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(54) ULTRASONIC DIAGNOSIS DEVICE

(57)  An ultrasonic diagnostic apparatus of the
present invention includes a signal transmission section,
which supplies a driving pulse to a transducer in order to
transmit an ultrasonic transmission signal to an object
and transmits to the object a non-inverted component
and an inverted component of an ultrasonic waveform,
and a signal processing section, which removes a fun-

damental wave component by adding received signals
from the object. The signal transmission section includes
a switching section which changes an output period with-
in a half period of the transmission signal according to at
least one of a load connected to the signal transmission
section and amplitude, a frequency, and a wave number
output from the transmission circuit.
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Description
Technical Field

[0001] The present invention relates to an ultrasonic
diagnostic apparatus having a function of transmitting a
transmission signal with a fundamental frequency to an
object and imaging the harmonics of a received signal
from the object (harmonic imaging) and in particular, to
a technique for suppressing the noise of harmonic com-
ponents caused by the asymmetry of a non-inverted com-
ponent and an inverted component of the transmission
signal.

Background Art

[0002] An ultrasonic diagnostic apparatus applies a
voltage to a transducer, transmits to an object an ultra-
sonic wave generated by the voltage application to the
transducer, and extracts areflected signal from the object
to acquire the tomographic information or the like regard-
ing the inside of the object from the extracted reflected
signal.

[0003] In the ultrasonic diagnostic apparatus, there is
a harmonic imaging technique for receiving a harmonic
2f0 of a frequency (fundamental frequency f0) of a trans-
mission signal. Tissue harmonic imaging, contrast imag-
ing, and pulse inversion imaging are known as the har-
monic imaging techniques.

[0004] In harmonic imaging, it has been demanded to
reduce the generation of the noise of harmonics of a sig-
nal transmission circuit in order to suppress the degra-
dation of image quality of an image obtained using har-
monics generated from the inside of the living body or
from the contrast agent. A method of the solving means
is disclosed in PTL 1.

[0005] PTL 1 discloses that an output signal with a
waveform, which has less harmonic components than a
waveform of an output signal from a signal transmission
circuit in the conventional example, can be generated by
changing a voltage, which is applied between one end
and a center tap that bisects the number of windings of
the primary winding of a transformer, and a voltage, which
is applied between the center tap and the other end, and
accordingly the degradation of image quality can be sup-
pressed in tissue harmonic imaging or contrast imaging.

Citation List
Patent Literature
[0006]

[PTL 1] JP-A-2002-315748
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Outline of Invention
Problem to be Solved by the Invention

[0007] In PTL 1, however, there is no consideration
regarding the configuration for reducing the noise of har-
monics generated when the signal level of an input signal
of a signal transmission section changes.

[0008] Itis an object of the present invention to provide
an ultrasonic diagnostic apparatus capable of reducing
the noise of harmonics which are generated when the
signal level of an input signal to a signal transmission
section changes.

Means for Solving the Problems

[0009] Inthe presentinvention, in order to achieve the
above-described object, a "switching section" is added
to a signal transmission circuit (referred to as a "signal
transmission section") of an ultrasonic diagnostic appa-
ratus.

[0010] Specifically, the signal transmission section in-
cludes a switching section which changes an output pe-
riod within a half period of the transmission signal ac-
cording to at least one of a load connected to the signal
transmission section and amplitude, a frequency, and a
wave number output from the signal transmission circuit.

Advantage of the Invention

[0011] According tothe presentinvention, itis possible
to reduce the noise of harmonics which is generated
when the signal level of an input signal to a signal trans-
mission section changes.

Brief Description of Drawings
[0012]

[Fig. 1] Fig. 1 is a block diagram showing the entire
configuration of an ultrasonic diagnostic apparatus
to which the present invention is applied.

[Fig. 2] Fig. 2 is an explanatory view of a signal trans-
mission circuit for an ultrasonic diagnostic appara-
tus.

[Fig. 3] Fig. 3 is an explanatory view of a signal trans-
mission circuit for an ultrasonic diagnostic appara-
tus.

[Fig. 4] Fig. 4 is an explanatory view of a signal trans-
mission circuit for an ultrasonic diagnostic appara-
tus.

[Fig. 5] Fig. 5is an explanatory view of a signal trans-
mission circuit for an ultrasonic diagnostic appara-
tus.

