Since supplied power changes automatically
according to the voltage, power consumption can be reduced.
[0038] Hereinafter, the configuration and operation of the
carrier signal generating circuit of the present embodiment
will be described in detail.

[0039] InFIG. 3A, reference numerals 53 to 55 are power
supplies V1 to V3 newly provided, and the power supplies V1
to V3 supply constant voltages with the relationship of
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Vdd>V1>V2>V3. By control of diodes 61 to 63 and variable
current sources 33 to 36, a power supply to be used is auto-
matically selected according to a desired output voltage. For
example, in the case of an output with a lower level than V3,
the current source 36 is controlled to obtain a predetermined
output voltage Vo (=Vdd-R24a*14). In this case, in order to
remove power consumption at the NMOSFETs 11 to 13, the
NMOSFETs 11 to 13 are controlled such that the NMOS-
FETs 11 to 13 are turned off. For example, in order to turn off
the NMOSFET 13, the NMOSFET 13 is controlled such that
the gate voltage of the NMOSFET 13 becomes lower than V3
by several volts. The same is true for the NMOSFETs 11 and
12. Control of the current sources 33 to 36 is performed by the
control unit 7.

[0040] For easier understanding, explanation using
numeric values will be given. For example, it is assumed that
Vdd=100V, Vss=-=100V, resistors 21a to 24a=10kQ, V1=70
V,V2=40V, and V3=10 V. In addition, it is assumed that the
forward voltage of each of the diodes 61 to 63 is O V for the
sake of convenience and the gate-to-source voltage when
each of the NMOSFETs 11 to 14 is turned on is 0 V. In this
state, the case of generating the waveform of the output volt-
age Vo shown in FIG. 3B is considered.

[0041] (1) During a period of t=0 to t1 in FIG. 3B, Vo=0'V.
Accordingly, it is preferable to supply a current from V3 (=10
V). For this reason, 14 is set to 1 mA. On the other hand, by
setting the gate voltage of the FET 13 to be equal to or smaller
than 10V by making a current of 3 mA or more flow as I1 to
13, the FET 13 can be made to have a cut-off state.

[0042] (2) During a period of t=t1 to t2, Vo=5 V. Accord-
ingly, it is preferable to supply a current from V3 in the same
manner as in (1) described above. In order to obtain Vo=5V,
14=0.5 mA is made to flow. On the other hand, similarly to the
above, a current of 3 mA or more forholding the FET 13 in the
cut-off state is made to flow as I1 to I3.

[0043] (3) During a period of t=t3 to t4, Vo=30 V. Accord-
ingly, the current is supplied from V2 (=40 V). For this reason,
140 is set to make the FET 14 have a diode connection state,
and 13=1 mA is set. On the other hand, in order to make the
FET 12 have a cut-off state, a current of 3 mA or more is made
to flow as I1 and I2.

[0044] (4)Finally, since V=90V from t5 to t6, the current is
supplied from Vdd (=100V). For this reason, I1 is setto 1 mA.
On the other hand, 12 to 14 are setto 0 mA in order to make the
FETs 11 to 14 have a diode connection state.

[0045] Thus, electric power supplied to a load can be con-
trolled by controlling the currents of the variable current
sources 33 to 36 according to the output voltage. As a result,
power consumption can be suppressed. Such power savings
are effective when the number of probes is very large (may be
several thousands of channels) as in the two-dimensional
probe. The voltage, waveform, frequency, and the like of a
transmission signal depend on a part to be imaged, depth, and
a probe to be used. Therefore, the effect can be realized by
controlling the current of the variable current source by a
signal from a control unit or the like.

Third embodiment

[0046] Inaddition, athird embodiment will be described on
the basis of FIG. 4.

[0047] In the same manner as in the second embodiment,
supplied power can be automatically changed by a variable
current source 37. Control of the variable current source 37 is
performed by a control signal from a control unit.
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[0048] Hereinafter, an operation of a carrier signal gener-
ating circuit of the present embodiment will be described in
detail.

[0049] In FIG. 4, gates of NMOSFETs 11 to 14 are short-
circuited and are driven by an NMOSFET 15 functioning as a
control circuit. Accordingly, since the NMOSFET 15 and the
NMOSFETs 11 to 14 form a so-called Darlington connection,
driving by the variable current source 37 and the resistor 25
can be realized with low electric power. In addition, the vari-
able current source 37 is controlled by a control signal from
the control unit 7 in FIG. 1, for example. In addition, also in
this circuit, appropriate voltage supply is automatically
selected according to the output voltage of the NMOSFET 15.
[0050] For example, when a voltage V5 at the time when 15
is made to flow through the resistor 25 is V2<V5<V1, the gate
voltage V5 of the NMOSFET 11 is lower than V1, the NMOS-
FET 11 is turned off. On the other hand, since the gate voltage
V5 ofthe NMOSFET 12 is higher than V2, the NMOSFET 12
is turned on and the diode 62 is turned off. Similarly, the
NMOSFETs 13 and 14 are turned on and the diode 63 is
turned off. Thus, only the voltage V1 is selected.

[0051] According to the configuration of the present
embodiment, this is the same for other levels. Accordingly,
since an appropriate power supply is selected according to the
output of the variable current source 37, power consumption
is low. In addition, since only one variable current source is
used, control is easy.

Fourth Embodiment

[0052] In the first to third embodiments described above,
the constant current source for biasing 32 is used to make the
bias current Ibl of a source follower flow. However, this
constant current source circuit for biasing can be realized as
shown in FIG. 5A, for example. An example of timing of the
waveform in the embodiment of the constant current source
for biasing is shown in FIG. 5B.

[0053] FIG. 5A shows an N type FET (NMOSFET 16)
which is of the same type as an FET, in which a source
follower circuit is used for the constant current source for
biasing, as an example. In order to make the small DC bias
current Ib1 flow through the NMOSFET 16, an appropriate
bias voltage is applied to the gate of the NMOSFET 16 using
avoltage divider formed by resistors 26 and 27. Since a probe
is usually a capacitive load, large charge and discharge cur-
rents flow instantaneously only at the rising and falling edges
of the voltage Vo. The charge current is supplied from the
source follower of the NMOSFET 14, and the discharge
current is pulled by the constant current source for biasing.
Accordingly, by supplying a voltage Vi6é with a waveform of
an opposite phase to the waveform of the voltage Vo to the
bias point of the resistors 26 and 27 through a capacitor 28
such that a large current flows only at the falling edge of the
voltage Vo, the voltage Vi6 rises when the voltage Vo falls
(t=t2). As a result, since the NMOSFET 16 is turned on, it is
possible to make a large current flow through the NMOSFET
16. On the other hand, at the rising edge of the voltage Vo (t=t1
and t3), the gate voltage of the NMOSFET 16 falls. As a
result, a current does not flow during a period for which the
voltage is equal to or lower than the threshold voltage of the
NMOSFET, that is, a period of td1 and td3.

[0054] Thus, according to the constant current source cir-
cuit for biasing of the present embodiment, a large current can
be made to flow only at the falling edge while making a small
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current flow during a period for which a pulse is being trans-
mitted. As a result, power consumption can be reduced.

Fifth Embodiment

[0055] Inthe fourth embodiment described above, only one
constant current source for biasing using the NMOSFET 16 is
used and connected to the predetermined power supply Vss.
However, as shown in FIG. 6A, it is also possible to prepare a
plurality of constant current sources for biasing using
NMOSFETs 16, 17, and 18 and to connect them to different
voltage supplies Vss, Vs1, and Vs2 (Vss<Vs1<Vs2) so thatan
appropriate constant current source for biasing can be
selected according to the output voltage. In this case, power
consumption can be further reduced.

[0056] Here, diodes 64 and 65 are provided to keep a cur-
rent from flowing in the reverse direction in the NMOSFETs
17 and 18 when the output voltage Vo is lower than Vsl and
Vs2. The configuration of the fifth embodiment 5 will be
described in detail using a block diagram of FIG. 6A and a
timing chart of FIG. 6B. Here, it is assumed that Vss=—100'V,
Vs1=-60V, and Vs2=-20'V.

[0057] (1) For example, when Vo is equal to or higher than
-20 V, only the NMOSFET 18 operates, that is, a current
flows through the voltage supply Vs2. Thus, power consump-
tion is suppressed.