[Fig. 6] Fig. 6 is a view showing an example of the
hydrophone waveform of a transmission output sig-
nal.

[Fig. 7] Fig. 7 is a view showing an example of the
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hydrophone waveform of a transmission output sig-
nal.

[Fig. 8] Fig. 8 is a view showing the frequency re-
sponse corresponding to the transmission output
signal in Fig. 6.

[Fig. 9] Fig. 9 is a view showing the frequency re-
sponse corresponding to the transmission output
signal in Fig. 7.

[Fig. 10] Fig. 10 is a view showing an example of a
signal transmission circuit for an ultrasonic diagnos-
tic apparatus.

[Fig. 11] Fig. 11 is a view showing an example of a
transmission output waveform when a probe is con-
nected.

[Fig. 12] Fig. 12 is a view showing an ideal transmis-
sion output waveform.

[Fig. 13] Fig. 13 is a view showing an example of a
transmission signal generator for changing the duty
ratio.

[Fig. 14] Fig. 14 is a view showing another example
of a signal transmission circuit for an ultrasonic di-
agnostic apparatus.

[Fig. 15] Fig. 15 is a view showing a timing chart of
atransmission signal for an ultrasonic diagnostic ap-
paratus.

[Fig. 16] Fig. 16 is a view showing the relationship
of a transmission signal for an ultrasonic diagnostic
apparatus, a harmonic generation rate, and an S/N
ratio of a harmonic diagnostic image.

Mode for Carrying Out Invention

[0013] Hereinafter, embodiments of this invention will
be described with reference to the drawings.

Fig. 1 shows an example of an ultrasonic diagnostic ap-
paratus to which the present invention is applied.
[0014] The ultrasonic diagnostic apparatus is config-
ured to include a probe 01 in which a transducer 05 is
provided, a transmission signal phasing circuit 02, a sig-
nal transmission circuit 03, a transmission and reception
separation circuit 04, a cable 06, a received signal am-
plifier circuit 07, a received signal phasing processing
circuit 08, a signal processing circuit 09, an image
processing circuit 10, and a display monitor 11.

[0015] The transducer 05 is formed to have a function
of converting a transmission signal of continuous waves
or a pulse wave input from the signal transmission circuit
03 into an ultrasonic wave and transmitting it to the object
and a function of receiving an ultrasonic wave reflected
from the inside of the object, converting the ultrasonic
wave into an electric signal and outputting the electric
signal.

[0016] The transmission signal phasing circuit 02 is for
adjusting the timing of voltage application to each trans-
ducer 05 to be driven when forming an ultrasonic beam
transmitted to the object. The transmission signal phas-
ing circuit 02 controls the timing such that the larger the
distance between the transducer to be driven and the
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ultrasonic beam focusing position, the earlier the voltage
application time.

[0017] The signal transmission circuit 03 is for ampli-
fying a transmission signal waveform, which is formed
by a transmission signal generator 14, up to the sufficient
strength to generate an ultrasonic signal by driving the
transducer 05.

[0018] The transmission signal generator 14 gener-
ates a waveform of a transmission signal. The transmis-
sion signal generator 14 includes a memory to store one
or plural transmission waveforms, for example.

[0019] In addition, a console (not shown) used when
an operator operates an ultrasonic diagnostic apparatus
is provided in an ultrasonic diagnostic apparatus body
100, and a waveform can be selected by a control circuit
12 which receives an input from the console. Alternative-
ly, a waveform may be transmitted from the ultrasonic
diagnostic apparatus body 100 through the cable 06
whenever a transmission signal is generated and be
stored in the memory.

[0020] The transmission and reception separation cir-
cuit 04 changes the signal path on the circuit when guid-
ing to the received signal amplifier circuit 07 a signal
transmitted by the signal transmission circuit 03 and a
received signal that is a reflected signal of an ultrasonic
signal, which is transmitted by driving of the transducer
05 using the transmitted signal, from the object.

[0021] Due to the transmission and reception separa-
tion circuit 04, the signal from the signal transmission
circuit 03 can be transmitted to the transducer 05 without
being applied to the received signal amplifier circuit 07,
and the signal from the object can be guided to the re-
ceived signal amplifier circuit 07 through the transducer
05 without influence of the signal transmission circuit 03.
[0022] The received signal amplifier circuit 07 ampli-
fies an ultrasonic signal acquired from the object, and
also has a function of changing the gain each time.
[0023] The received signal phasing processing circuit
08 has a function of forming an ultrasonic beam of the
received signal, similar to the transmission signal phas-
ing circuit 02. The received signal phasing processing
circuit 08 is for adjusting the addition timing of signals
from the transducers 05 of all channels, in which the sig-
nal from the object is acquired, for each transducer 05
when forming an ultrasonic beam of the received signal.
The timing of addition of the received signal acquired by
the transducer 05, which is far from the focus position,
is adjusted by increasing the delay time, which is given
to the output signal that is output from the transducer 05,
in inverse proportion to the distance between the trans-
ducer 05 and the focus position.

[0024] The signal processing circuit 09 and the image
processing circuit 10 are for performing coordinate trans-
formation processing according to the type of the probe
01 by performing signal processing for converting phase-
adjusted and added signals into brightness information
by detection processing or the like and performing image
signal processing represented by gamma (y) processing
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orthe like. The signal processed by the signal processing
circuit 09 and the image processing circuit is displayed
as a diagnostic image on the display monitor 11.

[0025] In addition, each circuit described above re-
ceives a basic clock signal from the control circuit 12, so
that timing control or the like of each section is performed.
Specifically, switching control of transmission and recep-
tion or switching of a diagnostic mode is performed.
[0026] In addition, a power supply 13 is controlled by
the control circuit 12 so as to output various voltage val-
ues or current values. Electric power with various voltage
values or current values generated herein is supplied to
each circuit section (not shown).

[0027] Figs. 2 to 4 show explanatory views of constit-
uent sections regarding the present invention.

Fig. 2 shows a case where a transmission signal with a
period T and a duty ratio of 50% is input from the trans-
mission signal generator 14 to the signal transmission
circuit 03. Incidentally, the duty ratio is defined as a ratio
of an output period of a signal with a value occupied in
one period in a periodic input signal. The duty ratio is
transmitted from the control circuit 12 to the transmission
signal generator 14. A signal amplified by a desired gain
has an inclination G1 depending on a time constant de-
termined by the load including the signal transmission
circuit 03 and the connected probe 01.

[0028] On the other hand, Fig. 3 shows a case where
a transmission signal with a period T and a duty ratio of
25% is input from the transmission signal generator 14
to the signal transmission circuit 03. The duty ratio is
transmitted from the control circuit 12 to the transmission
signal generator 14 as in Fig. 2.

[0029] A signal amplified by a desired gain has an in-
clination G2 by a time constant determined by the load
including the signal transmission circuit 03 and the con-
nected probe 01. Since only the probe 01 which is a con-
nected load is different in Figs. 2 and 3, the only other
setting which is different is the duty ratio.

[0030] Fig.4showsacase where atransmission signal
with a period T and a duty ratio of 50% is input from the
transmission signal generator 14 to the signal transmis-
sion circuit 03 as in Fig. 2. The duty ratio is transmitted
from the control circuit 12 to the transmission signal gen-
erator 14. A signal amplified by a desired gain has an
inclination G1 by a time constant determined by the load
including the signal transmission circuit 03 and the con-
nected probe 01.

[0031] On the other hand, in Fig. 4, a ground switch
102 is provided in an output section of the signal trans-
mission circuit 03, unlike Fig. 2. This switch 102 is turned
on only when the value of a voltage with amplitude equal
to or larger than a certain fixed value is input, so that the
output section of the signal transmission circuit 03 main-
tains a ground level only during this period.

[0032] Now, it is assumed that a signal 300 is input
from the control circuit 12 to the switch 102. When the
signal 300 does not have a value, the output of the signal
transmission circuit 03 has the same waveform as in Fig.

10

15

20

25

30

35

40

45

50

55

2, which is determined by an input signal with the period
T and the duty ratio of 50%.

[0033] On the other hand, in a section in which the
signal 300 has a voltage value of amplitude (hereinafter,
simply referred to as a "value"), that is, in a section in
which the signal 300 overlaps a second half of a section
in which an input signal of the signal transmission circuit
03 has a value, the switch 102 is turned on, so that an
output signal of the signal transmission circuit 03 flows
to the ground through the switch 102. Accordingly, the
output signal of the signal transmission circuit 03 has no
value.