[0058] (2) As shown in FIG. 6B, during a period of t=t3 to
t4, Vo=-50 V. Accordingly, Vsl (=-60 V) is used. For this
reason, sw2 is turned on for only the period of t=t3 to t4.
[0059] (3) During a period of t=t5 to t6, Vo=—80 V. Accord-
ingly, Vss (==100V) is used. For this reason, sw1 is turned on
for only the period of t=t5 to t6.

[0060] In addition, although the source follower type
NMOSFETs were used as transistors for transmission wave
amplifiers in the explanation of the above embodiment, the
circuit configuration may be changed by using an emitter-
follower type bipolar transistor instead. In this case, it is
preferable to control the base voltage instead of the gate
voltage.

INDUSTRIAL APPLICABILITY

[0061] The invention is useful as an ultrasonic diagnostic
apparatus which forms a tomographic image or the like of a
body with a received signal obtained by transmitting an ultra-
sonic wave to the body and in particular, as a signal transmis-
sion technique of generating an arbitrary waveform of a trans-
mission signal applied to an ultrasonic probe.

REFERENCE SIGNS LIST

[0062] 1: ultrasonic diagnostic apparatus
[0063] 2: object

[0064] 3: ultrasonic probe

[0065] 4: ultrasonic wave transceiver unit
[0066] 5: ultrasonic image forming unit
[0067] 6: display unit

[0068] 7: control unit

[0069] 8: control panel

[0070] 11 to 18: N type MOSFET
[0071] 21 to 30, 44, 45: resistor
[0072] 28, 42, 43: capacitor

[0073] 31 to 38: current source
[0074] 41: probe

[0075] 51 to 57: DC current source

[0076] 61 to 65: diode
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1. An ultrasonic diagnostic apparatus comprising:

aprobe which transmits and receives an ultrasonic wave to
and from an object;

a transmitter circuit unit that supplies a voltage applied to
the probe;

areceiving circuit unit that amplifies a received signal from
the probe;

an ultrasonic image forming unit that forms an ultrasonic
image on the basis of ultrasonic image data from the
receiving circuit unit; and

a display unit that displays the ultrasonic image,

wherein a source follower circuit of a field effect transistor
(FET) is used for the transmitter circuit unit, and the
source follower circuit supplies an arbitrary voltage to
the probe by controlling a gate voltage of the FET.

2. The ultrasonic diagnostic apparatus according to claim

15

wherein the transmitter circuit unit includes: a plurality of
the source follower circuits;

a control section for controlling the gate voltage of each of
the plurality of source follower circuits connected to
each other; and

a power supply section which applies a voltage, which is
lower than a power supply voltage, to a drain of each
FET through a diode.

3. The ultrasonic diagnostic apparatus according to claim

15

wherein the transmitter circuit unit includes: the plurality
of source follower circuits;

a control section which makes gate connections of the
FETs of the plurality of source follower circuits con-
nected to each other to control the voltage of the gate;
and

a power supply section which applies a voltage, which is
lower than a power supply voltage, to a drain of each
FET through a diode.

4. The ultrasonic diagnostic apparatus according to claim

15

wherein a current source for making a bias current flow
through the source follower circuit is formed using the
same type of FET as the source follower circuit.

5. The ultrasonic diagnostic apparatus according to claim

15

wherein a constant current source for biasing of the source
follower circuit is provided in a plural number, and

one of the constant current sources for biasing is connected
to a predetermined voltage supply, and the other con-
stant current sources for biasing are connected to voltage
supplies, which have higher voltages and different levels
than the predetermined voltage supply, with diodes ther-
ebetween.

6. A carrier signal generating circuit that generates an
ultrasonic signal applied to a probe of an ultrasonic diagnostic
apparatus which transmits and receives an ultrasonic wave to
and from an object and forms an ultrasonic image on the basis
of received ultrasonic image data,

wherein a source follower circuit of an FET is used, and the
source follower circuit supplies an arbitrary voltage to
the probe by controlling a gate voltage of the FET.

7. A carrier signal generating circuit that generates an
ultrasonic signal applied to a probe of an ultrasonic diagnostic
apparatus which transmits and receives an ultrasonic wave to
and from an object and forms an ultrasonic image on the basis
of received ultrasonic image data,

wherein an emitter-follower circuit of a bipolar transistor is
used, and an arbitrary voltage is supplied to the probe by
controlling a base voltage of the bipolar transistor.
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