[0034] By controlling the switch 102 as described
above, the output signal of the signal transmission circuit
03 can be set to have an arbitrary duty ratio without being
limited to the duty ratio of the input signal. In other words,
the output signal of the signal transmission circuit 03 can
be set to have an arbitrary waveform.

[0035] Fig. 5 shows an example of duty ratio control
of an output signal in a configuration different from Fig.
4. A transmission signal with a period T and a duty ratio
of 50% is input from the transmission signal generator
14 to the signal transmission circuit 03.

The duty ratio is transmitted from the control circuit 12 to
the transmission signal generator 14.

[0036] In Fig. 5, an output end of the signal transmis-
sion circuit 03 is formed by a field effect transistor (FET),
and an output signal is formed only for a period for which
the FET is turned on by the input signal so that the same
output waveform as in Fig. 2 is obtained. On the other
hand, the signal 300 output from the control circuit 12 is
input to a switch 103 provided between a gate and a
source of the FET. Similar to the switch 102, this switch
103 is configured to be turned on when the signal 300
has a value. When the switch 103 is turned on, the gate
and the source of the FET is short-circuited regardless
ofthe value of the input signal. Accordingly, the FET does
not operate.

[0037] Thus, an interval between a non-inverted com-
ponentand an inverted component of a transmission sig-
nal can be controlled by the output signal, without de-
pending on the duty ratio of the input signal.

[0038] Examples ofahydrophone waveform of atrans-
mission output signal when the duty ratio of an output
signal is actually changed by connecting the probe 01
are shown in Figs. 6 and 7. In Figs. 6 and 7, only the duty
ratio of the transmission output waveform changes. Fig.
6 shows a case where the duty ratio is set to an appro-
priate value, and Fig. 7 shows a case where the duty
ratio is not set to an appropriate value. Figs. 6 and 7 each
show a non-inverted waveform and an inverted wave-
form, but the symmetry of a non-inverted component and
an inverted component shown in Fig. 6 is improved com-
pared with that in Fig. 7 and reduction of harmonic com-
ponents from the addition result of the components is
confirmed.

[0039] A frequency response corresponding to Fig. 6
is shown in Fig. 8, and a frequency response correspond-
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ing to Fig. 7 is shown in Fig. 9.

A solid line shows a frequency distribution of inverted
components or non-inverted components, and a dotted
line shows a frequency distribution in an addition signal
thereof.

[0040] In Fig. 7, a non-inverted component and an in-
verted component are asymmetric, and the frequency
distribution of the addition signal includes a harmonic 2f0
component as shown in Fig. 9. As a result, it cannot be
determined whether the 2f0 component of the received
signal is from a measurement object or a transmission
signal since there are many harmonic components of the
transmission signal itself, although imaging only the sec-
ond harmonic component from the measurement object
is originally required. For this reason, the S/N ratio of an
image is reduced.

[0041] Fig. 10 shows an example where acircuit, which
outputs the amplitude of a non-inverted component and
the amplitude of aninverted component of a transmission
waveform, is formed by components with the same char-
acteristics.

[0042] In the configuration shown in Fig. 10, a trans-
former 201 is adopted. This is a completely symmetrical
circuit configuration. FETs with the same polarities and
the same package may be used. At the primary side of
the transformer to which an FET and the like are con-
nected, a single power supply is prepared in a middle
portion of the transformer. At the left and right sides of
the circuit, the polarities of the transformer are opposite
in order to have both non-inversion and inversion polar-
ities. However, it is possible to use completely the same
components in the winding ratio, a material, and the like
ofthe transformer. Input signals to FETs 200-1 and 200-2
are supplied from the transmission signal generator 14.
In order to output one polarity of a transmission output
signal to each of the FETs 200-1 and 200-2, it is neces-
sary to shift the timing, at which each of the FETs 200-1
and 200-2 is turned on, by the half period of the output
signal.

[0043] The effect of the above-described reduction of
harmonic components from the addition result of non-
inverted components and inverted components can be
obtained by changing the duty ratio according to at least
one of a connected load and the amplitude value, a fre-
quency, and a wave number of an output.

[0044] The signal transmission circuit 03 may have a
circuitwhich amplifies an input signal using only one pow-
er supply on the non-inversion side or the inversion side,
and each output section may be commonly used through
aninverting section and a non-inverting section of a trans-
former, so that the circuit structure is reduced by the com-
mon circuit.

[0045] Although Figs. 2 and 3 show the cases where
the probe 01 has different impedance, this may be ap-
plied to a difference in the shape of the probe 01 con-
nected to an ultrasonic diagnostic apparatus, for exam-
ple, in a linear probe, a convex probe, or a sector probe.
[0046] The shape of the probe 01 differs with a region
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of an object to be measured, and the frequency band of
the probe 01 is also different. For example, the linear
probe is often applied to fine measurement objects, such
as superficial parts on the surface of the human body,
muscle fibers, and mammary gland, that is, to regions
for which the spatial resolution is particularly required.
For this reason, the driving frequency of the linear probe
is higher than that of the convex probe and the sector
probe in many cases.

[0047] In addition, even in the same probe, the effect
is obtained by unique duty ratio setting according to the
driving frequency. In general, since the impedance of a
probe changes with frequency, it is necessary to change
the setting of the probe according to the driving frequency
even in the same probe.

[0048] Fig. 11 shows an example of the transmission
circuit output waveform when a probe is connected. This
is a waveform with an output signal of four waves. As
shown in Fig. 1, there are various loads between the sig-
nal transmission circuit 03 and the probe 01. The trans-
mission and reception separation circuit 04, a change-
over switch 15, the cable 06, and the like may be men-
tioned. They have a resistive component, a capacitive
component, and a reactance component, and the trans-
ducer 05 in the probe also has a capacitive component.
Therefore, when seen from the signal transmission circuit
03, this is equal to connection of loads with various time
constants. For this reason, as shown in Fig. 11, an output
signal may have a waveform with a time constant ap-
pearing in each place. Originally, a waveform of the solid
line shown in Fig. 12 is preferable. An a1 portion shown
in Fig. 11 is an influenced portion of a time constant re-
sulting from the influence of various loads connected to
a signal transmission circuit, a power supply, and the like,
and an a2 portion is a portion where an original waveform
output is obtained. Accordingly, time ta1 of the a1 portion
is determined by the frequency of a driving signal and
the load value at that time. Furthermore, a ratio of the a1
and a2 portions is determined by the output amplitude.

[0049] In addition, each of a non-inverted component
and an inverted component with the output amplitude of
this waveform is created by a separate circuit or the cur-
rent path as shown in Fig. 10, for example. Accordingly,
the time constant of the a1 portion appearing in the non-
inverted component and the inverted component or the
ratio of the a1 and a2 portions is influenced by the im-
pedance of the signal path in which each amplitude is
created. Therefore, they are not necessarily the same.
For this reason, by generating a pulse signal obtained
by changing the duty ratio in the transmission signal gen-
erator 14 as shownin Figs. 2 and 3 and performing control
such that a step difference by the a1 and a2 portions
shown in Fig. 11 is eliminated, for example, it becomes
possible to suppress harmonic components by the addi-
tion waveform of the non-inverted component and the
inverted component as a result.

[0050] Moreover, in Fig. 10, the duty ratio of timing
signals which are generated by the transmission signal



9 EP 2 499 973 A1 10

generator 14 and are input to the FETs 200-1 and 200-2
is changed as shown in Fig. 13, for example.

[0051] InFig. 13, the transmission signal generator 14
is configured to include a clock generator 202, a counter
203, and a shift register 204. The counter 203 is a timing
generator circuit. In Fig. 13, the counter 203 outputs one
LOAD signal in ten clocks, and the shift register 204 cre-
ates a duty ratio. The setting of the duty ratio may be
changed by a switch 205, for example. The duty ratio is
0 when all switches 205 are ON, and an output of 100%
is obtained when all switches 205 are OFF. In addition,
the switch 205 is controlled by the control circuit 12. The
control circuit 12 sets the optimum value according to the
type of a connected probe, the frequency and amplitude
of a transmission signal. As an example of the configu-
ration for this, it is preferable to store in a memory a table
showing the relationship between the duty ratio and the
type of a connected probe, the amplitude of a transmis-
sion signal, and the frequency of a transmission signal,
thatis, the operating conditions of the change-over switch
15, so that the duty ratio corresponding to the type of a
connected probe, the amplitude of a transmission signal,
and the frequency of a transmission signal is set from
the table.

[0052] Fig. 14 is a circuit obtained by inserting buffer
circuits 206-1 and 206-2 for current amplification in the
connection path from the transmission signal generator
14 to the FETs 200-1 and 200-2 in the circuit shown in
Fig. 10. Although the buffer circuits are used to assist the
driving ability of FETs, there is generally a difference in
the signal level switching time.

[0053] Fig. 15 shows atiming chartfrom a transmission
signal generator to an output section of a signal trans-
mission circuit. For the sake of convenience, a signal
output from the transmission signal generator 14 is set
as an ideal rectangular wave with no difference in signal
level switching time. The following explanation will be
given without taking variations due to components into
consideration, but the present invention is not limited to
this in practice.

[0054] In the buffer output section, for an ideal input
signal, a time difference AT occurs in the signal level
switching time (for example, rising time from the low sig-
nal level state to the high signal level state and falling
time from the high signal level state to the low signal level
state) due to the characteristics on the circuit. Here, the
rising time and the falling time are defined as time re-
quired from Vgs, which is a threshold voltage in driving
ofthe FET, to the maximum value of a rectangular signal.
[0055] In the buffer output section shown in Fig. 15,
times for which the FETs 200-1 and 200-2 are turned on
so that a current flows are shaded. Due to the time dif-
ference between rising and falling described above, a
portion in which the times, for which the FETs 200-1 and
200-2 are turned on, overlap each other is present. Ide-
ally, for example, when the FET 200-1 is responsible for
a non-inverted component of the output signal of the sig-
nal transmission circuit, only this FET is turned on for the
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non-inverted component. On the other hand, when the
FET 200-2is responsible for an inverted component, only
this FET is turned on for the inverted component. Accord-
ingly, a current flows through the FETs 200-1 and 200-2
alternately.

[0056] However, since there is a time zone for which
the FETs 200-1 and 200-2 are turned on at the same
time temporarily due to the time difference between rising
and falling, current flows through both the FETs 200-1
and 200-2. In this case, spike noise 207 which is a spike-
like signal appears in the output signal of the signal trans-
mission circuit. Since this signal includes many harmonic
components, it appears as an unnecessary response in
a diagnostic image on which harmonic imaging is per-
formed. This causes a reduction in the S/N ratio.
[0057] In order to solve this, it is necessary to prevent
the FETs 200-1 and 200-2 from being turned on simul-
taneously. Accordingly, it is preferable to generate a
transmission signal with ON time, in which rising time
and falling time in the entire transmission circuit system
depending on electronic components used are consid-
ered, by the transmission signal generator 14 and to sup-
ply the transmission signal to the signal transmission cir-
cuit 03.

[0058] In Fig. 16, duty ratio setting when the above-
described signal transmission circuit connection load is
taken into consideration, the effect when rising time and
falling time of a circuit system are corrected, and each
contribution ratio are relatively expressed.

[0059] (1) shows a case where there is no correction.
A harmonic caused by the asymmetry of a non-inverted
componentand an inverted component of a transmission
output waveform and a harmonic component based on
the spike noise generated by mismatch of the rising time
and the falling time of the transmission circuit system are
present together. Since it is difficult to distinguish these
harmonic components from harmonic components from
a measurement object to be actually imaged, an image
with many noise components is generated.

[0060] (2) shows a case where a transmission signal
in which the rising time and the falling time of the trans-
mission circuit system do not match each other is sup-
plied from the transmission signal generator 14. Although
the harmonic component caused by the asymmetry of
the non-inverted component and the inverted component
of the transmission output waveform seldom changes,
an improvement in the S/N ratio of a diagnostic image
can be seen since the spike noise is suppressed.
[0061] In (3), the mismatch of the rising time and the
falling time of the transmission circuit system is consid-
ered, andthe duty ratiois setin consideration of the signal
transmission circuit connection load. Accordingly, since
the spike noise is reduced, a high-frequency component
of an addition signal caused by the asymmetry of a non-
inverted component and an inverted component can be
reduced. As a result, the S/N ratio of a diagnostic image
can be greatly improved.

[0062] According to the above configuration, for exam-
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ple, when the amplitude of an input transmission signal
is equal to or larger than a fixed value, an output period
of a signal with a value within the half period of the trans-
mission signal can be set. When the amplitude of the
transmission signal is smaller than the fixed value, it is
possible to set no value within the half period of the trans-
mission signal (ground level). Since an output signal of
the signal transmission circuit does not depend on the
duty ratio of an input signal of the signal transmission
circuit, it is possible to reduce a harmonic component
caused by changes in the signal level of an input signal
to the signal transmission circuit.

[0063] In addition, the generation of harmonic compo-
nents of a non-inverted component and an inverted com-
ponent in an addition signal of the non-inverted compo-
nent and the inverted component can be reduced by
changing the duty ratio of the input signal to the signal
transmission section. Since this duty ratio has an optimal
value for at least one of a connected probe, the trans-
mission frequency, amplitude, and a wave number, it is
desirable to set this in the apparatus in advance. For
example, it is preferable to store a table showing the re-
lationship between the optimal duty ratio and the type of
a connected probe, a transmission frequency, and trans-
mission amplitude in a memory and read the duty ratio
from the table and to set the duty ratio of the transmission
signal.

[0064] The signal transmission circuit can contribute
to reduction of high-frequency noise in the amplitude of
a non-inverted component and the amplitude of an in-
verted component if the change-over switch 15 is provid-
ed in each of means for forming the non-inversion-side
amplitude of the transmission signal and means for form-
ing the inversion-side amplitude.

Industrial Applicability

[0065] The presentinvention can be used for harmonic
imaging, such as tissue harmonic imaging or contrast
imaging, so that harmonic components caused by signal
level changes in the transmission signal can be reduced.
[0066] The present invention is still more effective in
nonlinear imaging using pulse inversion.

Reference Signs List

[0067]

01: probe

02: transmission signal phasing circuit

03: signal transmission circuit

04: transmission and reception separation cir-
cuit

05: transducer

06: probe cable

07: received signal amplifier circuit

08: received signal phasing processing circuit

09: signal processing circuit
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10: image processing circuit

11: display monitor

12: control circuit

13: power supply

14: transmission signal generator
15: change-over switch

100: ultrasonic diagnostic apparatus
102, 103:  switching circuit

200-1, 2: FET

201: transformer

202: clock generator

203: counter

204: shift register

205: switch

206-1, 2: buffer circuit

207: spike noise

Claims

1. An ultrasonic diagnostic apparatus comprising:

a signal transmission section which supplies a
driving pulse to a transducer in order to transmit
an ultrasonic transmission signal to an object
and transmits to the object a non-inverted com-
ponent and an inverted component of an ultra-
sonic waveform; and

a signal processing section which removes a
fundamental wave component by adding re-
ceived signals from the object,

wherein the signal transmission sectionincludes
a switching section which changes an output pe-
riod within a half period of the transmission sig-
nal based on at least one of a load connected
to the signal transmission section and ampli-
tude, a frequency, and a wave number output
from the signal transmission section.

The ultrasonic diagnostic apparatus according to
claim 1,

wherein the signal transmission section is configured
to be able to change an interval between the non-
inverted component and the inverted component of
the transmission signal.

The ultrasonic diagnostic apparatus according to
claim 2,

wherein a field effect transistor connected to a
ground is provided in an output end of the signal
transmission section.

The ultrasonic diagnostic apparatus according to
claim 1,

wherein the switching section of the signal transmis-
sion section is provided in each of means configured
to form non-inversion-side amplitude of the trans-
mission signal and means configured to form inver-
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sion-side amplitude.

The ultrasonic diagnostic apparatus according to
claim 1,

wherein the signal transmission section further in-
cludes a memory in which operating conditions of
the switching section are stored.

The ultrasonic diagnostic apparatus according to
claim 4,

wherein a circuit which outputs the non-inversion-
side amplitude of the transmission waveform and a
circuit which outputs the inversion-side amplitude of
the transmission waveform, which are included in
the signal transmission section, are formed by com-
ponents with the same characteristics.

The ultrasonic diagnostic apparatus according to
claim 6,

wherein the signal transmission section has a circuit
which amplifies an input signal using only one power
supply on the non-inversion side or the inversion
side, and each output section is commonly used
through an inverting section and a non-inverting sec-
tion of a transformer.

The ultrasonic diagnostic apparatus according to
claim 6,

wherein a switching speed of a signal level of an
input waveform of a circuit that supplies a driving
pulse to a circuit, which outputs non-inversion-side
amplitude of the transmission waveform, and a cir-
cuit, which outputs inversion-side amplitude of the
transmission waveform, is changeable.
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